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THE THEORY OF THE SURFACE | 
CONDENSER. 


In numerous instances the practical engineer has| 
had to carry on his work far in advance of its| 
theory, and, in spite of this handicap, has in many | 
cases attained results which the theory, as ulti-| 
mately developed, has shown could be very little 
improved upon. It is therefore of some interest to | 
a attention to an example of a contrary kind, in 
which theory was, to no small degree, developed 
in advance of practice, and where this theory, | 
simple and comprehensive as it has proved to be, | 
has been almost wholly neglected, both here and| 
on the Continent, reliance being placed instead on | 
empirical formulie, applicable only within a very | 
restricted range, and yielding few or no criteria for| 
the comparison of competing designs. 

This state of affsirs is exemplified by the surface | 
condenser. Although Osborne Reynolds, in his| 

pers of 1874 and 1883, gave what has proved to| 
Be a complete solution of the theory of heat trans- 
mission between a moving fluid and a solid over 
which it sweeps, this theory has been all but 
totally ignored in favour of purely empirical 
formule, more complicated to apply, and leading 
to very inaccurate results if utilised outside of the 
actual range covered by the experiments. At the 
same time the defects of rude formul of this ty 
have been to no inconsiderable degree balanced by 
the skill and judgment of some very able engineers, 
who have in some instances obtained results which 
theory shows are scarcely capable of being mate- 
rially bettered. Such feats are, however, personal 
to the individual engineer, and in default of 
adequate theoretical guidance cannot be rivalled 
rey vale of lesser experience and ability. 

The defects of the usual class of empirical formule 
are well illustrated by that of Mollier, which, in 
the Proceedings of the Institution of Mechanical 
Engineers, January-February, 1913, is quoted by 
Mr. E. R. Briggs in the following form :— 


k = 5.63 + [ 726 + 0.626 (7 + oat )| dé 


where k denotes the heat in B.Th.U. transmitted 
per square foot per hour across the tubes of a con- 

enser, for each deg. Fahr. of difference, between 
the steam temperature and the mean temperature 
of the circulating water. 

In this formula r denotes the steam temperature, 
t, the inlet temperature of the circulating water, 
and ¢, the outlet temperature of the same, whilst 
v denotes the velocity in feet per second with which 
this water traverses the tubes. To show the 
untrustworthiness of such formule outside of a 
very limited range, we may apply it to some careful 
tests, made under laboratory conditions, with nearly 
air-free s‘eam. 

Thus Mr. J. A. Smith (see paper reprinted in 
Enctreerine, March 23, 1906, page 395) measured 
with great care the rate of condensation of nearly 
air-free steam, having a temperature of 110 deg. 





Fahr. The initial: temperature of the circulating 
water was 70 deg. Fahr., its velocity 2.22 ft. per 


and the rate of heat transmission, as carefully 
measured from Fig. 8 of Mr. Smith’s paper, was 
12,600 B.Th U. per square foot per hour. 

Aga‘n, in his Mechanical Engineers’ Reference- 
Book, page 117, Mr. Nelson Foley quotes the 
following observations made by Mr. B. G. Nicol, | 
of Newcastle-on-Tyne. 


| 


253 
8 
7.75 


Temperature of steam... deg. F. 
Rate of condensation per square foot 

rhour .. ee os . = 
Initial temperature of condensing — 


253 254 





104.57 121.29 


9 
67. 
Re 


eg. 5 58 58 | 
Final temperature of condensing water 
eg. 165 101 94.5 
Pounds of circulating water per pound 
condensed. . - * : os 
Rate of heat transmission per 


foot per hour 


9.3 24 27.9 


‘square 
B.Th.U. 67,936 107,742 123,722 | 
The condensing tube was } in. outside diameter | 
No. 18 B.W.G. Its length was 5 ft.5hin. As in 
Mr. Smith’s experiment, all possible care was taken | 
to exclude air from the steam, so that the two sets | 
of experiments are fairly comparable, although such 
air as still remained would have proportionately | 
more effect in the conditions of Mr. Smith’s experi- 
ments than in those under which Mr. Nicol’s were 
made. The velocity of flow of the circulating water | 
as deduced from the above data was in the three | 
experiments: 1.295, 5.17 and 6 95 ft. per second 
respectively. The heat transmission, as calculated | 
from Mollier’s formula, is given in the second line | 
of the table below, whilst the third line gives the 


| 
results of a calculation by means of a rational | 
as developed | 


formula based upon Raynolds's theory, 
later on in this article :— 


Smith. 


ge Nicol. 

Actual rate of heat trans- | 
mission .. on .. 12,600 67,936 107,742 123,722 

Calculated transmission, 
Mollier’s formula 

Calculated by rational for- 
mula oe si os 





9,250 | 46 600 111,000 132.000 


2, 67,700 112,000 


123,000 


From the above it will be seen that the empirical | 
formula is very much out in the case of low tem- 
perature steam containing little air. It is also 
very much in error (for low rates of condensation) 
with high-temperature steam, but is nearly correct 
for the latter when the rate of condensation is 
sufficiently great. If its constants were altered to 
make it accurate for Mr. Smith’s experiments, it 
would be in error for other cases. The fact is, 
theoretical considerations have been discarded in | 
formulating it, and hence it can never apply to a 
wide range of conditions. 

The values calculated from Reynolds's theory, 
however, are, it will be seen, nearly correct 
throughout the wide range covered by the above 





|second. Its final temperature was 84 deg. Fahr., |a limited range of conditions, is both legitimate 


and advantageous ; but this is not the case here, 
since the theoretical formula is, if anything, some- 
what more easily applied than its inaccurate and 
restricted rival. 

In a surface condenser we have, on one side of the 


| tubes, steam at a temperature r, say, and, on the 


other, water at a temperature which rises from (,, 
say, at the entrance to the tubes, to ¢, at the 
point of final discharge. The water has accord- 
ingly a certain mean temperature* which "we may 
call ¢. 


* As a first approximation, ¢ = os 4 where to is 


equal to the initial temperature of the circulating water, 
and ¢, the final temperature. This formula for ¢ would be 
perfectly accurate if the temperature of the water was 
raised by an equal amount in each! guccessive foot of the 
tube. In 1 ft. of travel near the entrance to the tube the 
temperature of the water is, however, raised more than it is 
in 1 ft. of travel near the discharge end of the tube, since 
the temperature difference between the steam and the 
water diminishes progressively from one end of the tube to 


j\FigA. Steam Temperature 
— 





Cc 


A 


NS fe 
(9750.£) Distance from Inlet End of Tube 


the other. Hence, if we plotted down the water tempera- 
ture for each successive length of the tube, we should ges 
a curve such as A B OC, Fig. A, instead of a straight line, 
such as ACO. The temperature difference is ‘then the 
distance between the steam temperature and this curve, 
and not the distance to the straight line A C. 


_ The true value of r - tis therefore given by the rela- 
_ 0.434 (f, - fy) 
log T-ty 


tT—t, 








| tion 


rT-t 1 
This is easily proved as follows :— 
Let ¢ be the water temperature ata distance x feet from 


the mya of the tube. Then the temperature differ- 
ence there is 7 —¢, and the rate of heat transfer in British 


thermal units per hour is T-¢ where r is the total 


resistance per foot run of tube. If W be the weight of 
water tr\versing the tube per hour, this water, in moving 
from the distance « to distance x + d 2, absorbs the heat 


"ha z, and has its temperature raised by d ¢ degrees. 
Hence 
Wadt= 7~‘dz, 
Tr 





data, though one and the same constant has been | 
used throughout. 

Of course, there are cases in which theoretical | 
formula are so complicated and difficult to apply 
that the use of simpler empirical formuls:, covering | 


or 
x 


Wr’ 
where C denotes the constant of integratior. When z = 0 
t = to, so that 


lege OC — loge (r-t) = 
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Owing to the fact that r, the steam temperatue, 
is | than ¢, the mean water temperature, there 
is a flow of heat from the steam to the water, and 
this flow is governed by exactly the same laws as 
the flow of electricity along a conductor. In the 
latter case, the current produced is equal to 


Vo mal where V, is the potential of the point 


from which the current starts, and V, the potential 
at the opposite end of the conductor, whilst R 
denotes the sum of all the resistances experienced 
by the current in its flow. Hence, in the case of 
a surface condenser, we have the relation :— 

1 

R’ 

where R* is the sum of three resistances—viz., R, , 


R, and R,,. 

In the foregoing, R, denotes the resistance to 
the transfer of heat from the steam to the wall of 
the tube, R, the resistance offered to the transfer 
of heat from one side of the tube to the other, and 
R, the resistance offered to the transfer of heat 
from the inner side of the tube to the water. 

Of these quantities, R, depends very largely on 


Heat flow = 


HEAT TRANSMISSION FROM STEAM 
7O WATER IN SURFACE CONDENSERS. 


Fig 1. 


Dif¥. 





Velocity of Water in Feet per Second. 


B.Th.Us per Hour and Square Foot per'F Mean Tarp. 


1__Ser: 6..Stanton. 

2. .Josse. 7. Joule. 

3.Weighton. 8 Allen. 

4. Hepburn. 9.Clement 
ila 5.Hagemann. — 


the percentage of air present in the steam. R,, the 
tube wall resistance, is always small in the case of 
clean tubes, and has then a definite and constant 





loge C = loge (7 -t), 
and hence 
r= 5,.% 
r-t Wr 
is the equation giving the temperature of the water at 
any point x of the tube. _ 
This may also be written in the form 


a 
rw 


loge 


T-—t=(r-H)e 


The mean value of 7 -¢ between the beginning and end 
of the tube, if the length of the latter be / ft., is 


1 
l 


t-t= 


U 
\ (r-t)dax 


, a % - 
="74/ € Wde=-T (rte rw 
0 


2" 
l | 


= rw (4h. 
We also have 
log, Sa! . 
€r-t rW 
Hence 
r-t= t-to 
Tt 
log i 


The following formula gives generally a pretty close 
approximation to the true values of r — ¢, viz.— 
r-t= Vir = to) (7 — &) nearly. 
* The numerical value of R will depend, of course, 
on the units in which the heat flow is measured. 








value. With furred tubes R, may become a very 
large quantity, since a coating of lime is a very bad 
conductor. 

In deducing R,, every Continental writer, we be- 
lieve, and certainly most English ones, have entirely 
neglected theoretical considerations, with a result 
which cannot be better exemplified than by Fig. 1, 
which is repreduced from the paper on ‘* Modern 
Condensing Systems,” read before the Institution 
of Mechanical Engineers last February, by Mr. A. 
E. Leigh Scanes, M.A. The curves in question 
purport to show the relationship between water 
speed and rate of heat transfer as deduced from 
experiments by ten different observers. Each set 
of experiments gives, it will be seen, an entirely 
different curve. 

The real fact is that the rate of heat transfer is 
not a function of the water velocity only, but 
depends also upon the viscosity and density of the 
water. To put the matter in a somewhat para- 
doxical form, hot water picks up heat much more 
readily than cold water does. us, if water at 
40 deg. Fahr. mean temperature flows through a 
tube of which the wall temperature is maintained 


|at 50 deg., it will, at a given velocity of flow, only 


pick up one-fifth as much heat as it would were 


1 





corso fear Temperature of Circulating Water é. 


its mean temperature 105 deg. Fahr. and the wall 
temperature 115 deg. Fahr. 

In his paper ‘‘ On the Extent and Action of the 
Heating Surface of Steam Boilers,* Osborne Rey- 
nolds pointed out that if a fluid traversed a tube 
without turbulence, the resistance to the transfer of 
heat would be absolutely independent of the water 
velocity; whilst if the flow were turbulent, it would 
vary inversely as the velocity. 

In a later papert Osborne Reynolds showed that 
the transition ai non-turbulent to turbulent flow 
was a discontinuous phenomenon. Up to a certain 
critical velocity of flow a fluid moves through a tube 
in parallel layers, and without turbulence ; but on 
this velocity being exceeded, turbulence sets in, 
and does so abruptly. The law of loss of head in 
the tube changes abruptly at this instant from 
being proportional to the velocity to being propor- 
tional to the square of the velocity. { 

Hence, when heat is being transferred from a 
hot tube to a fluid flowing through it, the law of 
heat transference changes abruptly once the critical 
velocity is exceeded. This was exceedingly well 
shown in some experiments by Messrs. H. T. Barnes 
and E. G. Coker (Royal Society Proceedings, 1900, 
pages 67 to 238). In these experiments hot water 
was passed through a cooling tube, and, at a certain 
eritical velocity of flow, it was found that a thermo- 
meter immersed in the outflowing water abruptly 
changed its temperature by 2 deg. or 3 —_ 5 

This critical velocity was, Osborne Reynolds 
showed, given by the relation tcitica: = 5 ‘ > 
where P is Poiseuille’s value for * et , d the 


internal diameter of the tube, and B a constant. 
Hence, if the diameter of one tube is twice that of 
another, the critical velocity for this will only be 
half that of the smaller tube, and, generally, corre- 


* Proc. Lit. and Phil. Soc., Manchester, 1874-5. 
Scientific Papers, vol. i., page 81. 

+ Phil. Trans., 1883. Scientific Papers, vol. ii., page 51. 

t This is the usual assumption, but the actual power 
is generally less than 2, being for very smooth tubes 





about 1.72. 





sponding velocities in different tubes vary in- 
versely as the internal diameter. 

Corresponding velocities vary also with P, so 
that with a tube of constant diameter a velocity of 
7 ft. per second will, with a water temperature of 
40 deg. Fahr., correspond to a velocity of about 
3.5 ft. per second when the water temperature is 
65 deg. Fahr. 

In Centigrade units the value of P is 

1 
1 + 0.0337 T + 0.00221 T? 

By making use of this relation experiments made 
at two different temperatures can be directly com- 
pared. For instance, if the mean water tem - 
ture in the one case was 40 deg. Fahr. and the 
velocity 5 ft. per second, the resistance to heat 
transfer between the tube and water would be the 
same as if the water temperature were 60 deg., 


and velocity was 5 x 3 = 2.9 ft. per second. 


40 


Hence by plotting a curve of = ,» Such as Fig. 2, 


60 
it is easy to reduce to a common basis experiments 
made under different conditions. 
For practical use, however, it is convenient to 


Fig. 3. 


Q Rasistarnce to 


. 3 
V6o0" 








O (8750.F) 


write for the water resistance :— 
Rw = Cc ’ 
= 

where C is a coefficient taken from Table I. 

TABLE I.—Value of Cocficient C in the Equation Re =o 
for Standard 3-In. Tub-s, No. 18 S.W.G. For in 
Tubes, No. 18 S.W.G., multiply C by 1.31. For §-In. 

Tubes, No. 18 S.W.G., multiply C by 0.85. 
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Bes] (Ridge |i He Rleey) | & 
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S/S gle Sle) se iS gies E 
=| 3S \gse S =| S =| S 
Poss E(FES s |e lees EISSS S| E 
g25/5 g\f8s 2/5 |FEs/3 3 |E5s) 2 
<°F| 5 g | 255 > g z25*|3 \<**! 5 & 
40 |3.15 20 | 65 412/11 | 90 [222 5/1 115 |Lg4) 2 
41 /7.95) 20) 66 4.01/11 | 91 [217 6 | 116 (L32| 3 
42 |7.75; 20 | 67 (890/11 | 92 |212 5 (|| 117 |1.29| 2 
43 7.55, 20 || 68 (3.80/10 | 93 |2.07, 6 || 118 |1.27) 2 
44 7.35, 20| 69 (3.70/10 | 94 |203/ 4/| 119 |1.25| 2 
45 \7.15/19| 70 363| 9 | 95 \L99 4|| 190 fas| 2 
46 (6.96 18| 71 3.52) 9 | 96 [1.95 4 || 121 21 2 
47 6.78, 18) 72 |343| 9 || 97 |LO1, 4/| 122 |L19] 2 
48 |6.60,18| 78 3.34| 9 | 98 |LS7 4 || 193 ree 2 
49 642/18/ 7 325; 9 | 99 |L83) 4 || 1% (1.15) 2 
50 |4.24, 17) 75 8.17] 8 || 100 |1.79 4 || 125 /|1.13| 2 
51 (6.07/17) 76 3.09) 8 | 101 [1.75 4 || 196 |L.11| 2 
52 [5.90/16 77 3.01| 8 | 102 |1.72) 8 || 127 |1.09| 2 
53 [5.74/16 | 78 294) 7 | 108 |L.69 3 || 128 |1.07) 2 
54 5.58 16) 79 287| 7/104 |L65! 8 || 199 [1.05| 2 
55 5.42 16| 80 |280) 7 || 105 |L62) 3 || 180 |1.08| 2 
56 |5.3616| 81 (273) 7 || 106 |L.59) 3 || 181 [Lol] 1 
7 |3.20 16) 82 (267) 6 | 107 |L56 8 | 132 |1.00) 1 
58 |5.04, 16 | 88 /2.61/ 6 | 108 |L.53) 3 | 133 (0.99) 2 
59 |4.88'15 | 86 /2.55) 6 | 109 |L50 38 | 184 0.97| 1 
60 /4.73/14| 85 |249) 6 | 110 [1.47 3 /| 135 |0.96| 2 
61 |4.59,13 | 86 (243) 6 | 111 |L44) 3 || 186 [094] 1 
62 446 12| 87 237| 6 | 112 |L41, 3 || 187 |0.93| 2 
63 [4.34/12 | 88 (232) 5 | 113 |L38) 2/| 188 |o91| 1 
64 [422 11 89 (227) 5 | 114 |136) 2 || 139 @90| 1 
65 |t.12 11| 90 2.22] 5/115 {1.364 | 140 0.89) 1 








Here R,, is measured in arbitrary units, defined 
by the relation :— 
R=______—(1000(r-) ea 
B.Th.U. eee ee ft. ot ex 
In power-station practice each pound of steam 
has removed from it in the condenser about 1060 
B.Th.U., so that approximately 


Re 





i T-t 
~ Weight condensed per sq. ft. per hour in pounds 








In marine work, where superheat is not commonly 
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used, the steam is generally wet even as it leaves 
the boilers, and the condenser removes only about 
960 B.Th.U. per lb. of steam condensed. 
Accepting the above definition of R,,, suppose we 
havea set of observations on the condensation of air- 
free steam, and that by means of Poiseuille’s formula 
we find for each result the actual velocity of flow 
which would correspond to the density and viscosity 
of water at 60 deg. Fahr., which we adopt as the 
standard. Calling these ‘‘ reduced” velocities v4), let 
us plot down the observed values of R,, against the 


: .- Weshould then geta | 
Yeo 

straight line, such as is represented in Fig.3 by A B. | 
It follows from Osborne Reynolds's theory that at | 





corresponding values of 


NSS 
WH. 
(oa 


\ 


measure the vacuum with great accuracy, and very 
difficult indeed to measure with any pretence to 
precision the temperature of the in-coming steam. 

If, however, a very large number of experiments 
are made with a condenser working under nearly 
constant conditions, so far as the purity of the 
steam is concerned, whilst the velocity of the cir- 
culating water is varied through a considerable 
range, it becomes possible to determine with con- 
siderable certainty the ‘‘general slope ” of the 
experiments, and this slope gives at once the value 
of R,, for any velocity of flow. 

The most comprehensive and accurate experi- 
ments yet made on this head are undoubtedly those 
described by Mr. R. W. Allen, M. Inst. C.E., ina 





paper published ‘in the Minutes of the Proceedings 
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an infinite velocity of flow the resistance R,, entirely 
vanishes, there being then no difference in tempera- 
ture between the inner wall of the tube and the water 
flowing through it. Now, when v becomes infinite, 


1 is zero, and hence if we prolong the straight line 
© 


AB to C, the distance O C represents the sum of 
R, + R, where R denotes the resistance offered, 
to heat flow by the tube wall. This is known with 
practical accuracy in the case of clean tubes, and 
R, has been measured by Professor H. L. Callendar, 
F.R.S., for the special case in which the steam 
temperature was 212 deg. Fahr. (see ENGINEERINY, 
October 15, 1897, page 481). 

In actual practice steam never is air-free. Hence 
if tests are made on a condenser, we do not get the 
points falling accurately on the line AB, but the 
actual resistances observed lie always above this 
line, which, in fact, forms a limiting value, which is 
approached, but never reached, in the actual tests. 

n condenser experiments it is practically impos- 
sible to ensure absolute constancy in the air con- 











of the Institution of Civil Engineers, vol. clxi., 

169. These experiments were carried out at 
the Queen’s Engineering Works, Bedford. They 
comprised, in the first place, careful tests of a con- 
denser of 800 sq. ft. surface, which took the ex- 
haust from the power plant of the works. After 
experience was gained in these tests, a further series 
of tests was made with a special experimental con- 
denser of 300 sq. ft. area. Through the courtesy of 
Messrs. W. H. Allen, Son and Co., Limited, we are 
able to show the construction of this experimental 
condenser in Figs. 4and 5, annexed. The condenser 
has g-in tubes, No. 18 8.W.G., with an aggregate 
of 300 sq. ft. of cooling surface. The water makes 
two passes through the tubes, and of these tubes 
10 per cent. are ‘‘drowned” in the condensate by 
means of a weir provided to this end. 

In this second series of experiments the steam 
supply was taken from a special boiler. The steam 
was wire-drawn down the epee ore 
passed up through a layer of water in a i 
receiver Solem Seiee admitted to the condenser. 
It was thus, on entering the latter, practically dry 





tent of the steam, and it is further not easy to 


saturated steam. Its temperature at the entrance 


to the condenser was observed by means of a 
thermometer, and the pressure inside the condenser 
was read by a mercury column. As already stated, 
it is practically impossible to measure accurately 
the temperature* of a mass of moving vapour or 
gas, and, as appears to be invariably the case, the 
thermometer reading obtained by Mr. Allen was 
always higher than that corresponding to the pres- 
sure. The discrepancy was, ower, generally 
only about 1 deg. to 3deg. In some Continental 
experiments, on the other hand, the discrepancy 
between the observed temperature and that due to 
observed vacuum was in one instance no less than 
21 deg. Fahr. Presumably the steam was, in this 
instance, superheated, the precautions taken by 
Mr. Allen having been omitted. 





Pressures can generally be read with yreater 
certainty than temperatures, though carelessness 
may lead to highly inaccurate results even here. 
For example, —— - gauges connected to dif- 
ferent. points of the nozzle-box of one of the earlier 
Curtis turbines were found to differ in their readings 
by as much as 10 1b. Interchanging the gauges con- 
firmed the observation, and the discrepancy was 
finally traced to the fact that the connections to some 
of the gauges had been placed in the ‘‘ wake ” of the 
valve-spindles past which the steam was flowing. As 
illustrating another difficulty in temperature mea- 
surements, Mr. J. M. Newton, B.Sc., of the Brush 
Electrical Engineering Company, Loughborough, 
has observed a case in which the thermometer 
placed in the supply-pipe of a steam-turbine, 
operating with superheated steam, showed a 10-deg. 
higher temperature when placed with the bulb at 
the centre of the pipe than when the bulb was 
at the side. On the other hand, taking due precau- 
tions, the static pressure, even of a rapidly-moving 
gas, can be measured with precision. A Eevien for 
this pu , due to Professor F. E. Nipher, was 
dessslogd tn Bvensnnane. March 25, 1898, page 376. 
Professor Nipher shielded the orifice to the gauge by 
a series of discs of wire gauze clamped between two 
thin steel washers, beyond which the gauze discs 
extended for about 4 in. all round. The gauge was 
connected to the centre of one of the washers, and 
gave the same reading however it was presented 
to the air current. 

The very small discrepancy between the pressure 
and temperature measurements made in Mr. 
Allen’s experiments testify to an exceptional degree 
of experimental skill. e pressure readings are, 
unquestionably, the more reliable of the two, 
and in what follows the steam temperature r is 
taken as that corresponding to the observed pres- 
sure. Reeves’ tables (published by the Macmillan 
Company) have been used for the pu of passing 
from pressure to temperature, being by far the most 
conveniently arranged of any with which the writer 
is acquainted. 

In his paper Mr. Allen records eighty-eight 

* For all sufficiently rapid changes of pressure, steam, 
even if containing much moisture in suspension, acts as 
if it were a gas, and notasa vapour. Experiments with 
superheated steam have shown most conclusively that 
considerable time is necessary for the evaporation of any 
droplets of water entrained in the steam. Hence, when 
wet steam impinges on a thermometer bulb, the ensuing 
adiabatic compression of the fluid produces a rise in tem- 
perature rather than a change in the “‘quality” of the 
steam. The theoretic value of this rise is approximately 


i aa deg., where v denotes the velocity of the steam 
in feet per 


second. Moreover, the velocity in this formula 
is the ‘* local” velocity, and not the mean velocity of flow, 





and, owing to eddies, this local velocity may be con- 
i bly higher than the average velocity. 
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separate tests made with the experimental con- 
denser in question. In these experiments the 
initial temperature of the circulating water was 
varied from 65 deg. up to 85 deg. Fahr., the rate of 
condensation ranging from 4 ~ to 101b. per sq. ft. 
per hour, and the speed of the water through the 
tubes from 0.96 ft. per second up to 4.12 ft. per 
second. 

The whole of these tests*—88 in number— 
are plotted in Fig. 6, some of the points being 


coincident. The abscissze are — where v 


denotes the ‘‘reduced” water epeot in feet per 
second, whilst the resistance plotted vertically is 
measured in the arbitrary units defined by the rela- 
tion :— 
1000 (r - ¢) 

wh 


Here r denotes the steam temperature, ¢ the mean 
temperature of the circulating water, w the weight 
in pounds condensed per square foot per hour, and 
L the latent heat of the steam. 

In wer-station practice the steam is always 
somewhat wet when it enters the condenser, so that 
the heat removed there by the circulating water is 
less than the value of L given in the steam tables, 
being very approximately 1000 B.Th.U. per lb. 
Hence for practical purposes R may, as already 


—t 


R= 


mentioned, be taken as equal to * 


w 

In Mr. Allen’s experiments, however, the steam 
was practically dry saturated, and the values of R, 
plotted in Fig. 6, were therefore obtained by taking 
L at its tabular value. One correction has, how- 
ever, been made. Ten per cent. of the tubes 
at the bottom of the condenser were drowned in 
nearly stagnant water, and accordingly very little 
heat transfer took place through these. Hence the 
effective area of the tubing has been reckoned at 
270 sq. ft. instead of the nominal 300 sq. ft. The 
object of drowning the tubes was, of course, to 
augment the effective capacity of the air- pump by 
cooling the water on its way thither. 

The line H J seems to represent very fairly the 
‘* general direction ” of the points plotted. Some 
trouble was experienced during the tests in prevent- 
ing air leakage, so that the who He of the experiments 
were not made under absolutely identical conditions. 
The range of air pressure was, however, small, and 
the line H J may be taken as equivalent to ‘what 
may be expected in practice with condensers fitted 
with the vacuum augmenter or some equivalent form 
of air-pump. 

Considerations of space render it impossible to 
reproduce here the whole of Mr. Allen’s tables. 
The method of reducing the observations is, how- 
ever, clearly shown in Table II., where Mr. Allen’s 


Tasie II. — Reduction of Allen's Experiments. 


“em? 
4 95 


Weight condensed per hour per square } 
foot of total cooling surface =w Ib. 6.01 4.95 
Weight condensed per hour per square 
foot of effective cooling Lage 


=Lllw=wi 5.50 











| 5.56 | 5.50 
Vacuum corrected to ot in. bar. in.| 27.85 | 27.67 | 27.50 
back p r,| 215 | 288 | 2t0 
= temperature as “The "4 | 
Table leg. F. -| 104.0 106.6 109.0 
= temperature of cooling water) 
eg. 85.0 85.6 8 
Firat temperature ‘of cooling water ¢) 
deg. F.| 93.0 | 95.2 | 98.0 
rT - to 19.0 | 21.0 | 285 
r-t 11.0 | 114 11.0 
log (+ ~ to) 0.2788 | 0.8222 | 0.3711 - 
log (r mu 0.0414 | 0.0569 | 0.0614 
1 —2 ere 0.2374 | 0.265% | 0.9997 
~t 
Temperature rise of circulating water | 
ht 8.0 96 | 125 
Mean temperature difference between | 
—~ 0.434 (t,— to). 
steam and waterr - ¢ = 14.62 15.71 16.48 
T-to 
log —— fe 
Latent heat of the condensed steam L) 1041 1039 1038 
Resistance to heat flow R = as ea ) 2.58 2.75 2.89 
Mean temperature of cooling water 
|89.4 (90.9 | 92.6 
Water passed through tubes, gallons | | 
per minute ee se es “ 317 250 200 
Actual velocity of flow v.. ft. per sec. 2.42 1.90 1.52 
Corresponding velocity at standard) | 
viscosity and density = vg9= Fo ‘ | 
; | 
ft. persec.| 5.15 | 4.12 3.45 
Reciprocal of ‘‘ reduced ” widens) © 0.198 0.243 | 0.989 


| 
. there is an obvious misprint on page 211, column 
Mr. Allen’s paper, where the quantity of water 
Should aa 560 gallons per minute. 





data are printed in italics, and deduced quantities 
in ordinary type. 

In finding the ‘‘ reduced velocity” given in the 
last line of the table, the actual velocity has been 
divided by the reduction factor plotted in Fig. 2 ante. 
In Fig. 6 the resistance, as calculated in Table IL., 
is plotted against the reciprocal of this ‘ reduced 
velocity ” as given in the last line of the table. 

The whole of Mr. Allen’s data have been reduced 
as in Table II., and the results, as plotted, consti- 
tute an absolute demonstration of the accuracy of 
Osborne Reynolds’s theory, and show conclusively 
that the resistance to the flow of heat from the 
tube wall to the water varies inversely as the 
velocity of the latter, and also as its viscosity 
divided by its density. 

A line drawn through the origin parallel to H J 


The 


YGo 
above value of R.. is the resistance, in our arbitrary 
units, to the transfer of heat from 1 sq. ft of the 
external surface of the tube. If p,, denotes the same 
resistance referred to the internal surface of the 
tube, p. will, of course, be less than R.. Accord- 
ing to Osborne Reynolds, in different tubes corre- 
sponding velocities are in the inverse ratio of the 


gives the value of R,, for any value of 4. 


g.7. , 110° 
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get for the value of R, in our arbitrary units :— 
R, = __36,000_ _ 9 349, 
109 x 966 


For reasons which will be given later, the value 
of R, for air-free steam at ordinary condenser tem- 

eratures is appreciably greater than at 212 deg. 

ence the line vA or R, , representing the total resist- 
ance, in the case of air-free steam at condenser 
pressures cuts the initial ordinate a little above 
Callendar’s point. 

In addition to Mr. Allen’s experiments, we have 
also plotted in Fig: 6 the results obtained in some 
experiments by Mr. J. A. Smith, published in 
EncorIneerinG, March 23,1906. The data are taken 
from the curves given in his paper, reproduced in 
Figs. 7 and 8, annexed. Mr. Smith’s experiments 
were not made under “‘ practical” conditions, and 
the internal tube diameter was a little greater than it 
was in Mr. Allen’s experiments, so that the water 
resistance would be correspondingly lower. In this 
series of experiments the condensation was effected 
with the tranquil steam, there being no sweep of it 
over the condensing tubes. In fact, Mr. R mith 
used a small gas-fired boiler, which was traversed 
by his condensing-tubes, and the steam as con- 
densed fell back into the water below. Any traces 
(f air present in the steam would, under these 
conditions, have their maximum effect. The slow 
in-current of the steam towards the tubes would 
carry with it any traces of air, which, in the absence 
of convection cutrents,* could only escape again by 
the very slow process of diffusion. Hence, as was 
to be expected, the points in question lie generally 
somewhat above the line for R, . 

The experimental puints were measured from 
Mr. Smith’s curve and reduced in exactly the same 
way as were the experiments of Mr. Allen. The 
velocity, however, requires, as stated, a further 
correction, since Mr. Smith’s tube had an internal 
diameter of 0.575 in. in place of 0.529 in., and the 
water velocity after correction to the standard con- 
ditions as to viscosity and density requires to be 
further corrected in the inverse ratio of these dia- 
meters. It is this “ fully corrected ” velocity which 
has been taken as the abscisez against which the 
resistance has been plotted in Fig. 6. 

Tn Fig. 6 the results of the three experiments 
by Mr. B. J. Nicol, of which the data have 
already been tabulated on page 1, have also been 
plotted. 

In this case the tubes were ? in. in diameter 
No. 188. W.G., and in reducing the actual velocities 
to the conditions of Fig. 6 this circumstance must 
be allowed for according to Reynolds’s rule. 

The reduction was effected as shown in Table IIT., 
TaBLE II].—Zexperiments by Mr. B. J. Nicol on }-In. 

Condenser Tube, No. 18 S.W.G. 











Temperature of steam r . deg. F. 253 | 253 25h 
Heat units transmitted per hour per 
' square foot of surface . B.Th.U.| 67,936 | 107,742 | 123,722 
‘ - P ss Initial temperature of cooling water, to 
internal diameters of the tubing, so that for j-in. esta wore of costing woe | PU78 | 58.0 | 880 
tube, 18 S.W.G., the value of p,, will be :— ae PTS SS ae a 4 | 165.00 | 101.0 | 96.5 
(pw); _ 0.529 Rise of temperature, fh - to = = Re _ 
P= (pw )8 "0.664 7-6 88.00 | 152.0 | 159.5 
It is, however, much more convenient in practice = fr Ee ‘8 saree | Gaaes | Gace 
to work with R,, than with p, and we have ‘<% 
- log -+ ++} 0.8461 | 0.1082 | 0.0895 
pw = Re x inner diameter r~ 
outer diameter’ Mean temperature diff e between 
Hence steam and water 
. a 0.529 . 0.529 a7 tm UO - &) 134.1 | 1725 | 177.0 
(Re) = (Re) a * 0 664 * 0.664 * 0.625 log 7 ~_'0 
Tr  & | | 
= 0.76 en ) Fy Resistance to heat flow R 
‘ : : 1000 (7 - 2) | 
In our arbitrary units the value R, of the resist-| ~ teat passed per eq. ft. perhour -- 1-975 | 1.608 | 1.431 
ance to heat flow of the metal wall is about 0.08 | i041 temperature of water, ¢ deg. F.| 118.8 | 90.5 | 77.0 
for tubes 18S. W.G. thick, and is, of course, directly | actual velocity of water, v’ ft. persec., 1.295 | 5.17 | 6.95 
proportional to this thickness. If we add this to ding velocity at —— vie-| | 
the water resistance line, we get the line shown in| cosity and density v% = od v | 4.94 | 892 | 10.93 
he This gives the value of R,. + R, forclean i | 
tu A deposit of scale may, however, increase | Corresponding velocity in  §-in. stan- | 
the resistance enormously. dard tube = ——, ° .| 6.20 | 11.19 | 13.70 
So far as the writer knows, the only satisfactory Reciprocal of ‘‘ reduced ” velocity -| 0.1611 | 0.089 | 0.073} 


experiments yeti made on the value of R, for air- 
free steam are those of Professor H. L. Callendar, 
F.R.S., described in Enorvgerine, October 15, 
1907, page 482. Inthe “ Encyclopedia Britannica ” 
article, ‘‘ Heat,’”’ Professor Callendar summarises 
the results of these, as, that 109 lb. of steam at 
——- gg were condensed per square foot 
per hour, with a difference of 36 deg. Fahr. between 
the steam temperature and the wall temperature. 
The steam was at atmospheric pressure, so that we 








* An examination of Mr. Smith’s results shows that con- 
vection must have played no small part in facilitating the 
condensation of the steam. The velocity of the steam 
flowing towards are Apoyo! — = close to the tube 
surface, a value equal to 8 in. In ordinary 
diffusion the valoaities attain are 1° incompanably less, 
and were diffusion alone involved in clearing away from 
Se ciee nase Mesthel ait 0 weep cere in b con- 


densing steam, the pressure — of the diffusing air 
would need to be cee +t high. 
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and the resistance is plotted against the reciprocal 
of the ‘‘reduced” velocity as given in the last line 
of the table. From the figure it will be seen that 
the results plot down in excellent agreement with 
the experiments of Mr. Allen, and thus demon- 
strating the accuracy of Osborne Reynolds’s theory 
over a very wide range. 
(To be continued.) 








THE NEW GREAT WESTERN RAILWAY 
STATION AT BIRMINGHAM. 

For the past seven years the work of reconstruct- 
ing and improving the Great Western Railway 
Company’s station at Snow Hill, Birmingham, has 
been in progress, and it is now rapidly approaching 
completion. Three stations have been successively 
erected at Snow Hill. The first was a wooden struc- 
ture, that served the purpose of a terminus when 
the Oxford and Birmingham line was opened in 
1852. Atalater date this building was removed 
to Dideot, and was succeeded by the one recently 
demolished, which was completed in the year 1871. 
The new station is not only interesting by reason 
of its size, but also on account of thesubstantial and 
comprehensive manner in which it has been de- 
signed and carried out. Indeed, as we shall 
show, no effort has been spared to provide a station 
worthy of the city of Birmingham, at which it will 
be possible to deal with very extensive passenger 
and parcels traffic. 

We may here recall that contemporaneously with 
the provision of new station accommodation there 
has been effected considerable improvement in the 
railway lines and travelling facilities between London 
and Birmingham, and the extensively-advertised 
services of ‘‘ two-hour expresses” between those 
cities over the lines of the Great Western and 
London and North-Western Railways are outward 
and visible evidence of the revival of competition 
between those companies for the Midland traffic. 

It is not our present intention to do other than 
describe the Snow Hill Station Works, but it may 
be opportune to briefly recapitulate what has been 
done by the Great Western Railway in improving 
railway communication between London and Bir- 
mingham. A glance at the map, Fig. 1, will show 
that prior to the year 1910 the route from 
Paddington Station to Birmingham was via Reading, 
Didcot, and Oxford. In the year named a direct 
line was completed via High Wycombe, Bicester, 
and Aynho, which was 18} miles shorter than the 
old one, being 110$ miles in length, as compared 
with 129} miles by the old route, and 113 miles by 
the London and North-Western Railway. The 
first step in effecting the change was taken in 1897, 
when Parliamentary powers were obtained for a 
new railway commencing at a point some 3 miles 
west of Paddington Station, and terminating in a 
junction with the existing Maidenhead-Oxford line 
at High Wycombe. 

In the following year arrangements were made 
between the Great Western and Great Central 
Railways whereby this line (which was opened for 
passenger traffic in 1905) became joint property, 
together with the section of railway between High 
Wycombe and Princes Risborough. This arrange- 
ment was sanctioned by Parliament, in 1898, by 
the Great Western and Great Central Railways 
Act, under which powers were also obtained for the 
doubling of the existing single track between High 
Wycombe and Princes Risborough. From the 
latter place the two companies jointly constructed 
a railway to a point north-west of Haddenham. 
Meanwhile, in 1903, the Great Western Railway 
had been authorised by Parliament to build a 
‘* cut-off” railway of 18 miles 29 chains from 
Ashendon, through Bicester, to Aynho, where a 
junction was effected with the original main line 
from Oxford to Birmingham. The result of these 
several works was to secure for the Great Western 
Railway an alternative and more direct route to 
Birmingham than it had previously possessed. 
Epitomising these developments, we give the fol- 
lowing table of dates :— 

Acton and High Wycombe Commenced, November, 
ilway. 1899; finished, Nov- 
ember, 1905. 
Widening of line between Commenced, July, 1902; 
High Wycombe and finished, November, 
Princes Risborough, and 1905. 
construction of new line 
from Princes Risborough 
to Ashendon. 
Ashendon and Aynho Commenced, December, 
ilway. con finished, April. 





Express trains timed to Commenced to run on 
form the journey July 1, 1910. 
tween Paddington and 
Birmingham in two 
hours. 

To successfully deal with the new traffic, which, 
in the altered circumstances, the Great Western 
Company were justified in anticipating, it was 
necessary to improve the railway accommodation in 
and near Birmingham. Accordingly, ——— 
works were taken in hand as between Olton an 
the south end of Birmingham tunnel, and to-day 
there are four lines of track between Olton and 
Smallheath, and between Bordesley and Moor- 
Street Station, Birmingham, the several sections 
having been completed and brought into use as 
follows :— 


Olton to se iii ... January, 1907 
oe | to Smallheath, 

Sout we a ... May, 1908 
Smallhsath, South, to 

Smallheath, North . July, 1910 


Bordesley to Moor-Street 
Station, Birmingham ... November 16, 1913 
Work is now proceeding on the remaining length 
from Smallheath to Bordesley. The most impor- 
tant feature, however, was the remodelling and 
improving of the Birmingham station accommo- 
dation, commenced in September, 1906. This has, 


Fig.1. S 
eS 





as we have stated, been effected in an exceedingly 
thorovgh manner, bearing in mind the difficulties 
due to configuration of the site, &c., and Snow Hill 
Station, which we shall now describe, is to-day 
one of the finest in the country. 

Fig. 2, page 6, is a plan of the old station, which 
was contained within the rectangle bounded by the 
thoroughfares of Snow Hill, Livery-street, Colmore- 
row, and Great Charles-street. There were four 
lines of railway, two being platform roads, and four 
short bay lines, the whole being covered by a 
crescent-shaped truss roof, a pho ph of which 
is reproduced in Fig. 21, page 18, while Fig. 22, on 
the same page, is a view of the new station from the 
same point of view. 

In designing the new station, Mr. Walter Y. 
Armstrong, the Great Western Railway Company’s 
new works engineer, had to solve some difficult 

roblems incidental to location, due to the fact that 
ateral expansion was practically impossible, for 
not only is the station site on the side of a not- 
inconsiderable hill, but to have attempted to acquire 
the property represented by Snow Hill on the east 
and Livery street on the west would have necessi- 
tated enormous expenditure. This was not all; 
on the south side, its mouth abutting the station 
premises, is the tunnel of 596 yards through 
which the railway crosses the central part of the 
city. This is on a gradient of 1 in 47, and 
was originally an open cutting, but was covered 
in some forty years ago, and upon it are situated 
some of the most important business premises 
in the city. Widening of this tunnel is im- 
practicable, if, indeed, not impossible, and in 
these circumstances the new station had to be 
laid out on the basis of expansion in a northerly 
direction only, the result being that platforms of 
great length had te be adopted, while the siding 
and other accommodation incidental to a large 
railway station had to be located still further north 
of the platforms. 





Between Colmore-row, at the south end, and Great 
Charles-street there is a difference in levels of about 
38 ft., the railway passing under the former and 
over the latter. There is also—as sections to be 

iven later will show—a material difference in level 
tween Livery-street and Snow Hill. In layin 
out the station advantage was taken of the natura 
gradients to construct on three different levels, thus 
concentrating the accommodation more than would 
otherwise have been possible. 

Permanent Way and Platforms.—From the plan 
of the permanent way, Fig. 3, page 6, it will be 
secn that in the new station there are four main 
tracks between the island platforms, in addition to 
which there are two relief lines passing at the 
back of the up and down platforms respectively. 
At the south end of the station these six lines of 
railway converge into two through the tunnel, the 
difficulties associated with which have already been 
described. 

North of the station the track consists of four 
running lines as far as Handsworth Junction. 
The running lines are laid with the Great Western 
Railway Company’s standard bull-head rails, weigh- 
ing o7F lo. per yard, a lighter section being used 
for the sidings. The switches and crossings were 
manufactured by the company at their Swindon 
works. 

In considering the lay-out of the permanent 
way, as shown in Fig. 3, the length of the plat- 
forms must be borne in mind and the fact that, to 
facilitate working, two trains may be admitted to 
the main up or down platforms at the same time. 
Between the two main platforms the two up lines 
are together and the two down lines a 
but on leaving the station at the north end 
the up and down main lines and the up and 
down relief lines are respectively side by side. By 
thus laying out the tracks, when, for example, two 
trains are together at the down platform, the rear 
one can start first, and, passing through the scissors 
crossing, take precedence of the train in front of 
it at the platform. This is obviously a means of 
facilitating the working of traffic at the station. 

Sidings and Docks.—The locomotive dépét is 
situated some distance south of Birmingham at 
Tyseley, where also the carriages are stabled ; but 
at the north end of the station there are sidings and 
other accommodation sufficient for storing a number 
of vehicles, These sidings are connected by a 
diagonal road and five pairs of slip-points with the 
up and down main and bay lines, and two lines over 
Great Charles-street were only obtained by in- 
creasing the width of the bridge over that thorough- 
fare, thus materially adding to the heavy girder- 
work over the parcels yard. 

Bearing in mind the difficulties associated with 
the site, it must be admitted that much ingenuity 
has been displayed in locating the platforms and 
ramps on the up and down side for dealing with 
such traffic as fish, motor-cars, carriages, horses, 
milk, and general perishable traffic such as is con- 
veyed by passenger-trains. The platforms and 
ramps are shown ia Figs. 4and 8, page 7, from which 
it will be seen that on the up side there is a con- 
venient road access to the fish, &c., platform, from 
Snow Hill, while on the down side the means of 
communication is from Livery-street ; in each case 
vehicles pass to and from the platform without 
interfering with the general passenger traffic of the 
station. 

The Platforms and Station Buildings.—Having 
dealt with the location and general lay-out of the 
lines at the new station, we now pro to give a 
description of the platforms and station buildings, 
and of the most noticeable architectural features 
of the latter. In the general design of the station, the 
platforms have been coustructed on the ‘‘ island” 
principle (Fig. 4), thus emulating the most interest- 
ing examples of that type of construction—viz., the 
North-British Waverley Station at Edinburgh 
(where the main station is one huge island plat- 
form), York, Carlisle, Leicester (Great Central), 
&e 


As we have already explained, the site of the 
Birmingham station was such that long and rela- 
tively narrow platforms had of necessity to be 
adopted ; but notwithstanding this drawback, it 
has been found possible, by the skilful planning of 
the company’s new works engineer, to secure many 
of the siventogne of island construction, which, in 
its most highly-developed form, enables both ‘‘ up ” 
and ‘‘down” traffic to be concentrated, and conse- 

uently facilitates the transfer of passengers and 
eir luggage between connecting train services, 
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thereby on a dispensing with the use of sub- | the reg character of the station. Figs. 9 and 10, | In this connection we may note that, inasmuch as 
ways, footbridges, luggage -lifts, and luggage-'on Plate I., show the exterior elevations along | the 7 aa accommodation is located below the up 
barrow level-crossings, even where these are pro- | Snow Hill, that on the opposite side of the station} platforms, it follows that it was not possible to 


vided. —viz., towards Livery-street—-being very similar. | have direct communication from the parcel offices 

At Snow Hill the platforms constitute two islands, |The most noticeable feature in the design is the|to the down platforms. Hence, in the case of 
each of which at ite north end is, for a portion of | pleasing architectural effect obtained by the use| parcels passing between the parcel office and the 
its length, clear of all buildings, and divided into | of buff terra-cotta for the cornices, strings, copings, | down platform, the luggage barrows have first to 
two by a bay line. and the dressings generally, and by facing the| be taken by lift to the upper basement, thence, by 

The lengths of the several platforms, exelusive| walls with salt-glazed bricks, except for a certain | way of the corridor and subway, to the lifts under 
of the end — to them, and the numbers by | height above the foot-pavements, where, in the| the down platform, My which they are finally raised 


which they are known, are as follows—viz. :— forming of the plinths, blue Staffordshire pressed | to platform level. This, of course, entails con- 
Down relief platform, Nos. land 2 1180 ft. bricks have been used. The advantages gained are | siderably more labour than in the case of the direct 
Down main platform, Nos. 5 and6 1188 ,, that the walls can be washed and kept clean and| lift communication between the parcel office and 
Up main platform, Nos. 7and8 ... 1197,, new in appearance with a small amount of labour. | the up platform, but is an unavoidable incident at 
Up relief platform, Nos. 11 and 12 ... 971 ,, 


Another feature in these elevations is the pro- | a station situated as Snow Hill is. 
As the numbering indicates, each platform can| vision of shops—viz., seven facing Snow Hill and| The back of the outwards parcel offices faces 
accommodate two trains at once. three facing Livery-street, all under the relief lines | Great Charles-street, and at the corner of the latter 
The platforms to the ‘“‘bay” line on the down|and platforms. Sufficient head-room for these is| and Snow Hill is the entrance to a block of offices 
side (Nos. 3 and 4) are 511 ft. and 509 ft. long | available owing to the difference between the levels | with three floors, the building of which formed part 
respectively, and the platforms to the bay line on | of the lines and of the street foot-pavements. Two|of the contract. Adjoining the parcel offices, and 
the up side(Nos. 9 and 10) are 550 ft. and 306 ft. | large stores have been construc under the relief| shown on the same plan, Fig. 7, but facing Great 
long respectively. The widths of the platforms] lines and platforms, with windows facing the public | Charles-street, and having four entrance doorways 
vary, and their area is partly taken up by/road, and separate entrances from Snow Hill and | therefrom, is the lower booking-hall, which is about 
various offices and waiting -rooms, but the up main | Livery-street respectively. 73 ft. long, with a clear width for passengers of 
seer 7 has a clear width of about 31 ft. in} Next Snow Hill is the parcel yard (see Fig. 6,|18 ft., the remaining width of 21 ft. 9 in. being 
ront of these buildings, and the down main plat- page 7), the area of which is about 1270 square yards. | taken up by a booking-office. This booking-hall is 
form a clear width of about 29 ft. 6in. The up| It is paved with granite setts and artificial stone. |a subsidiary one for the convenience of passengers 
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Fig.3. BIRMINGHAM NEW STATION. 
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relief and down relief platforms, being of less im- | At the end where the foot-pavement is some feet 
rtance, are not quite so wide, and vary from | above it there is an entrance down a flight of stone | side of the city. On the side next the street its 
4 ft. to 31 ft. in front of the buildings, except for | steps. At the other end is an entrance gateway for | wall has a blue-brick dado, and is faced above with 


who may desire to enter the station from the north 


a length of each at its south end, where the width | carts, there being a ramp to a gradient of 1 in 20 | cream-glazed bricks. 
is reduced to 14 ft., in order that the station | down into the yard, the difference between the levels | of the staircases have tiled linings, plain blue at the 
buildings there might have the dimensions neces- | there being 1 ft. 3 in. only. Around the yard are | bottom as a dado, and cream-glazed tiling for the 
sary for their purposes. the parcel-offices, the front walls of which have a| remainder of their several heights. The ticket- 
At the north end of the station where the ‘‘ bay” | blue Staffordshire pressed-brick dado, 3 ft. high, | windows and the doors to the booking-office have 
lines occur and there are no buildings, the widths | and above are faced with cream-glazed bricks, the | white-glazed majolica-ware cornices and dressings. 
of platforms Nos. 2 and 3, from nosing to nosing, | object being to make the place light, seeing that | Two artificial-stone staircases, each divided in its 
vary from 31 ft. 10 in. to 15 ft. 7 in.; platforms | both the yard and offices are underneath the lines | width by a wrought-iron barrier, lead to the up and 
Nos. 4and 6 from 40 ft. 6in. to 19 ft.; platforms|and platforms. The offices are shown in Fig. 7 as | down platforms respectively, the difference in the 
Nos. 8 and 9 from 33 ft. 11 in. to 14 ft. 6 in., and | the ‘‘ lower basement.” levels being about 21 ft. From Great Charles-street 
platforms Nos. 10 and 12 from 31 ft. 7 in. to| Reference tothe plan just mentioned will give the | also is the entrance down a flight of stone stairs to 
11 ft. 10 in. The nosing or coping to the edges of | reader a good idea of the extent and arrangement | the sub-basement, consisting of a coal-store, about 
the platforms is 2 ft. 6 in. wide by 4 in. thick, and | of the l-offices, which are most thoroughly | 57 ft. by 15 ft., and a boiler-house, about 31 ft. by 
set 3 ft. above the level of the rails. It overhangs caniapel for dealing with an enormous amount of |35 ft., where the boilers for the heating arrange- 
the platform walls 12 in., so as to meet the require-| inwards and outwards parcel traffic. The area of | ments are located. Above the parcel offices, and 
ments of the Board of Trade, which, are, we may|the floor space of the outward parcel-offices is| between them and the passenger platform, is the 
say in passing, that the height of platforms above | about 470 square yards, and that of the inwards | upper basement, Fig. 6, the difference between the 
rail-level is to be 3 ft., save under exceptional cir-| about 570 square yards. The floors are for the | levels of the two floors being 13 ft. 3 in. 
cumstances, and in no case less than 2 ft. 6 in. | most part paved with pitch-pine wood blocks. The} On the upper basement extensive accommoda- 
For the most part this coping is of artificial stone, | strong room is 10 ft. by 10 ft. inside measurement, | tion is provided for the storage of lost property, 
but to the main-line platforms, where the most | and is fitted with one of Messrs. Hobbs, Hart and |and there is a space for the future installation of 
important traffic is dealt with, sawn blue pennant | Co.'s fire-proof doors. This firm also supplied all| pneumatic plant. There are also two store-rooms, 
natural stone has been fixed. The paving to the|the locks used on the station. Attached to the|a battery-room, a guards’ room 19 ft. by 24 ft. 10in., 
platforms is of artificial stone throughout, 2 in. and | offices for the use of the staff is a lavatory having|a porters’ room 24 ft. by 24 ft. 10 in., a cloak- 
24 in. thick, the greater part of which, as well as/| tiled walls and fitted with up-to-date conveniences |room 69 ft. 10 in. by 24 ft. 10 in., a police 
of the artificial-stone coping, was supplied by the | for cleanliness and perfect sanitation. department office 20 ft. by 13 ft. 1 in., and a lava- 
Patent Victoria Stone Company, and the remainder| Asa part of the equipment of the parcel-offices, | tory 9 ft. by 24 ft. 10 in., for the use of the wages 
by the Stiffs Concrete Company. The platform | there are three electrically-worked luggage lifts up | staff, fitted with high-class sanitary appliances and 
walls are of brickwork, 18 in. thick, faced with | to the upper basement (Fig. 6) and to the passenger | every requisite for cleanliness. On the same level, 
blue Staffordshire brindled bricks. latforms above. Lach lift is designed to carry| but with entrance down a staircase from the tele- 


The interior walls and those 


Station Bwildings.—The elevations and sections | 30 cwt. safeload. By these lifts parcels and passen- | graph-office above only, are the women telegraph- 
which we now give, together with the photographic | gers’ lu, in advance are conveyed to and from | operators’ private room and lavatory accommoda- 
reproductions which we shall publish later, show|the several platforms for transit or distribution. |tion. The rooms derive their light from windows 
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facing the parcel-yard, and are entered from a 
poner a at the back, 10 ft. wide at its narrowest 
part, and running the whole length of the rooms 
until it joins the subway which is on the same level. 
The lifts from the parcel offices serve this floor. 
By the use of them, the subway and the lift at the 
Livery-street end of the latter, luggage can be con- 
veyed from one platform to another, and to and 


from the parcel-yard. The subway is 20 ft. wide, 
8 ft. of which is fenced off for the exclusive use of 
luggage trolleys between the corridor and the lift 
before mentioned, thus leaving a width of 12 ft. for 
the use of passengers up to this point, but which is 

further length of 12 ft., and 





reduced to 10 ft. for a 


Fig.4 . GENERAL PLAN. 
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PLAN OF UPPER BASEMENT. 


3 oe and are faced above with white glazed 
bricks, 
Fig. 11, Plate I., is an elevation of the platform 


buildings and sections of those below the platform | ma 


level. We give also, on Plate II., various cross- 
sections, Figs. 12 to 20, which, in conjunction with 
the general plans, Figs. 4 and 8, on the present 
page, are self-explanatory. Fig. 8 shows in detail 
the buildings that have been provided on the 
platforms, these being waiting-rooms, refreshment- 
rooms, telegraph and other offices, such as are neces- 
sary in connection with nger traffic. Architec- 
turally they are of pleasing design, having projected 
plinths about 1 ft. 6 in. high, of blue pressed 





—— 
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We may here note that the —— upon the 

latforms of the old station included offices for the 
Sivisional traffic superintendent and district goods 
and their staffs. Consequently one of 
the first steps incidental to clearing the site was 
to re-house these officials. For this it was 
necessary to acquire the Great Western Hotel, with 
frontages next Snow Hill and Livery-street, and 
principal frontage and entrance in Colmore-row ; 
and the major part of the hotel was equipped as 
offices, while the ground-floor was converted into 
an up-to-date restaurant: At the same time a wide 
entrance, with architectual features in harmony 
with those of the hotel, was made through the 


Fig.5 . PLAN OF HIGH LEVEL. 
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to 8 ft. for a distance of 12]ft. beyond. The wall 
then is set back to give a clear width of 13 ft. 6 in. 
for a length of 23 ft. 9 in., to form a small booking- 
hall, with an entrance-door from it into a booking- 
office, 23 ft. 9 in. by 9 ft. From this small sub- 
sidiary heshinntelll 0 short flight of stone steps, 
8 ft. wide, leads up into Livery-street, and affords 
means by which passengers can enter or leave the 
station, as there are two staircases, each 10 ft 
wide, leading from the subway to the down and up 
platforms respectively. 

Throughout the station one of the noticeable 
features is the excellent quality of the brick- 
work and the great extent to which glazed bricks 
have been used. The general effect of the latter 
is the combining of utility where the light is not 
good with a pleasing appearance. This is particu- 
larly so in the corridor, subway, and staircases 
therefrom, where the walls have a blue-brick dado, 
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Staffordshire bricks, with a*dado of brown glazed 
bricks above, finishing with a white glazed majolica 
band course, in a line with, and the depth of, the 
thickness of the window-sills. Above this the walls 
are faced with salt-glazed bricks up to the springi 
of the arches to the door and mete hm openings, an 
for the remainder of their height with » non- 
porous red pressed bricks., 

The dressings and cornices to the building under 
the main roofing of the station are of white Carrara 
ware ; elsewhere they are of buff terra-cotta. All 
of them were made and fixed for the contractors by 
Messrs. Doulton and Co., of Lambeth. Messrs. 
Doulton and Co. were also the manufacturers of the 
whole of the sanitary appliances fixed on the 
station, some of these being of special design. Sani- 
tary experts will have a word of approval for these 
and for the high-class workmanship in their 
plumbing work. 
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building*from Colmore-row, and this now forms the 
principal entrance to the new station. 

After the clearing away of the old platform 
buildings, few, if any, difficulties presented them- 
selves in obtaining satisfactory foundations for the 
new buildings on the hard red sandstone of the 
district, and the only point of interest was the dis- 
covery of several old wells, dating doubtless from 
the early days of the city of Birmingham. Where 
these occurred in important foundations they were 
filled up and covered with reinforced concrete rafts. 

The most prominent of the platform buildings 
are the waiting-rooms, cloak-rooms, telegraph 
offices and refreshment rooms ; the last mentioned 
certainly being the most handsome and elaborately 
fitted. There are two refreshment rooms in one 
block, communicating with each other on the up 
platform, one being 33 ft. and the other 37 ft. long ; 
there are twoalso on the down platform, one 34 ft, 
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and the other 37 ft. long. Each is 20 ft. wide and 
has bay windows with stained glass. The wood- 
work to the doors and windows is of fumed Aus- 
trian oak, and around the walls, for a height of 
10 ft. 3in. above the floors, is Austrian oak panelled 
wainscotting with cornice and dentils at the top. 
The floors in front of the counters are paved with 
ceramic mosaic, the ground of which is of a light 
colour with artistic darker borders. 

The front of the counters is of Austrian fumed 
oak, and the top of red rouge marble. The counters 
complete and all the bar fittings were made and 
fixed for the contractors by Messrs. Gaskell and 
Chambers, of Birmingham, who are specialists for 
this class of work. 

Beneath each of the two blocks of refreshment 
rooms there ars a kitchen, larder, &c., the walls of 
which are faced with white-glazed bricks. There 
is also extensive cellarage accommodation. On the 
up side is a double ‘ food-lift”” worked by hand- 
power, between the kitchen and the dining-room at 
the platform level. 

It will be observed that two classes of refresh- 
ment-rooms, as also of waiting-rooms, have been 
provided. At the Great Western Company’s 
London terminus the refreshment-rooms are open 
to all passengers, without distinction of class, and 
it is a question whether a similar arrangement 
should not be introduced at all large stations. The 
arguments in favour of one class of refreshment 
accommodation are sometimes held to apply to the 
provision of waiting-rooms, especially as in these 
days, when railway companies provide all important 
towns with a frequent service of trains and pay 
the utmost attention to connecting trains, there is 
less need than formerly of large waiting-room 
accommodation. The point is, however, an open 
one. 

From the bridge over Great Charles-street the 
lines of rails through the station towards Padding- 
ton are on an incline of 1 in 250, and the courses of 
the brickwork to the walls of the platform buildings 
facing them are laid to the same gradient, a fact 
which is not apparent to the ordinary observer 
because of the brickwork, &c., to the jambs of all 
openings and to all quoins having been built 
perfectly plumb 

In addition to the passenger platforms, there have 
been provided on the same level two fish platforms, 
one on the up side, with a cart entrance to it 
from Snow Hill, and one on the down side, with 
a cart entrance to it from Livery-street. From 
each of the entrances an inclined roadway, paved 
with granite setts, leads down to the platform. In 
addition to fish traffic, cattle can be loaded and un- 
loaded at these platforms, as well as milk-cans, 
horses, and carriages. From the up and from 
the down passenger platforms there is an artiticial- 
stone staircase 20 ft. wide, with a barrier down the 
centre, which leads up to the foot-bridge, the 
difference in level being about 14 ft. 3 in. 

The foot-bridge is a handsome structure, with a 
clear width of 19 ft. 6 in. between its walls for the 
distance between the two staircases from it. 
Opposite each staircase is an inclined footway, 
24 ft. wide, leading up to the large booking-hall, 
which is on a higher level of about 3 ft. 6 in. 

At the side of each inclined road, next the foot- 
bridge and on the same level, there are two electric 
luggage-lifts, each to carry a safe load of 30 cwt., 
and to work between this level and the up and 
down platforms respectively. These lifts are 
necessary, as they are the only means by which 
passengers’ heavy luggage and parcels can be trans- 
ferred between the platforms and the higher levels 
of the footbridge, &c. 

The inclined footways are architecturally similar 
to the footbridge, and, like that, deserve the 
description of handsome. They are paved with 
artificial-stone slabs, termed by the Patent Vic- 
toria Stone Company, the makers, ‘‘ Victorite ;” 
carborundum entering into their composition, with 
the object of rendering them nadia. The 
containing-walls are faced with blue Etaffordshire 

ressed bricks at the bottom and brown-glazed 
ticks above, capped with a majolica projecting 
moulding to form a dado, with a sill course on it 
of the same material. Above this the walls are 
faced with salt-glazed bricks, with Carrara ware 
pilasters, cornices, and dressings 

Between Snow Hill and the inclined fectway on 
the up side, and between Livery-street and the 
inclined footway on the down side, there are 
inclined cab-roads, each with an entrance gateway 
for vehicles at the street-level towards the hotel. 





They have a clear width of about 22 ft. between 
the curbs, and at their highest part for a length 
of 112 ft. are nearly level, so that vehicles may 
stand there with safety. By means of these roads 
ngers who do not reyuire to enter the large 
king-hall can enter or leave the station on either 
side by cab or motor. 

The main booking-hall is an imposing structure 
with a length of about 165 ft. and a width of 
about 93 ft. The entrance to, and exit from, it 
for vehicles is through a pair of gate openings 
next Livery-street. This way may also be used 
by passengers. There is another entrance for 

ngers up a wide staircase from Snow Hill, 
but the principal passenger entrance is from 
Colmore-row, which, as has already been stated, 
was made through the hotel. It is 21 ft. wide at 
its narrowest part, and gives ample space for cir- 
culation. The paving to the inclined cab-roads and 
to the booking-hall, where vehicles only circulate, 
is ‘‘lithofalt.” The area in the booking-hall is 
700 super yards, to the cab-road and cab-landing 
on the up side 630 super yards, and on the down 
side nearly 500 super yards. The paving over the 
area used exclusively by passengers is artificial 
stone of the same description as that to the foot- 
bridge, &c. The window openings facing Snow 
Hill and Livery-street are glazed with stained glass 
in leaded lights. This circulating area and booking- 
hall (which are supported on eight large plate- 
girders, of 80-ft. spans, across the running lines, 
the soffits being 14 ft. 6 in. above rail-level) are 
really the most striking features of the station. 
Spanned by an exceptionally well-designed roof (to 
be described in detail later), and with the booking- 
office and surrounding wall faced with glazed cream- 
coloured tiles, and the dressings and cornices of 
majolica and Carrara ware, the general effect is 
“= pleasing, clean, and light. 
he booking-office is a commodious room, pro- 
vided with seven ticket-issuing windows. A 
notable feature of its equipment is the installa- 
tion of ‘‘ Regina” ticket-printing machines, by 
means of which tickets are printed by the booking- 
clerks as 1equired, while a record of the issues 
and their monetary values is automatically made 
in the machine. 

Adjoining the booking-oftice is the usual accommo- 
dation for the reception, labelling, and despatch of 
luggage, which is conveyed to and from the plat- 
forms by four lifts, two for each island platform. 
There is also a well-equip inquiry office and 
a ‘*shop parcels” office, the latter being a place 
to which persons who have been shopping in the 
city may request their purchases to be sent to await 
their arrival at the station. 


(To be continued.) 
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The Nickel Industry : with Special Reference to the Sudbury 
Region, Ontario. By A. P. Coteman, Ph.D. Pub- 
lished under authority of the Canada Department of 
Mines. Ottawa: Government Printing Bureau. 

Ir is to Canada that we look mainly Le our supply 

of nickel, a metal that is finding new uses in the 

arts and industries, in coinage, and in various direc- 
tions. Another source that is extensively worked 
is in New Caledonia, but the returns show that in 

1910, the last year for which reliable statistics 

have been issued, Canada produced 19,000 tons, 

against 7500 tons from the French penal settlement. 

Dr. Coleman discusses the differences in the cha- 

racter of the deposit, the method of production 

and treatment adopted in the French colony ; but 
since the main purpose is an inquiry into the pro- 
spects and development of the Canadian mines, 
it will be sufficient to confine attention to them. 
We may say that the French output remains 
nearly stationary, while that of Canada, thanks to 
the increased use of nickel steel, and of armour- 
plating to new Dreadnoughts, proceeds by leaps 
and bounds. Possessed of this great asset, it is 
incumbent upon the Canadian authorities to ascer- 
tain the extent and value of the ore deposits, the 
area over which they may be successfully worked, 
the probable life of the mines, and the possibility 
of improvement in the metallurgical processes 
employed. These are the points to which Dr. 

Coleman turns his attention. 

That nickel mines existed in the district has been 
known since 1856, when an accidental disturbance 
of the magnet revealed the presence of an immense 








analysis showed evidences of both nickel and 
copper, little attention was paid to the former, as 
at that time the metal was a rarity of little 
economic importance, and the region, being a 
wilderness without roads, where canoes were the 
only practical means of travel, was little visited. 
To-day, when the district is served by various rail- 
ways, the northern and less metalliferous side of 
the oval in which the deposit is found is best 
approached by water in summer, and over ice-roads 
on the numerous lakes in the winter. These 
rather adverse conditions of position and access 
delayed active mining operations for many years, 
and as late as 1886 the presence of nickel in 
paying quantities was not suspected. Unexpected 
difficulties in smelting the ore led to an exact assay, 
which proved that nickel was the disturbing 
element. At that time and at the particular mine 
interested, copper was in excess of nickel, and it 
was not till the beginning of this century that the 
nickel industry assumed imposing dimensions. 
Within the last ten years the output has quadrupled, 
and the activity is well maintained. Of the total ore 
or rock now raised, 3 per cent is nickel, the copper 
being, roughly, half this quantity. Other metals that 
occur are: silver, varying in amount from 2} oz. to 
7 oz. per ton ; platinum, occasionally reaching as 
much as $ oz. per ton; and gold, averaging 0.3 oz. per 
ton. In some mines the amount of gold amounts 
to double this quantity. This would be considered 
mp paying ore on the Rand, but does not seem to 
worked to any extent in the Sudbury district. 
There are, no doubt, greatcr difficulties in the 
recovery, as there certainly are in the case of iron. 
This metal averages 45 per cent. in the ores raised, 
but owing to an excess of sulphur is entirely sacri- 
ficed. The total amount of ore mined in the 
region, up to date, is approximately 6,000,000 tons, 
and a conservative estimate places the tons of 
workable ore, above a depth of 1000 ft., at 
30,000,000 tons ; on the southern range alone, all 
told, a probable estimate of the total amount of 
sulphide throughout the district is 100,000,000 tons, 
though some may prove unprofitable to work. 

The mining district of Sudbury which has acquired 
this prominence is situated not far from the north- 
eastern part of Lake Huron. The ore is found 
mainly round the edges of an oval basin about 
36 miles long and 16 miles wide. The central por- 
tion is filled with sedimentary rocks on which ordi- 
nary farming operations are carried on. The 
peculiar construction of this basin-shaped area is 
very satisfactorily explained from the geological 
conditions that are marked with clearness, though 
the divisions of the Huronian are somewhat con- 
fused. Between the lower Huronian and the 
Laurentian there was deposited a series of sedi- 
mentary rocks (at a period which cannot be decided, 
as no fossiliferous rocks exist), and over these sedi 
mentary rocks the nickel eruptive spread itself. 
The flood of molten magma forced itself between 
the ancient surface of the older rocks and the basal 
conglomerates of the sediment. This eruptive 
material cooled slowly, both on account of its own 
great mass and the thick stratum of sedimentary 
rocks above it. During the cooling much ore sunk 
to the bottom, its upper portion remaining mixed 
with norite, an easily-weathered rock charged with 
sulphides. The collapse of the foundation of older 
rock caused the cooling sheet of magma to settle 
into a basin shape, forcing the nearly flat sediment 
above to take the same form. The whole basin 
occupies an area of 550 square miles, but was 
originally much larger, the edges having worn away 
by erosion. The author discusses the geology of the 
district and the peculiarities of the Sudbury lacco- 
lithic sheet in its relation to the ores associated with 
it, bringing out some curious points, especially in 
connection with the alternating amounts of iron and 
silica present in the eruptive, according as the acid 
or the basic side is approached. From a practical 
point of view, the most valuable contributions 
consist, however, in the collected results of a very 
careful survey of the nature of the deposits and 
the conditions that obtain in the separate mines. 
The author followed the basic edge of the norite, 
the rock in which the nickel occurs, along the 
margin of the basin, completing a clesed curve, 
connecting the presence of the ore bodies with the 
general geologic features, but not neglecting those 
—- of the margin where no payable ore has 

n found. Thisis avery cheney yom of work, 
entailing a visit to every mine that has been 
worked in the nickel ranges, and a very close 


mass of magnetic trap; but though subsequent | examination of the off-sets, where, from the pre- 
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sence of norite, further working might be expected. 
Taken in conjunction with Dr. Barlow’s report, it 
is now possible to form a very exact notion of the 
geological conditions that obtain on the Sudbury 
mining district. The operations of magmatic segre- 
gation at work throughout the ages can be clearly 
traced in the formation and arrangement of the 
metalliferous deposits. 

The methods of mining are many, and have varied 
according to the uniary means of the pro- 
moters. Within a small area can be seen examples 
varying from simple quarrying to the completed 
mine, in which are illustrated all the labour-saving 
devices ingenuity has invented. Many have been 
content apparently to assure themselves of the 
existence of ore at greater or less depth without 
being able to profit by their industry. In other 
places shafts of 200 ft. have heen sunk in prepara- 
tion for imposing operations that have never mate- 
rialised. Indications of a vaulting ambition that 
overleapt itself abound. On the other hand, there 
are several carefully-planned mines, admirably 
organised, capable of raising 1000 tons of ore daily. 
These employ Bee economically, and as coal is 
expensive at Sudbury, electricity supplied from 
distant water sources is utilised. But steam plant 
is used in the smaller mines, wood from the adja- 
cent forests taking the place of coal. 

The treatment of the ore to derive the metals 
nickel and copper is troublesome and costly, and it 
is curious to note that the final operation of sepa- 
rating these two is not effected in Canada; the 
metallurgical plant operated in Swansea or the 
United States is preferred. Unfortunately, it has 
not been found possible to employ magnetical 
methods economically, though some portion of the 
output is magnetic and other non-magnetic. In 
the absence of some such scheme, the ore passes 
through four distinct processes. First it is roasted 
in the open to remove part of the sulphur ; this 
by-product cannot be turned to account, and is 
allowed to act destructively on the vegetation. 
Next the reduced product is smelted in water- 
jacket furnaces, to produce furnace or standard 
matte. A further process consists in remelting 
this standard matte in converters, to make a matte 
of 75 or 86 per cent. of nickel and copper. Finally, 
the complete separation of the two metals has 
to be effected. The first two processes leave 
little room for variation or ingenuity ; in the pre- 
paration of the high-grade matte there is ample 
scope for the employment of economic methods. 
Of late, with the largest producers there is a 
tendency to employ ic-lined converters and 
reverberatory furnaces fed by fines and flue- 
dust. 

There is no secrecy about any of these processes, 
but in the final separation of the metals some 
methods are employed that have not been patented. 
It is curious to note that there are no less than 
three ways of extracting nickel from the high- 
percentage matte. These are all commercially 
successful, and are all able to compete with one 
another. The Americans use special smelting 
methods. Norwegian matte is separated electro- 
lytically by the Hybinette process, and in the 
Mond system the reduced metals are treated 
chemically by carbon monoxide. This latter pro- 
cess is intricate, but ingenious. ‘The sulphur is 
drawn out as far as possible by roasting, much of 
the copper is removed by sulphuric acid in a form 
which is readily marketable, the remainder is 
treated with producer gas, rich in hydrogen, till 
reduced to the metallic state, and is then ready 
for the final separation. This is effected 
by submitting the substance to the action of 
carbon monoxide at a temperature not exceeding 
80 deg. Cent., when a gas—nickel carbonyl—is 
formed ; this gas, on being subjected to a higher 
temperature, of 180 deg. Cent., releases the nickel 
in a métallic state. The deposit is made on 
granules of ordinary commercial nickel, which are 
automatically removed on reaching a definite size. 
The process is not complete in one passage ; the 
materials have to circulate continuously till the 
nickel is exhausted. The final degree of purity 
attained is about 99.5 per cent. 

The Canadian Department of Mines has rendered 
a very useful service by undertaking an exhaustive 
examination of this source of national wealth. 
Exact knowledge prevents undue speculation, but 
encourages legitimate development. The return 
on industry intelligently expended is assured, and 

is to be congratulated on the possession of 


will enrich the world and add materially to her 
own prosperity. 





Aeroplanes in Gusts, Soaring Flight and the Stability of 
Aeroplanes. By 8. L. "Warapen. Second Edition, 


rt salary. and illustrated. London: E. and 
.N. Spon. [Price 12s. 6d. net.] 

Mr. WaLKDEN may consider himself fortunate that 
his book achieved such popularity that a new 
edition is so soon demanded, and, indeed, with such 
urgency that it is impossible to make any material 
alteration in the original treatise, of which a notice 
has already appeared in our columns. Consequently, 
he leaves the first impression intact, simply attach- 
ing a supplement on “ Lateral Stability,” and 
setting out in ord = patents by ape a inven- 
tions are protected. The possessors of the original 
would perhaps have appreciated these additions 
better if they had been published as a separate 
brochure or second volume. 

The author persuades himself that the publica- 
tion of his first volume, in which a practical mode 
of securing longitudinal stability was recommended, 
has revolutionised the construction of aeroplanes. 
A month after the book was published, he tells us, 
‘* there were no machines being constructed, except 
here and there by unsophisticated amateurs, that had 
not their centres of gravity designed so far forward 
that their inverse centres of pressure had no oppor- 
tunity of keeping in front of the centres of gravity.” 
We are very glad to read that the adoption of a 
new type of machine, whether as the result of this 
epoch-making book or as the outcome of experi- 
ence and evolution, has very materially decreased 
the percentage of accidents to the number of miles 
flown, and we share the author’s hope that the 
further development now recommended will be 
accompanied by a still more noticeable reduction. 
We would, too, be glad to think that theoretical 
considerations had paved the way for practical 
improvements. The conflict between the mathe- 
matician and the experimenter has always been 
pronounced, and the discussion of stability in still 
air, or under conditions which are limited by mathe- 
matical analysis, has never proved convincing to 
those who look to practical accomplishment. "The 
introduction of any stabilising device, as fins or 
gyroscopes, affords a target against which lawless 
gusts can play, and at once makes the aeroplane a 
different machine from that whose theory has been 
discussed. If, as we understand, Mr. Walkden 
designs from theory alone, we should hail his 
success as a triumphant achievement for analytical 
methods. 

Confining attention solely to lateral stability, 
the author enunciates three conditions which 
have to be satisfied to secure complete self-flying 
stability. First, the elimination of the possibility 
of sudden changes of pose ; secondly, the preven- 
tion of slow and permanent changes ; and, thirdly, 
as a consequence of these, the means of damping 
or resisting oscillations about the mean pose. To 
effect the first, he proposes to make each lateral 
extremity of the machine automatically and reliabl 
self-warping by placing a ‘‘tail-frame bchind eac 
warpable extremity, carrying an up-presscd fixed 
tail- plane and a down- pressed yieldingly - held 
elevator.” The second requirement or adjustment 
needs manual control, though automatic means are 
considered, and, as we think, are regarded as 
sufficient. In various ways it is suggested that a 
diminishing lift effect may be given to the extremi- 
ties of the machine relatively to each other. In 
this matter we are not sure that we understand the 
author’s description and diagrams, for clearness is 
not hisstrong point. It may be noticed, however, 
that there is no reference to the Dunne aeroplane, 
in which wing-tips perform the work of a tail that 
is otherwise absent. Mr. Walkden’s plan would, 
we imagine, approach the general plan of the 
Dunne type, where the leading edge of the wing 
dips considerably below the normal line of flight, 
and the use of negative wing-tips make for auto- 
matic stability. The author suggests that the third 
factor necessary for stability, that of rm Sap the 


lateral oscillations of pose, can be effectively met by 
means of lateral oscopes mounted in gimbals 
at the corners of the main plane. The object is to 


warp the main plane as powerfully as desired, but 
gyroscopic action is generally inclined to do more 
than is asked of it, and in this case we do not think 
that the work would be effectively applied except 
the aeroplane is allowed to “‘ yaw” considerably 
from its course, or, in other words, the lateral 





& vast store of metal, the due exploitation of which 


stability is increased at the expense of the direc- 





tional. Mr. Walkden has apparently had the use 
of a whirling table and a wind tunnel to test his 
models, and ey by the very complicated nature 
and direction of the forces operating, it would not 
be wise to insist on a result in face of empirical 
facts. The real criterion is the actual performance 
under trial, and we hope to congratulate the author 
on the successful issue of his ingenious suggestions. 
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Crry anp Guitps (ENGINEERING) CoLLEGE ENGINEER- 
inc Socrety.—The third meeti the current session 


was held at the co! on December 15, Professor 8. M. 
Di M.A., B.E., M. Inst. C.E., vice-president of the 
society, being in the chair. An excellent and well- t- 


gy ape - fe pt hy ° 
CO. N. Ryan, a third-year student of the college. The 





paper was followed by a keen discussion. 
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On the present and . > pages we illustrate an 
attachment devised by Mr. Henry 8S. Land, of 8, Park 
View-road, Lee, S.E., by which an ordinary engine 
lathe can be converted into a highly efficient tool for 
making bolts, studs, and other repetition work. 

The device as fitted to the back headstock of an 
ordinary engineers’ lathe is well shown in Figs. 1 and 
2, above. In Fig. 1 the screwing die is shown swung 
up clear of the work; in this case the production of 
turned bolts from hexagonal stock. 

In Fig. 2 the die is swung down into its working 
position for cutting the thread, whilst Figs. 3 and 4 
illustrate clearly the method by which the attach- 
ment is secured by clamps to the headstock mandrel 
and the centre, which, fitting into this mandrel, ensure 
accurate alignment. It also shows clearly how the 
head can slide forward freely during the screwing 
operation. 

In an ordinary turret lathe or automatic machine 
the cutters are carried on a relatively heavy turret, 
which has to be rotated from one position to another 
for each successive operation. Inthe Land attachment 
this is unnecessary, and several tools may be at work 
simultaneously, so that by a single pass of the machine 
a finished blank of several diameters may be pro- 
duced, ready for the final operation for screwing. 
Again, for each diameter two tools are used, one bac 
and one front, so that the work is nearly free from 
side thrust during the whole of the operation of turn- 
ing. These cutters are mounted in adjustable blocks, 
three on each side, and these are, perhaps, best seen 
in Figs. 3and 4. In addition, there is an end-point- 
ing tool which finishes off the end of the bolt, whilst 
the side tools are completing their work. 

The details of the construction will, perhaps, be 
best understood by referring to Figs. 5 to 12, page 11. 
Of these, Figs. 5 and 6 show respectively front and 
side views of the attachment. e cutters are, how- 
ever, best seen in Figs. 8 and 12. It will be seen 
that there are four on each side, mounted in three 
blocks, one of which carries two cutters, and the 
others one each, The axial spacing of these blocks 
can be altered, whilst the depth of cut can be regu- 
lated by the screws, best seen in the plan, Fig. 12. 
Each set of blocks is fitted upon a plate, which is 








capable of sliding transversely to the frame of the 
attachment. These plates are shown at a and }, 
Fig. 7. They are provided with pins, which fit into 
slots in a cam-plate c, and by the rotation of this cam- 
wy the whole of the tools can be simultaneously 
ed in or out. The slots are best seen in Fig. 12. The 
cam-plate is itself operated by the handle d, Fig. 7. 
This, it will be seen, is provided with a latch fitting 
into notches cut in a rack. These notches are so 
spaced that an advance of the handle from one notch 
to the next diminishes by 4, in. the diameter cut by the 
tools. Hence different diameters can be cut without 
re-setting the tools. 

A very important element of the device is the steady- 
bush, which supports the work when it is being cut. 
This bush is shown separately in Fig. 10, and in position 
ate, Fig.8. It is of hardened steel, and is supplied ina 
range of sizes and shapes sufficient to cover the whole 
range of stock to be operated on. Externally it is turned 
to fit into a permanent circular bushing, which, in its 
turn, is mounted on a ball-bearing, as shown in Figs. 9 
and 10. The use of this bush ensures that the bar 
being cut is both adequately supported and accurately 
centred. 

For pointing the bolts the cutter f is used. It con- 
sists of two semicircular bars of tool steel ground to 
the shape shown. The composite tool is firmly clamped 
in the hole passing through the back plate of the 
machine, and points the end of the bolt at the same 
time that the side-tools are finishing their cuts. 

The automatic serewing-die is secured to the front 
plate of the attachment by a single shoulder-bolt, as 
indicated aty, Fig. 8. A latch A secures it either raised 
clear of the weak, as is perhaps best seen in Figs. 1 
and 3, above, or in the working position, as shown 
in Figs. 5, 6, and 8. There are three dies which are 
fed in and out by the handle i, Figs. 11 and 12, 
against the tension of the spring shown at j, Fig. 5. 
The handle i can be secured in two alternative 
positions, two catches being provided. For the 
roughing out the handle i is half over until it engages 
the first of these catches. When the end of the thread 
is reached, a trigger operated by the rod releases the 
catch, and the handle flies back, opening the dies. In 
starting the second or finishing cut, the handle ¢ is 





Fie. 4. 


pulled back further, so that it engages with the second 
of the two catches mentioned, and a light finishing 
cut is thus taken over the already-formed thread. The 
trigger-rod k is adjustable, and can be arranged to 
engage with any convenient portion of the work. 
When this happens, it is driven back and swings over 
the lever /, on which it is mounted, so that its upper 
end lifts the catch-piece m clear of the stop on the 
handle i. 





BaTTERSEA POLYTECHNIC: ELECTRICITY GENERATING- 
Srations.— In connection with the departments of 
electrical and mechanical engineering of the Battersea 
Polytechnic a course of advanced lectures on nome 
stations will be delivered by W.H. Patchell, M.I.C.E., 
M.I1.E.E., on Mondays, January 19, 26, February 2, 
9, 16, 1914, at 7.30 p.m. The syllabiis of the lectures 
includes the following subjects :—Generating - Station 
Design—Choice of Site, Choice of System; Prime 
Movers. — Steam — Reciprocating Engines, Turbines ; 
Steam Auxilaries; Steam-Boilers, Gas-Hngines, Oil- 
Engines ; Electric Generators ; Lay-out of Small Station 
for Lighting and Power Supply; Lay-out of Large 
Generating - Station. The lectures are intended for 
advanced students, and admission will be free, no tickets 
being required. 





Tue Institution or Civi ENGINEERS: STUDENTS 
MrrtinGs.—At the students’ meeting, held at the Insti- 
tution on Friday, December 19, at 8 p.m., Mr. W. E. 
Gurry, Stud. Inst. C.E., read a paper entitled ‘‘ Air 
Filtration and the Cooling and Ventilating of Electrical 
Machines.” The chair was taken by Mr. J. S. Highfield, 
M. Inst. C.E. The author dealt with the general 
principles of, and the plant used for, air filtration and the 
cooling and ventilating of electrical generators. The 

per was illustrated by a number of lantern slides. The 

iscussion was opened by Mr. W. Fanghaenel and con- 
tinued by Messrs. P. G. Bowie and H. E. Denny. The 
author having replied, the chairman, in his remarks, ex- 
pressed the — that the author would enlarge upon one 
of the matters lightly touched upon in his paneer —sameely. 
the gasifying of coal and the recovery of the by-products, 
the use of the gas as fuel for generating steam and of the by- 
products for many and varied purposes. The proceedings 
closed with a vote of thanks to the chairman, which was 
proposed by Mr. A. F. Hewitt. 
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INDUSTRIAL NOTES. 


WE are glad to state that the strike of platelayers 
on several sections of the Cheshire Lines Railway, 
referred to in one of our last issues, was settled on 
Wednesday, the 24th ult., as a result of an interview 
between Mr. J. E. Charnley, the general manager, 
aud representatives of the men heaued by Mr. J. E. 
Williams, general secretary of the National Union, 
and Mr. W. Hudson, M.P. The men apologised for 
their action in leaving without notice, and, on the 
understanding that they will carry out the duties 
hitherto performed by them, they will be reinstated. 
The men have resumed work, and a meeting of the 
Conciliation Board will be called at an early date to 
consider the men’s demands for better wages. 





The result of the Miners’ Federation vote on the 
question of adopting a five days’ working policy 
vnroughout the British coal-fields, issued on Saturday, 
the 27th ult., is as follows :— 

Voted ayainst: Yorkshire, 90,000; Lancashire, 
70,000 ; Midland Federation, 50,000; South Wales, 
103,000; Cleveland, 9000; South Derby, 40U0. 
Total, 326,000. 

In favour: Notts, 28,000; Derbyshire, 33,000 ; 
Leicester, 7000; Cumberland, 6000; Bristol, 2000; 
North Wales, 10,000; North Cumberland, 38,000; 
Scotland, 75,000; Durham, 99,000; Forest of Dean, 
3000. Total, 301,000. 

An article in the Amalgamated T'oolmakers’ Monthly 
for last November deals with the hopeless inadequacy 
of the medical treatment under the Insurance Act. 1c 
says that the gravest indictment of the Insurance Act 
medical service does not concern the way in which the 
doctors were carrying out their contract ; it concerns 
the terms of the contract itself, beyond which the 
doctors cannot be expected to go. The Insurance Act 
lays down that insured persons shall receive ‘‘adequate 
medical attendance and treatment ;” the regulations 
of the Insurance Commission provide, by contract with 
the doctor, merely such service as may be undertaken 
by a medical practitioner of ordinary competence and 
skill. Between these two things, says the article, 
there is a vast difference—all the difference, in fact, 
between a really efficient preventive and curative 
medical service and a mere system of trivial medical 
relief. The article goes on to say that the inadequacy of 
the present system is largely cloaked by the voluntary 
hospitals, which are carrying on just as much, if not 
more, work among the insurable population as they 
did before the Insurance Act. And not only do these 
institutions receive no benefit from the insurance funds, 
but they are actually the poorer, owing to a falling-off 
in subs*riptions from employers and workpeople forced 
to contribute under the Act. 





On the 29th ult., the Leeds Special Corporation 
Jommittee issued the following official statement :— 
** The Special Committee report to the citizens that 
the departments are rapidly assuming normal work- 
ing conditions. A large number of former workmen 
have applied for reinstatement. Already those who 
could be employed effectively have commenced work, 
and others will be put on as fast as effective employ- 
ment becomes possible. In cases where applications 
from suitable former workmen have been insufficient, 
other Leeds residents have been engaged, and if such 
men prove to be satisfactory, they will not be dis- 
placed. Applications from citizens have been received 
more than suffisient to fill all vacancies. The Com- 
mittee are glad that so many former workmen 
have shown their confidence in the City Council, 
and hope they may look forward to the develop- 
ment of a spirit of mutual trust and of loyal 
and amicable relationships between the City Couucil 
and the workmen employec in the municipal services. 
The Committee have not been furnished with the par- 
ticulars of any case of a workman receiving less than 
the standard rate, and they now repeat that if any 
workman is being paid at less than the standard rate 
or has any grievance, he should at once submit his 
case to the head of his department and the Committee 
will deal with it. ‘The Committee thank the general 
public for their support and for the patience with 
which they have borne much inconvenience through 
the partial dislocation of the municipal services, and 
respectfully ask for their further forbearance.” 

t the time the above statement was issued there 
ae we are told, less than 900 vacancies still to be 


There is also a dispute between the Blackburn Cor- 
ration and their men, and meetings of the various 
Jorporation Committees took place on Monday last, 
the 29th ult., to consider the men’s application for an 
advance of one halfpenny per hour. This was de- 
clined by the Corporation, and the wages in the 
various departments are to remain as they now stand. 
In the case of the tar boilermen, rammers, general and 
ipe-layers of the ~~ department, who are 
roken-time men, a 





us of Is. a week has been | 


geauted fiom the first l'nursday in November to the 
last Thursday in February of each year. A bonus of 
ls. has been granted per man employed in the elec- 
tricity, water, and tramways departments, for each 
time he is called out at night, without warning, for 
emergency duty. When the advance of one halfpenny 
per hour was refused, the men’s leaders asked for an 
advance of one farthing per hour. This proposal was 
also defeated, A mass meeting of the men took 
place on Tuesday last to consider the situation, when 
they decided tu come out on strike on Wednesday 
night. Volunteers are being employed by the Cor- 
poration. 


On Wednesday, the 24th ult., a meeting convened 
by the London Master Builders’ Association was 
attended by two delegates from each of eight trade 
societies. No sugg:stions had been received from the 
men. The employers decided to ask for the return to 
work, after the holidays, of all men employed on jobs 
where strikes existed ; they also suggested the for- 
mation of a trust fund, constituted of deposits made 
by both sides, to be used in meeting penalties for 
strikes or lock-outs entered into in violation of the 
rules. Replies for or against these suggestions are 
to be received from the societies on or before the 
5th inst. 








The Derbyshire Miners’ Association held a meeting 
at Chesterticld on Munday last, when the following 
very significant resolution was carried :—‘‘ The Council 
uf the Derbyshire Miners’ Association, after discussing 
the political situation as affecting the financial posi- 
tion in the Chesterfield and North-East Derbyshire 
Parliamentary divisions, consider that we are the 
plaintiffs against the Labour Party and the Executive 
of the Miners’ Federation of Great Britain, inasmuch 
as our case was never answered at Scarborough, nor 
has the joint executive of the Labour Party and the 
Miners’ Federation Executive dealt with the question 
in asatisfactory manner. Under these circumstances 
we are bound to take action for the purpose of 
making our financial position secure and to obtain 
a better understanding as to our members working 
with the Labour Party in the future. We desire 
to keep our connection with the Miners’ Federa- 
tion, but unless Mr. Kenyon is accepted as a 
Labour man, and the whole of his election expenses 
paid, we shall be compelled to ballot our members as 
to whether we shall sever our connection pulitically 
with the Miners’ Federation ; but as the miners’ execu- 
tive are to discuss this question at their meeting on 
January 13 and 14, we postpone this matter until we 
know their decision ; and, further, hong a our 

neral treasurer to waive paying the levy until the 
Gusting referred to has been held” 

As will be seen from the above resolution, the ques- 
tion hinges upon the repudiation, by both the Labour 
Party and the Miners’ Federation, of Mr. Barnet 
Kenyon, the victor of the Chesterfield by-election. 





The situation in Dublin remains practically unaltered; 
a ballot of the men is shortly to be taken with a view 
to decide whether work shall be resumed or not. 





Lord St. Aldwyn, the independent chairman of the 
District Board for the South Wales Coal Trade, estab- 
lished under the Miners’ Minimum Wage Act, issued 
on Tuesday last his award in regard to the Welsh 
miners’ w The new standard rates are given 
below ; in all cases, it should be noted, the standard 
day wage will be plue the ruling percentage, at the 
present time 60 per cent., which is the maximum 
under the South Wales wage agreement :— 


a. Bottom cutters (cutting hard bottom) 
Bottom cutters (cutting soft bottom) 
b. Assistant bottom cutters... 
c. Sheafmen, rollermen, and 
d,. Leading underground 
shafts) 


amar & 


lleymen ie 

men (at vertical 

As: —— underground banksmen (at vertical 

e. Underground winding enginemen (at vertical 

shafts) ... ae ee kt ene ie 

f. Pipemen ... me vm wes oe 

g. Rope-changers (other than shacklers) oe 

h. Slummers(employed handling trams through 

the slums at pit bottom)... in aha 

4. Jig-hitchers (at top and bottom of inclines) 

k. Wallers in working face ida “ a 

The above men were not previously graded. Lord 

St. Aldwyn awarded, in addition, an increase of 1d. 

on the minimum wage of timbermen, repairers, and 

rippers, and an increase of 2d. to the lower paid 

wagemen. Night hauliers and trammers are to receive 
an incr?ase of ld. per day. 


The National Union of Boot and Shoe Operatives 
issued 47,945 ballot-papers to its members, for record- 
ing their votes in re to political gction, with 

erence to the Trade Union Act of 1913. For decidi 
**that an amount equal to 3d. per member, and 14d. 
per female and half member, per quarter be taken out 


~ 
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of the contributions each quarter and placed into the 
Political fund,” there voted : For, 5924 ; against, 2134 ; 
giving # majority of 3790. On the question ‘‘are you 
in favour ot political rules,” there voted : For, 6085 ; 
against, 1935; giving a majority of 4150. The union 
regrets the smailness of the vote recorded compared 
with its membership, ‘‘especially having regard to 
the very great importance of the subject, and to the 
issues involved politically, economically, and indus- 
trially.” 





The Annual Conference of the Labour Party is to be 
held in the City Halli, Candleriggs, Glasgow, from 
Monday, the 26th inst., to Friday, the 30th inst. A 
large number of trades councils and associations have 
sent in resolutions fur consideration at the conference. 





NOTES FROM THE UNITED STATES. 
PuHILApeLrutA, December 17, 1913. 

Inquiries for steel have improved within the past 
week, and buying of railroad equipment and supplies 
has materially iucreased. Consuwers appear to be 
convinced that the decline in pricts is at an end. 
Large rail orders are once more expected, which, it is 
said, will be placed before the end of the year. 
Prices in the Pittsburg district have settled down 
to 1.20 cents for plates, shapes and bars. The decline 
in the unfilled tonnage of the United States Steel 
Corporation of only 117,420 tons was a surprise to the 
trade. That concern booked 100,000 tons more for 
that month than had been looked fur. Orders for this 
mouth will probably be equal to November. Most of 
the mills will close down for from three to ten days. A 
great deal is being said about the probable effects of the 
tariff after January 1. Importations to date have been 
insignificant. The present outlook is for a steady 
though not great improvement in demand. The Penu- 
sylvania and New York Central Railroad orders are 
still hanging fire. The rail orders for the past weck 
have been moderate, the largest order being 11,000 
tons of rails for the Norfolk and Western Kailway. 
The past week has developed more pig-iron buying. 
The Pennsylvania Railroad has inquiries out for 
upwards of 5000 tons of coke iron and about 1000 tons 
of charcoal iron. Billet-makers are accumulating 
stock, and unless demand soon develops some billet 
capacity will soon shut down. Prices for iron and 
steel products are generally too low to spur manufac- 
turers to get business, especially in view of anticipa- 
tion of a general advance in prices a little later on. 
Contracts for remote delivery will not be considered 
at the present time at current prices. There is further 
talk of the blowing out of some furnaces, but prob- 
abilities are against such a course. The feeling is 
quite general that present quotations are the lowest, 
and that a change for the better cannot be very long 
delayed. 





THe Massacuvusetts INsTITUTE OF TECHNOLOGY.— 
In his annual report on the working of the above Insti- 
tution, President R. C. Maclauren states that the number 
of students is still increasing, being this year seventy-four 
higher than last year, which was the highest on record. 
A new course in industrial physics has m established, 
and a special researeh branch organised in the depart- 
ment of electrical engineering. Another new course is 
one on aerodynamics, under the direction of Mr. J.C. 
Hausaker, of the United States Corps of Naval Con- 
structors. The establishment of a course on engineering 
administration is under consideration. 





Tue LATE Mr. Freperick Turner.—It is with regret 
that we record the decease, on the 28th ult., of Mr. 
Frederick Turner, of Ipswich. Mr. Turner was a well- 
known East Anglian figure, and was closely associated 
with the ee ye of his native town throughout 
practically the whole of his working life. The 

prosperity of his firm, Messrs. E. R. and F. Turner, 
of St. Peter’s Iron Works, Ipswich, certainly had part in 
the progress which the town has shown since 1837, the 
year in which the works were founded, while in a more 
directly al capacity Mr. Turner was cloeely asso- 
ciated with the fortunes of Ipswich, as member of the 
Board of Guardians, trate, town councillor, and 
finally Mayor in 1890. r. Turner was born in 1831, 
and was educated at Ipswich and Colchester. His father 
was a leather merchant, but was also partner in the firm 
of Bond, Turner and Hurwood, an engineering business 
founded in 1837. Mr. Frederick Turner was apprenticed 
to this firm, and was connected with it with only one 
break until his death. This break was about 1850, when 
Mr. Turner went to Manchester for two years. On his 
return he joined his old firm as a partner with bis 
brother, the late Mr. Edward Rush Turner, and the name 
of the firm was changed to that it now bears. At that time 
there were about eighty employees, and the history of 
the business since that time has been one of almost con- 
tinuous expansion, firm, as our readers well know, 
now as milling machinery, steam and oil- 
engines, &c. Mr. Turner had been chairman of his com- 
pany for a long period at the time of his death, and was 
ey engaged in business up to within a few days of 
theend. Mr. Turner was a member of the Institution 
of Mechanical Engineers, and, we should not fail to say, 
was a Volunteer for over thirty-one years, 
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YEAR-BOOKS AND ANNUALS. 

Year-Book and Empire Directory of Municipal 
Authorities and Officials, 1914. London : The Sani- 
tary —., oo Limited, 55 and 56, 
Chancery-lane, W.C. [Price 5s. net.}—This year-book 
and directory, compiled by the proprietors of Sani- 
tary Record and Municipal Engineering, has ben 
zonsiderably enlarged in the present edition, which is 
its thirty-second. The enlargement consists mainly 
of the inclusion in this year’s issue of directory matter 
relating to municipal authorities and officials, cover- 
ing the principal portions of the British Empire. As 
this is the first year that this has been attempted, a 
few gaps remain which will be filled up in the succeed- 
ing issue. Already the material covers Great Britain, 
Australia, New Zealand, South Africa, Canada, India, 
&>. That relating to — and, &c., embraces parti- 
culars of county, borough, urban and rural district 
councils and their officials. In addition a directory 
of scientific and technical institutions interested in 
questions of pee health is also provided, and there 
are sections dealing with developments in roads and 
road-making, sanitary work, municipal law, patent 
law, refuse-destructors, heating of buildings, &c., a 
final section being devoted to bibliography, which will 
doubtless prove of value to many officials. The book 
is completed by a large diary section with pages inter- 
leaved with blotting-paper. 





Who's Who in Science, International, 1914. Edited 
by H. H. Sreruenson. London: Messrs. J. and A. 
Churchill, 7, Great Marlboroughb-street. [Price 10s. 
net. |—This compilation has now made its third annual 
appearance. The present edition contains the names 
and brief particulars of over 9000 men en more or 
less closely with scientific _——.. We have before 
now pointed out the difficulty of drawing a line as to 
where eligibility to entry in such a volume is to stop, 
and this difficulty is brought into greater promin- 
ence by the fact that some who evidently might 
be included have been omitted, owing presumably to 
the difficulty of securing the necessary information, 
while others, whose qualifications are fewer, are in- 
cluded. Such a work can only attain to completeness 
after its standing has been fully established for some 
time, and we hope that the editor may receive the 
support which the effort deserves to render the work 
a comprehensive biographical guide to the scientific 
world. 





Whitaker's Peerage, Baronetage, Knightage, and 
Companionage for 1914. London: Messrs. J. Whit- 
aker and Sons, Limited, 12, Warwick-lane, Pater- 
noster-row, E.C. [Price 5s. net. |—Whitaker’s Peerage 
now appears in its eighteenth edition. 1t will doubt- 
less prove as reliable a book of reference as it has 
done in the past. The honours lists having been 
shorter than usual of late, the alphabetical list is only 
thirteen names longer than last year. Five new 
peerages have to be r.corded, and three have become 
extinct. Three baronetcies have also become extinct, 
but sixteen others have been added to the roll. In 
addition to the particulars given of peers, &c., there 
is an obituary list for the past year, while the tables 
of precedence, particulars of decoration, and glossary 
of official terms will doubtless prove of service to 
many. 





The Englishwoman’s Year-Book and Directory, 1914. 
Edited by Miss G. 8. Mirron. London: Messrs. 
Adam and Charles Black, Soho-square, W. [Price 
2s. 6d. net.}—This year-book appears for the thirty- 
third year in succession. It contains quite a fund 
of information, and is edited by a lady, one of whose 
recreations, we find, on turning to Who’s Who, is 
‘talking with friends.” Perhaps it is for this reason 
that the volume is as comprehensive as it is. We 
do not find, however, any reference to the latest 
development in the sporting world—namely, the lady 
motor-cyclist. Perhaps the editors think, as do many 
other people in the world, that this is hardly a 
pastime which should be encouraged. The little para- 
graph on engineering does not eeem to increase in 
size, and still contains the name of a solitary lady 
county surveyor. 


Who's Who, 1914. London: Messrs. Adam and 
Charles Black, 4-6, Soho-square, W. [Price 15s. net. ] 
—The edition of Who’s Who for 1914 shows that 
the utility of this reference-book is continually extend- 
ing. The new issue contains more names and bio- 
graphical notices than any of its predecessors. The 
main, or biographical, section of the work covers over 
2300 pages, and its general reliability is so well estab- 
lished that any detailed comments on the contents are, 
we think, superfluous. There is a lengthy obituary 
list, in which it will be possible to trace the names of 
a who have died during the year, and whose 

viographies were given in previous editions. The 
Royal family is given a section to itself, the rerkaining 
notices being arranged, of course, alphabetically. 
The book is corrected to as near the end of the year as 





ible in view of the distance which has to be covered 
y much of the corres ence involved in its com- 
pilation. We would draw attention to a certain 
er which exists in certain descriptions: the 
use of ‘‘c” for child should be discontinued, and the 
letters ‘‘s” or ‘‘d” for son or daughter should be 
adopted instead, so that the sex of every one would 
be established beyond doubt. 


Who's Who Year-Book for 1914-15. London: 
Messrs. Adam and Charles Black, 4-6, Soho-square, 
W. [Price ls. net.}—This book is, as is well known, 
practically the converse of, and complementary to, 
Who's Who. It gives a list of a large number of 
official and other positions, covering the State, 
Church, &c., so that the name of the holder of such 
offices may be readily obtained, when reference to 
Who’s Who itself will furnish the particulars of the 
career, &c., of the individual in question. The book, 
therefore, forms a suitable bookshelf companion to 
Who's.Who, and is quite as useful in its way as the 
larger work. 








The Writers’ and Artists’ Year-Book, 1914. Edited 
by Miss G. 8. Mirron. London: Messrs. Adam and 
Charles Black, Soho-rquare, W. [Price ls. net.]— 
The Writers’ and Artists’ Year- Book constitutes a 
directory of publications and other channels through 
which authors and artists may turn their work to 
account. It gives brief particulars of journals and 
magazines, so that suitable publications may be found 
without difficulty. Publishers of books and music are 
also given, and also various hints as to how best to 
dispose of topical photographs, &c. 


Taschenbuch der Kriegsflotten, 1914. Edited by 
B. Weyer, Captain-Lieutenant, N.R. German Navy. 
Munich : J. F. Lehmann’s Verlag. [Price 5 marks. |— 
This year-book gives general infurmation on the 
world’s navies. ‘lhe data are in tabular form, and a 
large number of types are illustrated by elevations, 
plans, and views. The book will prove useful for 
reference purposes, and would be more useful still 
were information given as to the armour and radius 
of action of the German ships. Only in the case of 
those which were in actual service prior to the autumn 
of 1909 is full information given. Much ridicule is 
poured upon the British First Lord’s late, and repeated, 
suggestion of a ‘‘ year’s holiday in shipbuilding.” 








Jahrbuch der Elektrotechnik.—We have received a 
copy of this year-book for 1912, the first annual issue. 
It replaces the Fortschritte der Hlektrotechnic, which 
appeared in four quarterly parts annually from 1887 
9 1911, and has been abandoned for the present 
annual edition, owing to cost and low sale. The book 
is a kind of Science Abstracts in German of the pro- 
gress made in electrotechnics during the year, the 
abstracts being contributed by a large number of 
specialists, mostly of German nationality. It is edited 
by Dr. Karl Strecker, and is published by Olden- 
bourg, Munich and Berlin. 





The Mechanical Engineer's Pocket - Book, 1913 
Edition. London: Messrs. Crosby Lockwood, 7, 
Stationers’ Hall Court, Ludgate Hill, E.C. [Price 
4s. 6d. net.|—Though this pocket-book does not fall 
properly within the classification of year-books and 
annuals, it is perhaps as well to draw attention to it 
in this column. It was originally compiled, in 1891, 
by the late Mr. D. K. Clark, the latest edition 
(the seventh) havimg been brought up to date by Mr. 
H. H. P. Powles. It is intended to be a handy 
reference-book of tables, rules, formule, &c., and is 
divided into sections, the contents of which are given 
at the commencement of the book. An index is also 
furnished at the back, affording ready reference to 
any particular point. It is difficult to give an adequate 
idea of the contents of the book, which covers the 
field of mechanical engineering pretty completely, 
while an appendix gives data on sundry recent pea a 
ments. It seems rather a pity that with editions 
appearing at intervals which are not unduly frequent, 
the attempt should not be made to embody in the sec- 
tions proper the miscellaneous matter in the appendix. 
We recognise that there may be a commpendalis desire 
to retain in the book the form originally given to it 
by the late Mr. D. K. Clark, but, at the same time, 
believe that a pocket-book to be most convenient 
should have matter of one class grouped together. 





The Practical Engineer Pocket-Book and Diary for 
1914. London: The Technical Publishing Company, 
Limited, 55 and 56, Chancery Lane, Wie [Price Is. 
net.]—This pocket-book scarcely needs commenda- 
tion, as it is now an old favourite. It comprises over 
600 pages of practical data, the value of which is 
already well-known te engineers. The new edition 
has several important changes, and aumercus addi- 
tions will also be noticed. new section devoted to 





compressed air is included. This is about 20 pages 
in length, and deals with the —— of air and 
features of compressors, &¢. The matter on gas and 


oil-engines has undergone considerable changes, and has 
been brought, like the rest of the material, as near to 
date as possible. The pocket-book is divided into 
sections, and at the end of the sections is alist of tech- 
nical books bearing on the matter in the section, which 
doubtless will prove valuable to many engineers in 
search of greater detailed information than can be con- 
densed into pocket-book form. 





The Practical Engineer Electrical Pocket-Book and 
Diary for 1914. London: The Technical Publishing 
Company, Limited, 55 and 56, Chancery Lane, W.C. 
[Price ls. 34., post free.}—The new issue of this 
useful publication contains a number of alterations 
and improvements as compared with previous editions. 
Of these, one of the more important is the elimination 
of all matter relating to steam engineering. This 
elimination appears to us a sound procedure, as it 
leaves more space for the treatment of subjects proper 
to the book, Purely mechanical matters are, of 
course, dealt with in the Practical Enyineer Pocket- 
Book, published by the same firm. Amongst the new 
matter added in the present edition is the fol- 
lowing : a section containing mathematical tables, 
weights and measures, &c., a section dealing with 
rectifiers and electric values, and an extension of the 
information referring to the care of and detection of 
faults in dynamos and motors. Another important 
and very useful addition is a list of books at the 
end of each section. These lists in each case con- 
tain the names of various English and foreign books 
dealing with the subject of the section. They should 
be of considerable value to users of the pocket-book. 





Almanacks, &c.—We have received calendars and 
almanacks from a number of firms, many of them 
being of a highly artistic or serviceable character. 
Among them we may —eey mention those to hand 
from the following :—Messrs. William Foster and 
Co., Limited, Wellington Foundry, Lincoln ; Meesrs. 
A. Borsig, Tegel ; the Welin Davit and Engineering 
Te Limited, Hopetoun Houre, Lloyd’s-avenue, 
E.C essrs. Brecknell, Munro and Rogers, Limited, 
Thrissell-street, Bristol; Messrs. George Cradock 
and Co., Limited, Wakefield ; Messrs. Merryweather 
and Sons, Limited, London ; Messrs. Ashwell and 
Nisbit, Limited, Leicester; Messrs. John Rogerson 
and Co.. Limited, Wolsingham 8.0., Co. Durham; 
Messrs. Dickson and Mann, Limited, Armadale, Scot- 
land ; Messrs. Henry Simon, Limited, 20, Mount- 
street, Manchester; the Harvey Engineering Com- 
pany, Limited, 224, West-street, Glasgow ; the Bald- 
win Locomotive Works, Philadelphia, Pa., U.8.A.; 
the Booth Line Steamship Company, Limited, 
11, Adelphi-terrace, Strand, W.C.,; mem. Urquhart, 
Lindsay and Co., Limited, Blackness Foundry, 
Dundee ; the British Steel Bar Company, Limited, 
17, Victoria-street, Westminster, SW. the Sub- 
marine Signal Company, Friars House, New Broad- 
street, E.C ; the United States Metallic Packing 
Company, Limited, Soho Works, Bradford. 








Pocket-Books, Diaries, &c.—We have received ex- 
cellent little leather pocket-books and diaries from 
Messrs. Sir W. G. Armstrong, Whitworth and Co., 
Limited, O aw, Manchester, and Messrs. Switch- 

ear and Cowans, Limited, Springfield-lane, Salford, 
chester. The former contains tables of conversion 
factors, gauges, densities, specific heats, money tables, 
The latter contains postal information, &c., and 
i of electrical apparatus manufactured by the 
rm.—Messrs. Hayward-Tyler and Co., Limited, 99, 
Queen Victoria-street, E.C., send us their little pocket 
diary for 1914, with which are bound up a number of 
tables of memoranda on water supply, &c. 





Tue Socrery or Enorngers: Stratus Prize.—The 
Council of the Society of Engineers (Incorporated) may 
award in 1914 a premium of books or instruments to the 
value of 10/. 10s., for an a cpunevey essay on ‘‘ The Status 
of the Engineering Profession.” The Council reserve 
the right to withhold the ium if the essays received 
are not of a sufficient of merit. The competition 
is open to all, but, before entering, application for de- 
tailed lars should be made to Secretary, 17, 
Victoria-street, Westminster. The last date for receiving 
essays is May 30, 1914. 





Post-GrapuaTE ScHOLARSHIP IN NAVAL ARCHITEC- 
TURE, 1914.—The Royal Commissioners for the Exhibition 
of 1851, acting on the recommendation of the Council of 
the Institution of Naval Architects, have awarded the 
Post-Graduate Scholarship in Naval Architecture for 
1914 to Mr. C. Frodsham Holt, of Liverpool, who 
recently obtained a first-class honours degree at Liverpool 
University. The scholarship is of the value of 200/. per 
year, tenable for two years, and the holder proposes 
to carry out : work in present-day mercantile-ship 
construction, with a view to improvements in design, 
based upon a study of longitudinal and transverse 
strength of ships, and of the effect upon the strength of 
a ship of varying its length, breadth, and depth, and the 





spacing of its frames, 
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MARINE DIESEL OIL-ENGINE (SULZER TYPE). 
CONSTRUCTED BY THE SOCIETE ANONYME DES FORGES ET CHANTIERS DE LA MEDITERRANEE, PARIS. 
(For Description, see opposite Page.) 





_ en 








hd 


» 








ee ead 


— = 











ea A RS Ra 





lt Me sai 


- — 


JAN. 2, 1914.] 


ENGINEERING. 


15 











MARINE DIESEL OIL-ENGINE (SULZER TYPE). 
CONSTRUCTED BY THE SOCIETE ANONYME DES FORGES ET CHANTIERS DE LA MEDITERRANEE, PARIS. 
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THE marine oil-engine, built by the Société Anonyme 
des Forges et Chantiers de la Méditerranée, under 
licence from Messrs. Sulzer Brothers, of Winterthur, 
Switzerland, resembles in its main features the 
standard marine oil-engine design of the latter firm, 
as described and illustrated in our issue of September 6, 
1912. For powers below 500 brake horse-power in 
four cylinders, the designers of this engine put forward 
the trunk-piston type, as, for single-acting engines, the 
external crossh: is, in their opinion, not justified 
for such low powers. Further, the considerations of 
submarine service necessitating compactness and light- 
ness have been borne in mind, since the makers have 
in hand submarine engines which follow the same 
general lines as herein described. 

Figs. 1 to 7, on the present and opposite Pages, show 
a four-cylinder two-stroke cycle marine oil-engine, 
with cylinders of 310 mm. (12.2 in.) in diameter and a 
stroke of 460 mm. (18.1 in.), giving 380 brake horse- 

wer at a normal speed of 250 revolutions per minute. 
The salient features are the method of carrying the 
cylinders and the double-port system of scavenging. 
From Figs. 1 and 2 it will be seen that the cylinders 
are all bolted together along the cylinder tops, and are 
carried on through bolts which extend from the cylinder 
heads to the bottom of the bed-plate, as shown in 
Fig. 2. With double-port scavenging it is necessary 
that the body of each cylinder in way of the exhaust 
and scavenging belts should not be subject to tension 
stresses ; and so the piston load must be carried from 
above this comparatively weak section. In the design 
under consideration, the pisten load is carried from 
the cylinder-head direct. The through bolts in all 
cases except the end bolts abut on two adjoining 
cylinders, and practice has shown that this is entirely 
satisfactory, especially when each cylinder is free to 
expand downwards under the influence of tem 
ture. This rigid connection between the cylinder- 
head and the -plate precludes the possibility of 
the timing of the valves being altered due to unequal 
expansions. 

e bed-plate is an iron casting, supported only by 
the box girders at the sides running fore and aft. 
These are of a comparatively shallow section, the 
reason being that the piston load being taken by the 
bed-plate as close to the crank-shaft as is possible 
reduces the bending moment in the croes-girders to 
from § to } the normal without through-bolts. The 





crank-chamber is enclosed by sheet-iron doors, sup- 
ported by a light steel framework, 


The crank-shaft is forged in one piece of five cranks 
(four for the working cylinders, and one for the 
scavenging-pump, and the compressor at the forward 
end), of which the main cranks are at 180 deg. for 
each pair of cylinders, the two pairs being at 90 deg. 
the one to the other. 

All the cranks are covered by guards to prevent as 
far as is possible the splashing of lubricating oil on to 
the walls of the working cylinder, from whence it 
might find its way into the combustion space. A 
Saleenarelabe is provided to balance the scavenging- 

ump masses. The diameter of the crank-shaft is 
185 mm. (7.3 in.), which for this size of engine is very 
ample, but the special feature is the comparatively 
thick webs, of 3.75 in. The bearing we are in 
this way for the main bearing about 510 lb. per eq. in., 
and for the crank-pin 1140 lb. per sq. in. All the 
main bearing surfaces are lubricated by a forced 
system. The fly-wheel on the aft end of the crank- 
shaft is cast in halves and is of liberal dimensions, per- 
mitting of a de of irregularity of about ,th at 
normal power and revolutions. Teeth are provided on 
the inner rim for a barring-gear. 

The cylinders, of special cast iron, have no se 
liners, and are, as already stated, chiefly remarkable for 
the double-port scavenging, a feature of all Messrs. 
Sulzer’s marine oil-engines. This method of scavenging 
might briefly be described as follows :—On the down 
stroke the piston uncovers the upper series of scaveng- 
ing-ports, and so the expanding gases expand into a 
small pocket A, but are there retained by means of 
the scavenging-valve. As thé descends still 
further the exhaust ports are vered, and the ex- 
haust gases by escaping reduce the cylinder pressure. 
The next point is the uncovering of the lower, smaller 
and main scavenging-ports, which permits of the 
introduction of scavenging air into the cylinder to 
sweep out the remaining unburned products. On the 
return stroke of the piston, first, these Jatter main 
scavenging-ports are covered, and the piston valve 
contained in pocket A is open, and allows scavenging 
air to clear out pocket A and to sweep through the 
cylinder. These ports are so arranged, as shown in 
Fig. 2, and the scave: ging- valve is so set that 
scavenging air is passing through the cylinder all the 
time that the exhaust-ports are uncovered, and is 
coming into the cylinder at the scavenging-reservoir 

ressure, after the exhaust-porte have m covered. 
passages in the cylinder for the scavenging air 
have, as shown, an upward tendency, giving the air 
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the required direction. The effect of the foregoing is 
to ensure complete sca ing and to start the com- 
pression stroke with a cylinder full of clean air at the 
pressure of the scavenging-reservoir—i.e., about 4 Ib. 
per sq. in. 

From Fig. 7, diagram of valve settings, the angles 
through which the exhaust and scavenging: ports act are 
shown. The exhaust-porte are uncovered for 60 deg. 
on each side of the bottom a bw ge the main 
scavenging-ports, as already explained, open 20 deg. 
before the bottom dead centre ; whilst the main sehen 
cuts off the secondary or upper scavenging-ports 
72 deg. after the dead centre, or some 12 deg. after 
the exhaust-ports on the opposite side of the cylinder 
have been covered. 

The piston-valve in the pocket A has a maximum 
lift of 18 mm. (0.71 in.) ; ite lift is 11.5 mm. (@.45 in.) 
when the main piston is at the bottom dead centre, 
and 4.55 mm. (0.18 in.) when the upper scavenging- 
port is just closed. 

No deflector is provided in the top of the piston, as, 
with a stroke bore ratio of 1.485, this is unn , 
The exhaust-pipe of 225 mm. (8.86 in.) in diameter is 
py thy my and ° rs lar, one pematgg | oe rmits of 

e of the exhaust gases. e efficiency of 
this method of exhausting, scavenging, and discharg. 
ing is indicated in some ine of trials resulte given 
hereafter. 

The cylinder-head contains only the fuel-injection 
and starting-air valves and is double-spigoted into the 

linder barrel. The desired simplicity is, of course, 
obtained by having port scavenging. The fuel- 
injection valve is of the Sulzer eed type. The 
fuel cam on the cam- shaft K  geee on the 
— Lag ae the porng rene —— —— 
the valve itself through a ro pac land. 
this arrangement the valve iteelf may be bolanced, 
and so only a very light spring is required to return 
it to ite seat, and the tendencies of the valve to stick, 
due to overheating or to the gland being too tightly 

greatly minimised. The — of the 
starting-air valves will be described later. 

The piston is of normal trunk-piston design, cooled 
water by means of telescopic pipes, as shown in Fig. 2. 
A sight discharge is arranged to the bilges, and a 
throttle-valve provided at B. The connecting-roda, 
of-Siemens- Martin steel of 35 tons per sq. in. ultimate 
tensile strength, are of 90 mm. diameter (3.54 in.) at 
the top, and 105 mm. (4.13 in.) at the bottom, and the 
length is that of five cranks. 

he arrangement of scavenging-pump, compressor, 
and cooling-water pampe, driven from a crank on the 
forward end of the crank-shaft, is well shown in 
Figs. 1 and 4, and is specially designed to give a good 
to the engine. The compressor is of the 
three-stage type, the low-pressure s of the com- 
pressor serving for the crosshead of scavenging- 
pump. The dimensions of the stages are as follow :— 


L.-P. stage . Diameter, 11.8 — 1.97 in. 
L.-P. stage Didmeter, 7:08 by: 
-P. s bed , 7.08 in. by: 
9.85 in. stroke 
H.-P. stage Diameter, 2.95 in. by 


9.85 in. stroke 
This gives a compressor with a very | margin, 
deliverieg 34 cable feet of free aie ‘per brake 
horse-power’ per hour, and will permit of the use of 
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the very heaviest of fuel oils at the maximum output 
of the engine. The valves for the low-pressure and 
intermediate-pressure stage, shown at C and D, Fig. 4, 
are of the Gutermuth type. A throttle change-over 
suction-valve to the low-pressure stage is provided at E, 
which permite of the suction being drawn either from 
the atmosphere or from the scavenging-air reservoir F, 
further permitting of an augmentation of the output 
of the compressor. In Fig. 3 the intercooler is shown 
at G, and the course of the air indicated by arrows. 

A double-acting scavenging-pump of 675-mm. dia- 
meter (26.6 in.), with a 
gives a ratio of volume of the scavenging-pump to the 
volume of the four working cylinders of 1.8. This 
is more than the normal practice of about 1.5. The 
pressure of scavenging -air at 250 revolutions per 
minute is about 4 lb. per sq. in. Experience has 
shown that a pump of less than this capacity is suffi- 
cient, and in future a ratio of from 1.6 to 1.65 will be 
adopted. The valves for this pump are of the Guter- 
muth type, in groups of six, shown at H. 

The water-pump J, driven from the compressor-lever, 
is of 130-mm. (5.12 in.) diameter, aud gives 3500 
gallons per hour, or nearly 9 gallons per brake horse- 
power perhour. The water-cooling for the piston is a 
separate circuit with a separate pump, shown at J. 

A forced-lubrication pump is provided to supply the 
main bearings through a two-way filter, with oil at a 
pressure of about 15 lb. per eq. in. after the filter. 

As shown in Fig. 7, the reversing angle for the 
scavenging-air valve A, controlling the supply of air 
to the scavengin rts requires to be 48 deg., whereas 
that for the fuel-injection valve is only 25 deg., so 
that an alteration of the angular relationship between 
the cam-shaft K and the crank-shaft cannot accom- 
plish the reversal of both the fuel -injection and 
scavenging-cams. The cam-shaft K is turned to suit 
the scavenging-cams, and the fuel-injection valves are 
separately set for the desired direction of rotation. 
This is accomplished as follows :—The vertical shaft, 
shown in Fig. 5 at N, is driven from a split spiral- 
wheel keyed on to the after end of the crank-shuft. 
The pin X in the lower part of the vertical shaft 
engag.s with the vertical slot in the slesve Y, in the 
upper part of which are diagonal slots, into which the 
pins Z of the vertical shaft engage. The lever U 
rotating the shaft R acts upon the pin T working in 
the slot of the lever S, and so raises the sleeve Y, 
which, by means of the diagonal slots, alters the 
angular relationship between the upper and lower 

arts of the vertical shaft, and so sets the cam-shaft 
for the required direction of rotation. This means 
of reversing does not entail the lifting of an 
portion of the vertical shaft, and so the wor 
usually required to be done by compressed air acting 
upon a piston, with the necessary valves and gear for 
controlling the same, can now be carried out by hand, 
which is a desirable simplification making for certainty 
of operation. 

The altering of the setting of the cam-shaft by 
48 deg. would set the fuel-cams 23 deg, out of phase, 
but this is corrected in the following manner :— 
During the rotation cf the shaft R the eccentric CC, 
keyed on this shaft, actuates the bell-crank lever on 
the shaft W, which swings the fuel-injection roller D D 
across its cam, and so sete it at the correct angle 
relative to the crank-shaft. 

To put starting air in the en ;ine the wheel A A is 
turned. In connection with wheel A A is a cam-path 
B B, in following which the levers F F and GG are 
operated, controlling the rotation of the shaft H H 
upon which the fuel-injection L and the starting-air 
levers are eccentrically mounted. The starting-air 
valves are held open by a pin II on the fuel-injec:ion 
lever L, and the starting air is controlled by four 
small valves J J worked by eight cams on the starting- 
air cam-shaft L L—four for ahead and four for astern 
—through the levers K K. The starting-air lever- 
shaft L L is moved longitudinally vy means of linkage 
to the shaft W to bring the desired cam into opera- 
tion. The shaft W is controlled by the reversing- 
lever U, and serves, as mgs A described, for the set- 
ting of the fuel-injection valves. Further rotation 
of the wheel A A cuts out the starting air and 

radually puts the fuel-injection gear into action. 

he operations are :—Stop ; four cylinders on air; two 
cylinders on air ; two cylinders on fuel; four cylinders 
on fuel. From Fig. 7 it will be seen that the starting- 
air valves J J admit starting air to the cylinder 12 deg. 
before the dead centre, and continue open 98 deg. 
after the dead centre, so that at all crank positions 
the engine may be started. Reversal of the engine 
may be very quickly carried out, six seconds being 
given as the average time for reversal when the engine 
is warm. 

With reference to the starting, the oylinder clear- 
ance at starting is greater than the normal by an 
amount equal to the cylinder-starting air-valve pocket 
and passages, and this reduces considerably the com- 
pression pressure, and so helps the engine to pick up 
speed quickly on starting air. 

In acco ce with gereral practice, when the fuel- 
injection valve is being put into gear by means of the 





levers F F and G G and shaft H H, the suction-valves 
of the fuel-injection pumps are controlled by the links 
M M. For emergency a governor is mounted on the 
cam-shaft which cuts off the fuel when the speed of 
revolution of the engine exceeds a predetermined 
maximum. Means are provided to cut out any one of 
the four fuel-injection pumps, so permitting the engine 
to run on one, two, three, or four cylinders. The lever U 
and wheel A A are interlocked, so that unless the wheel 
A A is in the stop position with air and fuel shut-off 


the lever U cannot be moved far ahead or astern. | c@sh 
-mm. (13.75 in.) stroke, | M 


eans are now frequently provided for varying the 
lift and the time of opening of the fuel-injection valve 
economically to adjust the amount of compressed air 
used for fuel injection, to the end that the heaviest 
fuel oils may be used without any diminution in the 
power developed and to permit of very slow running 
without relatively increasing the quantity of fuel- 
injection air required. In the engine under discussion 
this object is achieved by a slight movement of the 
reversing-lever U, which controls the shaft W through 
the medium of the eccentric C C, as already explained, 
without further altering of the setting of the cam-shaft, 
because the pin T is clear of the slot in the lever S. 

The variation in lift and duration of opening is 
given in the annexed Table, and at the same time the 
pressure of the fuel-injection air may be regulated so 
that an infinite range is possible. 

Table giving Lifts of Fuel Valve. 


Minimum Lift. | Maximum Lift. 
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The nominal rating of this engine is, as already 
stated, 380 brake horse-power at 250 revolutions per 
minute, which gives a mean effective pressure on a 
brake horse-power basis of 71.5 lb. per eq. in., or 
slightly more than general practice with two-stroke 
cycle engines ; but on trials of this engine the power 
was increased to 450 brake horse-power without any 
increase of speed of revolution, and on an overload 
trial for a short time 550 brake horse-power was 
achieved at a speed of 260 revolutions per minute. 
The piston speed in this latter case works out 
at 780 ft. per minute, and the mean effective pres- 
sure on a brake horse-power basis is 100 lb. per 
sq. in. This is exceedingly high, as on the indicator- 


card the mean effective pressure would be about | P© 


135 Ib. to 140 lb. per sq. in., assuming a mechanical 
efficiency of 70 to 75 per cent., which clearly to 
show that the means of scavenging and of fuel injec- 
tion are entirely efficient. For this overload trial the 
pressure of fuel-injection air was about 1050 lb. ae 
sq. in., and the maximum pressure in the cylinder 
would be about 700 lb. per sq. in. The fuel oil used 
for the full-power trial was Roumanian residual with 
a density of 0.93 to 0.95, a temperature of inflamma- 
bility of 165 deg. Cent., and of combustion of 185 deg. 
Cent., whereas for the overload trial ordinary parafiin 
was used. 
The consumption of fuel oil is about 0.493 lb. per 
brake a per hour at full load with paraffin, 
and about 0.5 lb. per brake horse-power per hour with 
heavier oil. 
The construction of submarine engines for the French 
Navy has been kept in view in designing and con- 
structing the engine described, and the particular 
ae of this type, owing to the lightness due 
to the par) teneed system of carrying the piston load, 
to the good balance of the scavenging pump and com- 
pressor, and to the relative high power p. Por eed by 
means of double-port scavenging, are particularly 
apparent. The Société Anonyme Ses Forges et Chan- 
tiers de la Méditerranée have constructed four engines of 
this type of six cylinders, each giving 900 brake horse- 
power at 380 revolutions per minute for eubmarines. 





Conrracts.— A e¢ontract has recently been signed 
between the of Qu d, Australia, and 
Messrs. George Fletcher and Co., Limited, Masson 
Works, Derby, for the supply, erection, and. setting to 
work of two complete central sugar factories for North 
Queensland. F factory will have a capacity to work 
up 1000 tons of cane per 24 hours, and the machinery will 
be of the most modern description th hout. One factory 
will: be erected on i Creek, miles south of 
Cairns, and is to be ready for operation in July, 1915; the 
other will be situated on the south arm of the Johnstone 
River, and will begin opetieg = July, 1916. The value 
of the contract approaches 250,000/. The Bell’s United 
Asbestos Company, Limited, Southwark-street, London, 
S.E., inform us that a notification has been issued by the 
accepted for the supply uring the three yeare 1914, 1915, 
supply during ree , 191 
and 1916, of asbsstos-cement (“‘ Poilite ”) roofing-slates, 
wall and ceiling-sheets, &c, 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Tuesday the pig-iron 
market was quiet, but a good tone prevai turn- 
over consisted of 1500 tons of veland warrants at 
50s. 2d. cash, and 50s. 9d. three months, and | 
sellers quoted 50s. 24d. cash, 50s. 6d. one month, an 
50s. 10d. three months. In the afternoon Cleveland war- 
rants were firm, and 1500 tons were done at 50s. 24d. 
cash, and 50s. 54d. one month, with sellers over at 50s. 3d. 
. 50s. 6d. one month, and 50s. 9}d. three months. 
On Wednesday morning Cleveland warrants were firm, 
and 2000 tons changed hands at 50s. 34d. cash, 50s. 7d. one 
month, and 50s. 104d. three months. At the close the 
quotations were 50s. 44d. cash, 50s. 74d. one month, and 
503. 11d. three months sellers. The upward movement 
made further progress in the afternoon, when 2500 tons 
of Cleveland warrants were dealt in at 50s. 6d. cash, 
50s. 94d. one month, and at 51s. and 51s. 04d. three 
months. Sellers’ closing quotations were called 50s. 64d. 
cash, 503s. 94d. one month, and 51s. 1d. three months. 
The market was closed on Christmas Day and on 
Boxing Day, and when business was resumed on Mon- 
day the tone was steady. e turnover consisted of 
2500 tons of Cleveland warrants at 50s. 64d. cash, and 
5is. 1d. three months, with sellers over at 50s. 6d. 
cash, 50s. 9d. one month, and 51s. 14d. three months. 
Weakness prevailed in the afternoon, and dealings 
in Cleveland warrants were recorded at 50s. 4d. and 
50s. 2d. cash, and at 50s. 8d. one month. The business 
amounted to 4500 tons, and closing sellers quoted 
50s. 3d. cash, 50s. 64d. one month, and 50s. 11d. threr 
months. On Tuesday morning Cleveland warrants had 
again a drooping tendency, and 2000 tons changed 
hands at 50s. 3d. fourteen days, 50s. 44d. and 50s. 4d. 
one month, and at 50s. 84d. three months. At the close 
the ag ye» were 50s. 14d. cash, 503. 44d. one month, 
and 9d. three months sellers. The afternoon session 
was steady, but quiet, and the business was limited to 
1500 tons of Cleveland warrants at 50s. 14d. fourteen 
days, and 50s. 5d. February 12. The closing quotations 
were unchanged from the morning. When the market 
opened to-day (Wednesday) the tone was easier, and only 
one lot of Cleveland warrants was done at 50s. 74d. three 
months, and at the close sellers quoted 50s. 1d. cash, 
50s. 4d. one month, and 50s. 8d. three months. In the 
afternoon Oleveland warrants were quite idle, and prices 
were inclined to be easier. The session closed with 
sellers naming 50s. 04d. cash, 50s. 34d. one month, and 
50s. 8d. three months. Thursday and Friday will be 
observed as holidays, and the market will not reopen 
until Monday, January 5. 


Sulphate of Ammonia.—The recent quietness in sul- 
phate of ammonia prevailed right on to the end of the year, 
and the price for prompt lots is called 13/. per ton Glas- 
gow or Leith. Throughout the year a fairly good busi- 
ness was put through, but quotations have been less 
steady, and have fluctuated within narrow limits. The 
loes in value as compared with the end of 1912 was 1l. 
r ton. There is a good future for sulphate, and 
—— point to a fair demand during the next few 
months. 


Scotch Steel Trade.—Business in the steel industry of 
Scotland during the past year may easily be divided into 
two distinct periods, both of almost equal duration. At 
the beginning of 1913 prospects were excellent and steel- 
makers were very pen bo continued thus for a number 
of months. Their inability to promise definite delivery, 
and the high prices in force, led to buyers placing orders 
with foreign makers, and as these consignments to 
come in about half way through the year, the local 
— then felt the effect of so many orders 

aving been diverted outwith the country. e result 

has been that for the past five or six months rolling- 
mills have not been running at anything like their 
full capacity. On four different occasions were the 
prices of ship-plates and angles reduced by 10s. per 
ton, August 7, September 27, October 22, and Novem- 
ber 14, and on three occasions boiler-plates dropped 
10s. ton, and then 5s. per ton. The year has been 
notable for the abolition of the rebate system and 
for the “‘ freeing ” of sectional material, and over all it can 
scarcely be included as a “‘fat” year in the way of profits. 
The outlook for 1914 ie not very encouraging, but with ship- 
builders still well employed, an early improvement in 
demand is not a The stoppage for holidaysis not 
to be of any lengthened duration, and by the middle of next 
week work will have been resumed. The current prices 
are as follow :—Ship-plates, 6/. 7s. 6d. per ton; boiler- 
a. 7l. 7s. 6d. per ton; angles, 5/. 10s. per ton—all less 

per cent. delivered Clyde or equal. 


Malleab'e-Iron Trade.—The outstanding feature in the 
Scotch malleable-iron trade of 1913 has certainly been 
the — rp tition, and, < —, — heavy 
tonnage of impor quantity of hoops and stri 
which has arrived here from the Continent and the 
United States has been estimated at close on 100,000 tons ; 
hence the continual broken time at our local works. The 
= opened with “crown” bars at 8/. 10s. per ton, less 

per cent., and closed with the price at 6/. 17s. 6d. per 
ton, less 5 per cent. for local delivery. 


Scotch Pig-Iron Trade.—The first six months of the 
past year was a period of great activity in the Scotch 
Senee trade, but since then business seemed to strike a 

ull patch, and the latter half of the year was a ver 
difficult one for all concerned. The annual returns wi 
be iesued next week, and something further may then 
be said on the subject. The majority of the fur- 
naces are now “off” for the holidays. The following 
are the market quotations for makers’ (No. 1) iron :— 
Clyde, 69s, 64.; Oalder, Gartsherrie, Summerlee, and 
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Langloan, 70s. (all shipped at Gl w); Glengarnock 
(at Ardrossan), 71s. ; Shotts (at Leith), 70s. ; and Carron 
(at Grangemouth), 71s. Hematite is dull and inactive, 
and the current price is called 62s. per ton. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade. —The sudden snap of 
wintry weather has brought with it a big rush of orders 
for house coal. Though } delayed, it is a rush that 
was not unexpected, and neither pits nor dépéts are find- 
ing any difficulty in | requirements. On the other 
hand, the industrial demand shows a decided shrinkage. 
This is due to the fact that only a small proportion of 
manufacturing concerns have resumed full working; but 
despite holiday influences, the tone of the market is 
firm. The tonnage of hard steams going for shipment h 
dwindled down to something more approaching its 
normal itude at this time of the year, though out- 
puts are still exceptionally large. Gas fuel finds a ready 
market, but the tonnage is considerably reduced. 
is a hardening tendency in slacks of all descriptions, and 
stocks are less evident. A fair amount of contract busi- 
ness is reported, the rates being the same as those of a 
yearago. Several collieries have a fair number of orders 
for best sorts. There is not —_ so much forced selling. 
Quotations :—Best branch hand-picked, 17s. ; Barnsley 
best Silkstone, 14s. to 15s. ; Derbyshire best brights, 12s. 
to 13s. ; Derbyshire house, 11s. 6d. to 12s. 6d. ; 
nuts, Ils. to 12s.; small nuts, 9s. to 103.; Yorkshire 
hards, lls. 9d. to 12s. 94. ; Derbyshire hards, 10s. 9d. to 
lls. 9d. ; rough slacks, 7s. to 83. ; seconds, 5s. to 6s. ; 
smalls, 3s. to 4s. per ton. 


Iron and Steel.—The local iron market re-opened with 
a quiet confidence of improved conditions. Prices have 
not been further reduced, considerably more contract 
business has been arranged, both buying and inquiries 
ate more active, and generally there seems to be less 
hand-to-mouth business. An up movement in West 
and East Coast hematite and Derbyshire and Lincoln- 
shire pig iron is anticipated. The present prices are 
hardly more remunerative than during the worst period 
of depression of this last six months. Further buying 
of steel-making irons has been recorded. No improve- 
ment has occurred in the finished-iron or scrap-ircn trades. 
The current raw material quotations are :—Hematite, 
West Coast, 76s. 6d. ; East Coast, 66s. 3d.; Lincoln- 
shire Foundry, 54s. 8d.; Lincolnshire forge, 53s. 8d.; 
Derbyshire foundry, 55s. 3d.; Derbyshire forge, 
52s. 6d. The heavy steel industries will start the new 
year with more than an average amount of new business 
to work upon. Prosperity in armament making is likely 
to continue unchecked. No decline is shown in the 
demands from shipbuilding centres for heavy forgings 
and castings. Makers of railway material have received 
substantial orders from India and Australia. Special 
steel and tool steel and engineers’ castings and —_ are 
in very good request. The lighter trades are well placed 
for new business. The steel-billet trade is less robust. 
Bessemer acid billets are quoted at 7/. to 7/. 5s.; Siemens’ 
acid billets at 7/. 10s. to 7/. 153.; hard basic billets at 6/.; 
soft basic billets at 5/. to 5/. 5s.; and steel hoops at 8J. 





New Swepisa-GermMan StreaM-Ferry ConnectTion.— 
Marked activity prevails in Northern Europe, Denmark, 
Sweden, Norway, Finland, Russia, and Germany in the 
matter of extending existing and creating new means of 
inter-communication. Some of these schemes are closely 
connected with recent developments in shipping, and 
are likely to interfere with marine traffic. One of 
them is the projected establishment of a new steam- 
ferry connection etunen Sweden and Germany, with 
are Af the — — Se new line being 
inten ‘or goods traffic, whilst steam- 
ferry traffic, as before, would be reserved for the Trelleborg. 

itz route. Malmé, no doubt, possesses many advan- 
tages for such a connection as the one now schemed, 
inasmuch as it is connected with eight railway systems. 
The harbour is also commodious, and there is, several 
times daily, steam-ferry connection with Co 
Most goods wagons to or from Germany are at' to 
or detached from their —— trains in Malmié, and 
the new railway station will provide ample accomm 
tion for all 2 oe. &c. The conditions 
for extending the harbour accommodation are also every- 
thing that could be desired. 





i ss IN rey ene ony whey beeen = 
t Ny it, close to Smedjebueken, a iquetting 
concern has recently been erected at a cost of some 
150,000. The plant has a —— of about 700 tons of 
ore per twenty-four hours, the annual production of 
concentrate and briquettes amounts to 75,000 tons, 
of which 40,000 to 50,000 tons are briquettes. The 
Nyberg briquettes, which have already met with a 
good sale, contain 65 per cent. iron, 0.008 per cent. 
sulphur, and 6.003 per cent. phosphorus. A narrow- 
gauge railway of about 5 miles in length has been built 
from the works to Munkbo Station, on the Vesteras 
a country through: which the works railway 
had to be constructed being somewhat difficult. A new 
company, with a capital not exceeding 500,000/., has been 
formed for the purpose of pata Bx mines which 


formerly bel: to the Norra bergs Mini 
Company. which were formerly under English conteot, 
whilst Silesian firm of Witkowitz hold the leading 


position in the new company, which proposes to break, 
work, and sell ore, carry on iron works, coking, &c. It 
appears from this the programme includes the 
erection of blast-furnaces, 


There | during the past twelve months. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MippLesBroucH, Wednesday. 
The Cleveland Iron Trade.—As is usual at this season 
of the year, holiday-making is interfering with business. 
The output of pig iron on the North-East Coast has been 
still further reduced by two more furnaces going out, one 
having been blown out at Weardale and the other having 
contol to produce in uence of the lamentable acci- 
dent at Consett. The euasber of furnaces in blast on the 
North-East Coast now stands at seventy-four, the lowest 
for some considerable time t. not unexpected 
reduction of American Northern iron by 50 cents has 
naturally resulted in the suspension of inguiries for 
Cleveland pig onCanadianaccount. A gratifying feature 
of the market is the fact that higher rates were obtainabie 


Traders 
take a more cheerful view of the ou than they did 
a little while but values next year are not likely 
to be on anything so high a level as they have been 
No. 3 g.m.b. Cleve- 
land pig is 50s. 6d. f.0.b.; No. 1 ranges from 52s. 6d. to 
533.; No. 4 foundry is 503. 3d.; No. 4 forge, 49s. 9d.; and 
mottled and white iron, each 49s. 3d. —all for early 
delivery—inquiry on forward account eliciting quotations 
of 64. and more above these rates. Firmness c i 
the East Coast hematite branch of the staple industry. 
Nos. 1, 2, and 3 are fully 61s. 6d. for _ eli , and 
nothing under 62s. is named for spring delivery ere 
is nothing passing in foreign ore. Most sellers quote on 
the basis of 19s. ex-ship Tees for best Rubio, but it is 
understood that business could be done on lower terms. 
Coke is still very dear, but there are indications that it 
will be reduced in the near future. Average furnace 
kinds are 18s. 64. to 19s. delivered at Tees-side works. 


Manufactured Iron and Steel.—There are no new 
features of moment in the manufactured iron and steel 
trades. Orders are still scarce. Quotations stand :— 
Common iron bars, 7/. 10s.; best bars, 7/. 17s. 6d.; best 
best bars, 8/. 5s.; packing iron, 6/.; iron ship-plates, 
6. 153.; iron ship-angles, 7/. 10s.; iron ship-rivets, 8/. 10s. ; 
iron girder-plates, 71. 5s.; steel bars (basic), 61. 15s.; steel 
bars (Siemens), 6/. 15s.; steel ship-plates, 6/. 10s.; steel 
ship-angles, 6/. 2s. 6d.; steel boiler-plates, 7/. 15s.; steel 
joists, 6/. 12s. 6d.; steel strip, 67. 156.; steel hoops, 7/. 

less the customary 24 per cent. discount ; cast-iron 
columns, 7/. 7s. 6d.; cast-iron railway chairs, 4/. 5s ; light 
iron rails, 7/.; heavy steel rails, 6/. 10s.; steel railway 
sleepers, 7/. 5s.—all net at works; galvanised corrugated 
sheets, 24-gauge, in bundles, 111. 5s. f.o.b.—less 4 per cent. 


Stocks and Shipments.—The stock of Cleveland pig 
iron in the public warrant stores at the close of ep nae 
stood at 140,030 tons, all of which, except 43 tons of Stan- 
dard iron, is No. 3 quality. Since the beginning of the 
month the stock has been reduced by 8067 tons. Ship- 
ments of pig iron from the Tees during the last mont 
of 1913 were on a fairly good scale. averaging 4307 tons 
per working day, the total despatches being returned at 
107,698 tons, 98,280 tons of which went from Middles- 
brough and 9418 tons from Skinningrove. For the pre- 
vious month the total loadings were given at 93,143 tons, 
or @ daily average of 3725 tons. and for December of 
last year the clearances reached 103,445 tons, or an 
average of 4137 tons per working day. Of the iron 
cleared at Skinningrove, 8879 tons went to Scotland, and 
539 tons to Holland. Of pig iron — from Middles- 
brough, 52,123 tons went foreign, and 46,157 tons coast- 
wise. Scotland, as usual, was the largest buyer, taking 
21,762 tons, whilst Wales received 12,660 tons; Italy, 
9528 tons; Belgium, 7969 tons; France, 7020 tons; 
Sweden, 6300 tons; Japan, 4956 tons; Germany, 4401 
tons; and Holland, 4075 tons. Of the 21,844 tons 
of manufactured iron cleared, 13,748 tons went 
abroad, and 8096 tons coastwise, and of the 28,935 
tons of steel shipped, 24,584 tons went to foreign cus- 
tomers, and 4351 tons coastwise. India again was the 
largest receiver of both, taking 5920 tons of manufactured 
iron and 9491 tons of steel. The Argentine took 4344 
tons of manufactured iron, and Southern Nigeria, 2000 
tons. Other principal importers of steel were :—New 
South Wales, 3234 tons; West Australia, 3057 tons; 
Victoria, 780 tons; and Southern Nigeria, 780 tons. 


has | for forward than for early delivery of pig iron. 





NOTES FROM THE SOUTH-WEST. 

Cardi ff.—Business has, of course, been a good deal 
interrupted by the Christmas holidays. Prices have, 
however, been well maintained, the best Admiralty large 
having made 20s. 6d. to 21s. 3d.; the best 
qualities, 193. 9d. to 20s. 3d.; and other quahi- 
ties, 19s. to 19s. 6d.; best bunker smalls, 11s. to 11s. 6d.; 
and cargo smalls, 7s 9d. to 8s. 6d. per ton. The best 
household coal has been quoted at nphnbee hE ge 
households at 17s. to 18s.; No. 3 Rhondda large at 18. to 
18s. Gd. ; and smalls at 12s. to 12s. 6d. per ton; No. 2 
Rhondda bas realised 14s. 6d. to 15s. 6d.; and 
No. 2 smalls have made 8s. 3d. to 8s. 9d. per ton. 
foundry coke has brought 27s. 6d. to 28s. 6d.; good 
foundry coke, 23s. to 25s.; and furnace cok to 21s. 
per ton. As regards iron ore, Rubio has made 18s. 3d. 
to 18s. 9d. per ton, upon a basis of 50 per cent. 
and charges, including freight, insurance, &c., to Oardiff 
or Newport. 

Rhymney Iron Company, Limited.—The directors of 
the Rhymney Iron Company, Limited, report that for the 
half-year ended September 27 the output of coal was 
661,214 — an increase Bm y wh com- 
pared wi corresponding period output 
of coke was 24,695 tons, showing an increase of 2538 tons. 

More Welsh Coal.—Mr. G. Renwick has become chair- 
man of a new colliery company at Glyncorrwg, in Mid- 


. Special | 8ccom: 





Glam ire, which has commenced winning coal. 
The ranks as an Admiralty quality, and the taking 
of 640 acres is on the Earl of Dunraven’s estate. 


I ing Wagon —It is expected that b 
andonat 1914 ten ‘ctamd wages will come off Welsh 
railways, in accordance with a statu em which 
has been imposed on all dead-buffer ng-stock. It is 
feared that there baad Speman memdagy wn op bby 
in consequence, although new wagons have been pur- 
chased, while others have been converted to meeb the 
requirements of the Board of Trade. 


Ence ing New Idcas —The Great Western Railway 
Company has issued a circular to its staff inviting sug- 
gestions on all matters affec\ing the organisation, conduct, 
and operation of the company’s business. The sugges- 
tions will be dealt with by a committee, and one 
or other suitable acknowled t will be granted by th 
company in any case in which a s tion is recom- 
mended by the committee for adoption. Inventions, 
accompanied by sketches and models, are also to be 
encouraged. 





CumBerRtaANp Coat Dervetorpment. — Coal has been 

reached at the Plenmellor Colliery, Haltwhistle. Sinking 
ions were commenced in August, 1909, but owing to 

4 amount of water having been encountered, progress 
has slow. After 50 fathoms had been reached it was 
found necessary to adopt the cementation process. At that 
time 4000 gallons of ee minute were being pumped. 
The colliery is on the Unthank estate of t 6000 
acres. There are two shafts, each 18 ft. in diameter and 
85 ft. apart. Ooal has been reached at a depth of 662 ft. 
and the seam is 2 ft. 3in. thick. An electric generati 
— has a ey = there will also be electri ; 
winding. cages ve ® carrying capacity o' 
24 tons. It is fully expected that in another year 500 
tons of coal will be raised per day. 


Tue Emba NaPatua Fieips,—The Emba naphtha fields, 
which are now being o up, are situated ata dis- 
tance of some 60 to 70 versts from the north-east coast 
of the ag” Sea in a somewhat waste and desolate 
country. number of bores are already in operation. 
The Uralo- Company has erected twelve well 
derricks, the Emba Company ni the ie. 
Company six, and the Kolchidsa pany one, e 
Segenes company works rey ty the others 

ntly under one t, but obel company 
E intzcestel in theas alt One of the wells of the Uralo- 
Caspian Company yields 26 tons daily, and another yields 
some 16 tons per day. The naphtha is conveyed in two 
lines of 65 versts length to Rokuschi, where it is shipped. 
The two lines, however, are carried 8 versts further 
along the bottom of the sea, because vessels cannot 
approach the shore nearer than some 6 to 8 versts, 
according to the direction of the wind. At the naphtha 
fields the naphtha is mostly kept in o reservoira. 
The Uralo-Caspian Company, however, has two closed 





tanks, one of 400,000 8 ty at Dossor, and 
one of 600,000 pox one at ba. Two kerosene 
factories are at Rokuschi, which can 

dle 40,000 of naphtha per day. Claims for 
naphtha are also being | for neighbouring districts. 
For the Gurjew district at Emba no lees than 28,000 
claims have lodged, 3000 of which have been ted. 


These apply to the Kherghee country, in addition to 
which some 9000 claims have received for the 
Cossack territory. We may remind our readers that a 
verst is about 0.66 of an Nish mile, and a pood 36 Ib. 
THe MANUFACTURE OF ACETONE IN THE HiGBLANDS.— 
Writing in the Scottish Nation, Mr. George Sutherland 
makes a suggestion which is worthy of consideration— 
that an effort should be made to undertake, with the help 
of the water-power in the Highlands of Scotland, the 
manufacture of acetone from material there spony han 
ints out t 


f it is at present 
imported from and Austria at a price rangi 
alt EE, = 

is yearly going to waste 

enable 
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Fig. 71. LONGITUDINAL SECTION THROUGH UP PLATFORM, SNOW HILL. 
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PROFIT AND LOSS IN SHIPPING 
AND SHIPBUILDING. 


Mucs is being made of the fact that the produc- 
tion of new shipping during the past year has 
exc previous records. From this it may 
too readily be assumed that the shipbuilders have 
been having a very prosperous time. On the con- 
trary, it may be more confidently stated that every- 
one connected with the industry has had a most 
harassing time, and that profits have not been in 

any degree commensurate with the amount of 
effort put forward by those responsible for — 
maintenance of British maritime enterprise. 
has been an abundant demand for thang pees 
rates of remuneration have been unusually—in | s 
some cases unprecedentedly—high ; any work- 
man who has not succeeded in making a record 
income for the year has only himself to blame; 
because not only have wages Seen high, but there 
has been every inducement to work overtime, and 
the mechanical and other facilities afforded for 
increasing the output, and therefore the remunera- 
tions, accordin ro hel to piece rates and premium bonuses, | n 


have been highly favourable to the workers. Unfor- | b 
tunately, however, such opportunities to prosper, 
which have presented themselves to all artisans, 


have in many cases resulted in bad ae 
the aim having been to secure a satisfactory wee 
wage for a minimum week’s work. The time which 
has been lost voluntarily by men during the year 
has been greater than in recent times, and has 
brought more financial hardship to shipbuilders 
even than the increment in the rate of pay and 
in the cost of materials. This point has often 
been enforced, but it cannot be too frequently 
explained. Delay in the completion of a ship, and 
therefore peniguanntnt of the date when a vacancy 
occurs on the slips, robs the establishment of the 
advantage of securing work at the high rates pre- 
vailing in a favourable market, apart altogether 
from the higher ground-rent or corresponding 
c e involved in the longer occupancy of the 
berth. Again, any reduction in the gross turn- 
over in any establishment. per annum involves a 
higher charge for recurring or continuous establish- 
ment costs per cent. of such turnover. Moreover, 
there has been harassment owing to late oe 
Thus from every point of view the employer has 
not been able to reap the full measure of profit 
from the unprecedented volume of work executed. 
There has been continuous agitation on the part 
of the men, oftentimes without just cause, and 
serious interference with the organisation of large 
factories is now resulting from the frequency of 
negotiations either with the men or with 
leaders. Such negotiations- are inevitable is = 
certain extent, but they have been unreasonably 
extensive in many cases, a fact established by the 
men’s leaders repudiating, time and. again, the 
action of the workmen without being able always 
to control it. At the present moment labour 
conditions in the engineering and other trades 


ion Docks for the Port of co 





of the question, and especially their relation to 
national prosperity. A claim is being put forward 
by some of the unions, who are parties to the 


’ | agreement now terminating, in favour of an eight- 


hour day. Where work is strenuous there is reason 
in seeking for a reduction in the time spent in 
, | factories ; but there is more than a suspicion that 
“| the main aim in trying to shorten hours is to secure 
the same remuneration for less work, and, on occa- 
sions, to secure a larger measure of overtime, with 
its resultant extra pay. In some of the trades, 
notably the iron-ship workers, the men at the 
present time practically never work a full 48-hour 
week. If the 48-hour week were inserted in an 
7 comer with penalties for its non-realisation, 
there a be gain; and if employers are to be 

: to make a limit, why not also all the 
men 

One argument in favour of the 8-hour day is 
that it will involve only one break day for 
food, and that the economy attained by the elimi- 
nation of lost time consequent on the break for 
breakfast would be a quarter of an hour per man 
per day. But this would work out at not more 
than 4!. per man perannum, There would also be 
economy in the reduction of the time of running 


_ | prime movers, and also, in winter, in respect of light, 


as the men would not begin operations until 7.30 
instead of 6 or 6.30 4.m. If the 8 hours per day 
were to be conceded without any reduction in the 
wage of time-workers, the increase in the wage bill 
for the same volume of work would be very con- 
siderable, probably not less than 10/. per time- 
— per annum as compared with the 53-hour 
week. 

Another grave difficulty has reference to the 
maintenance of double shifts. In the best of 
factories an enormous amount of capital has been 
sunk in machine-tools which require practi- 
cally no manual exertion when set to the turning, 
say, of a turbine-rotor, screw- — or the boring 
ere | of a rotor-casing, the planin armour-plate or 
bh boring of a big gun. The t practice now is to 

oath machine on such an operation on 
ote morning and to let it run continuously until 
Saturday night. Only by this means can an ade- 
quate return be secured for the capital outlay in- 
volved in these large mechanical * ces, and 
consequently men are required by night as well 
as by day to take a — supervision over the 
_— being done. ith an signt hone day it is 
ible to fit in three shifts, because of the 
for food during each shift, and, with two 
shifts, too ta es "Deginnl elapse pee between the 
departure of one an e inning of the other. 
So that there is involved a sifiony which must 
affect the profit and loss side of the works’ balance- 
sheet. oreover, should these difficulties be over- 
come, the question must be answered by the men 
as to what guarantee is to be given that full time 
will be worked with an eight-hour day, and that 
there will be a readiness to meet the special re- 
—— of the industry in working overtime 
when 

It is ie indispensable, unless we are to be very 
seriously handicapped in the foreign markets, that 
the labour given durin mg the shorter day shall be 
thoroughly efficient. e can see no more effective 
stimulus to this end than the universal acceptance 
of the system of payment by result. It is not 
necessary here to say whether the piece-work or 
the premium-bonus principle is preferable; the 
latter has the advantage that rates when once fixed 
are not so frequently changed as in the case of 
piece rates. It is important, too, thet with the 
new agreement to be made, there shall not only be 
a surety that its conditions will be implemented 
by all workers, and that it shall be applicable, 

as far as possible, to the shipbuilding as well as 
the engineering industry, but that it shall fix a 
definite, and for preference a long, period of years, 
so that in fixing contracts the employers will have 
some assurance that the conditions at the time 
eir | of the contract shall prevail until ite termination. 
During the past year or so the terms of employ- 
ment have been altered in a way involving a much 
greater expenditure than could have been antici- 
pated when contracts for ships still in progress 
were entered into, so that the contractor must 
have lost pretty heavily in labour charges, and to 
some extent, perhaps, also in cost of materials, 
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owing to these being in excess of the rates in any 
schedule of costs on which the contract was based. 

The need for a conciliatory spirit in coming to an 
agreement is established beyond all doubt when 
the present state of the shipping and shipbuildin 
industries is considered. The men must not bel 
away by the fact that the output for the past year 
is unprecedentedly great. What must be considered 
rather is the future prospects of the industry, and 
the question as to the possibility of the demand for 
new shipping being maintained. To begin with, 
there been a great drop in freight rates, 
and Sir Walter Runciman, an undoubtedly re- 
liable authority on the subject, points out that 
the causes which have contributed to the re- 
duction of rates are the abundance of stocks ; the 
easing off of enterprise ; the completion of special 
contracts in every part of the world, involving less 
transport of material ; the scarcity of money in 
certain countries with which transport facilities 
would otherwise be considerable ; the over-supply 
of tonnage, caused by the slackening off and the 
reaction after lavish, and to a large extent un- 
productive, expenditure on a war of two or three 
years’ duration in the East; and, further, to the 
prodigious amount of money invested abroad for 
other pur than that of international trade. 

A realisation of these and other facts un- 
doubtedly suggests that we are in for a period 
of reduced expenditure on shipping. Nor will 
investors be too ready to find capital for new shi 
when the results of the recent past are carefully 
considered. The tables given by ‘‘ Fairplay” show- 
ing the earning of cargo-ships throw considerable 
light on this question. We have heard lately ab ut 
ships having been worked at a profit of 30 per 
cent., 40 per cent., and 50 per cent.; but what one 
must consider is nut the gain of a season, but the 
balance of profit and loss over a considerable 
period of time. The tab!es referred to record the 
results in 1913 for 598 vessels, with a gross tonnage 
of 2,120,000 tons ; the average profit after allowing 
5 per cent. for depreciation would have been equal 
to 35 per cent. Asa matter of fact, however, the 
results for preceding years had been so poor, and the 
amount written off for depreciation so inadequate, 
that the directors, in the great majority of cases, 
decided to make up for provious deficiencies while 
rewarding the shareholders for previous short- 
comings. The average set aside for depreciation 
was therefore 15 per cent., and an average of 124 
per cent. was pt to the shareholders. But the 
most important point is that the annual return 
during the = ten years, after 5 per cent. per 
annum is allowed for depreciation, is only 4} per 
cent. per annum for the capitalists who find the 16 
or 17 million pounds sterling for these cargo-ships. 
Such a return is not conducive to increase of 
investment in shipping, at a time especially 
when freight rates are quickly diminishing. The 
record by ‘‘ Fairplay” of representative passenger 
steamship liners seems a little more favourable, 
for during the past year the average dividend = 
in the case of companies with 920 ships, of 4} million 
tons, has been over 10 per cent., which compares 
with 7.79 per cent. in 1912, and 6.06, 4.85, and 
4.10 per cent. in the three preceding years. The 
average, it will be seen, is little more than that 
attainable at the present time practically with gilt- 

ed securities. 

© one inducement for the shipowner to build 
is a reduction in price, and it is a significant fact 
that the price of typical cargo-steamers has de- 
creased during the past fourteen months from about 
7l.. 15s. to about 61. 5s. to 61. 7s. 6d. per ton dead- 
weight capacity. It is true that the cost of material 
has considerably decreased—in the case of ship and 
boiler-plates, for instance, by from 30s. to 35s. per 
ton. ages and charges have not been decreased, 
but, on the contrary, have advanced ; and for the 
reasons we have already indicated, the labour coat 
has gone up toa still greater extent, because of the 
bad time-keeping, and the effect it has on increas- 
ing establishment es for a given turn-over. 
Asa matter of fact, quite a number of the ship- 
builders who seem to have been prospering, 
according to the volume of the work turned out, 
have come pretty near financial difficulties, and some 
of the best of the shipbuilding firms have been 
unable to make any profit atall. Even if we take 
fifteen of what might be reckoned thoroughly 
representative undertakings, we find that on a 
capital of 224 million sterling the return during 
these halcyon days of activity has been just under 
7 per cent., as compared with 6 per cent. in the 





previous year, and very much less in the years 
prior to that. Among the fifteen firms are 
included several who are engaged in industries 
in addition to marine engineering, and who cer- 
tainly make a large part of their profit from 
specialised trades. So that even the 7 per 
cent. which we have indicated is in excess 
of the real facts of the case. Dr. Inglis has 
analysed the balance-sheets of twelve mally ship- 
building firms, mostly on the North-East Coast, 
and says ‘* there were among them 156 oppor- 
tunities of distributing profits, but on thirty five 
occasions the ordinary shareholders were sent 
empty away. The average dividend of each firm 
varies from 12 to about 14 per cent., and the 
average of the whole number for 13 years is almost 
exactly 5 per cent. Considering that nowadays a 
5 per cent. dividend can be obtained from many 
investments involving no serious risk and no trouble 
greater than the clipping of coupons, one would 
hardly look for any rush to invest in the shipbuild- 
ing industry.” But even taking the dividend for 
1913 as 7 per cent. earned in shipbuilding and 
marine engineering during this period of great 
activity, this must be regarded as must inadequate 
compensation for a period when every shipbuilder 
was supposed to be making up for the lean 
years and gaining some reserve in order to assist 
him in the future, not only in devising improve- 
ments in the productions, but in effecting the 
mechanical changes in the equipment of his works, 
which are requisite for the attaining of that higher 
economy and greater excellence essential to the 
mainterance of every industry. 





GEODETIC ACCURACY—OLD 
AND NEW 

Seventy years ago, when the Ipswich lectures 
were delivered, the then Astronomer Royal stated 
that the length of Great Britain, from Shanklin 
to the Shetland Isles, was known within an error 
not exceeding that of the length of the room in 
which he was speaking. This was a singularly 
accurate guess, or rather, one should say, that a 
thorough and intimate knowledge of the work and 
of the degree of success with which the inevitable 
sources of error had been overcome, enabled Mr. 
Airy to make a very close approximation to the 
truth. For it is now shown by inquiries of the 
most rigorous character, in which has been utilised 
the accumulated experience of more than a century, 
acquired in many lands, that the error in measure- 
ment in the published and accepted data is of the 
order of 1 in. in a mile—say 1 : 63,000; or, 
put differently, in the words of the Durector 
of the Ordnance Survey,* ‘if the 700 miles 
of meridional arc between the Straits of Dover 
and Saxavord, in the Shetland Isles, were re- 
measured with every modern refinement, it is 
not likely that the new measure would differ from 
the old by more than 25 yards.” This is a 
remarkable result, and it is not the outcome of 
lucky accidents cancelling chance errors; it is the 
triumph of skill and co-operation in many direc- 
tions, and may well give us ground to respect those 
who planned and carried to a successful issue the 
system of operations included in the triangulation 
of the British Isles. The geodesists of a past 
generation based their claims for accuracy on the 
smallness of the closing error. After measuring a 
=~ chain of triangles from Lough Foyle, in 
Ireland, to Salisbury Plain, there remained between 
the computed and measured lengths of a base line 
only « discrepancy of in. An attempt kas 
recently been made to show that the smallness of 
this closing error was a fortuitous circumstance, 
that larger discrepancies occurred at intermediate 
which have chanced nearly to cancel them- 
selves at the end. Recent measures show that the 
adverse criticism, for which there was little or no 
evidence, was unwarranted. The conjecture 
seemed to current that ancient observations 
inherently could not possess the accuracy attained 
by the modern. In the light of the evidence now 
ted, we are tempted to ask ourselves whether 
improvements in instrumental construction mean 
more than improvements in convenience and facili- 





* * An Investigation into the Accuracy of the Principal 
i lation of the United Kingdom,” by Captain 
H. 8x. J. L. Winterbotham, R.E. With an Introduc- 
tion by Colonel C. F. Close, G.M.G., R.E., Director 
General of the Ordnance Survey. London, 1913: Pub- 
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ties for use. The same, but not greater, accuracy of 
record is secured with less labour. There are those 
who tell us, and probably with reason, that accuracy 
of astronomical observation has not advanced since 
Bradley’s time. Greater skill is shown in com- 
bination of observations, in the removal of sys- 
tematic errors, but the bare instrumental record 
is subject to the same errors as of old. 

Now that we have stated the main result of a 
patient and penetrating inquiry, which has had 
the happy effect of clearing the reputation of old 
geodesists from any aspersions that have been 
made, we may sketch the circumstances that made 
the inquiry desirable, and set out a little more 
fully the figures on which the conclusion is based. 
There never was any question of the sufficiency 
of the survey for the ordinary purposes of map- 
making, or fur d. te: mining all questions connected 
with the ownership, development, or taxation of 
land, but there was a disinclination to use British 
results for the extension of arcs of meridian, or 
of longitude, or in the more recondite problem of 
the figure of the earth. British science suffered 
under a reproach which it was desirable to re- 
move, and not only did this sentimental grievance 
exist, but if the necessary co-ordination of British 
work with Continental could be effected, the 
measured arc of meridau could be extended from 
18 deg. to 28 deg., and that of longitude from 
57 deg. to 69 deg. On these two grounds, of 
general justification of British accuracy, and of 
extension of measured arcs, Colonel Close was 
willing to recommend that an adequate test should 
be made of the accuracy of the measured system of 
triangulation ; and apparently, if this preliminary 
investigation declared a deficiency in accuracy, he 
was prepared to recommend a mure drastic exami- 
nation. His argument took the following shape. 
The contention is that the agreement between the 
measured and the computed lengths of a particular 
base-line is a fortunate accident, that it is no true 
criterion, and affords no grounds for the confidence 
hitherto reposed in our geodetical observations. 
We will, therefore, measure with all the rigour of 
modern requirements a new base, remote from the 
old ones, and connect it by a new system of tri- 
angles with the old data. This test seems 
sufficiently severe, but whether it will be accepted 
by searching critics cannot be known yet. Prob- 
ably not, because the test is of the same character 
as the old—that of a measured distance, whereas 
it is asserted that the angular measurements are 
equally erroneous. In the British survey the 
probable error of a measured angle is + 1.20 sec., 
and on the Continent does not exceed + 0.25 sec. 
Into this particular point we do not propose to 
enter. As Culonel Close explains, the main object 
of a triangulation is the determination of distances ; 
triangular errors are only an imperfect test of 
linear errors. Moreover, we doubt the ibility 
of measuring a j second with a 3-in. telescope of 
24 in. focal length, supplied with a circle in which 
the tenths of a second are read by a simple esti- 
mation. 

Limiting attention to tests available, we have :— 

The Lough Foyle base, measured in 1827. 

The Salisbury Plain base, measured in 1849. 

The Lossiemouth base, measured in 1909. 

Table showing the Accordance of the Several Bases derived 
through the Triangulation, cxpressed as Fractions, prac- 
tically Percentages. 


| Salisbury, Lough 


Lossie- | 








Base. Plain. | Foyle. mouth. | Paris. 
Salisbury Plain ~ 12 1 > ee 
¥3,000 45,000 | 650,000 
‘Lough Foyle .. L | _ 1 1 
93,000 | 88,000 79,000 
Lossiemouth .. J _! LU - a 
45,000 | 83,000 42,000 
Paris .. he Oh eee oS 2g Sees 
505,000 79,000 42,000 


| 

There also exists the known length of a side of a 
triangle on the French coast, determined by modern 
triangulation, depending on the Paris base, and 
this has been connected with the English system. 
Consequently, at widely-separated points, there 
are means of comparing the measured len, of 
any base with the computed lengths, as calculated 
through the triangulation from any one of the other 
three lines. The fractions which express the error 


. | in terms of the distance measured can be seen from 


the table above. The relation between Lough 





Foyle and Salisbury Plain, ,.;,,, is the old value 
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derived in 1849. The other comparisons are all 
recent. 

It is also desirable to compare the computed dis- 
tances between selected stations as derived in the 
Principal Triangulation, and as deduced from the 
Lossiemouth Base. 








| Principal New | 
= Triangulation. Deduction. | Difference 
tt. tt. 
Mormond Hill to Oorrie- 
habbie 247,660.01 | 247,655.91 4.10 


Corriehabbie to Knock of 
G 


range ma --| 120,524.16 120,521.03 3.13 
Knock of Grange to Mor- 
mond Hill . . ee .-| 145,861.40 145,859.85 1.55 


Finally, if we assume that, with a constant length 
the discrepancy betweer. bases varies as the square 
root of the distances, then in the national surveys 
of Europe, India, South Africa, and the United 
States, permitting seventy-seven comparisons, the 
mean discrepancy corresponds to ,,. In the 
United Kingdom, with six possible comparisons, 
the corresponding fraction is ,,\,,- With these 
figures to guide judgment, one can subscribe 
heartily to Colonel Close’s conclusion, that the 
results are satisfactory, and that the influence of 
any remeasurement of the British arcs on the 
accepted figures for the earth would be insignificant. 
‘* If the money for such a remeasurement were to 
become available, it would be wise to spend it on 
some other geodetic operation.” 








TEXTILE MACHINERY DURING 1913. 

Ie there is one branch of engineering more sub- 
ject than another to cyclic periods of boom and 
depressior, it is that devoted to the production 
of textile machinery. This is only a reflection 
of the textile trades, because latterly we find that 
while cotton-spinning has been slack and cotton- 
spinning machinists have passed es a bad 
time, the reverse is the case in the woollen trade, 
both as regards the spinning of yarn, weaving 
cloth, and production of the necessary machinery 
to accomplish these two objects. It cannot be said 
that cotton-spinning machinists have had even a 
moderate year ; it has, in fact, been a bad one, and 
at the moment there does not appear much pos- 
sibility that conditions will mend. On the other 
hand, the loom-founders have experienced a boom 
in trade, and twelve months’ delivery was asked 


for at the beginning of 1913. Even now the loom. | f 


founders have not worked off their orders, further 
delay in the Burnley district being due to an unfor- 
tunate strike of engineers, which at the time of 
writing is still in progress. As stated earlier, the 
woollen and worsted machinery makers have had a 
good year, and that side of the industry has been 
particularly healthy. 

The Board of Trade returns for the firat eleven 
months of the Jast three years show that for that 
length of time in 1913, 7,597,5051. worth of textile 
machinery was exported ; during the same period 
in 1912, 6,456,239/., and in 1911, 6,219,181. Analys- 
ing the returns, one is struck by the considerably 
increased amount of textile machinery taken by 
Japan. The amount this year is 755,434l., against 
356,2721. in 1912, and 323,5411. in 1911. China 
also has doubled her importations, while India 
has taken some 700,0001. worth more. These 
figures are particularly interesting, inasmuch as 
they indicate clearly how rapidly these Far Eastern 
countries are advancing towards a high place 
amongst the textile-producing nations of the world. 
Japan, in particular, is likely to prove a compara- 
tively small but keen rival in the China market, 
and although at present the total amount of textiles 
she manufactures is less by a great deal than the 
amount we ship into China alone, nevertheless, in 
certain classes of goods, the expansion which has 
undoubtedly taken place will be felt by Great 
Britain and America. To date, the latter country 
is the only one to suffer. 

The year 1913 has not been very prolific in the 
birth of many new or striking inventions, but 
several improvements of a noteworthy character 
have been introduced, which clearly indicate the 
necessity that has created them. It is an undeni- 
able fact that in many branches of the textile 
industries there is a shortage of efficient labour, 
and particularly is this the case in the weaving 
industry. At the moment there are more weavers 
than warps, but the depression now existing will 
pass away, and should another boom of trade come 





along, as it will do in the natural order of things, 
many manufacturers will find themselves short of 
weavers. In other sections a similar shortage is to 
be noticed, and the raising of the age limit has 
removed many half-timers from the mills, whose 
occupation as doffers it is difficult to fill. 

Most of the more striking inventions were intro- 
duced towards the end of the year, and two of the 
most ~~ peer ones have not actually come into 
practical employment yet. In connection with 
opening machinery, the Youltenising process, 
employing the ‘‘Onyx” machine, was described 
as being revolutionary in character, and a moderate 
computation showed a saving of 1,000,000. to 
Lancashire if it were adopted. Briefly, the pro- 
cess entails the substitution of the ‘‘ Onyx” 
machine for the ‘‘ Porcupine” opener and first 
and second scutchers. The ‘‘Unyx’’ machine 
comprises essentially a revolving cage or grid, 
within which a beater having a series of helically- 
arranged beater-fingers rotates, and into which the 
cotton to be treated is blown. The great differ- 
ence between an opening machine of this type and 
one ordinarily employed is that in the case of 
the ‘‘Onyx” machine the material is beaten or 
“vibrated” in the air without it being knocked 
violently against or broken from hard surfaces, 
which occurs in the machines now employed. In 
a series of tests made a difference of ¢ per cent. 
more material was delivered from the ‘‘ Onyx” 
machine than from the machines it is intended 
to replace, which is fairly considerable. The 
improved cotton -waste preparing and spinning 
machinery described in a recent issue of Enet- 
NEERING is likely to create considerable interest 
in the possibilities for waste-spinning in Lanca- 
shire. It is more than likely that an attempt will 
be made in the near future to produce yarns here 
that are at present spun abr from waste cotton 
bought in, and exported from, Great Britain. 
One of the novel exhibits of the Ghent Exhibition 
was a double-sided comber, which unfortunately 
was not run sufficiently long or continuously to 
give an idea of its possibilities. The advantages 
to be secured from a machine giving double pro- 
duction on the same floor space as a single machine 
will be appreciated, but the complexity of the 

when a single-combing cylinder is em- 
ployed—and the difficulty likely to be experienced 
when adjustments are required, make the ultimate 
success of the machine problematical. 
Spinning cotton yarn on the bare spindles of ring- 


inventors with varying degrees of success. Durin 
1913 no new attempt has been brought to light, 
but in another section of the industry—namely, 
flax-spinning—a very successful dry spinning-frame 
has m invented. This machine, which was 
shown at Ghent, possesses distinct advantages over 
the wet spinning-frames, as the cops on be, and 
were, taken direct to a loom, being immediately 
placed in a shuttle and woven off. Not only would 
the machine spin dry flax cops on the bare spindle, 
but it was provided with mechanism which doffed 
the full cops and prepared the spindles to com- 
mence spinning. ew portable doffing mechanism 
of simple but <fficient construction is urgently 
needed in the cotton ring-spinning industiy. The 
shortage of half-time labour above referred to 
necessitates the employment of full-time labour 
to effect a piece of work that is non-productive. 
If mechanism could be devised that would remove 
the full bobbins and place empty ones on the 
spindles, a considerable boon would be conferred 
on ring spinners. As regards worsted cap-frames, 
a doffing device was invented a number of years ago 
and applied to several frames, but its adaptation to 
cotton-frames is a moot point. 

Towards the end of the year some remarkable 
news came forward from Catalonia, Spain, having 
reference to a new invention which was to revolu- 
tionise a section of the cotton-spinning industry. 
The inventor of this revolutionary mechanism was 
Don Casablanca, who formerly had been interested in 
worsted spinning, and had adapted what are known 
as ‘‘condenser card rubbers” to a ring-frame. The 
back and intermediate lines of drawiug-rollers are 
dispensed with. In place of them two endless 
leather bands, similar to those employed in waste 
or woollen carding-engines, are employed. These 
bands for a part of their travel are in juxtaposition, 
and the roving is fed between them. While carry- 
ing the roving the leathers are caused to pass 
through two abrupt angles, small rollers being 
employed to divert the leathers. Finally, the 


rames isa question that has attracted numerous | | 





leather bands part company at a point o ite the 
nip of the front inoxad soles ant t e@ roving 
is drawn into these rollers, and spun in the ordi- 
way. By the method described it was stated 
to unnecessary to employ an intermediate or 
roving-frame, but to take the slubbing direct from 
the slubbing-frame and utilise that, thus saving 
two machines and two processes. Since it was 
first spoken of the claims have been modified some- 
what, although it certainly appears that there is 
something tangible and of value in the invention. 

One important movement that must be recorded 
is the increasing employment of special types of 
weft-winding frames. It cannot be said that 
British machinists have been responsible for the 
extended use of these pirn-winding machines ; the 
improved machines have been evolved largely in 
the United States and Germany. The latter 
country had quite a notable display of weft- winding 
frames at the Ghent Exhibition, many novel features 
being employed in their construction, although the 
machines themselves appeared somewhat light for 
the high speeds considered necessary in re-winding 
weft yarn. There is every reason to believe that 
this advantageous method of supplying weft to the 
shuttle will be very largely in the future, and 
already British textile machinists are constructing 
machines which will compare more than favourably 
with those of foreign origin. One particular advan- 

ed by many British textile machines is 
their stability and endurance under hard working 
conditions. ; 

Automatic looms do not as yet find considerable 
favour in this country. Whether or not the manu- 
facturer will be forced to adopt some form of auto- 
matic mechanism to counterbalance the shortage of 
weavers remains to be seen, but up to the present 
the pinch has not been very severely felt. A recent 
ee ee in looms—namely, the application of 
ball-bearings—is interesting, inasmuch as it indi- 
cates another tendency in textile machinery con- 
struction which was absent a few years ago. 
Textile machinery is made and sold at a remarkably 
low figure when one compares it with other classes 
of mechanical devices. Many loom-makers within 
recent years used to point with pride to the fact 
that the frame-ends of their looms were planed, 
and this was considered quite an innovation. Con- 
siderable progress has been made during the past 
five or six years, and the looms to-day certainly 
show much better engineering work than they did 
formerly. The introduction of ball-bearings into 
oom practice is to be commended. Chains are also 


g | being used to drive certain parts of textile machines, 


and an extended use of this form of transmission 
may be looked for. A particular application to 
looms is interesting. The agitation against steaming 
in weaving-sheds has produced a number of humidi- 
fying or warp-damping devices which can be applied 
to each individual loom. In place of rendering the 
whole atmosphere of a weaving-shed heavy with 
suspended moisture in order to humidify the warps 
in the looms, and thus render them more prepared 
to meet the strain of weaving, devices which apply 
moisture direct to each individual warp have been 
invented. Some of these are quite admirable in 
their efficiency, and the results secured have been 
most satisfactory. 





THE FRENCH NAVY. 

A Law which was passed on March 30, 1912, 
governs the constitution of the French maritime 
defence. This law was not, however, considered to 
fulfil all the requirements from the point of view of 
the personnel of the navy, and a Bill was introduced 
in the French Chamber on November 4, the 
object of which is to complete the law in question. 
This Bill states that a former law, that of June 10, 
1896, which hitherto had regulated the status of 
the personnel and promotion, no longer meets the 
present-day conditions. The number of officers 
on the Navy List, which it established, is now 
insufficient to ensure the service requirements of 
the new departments since formed, such, for 
example, as those for aeronautics and the inspec- 
tion of powders. Modern battleships, moreover, 
require a greater number of subordinate officers 
than those of former years, and steps have of 
necessity to be taken to meet the present-day 
needs under this head also. In order to fulfil the 
conditions, even if no modifications were made in ~ 
regard to the services and the promotion of the 
naval officers—in other words, if former conditions 
continued to rule in regard to the personnel—the 
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composition of the Navy List to meet the present- 
day requirements, established according to the 
law of 1896 with the 1912 amendments, would have 
to be the following :— 
a. Vice-admirals 
b. Rear-admirals 
ce. Captains ... bias ond a pet 
d. Captains of less than three years’ 
seniority ... ove eee oe ane 
. Lieutenants ea a seal 1100 
. Lieutenants of less than eight 
seniority and sub-lieutenants 870 
But the Bill of November 4 provides for modi- 
fications, and recommends, among other points, the 
re-establishment of the rank ‘‘ capitaine de cor- 
vette,” which would correspond to our rank of 
commander, 
The -Navy List, as governed by the law of 
June 10, 1896, was the following :— 


a. Vice-admirals 


16 
30 
115 
250 


years’ 


15 
30 
125 


215 

e. Lieutenants ie ash ss a 754 
f, Lieutenants of less than eight years’ 

seniority and sub-lieutenants se 590 

At first sight it would ap says the Bill in 

uestion, that this latter emis, the one in- 
cluded in the law of 1896—would be more favour- 
able to promotion than the one which precedes it 
above and which resulted from the 1912 amend- 
ments. But such is not the case in reality, since 
the average age of the officers promoted to the 
rank of captains under d, ‘‘ capitaines de frégate,” 
has béen gradually on the increase; it is now 
forty-five, and statistics show that this average 
would very soon reach forty-seven, and even exceed 
this latter average. The age of the senior captains, 
** capitaines de vaisseau,” and admirals follows in 
equal progression. The French naval officers, it is 
stated, are generally ten years older than foreign 
officers of equal nak, and many of them, seeing no 
chance of promotion, become discouraged and leave 
the service. On the other hand, the number of 
cadets entering the naval college has gradually 
decreased for some years past. 

The Bill in question proposes to improve the 
situation. In the first er it proposes to make 
a large call upon the fleet crews. The ancient 
corps of ‘‘ adjudants principaux ”—i.e., the highest 
cuiag non-commissioned officers—is to be trans- 
formed into a larger corps of ‘“ fleet crews’ 
officers ;’ members from this latter corps, whilst 
retaining their special calling, will be taken for 
duty in the land and school services as occasion 
requires, and will thus occupy positions which 
hitherto had to be taken by a large number of the 
junior lieutenants and by most of the sub-lieu- 
tenants. These steps, together with the placing 
on board of chief petty officers—i.e., ‘‘ maitres 
principaux” (who rank immediately below the 
‘*adjudauts principaux ”’), will give a certain latitude 
in respect to the number of sub-lieutenants, most 
of whom are in future to be employed on board 
ship, and are expected to remove one of the difti- 
culties the navy has met with in the past. But 
they would not reduce the average age of the 
officers promoted to the rank of captain under /. 

Considering the situation from this point of 
view, the promoters of the Bill find it absolutely 
necessary to establish anew the rank of ‘*capitaine 
de corvette ” (equal to that of major in the French 
army), which would co: nd to our rank of 
commander, and also to — a ition on land 
for those officers who would be detached from service 
with the main fleets when occupying that rank. 
Such a position on land would now be available 
owing to the necessary transformation of the Co 
of Hydrographers, and to the institution of a 
Corps fur the Defence of the Naval Fortifications. 
The re-establishment of the »ank of commander 
has been repeatedly as from the military stend- 

oint. Its re-establishment, moreover, is fully 
justified by the following consideration—namely, 
that in order to compensate for the risks of a 
career in which success will become more uncertain 
as time goes on, it is incumbent upon the Admiralty 
to offer to the staff the prospect of obtaining as 
early as possible both the material and the moral 
advantages which surround the position of a senior 
onThs extension of the Fsebth possessi 

e extension of the ch colonial io 

the increase in the displacement and in the ma | 
of ships, the development of submarine navigation, 
demand the complete reorganising of the Hydro- 


b. Rear-admirals 

ce. Captains ... aa ae oe wis 

d, Captains of less than three years’ 
‘seniority ae wes oe 





graphy Department. Notwithstanding their zeal and 
capability, the eighteen officers now constituting 
the staff of this department are able only to under- 
take a minute portion of the work required. By 
increasing is ee to tag Aree + ge as the Bill 
TO , there wi a ibility of promotion 
. be Gans, and if its ashen be salected from 
among the navigating officers they will be able to 
command their own special ships, and thus to 
centralise all the questions which appertain to their 
department. The Corps for the Defence of the 
Naval Fortified Towns is, according to the Bill, to 
be in future under the jurisdiction of the Naval 
authorities, and its members will be selected from 
amongst naval officers. 
The Bill then proposes the following for the com- 
position of the Navy List :— 
a, Vice-admirals 
 Resriedinirals, dvainsgon) 7” 
ec. Captains aines de vaisseau) ... 
d. Captains of a than 3 years’ seniority 
(Capitaines de frégate) én wal 
d@', Commanders (Capitaines de cor- 
vette) o eee ove one 
e. Lieutenants 


ul Lee a. ae 
f,. Lieutenants of less than 8 “a —_ but 


16 
30 
115 
210 
325 
830 


seniority ... 
41, Sub-lieutenants 


The officers, from the rank of captain downwards, 
would be placed on the retired list at the following 
age limits :— — ' 
ond Delonas 
Departments. 


Fleet 

Service. 

Captains (capitaines do 
vaisseau) he ... 55 years 60 years 
Captains (capitaines de 
frégate) on wae - a. 
50 ” 56 ” 
Lieutenants... ay ts 53 Cs, 
Sub-lieutenants mi 


The higher non-commissioned officers in the fleet 
service would retire at 56, 53, and 50 years of age, 
according to their rank. 

The Bill also enters into the details of the 
Service, and gives the conditions which rule for 
promotion and pensions. We find in it no reference 
to the naval enyineer-oflicers, which confirms us in 
the belief that in France this point has been settled 
by former legislation to the satisfaction of all 
concerned. 


Commanders 





OPTICALLY EMPTY SOLUTIONS. 

A creat deal has been made in recent years of 
the argument that the diffraction phenomena, to 
which the colour of the blue sky and the luminosity 
of certain solutions are ascribed, show that the 
air or solutions must contain solid dust, vapour 
particles, or complex molecules, which are suffi- 
ciently substantial to act like dust particles in 
scattering the light. The conical beam of an elec- 
tric lamp is sup to be visible in turbid media, 
like ordinary air and ordinary solutions, because 
they are not free of solid impurities, but to be 
invisible in really pure solutions and gases. The 
experiment is -well known that-a beam of electric 
light passing through a glass vessel or a tube filled 
with very pure air is ieulty visible, but that it shines 
brightly when cigarette smoke is blown into the 
vessel, Since it is exceedingly difficult to remove all 
traces of dust from gases and solutions, it was under- 
stood that most of these substances would give the 
Tyndall effect—i.e., a luminous cone. But Walthére 
Spring, of Liége, and Lobry de Bruyn and Wolff, 
of Amsterdam, claimed to have prepared ‘‘ optically 
empty” solutions not showing the Tyndall effect. 
The best method seemed to be to produce in the 
respective solutions a precipitate of a substance 
like zinc hydroxide, which would settle very slowly 
and carry any dust present down with it, when the 
light of an arc lamp was focussed in the medium in 
question. 

In this way Lobry de Bruyn obtained some 
a. empty solutions of alkali salts, e.g.; but 
when his solutions contained certain sugars like 
raffinose of high molecular weight (504), a faint 
light cone was again observed, and this was sup- 
posed to indicate that substances of high molecular 
weight could diffract the light. Spring prepared 
some solutions in 1904, and tested them again in 
1910. On the second examination he found that 
several solutions which had given the Tyndall 
effect in 1904’ would no longer'do so in 1910, as if 
they had settled down to the optically-empty con- 
dition ; but it was not so with some more concen- 





trated solutions. Both Spring and Bruyn are dead, 
and very careful experiments of this kind have not 
often been made. It is indeed difficult, as we re- 
cognised some years ago when we noticed Spring’s 
last researches of this kind, to find out exactly 
what precautions he applied; he spoke, for in- 
stance, of making check tests with fresh solutions 
of those salts which had become optically empty 
in the course of five years or so, without giving 
particulars of their preparation. 

The subject was recently raised again by Pro- 
fessor Le Blane, President of the Bunsen Gesell- 
schaft, at the annual meeting of that body held in 
Breslau Jast A He had resumed this study 
in connection with one of his pupils, Mr. Kangro, 
and he stated that he had been unable to ascer- 
tain the exact experimental conditions of Spring 
and Lobry de Bruyn. Kangro cleared his solutions 
by means of zinc chloride and caustic soda ; such 
solutions of sodium salts did not show the Tyndall 
effect under ordinary conditions, but they did when 
all external light and light reflection, &c., were 
excluded. He placed his solutions in a cubical 
glass vessel, enclosed by a dark box, passed the 
horizontal beam of an electric arc-lamp into it, and 
examined the beam from below through a Nicol 
prism mounted over a camera. The di light 
is all polari ; when, therefore, the light was 
examined with the prism in different positions, he 
would in the one case obtain a blackening of the 
photographic plate, due to the reflected and the 
— light, and in the other case only the 

lackening due to the reflected light (the polarised 
light being arrested by the Nicol). The pa 
between the two degrees of blackening would 
represent the amount of diffracted light, and com- 
parisons could be made in this way, though not 
quantitative measurements ; for the reflected light 
would itself be partly polarised. By these means 
Le Blanc ascertained that solutions like Spring’s 
a ee salt solutions were not really optic- 
ally empty. He observed, on the other hand, that 
solutions containing sugars of high molecular weight 
showed more diffraction than solutions of salts of 
small molecular weight. There was an uncertainty 
as to this result, however, because these concen- 
trated sugar solutions were viscous and would not 
allow the zinc hydroxide, which was to serve as 
clearing agent, to settle for many hours or even 


days. 
The experiments above referred to are, of 


course, not decisive. But they would tend to 
prove that great care should be exercised in using 
the Ly effect, as has frequently been done 
recently, for determining whether a solution is 
colloidal or not. When the experiment is made 
in such a way that a little external light can 
in access, the Tyndall effect seems to vanish, 
But the solution need not be optically empty for 
all that. Professor Le Blanc expressed the opinion 
that distillation under especial precautions would 
be the best method of securing perfectly pure solu- 
tions or liquids, all the solid impurities being first 
got rid of by several partial condensations. Pro- 
fessor Henri, of Paris, recommended the 
so called ultra-filtration—that is to eay, filtration 
under pressure through skins of collodion. These 
skins—first a by Malfitano, we believe, in 
the study of colloids—are prepared by dipping a 
test-tube into a solution of collodion in ether and 
alcohol, the process being repeated several times 
until a sufficiently thick stocking of collodion can 
be pulled off the glass tube. Professor Henri did 
not question that he had obtained solutions free 
from dust by this ultra-filtration, and Professor F. 
Kriiger, of Danzig, did not see any reason either 
to doubt the existence of optically empty solutions, 
since determinations of ancbouber weights had been 
based upon the assumption of diffraction by complex 
molecules. A further experimental investigation 
of the phenomena will, in any case, be desirable. 





NOTES. 
Roap EXPERIMENTS IN SCOTLAND. 

A committee of the Institution of Municipal 
and County Engineers (Scottish district) is about 
to lay down a number of test lengths of road in 
various parts of Scotland. The Road Board is 

ting financial aid and yielding other assistance. 
fo oune of the test lengths laid at Sidcup, Kent, 
by Mr. Maybury, the determining factor in the 
endurance of the road was the density of the traffic, 
which averaged about 3000 tons per day. Traffic of 
this intensity has not to be provided for in many 
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districts, and in Scotland in particular weather is 
often a more important factor than the actual 
tonnage passing over the roads. In selecting dis- 
tricts for the proposed road tests special attention 
has accordingly been paid to this consideration, 
and the eight sites chosen are representative of the 
weather extremes to be met with in Scotland. A 
memorandum on the best methods of conducting 
the tests and the various parts to which attention 
should be directed, has been drawn up by Messrs. 
J. Walker Smith and David Ronald. e observa- 
tions will include data on the physical and local 
conditions, traffic and climate, as well as accurate 
measurements of the road wear, condition of 
surface, and of its initial and annual cost. At each 
of the eight sites selected eight different methods 
of road construction will be tested, as follows :— 
(1) Ordinary water-bound macadam, with the metal 
generally used in the locality, preferably whin- 
stone. (2) The above surface tarred with distilled 
tar to the Road Board specification. (3) Maca- 
dam 3 in. thick, grouted with a mixture of pitch 
and sand. (4) ae swe 3 in. thick, grouted with 
pitch alone. (5) The above surface sealed with 
prepared bituminous macadam. (6) Tar-macadam, 
surface sealed with distilled tar. (7) Tar-macadam, 
surface sealed with Trinidad bituminous mix- 
ture. (8) Tar-macadam sealed with Mexican bitu- 
minous mixture. Complete specifications for each 
of these types of surface are included in the 
memorandum. 


Tue DRAINING OF THE ZUYDER SEA. 


The draining of the large bay in the northern 
of the Netherlands, known as the Zuyder Sea, 


is now being discussed by the States General, | his 


and it looks as if the great work which was - 
mg: sixty years ago would now be finally attacked. 

e idea was first seriously considered while the 
Harlem Sea or swamps were being drained in the 
years 1840 to 1853. it took as much as thirteen 
years to complete that work, but it soon repaid itself; 
and if the big Zuyder Sea should be completely 
drained, and the very low foreshores reclaimed 
at the same time, the area of the kingdom of the 
Netherlands would be increased by one-seventh— 
i.e., by about 2000 square miles, at a total expendi- 
ture of something like 18,000,000/. If, as is con- 
templated, part of the sea is to remain an inland 
lake, the new Province of .the Zuyder Sea will 
look somewhat as the country did in the days of 
the Romans. In that age there was in the extreme 
north-east of the country the Lacus Flevo, but the 
various arms, into which the Rhine branches almost 
immediately after leaving the Prussian territory, 
did not flow and bifurcate as they do now. The 
chief of these branches which at present enters 
the Zuyder Sea is the Ijssel, and the inland sea to 
be left is to be called the Ijssel Sea. Terrible tides 
and storms weakened the bridge of land which 
separated the Lacus Flevo from the North Sea in 
historical times until the barrier was completely 
broken in 1277. The Zuyder Sea at present forms 
a shallow basin, of an average depth of about 10 ft., 
being nowhere deeper t . The project 
which is submitted to the States General is due 
to Lely, who first proposed it in 1892, when a 
member of the Government. It is not intended 
to spend the sum mentioned in afew years. Com- 
paratively slow operations are imperative for various 
reasons, and thirty-two years, it is thought, will 
aw elapse before the scheme is completed. 

uring these years the ground reclaimed will 
begin to yield returns, and for this reason it is 
expected the cost will not reach the calculated 
figure. The reclaimed ground is to be converted 


into ‘‘polders.” One of the biggest items in 
the Lely project, which has been revised and 
modified so many times that it may be regarded 


as reasonably sound, is. the erection of a dam 
for keeping the North Sea out. This dam is 
to cross from Ewijk, on the peninsula of North 
Holland, to the Island of bien and from there 
again to Piaam on the mainland. As Wierin- 
gen is near North Holland, an artificial island is 
to be located nearer the mainland, so that the 
latter dam section is shortened. Work is to be 
started from these several bases at the same time. 
The two chief dams will join at an obtuse angle, 
and have a total length of about 40 km.; the 
height is to be 18 ft., the width 30 ft. at the base 
and 63 ft. at the top ; a railway and a road are to 
run the inner side of the dams. On the 
outer side a smaller protective dam is to be 
erected to break the power of the waves from the 





North Sea. The building of the dam is rendered 
more difficult by the necessity of providing locks 
and canals, so as not to interfere with local shipping. 
Amsterdam itself is little interested in this part 
of the scheme, since it has its main outlet to the 
North Sea westward by the great canal which ter- 
minates at Ymuiden, How the fishermen will fare 
when their fishing-grounds are laid dry, and the 
anchovies and other fish kept out, is a grave problem, 
which, however, has received full consideration. It 
is believed that the slow advance of the work will 
lesson the hardship. Compensation is to be paid, 
and if some hun or even thousands will | be 
deprived of one way of earning their living, it 
is hoped that the reclamation will benefit many 
more. 


New Year Hownovrs. 


The one or two notable distinctions to prominent 
scientists and engineers included in the list of 
honours conferred by the King only serve to 
accentuate once more the apparent lack of recogni- 
tion of the work which, probably more than any 
other, helps to advance the prosperity and well- 
being of the Empire. Weare glad to note, however, 
that to one of the vacancies in the Order of Merit 
there has been appointed Sir Archibald Geikie, 
K.C.B., D.Sc., LL.D., Past-President of the Royal 
Society, who, it will be remembered, was knighted 
in 1891, and received a Knight Commandership 
of the Order of the Bath in 1907. The conferment 
of this honour will be very widely approved. Of 
the new baronets, engineers throughout the world 
will be glad to congratulate Mr. William Beard- 
more, the chairman of the company that bears 
is name, and of which his father was the 
founder. In the recent history of Bu:tish 
industry no more gratifying phenomena has 
been revealed than the rapid progress of this firm 
in armour-plate manufacture, gun construction, 
shipbuilding, and marine engineering, and this is 
entirely due to the enterprise and courage of the 
new baronet. One must not forget either the 
evidence he gave of his broader scientific and 
patriotic spirit in his support of Antarctic expedi- 
tions, which will be for ever commemorated by 
his name being given by Sir Ernest Shackleton 
to the Beardmore Glacier. Another of the 
new baronets, Mr. John McFarland, of London- 
derry, is a well-known engineering contractor, and 
amongst his noted works was that in connection 
with the Thirlmere Water Works for the supply of 
Manchester. A knighthood has been conferred 
a Mr. Alex. Kaye Butterworth, general manager 
of the North-Eastern Railway since 1906, and 
upon Professor Ernest Rutherford, F.R.S., of 
the University of Manchester. Companionships 
of the Bath have been conferred upon Captai 
Murray Fraser Sueter, R.N., who has done 
splendid service in connection with the air fleet of 

e Navy, and upon Major Aston McNeill Cooper 
Cooper-Key, Chief Inspector of Explosives at the 
Home Office ; while Companionships of the Order 
of St. Michael and St. George have been conferred 
upon Mr. Archibald Graeme Bell, Director of Public 

orks and Inspector of Mines, Trinidad, and upon 
Mr. Charles Barnard Evans, Commissioner for Rail- 
ways, Queensland. A Companionship of the Order of 
the Indian Empire has been bestowed upon Mr. 
Frank Edward Gwyther, Chief Engineer and Secre- 
tary of the Irrigation Branch of the Public Works 
De ent, Punjaub, while Mr. William Arthur 
Johns, Chief = ned and Senior Government 
Inspector of Railways, Lahore, has received the 
honour of knighthood. Another point which is 
8 ttable characteristic in connection with 
such honours is that no recognition is paid either 
to the constructive department or to the engineer- 
ing side of the Admiralty. Again, in the list of 
special promotions in the Royal Navy, many com- 
manders and lieutenants of executive rank get 
a step up in rank, but there is no reference made 
to engineers. 


Spontaneous Comsustion 1n Coat-MINEs. 


The minutes of evidence of the Departmental 
Committee on Spontaneous Combustion in Coal- 
Mines, which was sitting in the months February to 
July, 1913, have now been published as a Blue Book, 
and we wish to-day to refer to the evidence given 
by Dr. R. V. Wheeler, chief chemist for the Home 
Office at the experimental station at Eskmeals. 
Reading through this evidence, one can only come 
to the conclusion that a great deal more investi- 
gation is required before any final opinion can be 





expressed. The questions put by the members 
of the Committee present, particularly by Mr. 
R. A. 8. Redmayne, Sir Arthur Markham, and 
Mr. C. E. Rhodes were, in many instances, quite 
as important, of course, as the answers they 
elicited, and one member of the Committee’ not 
infrequently answered another. A { many 
analyses have, of course, been a = the co- 
ordination of these analyses and tests is often 
very difficult ; a coal may have been analysed from 
a certain point of view, but not from others, and its 
exact position in the bed, the of the sample, 
the nature of the work, and other circumstances 
may not be known, and hence general conclusions 
cannot be drawn. In Durham and Northumberland 
spontaneous coal fires are practically unknown ; in 

th Yorkshire, Warwick, and South Staffordshire 
theyare most common ; in some of the Barnsley 
bed no case has ever occurred, whilst two miles away 
they are very frequent. The occurrence of pyrites, 
especially of finely-disseminated pyrites, has often 
been held responsible. Dr. Wheeler did not attach 
much importance to their presence, however ; in 
his opinion, self-heating was chiefly due to an 
ac combination of oxygen with the coal sub- 
stance. The higher the oxygen content, he said, 
the more readily the coal would self-heat. By this 
oxygen he meant not occluded gas—that was 
another feature—but oxy contained in the 
combined state in the coal. He regarded coal— 
as we have pointed out on other occasions—as 
containing mainly two classes of compounds, 
broken-down cellulose and resins; the former 
would contain more oxygen and hence be more 
important. The amount of volatile matter was 
not decisive. As regards atmospheric oxygen, 
the coal would be heated to a certain tem ture 
by atmospheric oxidation ; then interaction between 
the oxygen compounds in the coal and the more 
inflammable constituents of the coal would set in, 
and self-heating would result. He admitted that 
this was pure hypothesis. His experiments on the 
influence of oxygen absorbed from the atmosphere 
had led him to a relative temperature of self- 
ignition—which was not the temperature, however, 
which he had determined by his previous experi- 
ments on the ignition of coal-dust, as we explained 
some time ago. With respect to the influence of 
moisture, it was known that all tical miners 
dreaded moisture as a cause for self-ignition, whilst 
most of the scientific experiments showed little 
influence. Ventilation would affect the occlusion 
of oxygen as well as the influence of moisture, and 
he agreed with Fayol that there should be either 
no ventilation at all or extreme ventilation ; the air 
current would dissipate the heat generated by the 
absorption of oxygen. This absorption would lead to 
the formation, in the first instance, not of carbon 
monoxide or dioxide, but of some 9 pow 
complex—a kind of loose compound. The condition 
of the roof, its tendency to crushing, exercised 
influence. Some miners thought that self-ignition 
could not arise in the absence of shales, But 
there was no agreement as to this nor as to the 
dangers introduced by the presence of oils, which 
might be formed in the coal under the conditions 
of heat and moisture. The question of bacteria was 
also discussed ; that coal could really be sterilised 
might be doubted. On all these points, the Com- 
mittee , experiments were desirable on a large 
scale. e Blue Book is full of interesting matter ; 
it was also stated, ¢.g., that birds (canaries are 
used as detectors of carbon monoxide), and even 
men, become immune to the effects of this poisonous 
gas. 





TECHNICAL EDUCATION IN CHINA. 


By Professor Hersert Cuatiey, B.Sc. (Eng.), 
M. Inst. O.E.I. (Tang-Shan Engineering Col- 
lege, Chih-li). 

Arter many centuries, the civilisation of the 
Celestial Empire is undergoing a change, and the 
Occidental world is considerably interested in the 
process. The publicists declare that, to some 
extent at least, the fate of States depends on the 
present development of affairs in China, and 
there can be no doubt that that country is rapidly 
emerging from the relative obscurity which has so 
long separated it from European interests. It is 
not, perhaps, too much to say that the ‘‘awaken- 
ing ” of China is largely due to mechanical science, 
Just as the railway quickened the life of Europe 
and America to a igi nae Sere 
ance of steam navigation rendered the Far 
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easily accessible, and brought the strenuous 
European to its yates in sufficient numbers and 
with sufficient power to force the reluctant Chinese 
into commercial relations. There is now no need 
to recapitulate the unhappy history of the gle 
in China during the nineteenth century. uch 
might be, and has been, said on both sides ; but for 
good or ill, the Chinese nation is now committed to 
a policy of emulation of the Westerner. 
he industrial development of Europe and 
America is based on a deeper knowledge of the 
hysical principles of Nature than has ever before 
case widely ; and the Chinese realise that 
only by adiligent study of applied science can they 
hope to rise above a position of economic slavery. 
Whether by their own fault or not, the latter term 
certainly describes their present position, and 
efforts are already being made in some directions 
to pave the way to a better condition of things. 

The introduction of Western science began, of 
course, with the appliances brought into the country 
by foreigners for their own use, and, later, for sale. 
Railways, aw adopted by the Chinese as 
political weapons, brought with them engineers 
and machinery ; Chinese artisans were trained to 
use foreign machines, until a: the present time there 
are several thousand men in the country who are 
more or less qualified as mechanics. 

The official class was slow to accept the necessity 
of developing a type of educated craftsman. Even 
now there is in high quarters a similar dislike of 
the engineer as a kind of glorified coolie, as pre- 
vailed in aristocratic circles in England during 
the dawn of the mechanical era. Nevertheless 
the Government, spurred by foreign example and a 
latent consciousness of the relative deficiency of the 
Chinese nation, for some twenty or more years has 
made spasmodic efforts to introduce technical educa- 
tion. Students were, and are still, sent to Europe 
or the United States to receive a technical educa- 
tion, and a few schools were started in the country 
under foreign instructors. The attempt has not, 
however, proved the success which was anticipated 
from the Spanien example, and it is only within 
the past few years that there has been any definite 
prospect that such a thing as a Chinese engineer 
could be conceivable. Isolated examples like Dr. 
Chan Tien Yu, the builder of the Pekin-Kalgan 
Railway, have been held by the ‘‘ old China hand” 
to be exceptions which proved the rule that the 
Chinese brain was incapable of assimilating the 
dynamic principles which have made the European 
world what it is to-day. This ungenerous, but not 
altogether unnatural, attitude still prevails in many 
quarters. The graduates who return from Euro- 
pean or American technical universities are accused 
of a lack of practical knowledge and skill, and are 
said to be sucked into the vortex of official corrup- 
tion with the same rapidity as the men of the old 
type were. The opinions of the ‘‘ old China hand” 
are conveyed to the Press and public of Western 
countries, and the dogmas so propagated are 
generally accepted. The present writer has had 
several years’ experience with Chinese students, 
and has come to the opinion that this seriously 
adverse judgment is not wholly warranted. The 
question should, in his view, be considered in the 
light of the Chinese temperament and traditions, 
which differ considerably from those of the Japanese. 
A somewhat similar attitude prevails even in 
England towards the young and inexperienced 
engineer. There it is ‘‘lived out,” but in China 
time has not elapsed for this to occur. 

In China there is a general belief in the inferiority | 
of manual work. The ancient classification of men | 
into ‘‘Shih, Nung, Kung, Shang” (scholar, agri- 
culturalist, citizen, and shopkeeper) still prevails, 
and China’s real struggle in this direction is to 
overcome the weight of feeling which this formula 
expresses. Even the very men who wish to become 
engineers idealise the engineer as a ‘* boss ” whose 
function is to plan and order, without necessaril 
having experienced the patient drudgery whic 
actually accomplishes the results. There is much 
reluctance on the of well-born men to soil 
their hands in the workshop. Nevertheless the 
present writer strenuously denies the impossibility 
of creating a real Chinese engineer. Under per- 
sistent suggestion the mind of the Chinese student 
shows its ability to grasp the advantages of prac- 
tical work, and, provided the instructors can keep 
the men under their own control, sympathetic 
treatment will produce the desired result. A 
difficulty still exists in the fact that tradition 





implicitly forbids the uneducated artizan to rise to 





official rank, so that the working of man, 
however apt and intelligent he may be, has the 
greatest difficulty in — beyond a certain point. 
He is, moreover, very likely to turn into the 
direction of profitable contracting, in which he may 
certainly make money, but does not develop his 
full capacities. Still another difficulty exists in 
the tacit and often subconscious hostility of 
the foreign engineer engaged in executive work 
in China. Whether he be of long standing 
or but newly arrived, he has been, or is, fully 
per suaded of the incompetence, sloth, and financial 
irresponsibility of the official class, and he makes 
endless difficulties in the way of the latter’s pro- 
gress. In many of the Government works con- 
trolled by foreigners it is the practice for the 
Chinese officials to send ‘‘ apprentices” to learn 
the work. These men are in many cases insuffi- 
ciently trained to appreciate it, or they are of the 
type of those whose ‘‘influence” exceeds their 
capacity. By such all are judged, and in any case 
they receive the minimum of assistance. Their own 
countrymen of the labourer type are not willing to 
aid them, since they regard them as interlopers who 
receive the same or better wages for work which 
is neglected or badly done. Under thesevere com- 

titive conditions which exist in China the main 
interest of the ‘‘coolie” is money. Considerations 
of efficiency, pride in his work, or patriotic interest 
in his country’s development are as nothing. 

It would not perhaps be inappropriate to inquire 
what proportion of English workmen have a dis- 
interested appreciation of engineering development. 
Anyway, the condition in Chinese workshops is such 
as is here represented. The foreigner is generally 
of a type which cannot sympathise with the Chinese 
in any respect, and only holds to his job because of a 
good salary. His superintendence of the work con- 
sists in transmitting instructions through native 
overseers, and in correcting the mistakes which 
occur through the same channel. Owing to a mis- 
taken caution on the part of the Chinese officials, 
foreigners are rarely given actual control of the 
expenditure and organisation of the personnel, so 
that the foreign interest generally ends in the 
execution of the work up to a reasonable standard. 

In the colleges, on the other hand, there are 
again difficulties. Under the Manchu dynasty, as 
soon as the more progressive officials realised the 
necessity of technical training, a difficulty was 
found in obtaining men. Young men of brains had 
their natural outlook in official rank, to be obtained 
through the literary examinations, and needed 
special inducement to divert their attention to bar- 
barian and undignified arts. In the college with 
which the writer is connected, it was at first 
necessary to provide free board, tuition books, and 
travelling expenses, together with a prospect of 
official positions of value when the course was com- 
pleted. Moreover, the students all along con- 
ceived that they were conferring an obligation on 
the country by undertaking studies which were 
really unworthy of their high intellects. Con- 
tinuous contact with foreign instructors and actual 
experience of scientific facts, gradually dispelled 
the main illusion, but the tradition still faintly in- 
fluences the work. 

In almost all cases instruction is given in the 
English language, and is up to the pass standard of 
the modern English universities in the engineering 
faculty. The language naturally causes some 
difficulty. The spirit of the European languages is 
so foreign to that of Chinese that, while there is 
no difficulty in acquiring a vocabulary which will 
serve as Pidgin English (i.e., a more or less literal 
translation into English of colloquial Chinese), the 
inflections and syntax are not easy to master. 
Even those students who have been seven or more 
years under English instructors are not fluent, but 
can, nevertheless, make themselves clearly under- 
stood on technical matters of an involved character. 

There is no immediate prospect of such work 
being performed in the Chinese language, even 
when hems are sufficient trained Chinese to lecture 
on engineering subjects. The Chinese language, 
although in many respects very expressive, is quite 
unsuited for the ex ion of scientific terminology. 
In most cases, whatever has been done in this 
direction consists in transliteration of foreign 
words. The phonetic weakness of Chinese speech 
makes such words almost unintelligible, and, of 
course, they are devoid of etymological value. 

Still other hindrances arise from the low state of 
public finances. Institutions have been founded 
from time to time with excellent prospects and the 


commencement of a good equipment, but after 
a lapse of two or three years circumstances arise 
which make it impossible to complete the installa- 
tion in an adequate manner. 

A concrete example will probably illustrate 
matters best. The college before referred to was 
founded by the present President of China and 
another high official (Ho-yen-mei) in 1905, as the 
result of the suggestion of Mr. Claude W. Kinder, 
C.M.G., who was then Engineer-in-Chief to the 
Imperial Railways of North China. It was then 
intended as a railway school with a mining 
section. Nearly 100,000 dols. (Mexican) was spent 
on buildings, and an annual allowance of almost 
the same amount was provided for upkeep. 
The salaries of the foreign staff absor a 
large part of this ; but, under the circumstances, it 
was sufficient. The founders made very little 
provision for ap tus, and when the present 
writer arrived early in 1909, beyond some surveying 
instruments and partially-equipped chemical and 
physical laboratories, there was very little equip- 
ment. During 1909 it was decided to transfer the 
control directly to the ‘‘ Board of Posts and Com- 
munications ” at Pekin. This body has general 
charge of all the railways in China, and is more in 
touch with progress than any other. At the same 
time the scope was expanded to that of a general 
Engineering College, and a further amount of about 
80,000 dols. (Mexican) was spent, about half in 
equipment and half in additional buildings. 

This makes a total of about 200,000 dols. 
(Mexican), which has been invested, an amount at 
present about equivalent to 20,0001. This at first 
sight would appear to be ampie ; but when it is 
remembered that this includes all the accommoda- 
tion, both residential and educational, for about 
eight professors and 250 students, it will be 
seen that there is very little to spare. As a result 
the equipment of the mechanical and electrical 
departments is woefully lacking. One or two 
small engines, enough machine-tools for three or 
four men, and a few electrical machines, complete 
the present installation in this direction. The 
generous example set by English manufacturers in 
donating machinery to the Hong Kong University 
has led to the hope that they might do similarly at 
Tang-Shan, but as yet only a few offers have been 
forthcoming. The financial stress which has been 
produced by the revolution and the subsequent 
rebellion has caused the maintenance allcwance to 
be also reduced, although things are kept running 
as well as can be expected under the circumstances. 

The condition outlined above is typical of what 
— in most Chinese colleges, and it is very 
uphill work for those in charge of them. Never- 
theless the writer repeats that actual progress is 
being made and there is no real need for the pessi- 
mism which prevails in some circles. 

At the bottom of everything is the financial ques- 
tion. The very attitude of the Chinese towards 
money matters is unique. Long years of laissez- 
faire government, insufficient official salaries and 
dens population, have bred a covetousness which 
it is very hard for the people to shake off; but there 
are some honest officials, there is a real desire on 
the part of some to improve things, and there is a 
growing appreciation of the laws of social prosperity. 
It will doubtless be many ) ears before the Chinese 
nation is in a position to compel the European 
nations to acknowledge her economic independence; 
but they are a people who believe in themselves, 
and that condition will eventually occur. 





Tue SrconD GERMAN Prize ComPETITION FOR AERO- 
PLANE Mortors.—The conditions of the tests for the 
second German Ka reis of 14,000 marks, and ten 
—— each of 4000 marks, differ from those laid down 
for the first competition. The assessment of the motors 
is to be upon the same basis as before, the fundamental 
number is the sum of the weights of the motor and of the 
fuel, &c., wanted for the test runs, divided by the 
effective horse-power. But other features are to be 
taken into consideration as well, and it is not intended to 
settle by this competition whether preference should be 
given to water-cooling or to air-cooling ; the first prize 
may be divided between two motors of the two types. 
The power must range between 80 and 200 brake horse- 
power. The motors are to be run for 60 hours, and 
additional tests may be conducted under spécial condi- 
tions. The ordinary testing is to be carried out in two 
periods of ten hours and eight periods of five hours, to be 
separated by intervals varying from 2to 5 hours. During 
these intervals such repairs may be effected which would 
be done by the pilot and his fitter on the machine with- 
out the resources of a workshop. The tests are to com- 
mence in the autumn of 1914, in the Motor Abteilung der 





Deutschen Versuchsanstalt fiir Luftfahrt, at Adlershof, 
near Berlin. 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. “THE AISGILL ACCIDENT.” 


Sent hove cael wile tend, ese cont 

; IR, — ve with m in . 

(Sp:cially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) prise the leading article on “ The Aisgill Accident,” 
OCTOBER. NOVEMBER. DECEMBER. published in your issue of November 28, and I cannot 

10 refrain from remarking on your treatment of Major 

Pringle’s recommendation as to electric lighting. In the 

first place you say :— : 

“The ralway company, since the Hawes Junction 
accident, has taken several steps to render gas, which is 
admittedly not excelled as an illuminant when used with 
inverted mantles, as safe as ible.” 

The italics are mine, and the point needs no further 
comment. Further, so far from agreeing, I would say 
that it is by no means “‘admittedly ” the case that gas is 
not excelled as an illuminant, either in railway trains or 
elsewhere. A mere casual reference to the daily or 
electro-technical press is aJl that is needed to show how 
misleading your statement is. 

In the next you hypothetically assume that the 
first fire was caused by gas, and show that it was easily 
subdued with extincteurs. The second fire was nut so 
subdued. Why? Because it was not caused by gas’? It 
is by no means clear from your article why the first fire 
was ‘‘soon settled,” and the ‘subsequent conflagration ” 
attained ——— proportions.” One is therefore 
tempted to ask :— 

1. Were the extincteurs exhausted by the first fire ? 

2. If so, and had the train been electrically lit, and 
consequently the first fire been the second (to use an 
Irishism), would not this fire have also been ‘soon 
settled ?” 

3. Why should not Major Pringle take the qomnie 
of stating that it is better to eliminate the risk of 

ing so inflammable a material as gas on trains when 
a substitute is ready to hand, and, as a matter of prac- 
tice, is used in so many cases? 

Under these circumstances I cannot deprecate too 
strongly the fact that you have, as it seems to me, over- 
stepped the proper limits of criticism in saying that Major 
Pringle had overstepped the proper limits of this case in 
his treatment of gas versus electricity in railway trains. 

I would conclude with another quotation from the 
article :—‘‘ We have no doubt that ultimately electricity 
will be universally adopted for train-lighting.” Nor have 
I, in spite of the assertion that gas ‘is admittedly not 
excelled.” While bearing the same surname, I am not 
Major Pringle. 

I am, Sir, your obedient servant, 
J. 8. Pruners, M.1.E:E. 

The ‘‘ Elms,” Gibraltar, December 12, 1913. 

[After perusing the above, and again referring to the 
report of the Board of Trade Inspector on the Aisgill 
accident, we see no reason to modify any of the remarks 
in our article of November 28.—Ep. E.] 








MINING IN THE JopLIN District, Missouri. — The 
Technical Paper No. 41, of the United States Bureau of 
Mines, by Clarence A. Wright, gives an instructive 
description of mining and the treatment of lead and 
zine ore in the Joplin district. Though advanced in 
certain ways, the mining in that district is backward 
in other respects; for instance, as to the safety and 
health of the miners. The methods applied are some- 
times crude, the losses large, and efficiency is sacrificed 
for capacity, because high royalties have to be paid. 





Cement in Rvussta.—A cement famine is again spoken 
of in various districts of Russia, and quotations have 
in consequence risen very considerably. Some new 
factories, as a natural consequence, are about to be or have 
been started—notably, one in the Balta district, near the 
Kodyma Railway Station on the South-Western Railway. 
The raw materials are understood to be everything that 
could be desired, and 7 railways are likely to be 
constructed. Hitherto there have been only two cement 
factories in the south-western districts of Russia—the 
“For” Works at Kieff, and the Wolynj factory at 
Sdolbunowo, in the Government*of Wolkynia. 





PrrsonaL.— Arrangements have been concluded under 
which the two concerns of Lassen and Hjort and Water 
Softeners, Limited, will henceforth te in the British 
Isles as a joint concern under the title of United Water 





(3815) OCTOBER. NOVEMBER. DECEMBER. 
Ix the accompanying diagrams each vertical line represents a market day, and each horizontal line | Softeners, Limited. Messrs. Las:en and Hijort are 


represents ls. in the case of tin-plates, hematite, Scotch and Cleveland iron, and ll. in all other cases. cane te ig > Want Soteenen, Limited, 


The price of quicksilver is per hottle, the contents of which vary in weight from 70 lb. to 801b. The metal} are the proprietors of the ‘* Permutit” regenerative 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. ‘T'in-plates are per box of I.C. cokes. = Experience has established that by combining 
: P : e th processes it has been possible to provide plants 
: which afford the ideal treatment for the particular 
Scrgntiric ADVISER TO THE CoMM:SSIONERS OF IRISH | although the lighthouses which it would be the mis-| purpose in view. The management of the new company 
Licuts.—Sir Howard Grubb, F.R.S., has been appointed | sion of the Beacon to relieve and supply were so | will be in the same hands as was that of the two original 
Scientific Adviser to the Commissioners of Irish Tights, remotely situated, they lay on the great ie route from | concerns, and pending the acquisition of new offices in 
& position held for the past twenty years by the late Sir | east to west, and he understood that the stream of | which both staffs will be brought together, the business 
Robert Ball. The late Professor Tyndall served not only shipping passing these lights was hardly lees than 20| of the new company will be carried on at the existing 
as adviser to the Trinity House, but also to the Irish Lights | million tons per annum. ie Beacon is of 900 tons, her | offices of the two concerns jointly.—Mr. George Ellison, 
Commissioners and to the Board of Northern Lights. | length on the water-line being 185 ft., ber breadth | Victoria Works, Warstone-lane, Birmingham, has 
At present Lord Rayleigh holds the position of Scientific | (moulded) 29 ft., and her depth 14 ft. 6 in. Her extreme | opened a branch office at No. 4, Cannon-street, Manches- 
Adviser to the Trinity House. The Scotch Board has | draught will be 12 ft. 6 in. She will be fitted by the| ter, to deal with the Lancashire and Yorkshire business. 
no such official. Shields Engineering and Dry Dock Compuay. of North | The branch will be under the management of Mr. W. A. 
Shields, with triple-expansion engines, with cylinders | Kirkham.—Mr. O. Paul Monckton, 4. p-MLOE., 
New Licutuouss - Tenper.—The lighthouse - tender | 14 in., 22 in., and 344 in. diameter by 24 in. stroke. The | 87, Victoria-street, Westminster, London, S. W., informs us 
Beacon, which has been designed by Sir John H. | cylindrical boilers will have a working sure of 1701b. | that he has been appointed sole agent for Great Britain for 
Biles, and built by the Rennie Forrestt Shipbuilding, | She will be fitted with electric light and Marconi signal. | the Société Genevowse, a firm who specialise in apparatus 
ring and Dry Dock Company, Limited, to the | ling apparatus, and will carry a crew of Europeans and | for the accurate measurement of length, and also in the 
of the Board of Trade for service off the coast of | natives numbering about sixty. Large spaces will be| production of dividing engines, both linear and circular 
Ceylon, was launched at Wivenhoe on the 16th ult. | reserved between decks for the oil and consumable stores | machines for grinding fiat-ended sad eally-ended 
Sir H. Llewellyn Smith, whose wife bad launched the | that she will carry in connection with the lighthouse | gauges, and scientific apparatus of all —goniometers, 
ship, speaking at the subsequent luncheon, said that | service. spectroscopes, and 80 on. 
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100-TON STEAM TRAVELLING CRANE FOR THE HAVRE HARBOUR WORKS. 


CONSTRUCTED BY MESSRS. COWANS, SHELDON AND ©CO., 


LIMITED, ENGINEERS, CARLISLE. 
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WE illustrate in the view on the present page a 
100-ton steam travelling-crane, which has recently 
been built by Messrs. Cowans, Sheldon and Co., 
Limited, Carlisle, for the Société en Participation des 
Travaux du Port du Havre, and is now being used for 
handling the 100-ton concrete blocks for the construc- 
tion of the new docks-and wharves at that port. It 
is capable of lifting, travelling, and slewing loads up to 
100 tons at a radius of 12 metres (39 ft. 44 in.), all the 
motions being worked by steam power, at the following 
speeds : 
Lifting 100 tons at <4 ft. per minute. 


’ 40 ” pe ” 
Revolving 100 tons, 1 rev. per min. 
Travelling 32.8 ft. nA 

The carriage is built up of steel plates and 
angles, and travels on eight centre-flan cast- 
steel wheels which run on the twin rails of a 6- 
metre (19-ft. 8}-in.) track between centres. All 
the motions are worked from one set of horizontal 
reversing steam-engines, having two cylinders, each 
254 mm. (10 in.) bore and 305 mm. (12 in.) stroke. 
The cylinders are of hard close-grained cast iron fitted 
with cast-iron ring pistons ; the pistons, valves, and con- 
necting-tods are of forged steel. The platform for the 
driver is in front of the crane, so that he has a full and 
uninterrupted view of the load. The boiler is of the 
ordinary vertical croas-tube type, 1.700 m. (5 ft. 7 in.) 
in diameter and 3.700 m. (12 ft. 1}4 in.) high, built of 
Siemens-Martin steel to the requirements of the 
French law. These requirements in regard to pressure 
are as follow :—When the working pressure is under 
6 kg. per sq. om. (85.34 lb. per sq. in.) the overload is | 
double that pressure. For a working pressure above | 
6 kg. per sq.om. the overload is 6 kg. per sq. om. In | 
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the case of the boiler on the crane we illustrate, the 
working pressure is 7 kg. per sq. cm. (99.56 lb. per 
sq. in.), and the test pressure is therefore 13 kg. per 

. om, (184.9 Ib. per sq. in.). The boiler is fitted with 
all the necessary mountings, and is lagged with felt and 
sheet steel. A feed-water tank, having a capacity of 
360 gallons, and a coal-box, the capacity of which 
is 1 ton, are provided on the crane platform in the 
vicinity of the boiler ; the water feed for the boiler is 
insured by a steam donkey-pump. 

The jib is built up of rolled steel sections to the 
form shown in the illustration, and is fitted with 
machined steel pins at each end. The tie-rods are of 
rolled steel, and are securely connected to the jib and 
the superstructure frame by turned steel pins. The 
= are of cast iron, turned in the groove and 

ushed with brass. The superstructure frame is 
constructed of steel plates and sections, and consists 
of two main side-girders connected together by heavy 
——— above the roller-path ont at the centre 

in. The struts and ties are united at the top by 

rge steel gusset-plates, and are securely connected 
to the main side-girders at the lower ends. The load 
is lifted on eight parts of 120-mm. (4}4 in.) circum- 
ference steel-wite rope, which is coiled on a cast-iron 
barrel driven from the engine through three reductions 
of spur- ing arranged to give two positive speeds 
of lift. A specially strong strap-brake is provided, of 
sufficient power easily to sustain and to control the 
full load ; it consists of a cast-iron drum and forged- 
steel lever-gear. 

The engines and gearing are mounted on an inde- 
pendent frame, built up of rolled-steel sections firmly 
connected together, and machined where necessary to 
receive the eee. 

The snatch-block has cast iron, brass-bushed pulleys, 





762 mm. (2 ft. 6 in.) in diameter, mounted on 
turned-steel pins, and connected to the crosshead by 
steel side-straps. The hook is of forged steel, carried 
on a ball-bearing, and fitted with hand turning- 
gear. 

The superstructure is centred by a heavy forged- 
steel centre-pin, round which it revolves on forty 
turned-steel rollers carried on a turned-steel pathway. 
The rollers are kept in position by a double girdle, 
and are connected to the centre casting by forged- 
steel radial rods. The slewing motion is transmitted 
from the engines to the turned-steel pin-rack through 
reversing-mitres and spur and bevel-gearing. It is 
controlled by a hand-screw brake. The carriage-frame 
is machined where necessary to receive the roller- 
path centre-pin and bearings. Of the eight centre 
flanged travelling-wheels above referred to, four are 
driven from the engines through gearing for travellin 
the crane. The whole of the gearing is of cast steel, 
except the slewing spur-wheels and clutch-wheels, 
which are of cast iron. All the shafts are of mild 
steel, machined throughout, and carried in brass- 
bushed bearings ; they are fitted with adjustable caps 
except in the case of the slewing and travelling shafts. 
The whole of the lever gear for working the crane is 
of forged steel, and is assembled in a convenient posi- 
tion for the driver in the front of the crane. 

As will be seen from the illustration, the boiler, 
engines, and gearing are enclosed in a steel-framed 
ons plated house, feted with suitable doors and win- 
dows. In the rear of the house the crane carries 
about 100 tons of ballast consisting of concrete blocks. 

The crane was delivered and erected at Havre by 
Messrs. Cowans, Sheldon and Co., Limited, and was 
finally tested, to the entire satisfaction of the pur. 
chasers, with a load of 120 tons, 
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THE BLOCK CONDENSER FOR AMMONIA REFRIGERATION PLANTS. 


CONSTRUCTED BY MESSRS. L. STERNE AND OO., LIMITED, ENGINEERS, GLASGOW. 




















A tyre of condenser largely used for condensing 
the ammonia as it is delivered from the compressor 
of an ammonia refrigerating machine consists of a 
nuniber of iron pipes placed horizontally one above 
the other and connected together in series by 
U-bends. In the usual arrangement the hot gas enters 
this series of tubes at the top and is delivered as a 
liquid at the bottom. The heat removal 





to 
effect this transformation is provided for by feeling 
water into a trough above the topmost tube, from which 
it trickles in succession over each pipe below. A flat 
plate of wrought iron is hung from each tube, serving 
to collect the flow of water, and to deliver it fairly 
along the top of the tube below. In some cases the 
direction of gas flow is reversed, the gas entering at 
the bottom, but it has then been usual to drain off the 
liquefied ammonia at a number of different levels 
between the base and the topmost tube. 

The general charactor of such a condenser is well 
represented in Fig. 1, which, however, embodies 
certain changes in construction and operation, by 
which, as shown by the record of independent tests, of 
which we give particulars below, the efficiency of the 
cooling surface is very materially augmented, and the 
size and s occupied by a condenser of given capa- 
city is correspondingly reduced. 

The innovations, which are due to Mr. Louis Block, 
of Mamaroneck, State of New York, U.S.A., consist 
primarily in reversing the direction of the flow of 
the ammonia through the apparatus. The ammonia 
gas is, in short, admitted at the bottom, and issues 
from the top in the liquid state. As is well known, 
heat is interchanged between a metal and a liquid much 
more readily than between a metal and a gas, and in 
reversing the direction of flow Mr. Block has taken 
steps to ensure that each tube shall be at least half full 
of the ammonia in the liquid condition. In the old 
type of condenser the [J-bends connecting successive 
lengths of tubing were made as shown in Fig. 3. 
Hence, any liquid formed in the upper bends drained 
down into the lower tubes, and the upper rows of 
piping were a wholly filled by ammonia in 
the gaseous state, and, as already stated, an inter- 
change of heat between a gas and a metal wall is 
effected but slowly. In the Block condenser, on the 
other hand, the bends are made as represented in 
Fig. 2, a weir being provided as indicated at A, and 
this weir ensures that the lower portion of each tube 
shall be practically filled with ammonia in the liquid 
state. The surplus liquid formed by the further con- 
densation effected in the tube is swept on and carried 
up into the next tube by the ascending current of gas, 
and is finally delivered from the condenser outlet. 

The plan of having each tube partially drowned in 
liquid ammonia greatly facilitates the heat inter- 
changes, and we reprint below the results of a series 
of comparative tests between the old and the new 
arrangement carried out at an ice works in Glasgow 
by Messrs. Hal Williams and Co., consulting engineers, 
of Salter’s Hall-court, E.C., on behalf of Messrs. L. 
Sterne and Co., Limited, of the Crown Iron Works, 
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Glasgow, who are the sole licensees for the system in 
this country. 


To Messrs. L. Sterne and Co., Limited. 

In accordance with your instructions, we held a com- 
parative test between two 100-ton (refr.) ammonia re- 
frigerating machines, both working on the same evapora- 
tor making ice, and both running at the same s and 
back pressure. 

Plant A was working upon six standard sets of atmo- 
spheric condensers, each 24 pipes high, 20 ft. long, and 
built up of standard tubes 2% in. outside diameter, giving 
a total effective condensing surface of 1786 aq. ft. ese 
condensers have the inlet at the bottom, with four 
liquid drains per stack. 

lant B was working upon four sets of Block patent 
flooded condensers, each 16 pipes high, 20 ft. long, built 


up of standard tubes 2% in. outside diameter, and giving | } 


an effective condensing surface of 794 sq. ft. These con- 
densers have the gas inlet at the bottom, the liquid 
being taken away at the top, with no intermediate liquid 
drains. Under these conditions we obtained the follow- 
ing results :— 


Plant A. Plant B. 

Condensing surface . 1786 sq. ft. 794 sq. ft. 
Condensing water on to con- 

denser .. ee es -. 68.5 deg. F. 76 deg. F. 
Condensing water off con- 

lenser .. - of -- 79.6 deg. F. 85 deg. F. 

Condenser pressure by gauge.. 165 Ib. = 167 Ib. = 

89 deg. F. 90 deg. F. 

Eveporator 7 “o 18 Ib. 18 Ib. 

Difference between tempera- 
ture of NH; and temperature 

of water oe ae -- (89 — 79.5) = (90 — 85) = 

9.5 deg. F. 5 deg. F. 


It will be seen from the above that an ordinary con- 
denser of 1786 sq. ft. surface gave a temperature differ- 
ence of 9.5 deg. Fahr., and a Block condenser of 794 sq. ft. 
surface gave a temperature difference of only 5 deg. 

r. 
A further test was made with one of the stacks of con- 
densers on Plant B shut off, leaving the machine running 
on only three stacks of Block condensers, each 16 tubes, 
20 ft. long, 2% in. outside diameter, giving a total effective 
condensing surface of 596 sq. ft. with the following 
results :— 


Plant A. Plant B. 
Condensing surface... -. 1786 eq. ft. 596 eq. ft. 
Condensing water on to con- 
meer .. ° ee -. 686 deg. F. 76.1 deg. F. 








Condensing water off con- Plant A. Plant_B. 
denser .. ee on o< 80 deg. F. 87.7 deg. F. 
Condenser pressure by gauge. . 173 Ib, = 181 Ib. = 


91.8 deg. F. 04.1 deg. F. 
Evaporator, pressure by gauge 19 Ib. per sq. in. 19 Ib. per sq. in. 
Difference between tempera- 


“3; © 
ture of NH; and temperature bis 
of water oe we " (91.8 — 80) = (94.1 — 88.7) ==> 
1.8 deg. F. 5.4 deg. F. 
This test in showed the close difference obtained 


with the Block condenser between the temperature of the 
ammonia and the temperature of the water, even with the 
condensing surface much reduced and higher temperature 
water. saving which this represents will be 
realised if we take a case where the temperature of the 
an water available is the same. The lower tem- 
perature difference between the ammonia and the water 
obtainable with the Block condenser will then give a 
lower forward pressure, and therefore a lower mean 
effective pressure, which will represent a saving in power 
of between 9 and 10 per cent. 
(Signed) Ha, Winu1AMs anv Co, 





THe “ALSATIAN” AND THE British CorporaTion.— 
We omitted, in our description of the Alsatian in last 
week’s issue, to state that the Allan liner Alsatian, like 
her sister ship, the Calgarian, has been built for classifica- 
tion with the British Corporation for the Registry of 
Shipping. 





Tuornyorort 40-F'r. Canin Launou.—A cabin launch 
has recently been completed by Messrs. John I. Thorny- 
croft and Uo., Limited, to the order of the Brazilian 
Government. The launch, which is to be used by the 
Admiralty for the Port of Rio de Janeiro, is 40 ft, in 

_ by 7 ft. 6 in. beam, with a moulded depth of 
3ft.9in. ‘The engine is of the Thornycroft ‘‘ N ” type, 
with six cylinders and of 52 brake horse-power, driving a 
three-bladed propeller at 1180 revolutions per minute, 
to give a speed of 154 miles. Electric light is fitted 
throughout the boat, power being obtained from a dynamo 
driven off the main t, which also supplies current for 
a projector over the steersman’s shelter, with suit- 
able controls for operating. Accumulators are fitted for 
supplying necessary current when the engines are not 
running. 





Tue LnstiTuTion or AvTomopitk ENGInggrs. — A 
unique Christmas present has been received by the 
Institution of Automobile Engineers from the General 
Committee on Arrangements of the Society of Auto- 
mobile Engineers. This consists of a large volume, bound 
in leather, containing Press cuttings from all the American 

pers dealing with the visit of the members of the 

nstitution to the States in June last. The volume con- 
tains an enormous amount of information as to the works 
visited, and it also includes illustrations and descriptions 
of many events of a somewhat more frivolous character. 
The volume will be on view at the offices of the Institu- 
tion, 13, Queen Anne’s Gate, 8.W., up to the middle of 
January, und it will then be sent round in rotation to all 
those who took part in the trip for their perusal. The 
presentation of this volume adds still more to the debt of 
gratitude which the members of the Institution owe to 
— brother automobile manufacturers in the United 

tates. 
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SHIPBUILDING AND MARINE 
ENGINEERING IN 1913. 


As has for some time been anticipated, the tonnage 
of new shipping launched in the past year, and the 
horse-power of the propelling machinery, make up 
aggregates never before reached in the history of the 
industry. The indications, however, clearly establish 
the fact that we have reached the full height of the 
boom in the trade, and that there is certainty of decreas- 
ing activity. The question alone remaining is as to 
how rapid will be the fall. The diagram showing the 
production each year since 1870, which we publish on 
this , indicates that the cycles of — and 
relative idleness are most regular in their periodicity. 
The former highest points reached successively in 
1889, 1896, 1901, 1906, were followed in each 

riod by low totals in 1892, 1897, 1903-4, and 1908. 

he depths of the depressions, it will be seen, have a 
direct proportion to the heights of activity: the 
upward and downward pointe correspond in their 
extent with the swing of a pendulum on either side of 
the mean line. Five or six years transpire between 
successive maxima. The average total tonnage floated 
from private yards in the three years 1905 to 
1907 was 1,860, tons ; in the following three lean 
years it fell to 1,160,000 tons ; and during the three 
years of the boom now fading it has reached the 
enormous figure of 2,108,000 tons. By the law of 
averages the next three years should show a great 
falling off. In view of the amount of work still on 
hand the drop may not be so great as that from the 
1,795,400 tons in 1907 to the 1,034,800 tons in 1908, 
but it will be a very decided decrease, because, 
although the work on hand is generally in a fairly 
advanced state, little or no new work is being 
booked, freights are decreasing, owners with declining 

rofits are seeking lower prices for new ships, while 
uilders faced with heavy expenditure for insurance, 
high wages, bad time-keeping—which increases the 
ratio of permanent charges to output—and with 
threatened troubles by workers, cannot contemplate 
any reduction in quotations for future building con- 
tracts, even with the lower prices of material now 
ruling, as shown in the metal-price ae on page 
864 of last week’s issue. To the problems thus besettin 
the industry we refer in another part of this issue, 

we may therefore turn now toa consideration of the past 
year’s work. 


Tue TONNAGE OF. VESSELS LAUNCHED. 


Of ——s firms, 124, and of marine engineer- 
iog firms, 93, have sent us returns, for which we 
thank them. The former firms launched 1204 vessels, 
of a total tonnage of 2,237,000 tons, while the 
collective power of the propelling machinery is 
2,679,000 horse - power. e know that there are 
quite a number of small firms building little boats 
or pleasure and for fishing, from whom we have not 
received returns. eed, we question whether all 
such craft might not be neglected. Moreover, some 
of the large ships have not yet been measured ; five 
or six firms, too, still include in their totals deck erec- 
tions not measured by the Board of Trade. These we 
have made allowance for in our tes in this and 
the preceding years, so that our totals, although only 
a close approximation to the accurate aggregate, is, 
nevertheless, sufficiently correct to indicate broadly 
the progress in one of our greatest, if not the test, 
mochenteal industries viewed from the standpoint of 
indirect as well 
When the work done in the Roy 
as in Table I, the tonn for 1913 gates 
2,311,960 tons, which is 203,730 tons, or 9.65 per 
cent., more than in 1912, and 223,302 tons, or 10.7 per 
cent., more than in 1911. Prior to the last-named year 
were three lean years, and the total for 1913 is nearly 
double the average for those years, since, including 
dockyard work, the mean output was only | ,207,000 tons. 


as direct |b om of labour. 


Dockyards is added, 


Tue Power oF MACHINERY MANUFACTURED. 


The increasing power of warships and the steady 
demand for them in lean as well as in fat years has 
affected the output of aes machinery. The 
total horse - power for 1913 is 2,679,000, which 
is 408,000 horse - power, or 18 per cent., more 
than in 1912, and 437,500 horxe-power, or 19.5 per 
cent., more than in 1911. But the fluctuations of 
the output over a period of years is lessened by the 
constancy of the Navy requirements. Thus although 
the ship ton produced in 1913 was, as stated, 
nearly double that of the average of the lean years 
1908-10, the increase in the horse-power is 87 per 
cent. more than the mean horse-power of those years. 
The extent to which warship horse-power bulks 
in the total machi output is shown by the fact 
that in 1913 about 45 per cent. of the horse-power 
manufactured for all ships was for naval ships ; in 1912 
it was 28.4 per cent.; in 1911, 33 per cent.; in 1910, 
36.7 per cent.; and in 1909, 33.2 per cent.; on the 
other hand, the ratio of warship tonnage to the total 
was, in 1913, 13.2 per cent., while in the i 
four years it averaged 11.6 per cent. It will there- 





TABLE I.—AGGREGATES OF PRODUCTION IN THE UNITED KINGDOM. 


i913. 1912. 


atm | 


} 1911. 1910. 1909. | 1908, 1907. 





tons 
1,924,320 
129,680 


} tons 
-| 2,205,400 


Pcwer-driven tonnage* 
. 31,600 


Sailing tonnage .. 


tons. 
980,600 
54,200 


tons 
1,985,184 
47,874 


tons 
1,244,930 
43,660 


tons 
1,131,549 
o7 


627 


1,739,200 
56,200 





2,237,000 
74,960 | 


2,054,000 


Totals ws 
His Majesty's Dockyards 54,230 


1,795,400 
51,800 


2,033,058 
55,600 


1,288,590 
52,852 


1,084,800 | 


1,157,176 
: 42,426 | 
i 


46,320 





Grand totals 2,311,960 2,108,230 


2,088,658 1,841,442 1,208,496 | 1,077,226 ) 1,847,200 





Foreign-owned tonnage 507,000 


ce _ oa 471,600 
Per cent. of total ‘a a - oa 22 22.4 


400,000 245,636 
20.0 


317,000 
18.3 25. 


376,600 | 
$s | & | 


547,000 
30.4 





Total merchant tonnaget 2,042,760 | 1,911,535 


1,858,624 | 1,209,255 | 1,078,436 992,250 | 1,714,500 





Per cent. of power-driven merchant tonnage 


to total merchant tonnage. . 99.35 93.2 


97.5 96.5 98 95 96.7 





Horse-power of engines .| 2,679,000 2,271,775 


2,241,500 1,484,810 1,157,140 1,712,180 








13.2 


Per cent. of all Naval tonnage to merchant ~— 


tonnage .. : 





* Includes warships built in private yards. ek 


fore be understood that the ratio of power to displace- 

ment in naval ships’ tonnage is enormously higher 

than the average in merchant power-driven vessels. 

Thus, in 1913, the power in the former was 4.45 to 1, 

and in the latter it was under 0.7 horse-power per 
13/0 

2468 #468 aes 


2468 2468 


i 


2468 


246 
1670 


2¢6 
1aa0 19t0 


Fic. 1. Diacram sHow1ne Tota Propvuction, 
EXCLUDING WarsuHips Burtt 1n H.M. Dockyarps. 


register ton, notwithstanding that a larger number 
of mail and fairly fast intermediate liners were con- 
structed in 1913. 


TURBINE MACHINERY. 


There is steady advance in the adoption of the 
turbine in the merchant service. All the warships, 
excepting submarine craft, were fitted with turbines, 
some of them working the propeller-shafts through 

ing. Parsons turbines, too, have been 
tted to vessels launched in 1913 to the extent of 
75,400 horse-power, including practically every type 
of vessel—destroyers, high-speed Channel steamers, 
and cargo-steamers ; but as we described this system 
and reviewed its advantages quite recently (vol. xevi., 
749), nothing need further be said here regarding 

it. Three of the largest liners—the Aquitania, the 
Alsatian, and ian—are among the Parsons tur- 
bine direct-driven vessels, while the combination 
system, in which a low- ure turbine takes steam 
from reciprocating engines, is still being favoured, 
notably by clients of Messrs. Harland and Wolff, 
Limited, one of whose Royal Mail liners, built at 
Govan, and four of whose Belfast-built liners were so 
fitted. No vessel has, so far, been completed in this 
country with the Fittinger hydraulic transformer 
system between the turbine and er ; but there 
is promise of its use, since Messrs. more have 
taken over the work of construction in the United 
Kingdom. We reviewed this system in a recent issue 
(vol. xevi., page 792). The electric system of drive 





has been adopted in a vessel constructed by Messrs. 
Swan, Hunter and Wigham Richardson, Limited, the 


13.6 10.9 11.6 7.5 





+ Excludes British and foreign warships. 


The trials will be 


rime mover being a Diesel engine. 
fooked forward to with interest. 


INTERNAL-CoMBUSTION ENGINES. 


As to the Diesel engine itself, not much progress in 
its adoption in this country has been made in 1913. The 
most notable ship with internal-combustion engines 
launched during the year was the oil-tank ship Arum, 
of 5600 tons dead weight capacity, with Neptune- Diesel 
engines of 1150 brake horse-power, built by Messrs. 
Swan, Hunter and Wigham Richardson, Limited, and 
already described (vol. xcvi., page 771). Two motor 
vessels have also been launched from the Caledon 
Shipyard at Dundee, one (for London owners) of 3400 
tons, to have Diesel engines of 2000 brake borse-power, 
and the other, for Gravenhage, of 3700 tons, with Diesel 
engines of 2200 brake horse-power. From the dock- 
yards two small oil-tank ships, also to have Diesel 
engines, were built, and several others are in progress. 
Six coasting vessels with oil-engines of the Diesel or 
semi-Diesel type were built on the Clyde. For fishing 
craft quite a number of engines, principally of the 
semi- Diesel type, have been completed. Messrs. Beard 
more alone have to their credit for 1913 eight sets, 
collectively of 975 brake horse-power. A very large 
number of motor-boats have been built. Indeed, these 
seem to have taken the place of steam-yachts in the 
favour of those fond of cruising, as not one steam- 
yacht of large size has been launched. 


Types oF MERCHANT SHIPs, 


Nor is there a single sailing merchant ship on the 
list. The 31,600 tons of craft not propelled by power, 
recorded in Table I., is made up by docks, barges, &c. 
Of floating-docks fewer than usual have been com- 
pleted. Messrs. Vickers built a small one for the 
Argentine Government. Several floating and slidin 
caissons for —-oe were constructed. O 
fishing-craft there has been an average output. A 
feature is the la number of oil- ing vessels 
built, six of them for the Anglo-Mexican oil service, 
each taking 15,000 tons. It is remarkable, how- 
ever, that only one oil-carrying ship had oil-engines, 
since no type of vessel is mere suited for the use of 
such machinery than the vessel taking oil as ite cargo. 
Liquid fuel in boilers is, however, invariably arranged 
for in such vessels. 

The great proportion of the merchant tonnage is 
made up of cargo and mail liners exceeding 5000 tons 
register. Of these, 22 were over 10,000 tons, against 
17 in the previous year, and 18 in 1911, whereas the 
average in the lean years was under 10. The list of 
these large liners is given in Table IV. 


ForeiGn TonnaGeE. 

As stated in Table I., the tonnage built for colonial 
and foreign countries makes up an te of 
507,000 tons, which is equal to r cent. of the 
total production of the kingdom. his, it will be 
seen from the table, is about the same proportion as 
in the previous year, but is much less than in the 
lean years 1908-10. This decrease is the more remark- 
able, as there is included in 1913 a much larger tonnage 
of warships. One-sixth of the total, or 83,600 tons, 
is due to three battleships, three monitors, and a — 
destroyer, whereas in 1912 the foreign warships only 
made up 29,200 tons, and in 1911 5494 tons. The 
orders for these ships are secured not altogether 
on price, but rather on the superiority of designs 
evolved by our naval construction companies—a point 
which should be remembered when the allocation of 
credit for the obtaining of work is considered. It 
would seem from the facts given that the proportion 
of foreign work for the merchant fleet is Seesasion: 
and that it falls when trade is brisk. This suggests that 
increasing costs, due to wages, handicap our builders 
in their competition in markets abroad. A good propor- 
tion of the work done has been for the Colonies for 
the Scandinavian countries. Russia, too, was a more 
liberal client than usual. The Clyde’s quota of foreign 
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TABLE II.—STATISTICS OF SHIPBUILDING IN THE UNITED KINGDOM IN THE YEARS 1907 TO 1913. 






























































| Per CENT. OF POWER-PROPELUED TO || Per CENT. oF COLONIAL AND Foreian-Ownep TO 
: e ; oA YENT. y 
| Toran Propuction. | Tora. Tons. Torau Tons. 
Disrrict. ——__—_—__—— _ _——— 1] \|— — 
1913. 1912. 1911. 1910. 1909. | 1908, 1907. 1913. 1912. 1911. 1910, 1909. i 1913. 1912. 1911. | 1910. | 1909.; 1908 | 1907. 
Scotland. No.| tons tons tons tons tons tons | tons | \| | 
Clyde (including outports) .. ..| 289) 765,000 | 642,000 | 632,000 | 393,000 | 404,000 | 352,800 | 624,000 | 98.7 | 98.3 98 97.6 98.54|| 22.5 | 25.2 21.5 24.6 24.2 34 25.10 
Other Scotch ports .. ..  ..| 75) 53,000] 41,000] 41,000| 27,800} 22,000| 45, 52,000 ||100 | 96.44 | 83.6 | 9687 | 100 || 17.3 | 33 39.0 | 16.4 224 /| 42 | 82.72 
England. | | } 
Tyne idee oes 100} 430,000 | 380,000 | 418,000 | 230,000 | 203,000 | 213,000 | 345,000 | 99.99| 89.6 97.6 | 95.92 | 100 || 23.3 | 20 28.7 (14.9 | 29.7) 44.5 | 32.48 
Wear - es ee ow ..| 79} 309,000 | 314,000 | 287,000 | 173,600 | 132,600 | 85,000 | 295,000 ||100 | 100 99.99 | 100 100 26.2 | 82.8 26.5 19.5 | 33.2 30.4 | 38 
Tees “ns eae oe sd ..| 62] 167,000 | 149,000 | 143,000 | 111,000 | 64,000 | 59,000 | 141,000 || 100 99.35 9 99.9 98.5 i] 9 8.7 14.5 7.2 | 27 18.7 39.03 
Hartlepool -- a+...) 38} 170,000 | 130,000 | 136,000 | 77,000 | 68,000 | 37,000 102,000 |/100 | 100 100 100 ~| 100 | 21.7 |192 | 199 | 259/178] 38 | 39.60 
Barrow-in-Furness (including Work- | i] - 
ington and Maryport) -. «| 15] 66,400} 55,700} 52,000} 20,500} 61,000| 15,000) 6,500 //100 | 55 98.85 | 100 100 || 43.5 | 90 4.7 | 76.5 | 54 33.3 | oO 
Mersey .. ere, -+ «| 168) 43,500 | $3,200 | 32,000 | 21,600 24,500 | 23,000 7,300 || 82.8 | 58.5 91.45 | 84.8 87.5 ||42 117.4 | 24.8 | 26.5 (51.25 5.8 0 
Blyth and Whitby - ss ae] 6} 14,880] 12,200] 9,258) 4,890 | 6,276 | 6,725 7,800|/100 | 100 100 86.3 100 || 20.5 | 0 0 4.9 0 66.5 | 0 
Humber (Hull and Grimsby) . . ..| 107) 568,700, 52,700) 45,000) 28,800| 24,900) 20,500 35,800 || 96.58, 92.4 90 82.7 83.7 || 36 14.8 5.6 7.6 v 13.7 5.04 
Thames and other English and Welsh) | | | } 
= “iia: yg see! -| 251) 32,520) 29,500 | 51,000 | 33,300 | 25,900 18,200 39,500// 68.5 | 67.7 80 56.5 58.8 | ss 20.02} 180 | 262 | 48.7 { 80.7 | 39.80 
Ireland. 
Belfast, Londonderry, Dublin, &. ..| 19 129,000 | 164,700 186,800 | 167,100 | 121,000 158,600 139,500 || 99.99 99.43 | 99.99| 99.98 99.97 | ~ 0 161 9.9 /17.9| 384 22.04 
' | 
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779,000 TaBLE III.—Horse-Power of Engines Constructed. 
, * i on aT | j er ay ae 
my ‘ ; _ 1918. | 1912 1911. 1910. | 1909. 
730, » , Clyde .. 1,117,000! 878,000 | 787,000 | 621,000 | 648,500 
720, » Other Scotch | 
py ports ..| 41,000; 35,000 | 47,700 | + 30,700 | 24,500 
: | 
700,000 920,000 | 840,000 | 779,000} 518,000 | 428,800 
690 61,000} 64,450 | 55,700} 44,000 36,700 
680 ..| 121,000| 136,750 | 121,000} 90,000 | 122,110 
pone y ..| 98,000| 106,425 | 127,000} 72,500 ‘ 
660 « | 
650,000 213,000 | 117,700 | 174,000 | 157,700 | 66,500 
640, 113,000| 98,450 | 160,100 | 137,700 | 128,800 
630 a 
eo, | ‘Total ..| 2,679,000 | 2,271,775 | 2,241,600 | 1,671,600 | 1,484,810 
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TaBLE I1V.—Notably Large Merchant Steamers. 


Q 
) 





ps a, Name. Tons. LH.P. Builders. 
550, Cunard liner Aqui- 
540. 


tania bp ; 47,000 | 60,000t|John Brown & Co., Ltd. 
Pacific liner Andes.. 15,620 12,150* |Harland and Wolff, Ltd., 











520, Belfast 
510. » _ Ordufa| 15,600 9,150* Ditto Ditto 
500, Royal Mail liner 
Alcantara.. -.| 15,600 12,150* Ditto Govan 
408, Allan liner Alsatian | 18,000 | 20,000t|/W. Beardmore &Co., Ltd. 
480, -« = Calgarian, 18,000 | 20,000t/|Fairfield Co., Ltd. 
470, « Holt liner Ulysses ..| 14,499 8,000 |Workman, Clark and 
060, + Royal Holland Lioyd Co., Ltd., Belfast 
450, » liner Gelria ..| 14,058 -- A. Stephen & Sons, Ltd. 
440, Royal Holland Lloyd 
bs liner Tubantia ..| 14,053 oo Ditto Ditto 
498 » Cunard liner An- 
420, « . dania ; ..| 18,404 8,000 Scotts’ Co., Limited, 
410, « , Cunard liver Alau Greenock 
J nia .. or --| 18,404 8,000 Ditto Ditto 
390 + 390. Union - Castle liner 
380. + 380. Llandovery Castle) 11,800 7,500 |Barclay, Ourle and Co., 
970, + 370, | Union - Castle liner Lid. 
a. | Lianstephan Castle, 11,800 7.600 Fairfield Co., Lid. 
350 350. P. & O. liner Berrima’ 11,136 9,000 Caird and Co., Ltd. 
ie oan | ‘ rda.. 11,136 9,000 Ditto 
, : | Norwegian Atlantic 
430, « 330. | liner Bergensfjord| 10,600 | 8,600 Cammell Laird and Co., 
320, + 320. | Anglo-Mexican oil- Ltd. 
310, « 3/0. carriers— 
300, San Hilario .., 10,157 4,100 Palmer's Oo., Ltd. 
290, San Jeronimo ... 10,150 4,100 oe and Sons, 
260, . 
1 San Gregorio .. 10,100 4,600 Swan, Hunter and Wig- 
270, | ham Ric | Ltd. 
260, San Fraterno .. 10,100 | 4,700 Ditto 
250, San Lorenzo .. 10,100 4,700 Ditto Ditto 
240, San Isidoro .. 10,074 4,700 Sir W. G. Armstrong, 
230 | Whitworth & Co., Ltd. 
220, 
200.000 Combination machinery. + All turbines. 


‘for engine power in Table III., while the diagram 
| on this page affords a clear idea of the fluctuations in 
| tonnage in the five principal ports. The appended 
| tabular statement shows the percentage of increase or 
| decrease in the 1913 tonnage as compared with that of 
|the previous year, and t of the highest total 
| recorded for the leading districts. The output on the 
Wear and in Ireland ray bees than in the previous year, 


100000 = and the eastern ports of Scotland, along with these 
: two, have failed to reach the maxima of previous 
| years. 
| Increase or Decrease 
Increase or Decrease (p.c.) over Former 
(p.c.) over 1912. Maximum and Date. 
| Clyde - +19.2 +19.4 (1912) 
Other Scotch ports +244 - 9.0 (1906) 
7 Tyne in Wheel ae +18.1 + 29 ony 
SETBSANNRUKE BM UNAS RAAB BEBHHARBRHBKNBBMURBHERHOME WH 12 1913 vEAR. | ear... aa ie pa cae 1906 
Fic 2. DiaGrRam sHow1ne Tota Propuction on THE Ciype, TyNnE, Wear, TEES, AND aa th. 35 ro 
aT HARTLEPOOL. Ire Pak - 21.8 —31.0 (1911) 


work, as shown in Table II., is below the average ; is affected by a Turkish battleship and three Brazilian, The Clyde total of 289 vessels, of 765,000 tons, is 
the Tyne’s, by reason of the inclusion of two battle- monitors. e Mersey has a Norwegian liner and | 123,000 tons, or en cent., greater than in 1912, 


ships, is satisfactory. There is a decrease on the many barges in the foreign list. and 133,000 tons, or 21 per cent., more than in 1911 ; 
Ww Ithough the proportion is greater than in the average output of the three lean years 1908-10 
eng elder ~. al t shipbuildieg district. The Tue Work or tHE Districts. was about 383,000. tons, so that the total for 1913 is 


Tees and Hartlepool have done lees for foreign owners| The production of the various districts is set out so exactly double this average. As always, there is a 
than in some previous years. The Bar.ow percentage | far as tonnage of ships is concerned in Table IL, and greater variety in the Clyde work than in any other 
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district. Of the single-screw steamers, ninety-two, ¢ 
350,000 tons, were ilt, four more in number and 
50,000 tons in measurement than in the previous year, 
so that the average size is 3800 tons nst 3400 tons. 
Twin-screw steamers number twenty-five and measure 
187,000 tons—a decrease of thirteen in number, but an 
increase of tonnage of about 10,000 tons. Six turbine 
merchant vessels are included, three direct driven—the 
Aquitania and two Allan liners—and three with gear- 
ing, the tonnage being 86,580 tons. A steamer with com- 
bination piston-engines and turbines was also built, as 
in 1912. of warships, 17 were built, of 62,759 tons—one 
ship and 11,500 tons more than in the previous year. 
Forty-four dredgers and hopper-barges, of 30,590 tons, 
show an increase of 17 and of 7800 “lene on the totals 
of 1912, There were also built 13 shallow-draught 
steamers, 43 barges and lighters (a great decrease), 
2 paddle-steamers, 3 crane-lighters, 18 tugs, a harbour 
service vessel, 2 passenger tenders, a dock-gate and a 
pontoon, 6 motor coasting vessels, 71 motor-boats (a 
considerable increase), 2 water-boats, 4 stern-wheelers (a 
large decrease), 22 sailing-yachts, and one steam-launch. 
The machinery output exceeds the million horse-power 
for the first time, being 1,117,000 horse-power, or 
239,000 horse-power (27 per cent.) more than in the 

revious year, due to the greater amount of work done 
or navies, for, in addition to the machinery for the 
war vessels y indicated, turbines were made at 
Clydebank for a Russian battleship. 

A great variety of work, including two vessels with 
internal-combustion engines, was turned out on the 
East Coast of Scotland, where the output was 75 
vessels, of 51,000 tons, the great majority being 
fishing craft. This total is 10,000 tons, or 24.4 per 
cent., more than in 1912, but is 5000 tons, or 9 per 
cent., less than in 1906, when the highest total since 
1900 was registered. 

The Tyne is only 2.9 per cent. above the former 
record—that of 1911, when the tonnage was 418,000 
tons—whereas in 1913 it totalled 430,000 tons, the 
measurement of exactly 100 vessels. When compared 
with the immediately ~~ year the gain is 13.1 
per cent., due to 50,000 tons. he work done includes 
two foreign battleships, a light armoured cruiser, and 
five torpedo-boat destroyers, a larger F wy portion of 
naval work than in previous years. e merchant 
work was largely intermediate liners or cargo-ships, 
with several oil-carriers, dock-gates, and one dredger. 
Most of the 100 vessels were 7000 tons or larger. 

On the Wear the tonnage was 1.6 per cent. less 
than in the previous year, and 10 per cent. less than 
in the boom year of 1906. The aggregate of 309,000 
tons is made up by 79 vessels, all merchant traders, 
ranging from about 1500 tons up to 7800 tons, with 
an exceptional 10,160-ton and three or four smaller 
oil-tank steamers. More than a fourth of the tonnage 
was for foreign owners. 

The Tees ships—numbering 62— include 25 vessels 
under 1000 tons, most of them steam fishing-boats, seven 
vessels of about 1700 tons, and 30 ships of between 4000 
and 6000 tons, for general trading ; 9 per cent. of the 
tonnage was for forei or colonial owners. The 
collective ton 167,000 tons—is 18,000 tons, or 

12 per cent., more than i in 1912, and 16,000 tons, or 10.6 
per cent., more than the highest total-—that of 1906. 

At Hartlepool there has been a decided increase in 
the twelve months’ work, as the 33 vessels built—all 
large traders—make up about 170,000 tons, or, includ- 
ing erections, 178,260 tons. Taking the former figure 
there is an increase of 40,000 tons—31 per cent.—over 
the total of 1912, but in 1906 the total was within 
10,000 tons of that now recorded, so that the addition 
to the maximum formerly reached is equal to 6.25 per 
cent. 

The engine output of the North-East Coast is 920,000 
horse-power, which is 80,000 horse-power, or 9.6 per 
cent., more than in the previcus year. It is the highest 
yet reached. It would have been greater had the 
machinery of the two battleships built in the district 
been manufactured there; but one had -~q turbines 
from Barrow, and the other from Clydeban 

At Barrow-in-Furness there has been ~r very busy 
year, and the Mersey return is particularly » when 
it is noted that no battleship swells the total. A larger 
number of big liners has been, and is being, built at 
the Birkenhead works, which are now repeating the 
triumphs in this respect of b gone days. The Hull 
total is the highest on record, due to several large 
ocean ships built at Earle’s yard, and to a mainten- 
ance of the fishing. craft output. 

As to Ireland, there is a decrease of 35,700 tons, or 
21.8 per cent., upon the total of 1912, and of 57,800 
tons, 31 per cent., w the maximum output, 
which was reached in 1911. But it should be ex- 
plained that Messrs. Harland and Wolff, in addition 
to the work done at Belfast, launched five vessels, of 
30,648 tons, from their yard at Govan, and had them 
towed to Belfast to be fitted with machinery and com- 

pleted. The 30,648 tons has, of course, been credited 
to the Clyde district. The machinery output in Ireland 
—113,000 horse-power—is 19,550 horse-power, or 21 per 
cent., more than in 1912, but 37,100 horse-power, or 
24.6 per cent., less than in 1911. 





TABLE Vee IN 1913 OF EACH SHIPBUILDING FIRM IN THE UNITED 


NGDOM, WITH COMPARATIVE FIGURES FOR PREVIOUS YEARS. 
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Name oF Firm. 


Swan, Hunter and Wigham Richardson, | 
, Wallsend and Newcastle-on-Tyne 
sin W. G. Armstrong, Whitworth and| 
Co., Limited, Newcastle-on-Tyne 
|Wm. Gray & Co., Ltd., West Hartlepool| 
|Workman, Clark and 6o., —e Belfast 
Russell and Co., Port Glasg: 
John Brown and C 0., Ltd. Ch debank.. 
Irvine’s Co., Limited, West artlepool, 
Harland & Wolff, Ltd, Belfast & Govan 
Vickers, Limited, Barrow-in-Furness .. 
Northumberland Company, Ltd., How- 
don-on-Tyne . 
Palmer’s Co., Ltd., Jarrow-on- Tyne os 
Wm. Doxford and Sons, Ltd., Pallion| 
Alex. Stephen and Sons, Ltd., Glaagow | 
Ropner & Sons, Ltd., Stockton-on-Tees} 
Barclay, Curle & Co., Ltd., Glasgow ..| 
Scotts’ Company, Limited, Greenock . | 
W. Beardmore and Co., Ltd., Dalmuir. . 
Joseph L. Thompson "and Sons, Ltd., 
Sunderland. . 
William Denny & Brothers, Dumbarton 
Cammell Laird & Co., Ltd., Birkenhead) 
R. and W. Hawthorn, Leslie and 
Co., Limited, Newcastle-on-Tyne ..| 
Earle’s Company, Limited, Hull .. aad 
Oaird and Co., Ltd., Greenock .. 
William Hamilton and Co., Ltd., Port| 
Glasgow 
Craig, Taylor ‘and Co. 





Ltd., Stockton-| 
on-Tees 
Richardson, Duck and Co. Stockton-| 
on-Tees 


Fairfield Co., Limited, Glasgow oe 
John Readhead and Sons, Limited, 
South Shields - 
Charles Connell and Co., Ltd., Gl 
Greenock and Grangemouth ©o., ta.| 
Sir Raylton Dixon and Co., Ltd., Mid-} 
dlesbrough-on-Tees A 
David and Wm. Henderson and Co., 
Ltd., Partick, Glasgow .. 
Short . "Brothers, Limited, Sunderland. . 
Sir James Laing and Sons, Limited, 
Sunderland ee is 
Bartram and Sons, Sunderland |. 
J. Priestman and Co., Sunderland 
J. Blumer and Co., Sunderland ‘a ws 
William Pickersgill and eee Ltd., 
Sunderland * 
Sunderland Shipbuilding Co., » BAe 
Sunderland 
Napier and Miller, Ltd., Old Kilpatrick, 





near Glasgow 

Tyne Iron Shipbuilding Co., hes Ltd., 
Willington Quay-on-Tyne 

Robert ompson and Sons, Ltd. , Sun- 
derland .| 


A. MeMillan and Son, Ltd., Dumbarton| 
Blyth Shipbuildin Co., Lta., Blyth ..| 
Caledon n Shipbuil ing and Engineering! 

Dundee .| 
Rt... Graham and Co., Sunderland 
Clyde Shipbuilding and Engineering C 0. ‘ 

itd., Port Glasgow 

William Dobson and C 0.5 Newcastle- on-| | 


smalth's | Dock Co., Ltd., Miiddlesrougn- 
‘, Tees 
. P. Austin and Son, Ltd., ‘Sunderland 
Fleming and Ferguson, LA. Paisley ..| 
William Simons and Co. aa | 
Dunlop, Bremner and Gon “Port Gl 
~~ a and Co. » aoe - 


Ailes hipbuilding Co., Ltd., Ayr ai 
Troon 

Cochrane and. Sons, ‘Selby 

Cook, Welton & Gemmeli, Lxd., evertey| 
Lobnitz and Co., Limited, Renfrew. -| 
Wood, Skinner and Co., Ltd., Newcastle- 

on- 
John A and Sons, Limited, Sun- 


derland 
eo J. Inglis, Limited, * Pointhouse, 


lasgow 
W. Harkess and Son, Limited, Middles-| 
brough-on-Tees_ .. | 
Hall, Russell and Co., Ltd., Aberdeen .. | 
iJ. L "‘Thornycroft and Co., Ltd., Wool 7 
|_ ton, Southampton 
Rennie ag om Ltd., , Wy venhoe . | 
Mackay Bros., Alloa 
Fe mean Brothers, Port Glasgow 
Robertson and Co., Canning Town) 
x McLachlan and Co. ley | 
ie. Samuel White and Co., Ltd., Cowes. . 


healt 








Co. . 
IDumies Suipbuildieg Co., ‘Lta., Dundee 
Geo. Brown and Co., Greenock .. 
Murdoch & Murray, Port G w 
\John Duthie Torry Ship g Com-| 
| pany, Aberdeen .. 


\Dublin Dockyard Co., Dublin || = 
8 Sudbrook Shipyard, Sudbrook |. 
[Alley and MacLellan, Sentinel Works, 


lasgow 
Yarrow and Co., Limited, ‘Scotstoun | "| 
80 |John Fullerton and Co., Paisley . . .| 
Isaac J. Abdella and Mitchell, Limited, 
eensferry 
Scott and dee Bowling ; 
Lytham ipbui ae an nd Engineering 
oe joomeany, ited 
London and G ngiueering and 
Iron Shipbuilding Oo., Lid., Glasgow | 





ale J. Yarveod & Sons, Lea Northwich, 







































































| YEARLY sé i¢ 
Laregst ToTaL |Torar,|} $5 | 5 
1913. 1912. Sixce 1900. | “901-1. | 1911-13. _— ra 
36 ; | too 
2 es gaa =e | S55 |2% 
No. Tons. No. | Tons. | Year.| Tons. Tons. | Tons. | S** | 35 
22 | 107,636* | 21 | 121,281* 1906 | 126,291" | 83,566" |853,967*| 4,989") — 
9 | 99,333 8 41,535 | 1913 | 99,333 | 43,886 (214,991 | 61,358 | — 
18 | 97,100* | 20 | 90,272* | 1913 | 97,100* | 54,076* |265,426*| 20,555*) — 
11 84,217 10 85,391 | 1909 | 88,952 | 59,373 |236,007 | -- 600 
16 83,876 | 13 71,224 | 1913 | 83,876 | 62,065 [227,330 | 21,707 | — 
5 82,722 6 22,782 | 1913 | 82,722 | 40,640 |171,117 | 11,300 | — 
15 81,160* | 10 52,410" | 1913 | 81,160* | 48,344* |207,000*| 21,600*| .— 
8 71,292 7 77,591 | 1911 | 118,209 | 80,875 |267,092 | 9,424 | — 
_ 64,700 | — 52,860 | 1913 | 64,700 | 26,588 /|167,520 | 29,000| — 
| 
12 | 63,400* | 12 62,130" | 1911 | 66,400" | 39,537* |191,930*) 10,900*} — 
10 53,066 7 58,902 | 1912 902 | 23,734 |151,310 | 10,023 | — 
9 £0,086 | 18 92,988" | 1907 | 106,058* | 54,504* |226,240*| 22,992 | — 
5 47,715 5 | 29,611 | 1913 | 47,715 | 25,306 /115,485 | 28,106 | — 
10 50,584* | 10 49,126* | 1913 | 50,584" | 27,740* |128,281*} — — 
6 45,299 8 43,412 | 1907 | 47,332 | 31,261 (128,845 | — _ 
5 45,015 9 58,313 | 1912] 58,313 | 19,674 |133,8°6 | — - 
3 44,435 3 20,926 | 1911 | 44,485 | 14,973 | 96,771 — 
9 | 41,416 8 37,749 | 1907 | 48,218 | 24,581 |124,042 | — - 
- 40,803 | — 33,925 | 1913 | 40,803 | 32,943 (115,174 | 10,302 | — 
63 38,000 | 44 77,032 | 1912 | 77,032 | 10,265 |187,256 | 17,665 | 2,302 
6 36,217 7 37,460 | 1911 | 39,504 | 21,817 [113,271 | 7,948) — 
9 36,125 | 12 26,189 | 1913 | 36,125 19,053 | 82,434 | 19,675 | — 
4 35,980 4 35,936 | 1913 35,980 | 14,527 | 95,393 | — 
7 35,180 7 40,029 | 1907 | 44,305 | 22,443 (101,31) | 24,457] - 
6 34,451 6 30,817 | 1901 | 40,244 | 20,448 | 97,061 | 5,090| — 
8 33,997 8 33,062 | 1912 | 36,244 | 21,571 |103,303 | — - 
6 33,200 4 36,626 | 1907 | 48,020 | 34,338 |109,933 - — 
8 | 33,007 6 30,487* | 1911 | 33,007 | 23,193 | 96,405 —_ - 
6 82,720 8 45,313 | 1912 | 45,313 | 34,758 /115,883 | — _ 
10 32,212 | 10 | 23,586 | 1906 31,326 | 18,029 | 67,341 | g666| — 
8 30,806 8 23,467 | 1911 | 36,782 | 23,666 | 91,055 | 9,938] — 
5 | 29,446 | 6 | 27,766 | 1902| 30,849 | 25,435 | 5,450) — | — 
6 29,286 6 31,363 | 1911 | 31,425 | 23,666 | 92,074 “| — 
5 27,004 5 23,538 | 1901} 39,200 | 21,612 | 68,418 | 12,093 | — 
5 26,895 6 22,855 | 1918 | 26,895 12,763 | 74,360 | — _ 
6 25,703" | 5 22,230* | 1913 | 25,703" | 12,283* | 62,564*) 14,496*| — 
7 22,025 5 15,973 | 1913 | 22,025 12,859 | 52,699 | 3,124 | — 
5 21,603 4 13,783 | 1905 | 23,950 12,377 | 46,648 | 4,100] — 
5 19,755 7 24,078* | 1912 | 24,078* | 12,348* | 68,302*) — _ 
5 18,702 7 15,161 | 1907 | 19,785 14,671 | 47,007 | 6,652] — 
4 17,141 3 11,537 | 1911 | 19,459 | 13,904 | 48,137 - 
5 17,134 6 19,221 | 1912 | 19,221 11,662 | 51,088 | 9,800 
3 15,580 6 26,141 | 1912 | 26,141 17,416 | 61,622 | 5,046 | — 
6 14,879 4 12,215 | 1913} 14,879 7,452 | 36,352 | 2901) — 
3 13,427 8 12,133 | 1918 | 13,427 9,234 | 37,328 | 3,70 
8 | 12,744 6 11,408 | 1913 | 12,744 7,120 | 34,153 | 6,976] — 
5 | 12,679 5 8,831 | 1909 13,305 8,686 | 33,886 7,706 | 920 
| 
4 | 12,089 4 12,231 | 1906 | 24,811 12,751 | 45,647 | 1,444] - 
| | 
26 | 12,037 | 30 | 10,029 | 1913] 12,037 | 5,265 | 34,049] — _ 
5 11,667 4 8,429 | 1913} 11,667 7,087 | 30148 | — — 
12 11,500 | 12 9,300 | 1913} 11,500 5,216 | 27,500 | 4,800 | 3,000 
15 11,080 | 10 7,643 | 1913 | 11,080 7,627 | 24,823 | 10,880] — 
5 10,500 4 7,025 | 1918} 10,500 3,124 | 18,681 | 1,915) — 
2 10,251 4 15,059 | 1906 | 15,613 | 6,402 | 30,275 | — _ 
10 10,155 | — 14,085 | 1912 | 14,035 6,118 | 80,752 | 8,060 | 1133 
39 9,986 | 36 8,242 | 1913 9,986 3,829 | 27,062 | — 333 
34 8,459 | 27 7,012 | 1913 8,459 5,626 | 22,903 243) — 
23 8,458 | 14 7,100 | 1913 8,458 4,577 | 22,123 | 4,203] 634 
6 8,135 5 10,945 | 1911 | 15,118 9,049 | 34,198 | 4,373 | — 
4 7,438 3 4,267 | 1913 7,438 3,931 | 14,789} — _ 
4 6,604 2 1,333 | 1901 | 12,204 4,543 | 15,308 | 5,298 
4 6,161 9 6,630 | 1911 7,117 2,959 | 19,908 896 | — 
18 5,892 | 19 5,196 | 1902 8,865 4,966 | 16,313 | 2,965 | — 
20 5,220 | 10 3,100 | 1913 5,220 3,333 | 12,567 | 1,270) — 
28 | 5,205 | 34 6,104 | 1912} 6,104 595 | 12,700 | 2,189 | 2940 
2 | 5,062 3 5,331 | 1912 5,331 1,597 | 11,098} — -- 
5 5,000 4 2,980 | 1911 6,132 2,255 | 14,112 | 3,100) — 
30 4,990 | 23 4,223 | 1913 4,990 2,645 | 11,987 | 1,500 | 4990 
13 | 4,864 | 11 3,039 | 1906 | 5,659 2,839 | 11,212 684 | 1398 
4 | 4,838 | — 4,476 | 1910 5,180 | 2,207 | 11,941 | 1,50 | — 
2 | 4,819 4 7,574 | 1912 7,574 3,361 | 19,793 | 1,286 | — 
5 | 4,600 | — — 1 4,776 2,830 | 7,210 | 1,293 | — 
7 | 4,145 6 1,910 | 1913 4,145 | 1,452 | 7,679 | 1,303 | — 
5 3,816 7 2,521 | 1907 6,839 | 3,261 | 7,335 909 | — 
14 3,471 | 17 2,609 | 1907 3,783 1,567 | 8,831 787| — 
5 3,453 4 1,641 | 1913 3,453 1,248 | 7,070 785 | — 
ll 3,280 | 20 2,131 | 1908 8,424 5,211 | 6,984 | 3,190) 942 
19 2,900 | 32 2,750 | 1910 3,500 2,562 | 8,280] 2,900 | 2300 
5 2,810 | 10 3,347 | 1911 5,931 2,030 | 17,077 | 2,345| — 
5 2,763 4 2,121 | 1907 3,011 2,290 | 7,024 226 | — 
22 2,700 8 1,340 | 1913 2,700 _ | 4,540 100 | 1900 
- 2,519 8 2,600 | 1904 2,909 1,952 | 6,399 872 | — 
23 2472 | 15 2,257 | 1913 2,472 1,344 | 6,941 60 | 1392 
3 2,424 3 | 12,210 | 1901} 17,552 8,193 | 25,484) — - 
15 | 2,405 ‘ 1,894 | 1913 2,405 611 | 5,270); — 1274 








t Includes floating docks and vaissons. 
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TABLE V.—PRODUCTION IN 1913 OF EACH SHIPBUILDING FIRM IN THE UNITED 
KINGDOM, WITH COMPARATIVE FIGURES FOR PREVIOUS YEARS—Continued. 









































| YEARLY se /¢ 
| | 1913. 1912. | eeee inant | avansen, | Total, | Geet | Sed 
No.| NAME OF Firm. | 1901-10. . 3—e x, 
| ~- — a - > oe 
| | —| 885 / 2% 
No. | Tons. | No. Tons. |Year. Tons. Tons. Tons. | S** | Z& 
86 Joseph T. Eltringham and Co., South 
Shields on ot - as «| 8 | 2,398 5 1,029 | 1913 | 2,398 1,096 5,399 548 saps 
87 |Ramage and Ferguson, Limited, Leith..| 3 | 2,387 5 5,202 | 1907 5,545 4,019 12,753 _ 
88 Goole Shipbuilding and Repairing Co., 
| Ltd., Goole. . Le oe aa ma 2 2,347 | 27 8,110 | 1911 8,905 6,232 | 19,356 990 70 
89 |E. Finch and Co., Limited, Chep-| | | | | 
| stow .. re a ng a --| 16 | 2,320 | 18 1,990 | 1913 2,320 — 6,510 — 
90 |Alexander Hall and Oo., Ltd., Aber- 
| deen se aa ee os oo} 2,195 | ll 1,803 | 1913 2,195 1,406 5,648 | — a 
91 John Chambers, Lowestoft ee --| 27 | 2,155 20 1,670 | 1913 2,155 1,243 5,812 - 8379 
92 \J. P. Rennoldson & Sons, South Shields} 6 | 1,614 | 8 2,229 | 1901 2,609 1,489 4,063 ay) <x 
93 |Edwards and Co., Ltd., Millwall. . nt 4 1,598 | 23 1,311 1906 1,875 | 1,036 3,981 676 1572 
94 |Richard Williamson & Son, Workington 2 | 1,415 | 4 2,823 | 1912 2,823 1,238 5,875 -- - 
95 |Ardrossan Co., Ltd., Ardrossan... ..| 5 1,326 9 1,785 | 1902 8,500 1,165 | 4,644 — - 
96 |William Chalmers and Co., Limited, | | | 
en we” ctl Oe 1,281 | 1 | 64/1018; 1,281 | — | 1479 so | — 
97 |Hawthorn and Co., Ltd,, Leith .. a) oa 6 | 1,815 | 1912 1,815 | 627 | 2,979 — _ 
98 |W. H. Warren, New Holland, Lincs. .. 7 | 1,000 14 | 1,205 | 1911 1,725 | 684 3,930 125 890 
99 Orabtree and Co., Limited, Great} | | | 
Yarmouth .. “> he wn ‘ei 925 6 1,062 | 1912 1,062 | 1,777 2,568 oo; — 
100 Ritchie, Graham and Milne, Glasgow ..| 10 875 5 315 | 1904 3,556 | 2,113 2,530 675 | 250 
101 |Henry Scarr, Ltd., Hessle, Hull .. of DB 850 7 | 820 | 1910 1,970 1,154 3,140 — 708 
102 John Cran and Co., Limited, Leith .. 7 675 5 369 | 1913 675 358 1,646 310; — 
103 |Hepple and Co., Limited, South Shields} 5 550 7 | 758 | 1910; 1,004 543 1,758 _ 130 
104 Isaac Pimblott and Sons, Northwich ..| 31 529 26 676 | 1911 725 398 1,930 529 «483 
105 |P. McGregor and Sons, Kirkintilloch .. 5 478 | 7 435 | 1913 478 248 1,161 a 
106 |Philip and Son, Dartmouth, Devon ae & 469 ll | 460 | 1910 | 810 617 1,308 110 
107 |\Fellows and Co., Limited, Great | 
Yarmouth .. es _ = ee 7 458 | 7 550 | 1907 570 309 1,517 
108 Cox and Co., Falmouth .. oe - 6 399 | 5 | 304 | 1908 466 195 70% 28, — 
109 |Forbes and Birnie, Peterhead... ee 3 389 | 4 | 80 | 1913 3389 oo 419 _ -— 
110 |Rose Street Foundry and Engineering | | | | 
| © y, Limited, Inverness .. | — 384 3 252 | 1912 252 _ 636 | —- — 
111 |Fred. aay and Co., Limited, Dept- | | 
| ford .. el 2 és a - 8 324 8 320 | 1907 636 | 406 779 | 96 | 324 
112 |Maryport itipbulitang and Repairing 
| Co., Limited, Maryport .. os ee 1 290 — | _ 1905 1,165 370 581 - 
113 |General Steam Navigation Company, | 
| Limited, Deptford 3 bd it 239 | 1 | 2,643 | 1911 3541 | — 6,473 | — 
114 |Rowhedge Iron Works Company, Ltd...| 20 | 269 | — _ 1913 i 269 | 40 
115 |Abercorn Shipbuilding Co., Paisley | 265 | #1 | 109 _ - — 1,065 | 265 | — 
116 |A. Jeffrey and Co., Alloa .. ad 2 254 ieee — 1913 254 _— 254 | - 
117 |Wm. Fife and Son, Fairlie. . os wa 7 199 | ll | 198 | 1908 290 242 658 - 147 
118 |Camper and Nicholsons, Ltd., Gosport | } | 
and Southampton ge NE 177 64 213 | 1910 | 1,292 1,366 75 | 186 
119 |0. and H. Crichton, Ltd., Liverpool ..| 14 141 _ | —_ — | 1,913 | 141 | om 141 121 
120 |Edward Hayes, Stony Stratford... 5 122 _ _ 1913 122 | 213 eo; -— 
121 |MacLaren Brothers, Dumbarton .. 26 120 | 26 367 | 1912 | 357 _ oz) — | — 
122 |D. M. Cumming, Glasgow. . 2 1200 | 7 325 | 1909 990 | 435 | 120 120 
123 |Stow and Son, Shoreham .. ” a 1 67 | — —_ | 1913 | 57 75 — | — | 8 
124 |British Engelhardt Decked Lifeboat | | | 
Company, Limited, Dumbarton ie oa “af; — — 1913 24 — ,) i | _ 





THE Propvuction oF SHIPBUILDING FrRMs. 


In Table V., on the opposite and this page, we record 
the output of all the firms who have sent us returns, 
giving not only the number and tonnage of ships built 
in 1913, but the comparative figures for 1912, the 
highest total reached by each firm since 1900, the 
yearly average during the first decade of the century, 
and the odintine totals for the three subsequent 
years, with a note also of the colonial and foreign 
tonnage, and also of the sailing tonnage, included in 
the output for the past year. It is noteworthy that 
out of the 124 firms included in the table, 46 firms 
have in 1913 reached a larger total than in any pre- 
ceding year during this century, which means also in 
most cases in the history of the firm. 

This year’s list is again headed by Messrs. Swan, 
Hunter and Wigham Richardson, who have works not 
only at Wallsend-on-Tyne, but now also at Sunder- 
land, where their pontoons, dock caissons, &c., are 
mostly built. The total this year—22 vessels, of 
107,636 tons—is 13,645 tons less than in the previous 
year, and falls short by 18,655 tons of the highest 
output, reached in 1906. The 22 vessels include 18 
for British owners, three for colonial owners, and one 
for a foreign company. Eleven of the British vessels 
were for carrying oil in bulk. For the British Ad- 
miralty two destroyers are included. As already 
indicated, one of the oil-carriers is equipped with twin- 
screw Neptune-Diesel engines made by the firm. 
Their total engine output at the Neptune works is 
28,300 horse-power, but —w | of the vessels have had 
their machinery from the Wallsend Slipway and Engi- 
neering Company, Limited. 

Sir W. G. Armstrong, Whitworth and Co., Limited, 
take second place with 99,333 tons, the highest total 
ever reached by that firm ; the increase on the output 
of the previous year is 47,798 tons. Included in the 
total is a Brazilian battleship, a Chilian battleship, 
and a British cruiser, with an oil-tank ship of 10,074 

istered tons, and two smaller vessels, for carrying 
oilin bulk. The total number of vessels is nine. The 
tonnage is nearly double the average of the past ten 
years, and it is remarkable that in this period the 
tirm have built 129 war vessels, totalling 513,829 tons ; 
440 passenger and cargo steamers, of 737,598 tons ; 
108 petroleum-carrying steamers, of 339,878 tons ; 87 
ice-breakers, dredgers, &c., of 52,158 tons ; and 93 
paddle-steamers, ot 24,840 tons. Messrs. William Gray 
and Co., Limited, of West Hartlepool, have also the 
highest total yet reached—namely, 18 vessels, of 97,100 





tons, including erections. These were all large mer- 
chantmen, ranging from 3161 tons up to 7656 tons ; 
and of the total, 20,555 tons were for foreign owners, 
two large vessels for the Netherlands, and two small 
steamers for France. The total is 6828 tons higher 
than in the previous year. 

Messrs. Workman, Clark and Co., Limited, com- 
pleted eleven vessels, of 84,217 tons, which is 1174 
tons less than in the previous year, and 4735 tons 
under the highest total recorded by them—namely, 
that of 1909. It is, however, well above the average. 
Included is a caisson of 600 tons, and ten large mer- 
chant ships, eight of them twin-screw liners ranging 
between 6103 and 14,499 tons. The machinery output 
by the firm is 60,200 horse-power, placing them six- 
teenth on the list of engineering firms in Table VI. 
This is 16,350 horse-power below the maximum 
reached in 1909, but is 6800 horse-power more than in 
the previous year. Messrs. Russell and Co., of Port 
Glasgow, again head the Clyde list, and come fifth in 
order for the United Kingdom ; their output, the largest 
on record, is made up of 16 vessels, of 83,876 tons, 
which is 12,652 tons ow the total of the immediately 

receding year. The largest vessel was a Japanese 
_ of 6491 tons, and three others were built for the 
Island Empire of the East, including the smallest- 
vessel on the list, of 3089 tons. One large bulk oil- 
carrying steamer is included in the total. 

Messrs. John Brown and Co., Limited, of Clyde- 
bank, return the highest total yet reached by the firm, 
while they take first place on the list of marine engi- 
neering firms, with a total never before reached by 
any firm in the world—namely, 239,000 horse-power. 


steamer of the year, the Aquitania, the largest cruiser, 
the Tiger, while in the works at present there is the 
largest battleship laid down and of a type of which 
other four are being built for the British Navy. The 
firm also completed a torpedo-boat destroyer and two 
large passenger and cargo steamers for the Russian 
Steam Navigation and Trading Company. The 
tonnage of these five vessels makes up 82,722 tons, 
which is double the average of the period between 
1901 to 1910, and 25,680 tons above the average 
of the t three years. The three warships 
have turbine machinery, and the two merchantmen 
reciprocating engines, and in addition there was built 
the turbine machinery for the Chilian battleship 
launched at Elswick, and for a Russian battleship 
launched at the yard in Russia, for which the firm are 
technical advisers, This brings the horse-power pro- 





~| cludin 


The vessels launched include the largest merchant | h 


duced up to 239,000, or 60,500 more than in the 
=. year. Irvine’s Shipbuilding Company, of 
West Hartlepool, return 15 vessels, of 81,160 tons, in- 
erections. This also is the highest total 
reach , and is 28,750 tons higher than in the pre- 
vious year. 

Messrs. Harland and Wolff show in their return 
reduction of 6299 tons as compared with the previous 
year, and of 46,917 tons as compared with the total 
of 1911, which was the highest reached by the firm. 
One or two exceptionally large vessels, however, are 
now in an advanced stage, so that the tonnage must 
not be accepted as indicating accurately the state of 
activity in the establishment. Of the total, five vessels, 
of 30,648 tons, were launched from two adjoining 
works at Govan taken over by the firm, one formerly 
occupied by the London and Glasgow Shipbuilding 
Company, Limited, and the other by Messrs. Mackie 
and Thomson. There were only three vessels launched 
at Belfast. Three of the vessels were of 15,600 tons 
each, as noted in Table IV. The machinery output 
at Belfast, where the Govan-built ships are fitted 
with their machinery, was 53,390 horse-power, which 
is 14,090 horse-power higher than in the previous 
year, but is only half the highest total reached in 1903. 

Mersrs. Vickers, Limited, include two battleships— 
the Emperor of India for the British Government, 
and the hadieh for the Turkish Government—and 
three monitors for Brazil. There is also a floating- 
dock for Argentina, a caisson, and several small craft, 
the total tonnage being 64,700, which is nearly 
12,000 tons more than in the previous year, and 
is the highest total yet reached by the firm. In 
addition to manufacturing the sadhiagen for these 
various vessels, they also constructed the turbine 
machinery for the Brazilian battleship Rio de 
Janeiro, and internal - combustion engines for the 
Trefoil, one of the oil-carrying steamers built in 
the dockyard, so that the horse - er of the 
machinery output is 121,000, placing them fifth on 
the list for the kingdom. This, however, is 15,750 
horse-power less than in the previous year, which 
marked the highest point reached. The Northumber- 
land Shipbuilding Company of Willington Quay com- 
pleted twelve vessels, of 63,400 tons, which is about 
the average during the past three years, but is 23,863 
tons above the average during the first ten years of 
the century. Palmer’s Shipbuilding Company include 
a considerable variety of work, five of the vessels 
being oil-carriers, two cargo vessels, one a passenger 
vessel fitted with extensive refrigerating accommoda- 
tion, and twodestroyers. The total, therefore, is ten 
vessels, of 53,066 tons, or 5836 tons less than in the 
previous year, the highest since 1900. The machinery 
output is 25,100 horse-power, but Messrs. Parsons con- 
structed the turbines for the two destroyers. Messrs. 
Palmer’s machinery output, while 5970 horse-power 
more than the previous year, is 18,700 less than the 
highest total reached—that of 1903. Messrs. Doxford 
built nine vessels, of 50,086 tons, but, including erec- 
tions and cylindrical tanks, the total is 63,854 tons. 
All are large vessels, including an oil-tank steamer of 
10,150 tons. Two of the vessels were for Germany, 
two for Norway, and one for Greece. The machine 
output of the firm was 25,700 horse-power, which is 
9800 horse-power less than in the previous year and 
17,750 horse-power less than in 1911, when the total 
was the highest reached. 

Messrs. Alexander Stephen and Sons, Limited, have 
also reached a maximum output, having built two 
large twin-screw passenger vessels for the Royal Hol- 
land Lloyd—as notified in Table [V.—an 8000-ton 
eteamer for the British India Company, a Clan liner, 
and a vessel for Messrs. Elders and Fyffes. The 
machine output is 38,350 horse-power, which is 
within 1 of the highest total of horse-power 
reached. Messrs. Ropner and Sons, with ten vessels, of 
50,584 tons, come close upon the output of the previous 
year. Their tonnage is the highest yet reached, but 
includes erections. Messrs. Barclay, Curle and Co. 
fall short of their maximum by about 2000 tons, but 
have, nevertheless, a very important record, including 
four British-India ships, a Castle liner, and an Ellerman 
liner, the total tonnage being 45,299 tone, while the 
machinery output is 30, horse - power—10,332 
orse-power less than the highest reached. Scotts’ 
Shipbuilding Company have completed five vessels, of 
45,015 tons, which is 13,300 tons less than the highest 
reached—a year ago. T'wo of the vessels are large 
Cunard liners. The horse-power is 27,000, which is 
much less than in the previous year, when the battle- 
ship Ajax swelled the total alike of tonnage and of 
horse-power. 

Messrs. William Beardmore and Co. include three 
notable vessels—the battleship Benbow, the Allan 
liner Alsatian, and a to o-boat destroyer—their 
total being 44,435 tons, which is the highest reached 
by the firm, and more than double that of the pre- 
vious year. To the prt of these vesselsa— 
74,500—there falls to be added 975 brake horse-power 
of marine oil-engines, built for small craft. The total 
power is 15,475 horse-power greater than in the pre- 





vious year, and also marks a maximum. Messrs. 
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TABLE VI.—PRODUCTION 


OF MARINE MACHINERY BY EACH FIRM IN THE UNITED KINGDOM. 





1913. 1912, 


Name or Firm, 


Year. 


John Brown and Co., Limited, 
Clydebank on “0 es 
Fairfield reg mee | and Engi-) 
neering Co., Limited, Glasgow .. 
Wallsend Slipway and Engineering 
Co., Ltd, Wallsend-on-Tyne i 
R. and W. Hawthorn, Leslie, and 
(o., Limited, Newcastle-on-Tyne 
Vickers, Ltd., Parrow-in-Furness 
John 1. Thornycroft and Co., L'd., 
Woolston wa e< - 
7 ‘Cammell Laird and Co., Ltd., Bir- 
kenhead as - - 
North-Eastern Marine Engineering 
Company, Limited, Sunderland. . 
Parsons’ Marine Steam Turbine Co., 
Ltd., Wallsend-on-Tyne .. 
Yarrow and Co., Scotstoun.. 
Denny and Co., Dumbarton és 
Richardsons, Wes h and Co., 
Limited, Middlesbrough:on-Teer 
J. Samuel White and Co., Cowes. . 
W. Beardmore and Co., Limited,| 
Dalmuir és os - ee 
Blair and Co., Ltd , Stockton .. 
Workman, Clark and Co., Limited, 
Belfast "a on oe ; 
David Rowan and Co., Glasgow .. 
Central Marine Engine Works,! 
West Hartlepool .. r aa 
Harland and Wolff, L'd , Belfast. . 
John Dickinson and Sons, Ltd., 
Sunderland .. - os a 
George Clark, Limited, Sanderland 
Alex. Stephen and Sons, Limited, 
Govan... ee se es . 
Rankin and Blackmore, Greenock 
John G. Kincaid and Co., Limited, 
Greenock s “a sa a 
Barclay, Curle and Co., Limited, 
Glasgow sa ‘ “ ws 
Hunter, and Wigham 
Richardson, Limited, Walisend 
on-Tyne : ‘ ‘ ad 
Earle’s Company, Limited, Hull . 
Scotts’ Shipbuilding and Engineer- 
ing Co., Ltd., Greenock .. “a 
Caird and Co., Ltd., Greenock .. 
William Doxford and Sons, Ltd., 
Sunderland .. 
Palmer's “ey ’ 
Company, L 
|\Dunsmuir and Jackson, 


201,000 
159,550 


138,650 
121,000 


55,200 
123,000 


136,750 


110,300 33,350 


90,100 | 101,350 


89,605 | 129,125 
87,000 
85,580 
82,600 


96,800 
66,125 
58,400 


81,500 
77,601 


67,000 
56,476 


60,000 


75,475 
76,850 


73,700 


60,200 
56,470 


56 415 
53,390 


53,400 
52,700 


46,510 
39,300 


61,260 
42 150 


38,940 
35,800 


88,350 
35,870 


31,920 
25,000 


33,100 
30,200 


30,260 
33,850 
28,300 
27,950 


27,000 
27,000 


24,700 
26,100 
21,000 
19,186 
18,800 


26,000 
34,260 


51,550 
27,000 


Roe 7 35,500 
uilding and Iron 
'd., Jarrow-on-Tyne 
Govan, 


19,130 
41,650 
17,170 
14,300 


Glasgow as $4 oe 
Charles D. Holmes and Co., Ltd., 
Hull .. oa 
John Readhead and 

South Shields ; ne és 
D. and W. Henderson and Co., 
Limited, Glasgow .. - 
Clyde Co., Ltd., Port Glasgow 
Ross and Duncan, Govan 
William Simons and Co., 
Renfrew 7” a - . 
|Fleming and Ferguson, Limited, 
| Paisley - és - as 
Smith's Dock Co., Ltd., Southbank, 
Middlesbrough x és os 
41 Bergius Launch and Engine Com- 
| pany, Glasgow ee oe os 


Sons, Limited, 


18,100 
17,100 
15,250 


14,255 
11,100 
as - 15,420 
Limited, 
14,340 12,080 
13,860 | 12,200 
0 
13,250 12,000 


12,713 


Joseph L. Thomps.n and Sons, Limited, include nine | 


vessels, of 41,416 tous, all, with the exception of a 
Swedish vessel, for British owners. Had the erections 
been included, the total would have been 52,095 tons. 
This output is within 6800 of the highest reached— 
namely, in 1907. 

Messrs. William Denny and Brothers have always 
an interesting return, due to the variety of the work 
done. This year they have two large passenger 
steamers for Russie, a 6339-ton vessel for Messrs. 
Patrick Henderson and Co., and one of 9462 tons for 
the New Zealand Shipping Co., Limited. The geared- 
turbine steamer Paris, two torpedo-boat destroyers, 
tugs, and other light craft make up a very varied list, 
aggregating 40,803 tons, the highest recorded by the 
firm since 1900, and 6878 tons more than in the pre- 
vious year. The allied firm, Messrs. Denny and Co., 
manufactured the machinery for these vessels, and 
here also the total reaches a maximum, being 24,200 
horse-power more than in the previous year. 

Messrs. Cammell Laird and Co.’s total is consider- 
ably less than the maximum attained in 1912, the 
comparative figures being 38,000 tons and 77,032 tons; 
but this year no battleship is included, although a 
considerable amount of warship work is still in hand. 
‘The me representative on the list is the destroyer 
Garland, but the firm have launched a large Norwegian 
Atlantic liner, two P. and O. steamers, the geared- 
turbine steamer King Orry, and a large amount of 
small craft. In addition to the machinery for these 
vessels, they fitted the turbine machinery on the 

ttleship Iron Duke, built at Portsmouth Dockyard, 
a vessel which, as shown on 861 of our pre- 
vious issue, proved exceptionally economical during 
her trials. The total machinery output is 90,100 horse- 

wer, peer the firm seventh on the list for the 
nited Kingdom ; but even this total is 21,250 horse- 


Hienrst Toran Average, | ToTaL 
SINCE 1900, 


| | 1913 
1913 
1913 


1913 
1912 


1913 
1911 
1912 
1912 
1911 
19.3 


1901 
1913 


1913 
1912 


1909 
1911 


1913 
1903 


1906 


1902 
1905 
1912 
1908 
1913 
1913 


1913 12,713 





} 
1901-10. 1911 13. 

| No 
= . | 


H.P. H.P. H.P. 


NaMeE oF Firm. 


239,000 47,825 522,050) 43 
4 A. and J. Inglis, Ltd., G 


4 
45 J. 


355,350 | 46 
| Aberdeen 
47 


201,000 60,457 323,450 

| Lowest« ft 
159,550 58,556 
48,779 
57,800 


3,397 


138,650 
136,750 


353,700 
378,750 derland 


110,300 193,180 | 49 McKie and Baxter, Govan 


122,249 33,342 313,699 | 


129,125 95,222 316,835 

Glasgow 
96,800 
98,590 


82,600 


33,320 
25,589 
52,560 


252,300 
250,795 
213,650 | 
Ailsa Company, Troon 
120,150 
77,6" 


67,854 - 

25,011 171,272 Yarmouth 
75,475 
76,850 


76,550 
58,050 


12,060 
42,410 


184,475 
221,700 


Shields 


44,190 
38,047 


165.400 
167,220 | 


Elliott and Garrood, 
Lowestoft 

56,415 

100,130 


28,626 
67,583 


144,285 | 
189,606 Aitchison, Blair and Co., 
55,000 
51,500 


129,120 | 
125,266 


29,119 
37,135 

Campbell and Calderwood. 
40,000 
35,870 


22,988 
18,530 


110,270 
79,470 


79,190 


James Ritchie, Partick 


33,160 15,025 


40,582 | 24,142 96,80 


42 Amos and Sith, Limited, Hull .. 
Bow, McLachlan and Co., Paisley. . 
W. Brocke and Co, 
Hall, Russell and Co., Limited, 
Maccoll and Pollock, L'd., Sun- 
Lobnitz and Co., Limited, Renfrew 
50 Shields Co., Ltd., North Shields _ 
Ferguson Brothers, Port Glasgow 
Plenty and Son, Limited, Newbury 
Dunlop, Bremner and Co., 
Caledon Co., Lta., Dundee id 
W. V. V. Lidgerwood, Coatbridge 
G. T. Grey, South Shields .. 
Crabtree and Co., Limited, Great 
J. P. Rennoldson and Sons, South 
J. Abernethy and Co., Aberdeen, 
A. Hall and Co., Ltd., Aberdeen. . 
Beccles and 
\John Lewis & Sons, Aberdeen a 
|Parsons Motor Co., Southampton . 
bank .. me - “4 - 
|Rennie Forrestt Co., Ltd., London 
|Cooper and Greig, Dundee. 


John Cran and Co., Leith ’.. 
Ramage and Ferguson, Ltd., Leit 


72 T. and J. Hosking, Bermondsey .. 
|Hawthorn and Co., Limited, Leith 
Muir and Houston, Ltd., Glasgow 





TOTAL 
1911-13. 


Hienest ToTaL 
SINCE 1900, 


AVERAGE, 


1912. 1901-10. 


Year. H.P. 
1907 
1913 
1911 


36,732 
32,890 
34 825 
29,676 


28,945 


12,100 


w ..| 11,000 19,725 
Lid. 
10,138 1912-11, 660 


10,010 


9,630 
9,532 
&,790 
8,500 
8, 60 


10,010 


11,440 


7,880 
Port 

se 7,400 
6,925 
6,760 
6, LE5 
5,600 


30,295 
28,165 
17,950 
28,530 


5,455 
2,491 


13,150 


4,890 8,120 4,810 14,530 
4,687 
4,555 


4,310 


5,525 
4,555 
4,310 


4,106 
1,803 
2,764 


11,073 


4,070 
4,000 
4,000 


3,870 


4,070 
4,000 
4,000 


3,340 

Clyde- 

2,433 

Paisley 3,850 
953 

5,025 

1,480 


1,233 


Hepple and Co., South Shields 


Lytham Shipbuildin, 
neering Co., Ltd., 

W. J. Yarwood 
Northwich 


32,550 
34,260 


22,035 
15,081 


82,650 
89,160 


100,650 
77,000 


51,550 
30,000 


26,725 
16,000 


lasgow .. 
Great Central Co-operative Engi- 


and Engi- 
ytham - 
and Sons, Ltd., 


Miller and Macfie, Ltd., Gla 


3,070 


neering Co., Ltd., Grimsby os 


43,450 22,918 80 
81 


§2 


104,650 


gow .. os - 
43,800 28,402 71,230 Cox and Co., Falmouth 


41,650 24,768 103,150 | Inverness 


19,186 10,087 49,266 || 84 


85 


86 
62,190 
41,150 | 87 
45,850 

88 

89 


Fishers, Limited, Paisley 
18,800 
35,300 


18,000 
15,420 


12,015 50,150 | Deptford 
Rowhedge 
Limited, Rowhedge 
W. Sisson and Co., 


Gloucester 


20,483 
11,135 
11,410 
18,910 


11,523 34,735 


13,800 7,940 90 
91 


25,250 | 


38,500 | 
13,250 


Limited, Queensferry 


92 |Menzies and Co., Limited, Leith .. 
93 W. White and Sons, Cowes. 


12,713 | 


power less than iu 1912, when more destroyers were 
included, while it is 32,149 horse-power less than in 
1911, the “ of maximum output. 

Messrs. R. and W. Hawthorn, Leslie and Co., Limited, 
in their shipbuilding list, include a destroyer and four 
— merchant chips between 6000 and 8000 tons. 
Only four of these vessels, however, were supplied 
with machinery from the St. Peter’s Works of the 
company ; in addition there was made there the 
machinery for the Warspite, launched at Devon- 
port, and two cruisers, so that their horse-power 
production—138,650 horse-power—is the largest yet 
recorded, and is 55,800 horse-power more than in the 
aa ga year. The Earle’s Company have had a much 
usier year than usual, the total, 36,125 tons, being 
10,000 more than the previous year. It includes two 
Swedish and a Russian ship exceeding 6000 tons, 
besides several vessels for the Wilson Line. The 
machinery for these and other vessels, built elsewhere, 
makes up a total of 27,980 horse-power, which is 
6280 less than the figure of the previous year, which 
was a maximum. Messrs. Caird and Co., Greenock, 
built four vessels, all for the P. and O. Line. The 
total tonnage, 35,980, is the highest reached since 
1900, although only 44 tons more than in the previous 
year. The horse- power is the same as in the previous 
year, the vessels then built being of slightly higher 
speed, whereas for 1913 two were of the intermediate 
class. 
We regret that pressure upon our s recludes 
us from notifying etter details from the other returns 
sent by the various firms. The Fairfield Company’s 
list is of outstanding importance, as it incbatien an 
Allan liner, a Castle liner, and four torpedo-boat 
destroyers, while in addition they supplied machinery 
for two light armoured cruisers built at the dock- 


|yards. Messrs. Thornycroft and Co., of Southampton, 


Rose Street Foundry Company, 
Philip and Son, Dartmouth a 
General Steam Navigation Co., 
Iron Works Company, 
Limited, 
|E. Hayes, Stony Stratford . v: 
Alle and Maclellan, Limited, 

Ghagow * oe oe ie 
Hanna, Donald & Wilson, Paisley . 
Isaac J. Abdella and Mitchell, 


Gouldie, Gillespie and Co., Glas- 


: 8738 
860 


500 
445 


986 
652 


360 


300 
300 


1910 


525 


1904 
1913 


1,680 
320 


1,710 

320 
245 
175 
‘ ee 117 


1911 
1905 
1913 


1,590 
1,250 
316 


2,485 
910 


130 £63 


Messrs. J. 8. White and Co., Limited, of Cowes, 
Messrs. Yarrow, and the London and Glasgow Com- 
pany, make up their totals almost entirely of de- 


stroyers ; but as this warship work was reviewed in 
our last issue, there is little need to refer further 
to the matter. The work done by the other firms is 
entirely merchant work, much a it of a high class, 
Messrs. Inglis including two geared-turbine steamers 
for the Indian service. 


PRODUCTION OF MARINE ENGINEERING Firms. 


In Table VII. there is given the output of the firms 
who manufacture marine machinery, alung with the 
totals for the previous year, the highest total since 
1900, the annual average for 1901-10, and the total for 
1911-13. In this respect we may note that of the 93 
firms included in the table 30 have this year reached 
their highest output. We have already referred to the 
engineering work done by those firms who also con- 
struct the hulls of vessels, and have made special 
reference to the output of Messrs. John Brown and 
Co., of Clydebank. Their neighbours, the Fairfield 
Company, with a total of 201,000 horse-power, are 
only 28,000 horse-power behind them. Their total is 
ay four times the output of the previous year. 

The Wallsend Slipway Company has the highest 
total for any firm which does not manufacture the 
hulls of ships. Of the total of 159,550 horse-power, 
115,000 horse-power is due to warships, whilst the 
firm also constructed reciprocating engines for fourteen 
vescels, all of the single-screw type. In addition, 
34 boilers were supplied to generate steam for 
machinery of 29,630 horse-power, but these, of course, 
|are not included in the total. The progress of this 
| establishment is suggested in our table, because the 
| average output of the past three years is 118,450 
| horse-power, whereas in the previous ten years it was 
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only 58,556 horse-power. 


This is a consequence of 
active 


ment and wise financial policy in recon- 
structing and fitting of modern tools out of revenue. 
The high totals of Messrs. Thornycroft and Messrs. 
Yarrow are, of course, due to the number of torpedo- 
craft manufactured. 

The North-Eastern Engineering Company have a 
total of 89,605 horse-power, which is made up of 
reciprocating machinery for 42 merchant ships. In 
addition, they bnilt boilers for machinery of 1570 
horse-power. Of the total, 47,470 horse-power was 
constructed at the Wallsend works, and 43,705 at the 
Sunderland works of the company. The total, it will 
be seen, is nearly 40,000 less than the highest output, 
which was that of 1912. 

Messrs. Richardsons, Westgarth and Co., Limited, 
have made engines of the reciprocating type for 41 
merchantmen, totalling 81,500 horse-power, which, 
although 14,500 horse-power greater than the previous 
year, is 38,650 horse-power less than the maximum 
reached in 1901. Of the total, 37,550 horse-power was 
produced at the Hartlepool works, 17,850 horse-power 
at the Middlesbrough works, and 26,100 horse-power 
at the Sunderland works. In addition, there were 
constructed by the firm for land use «team-turbines 
totalling 3,600 horse-power, ard rolling-mill engines 
of 20,000 horse-power ; but these, of course, are not 
included in the figures given in Table VI. 

The Parsons Teton Steam-Turbine Company have 
also had a busy year. They constructed 87,000 horse- 
power of turbines—six sets for destroyers and one set 
of geared turbines to replace the reciprocating 
engines in a large merchant ship. It is interesting to 
note that one of the destroyers was fitted with gearing 
for all the turbines, three others had gearing in part, 
while the sixth was without gearing. OF ring 
constructed by the firm at their own works, the 
total was for 75,400 horse-power, a fact which in 
itself shows that the system is being widely adopted. 
Messrs. Blair and Co., Limited, Stockton, have a 
horse-power of 73,700 to their name on the list, and 
within 3150 horse-power of the highest figure—that 
reached a year ago. This year’s total is made up of 
reciprocating engines for 31 single-screw steamers. 
Messrs. David Rowan and Co., ow, engined 20 
vessels, all with reciprocating engines; but the firm are 
taking up the pee yee son business, and have fitted 
a machinery in their factory. The Central 

arine Engine Works, West Hartlepool, who have a 
total of 56,415 horse-power, were entirely engaged on 
the building of machinery for vessels built by Sir W. 
Gray and Co. The total of 51,360 horse-power re- 
turned by Messrs. John Dickinson and Son, Sunder- 
land, which is within 3640 horse-power of the highest, 
reached in 1906, is made up of reciprocating engines 
for 11 vessels. Messrs. George Clark, Limited, Sunder- 
land, engined 20 merchant vessels, the total of 42,150 
horse-power being 9350 horse-power less than the 
highest aggregate, attained in 1906. We may con- 
clude by again thanking the various firms for supplying 
the details of the work carried out by them during the 
year. 





GoLp AND Nicket Inpustry in Swepen.—The Adel- 
fors Company in Sweden has increased its capital for 
the pur of reopening work on its gold and nickel 
mines. The pel wes oy for extracting the gold have been 
so improved that 30 per cent. more gold is obtained, and 
some inferior quartz can now trea at the nickel 
smelting and the gold it contains extracted. The adop- 
tion of pyrite smelting in the nickel manufacture saves 
both fuel and labour ; formerly large quantities of wood 
and charcoal were used for getting rid of the sulphur. 
There are also vast accumulations of slag which can 
now be utilised. A hydro-electric power-station will be 
built at a waterfall belonging to the company. 





INTERNATIONAL ExecrricaL Concress: San FRan- 
cisco, 1915 —The International Electrical Congress is 
to be held at San Francisco on September 13 to 18, 1915, 
under the auspices of the American Institute of Elec- 
trical Engineers, by authority of the International 
Electrotechnical Commission, and during the Panama- 
Pacific International Exposition. Dr. C. P. Steinmetz 
has accepted the honora: none | of the Congress. 
The deli tions of the Congress will be divided among 
twelve sections, which will deal exclusively with elec- 
tricity and electrical practice. There -will probably be 
about 250 papers. The first membership invitations will 
be issued in February or March, 1914. Attention is 
drawn to the distinction between this Electrical Con- 
gress and the International Engineering Congress, which 
will be held at San Francisco during the week imme- 
diately following the Electrical Congress. The Engi- 
neering Congress is supported by the Societies of Civil, 
Mechanical and Marine Engineers, and by the Institutes 
of Mining and Electrical Engineers, as well as by promi- 
nent Pacific Coast engineers, who are actively engaged in 
organising it. This gress will deal with engineering 
in a general sense, electrical ineering subjects being 
— soewe of the eleven sections, —< include 
about twelve rs, treating more particular lica- 
tions of electstaity in engineering work. The weet - of 
the International Electrotechnical Commission wi 
held during the week preceding that of the Electrical 
Congress. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 


WE give below a few data on several colonial and 
foreign engineering projects taken from the Board of 
Journal. Further information —— these 
projects can be obtained from the Commercial Intelli- 
— Branch, Board of Trade, 73, Basinghall-.street, 

ndon, E.C. 

Australia: With reference to the proposed harbour 
works at Mackay, the Imperial Trade Correspondent at 
Brisbane has forwarded a copy of a report (condensed) 
of the Board of Inquiry appointed to investigate the 
scheme. The Board recommend (1) the construction of 
two break-waters at Flat Top Island, each with a length 
of from 1500 to 2000 ft., and of one or more jetties for 
berthage projecting out from the island between the 
breakwaters ; and (2) the construction of a reinforced- 
concrete viaduct, about 12,000 ft. long, connecting the 
island with the mainland. The total estimated cost of 
these works is placed at about 350,000/. 

Sweden : H.M. Consul at Stockholm reports that the 
Municipality of Stockholm is taking steps to raise a loan 
of about 2,750,000/. for harbour improvements, water, 
gas and electric works, buildings, and sewerage. 

Russia: H.M. Chargé d’Affaires at St. Petersburg 
reports that, in view of the absence of docks and slips 
at Russian commercial ports, and considering the import- 
ance of such facilities, the Ministry for Commerce and 
Industry intends to proceed at once with work of this 
nature, owing to the lack of private initiative in the 
direction of supplying the want. As a commencement, 
75,000 roubles are to be spent on works at Berdiansk, 
where a large number of dredgers and other floating craft 
will be concentrated in connection with the impending 
work of extending the port, and will require anchorage 
and docks for repairs. The Ministry for Commerce is 
also asking for a credit of 100,000 roubles for the com- 
a of a basin for a floating dock at Kertch. In asking 
or supplementary credits for the erection of new work- 
shops at Archangel, the Ministry emphasises the necessity 
for well-equipped workshops — of executing promes 
repairs to dredgers, &c., at all commercial ports. e 
Ministry also intends to provide cold storage for fish at 
Archangel. (Rouble = 2s. 14d.) 

Austria-Hungary : H.M. Consul-General at Budapest 
reports that the estimates for the first six months of 1914, 
recently submitted by the Hungarian Minister of 
Finance to the House of Deputies, contain the following 
items of proposed expenditure for the State railways :— 
Locomotives, 416,666. ; rolling stock, 416,666/. ; illumi- 
— brake, and heating apparatus, 29,1€6/. ; rails, &., 
79,166. ; blocks, signals, telegraph and telephone and 
signal bells, 70,833/.; development of traffic, 461,179/. ; 
reconstruction of Budapest railway stations, 125,000/. ; 
duplication of existing lines, 105,000/.; conversion of 
secondary into main lines, 49,583/. ; laying of heavy rails, 
246,2501.; railway — 62,5002. ; construction of 
new lines, 905,0001. (of which 812,500/. will be spent on 
the Ogulin-Knin-Da]matian frontier line). 

Turkey-in-Asia: His Majesty’s Consul at Jerusalem 
has forwarded a copy of a notice issued by the Munici- 
pality of Jerusalem relative to the conditions for a pro- 

loan of from 2,500,000 francs to 3,000,000 francs 
100,0002. to 120,000/.) required for the provision of a 
water supply system at Jerusalem. The loan is to be for 
forty years, and will be guaranteed by (1) the value 
of the skins, &c., of animals killed in Jerusalem, which is 
estimated at 120,000 francs (4800/.) per annum ; (2) the 
net revenue from the water service ; and (3) a lien on the 
ee en a | undertaking. Tenders for the loan, accom- 
panied by a deposit of 20,000 francs (800/.), will be received 
up to January 30, 1914, by M. le Président, Municipalité 
i servia HEM. ‘Legation at Belgrad b 

ia: H. ion at ie reports that 
tenders are invited by the Servian —— Company 
for the construction of five fast saloon-boats, four tugs, 
eighty barges, and two dredgers. Tenders should con- 
form, as far as possible, with the prescribed conditions, 
but pro is for c of a technical nature will be 
accepted. Tenders marked ‘‘ Offert zum Bau der Schiffe 
und Waarenbote ” will be received up to January 14 at the 
Direction der I. Kénigl. Serbischen Schiffahrts Gesell- 
schaft, Belgrade, Servia. 

Spain : e Gaceta de Madrid contains a copy of a 
Decree issued by the Ministerio de Fomento, announcing 
a call for tenders for the necessary weg! oy to the 
construction of a mole) at the port of Musel, in the 
Province of Oviedo, the cntemnell cost of which is put at 
378,568 pesetas (about 14,020/.). Tenders, which are to 
be accompanied by a deposit of 18,428 pesetas (about 
682/.), will be received up to January 15 by the Direccion 
General de Obras Publicas, Ministerio de Fomento, 


Madrid. Local representation is yn b 
Brazil: The Diario tal pd ov Desses (ite. 
10,585) me csarge J the and estimate of 7,197,114 


milreis (about 480,000/.) for the construction of a section, 
624 miles long, of the Pelotas-Sio Pedro Railway. 





Doncaster.—The Askern Coal and Iron Company, 
Limited, which was founded in 1910 to acquire mineral 
rights on the Camps Mount and Cam estates at 
Askern, has acquired leases of coal under an area of 
about 7000 acres and the freehold of 38 acres of surface 
land seven miles from Doncaster. About 6255 acres of 
coal are held under leases of 90 years at present un- 
expired, the remaining 745 acres having years un- 
expired. Two shafts of 21 ft. 6 in. in diameter have been 


be | sunk to a depth of 817 yards and 566 yards respectively, 
y 


and it is that 93,000,000 tons of coal will short 





THE ROYAL METEOROLOGICAL SOCIETY. 

The monthly meeting of this Society was held at the 
Institution Civil ineers, Great George-street, 
Westminster, on Wed yy, December 17, Mr. C. J. P. 
Cave, President, in the chair. 

A paper on “ The Great Rain Storm at Doncaster, 
September 17, 1913,” was pete y Mr. R. C. Moss- 
man and Mr. ©. Salter, of the British Rainfall Organisa- 
tion. On that day, during a period of disturbed weather, 
a very heav local fall of rain took place in the 
vicinity of Doncaster. The storm lasted 14 hours, and in 
that time more than 4 in. of rain fell at six stations, of 
which four had more than 5 in. The-small area em- 
braced by the heavy rain is shown by the circumstance 
that more than 4 in. fell over only 61 square miles, while 
more than 0.50 in. fell over 2336 square miles. Over the 
latter area 47,330 million gallons of water was precipi- 
tated. No adequate explanation of the storm can 
offered, and the phenomenon affords an opportunity for 
special investigation. 

paper on ‘* Recent Studies of Snow in the United 

States” was contributed by Dr. J. E. Church, Jun., the 
Director of the Mount Rose Meteorological Observatory, 
Nevada, U.S.A. He first gave a description of the snow 
sampler and weigher, which is an instrument he has 
designed for quickly measuring the depth and the water 
content of snow upon mountains. He then referred to 
some of the phases of the snow problem which were 
susceptible of solution by aid of this instrument, and 
showed that the evolution of the snow leads directly to 
the practical problem of the relation of mountains and 
forests to the conservation of snow. This is of vital 
interest wherever irrigation is essential to agriculture, as 
in the western portion of the United States and in 
Australia. It is also closely related to the problem of 
stream control. 

Mr. ©. E. P. Brooks read a paper on “‘ The Metcorolo- 
gical Conditions of an Ice Sheet and their Bearing on the 
Desiccation of the Globe.” As the regions occupied by 
extensive ice-sheets at the present day—viz., Antarctica 
and —are the centres of permanent high-pres- 
sure areas, with slight precipitation, the author infers 
that the regions occupied by similar ice-sheets in the 
glacial period were likewise occupied by permanent anti- 
cyclones. The maximum extent of iation occurred 
at about the same time in different regions of the globe, 
and also coincided with the maximum of the pluvial period, 
or period of ter rainfall than the present, in the un- 
glaciated regions. But a general decrease in temperature 
should lead to a decrease, not an increase, in the amount of 
ev: tion, and hence of precipitation. The explanation 
of the paradox lies in the aif erent distribution of the 
precipitation. Various causes tended to minimise the 
effect of the fall of temperature in d ing evapora- 
tion ; thus, while the total precipitation over the globe 
may have been somewhat less now, so little of it 
fell over the ice-sheets that the remainder, falling upon 
the unglaciated areas, rendered these consi y 
moister than now. Since the culmination of the ice age 
desiccation has progressed with the retreat of the ice, 
Slight reversals have taken place; an example is the 
period, cold in the north, moist in the south, from the 
ninth to the thirteenth centuries. 





Tue IsHeRwoop System or Sure Consrrucrion.— 
The Isherwood system still continues to make rapid pro- 
gress, and the num of vessels contracted for on this 
system to date now totals 276, representing almost a 
million and a quarter gross register tons. The number of 
built in 1913 shows a considerable advance on 





vessels 
1912, as will be seen from the following figures :— 
1908 .. 2 of 7,329 tons 
1909 . 8, 21,98 ,, 
1910 .. 25 ,, 92,700 ,, 
1911 40 ,, 154,634 ,, 
1912 62 ,, 284,615 ,, 
1913 79 ,, 384,372 ,, 
26 895,698 ,, 


Included in this number are vessels of all types and 
descriptions, and, apart from ordinary ocean-going vessels, 
it is perhaps of special interest to note that three other 
ey vessels have been completed for eervice 
on the Great es of America. In the development of 
the oil tanker the system has played a prominent ¥ 
no fewer than thirty-nine of this class of vessel havi 
launched in 1913. The San Fraterno, the 15, ton 
d.w. tanker, built on the Isherwood system, probably 
created more interest than any other vessel built in the 
current year, and is the first of twelve similar steamers 
building on this system, four of which have 
now been —. r, the —— a a 
85 per cent. to’ -tank tonnage building through- 
out the world is on the Isherwoed sy: and, up to 
date, 103 vessels of this type are alread ilt, or are 
being built on this system in the following countries :— 


United Kingdom 66 vessels, of about 882,420 tons 


oe 





Germany .. ie a oe eo 71,408 ,, 
U.S.A. 16 9 61,672 ,, 
France... - , 1 eo 8,500 ,, 
Italy we es a 7 jad 14,000 ,, 
Sweden .. os os 1 " 5,000 ,, 

108 628,000 ,, 


Vee have been ommenet to at gy ee 

of Lioyd’s Register, British Uorporation, Bureau Veritas, 

Germanichor” Lloyd, nt = Veritas, ry  — 

Bureau, system been adopted the Govern- 

—- Great Britain, United States of Anne 4 and 
y- 
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CATALOGUES. 


Electric Motors.—The latest bulletin from the Phenix 
Dynamo Manufacturing Company, Limited, of Thorn- 
bury Works, Bradford, illustrates and describes the 
construction of large induction motors specially designed 
for driving fans and air-compressors in collieries. The 
bulletin contains a number of reproductions from photo- 
graphs of details of the machines, so that their construc- 
tion is very easily followed with the aid of the descriptive 
matter. pememene of complete machines, and of 
rans ‘ans and compressors, are also repro- 

uced, 


D os and Motors.—We have received ffom Messrs. 
J. H. Holmes and Co., of Portland-road, Newcastle-on- 
Tyne, a copy of their Jatest catalogue of ‘ Castle” motors 
and dynamos for continuous current. Prices are stated, 
and full particulars given of motors with capacities rang- 
ing from 0.4 to 190 orse-power, for use on 110, 220, 420, 
and 480 volt circuits, while the generators listed have 
capacities up to 127.6 kw. Particulars are also given of 
special generators for supplying cinematograph arc-lamps, 
and of others for working in connection with low-voltage 
installations of metal-filament lamps. 


Dynamos and Motors.—The latest pamphlet to hand 
from Messrs. Bruce Peebles and Co., Limited, of Edin- 
burgh, is numbered 188, and relates to large size 
continuous-current dynamos and motors of the open type. 
A complete general specification is first given, and this is 
followed by tabulated particulars of motors with capacities 
ranging from 19 to 1750 horse-power, and of generators 
with outputs of from 16 to 1400 kw.; the particulars given 
are for machines working at 115, 230, and 500 volts. 
Tables of principal dimensions and weights are also given, 
and a few examples are illustrated. As is usual with 
Messrs. Peebles’ publications, this pamphlet is well 
printed and conveniently arranged. 


Oil-Engines.—From Messrs. James Pollock, Sons and 
Co., Limited, of 3, Lloyd’s-avenue, E.C., we have received 
a pamphlet entitled ‘‘ Latest Developments of the Bolinder 
Oil-Engine,” published by Messrs, J. and C. G. Bolinder, 
of Stockholm. The pamphlet contains some excellent 
illustrations of Messrs. Bolinder’s works, and also illus- 
trates several examples of engines used for power produc- 
tion and marine propulsion. Among the latter is a four- 
cylinder reversible engine of 320 oo A horse-power fitted 
on board the motor coasting vessel Isleford ; the engine 
ie claimed to be the highest-powered engine of the ‘‘ hot- 
bulb” type ever ponder The vessel itself is also 
illustrated, together with very numerous examples of 
almost all kinds of craft on which Bolinder engines have 
been installed for main or auxiliary propulsive power. 
Full particulars of these engines will be found in our issue 
of April 18 last, on page 525. 


Crank-Shafts.—An attractive booklet, illustrating their 
works and productions, has been issued by the Rotherham 
Forge and Rolling Mills Company, Limited, of Rother- 
ham. The company manufacture steel forgings of all 
kinds up to 15 tons in weight, and supply them either in 
the rough or machined to standard limits. Their rolling- 
mill department also supplies steel bars, rods, plates, and 
sheets of various sizes, sections, and gauges, and also 
produces circular plates for saws, &c. The illustrations 
in the booklet show a plain shaft - forging weighing 
104 tons, and a great variety of crank-shafts, as examples 
of the firm’s work. The crank-shafts illustrated include 
almost every ible design, and cover requirements 
ranging from those of the manufacturer of light motor- 
cars to those of the marine-engine builder, and between 
these limits examples of crank-shafts for gas and oil- 
engines, Diesel engines, high-speed steam-engines, and 
pumps are shown. The booklet also contains reproduc- 
tions of photographs of the firm’s forge, machine-shops, 
and rolling-mills. 

Chains for Power Transmission.—We have received 
from the Coventry Chain Company, Limited, of Spon 
End, Coventry, two pamphlets dealing respectively with 
roller-chains and ‘‘ noiseless” chains for power transmis- 
sion. These —— give dimensions, loads, weights, 
and other particulars of the chains in both English and 
metric units. Full particulars of chain-wheels, and of 
cutters for forming them, are also given for both types of 
chain. Single roller-chains are listed with pitches vary- 
ing from } in. to 3 in., and “‘ noiseless” chains with pitches 
of from 8 mm. to 24 in., with either outside or central 
guide-plates. The firm state that they are the only 
makers of 8-mm. and 10-mm.-pitch “noiseless” chains, 
and that these chains have been found very satisfactory 
for such light work as driving magnetos, water. circulating 
pumps, governors, tachometers, &c. The weight of the 
8-mm.-pitch chain, with different arrangements of links, 
— from 0.28 Ib. to 0.85 lb. per foot, and the breaking 
] varies from 756 lb. to 3030 1b. The pamphlets con- 
tain many hints on the use of the chains, and also illus- 
trate some of their applications. 


Gauge-Glasses.—A price-list of ‘* Durobax ” water-gauge 
glasses, manufactured by Messrs. Schott and Gen., of 
Jena, has come to hand from Messrs. Schiffer and Buden- 
berg, Limited, of Whitworth-street, Manchester. who are 
the sole agents for these glasses in the United Kingdom. 
They are claimed to be capable of resisting very high 
steam pressures combined with sudden changes of tem- 
perature, and to be unaffected by the dissolving action of 
alkalies which sometimes give trouble with ordinary 
glasses. Another point mentioned is that ‘* Durobax 
glasses are not liable to become dull on the inside, and 
thus the water-level is easily visible after prolonged use. 
The prices stated are for g’ varying from 10 in. to 
24 in. in length and from ; in. to 1 in. in external dia- 
meter, and having fused ; glasses suitable for sight- 





feed lubricators are also listed. The price-list also deals 
with gauge-glass protectors, made of thick toughened 
glass having wire netting embedded in it. These pro- 
tectors are held in place by means of two helical springs, 
which yield somewhat if the gauge-glass should burst, 
and thus minimise the shock on the protector. 


Crancs and Grab - Buckets. —The Brown Hoisting 
Machinery Company, of Cleveland, Ohio, U.S.A., have 
issued a pamphlet illustrating numerous examples of 
steam and electric locomotive-cranes, fitted with their 
patented forms of grab-buckets. The latter are made in 
two forms—one specially suitable for handling coal, coke, 
and other materials in which breakage must be reduced 
to a minimum ; and another cheaper form for use with 
sand, vel, es, &c., which are not injured by less 
careful handling. The capacities of the cranes and buckets 
are such that loads ranging from 4 to 3 tons of material 

r lift can be dealt with continuously. The cranes are 
urnished with a bottom block and hook so that they can 
be used for all kinds of miscellaneous lifting work, and 
they can also be fitted with a special hoom and shovel to 
enable them to be employed for excavating. The cranes 
illustrated have capacities ranging from 3 to 40 tons, 
and they are shown in use for loading and unloading 
railway-trucks and road-wagons with ore, coal, sand, and 
other materials, as well as for handling coal at power- 
stations, coaling locomotives, unloading steamers and 
barges, a, and other contractors’ work. The 
illustrations are all reproduced from photographs. 


Air-Compressors and Vacuum Pumps.—Messrs. Siebe, 
Gorman and Co., Limited, ‘‘ Neptune” Works, West- 
minster Bridge-road, S E., have issued a small catalogue 
of air-compressors and vacuum pumps. The air-com- 
pressors are of the high-s , vertical, enclosed single- 
acting type, and are made for either one-stage or two- 
stage compression. The single-stage compressors, which 
are suitable for pressures up to 100 lb. per sq. in., are 
listed with capacities ranging from 1 cub. ft. to 120 cub. ft. 
of free air per minute, while the two-stage compressors, 
which are provided with intercoolers, have capacities 
up to 60 cub. ft. per minute, the two-stage compressors 
are suitable for working pressures up to 400 lb. per sq. in. 
Either type can be supplied with steam-engines, oil- 
engines, or electric motors for driving. The catalogue 
also gives particulars of hand or electrically-driven air- 

umps of the type used for supplying air to divers, and 
Poth air-pumps and compressors are shown in use with 
calcium-chloride desiccating chambers such as are used 
for drying out telephone cables. Other interesting 
features of this catalogue include a small air-pump, 
operated by hand-lever, capable of producing 9 pressure 
of 1800 lb. oy sq. in., and a small electrically-driven air- 
pump of the oscillating-cylinder type for pressures up 
to 30 lb. per sq. in. 


Blast-Furnace Plant.—We have received from the 
Deutsche Maschinenfabrik A.G., of Duisburg, Germany, 
a copy of their latest catalogue of blast-furnace plant. 

e firm manufacture complete blast-furnace equip- 
ments, and the catalogue is in the form of a collection of 
interesting illustrations, reproduced from photographs, 
showing examples of their productions. I is divided 
into three main sections, each dealing with one particular 
class of machinery, and each prefaced by a few general 
notes on its contents ; brief descriptions are also given of 
each illustration. The first section deals with appliances 
for handling ore and coke, and contains examples of 
cranes, transporters, ore bins, &c., while the next section, 
which is icularly complete, relates to the blast-fur- 
nace itself and various accessories, such as charging- 
hoists and blowing-engines. The one remaining section 
is devoted to appliances for conveying the molten iron, 
casting it into pigs, and for breaking and handling the 
finished pigs. In this section we find carriage-ladles, cast- 
ing-cranes, metal-mixers, pig-casting machines, and pig- 
bed cranes, the latter having attachments for breaking 
the pig, and being also provided with magnets for lifting 
them. The catalogue is well printed, and the illustrations 
are mostly large and clear, so that the book gives quite a 
good insight into modern Continental blast-furnace prac- 
tice. The descriptive matter isall printed in English. 

Heating Buildings. — Messrs. Ashwell and Nesbit, 
Limited, of Barkby-lane, Leicester, have sent us a copy 
of an illustrated booklet relating to the ‘‘ Nuvacuumette” 
system of heating buildings, combined with their ‘‘ Nuto- 
matic” system of temperature control. The heating is 
effected by radiators supplied with steam at less than atmo- 
spheric pressure, the air and condensed vapour being ex- 
tracted by a vacuum-pump placed at the end of the return- 
pipe ; the _ oy however, be dispensed with in small 
installations. © many advantages of this system over 
hot-water and live-steam heating are pointed out in the 
booklet, which then goes on to describe the firm's auto- 
matic temperature-control system. This consists of a 
thermostatic device arranged to regulate the admission of 
steam to the radiators according to the temperature of 
the air in the room. By this means a constant tempera- 
ture is maintained under all conditions, and a considerable 
saving in fuel results from the fact that steam is shut off 
as soon as the temperature rises to the required degree. 
Several tem ture charts from recording thermometers 
placed in buildin in which the system has been 
installed, are re’ uced in the booklet, and as these also 
show the times during which the steam has been on and 
off, a very fair estimate of the fuel-saving can be made. 
The system is also applicable to the heating of liquids. 


» | The booklet contains a list of installations carried out by 


the firm, and also gives extracts from testimonials. 


Motor Controllers and Resistances.—The British Thom- 
son-Houston Company, Limited, of Rugby, have sent 
us copies of two illustrated price-lists, both relating to 
motor controllers and resistances ; one of the pamphlets 





deals with controllers for industrial purposes, while the 
other gives particulars of controllers for use in coal- 
mines. Those in the former list are suitable for operating 
cranes, hoists, machine-tools, &c., and for surface work 
in mines, but not for use underground. For continuous- 
current motors hand-operated controllers of the tram- 
way type, with and without braking points, are listed, 
while for large motors. heavy duties, or remote-control, 
contactor systems with a master controller are illus- 
trated, but prices are not stated. This list also gives 
full particulars of controllers for use with slip-ring 
induction motors, and of controllers for regulating the 
speed of squirrel-cage motors by c ing the number 
of stator poles. Resistances for use with these controllers 
are also included in the list, and prices are stated for re- 
sistances with two-minute, five-minute, and continuous 
ratings. The control gear dealt with in the other list has 
been designed tocomply with the revised Home-Office re- 
gulations governing the use of electricity in mines, and is 
specially suitable for haulage service. Two types of con- 
trollers are supplied for underground work—viz., vertical 
air-break controllers, and horizontal oil-immersed con- 
trollers: the latter are intended for use in parts of the 
mine where gas is not usually present, but may, at times, 
occur in sufficient quantities to dangerous. Both 
types are listed for use with three-phase and continuous- 
current motors, together with suitable resistances. 


Steam Tractors. — Messrs. Marshall, Sons and Co., 
Limited, of Gainsborough, have sent us a copy of one of 
their recent publications relating to steam tractors and 
small road-rollers. The former are made in two standard 

tterns, one single cylinder and the other compound, 

ull particulars of both forms being given. These trac- 
tors, which are similar to an ordinary traction engine in 
construction, are both of the same power, and are capable 
of hauling loads of 8 tons on a level road at their highest 
8 of 5 miles per hour, while at their second speed of 
24 miles per hour the same load can be taken up an incline 
of 1in 12. The engine, which can, of course, be used for 
driving thrashing machines, pumps, stone-breakers, and 
other stationary machinery, develops 20 brake horse- 
power. The boiler is fitted with the firm’s patent firebox 
with cambered roof, which was very fully dealt with in 
our issue of August 30, 1912, on page 303. Particulars 
are also given of trailer wagons with side-tipping, end- 
tipping, and fixed bodies, for use with these tractors, and 
we then come to a series of small road rollers for con- 
struction and repair work in rural districts, parks, and 
estates. These rollers are of the same general design as 
the tractors, and arrangements are made by which it is pos- 
sible toconverta road-roller into a'tractor, or vice versd, with 
verylittletrouble. The rollersare madein two sizes of 6 and 
8-tons weight, and both sizes are made with either single- 
cylinder or compound engines ; one of the rollers illus- 
tra’ is fit with a 2-tine ‘‘ Allen” scarifier. The 
publication also illustrates a steam road-roller of the 
water-ballast type, specially designed for rolling tar- 
macadam. Its weight in working order is 7 tons, but by 
filling the wheels with water the weight can be increased 
as required up to 8} tons. 





Ro.“LtER AND Bawu-Bearines.—The third ordinary 
general meeting of the session of the Institution of Auto- 


mobile Engineers was held on Wednesday, the 10th 
ult., in the Hall of the Institution of Mechanical 
Engineers, Storey’s Gate, S.W., when Professor John 

man, 0 University, gave a most interesting 
lecture, entitled ‘‘Some Points in the em ey Roller 
and Ball-Bearings.” Professor Goodman has making 
a comprehensive study of this oe for over 15 years, 
in the course of which innumerable experiments have been 
made on various types of both ball and roller-bearings 
under many different conditions of load and at various 
speeds. ese investigations have led him to the formula 
quoted below, which will give, he states, the maximum 
working load in pounds to be allowed for any given ball- 
bearings. The formula reads : — 


Km@ 
ND+Cd@ 
where 


m = the number of balls in the bearing. 

d = diameter of the balls in inches. 

N = revolutions per minute. 

D = diameter of ball-race, diameter being taken 
from the point of contact of the ball with the race, or for 
a thrust bearing D = the diameter taken from the centres 
of the balls. 

The constants C and K are as follows :— 


For Thrust Bearings :— 


Flat races... 
Hollow races... 


For Journal Bearings :— 


Flat races 
Hollow races... 


* When the radius is about twice that of the ball. 
+ When the radius is ,°;ths that of the ball. 


Another interesting point brought out was the fact that 
roller-bearings when subject to heavy loads invariably 
show a very considerable amounts of end-thrust, however 
good the workmanship. In the course of his experiments, 
which were generally made under excessive loads, the 
end-thrust amounted to a very serious fi and greatly 
increased the friction of the bearing. The lecturer illus- 
trated one form of roller-bearing in which the length of 
the roller was approximately equivalent to the diameter, 
in which the end-thrust was almost absent, 
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0, opposition to the grant of a 
‘atent on any of the grow’ netics ta the hat v 
ELECTRICAL APPARATUS. 


22,985/12. J. H. Holmes, Newcastle-on-Tyne. Brush- 
Holders. (6 figs.) October 8, 1912.—This invention relates to 
a brush-holder for dynamo-electric machines having a brush to 
which a rectilineal feeding motion is given, and consists in the 
arrangement of a p finger hav a curved form 
to roll upon a path fixedly ed on the brush-holder, the curve 
of the finger and the shape of the path being such that the press- 
ing finger always presses axially on the brush throughout its 
whole stroke, a spring or adapted to give a feeding pres- 
sure to the finger, restraining means acting in opposition to 
said spring or springs adapted to ensure true rolling contact 
between the curved finger and the path on which it rolls. The 
usual holder lug @ is provided for ting on the ordinary 
spindle of the rocker, and to this lug @ is pivotally attached by 
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the screw b the brush-holder c. The finger d has a pivoted foot ¢ 
to bear on the carbon-brush / and transmit the spring pressure. 
Upon the curved part g of the finger d struck from centre z lies a 
flexible strip h, which is fixedly attached at its lower end to the 
finger d. This strip A at ite upper end has side trunnions which 
drop into and engage with n es in ears k mounted at the top 
of the part 1, which forms the path upon which the curved part g 
rolis. Springs m, adjustable or otherwise, are attached at one 
end to the holder, and at the other end toa pin fixed in the finger 
d at such a point that the pull is at one side of the centre of the 
trunnions when the finger is in the rative ition, and on 
the other side of the said centre when in the inoperative position. 
A handle o is rigidly fixed to the back of the finger d, and serves 
tor manipulating the finger, while the tail-piece p forms a stop to 
limit backward movement. (Sealed December 18, 1913.) 


13,315/13. Otis Elevator Company, Limited, Lon- 
don. (Otis Elevator Geselis M.b H., Berlin, Germany.) 
Electro- its. (5 Figs.) June 9, 1913.—This invention 
relates to improvements in alternating-current electro-magnets, 
and has particular reference to those having an armature. The 
object of the present invention is to avoid the objectionable 
knocking or vibration of the armature and the consequent 
deterioration of the parts. According to this invention, it is 
proposed to utilise the residual magnetism to prevent the arma- 
ture vibrating under the influence of the rapid change in the 
direction of the current. Preferably this is effected by forming 
the core of the current coil of material having low residual mag- 
netism, and connecting the core to field members having high 
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residual magnetism, — a@ non-magnetic covering for 
the core, said covering ngasadampingcoil. A current coil a 
is secured by bolts to a bracket b mounted on a base /!. This 
bracket b is cut away to accommodate a weighed arm (2 which is 
pivoted thereto, and has a tail-piece /4 which carries a contact- 
arm ¢, the latter fitting loosely over a pin cl. A spring is inter- 
bet the tact-arm c and a washer on the pin c! 

‘or the purpose A tne a spring contact. The arm c is 
adapted to make break contact with an adjustable contact- 
d mounted in a cable socket or terminal. ithin the coil a 

isa ou core comprising a stationary part ¢ and a movable 
part el. is core is made of material having very low residual 
magnetism, and consists of three sections f, 1, £2 of laminated 
iron. The two outer sections /, f2 are surrounded by coverings 








of non-magnetic material, such as brass (see Fig. 3). The movable 
part e! of the core is carried by the pivotal arm b2, and the 
stationary part ¢ is rigidly ted to the bracketb. A 
p’ates of paramagnetic material are interposed between the 
coverings of the outer sections ff2 and the bracket }b and the 
arm 6°. The movable part e! of the core serves as an arma- 
ture, and when no current is flowing through the coil a it 
falls into the position indicated in dotted lines, and in so 
doing lifte the contavt-arm ¢ off the contact-post d, thus 
breaking the lamp circuit, which includes the mains I, II, 
bracket b, arm 02, tail-piece b4, and lamps w. In arrangements 
as heretofore as. when alternating current flows through 
the coil a, violent vibration or knocking of the armature takes 
place, which results from the temporary cessation of all mag- 
netisation due to the change in the direction of the current. 
In the arrangement according to this invention such violent 
vibration of the armature is avoided owing to the fact that the 
residual magnetism <f the bracket } and arm }2; which are 
made of material having very high residual magnetism, is always 
sufficient to maintain temporarily the magnetisation of the core. 
The —- of the outer sections /, f2 of the core act as damp- 
ing coils effect retardation of the phase until the al 

current flowing in the other direction again develops the 
magnetic field or effect. The coverings are of suitable resistance 
to give the required damping effect, and angle-plates of suitable 
thic nagnetic material, so as to avoid the sticking of the 
= | eces after interruption of the current. (Accepted October 22, 
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20,849/12. The British Thomson-Houston Com ° 
Limited, London (Allgemeine Elektricitidts - Gese aft, 
Berlin, Germany). Alternating-Current Motors. (3 Figs.) 
September 12, 1913.—This invention relates to alternating-current 
commutator motors. In such motors having working — 
at the stator and rotor, correct phase compensation for all speeds 
may be obtained by correct d bution of the total working 
voltage, if the machine has armature excitation. With machines 
having stator excitation, however, the necessary com jon isnot 
obtained, particularly with low speeds. In particular the exciting 
winding increases the impedance of the stator or armature circuit 
when it is situated in only one of these circuits, as has heretofore 
been customary, but leaves the impedance of the other circui 
which does not contain the exciting winding, unchanged, 
therefore displaces the phase of the rotor currents and stator 
currents with relation to other. The invention seeks to 
obviate this difficulty by equalising the impedances of the arma- 
ture and the stator circuits by the aid of a compensator or voltage 


WW 


/ 
j 
| 
| 
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divider located in parallel to the exciting winding. In the draw- 
ing, the exciting winding ¢ is lccated between the stator working 
winding s and the rotor working winding a in series with both, 
and parallel to it is arranged a compensator or voltage divider ¢. 
is compensator or voltage divider consists of a choking coil 
capable of being tapped at intermediate points. An intermediate 
point m of the Pp tor is ted to an intermediate point 
n of the supply transformerw. According to the position of the 
intermediate terminal m on the compensator t the exciting 
winding ¢ correspondingly influences the phase displacement in 
the stator and rotor circuits, and by a suitable choice of the posi- 
tion of m the phase displacement in the two circuits can be made 
as far as possible equally great. Both the point m of the com- 
pensator and the point n of the supply transformer are capable 
of adjust t, and the i d of the rotor and stator cir- 
cuits are so equalised that the power factor and the kilowatt-volt- 
ampere ption for the desired are most economical. 
(Accepted October 22, 1913.) 


MINING, METALLURGY, & METAL-WORKINC. 


23,536/12. C. D. McCourt and Bonecourt Surface 
Combustion, Limited, London. Heating! 
Combustion. [4 Figs.) October 15, 1912.— invention 
has reference to heating by that pi of b known 
as surface combustion, the distinguising feature of which is that 
a combustible mixture of fuel, such as gas, vapour, liquid or semi- 
liquid fuel, and a supporter of combustion, for example, air, and 
herein so termed, in the proper proportions for complete combus- 
tion (or with air in slight excess thereof), is caused to burn in 
contact with an incandescent solid conveniently in granular or 
fragmentary condition and permeable having regard to the flow 
of the mixture. The primary object of the invention is the 
utilisation of this process for the heating, annealing, melting, or 
other heat treatment of metal, as, for example, armour-plates, 
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or for the melting or dead melting of charges or bodies of metal 
or other material in roofed furnaces which may be of the 
character of reverberatory or open-hearth furnaces. The inven- 
tion comprises an enclosed furnace having one or more combustion 
beds of refractory material for the combustion of a mixture by 
the process known as surface combustion, wherein the heating of 


the or body to operated upon is effected mainly by 
heat ted from a large refractory surface suitably disposed | mix 
for absor radiant energy from the combustion ucts. 


a 
represents a block or body of refractory material. Formed in the 
body a is a number of parallel b taining refractory 
material conveniently in a granular or fragmentary condition and 
permeable having regard to the flow of the gases. A trough, filled, 
packed or charged with refractory material, forms a combustion 








bed, The bottom of each of the hs is in communication b 
means of pipes or ducts cin the @ with a pipe d, thro 
which the supply of combustible mixture is conveyed to the bed 
of refractory material within or upon the surface of which com- 
bustion of mixture is effected. The supply pipes d are accom- 
modated in tunnels ¢ formed in the lower part of the body a, and 
preferably the air constituent of the combustible mixture is drawp 
t h these tunnels, thereby somew! eated 
and g tocool the lower part of heater, The or 
ducts ¢ may also be cooled if necessary, as, for example, by 
means of — with water circulation. The heater forms the 
furnace floor, the mass of metal or other material to be treated 
upon the floor, but supported a short distance above the 
ing surface of the combustion beds. This may be done, as 
shown, by having the d 


= 


of the beds of refractory material 
less than the depths of the troughs themselves. Instead of the 
heater being em led in or forming an integral part of the fur- 


nace hearth or floor. the heater or several such heaters may be 
mounted on a or carriages provided with wheels for 
running on rails, w in this case would be fitted on the furnace 
hearth or floor. (Accepted October 22, 1918.) 

21,243/12. A. Smith, London. Furnaces. [5 Figs.) 
September 18, 1912.— invention has relation to the combus- 
tion of liquid or semi-liqu'd fuel, herein referred to as liquid fuel, 
and has reference to the utilisation of liquid fuel in the heating 


of furnaces in which metal and metallu ations 
are conducted. 1 is an open furnace, which is of ordinary 
type and construction ; and 3, 3a are con- 


2, regenerators 
nected, on the one hand, with the furnace 1, and on the other 
hand, arp ey 4, 4a, and 5, 5a and the flue 6, with the 
uptake or chimney. The connection of the several — 4, 4a, 
5, 5a with the flue 6 is controlled by reversing valves, 
controlling the passages 4a, 5a being sitt ated at 7, and the valves 
controlling the passages 4, 5 at 8,9 respectively. The valves 7, 8,9 
are 80 arran; and connected with one another that the pas- 
sages 4, 4a or the passages 5, 5a are in connection with the flue 6 
een Sas, Se nes Se or the passages 4, 4a at such 
time being in connection with the means employed for gasifying 


or ising the liquid fuel and with the atmosphere respec- 
tively. 10 isa vessel situated in the flue 6; this vessel is nor- 
mally sub to the heat of the waste gases 


passi: 
Heady Pome —— through a = ge fuel, The 
qu or vaporised heat o waste gases 
to which the eonl is subjected, 


passages being con’ 
valve 18 may be connected with the valves 7, 
operated at the same time or in conjunction th 
grate situated in the flue 6. 


The vessel 10 is disposed above the 
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grate 12 so that the heat from a fire on the grate will act on the 
vessel 10 and its contents. 33, 34 are by-pass pi The pipe 33 
is connected with the pipe 11 and the pipe 34 with the vessel 10 ; 
the ends of these pi are situated above the grate 12, and 
by means thereof liquid fuel or gas or vapour can be delivered 
to the fire. The vessel 10, in addition to its connection with 
the passages 4, 5 in the manner specified, is also connected 


with these at points nearer the regenerators 2, 3 by 
valve-conteciiod ‘tly 15, 16, air -admission porte closed by 
valves being provided at 17, 18. 9 
At starting, a fire is lighted on the grate 12, and liquid fuel is 
admitted to the vessel 10 through the pipe 1), some liquid fuel 
being also aliowed to drip on to the fire the pipe 33. As 
soon as the generation of the gas or vapour is started, gas or 
vapour is su; be tie Boo Cee he p> 04, a08 Me oe ly 
of liquid through the , ipe 33 ued if desired. 

gas collie pi is being + ated 2 “3 ——— | — 
controll 16 or controlling the pipe opened, as 
pomp ap be ty 18 or 17. Let it be assumed that the valve 
controlling pipe 16 is opened, and also the air-valve at 18. Gas 
or vapour supplied through the pipe 16 is ignited, the air necessary 
for combustion being supplied at 18. The heat generated is used 
to heat up the regenerator 3, in order to out the second heat 
the object of which is to reheat the gas or vapour and 
to raise and maintain its tem to or at such a point that 
it will combine most efficiently with air to form a combustible 


ture of gas or vapour 
regenerator is hot enough for the purpose in view, but not so hot 
as to “ crack” the gas or vapour or convert it into a fixed gas, the 
valve controlling pipe 16 and the air-valve at 18 are closed, the 
valves 7,8, 9 are operated so as to place the passages 4, 4a in 
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communication with the fiue 6, and the passages 5, 5a in com- 
munication with the vessel 10,the appropriate valve 13 — 
and with the atmosphere. The gas flows to and th 

e regenerator, where it is reheated, and its temperature thus 
raised for the reason stated, and eventually reaches the furnace 1, 
where it is met by the air which has ‘the regene- 
\ n then taking place. The heat generated is 
used to melt the charge on the hearth of the furnace 1. The gases 
from the furnace 1 pass through the regenerators 2, 2a, heat the 
same, and then on th the passages 4, 4a to the flue 6, and 
act on the v 10. The fire on the grate 12 is then allowed to 
burn out, andthe valve on the pipe 34, as also that on the pi 
83 if open, is closed. Should the vessel 10 become overheated, 
waste gases may be diverted through a by-pass flue 12 controlled 
by a damper 20. 21 is a damper in the flue 6. (Sealed 
December 11, 1913.) 


13,362/13. Etablissements de Dion Bouton (Societe 
Anonyme), Puteaux, e 
Transmission Gear. (2 Figs.) November 11, 1912.—This 
invention relates to the lubrication of worm-transmission 
for motor-vehicles, and, ding thereto, the worm-wheel dips 
into an oil reservoir and is provided with means which so enclose 
that portion of the edge of the wheel which extends from the 
lubricant to the worm on the rising of the wheel that a channel 
is provided up which the lubricant can be carried or propelled 
by the rotation of the wheel to lubricate the gear. The worm A 
is carried by a shaft A! enclosed by a casing B. The shaft is 
mounted in ball-bearings carried by the casing, and the casin; 
is contracted at 6 to approximately fit the worm, but it ex 
on either side to receive the ball- ings, and is connected to or 
made integral with the lower casing which receives the worm- 
wheel. This lower casing is made in two halves D, D!, and ~ 4! 
constitute the differential casing, having in it the worm-wheel 
which may contain in ite hub the differential , and be con- 
nected through the same to the driving axle by means of Cardan- 
joint sockets. The lower casing is conveniently divided at D2, 80 








that access may be had to the worm-wheel and ite parts, and this 
lower half made to contain lubricant F, into which the lower part 
of the wheel pS. Extending up from the lubricant to the 
worm, and at each side of the wheel E, are internal 
flanges D®. Those parts of the flan; which are on the part D! 
of the casing may be made in: with this part of the py | 
and with the housing B of the worm, when the parts D! and 
are made integral, as shown in the drawings, and for this purpose 
and to give greater efficiency to the —7 means, the 
housing B is extended round the worm at b!, Fig. 2, to the 
flanges D®, The flanges D® and casing D, D! thus constitute a 
closed channel up to a point near the worm, where the casing D! 
not being conti d, an i is provided. As the worm- 
wheel rotates in the direction of the arrow, Fig. 1, the lubricant 
will be carried up the channel provided between the 1 D, D!, 
D®, and when it arrives at the opening D* some of it will be 
thrown back on to the ball-bearing B!, and some will be carried 
through to the other side of the worm and thrown on the ball- 
bearing, whence, after thus thoroughly lubricating the working 
parte of the transmission gear, it finds its way back to the bottom 
of the reservoir E. (Sealed December 18, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 





12. A. Ross, London, and F. R. Maxted, 
Breekie . Water-Tube Steam-Generators. (2 Figs. | 


October 4. 1012.—Acoording to this invention, a water-tube boiler 


comprises top and bottom drums at the ends of one d’ of 
a polygonal re, side drums at a level intermediate of that of 
the ttom drums, sets of water-tubes connecting 


the drums to one ther and di d along the sides of the 





polygonal figure, and comprising also a single furnace so con- 











structed and arranged as to deliver its products of combustion 


first against the heating su that are at one side of said 
diagonal, and are at a level above that of the bottom drum, in 
which the set of tubes against which the furnace gases are first 
delivered is to deliver its contents into a set of tubes, 
the total onal area of which, for the purpose hereinafter 
described, is than that of the first-mentioned set of tubes. 


In the drawing, the boiler illustrated corresponds to that shown in 


Figs. 1 and 2 of ion No. 29,183, of 1911, and any or all of the 
features cov in this prior patent may conveniently be used 
in connection with eT invention. The boiler illustrated 
comprises four sets tubes A, B, CO, and D, which connect 
together drums E, F,G, and H. The products of combustion 
from the are led first against the sets of tubes A—i.e¢., the 
“ primary heating set””—and then, by means of suitable baffles, 
reach in su: ion the sets B, C, and D, and then pass to the 
flue. The feed is conveniently introduced at the drum G, while 
above the drum F a steam dome J is provided. As will be seen 
from the drawings, the set cf tubes B is of r total cross- 
sectional area than is the set of tubes A, in order to be capable of 
readily taking all the steam that is formed in the tubes A and 

by them into the drum E, as well as all the water from 
the same source. The tubes employed are preferably quite 
straight, while the direction of flow of the furnace gases is 
preferably the same as that of the direction of flow of the water 
circulation, as described in the aforesaid Specification No. 29,183, 
of 1913. Instead of making only the set of tubes B of larger 
cross-sectional area than the set A, it may be necessary in some 
cases to make one or both of the sets C and D also each of 4 
cross-sectional area than the set of tubes A. In some cases this 
will be found to enhance the results obtained. In the drawings 
the sets B and C are both shown of larger cross-sectional area 
than the set A. To obtain the differences in the cross-sectional 
area between the sets of tubes, the diameter or the number of 
tubes employed may be varied. In the construction illustrated 
it has been geeterved to show tubes of larger diameter, but it will 
be understood that either method of obtaining a difference in 
the cross-sectionai area may be employed. (Sealed December 18, 


1913.) 
TEXTILE MACHINERY. 


1659/13. The British Northrop Loom Com a 
Limited, and _ D. M. Hollins, Blackburn. e-up 
Motions. (2 Figs.| January 21, 1913.—This invention relates 
to loom take-up motions particularly to the positive worm- 
driven take-up motions which are employed in looms for weaving 
fustian, or velvet, or like fabrics. The invention com; the 
combination with a shaft carrying a worm by which motion is 
transmitted to the sand-roll and a driven spur-wheel loosely 
mounted on said shaft, of an arm fast on said shaft, a spring- 
actuated stud carried by said arm, a boss on said spur-wheel 
having in ite face a series of radial openings or recesses, in one or 
other of which the inner end of the spring-actuated stud is 
adapted to engage, a pivoted lever having a circular portion or 
ring encircling or concentric with the said boss, a flange, collar, 
or like, on the stud adapted to be engaged by said ring or 
circular portion, and means to cause said lever to be rocked, on 
indication by the weft-fork motion of breakage or absence of 
weft, or on indication by the weft-feeler motion of weft exhaus- 
tion, to free the spring-actuated stud from the recess or opening 
in the boss of the spur-wheel with which it may happen to be 
engaged, and thus stop the take-up, the return of the weft-fork 
motion, or of the weft-feeler motion to normal position, permit- 
ting the spring-actuated stud to re-engage in an opening or recess 
in the boss of the driven spur-wheel, and thus re-start the take-up. 
Referring to the drawing, 1 represents the sand-beam or roll, and 
2 the cloth-beam or roll Fast on the shaft of the sand-roll is a 
spur-wheel 3, which meshes with a pinion 4 integral with or 
secured on the axis of a worm-wheel 5. This worm-wheel meshes 
with a worm 6 fast on a shaft 7, on the front end of which 




















is loosely mounted a spur-wheel 8, to which motion is trans- 
mitted th h spur-gears 9, 10, and 11, the tappet- 
shaft of the loom. e above parts, and their ment 
with means to clutch the gear 8 to the shaft 7, constitute an 
ordi form of worm-driven take-up motion. The applicants 
mount loosely on the usual stop or change-rod 12 a lever or arm 
13, whose me were end 13! is positioned in the path of a projection 
on the slide of the weft-fork motion, so as to be rocked in 
a forward direction when the weft-fork slide is moved, in the 
ordinary manner, on the weft fork detecting absence or breakage 
of weft. The boss 132 of the lever 18 is provided with a short 
extension or arm 13° carrying a pin 14, which extends in the path 
of and is adapted to engage the upper end of a lever 15 pivotally 
mounted on a stud 16 carried bya ket 17. The lower end or 
arm 152 of the lever 15 is formed or provided with a circular por- 
tion or ring 15°, which is adapted to pass over, and occupy a position 
concentric with, a boss 8! on the spur-wheel 8. On the outer or for- 








[JAN. 2, 1914. 
woven. The parts normally remain in these positions, which are 
those shown in the drawing, so long as weaving is ng; 
but in the event of the wefc-fork detecting absence or breakage 
of weft, the movement of the weft-fork slide in the y 
manner to rock the stop or change-rod 12, rocks the lever 13, and 
causes the arm or extension 13 of the arm 13 to be moved out- 
wards. This movement of the arm 13% through the pin 14 thereon 
causes the upper end of the lever 15 tc be forced inwardly or in 
the direction of the arrow U, . 2, and the lower end 15! of the 
lever to be moved outwardly or in the opposite direction, as indi- 
cated by the arrow D, Fig. 2. The en; t of the circular 
portion or ring 15° of the lever 15 with the collar or flange 20 
causes the stui 19 to be forced outwardly against the action of 
the spring 21, and its inner end.19! to moved clear of the 
opening or recess 8? in which it happened to be engaged. The 
wheel 8 is thereupon permitted to rotate idly upon the shaft 7, 
which thus ceases to be driven, so that. the motion of the sand- 
roll 1 is immediately arrested, and the take-upceases. On normal 
conditions being re-established, and the weft-fork slide moving 
back to the normal ition, the circular portion or ring 15° is 
released, and the stud 19 is forced back inst the face of the 
boss 81. The wheel 8 being constantly driven, the inner end of 
the stud 19 is forced into the first opening or recess 82, which is 
presented opposite thereto, and the wheel 8 is again locked to 
the worm-shaft 7, to cause motion to be transmitted to the eand- 
roll to take up the fabric. (Accepted October 8, 1913.) 
29,17512. Prince, Smith, and Son, 8S. Shackleton, 
i H. Shackleton, Relquiey. ) -Machines. 
(3 Figs.] December 18, 1912. vention relates to spinning, 
t ung and analogous machines of the kind in which doffing is 
effec by means of horizontally movable carriers ated by 
rack-and-pinion mechanism, and the invention has for object to 
provide a more compact construction, affording better protecti 
than heretofore to some of the parts, and generally facilitating 
the manipulation of the mechanism. According to the irvention, 
the tin-board is movable vertically, and normally screens the 
carriers for the caps or flyers, as the case may be, which, —— 
with their operating gear, are situated in rear of same ; tin- 
board being adapted to be | d when it is desired to bring the 
carriers forward for the purpose of doffing. 1 is the tin- , on 
which the usual tins 2 are mounted, ied by brackets 3 formed 
on or attached to the upper extremities of rack-pillars 4, arranged 
in guides 5 formed on guide-pillars 6, which are disposed at suit- 
able intervals lengthwise of the machine. These rack-p llars 4 
engage pinions 7 mounted upon a shaft 8 extending longitudinally 
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251955 
of the machine. At one extremity of the shaft 8 there is carried 
a drum 9, over which the wire ropes 10 and 10a are passed, which 
wire ro) are stretched over pulleys 11 and 12 and around a 
drum 13, carried by a shaft moun in bearing 14 on the end- 
frame 15 of the machine, and provided with an 0; hand- 
lever 16 or its equivalent. In the rear of the tin- 1 are 
arranged the carriers 17 for the caps 18 (or flyers), which carriers 





ward end of the shaft 7 is secured an arm 18, carrying at its outer 
end a stud 19, which is to move freely Uhrough an pening 
in thearm. Near the inner end of the stud 19 isa ge, collar, 
or the like, 20, which is normally held in engagement or contact 
with the face of the yy php te peek ape ST ee 
tion or ring 15% of the lever 15 by means of a spring con on 
the stud 19 between the flange or collar 20 and the arm 18. In 
the boss 8! of the wheel 8 the licants form a number of radial 
slots or recesses 82, into one or o of which the inner end of the 

19 is adapted to enter, the engagement of the stud with 
of the recesses locking or clutching the spur-wheel 8 to the 

which it is mounted, so that the motion trans- 
the wheel 8 from the t-shaft h the 





ons. 10, and 11 is imparted to the t 7 tocause the sand-roll 1 
be revolved to effect the positive take-up of the fabric as it is 








are ted upon a bar 19 extending longitudinally of the 
machine, and borne at the front extremities of rack-bars 20 
operated by pinions 21 in the well-known manner. The bar 19 
may also be provided with a row of downwardly-depending pegs 22, 
serving, in the known manner, to accommodate the bbins 
during their transference to or from the ies. Below’ these 
downwardly -depending pege 22 there may be a series of bobbin 
supports 23, carried by a 24, capable of longitudinal movement 
80 as to place the supports beneath any bo! 
the time being be on the pegs 22. All these parts, euch as the 
carriers 17, bar 19, rack-bars 20, pinions 21, pegs 22, and supports 23, 
are situated behi- 1 the tin-board 1, whi therefore protects 


by loose fibres and the like. (Accepted 











JAN. 9, 1914.] 
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THE THEORY OF THE SURFACE 
CONDENSER. 


(Concluded from page 5.) 

Tue precise antithesis of the conditions of 
Mr. Smith’s experiments, which, as pointed out 
on page 4 ante, were made with s' t steam, is 
exemplified in certain modern condensers. Here 
every care is taken to ensure that the steam 
sweeps over every successive layer of tubes with 
undiminished velocity. Thus the spacing of the 
tubes is greater near the top of the condenser, 
and at the same time the body of the condenser 
is tapered towards the air-pump inlet, so that as 
the steam progressively condenses, the steamway 
is correspondingly diminished and the velocity of 
flow maintained. Further, the steam is admitted 
over the whole width of the condenser, and does 
not blow on to the middle of the tubes, leaving 
the ends to stagnate. The consequence of such 
a defective construction as this was exceedingly 
well shown in the experiments made by 
Bengough for the Committee on Corrosion of the 
Institute of Metals (see ENcrneERING, Sept. 5, 1913, 
page 339). The condensers used in these experi- 
ments were 40 in. long between tube-plates. The 


Fig. 9 TEMPERATURE DISTRIBUTION ALONG TUBES 
eid Steam Inlet 
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steam was admitted to the condenser through a 
branch at mid-length at the top, and blew directly 
on to the tubes. At mid-length, therefore, it 
was impossible for air to collect, since it was 
immediately washed away by the rush of the steam. 
Near the ends of the condenser, however, the 
steam was more stagnant. In the process of con- 
densation, s ant steam has to move in towards 
the tube, and in doi so carries with it any 
entrained air. On reaching the tube surface the 
steam condenses and disappears, but the air 


remains, and increases until its pressure rises suffi- | Fah 


ciently to cause an outward current of air suffi- 
cient, in conjunction with any convection currents, 
to balance the in-current produced by the steam. 
Hence, in the immediate neighbourhood of a 
tube the air pressure is always higher than in 
the general mass of the steam. The total pres- 
sure at the surface of the tube is, however, the 
same as it is elsewhere, and as the total pres- 
sure is equal to the air pressure plus the steam 
pressure, it follows that where the air pressure is 
high the steam pressure, and, consequently, the 
steam temperature, is low. Dr. a placed 
thermometers touching his tubes near the centre 
and near the ends, so that they were bathed in the 
cool air surrounding the tubes; and we reproduce 
in Fig. 9 Some of his curves showing how the tem- 
perature was distributed.. Near the centre where 
the steam current is rapid, the air is washed away) 
and the temperature therefore is high. Near the 
ends of the tube an air-blanket forms, and, for the 
reason given above, the steam temperature is cor- 
respondingly reduced. 

With absolutely air-free steam every form of con- 
denser should be equally efficient. e resistance 
to the transfer of heat from the steam to the tube is 
then mainly due tothe film of water which forms on 
the surface of the tube. Thus, in Professor Callen- 
dar’s experiments, a film of water having an average 
thickness of in. only, would suffice to account 
for the whole of the temperature difference between 
the wall and the tube. 








Krom the kinetic theory of gases it is easy to 
calculate that if steam and water are in contact at 
212 deg. Fahr., the weight of molecules which 
strikes each square foot of the water surface per 
hour is no less than 72,4301b. If the water and 
steam are at the same temperature, no condensation 
occurs, and an equal weight also leaves the surface. 
If, however, the water is at a lower tem ture, 
condensation will occur. If this be, as in ened 
Callendar’s experiment, at the rate of 109 lb. per 
sq. ft. per hour, the weight of molecules leaving the 
surface is 72,321 lb. per hour, and the absolute 
temperature of a surface in equilibrium with this 
molecular emission will be given approximately by 
the relation 


RIVA: _ (72,821\2 
212 + 459.4 = (72,490) 5 

Hence the temperature of the surface will only 
be a fraction of a degree lower than 212 deg. At 
low pressures, such as are usual in condenser prac- 


. | tice, the temperature difference between the steam 


and the water surface on which it actually con- 
denses is ter. Thus with steam at 100 deg. 
Fahr., condensing at the rate of 10 Ib. per sq. ft. 
per hour, the temperature difference between the 


10. EFFECT OF AIR IN SURFACE CONDENSERS. 


steam and the surface of the water film, cal- 
culated in the same way, will be about 1.4 deg. 
r. 

Taking this as an average value for condenser con- 
ditions, the resistance R, of air-free steam may be 
divided up into two parts—viz., R, the resistance 
between the steam and the water surface, and R,,, the 
resistance of the film of moisture. This latter is prob- 
ably not materially different at ordinary condenser 
temperatures from what it is at 212 deg., at which, 
according to Callendar, it is 0.342, as measured 
in the arbitrary units adopted in this article. For 
average condenser conditions the initial point of 
the ‘‘air free” line in Fig. 6, page 3 ante, should, 
therefore, be about 0.14 units higher than this.* 


In view of the importance of other factors involved, | pr, 


it seems legitimate to adopt the above average 
value as that corresponding to ordinary condenser 
conditions, and to take R, for air-free steam as, 
say, 0.48 in place of 0.34. We thus get the line 
for R, , Fig. 6, 3 ante. 

The accuracy of Osborne Reynolds’s theory having 
been thus demonstrated, it can be employed to 
estimate the ‘‘ water resistance” in any condenser 
experiment, or in designing any condenser. This is 
most easily accomplished by such a table as Table I., 
page 2 ante. 

Knowing the air resistance and the tube-wall 
resistance, it becomes possible to examine into the 
effects of air on the steam resistance. This is at least 





* Through an engraver’s error, Callendar’s value has 
San, pees in Fig. 6, page 3 ante, as 0.48 in place 
or Vv. 





gervially elucidated by the experiments, series A, 
escribed in Mr. Allen’s paper. These experiments 
were made with the condenser attached to the works 
engine. If we assume that the steam pressure at 
the inlet to the air-pump is that due to the tem- 
perature of the hot-well, the air pressure at this 

int is equal to the total pressure in the con- 
— minus the steam pressure at the air-pump 
inle 

Of these experiments there were two sets, in one 
of which the rate of condensation was about 25 per 
cent. more than it was in the case of the other. 
The condenser used had 800 sq. ft. of heating sur- 
face, the tubes being / in. in diameter and No. 18 
S8.W.G. About 10 cent. of them were drowned, 
and consequently the effective condensing surface 
was about 720 sq. ft. only. As the initial tem- 
perature of the steam was taken before the engine 
stop-valve and the consumption per kilowatt-hour 
noted, a fair estimate can made of the actual 
amount of heat carried into the condenser by 
ae pense of condensed steam. In the same way 
as ore, we find the resistance to heat-flow, in 
the case of the experiments comprised in Mr. Allen's 











Table II., to be as given in the ninth line of 
Table IV., subjoined. The water resistance is 
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Taste IV.—AUen’s Experiments (Table II.—Minutes of 
bm we of the Institution of Civil Engineers, 
vol. clxi.). 




















Condenser, total cooling surface 800 aq. ft. 
Effective cooling surface oe 720 aq. ft. 
Water velocity 3 ft. per second 
Total steam per hour Ib. '6028.6 6250.0 6355.0 ao. 6| 0848.0 7120.0 
Rate of condensation peri 
hour square foot of | 
effective surface .-| 9.68) 9.93 10.10 | 10.83 | 10.86 | 11.30 
Absolute in con- | | | 
denser, inches of mer- } 
cury eb oe “3 5.77 | 7.34 | 10.17 | 14.50 | 19.84 | 24,12 
Hot - well temperature 
deg. F.| 103.0 | 120.7 143.3 | 161.5 | 174.9 | 188.9 
Steam mg oy corre-| 
sponding to hot-well) 
temperature . in.| 2.10) 3.49) 6.38 10.00 | 13.62 | 18.55 
Air a at air-pump) 
inlet .. .. im.) 3.67) 3.85) 3.79| 4.60| 5.72) 6.67 
Mean temperature differ- | 
ence between steam| 
and water7-t deg. F. 50.2 46.9 | 50.4 | 56.5 59.4 | 60.0 
Mean temperature 
cooling water t deg. F.| 89.2 | 101.9 | 111.8 | 119.7 | 181.4} 141.5 
ce tohest-flowR| 5.29, 4.79 6.10| 6.66 6.72| 5.67 
Resistance of tube-wall | 
Re a on ..| 0.08) 0.08 0.08 | 0.08) 0,08) 0.08 
Resistance to heat-flow | 
from tube to water 
Pebensetes from 
le I.) os --| 0.75, 0.66) 0.45) 0.38| 0.382) 0.28 
= R - Re - Rw..| 446) 4.15 | eal 5.20} 6.82) 6.21 





calculated from Table I. by taking ¢=¢ in the 
formula R,, = ‘. 


Thus, in the case of experiment No. 1, the mean 
water temperature was 89.2 deg. Fahr. From 
Table I. the value of C for this temperature is 
2.27, so that 

Rw a = 0.75 nearly. 

In deducing the air pressure at the air-pump 
inlet, it is assumed that the steam temperature is 
that of the condensate. In the case of experiment 
No. 1 the steam temperature thus estimated is 
103 deg. Fahr., and the pressure corresponding to 
this is 2.10 in. of mercury. The total condenser 
pressure being 5.77 in. of mercury, the air pressure 
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at the air-pump inlet is 5.77 — 2.10 = 3.67 in. of 
mercury. 

The average air pressure at the tube surfaces will 
be proportional to the air pressure at the air-pump 
inlet, but the ratio between the two will not be the 
same for all condensers. Thus with condensers 
having regions of more or less stagnant steam, such 
as those used in Mr. Bengough’s experiments, the 
ratio of the average air pressure to the air pressure 
at the air-pump inlet will undoubtedly be higher 
than in condensers where steps are taken to main- 
tain the velocity of the steam over the tubes. 

This is well shown in Fig. 10, where, in addition 
to Mr. Allen’s experiments, the results of Mr. 
Smith’s experiments with nearly stagnant steam 
have also been plotted. The values plotted for 
Mr. Smith’s experiments have been deduced from 
the curves in Figs, 11 and 12, reprinted from his 

per. Unfortunately, he does not state, in this 
instance, the initial temperature of the cooling 
water. If we assume, however, that Mr. Smith’s 
steam really was air-free at the highest rate 





of heat transmission, we can calculate that in 
the experiments made with a steam tem- 
ae nee ef 110 deg. Fahr. the cooling water 

an initial temperature of about 61.1 deg., 
and with this value the data have been 
analysed by the same method as in Table IV. 
A micrometer reading to ;,y5 in. was used in 
measuring up the curves. The results as 
plotted in Fig. 10 are interesting in confirming 
the “‘curved” relationship between steam 
resistance and air pressure which would be 
deduced from Mr. Allen’s experiments. It 
shows that each successive addition of air is 
proportionately less and less injurious. With 
air-free steam all condensers are apparently 
equally efficient, at least when the steam flow 
is, as usual, across the tubes, rather than along 
them, and the bere | of the steam over the 
tube is a matter of little or noimportance. In 
fact, in Callendar’s experiments* on the con- 
densation of air-free steam it was found that 
a very high steam velocity actually diminished 
the rate of condensation. In practice, how- 
ever, steam never is air-free ; and it is most 
important that the steam current shall wash 
away the air which tends to collect at the 
surface of the tubing. In this respect it is 
noteworthy that in Mr. Allen’s first series of 
experiments, in which the rate of condensa- 
tion was from 4500 lb. up to 5300 lb. per 
hour, the value of R,, corresponding to a 
given air pressure, is substantially higher 
than in the case of the results analysed in 
Table IV. Both sets of points are plotted in 
Fig. 10. On the same figure are plotted two 
results deduced from the figures given by 
Mr. J. M. Newton, B.Sc., in the Journal of 
the Institution of Junior Engineers. 1912, and 
some further results obtained with a large 
condenser fitted with a kinetic air pump are 
plotted along the lower line. 

Of twe condensers, that is the better which 
has the smaller value of R, under identical 
conditions of operation. As to what consti- 
tutes identity of conditions in condenser tests, it 
would appear that this will be approximately the 
case when the air pressure as deduced from the 
hotwell temperature is the same for both con- 
densers, and an equal weight of steam is being 
condensed per square foot per hour. For air- 
free steam the rate of condensation is the same 
for stagnant as for moving steam; but when air 
is present, of two condensers that is the better 
in which the air is the more effectually swept away 
from the tube surfaces. The efficiency of the 
steam current as an ‘“‘air brush” must, however, 
depend rather on the ‘mass | flow” than on the 
mere velocity of the steam, a current of steam at 
a pressure of 2 in. of mercury and moving with a 
velocity of 100 ft. per second should be about as 
effective in this regard as a current of steam ata 
pressure of 1 in. of mercury and moving with a velo- 
city of 200 ft. per second. 

On this view it would be expected that for a 
given condenser R, should be of the form :— 


B A" 


(2970) 


Lass of Head due tp Friction iorin 20 Tabe. 


R, = 0.48 + 





where A denotes the air pressure in inches of 
mercury, and w the weight condensed per square 
foot per hour, whilst B is a coefficient varying from 





(sues) 


condenser to condenser, and forming, in a certain 
sense, a criterion of the excellency of the design, 
and n and m are constants. 


The experiments plotted in Fig. 10 are too few | 


in number to make it safe to push this speculation 
very far. 

Formule of the type suggested are, moreover, far 
from convenient in use. In modern power-station 
— the necessity of care in reducing air 
eakage to a minimum is now well recognised, and 
modern air-pumps are well capable of minimising 
the evil effects of such air as does su in en- 
tering the condenser. Since air is soluble iv the 
feed, some air is certain to enter the boiler ; but, 
according to Mr. D. B. Morison’s experiments, the 
water in the hot-well does not usually contain more 
than 14 to 2 volumes of air (measured at normal 
pressure) per 100 volumes of water, whilst the 
make-up cariied in ships’ tanks, being at a lower 
temperature, contains about twice as much air— 
viz., from 2 to 34 volumes. If no further air than 
this entered a condensing system, there would be 
no difficulty in keeping down toa very low limit the 
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air pressures in the condenser. Minute leaks, even 
at gauge-seatings, suffice, however, to pass substantial 


quantities of air. A striking example of this has 
been given by Mr. J. M. Newton, B.Sc., in a paper 
published in the Journal of the Junior Institution 
of Engineers in 1912. Here, by stopping up various 
minute leaks, the air pressure at the air-pump inlet 
was reduced from nearly 1} in. down to 0.2 in. of 
mercury, with a very notable increase in the efli- 
ciency of the cooling surface. In this case the 
various leakage holes were far too small to be de- 

by means of a flame, but by blanking off the 
air-pump —y and filling the condenser with 
water up to the level of the turbine-glands, each 
minute pinhole could be readily detected and 
stopped. A holes in. in diameter will pass into 
a condenser about 1 !b. of air per hour. 

Some modern forms of air-pump will, however, 
deal very effectively with considerable air leakages, 
so that for the pur of design it is suggested 
that the value of R, may be taken as unity, so 
that the weight condensed per square foot per 
hour becomes :— 


Here the tube-wall resistance to heat-flow is 





* See Encineerine, October 15, 1897, page 481. 


taken as 0.08, but with dirty tubes this value may 
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| increase enormously. Some data obtained from a 
|large London power-station indicate, in fact, that 
it may rise to as high a value as 2, but even this 
value is often exceeded. Cases are met with of 
dirty condensers in which the tube-wall resistance 
is fully four or five units—that is to say, fifty to 
sixty times the normal value for clean tubes. With 
modern condensers having clean tubes, the prin- 
cipal element in the resistance to heat-flow is that 
between the steam and the tube-wall, whilst with 
dirty tubes the wall resistance may be by far the 
most important constituent of the total resistance. 
With clean tubes and a rapid current of cooling 
water, the total resistance may be, in the case of 
condensers fitted with a vacuum augmenter or its 
equivalent, as little as unity, 1000 B.Th.U. passing 
through each square foot of surface per hour per 
degree of mean temperature difference. Such a 
result is, however, but rarely attained, and a value 
of R equal to 1.3—1.5 may be considered a good 
result. 

A rise in the tube-wall resistance due to dirt 
may diminish the heat-flow to as little as one-fifth 
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|of its normal value. This consideration points to 
the practical advantages of making condensers with 
short tubes, which are much more easily kept clean 
than long ones. Such a course will no doubt in- 
crease the cost of construction, as more tubes are 
necessary to gee a given surface, and each tube 
requires to ked at the tube-plate. Still, 
where the supply of condensing water is of in- 
ferior quality, the power-station engineer would 
do well to face a somewhat higher initial expendi- 
ture, for which he will reap an ample return in the 
better condition of his condensers. In the com- 
parison made between Mbollier’s formula and 
Reynolds’s theory, on page 1 ante, the value of 
R, has been taken as 0.93 in place of unity. 

In order to form some idea as to the quantity 
of condensing water to be provided, the curves 
shown in Fig. 13, due to Mr. J. M. Newton, are 
convenient. They show that to get a 29-in. 
vacuum with water at an initial temperature of 
65 deg., the weight of water passed must be more 
than seventy-five times the weight of steam to be 
condensed. In practice, of course, a considerable 
margin in excess of the values given by the curves 
is nece , as otherwise the upper rows of tubes 
will effect little transfer of heat, the water tem- 
perature being not much below that of the steam. 

Another useful set of curves was given by 
Mr. D. B. Morison in a paper read bcfore the 
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Institution of Naval Architects in 1908 (see 
Fig. 14). The-e curves show the volume occupied 
by 1 1b. of saturated air at the air-pump inlet at 
different vacua and different hot-well temperatures. 
Thus with « 28 ia. vacuum and a hot-well tempera- 
ture of 78 deg., the volume of 1 Ib. of air as it 
reaches the air-pump is about 400 cub. ft., whilst 
if the temperature rises to 95 deg Fahr., the 
volume occupied by 1 lb. of air, with a vacuum 
of 28 in. in the condenser, will be 1200 cub. ft. 
Thus the more closely the hot-well temperature 
approaches its theoretical limit—viz., that of steam 
at the condenser pressure—the greater the work 
which has to be done by the air-pumps to remove 
a given weight of air. High rates of heat trans- 
mission from steam to water can, however, not be 
secured unless the temperature of the air-pump 
inlet approaches that corresponding to the steam 
pressure, and it is therefore most important to 
reduce all air | toa minimum. The tem- 
perature difference between the hot-well and the 
steam entering the condenser may, in fact, be used 
as an air-gauge, any abnormal increase in this 
difference p >inting to air leakage. In this way low 
rates of heat transmission, due to dirty tubes, can 
be differentiated from those due to excessive air in 
the condenser. 

From Reynolds’s theory it follows that the 
higher the water speed the lower the value of R.. 
On the other hand, however, the power expended 
in pumping increases nearly as the square of the 
water velocity. In his paper, read before the 
Institution of Engineers and Shipbuilders in 
Scotland, 1912, Mr. Wm. Weir gave the curves 
reproduced in Fig. 15, showing the head lost in 
standard g-in. and #-in. condensing tubing with 
different velocities of flow. With other sizes of 
tube the heat lost at a given velocity varies inversely 
with the internal diameter of the tube. 

In this connection it is not a little remarkable 
that, although the value of the viscosity of a fluid 
has such a marked effect on its powers of inter- 
changing heat with the walls of a tube through which 
it flows, yet changes in viscosity have relatively 
little effect upon the friction head once the critical 
velocity of flow is exceeded. This point has been 
discussed by Osborne Reynolds in Scientific Papers, 
Vol. II., page 101. He points out that so long as 
the flow is non-turbulent the head lost by the fluid 
passing through a pipe does depend on the viscosity, 
and the weight of water discharged under a given 
head from a capillary tube is thus twice as much at 
45 deg. Cent. as at 5 deg. Cent. Once, however, 
the critical velocity is exceeded, the discharge 
becomes nearly independent of the viscosity, since 
any decrease in the viscosity is accompanied by an 
increase in the turbulence, and the two effects 
nearly balance each other. The balance is, how- 
ever, not exact. Mr. J. G. Mair (Minutes of the 
Proceedings of the Institution of Civil Engineers, 
vol, Ixxxiv.) found that at 90 deg. Fahr. the head 
needed to produce a given flow was about 12 per 
cent. less than at 57 deg. Fahr. 





THE PANAMA CANAL.—No. VIII. 

Tue two facts which are probably most impressive 
to the average mind, in connection with the con- 
struction of the Panama Canal, are most likely that 
this interoceanic waterway will have a length of 
little short of fifty miles, and that it crosses a con- 
tinental divide, a backbone of hills virtually con- 
necting the Rockies, of North America, with the 
Andes of the Southern Continent. Memories are 
proverbially short, or the first of these two features 
would not attract so much attention, since the 
Panama has exactly only half the length of the 
Suez Canal. The conditions faced in the un- 
nae have been, however, very different. 
Physically they have been much less favourable 
at Panama. e route selected, though keeping 
to the lowest passes, has had to cut through hills, 
the summit of one of which stands at an elevation 
of 700 ft. above sea-level. This has involved, in 
spite of the adoption of the sv-called high-level 
85-ft. project, excavation at the deepest point of 
the canal through a height of about 500 ft. on the 
alignment chosen. Suez, when the canal there 
was constructed some fifty years ago, presented 
difficulties with which mechanical development at 
that time was just able to cope. At Panania, how- 
ever, they have been such that they have only been 
surmountable by reason of the developmente in 
mechanical and other sciences in quite recent years. 
Thus have the forces of the United States been 





assisted in their work in ways of which the early 
French engineers there had no benefit. 

When the people of the United States first put 
their hand to the plough, in the enthusiasm of 
youthful inexperience, there were not wanting in 
their midst many who were ready to ridicule the 
value of the work previously done. Strictures, 
characterised by little charity, were passed upon 
the French, and their manner, means, and methods 
of work at Panama. Their efforts, it was said, had 
been futile, and they had come to their work with 
toy machines, and so on. The fact that it was only 
the lapse of time and the world’s advance which 
placed their successors in a more fortunate position, 
was totally disregarded. As a matter of fact, the 
newcomers found some 80 million cubic yards of 
excavation had been accomplished—equivalent to a 
third of the total amount required for the present 
scheme. Of the plant condemned as valueless many 
important units are still in service, and of the work 
done by the French, about three-eighths have 
actually been utilised in the present undertaking. 
It is satisfactory to note that as acquaintance was 
gradually made with the problems confronting the 
nation, more generous treatment has been accorded 
to the French by their successors. Judged by the 
times and the means then available, there is no 
doubt that they accomplished, as is now realised, 
work every bit as commendable as that of the 
engineers now in charge, with the unlimited re- 
sources of a great country and more advanced 
scientific knowledge at their back. 

Now that the undertaking is drawing to a close, 
it may not be unprofitable to glance at some of the 
general features on which experience has shown the 
forecasts to have been hopelessly erroneous. It may 
be remembered that the type of canal was finally 
decided in 1906. The report of the majority of the 
Board of Consulting Engineers was in favour of 
a sea-level canal, the majority including all the 
foreign members of the Board. The minority 
recommended a lock canal, largely on the plea 
of less cost and quicker construction. The Isthmian 
Canal Commission advised the lock t and 
this type was recommended to Congress by Presi- 
dent velt. The subsequent Senate Committee 
just obtained a majority in favour of the sea-level 
canal, but the House of Representatives favoured a 
lock canal, the Senate ultimately coming into line 
also. 

As just stated, the two chief reasons claimed in 
favour of the lock canal were cheaper first cost and 
the shorter time required for construction. The 
original estimates were for a lock canal at a cost of 
139,700,000 dols., to be constructed in 7} to 9 
years; for the sea-level canal the cost was put at 
247,000,000 dols., and the time of construction 
twelve to thirteen years. When it is further 
stated that the excavation required in the case of 
the lock canal was estimated at 95,955,000 cubic 
yards, and that for the sea-level canal, of rather 
smaller section, at 231,000,000 cubic yards, some 
interesting facts are brought out. On the face of 
it the work involved in the sea-level canal seemed 
comparatively so great as to be almost prohibitive ; 
yet, instead of about 96 millions, estimated, the 
lock canal will have necessitated, by the time it is 
finished, excavation to an even greater amount 
than that originally estimated for the sea-level 
project. Again, though twelve to thirteen years 
were allotted to the excavation of 231 million cubic 
yards, this length of time also being deemed to be 
prohibitive, practically this amount has been disposed 
of in about six years of serious work. Further, 
the cost of the sea-level canal, estimated at 247 
million dollars, was thought to be excessive, although 
by July last year a sum of about 299 million dollars 
had been expended on the lock project, the expendi- 
ture on construction works proper having been over 
185,000,000 dols. The value of the figures which 
were supposed to put the idea of a sea-level canal 
out of the question in 1906, has therefore long since 
evaporated, and when it is remembered how keenly 
the controversy round them, and by how 
little really the ce was swayed in favour of 
the lock project, the contest finally developing 
largely into one in which the experience of Ameri- 
can engineers was pitted against that of Euro q 
the whole episode will be seen to afford anc food 
for thought for the cynic. 

As time has gone on the excavation required has 
gradually risen to 152 per cent. above that origi- 
nally deemed necessary for the lock canal, and is 
now in excess, as we have already mentioned, 





Since the early forecasts have proved so erroneous, 
it is allowable to consider whether, ignoring for the 
moment the question of the Chagres control, which 
conceivably might have been provided for, it would 
not have been worth while expending the money, 
now spent on features essential to the lock canal, 
in additional work on a sea-level waterway. Omit- 
ting the expenditure on the Pedro Miguel locks as 

rhaps equivalent to that which would be required 
for the tidal lock on a sea-level canal, some 
67 million dollars have been expended, which, on a 
sea-level project, might have gone towards additional 
excavation. Records show that a great deal of the 
recent work in the Culebra or Central Division, 
carried out in the dry, has been done at a cost of 
less than 60 cents per cubic yard. The 67 million 
dollars now spent in locks and other works would, 
at this rate, have permitted additional excavation 
towards the total required for a sea-level canal, of 
more than 110 million yards. Adding this to the 
232 millions ney by the present scheme, a 
figure of 342 millions is obtained for present ex- 
penditure, compared with the original sea-level 
estimate of 231 millions. Even supposing this 
figure to have been exceeded, as it might well 
have been, on account of slides, &c., the margin 
between the two schemes does not seem nearly so 
great as was at first supposed, and if this be so, it 
is a question whether it would not have been worth 
while to have faced some extra expense to secure 
the additional sea-level advantages, even with some 
restriction of width. 

Part of the increased excavation required for the 
lock. canal has been due to some enlargement of 
the channel, but it may be pointed out that a foot 
of increased width entails less than half as much 
work as would be involved in an equal increase of 
depth, so that the effect of these changes on the 

uestion is not so great as might at first appear. 
t may also be pointed out that the locks have cost 
much more than was contemplated, and that the 
excavation has run out at figures quite different 
from those anticipated. The value of the original 
estimates, and with them the subsequent decisions, 
has long since gone by the board. 

In passing, it may be interesting to refer briefly 
to the unit costs as first estimated and as recorded 
for some of the actual work. The conditions were, 
of course, only imperfectly known when the esti- 
mates were drawn up, but the following basic costs 
were adopted by the Board of Engineers and sub- 
sequently approved by the Commission :—For the 
excavation of rock below sea-level, 2.50 dols. per 
cubic yard ; rock above sea-level, 1.15 dols. ; earth 
below sea-level, 0.25 dol. ; earth above sea-level, 
0.40 dol. The actual average for work in the 
Central Division, which ~~ « excavation, was 
0.5479 dol. per cubic yard in 1911-12, a favourable 
year, and the cost throughout the work may be 
seen in Fig. 162, on page 40, which gives both the 
cost and the rate of excavation in the dry. The 
curve shows also the manner in which the output 
fluctuated with the rainfall ; at times in the heavy 
rains the shovels were absolutely flooded out. 
Unfortunately it is not possible to give the cost 
of dry excavation in earth and rock separately, so 
that figures strictly comparable with those of the 
estimates are not available. From the reporte it 
appears, however, that drilling and blasting, the 
greatest change involved in excavating in rock in- 
stead of earth, in the Central Division costs about 
11 cents per cubic yard, while the Board of Engi- 
neers allowed a difference of 75 cents per cubic 
yard between excavation in earth and rock. On 
the other hand, wet excavation on the Pacific 
Division cost as little as 0.2076 dol. per cubic yard 
for all classes of material in 1912, and 0.3542 dol. 
in 1913, when the proportion of rock was greater ; 
these figures compare with the Board's figures of 
25 cents for earth below sea-level, and of 2.50 dols. 
for rock below sea-level. 

It is noteworthy that when the estimates were 
drawn up the Lobnitz method of rock-breaking 
was put on one side, in spite of testimony in its 
favour. That system, it may be remembered, has 
been warmly advocated by M. Bunau Varilla, 


former Engineer to the Panama Company. That 
his contentions were not unreasonable ap from 
figures now available, for since 1909 the Commission 


has had a Lobnitz rock-breaker at work on the 
canal. The method approved by the Board of Engi- 
neers of drilling and blasting for under-water rock 
involves, in addition to these actual operations, 
repairs, and the operation of drill-barges, all of 


of the original estimate for the sea-level canal. | which together cost about 31 cents per cubic yard 
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on the Pacitic Division in 1912, for the preparation 
of the material for the dredgers. The operation 
and repair of the rock-breakers, however, appears 
to have cost only 2.29 cents per cubic yard in 
1912-13, and, as drilling and blasting is dispensed 
with in this method, it seems to show up very 
favourably indeed, if the figures in the — have 
any meaning at all. Even in the dry, in the Pacific 
Division, drilling and blasting has amounted to 
0.20 dol. per cubic yard at times, so that appa- 
rently the Lobnitz method has proved a very chea 
one, costing only a small portion of the origi 
estimated price for this class of work. We do not 
wish to push this point too far, because there are 
several matters which are not quite clear in the 
way these figures are made out in the annual 
reports, and the costs have varied considerably in 
different years and on different sections of the 
work. We can only say, however, that from 


appearances M. Bunau Varilla’s enthusiasm does 
not seem to have been misplaced, and the methods 
he advocated may not therefore have been so 
impracticable as was made out in some quarters, 






when the question as to how the canal should be 
made had to be decided. As is well known, it was 
decided to do as much work as — in the dry, 
though hydraulic sluicing has n adopted here 
and there. 

While dealing with this point it may be as well 
to make mention of the plant employed for prepar- 
ing the under-water rock for dredgers. The Lobnitz 
rock-breaker, of which mention has been made 
above, has a steel hull measuring 100 ft. by 28 ft. 

8 ft., divided into water-tight compartments. 

e cutters used are 30 ft., 40 ft, and 56 ft. long, 
so that work could be carried on at various states 
of the tide. Their weights are respectively 15, 16, 
and 19.5 tons (2000 lb.). The A frame is 65 ft. 
high, and hoisting is done by a 2-in. steel cable. 
The winch is fitted with automatic r, which 
allows the cable to run out with the falling ram. 
Steam is supplied to the winch and manceuvring 
gear by a Scotch boiler. The ground worked over 
was broken by the ram working at points pitched 
4 ft. apart. After penetrating 3 ft. the ken 

The method which seems to have met with 
greater approval of the authorities, at least in the 


preliminary stages of the are. consisted of drill- 
ing and blasting the rock. For this pu the drill- 
barge illustrated in Fig. 164, Plate III., was used. 





This measures 112 ft. by 36 ft. 8 in., and ra 
divided into twenty-one compartments by longi- 
tudinal and transverse water-tight bulkheads. It 
is <r with four timber spuds, 24 in. square, 
each worked byan engine and rack and pinion. There 
are three drill-frames, 38 ft. high, Cased alo’ 

one of the gunwales, and capable of being mov 

sideways on rails running the length of the barge. 
This movement is controlled by an endless chain 
and hydraulic power. The frames carry slides, on 
which are 5}-in. rock-drills, each slide being cap- 
able of being worked by hydraulic power through 
a vertical height of 10 ft. The drill-bars were of 
exceptional length, so as to cope with the range of 
tide. The holes are s 5 ft. apart in lines 6 ft. 
apart. Subsequent blasting is, of course, neces- 

with this system. 

By June, 1910, the original estimate of 96 million 
cubic yards of excavation for the complete work had 
been increased to 1824 millions. The next year it 
was again revised, and went up to 203,352,259 
cubic yards. In the following year it had been 





increased to 212,226,221 cubic yards, while in June 
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last it was again revised. 


‘ It then stood at 
232,353,000 cubic yards, of which 29 millions re- 
mained to be dealt with at the middle of last 


year. Atjthe end of November last about 1 
millions remained. Owing to troubles whic 
have several times proved expert opinion at 
fault, it is by no means certain that the end 
is yet in sight. On several occasions slides and 
breaks have developed where they were sup- 
pees to be dead, while in the wet season a good 

eal of material will continue to wash into the canal 
until the banks are covered with vegetation. It is 
therefore quite possible that the present estimate 
will not cover the whole work. 

When it is realised that the American forces have 
removed more than twice the anticipated amount of 
material in the seven years or so originally allotted 
to the work, some idea will have been obtained of 
the extent of the oo and the high d of 
organisation by which alone such results could have 
been attained. It will be remembered that an 
attempt was made to let the excavation out to con- 
tractors, but this was found to be impracticable. 
At Suez, this, of course, was done, but in that case 
it was possible to dispose of most of the spoil not 
far from the canal banks. At Panama contracting 


would have entailed spoil-trains passing to and 





from one and over other contractors’ sections, 


CENTRAL DIVISION :- DIAGRAM OF YARDAGE AND RAINFALL. 


resulting in much inconvenience and probably 
giving rise to disputes. As this work p 

and the floor area narrowed down the situation 
would have become continually more and more 
acute.. The Commission was therefore bably 
well advised in — the main work should 
be in the hands of one y, and as no single con- 
tractor was forthcoming capable of such an under- 
taking, the Commission took matters into its own 
hands. The result has been that although there 
have been many set-backs, the work has gone on at 
a rate of which the early years gave no promise 
whatever, and more than the yardage estimated 
for the whole canal has been removed in the Central 
Division alone in the time originally given for the 
completion of the whole work. 

e canal, as now being built, will have a bottom 
width of 1000 ft. for about 16 miles, 800 ft. for 
4 miles, 500 ft. for 22 miles, and 300 ft. for 8 miles. 
The stretch of greatest width is the 1000-ft. channel 
through the Gatun Lake. In the Culebra Cut the 
bottom width is to be 300 ft., though it is unlikely 
this full width will be available throughout the 





section for some time, on account of slides, which 
at the present time are still giving a considerable 
amount of trouble. 

The most interesting section of the work is the 
great Culebra Cut, which extends for about 8 miles 
out of the total of 31.7 miles forming the Central 
Division. In this cut the highest point to which 
excavation has reached is + 534 ft. above sea-level, 
the highest point on the centre line — been 
+ 312 ft. when the work was commenced by the 
French. In this section the Americans found that 
21,000,000 cubic yards of the French work would 
be of service in their revised alignment of the 
canal. The work has been done by steam-navvies, 
the ground having been previously broken up by 
drilling and blasting. . 

The first few years were taken up with getting 
together sufficient plant to undertake the work. 
Serious work may be said to have begun between 
1907 and 1908. By that time some 30 shovels 
had been collected for work on the Culebra section. 
The following year there were 75 in operation in 
the Central Division. There were 45-ton Bucyrus 
shovels of 1} cubic yards capacity ; 70-ton Bucyrus of 
2} cubic yards capacity ; 95-ton Bu of 5 cubic 
yards capacity ; and Marion shovels of 24 cubic yards 





and 5 cubic yards ——. In the next year there 
were 61 at work in this section, the greater number 
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being of 5 cubic yards capacity. The year following 
the number was reduced to 52, and in 1912 only 46 
were working. Last year, ending July 1, 1913, 
there were 42 working on the 8.5-mile length of the 
Culebra Cut, including those at work on the ter- 
races at the slides. This gradual reduction was due 
to the approaching completion of this section of 
the work, and to the fact that, as the depth in- 
creased, fewer shovels were able to work without 
either interfering with each other, or congestion on 
the tracks over which the spoil had to be carried 
—e The records furnished to the time of the 
publication of the last report showed that the best 
95-ton Bucyrus shovel had accomplished 4465 cubic 
yards of excavation work in asingle day, and, work- 
ing 26 days in a month, had handled 70,290) cubic 
yards in that time. The best annual record was 
made by a 95-ton Bucyrus shovel working 295 days, 
in which time it dug out 543,481 cubic yards. The 
days, it should be noted, were of 8 hours’ duration. 
In 1908 the average number of cubic yards per 
shovel per hour under steam averaged 121.4. This 
figure gradually improved till, in 1911, the maximum 
was reached of 165.72. In 1912 the figure fell off 
slightly, owing to crowding, as the cut became 
deeper and narrower, and in 1913 it had fallen to 
142.11 for the same reason. The actual working 
time varied from 66 to 90 per cent. of an 8 hours’ 
day. A curve of steam-shovel efficiency is given in 
Fig. 163, page 40, for the whole of the American 
period at Panama. The effect of improvement iu 
organisation, and also the detrimental effect of 
congestion in the narrowing cut in the recent 
years, is plainly marked. The influence of rainfall 
is also shown. 

As a large proportion of the material excavated 
in the Central Division is rock, drilling and blast- 
ing were necessary before the shovels could work 
The average from 1904 to 1913 shows that 71 88 
per cent. of the excavation has been rock, but in 
recent years the proportion has been much greater. 
In 1909, the year of maximum output in this division, 
there was a proportion of 66.29 per cent. rock. In 
1911, when the output was only slightly less than in 
1909, the percentage of rock was 75.29; in 1912 it 
was 83.67 ; in 1913, 78.80 per cent To put this 
in a fit state a great deal of drilling and blasting 
was necessary. In the Culebra section the maxi- 
mum number of drills at work at one time was 
rather over 400, there being about 26 tripod air 
rock-drills employed to every 14 well or mechani- 
cal-driven drills. In the year of maximum output 
on this division—1909—the proportion of rock was 
rather below the average, ak though the drills at 
work were more numcrous than they have been 
since, the work done only represented 688.7 miles 
of holes. In 1911, another year of work, 
382 drills bored 909.17 miles of holes, that year 
being one of a high percentage of rock. In 1912 
380 drills were employed and 919.56 miles of holes 
drilled, the capteet holes fired per day averaging 
600, of an average depth of 19 ft., 24 lb. of explo- 
sives being used per hole. This amount was much 
less than was formerly employed. In special cases 
holes up to 90 ft. in depth were used. They were 

laced from 6 ft. to 16 ft. apart. Less drilling was 

one in 1913, owing to the reduced amount of 
excavation and to the fact that much of the work 
was on slides, In addition to the vertical, toe holes 
drilled horizontally into the foot of the bank were 
used. These were fired at the rate of about 100 per 
day, their average length being 15 ft. A large 
number of shots were also fired in material ahead 
of the shovels, in order to reduce it to a size suit- 
able for handling. 

Only eight men have been killed by dynamite in 
four years, although in that time 23,000,000 Ib. of 
explosives have been used. The majority of these 
fatalities were not due to shot-firing, but occurred 
during the handling of the material. Very stringent 
regulations were enforced in and after 1909 with 

to this work. In that year a ial electric 
firing-wire was laid throughout the of the 
cut. The practice had previously been to fire the 
holes in groups by blasting batteries. This was 


discontinued. It was found that the blasting 
battery of the magneto-electric was unreli- 
able in thedamp climate. It was found that 


when fuses were connected for firing in scries, some, 
more sensitive than others, would explode first, 
thus breaking the circuit. A large number of tests 
were made on this point, and it was found that 
nominally identical fuses required from 0.44 to 
0.76 ampere. Of 100 fuses wired in series, only 
from 60 to 70 exploded even when wired direct to 








a 100-kw. 240-volt generator. In actual work the 


percentage of holes fired was rather higher than’ 


the above figures indicate. Much better success 
than the usual method gave was obtained by con- 
necting the fuses in parallel up to a 5-kw. 110-volt 
transformer supply. A continuous line for a supply 
of 2300 volts 60-cycle alternating current was laid 
along the cut with 45 blasting spur-lines 1000 ft. 
apart. At the terminal of each spur was a 5-kw. 
transformer, reducing the voltage to 100. From the 
transformer switch leads were taken along the 
ground to the point where blasting was being 
carried out. As a result misfires were practically 
eliminated, and it was possible to fire a larger 
number of holes at a time, and more nearly at the 
same instant, with greater destructive effect. The 
wiring and firing was all done by specially experi- 
enced men. As serious troubles developed during 
electric storms, no holes were loaded and wired 
which could not be fired the same day. 

We do not propose to deal in detail with all the 
equipment employed in handling the material 
excavated by the shovels. Including the shovels 
the rolling-stock in service in the Central Division 
in 1910, when the work was at its height, embraced 
3141 units. Of these, more than halt were Lidger- 
wood cars mounted on bogies and having on one 
side a low side and on the other side plank exten- 
sion from the floor. A view of some of these cars 
loaded and waiting to be taken to the dumps is 
shown in Fig. 165, Plate III. They were un- 
loaded by a plough, illustrated in Fig. 166. 
Before being taken to the dump, a flat car, on 
which was mounted a plough, was attached at 
the back end, and at the other a car with a wind- 
ing-drum and cable, was backed on to the train 
with the locomotive. When ready to start, a cable 
from the winding-drum was attached to two fixed 
posts, and as the train moved forward the cable 
was drawn off the drum until the plough-car reached 
the posts. The cable was then attached to the 
plough, and the train proceeded to the dump. On 
arrival there, the winding-drum, operated by steam 
supplied by the locomotive, was set in motion, and 
the plough gradually drawn forward over the whole 
train of cars until it reached the foremost car, 
and all the material had been unloaded. Fig. 165 
also shows in the foreground a train of steel 
dump-cars. Over 850 of these cars were in service 
in the Culebra Cut in 1911. Fig. 167 shows one of 
the fourteen dirt-spreaders in use. This was worked 
over the track after material had been dumped or 
unloaded from tho spoil-trains, the leaves being 
worked by compressed air. When material had 
been spread to one side so far that the wing of the 
— could push it no further, the track was 
shifted by special machines, of which six were in 
use at one time on the Central Division. The 
spoil-trains, &c., were handled by about 160 loco- 
motives, or about five to the mile, for the whole 
Central Division, though the number varied in 
different years, and actually power was concen- 
trated to some extent in the Culebra section. In 
1910, when those at work averaged 148 per day, 
they were allotted as follows : 126.5 were handling 
spoil and miscellaneous trains ; 10.97 were hand- 
ling unloaders ; 7.18 were handling spreaders ; and 
4.35 were engaged with track-shifting machines. 
As the work , and the cut deepened the 
proportion of the locomotives engaged in helping 
the spoil-trains up inclines naturally increased. 
The largest number of cars handled in 1910 in'one 
day amounted to 4773, of which more than half 
were flat cars, from which the material was re- 
moved with ploughs. 

A good idea of the scale on which work was 
carried on may further be obtained by reference to 
the amount of 5-ft. track laid for the shovels and 
trains to work on. In 1908 there were 151.57 miles 
of track onthe Central Division. This figure gradually 
increased as the work vssed. In 160) it 
amounted to 194.32 miles, in 1910 to 200.25 miles, in 
1911 it was 209.16 miles, but in 1912 it had been 
reduced to 187.46 miles. Last year it was rapidly de- 
creased and shovel-work was finally ended in the cut 
itself on September 15 last, there being only thirty 
shovels at work towards the close. After Sept- 
ember 15 some 36 miles of line in the cut had to 
be removed before water was let in. Work, how- 
ever, continued on the side terraces, for which 
track was still required. Several shovels are still 
retained in this division on this class of work, 
though the cut itself has now been filled with 
water. They are en removing top material 
in order to prevent slides. The material remain- 








ing in the canal bottom was drilled and blasted 
rior to the admission of water, and is now 
boing removed by dredgers. The mere length of 
the track laid for the spoil-trains does not alone 
complete the story. In several years about 200 
miles of track were removed, and an equal number 
constructed at new points, while over 1500 miles 
were shifted in each year as the excavation pro- 
gressed. At the close of the year 1910-11, in the 
Culebra Cut alone, there was an average of eight 
tracks throughout the length of 8.5 miles. 
The train service in the Central Division has been 
v severe, in order to keep the shovels working 
without interruption. It has been estimated that 
the traffic handled has been equivalent to 10,610 
tons per mile per month, or, including tare weight, 
26,587 tons per mile. The organisation to main- 
tain this movement was naturally elaborate. Trans- 
portation was controlled by a superintendent and 
chief despatcher at Empire, in telephonic communi- 
tion with the yard-masters at the dumps, the 
engine-sheds, and with tower-men stationed in 
towers, six in number, at different points in the 
cut. The’ superintendent issued orders over night 
to the sheds, and the engines were prepared for 
the men, and placed in proper order for taking out. 
During the day the yard-masters reported the 
e of loaded trains by telephone, and 
their readiness to receive or return trains. The 
material was dumped at a large number of points 
from trestles or in other ways. The length of 
trestles constructed for this purpose amounted to 
about 8.7 miles by July, 1913. The dumps were 
located at various points along the canal, the 
la t being at Tabernilla, Miratiores, and Balboa, 
and the length of haul of the spoil-trains varied 
between 1 mile and 36 miles, the average being 
about 10 or 12. A certain amount of the better 
rock was transported to the Gatun Dam for use 
there, and this invoived average hauls of 28.5 
miles, or 57 miles for the round trip, at one time 
18 or 20 trains working in this service daily. As 
the work of deepening proceeded the length of 
haul naturally increased, and only the material 
removed in terracing on the sides of the cut was 
dumped locally. A quantity of the material has 
been dumped so as to reclaim several hundreds of 
acres of ocean and marsh land, which, in time, is 
expected to become valuable. Over 474 acres of 
ocean land have thus been reclaimed at Balboa, and 
present plans arrange for the ultimate filling of 
over 139 acres of marsh land in that neighbourhood. 
For a certain amount of work, where conditions 
lent themselves to the system, hydraulic excavation 
was adopted. This was employed particularly at 
the Pacific end of the canal, where a considerable 
amount of alluvial deposit had to be removed from 
underlying rock. A steam-hydraulic power plant 
was installed, consisting of four Babcock and Wil- 
cox boilers supplying steam to four Worthington 
horizontal direct-acting triple-expansion pumps of 
24 in. stroke, and having steam cylinders 19 in., 
30 in., and 50 in. in diameter, and water-cylinders 
244 in. in diameter. Each pump could deliver 
7500 gallons of water per minute at a pressure of 
150 Ib. per sq. in. They all delivered into a main 
3600 ft. long, made up of 40-in., 32-in., and 24-in. 
pipe. To this main were fitted 16-in. branch-pipes, 
to which the monitors were coupled, the pressure at 
the nozzles about 130 1b. sq. in. The material exca- 
vated by these monitors was washed down toseumps, 
in each of which there was a concrete barge carrying 
a 655-horse-power electric motor coupled direct to an 
18-in. centrifugal suction dredging-pump. These 
umps were capable of delivering per minute 


0,000 gallons of salt water containing 10 per cent. 
of solid matter, and discharging against a 60-ft. 
head. In operating, a sump was first excavated 


down to bed-rock for the barge, and the monitors 
then worked away from it until the slope became 
too small for the material to be carried down by the 
water. The discharge from the pumps was carried off 
by a flume, and dispused of on marsh land, of which 
betwecn 400 and 500 acres were thus reclaimed. 
Some of the spoil was used at the Minaflores dam, the 
core of which was thus of hydraulic fill. In order to 
1aise the material to the elevation necessary in this 
case, a bocster pumping station had to be installed. 
The cost of this class of work has varicd enormously, 
but atthe Pacific end of the canal, w here it was carried 
on on a fairly large scale, it ran out at about 58 cents 
per cubic yard. It was naturally not practicable 
to use this system where the soil contained large 
boulders. It may be of interest to remind our 
readers that in the mining districts in Australia 
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hydraulic elevators are employed, capable of 
handling quite large stones in connection with 
hydraulic mining operations. In that case, how- 
ever, the —_ can be deposited again compara- 
tively near by. 

The views which we give in Plates IV., V., and 
VI. with this week’s issue of Encineerine will 
convey a very good idea of the general character 
of the work on the canal, though they do not 
actually illustrate the point where excavation has 
been carried through the greatest depth—i.e., at 
Gold Hill. The first two illustrations, Figs. 168 and 
169, Plate IV., are typical views at Empire, at about 
mile 35. Fig. 168 shows the excavation down to grade, 
with the small drainage cut carried to a lower depth 
in the centre. In Fig. 169 another view of the cut 
near Empire is also shown, with the canal completed 
down to grade except for a portion on the left. 
These views were taken last summer. As recorded 
in previous articles,* the principal work on the 
Culebra Cut was completed early in October, and 
the Gamboa Dike, which kept the water from the 
Gatun Lake out of the cut, was destroyed by dyna- 
mite on October 10. Fig. 170, Plate V., shows 
the water flowing into the cut through the broken 
dike at Gamboa. Fig. 172, Plate VI., gives a 
view of the canal looking north at a point near 
Gamboa. Fig. 173 is a view of the length of 
canal near Empire (shown at an earlier date in Figs. 
168 and 169) taken after the destruction of the 
Gamboa Dike, when water had been admitted to the 
central portion of the cut. Another view of the canal 
taken near Paraiso is given in Fig. 175, Plate VI. 
This length was not filled so rapidly as that between 
Culebra and Gamboa, owing to the obstruction 
caused by the Cucaracha slide, to which we shall 
refer in a later article. Between the Pedro Miguel 
and Miraflores Locks a small lake has been formed. 
This is shown in Fig. 174, which is a view of the 
lake locking north towards the Pedro Miguel locks. 
The southern section of the canal is illustrated in 
Fig. 171, Plate V. This view is taken looking from 
the Miraflores Locks towards Balboa. The long 
central approach-wall to the locks is shown to the 
right of the view. 
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Sir William Arrol: A Memoir. By Sir Rosert Purvis, 
-A, LL.D., formerly M.P. for Peterborough 
London and Edinburgh: William Blackwood and 

ms. [Price 5s. net. ] 

Apart from the light it sheds upon contem- 
raneous progress for the advantage of future 
istorians, and from the revelation it affords of one 
unit of the intellectual forces which collectively 
constitute the driviig power tending towards ad- 
vancement in the ghilecaphieal, social, artistic, or 
scientific activities of the race, a biography of a 
great man is acceptable because it stimulates, 
encourages, and guides all, and particularly the 
young, in their life’s work. The author of this book 
himself says, ‘‘ The lives of great men are nutritious 
for all healthy minds, and a fitting satisfaction to 
a natural curiosity.” It is because of such an 
unchallengeable standard for the guidance of 
biographers that many engineers and others will 
experience disappointment with Sir Robert Purvis’s 
memoir of-Sir William Arrol. Undoubtedly he had 
an admirable subject. No one will question the 
literary style of his treatment ofit. But his lack of 
prolonged intimacy with the subject of the memoir 
and his works has been a great difficulty. The 
author himself indicates that he was not quite suited 
to be a Boswell, and, unless the duty of authorship 
in this case was forced upon him, it is difficult 
to understand why he accepted the task. His first 
meeting with Sir William Arrol was after the latter 
had entered Parliament, when fifty-six years of age. 
Sir William had then completed his greatest works; 
and although there were still all the evidences of his 
mechanical genius, of his common-sense, practical 
mind, and his broad philosophical outlook upon life 
generally, one must remember that Sir William was 
not a man who spoke freely of the work he had 
done, and thus, in the atmosphere of the smoking- 


room of the House of Commons, or even amid | 7 


the more congenial surroundings of Seafield, it 
was not eee e to have, at that late period of his 
life, a full revelation of the characteristics of the 
man. 

The first chapter deals with boyhood and young 
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manhood, and the second with progress as an engi- 
neer. In writing these chapters a most important 
essential was a Yn sympathy with the nature of 
Scotchmen, and a knowledge of the environment in 
which Sir William Arrol was brought up. The 
author apologises for his lack of knowledge as an 
engineer, but this scarcely makes up for the dis- 
—— which must be felt by all who would 
like to have seen a full view of the path along which 
Sir William travelled while developing that innate 
mechanical ingenuity and acquiring that experience 
which enabled him to do great work and justified a 
full biography. Fifty-seven of the 150 es are 
devoted to the Tay Bridge and the Forth Bridge, 
but there is little in these chapters which differs 
materially from many articles on both structures 
which have appeared elsewhere. The lack of 
technical knowledge on the part of the author has 
prevented him from reviewing with completeness 
and judgment Sir William’s personal influence 
in carrying out the successful construction of these 
great engineering triumphs. Then followsan article 
of 21 pages on engineering works after the Forth 
a and we might almost say the same of this 


part also. 

The concluding chapter, of 30 pages, deals with 
persoral and other questions, and in it we find 
more of the biographical touch, but there is still 
lack of revelation of Sir William as a man. Only 
two letters are quoted, and although Sir William, 
with the pen as in speech, was a man of few 
words, the value of those words was in inverse 
ratio to their number. No man could more 
pithily express a great truth in simple yet 
direct language, and it would have been a help and 
guidance in the formation of character if the reader 
could have had some of his Johnsonian remarks 
from a Boswell of longer and more intimate 
acquaintance. The writer of this review can recall 
when Sir William was asked to make one of those 
pleasure-pandering structures at exhibitions, and 
when he replied to the effect that he (Sir William) 
was willing to ‘‘ make a bridge which would be use- 
ful to mankind, but not a sensational whigmaleerie 
for the idler.” Again, his estimation of the 1906 
Parliament, that it was made up of ‘* men who had 
done nothing for themselves, and therefore could 
not do much for the nation,” had a world of mean- 
ing in it. As to his concentration and determina- 
tion to ensure success, the author is unaware of 
the incident that he worked continuously for more 
than fifty hours in order to get the flexible tube 
for the conveyance of the compressed air from the 
compressor to the portable pneumatic riveter for 
the Glasgow Bridge ; indeed, at that time, this was 
as remarkable an achievement as the conception of 
the portable riveting-machine itself. 

We have pointed out freely the deficiencies in 
the work, but at the same time many will read the 
book with a considerable degree of pleasure, be- 
cause there is much in it that is interesting. Moro- 
over, it is well written from a literary point of 
view, and may pave the way toa fuller biography 
of one of our greatest constructiunal engineers. 
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THE MOTOR-SHIP “ FIONIA.” 


CoNSIDERABLE interest is attached to the motor-shi 
Fionia, built and engined by Messrs. Burmeister an 
Wain, of Copenhagen, as she is the ninth motor-ship 
built by this firm, and is the largest and highest 
powered in service. 

The leading dimensions of the ship are :—Length 
over all, 410 ft.; length between rpendiculars, 
395 ft. ; breadth, 53 ft.; and depth, 38 ft.; the dead- 
weight capacity being 7000 tons. Accommodation on 
a high-class scale is arranged for a limited number of 
a. The ship is equipped with o large re- 
rigerating plant and with a wireless telegraphic 
installation. Fig. 1, page 41, gives a view of the 


ship. 

The chief feature of this vessel is naturally the 
propelling engines, which are collectively of 4000 
indicated horse-power. It is therefore interesting to 
compare these latest engines with those of the 
M.S. Selandia, the first of the series, since this 
indicates the p' made in design. The leading 

rticulars of the Selandia’s engines were given in our 
issues of February 23 and March 8, 1912, and the 
same general lines as were then followed are found to 
govern the installation under discussion. In the light 
of experienee, and as a consequence of the confidence 
thereby attained, the number of cylinders has been de- 
preeeeen | from eight to six, and the brake horse-power 
per cylinder increased from 125 brake horse-power with 
the Selandia to 260 brake horse-power in the Fionia. 
Testimony is thus borne to the reliability of the later 
design of exhaust-valves used by the builders, as it was 
anticipated that the troubles with these valves would 
be such as to preclude any substantial increase in 
cylinder diameter above about 21 in. At first con- 
siderable trouble was experienced in earlier ships, but 
this was soon remedied. The to cylinders of the 
Selandia had each a diameter of 20.87 in. and a stroke 
of 28.74 in., each giving 125 brake horse-power at 
about 130 revolutions per minute. The diameter of 
each of the six cylinders of the Fionia is 740 mm. 
(29.1 in.), with a stroke of 1100 mm. (43.3 in.), giving 
collectively 2000 indicated horse - power, or about 
1600 brake horse - power, at 100 revolutions per 
minute. The stroke-bore ratio has been increased 
from 1.38 to 1.5, and the piston speed from 623 ft. 
to 722 ft. per minute, although the revolutions 
have been reduced to 100 per minute. The cylinder 
dimensions show that for 2000 indicated horse- 
power the cylinder mean effective pressure will be 
about 91 lb. per sq. in., which is the figure of the 
indicator card of the Selandia’s engines published in 
our issue of March 8, 1912, and is evidently a 
average for reliable and continuous working with this 
type of four-cycle engine. All the motor ships engined 
by Messrs. Burmeister and Wain have been twin- 
screw, and such is undoubtedly desirable in order to 
approximate to the duplication afforded in steam- 
ships by having a number of boilers. 

rom Fig. 3, which is a cross-section through the main 
engine, and Fig. 2, pege 41, which is an illustration of 
the engine on the test-bed, a good idea of the size may 
be formed. The six eylinders are arranged in two sets 
of three, and the cast-iron bed-plate is in two inter- 
changeable pieces, with deep box-girders unsupported 
in the centre, an arrangement justified owing to the 
through bolt system of construction adopted. The 
sump for the lubricating oil is formed by welded-steel 
plates, as shown in Fig. 3. The design of the crank- 
case and the means adopted for carrying the piston-load 
are de res from earlier engines, and give greater 
accessibility to the working parts. Between the 
cylinders, and at the ends of each up of three 
cylinders, there is an A frame formed by box columns 
at the front and at the back, to the tops of which the 
cylinder feet are bolted. At the front of the engine, 
between these columns, the crosshead guides are bolted, 
as shown in Fig. 2, and for stiffening purposes 
box oross-girders connect the tops of the columns 
at the back of the ine, as shown in Fig. 3. 
By this means the back of the engine is enclosed by 
sheet-iron oil-tight doors, and at the front sheet-iron 
oil-tight doors encase the crank-chamber beneath 
the guides. This gives excellent accessibility for the 
adjustment and examination of the top » bottom 
end, and main i The guides are arranged in 
the front of the engine, so that the working stroke-guide 
thrust may be taken in the t guide area. 
Forced lubrication is to all the main bearin 

The crank-shaft is built up in two interc le 
janee of three throws, and is drilled out for the forced 
ubrication system. The -rod is of the 
usual marine design, and the absence of keeps for both 
the top and bottom ends will be noted. The only 
tension load to be taken is that due to inertia, which, 
with a normal speed of revolution of 100 and the light 
piston made possible with engines of the four-cycle 
‘pes must be very small. 

The cylinder-jackets for each set of three cylinders 
are cast in one piece provided with feet, to which 
reference has already been made, for bolting to the 


A frames, Between the cylinders, and at the ends of 


(38/9. 
each group, pony, linder-jacket casting is swelled out 
the bed 


to carry t lts from the cylinder — to the 
bottom of -plate underneath the main bearings, 
so relieving all the engine structure of tension stresses. 
This jacket casting is provided with inspection doors, 
as shown in Fig. 3, and liners are pressed in for each 
cylinder. Each piston is of the usual shallow type, 
with nine rings, and is su in the centre on the 
dished-out piston-rod. e pistons are cooled by salt 





water, supplied through telescoping pipes kept tight 











THE DIESEL OIL-ENGINES OF THE SHIP “FIONIA.” 
CONSTRUCTED BY MESSRS. BURMEISTER AND WAIN, COPENHAGEN. 


by metallic packing, as with pistons of this large size 
the subsequent cooling of the oil required by oil cooling 
of the pistons is too difficult. On the bottom of each 
piston a ring is pinned on to wipe the lubricating oil 
off the cylinder walls. This oil is collected in o 
circular tray to prevent it from mixing with the engine 
lubricating oil, and it is claimed that when filtered 
60 per cent. of the original amount supplied may be 
recovered for use a=. : 

In each cylinder-head, which is a separate casting, 
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are the usual valves—the inlet, exhaust, fuel injection, 
and starting air-valves—operated by cams, push-rods, 
and levers, as shown in Fig. 3. The cam-shaft is not 
driven, as in former engines by the same firm, by spur- 
gearing and connecting-rods, but by large spur-wheels, 
to give a more rigid connection between the crank-shaft 
and the cam-shaft. Longitudinal movement of the 
cam-shaft to bring the ahead or astern cams under the 
various push-rods, and rotation of the manceuvring- 
shaft to lift and replace the rollers upon their cams, are 
effected by a compressed-air servo-motor of a similar 
type to Brown’s reversing-gear. The starting of the 
engine is by compressed air at a pressure of 360 lb. 
per sq. in. 

Separate fuel-injection pumps are now provided for 
each cylirder, as shown in Figs. 2 and 4, and these 
are driven by levers and links from one of the interme- 
diate shafts driving the cam-shaft. The control of the 
engine is substantially the same as in previous ships. 


The? arrangement? of ‘the compressor jplant* differs 
somewhat from that tormerly adopted by Messrs, 
Burmeister and Wain, and fully described in our 
issues of February 23 and March 8, 1912. in that the 
Reavell compressors for fuel injection and starting air 
are driven from the forward end of the main engine 
crank-shaft. The reason for this change is that if the 
three-stage starting-air compressors in the Fionia’s 
engines had been separately driven, and only the 
fourth-stage driven from the engine crank-shaft, the 
auxiliary oil-engine, to drive these compressors and 
the dynamo for the cargo-winches, capstan and steer- 
| ing-gear, would have been of about 300 brake horse- 
|power, or much larger than was required by the 
| dynamo, so that in port the auxiliary ol-engias would 
| have been working at only a fraction of its full output. 
| Starting air is taken from the two main-engine com- 
pressors at about 360 lb. per sq. in., and is stored in 
two reservoirs, each of 800 cub, ft. cubic capacity. 








When mancuvring a Reavell auxiliary compressor 
driven by an electric motor of 200 brake horse-power 
is used, and when at sea this compressor serves as a 
stand-by for either of the main-engine compressors, 
pms A of the same size. Fuel-injection air at about 
850 Ib. per sq. in. is stored in bottles placed in the 
centre of the engine-room platform, as shown in 


Fig. 4. 

The auxiliary machinery, all of which is electrically 
driven, consists of two rotary cooling water-pumps, 
two rotary lubricating oil-pumps, and two sets of 

lunger bilge, sanitary and piston-cooling pumps. 

he plunger piston-cooling water-pump » Ba the 
water from the pistons and delivers it overboard. 
The water is forced to the pistons by the main cooling 
water-pumps. These pumps are all in duplicate, one 
of each type serving as a 8 -by. The remaining 
engine-room auxiliaries are :—One rotary _ballast- 
pump, a donkey-pump, fresh-water and fuel-oil pumps, 
and a refrigerating-machine. For supplying electric 
current to these auxiliaries when the vessel is at sea, 
and to drive the twelve electric 3-ton to 5-ton winches 
when in port, two four-cylinder four-cycle oil-engines, 
one of which is well shown in Fig. 5, are provided. 
Each of these engines is sufficient for the work, and 
develops 200 brake horse-power at a normal speed of 
225 revolutions per minute, and both are of Messrs. 
Burmeister and Wain’s usual design, being in every 
way self-contained and provided with their own com. 
pressors, air-storage, &c. The dynamos work at 220 
volte, and for lighting the voltage is transformed to 
110 volts. To light the ship when in port, and when 
the winches are not working, a small crude-oil engine 
and dynamo set is provided, and by this engine a 
compressor for bottle-charging can also be worked. In 
the engine-room there are two daily-service fuel-oil 
tanks, each of sufficient capacity for twelve hours’ 
running. 

The Srionia, which, like the Selandia, was built for 
the East Asiatic Company, Copenhagen, ran her official 
trials in Copenhagen Sound on Thursday, December 18. 
In addition to a speed run, a great number of stopping, 
starting, and manceuvring tests were made with the 
machinery, with uniformly favourable results. The 
vessel subsequently proceeded into the free port to 
load for her first voyage to Bangkok, and to com- 
plete her equipment; when she is fully loaded trials 
as to epeed and fuel consumption will be made under 
service conditions. 





IMPROVED FILE-HANDLE. 

Tue annexed figure shows patent file-handle, which 
is manufactured by the W. T. Nicholson and Clipper 
Company, Limited, of King-street, Salford, Man- 
chester. As will be seen from the figure, the handle 
is provided with a flanged steel tube, which is pressed 
into the wood at the end, into which the file is driven. 
The flange of the tube overlaps the ferrule, which is 
formed with an internal turn-over at the outer end. 





The tube flange is tapered in order to fit snugly over 
the ferrule, the whole making a very neat arrangement. 
The use of the tube prevents any splitting of the wood 
when the file is driven in, and also prevents the ferrule 
from coming off. There is thus no danger of the tang 
running into a workman’s hand. The tube also 
serves a second pu by so compressing the wood 
that the file is held much tighter than in an ordinary 
handle. This leads to an increased life for the handles, 
since they are not flattened on the end and destroyed 
by constant hammering. 





Tue INsTITUTION OF PETROLEUM TECHNOLOGISTS.— 
The first Council of the Institution of Petroleum Tech- 
nologists has now been appointed, and the complete 
list is as follows :—President, Sir Boverton Redwood, 
Bart., D.Sc. Vice-President, the Right Hon. Lord 
Cowdray of Midhurst. Members of Council, Mr. A. C. 
Adams; Sir Robert Balfour, Bart., M.P. ; Dr. e 
T. Beilby, F.R.S.; Mr. Edwin R. Blundstone, B.A. 
(Cantab.) ; Professor John Cadman, D.Sc. ; Mr. John 
T. Cargill ; Major A. Cooper-Key, C.B.; Mr. E. H. 
Cunningham Oraig, B.A.; Mr. Arthur W. East- 
lake, M.I. Mech. E.; Mr. C. Greenway; Sir Thomas 
H. Holland, K.C.1.E., F.R.S.; Professor Vivian B. 
Lewes, F.I.C. ; Mr. T. C. Palmer, Assoc. M. Inst. C.E. ; 
and Mr. Robert Redwood, F.C.S. Sir Frank isp, 
Bart., has been appointed honorary solicitor, and Sir 
William Plender honorary treasurer. Dr. David T. 
Day, of the United States Geological survey, and 
Geheimrat Professor Dr. C. Engler, have been elected 
honorary members of the Institution, and the applica- 
tions for membership already exceed one hundred. Forms 
of application for membership may be obtained from the 
secretaries, 17, Gracechurch-street, E.C. 
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THE PRESENT POSITION OF THE 
SHIPBUILDING INDUSTRY. 


Tue return of ‘‘ Lloyd’s Register” of the vessels 
under construction in the United Kingdom indicates 
that the total volume of work now in hand, including 
warships, is 606 vessels, of 2,561,407 tons, which is 
94,460 tons more than at the beginning of last year, 
and 633,600 tons more than at the beginning of 1912. 
Five years the total, however, was onl 984,791 tons, 
so that we have here two extremes. mparatively 
little new tonnage has been ordered during the past 
two or three months, but builders have commenced, of 
merchant ships alone, 200 vessels, making up 484,436 
tons. The laying down of many of these vessels, 
however, had been delayed from the summer time, 
owing to the difficulty of advanci the launching 
stage the ships already on the aren he But even so 
there is a decrease in the merchant work in hand as 
compared with three months, six months, and nine 
months ago. The top level was reached in April, when- 
of merchant work there was just over 2,050,000 tons, 
so that there is a decrease from that level of nearly 
100,000 tons, or 5 per cent. Very few new orders are 
now being placed. Many ships are reaching the stage 
of completion, so that we fear that the present appa- 
rently satisfactory volume of work on hand will rapidly 
become depleted. As regards warships, too, there 
are many vessels which are approaching the stage of 
completion, including two foreign ships. No doubt the 
determination of the First Lord of the Admiralty to 
carry a the programme laid down for a succession 
of years will ensure a continuance of warship building at 
its present high level. 1t will be seen that the tonnage 
of warships accounts for a very large part of the in- 
crease as com with a year ago. As @ matter of 
fact, of merchant ships there are 29 vessels and 
13,459 tons fewer than a year ago, while of warships 
the number in pro; is nine more, and the tonnage 
is 107,926 greater. We give in the accompanying table 
the tonnage of merchant ships and warships, and the 
total, in progress throughout the kingdom at the 
beginning of each year between 1899 and 1914. As 


Tonnage in Course of Construction in the United Kingdom 
at January, 1899 to 1914. 














Merchant Ships. Warships. Total. 

_ 
No. | Tons. No. Tons. Tons. 
1899 | 584 1,401,087 91 410,985 | 1,812,072 
1900 | 538 1,306,751 81 423,755 | 1,730,606 
1901 443 1,269,919 | 65 390,145 1,660,064 
1902 469 | 1,359,205 45 333,325 | 1,692,530 
1908 | 387 1,024,067 7 | 300,690 1,324,757 
1904 386 898,478 63 | 309,510 1,207,988 
1905 403 | 1,049,860 54 282,810 | 1,332,670 
1906 | 515 1,355,756 55 262,025 | 1,617,781 
1907 | 481 1,166,989 49 205,858 | 1,372,847 
1908 483 948,830 60 268,717 | 1,217,547 
1909 360 764,520 58 219,271 | ‘983,791 
1910 $31 913,374 64 273,210 | 1,186,584 
1911 363 | 1,131,508 66 289,481 | 1,420,984 
1912 483 1,519,052 67 408,755 | 1,927,807 
1913 542 1,970,065 84 496,875 | 2,466,940 
1914 | 518 1,956,606 93 604,801 2,561,407 

| 








regards the ownership of the vessels in progress, the 
United Kingdom accounts for 1,483,209 tons, equal 
to about 86 per cent. of the total, and of the 
remaining countries Holland is the most prominent, 
her proportion being 12 vessels, of 96,805 tons, 
Norway coming third with ten vessels, of 49,545 
tons, Belgium fourth with 3 vessels, of 36,680 
tons, Greece fifth with 8 vessels, of 36,110 tons, 
and Denmark sixth with 19 vessels, of 33,141 tons. 
Practically all countries are represented. Of the 
merchant vessels, 2 exceed 40,000 tons (gross register 
tonnage), one other is over 30,000 tons, and another 
over 20,000 tons, while there are 9 of between 15,000 
and 20,000 tons; al ther, of over 10,000 tons, there 
are 36 — an indication of the increasing number 

of large shi 
As vega the distribution of the work, there is set 
out in a second tabular statement the tonnage of 
merchant ships and the situation in various districts 
at present and during the preceding three years. It 

Work in Hand in Principal Districts at January, 

1911-14 ( Warships Excluded), 





District. | 1914. | 1018. 1912. | 1911. 
| tons | tons tons tons 
Belfast .. .. _..| 821,405 | 326,740 250,807 
Barrow, Maryport, and| 
Workington.. ..| 9,482 | 2,845 3,670 2,730 
Glasgow .. «| 512,865 | 467,344 359,806 | 194,690 
Greenock -. es} 249,820 | 300,062 230,081 | 180,270 
Hartlepool and Whitby! 80,630 | 98,844 64,353 | 42,135 
eS a ke .| 88,898 | 927,789 140% | — 
Liverpool 64,197 35,547 14,794 22,110 
Tyne e 302,378 | 312,763 240,918 | 206,692 
ear 231,220 | 282,1 194,648 | 126,897 
Tees 91,404 | 108,403 68,357 74,587 





will be seen that the Glasgow district has a higher 
total than in any of the preceding years, their 110 
vessels, of 512,865 tons, being 45,521 tons greater 


than 4 aed ago. But in the neighbouring port of 
Greenock there is a serious decrease, amounting to 
50,242 tons ; the total tonnage, made up of 53 vessels, is 
only 249,820. On the North-East Coast District there is 
already being experienced a decrease in the volume 
of trade in progress. On the Tyne there are 64 
vessels in progress, having a tonnage of 302,375 tons, 
a decrease of 10,388 tons; while on the Wear the 
decrease is under 1000 tons, the number of vessels in 
progress there being 55, and the tonnage 231,220 tons. 
On the Tees, on the other hand, there is a drop of 
17,000 tons—from 108,403 tons to 91,404 tons, the 
latter the measurement of 37 vessels. In Hartlepool 
the same shrinkage in trade falls to be reported, the 
decrease here being nearly 18,000 tons, as only 19 vessels, 
making up 80, tons, are in progress. As 

Belfast, there is a decrease of 5,335 tons, the total 
now being 28 vessels, of 321,405 tons. At Barrow the 
merchant work bulks very small, and there, it may be 
said, that the naval work in progress is quite as great 
as, if not greater than, a year ago. At Hull there isa 
satisfactory increase, the number of vessels being 
53, as compared with 35 a year ago, and the 
tonnage is 38,898, as against 27,789 at the beginning 
of 1913. At Liverpool, again, the progress, due 
largely to Messrs. Cammell Laird and Co., Limited, 
is most marked ; although the number of vessels is 
no greater, there being 16 now in progress, the ton- 
nage has gone up from 35,547 tons a year age to 
64,197 tons now. It should be noted that Greenock, 
the Tees, Wear, and Hartlepool, show decreases 
as compared with three months But, as we 
have eo a large part of the work included 
in Lloyd’s Returns is much further advanced than 
was the case at the beginning of 1913, so that while 
the tonnage on hand practically equals the output for 
a year, it must not be assumed that there is anything 
approaching a year’s work involved in the vessels still 
uncompleted in the various works throughout the 
kingdom. 





INDUSTRIAL NOTES. 

A MEETING was held at the Mansion House on 
Monday last to support the new echeme of the London 
County Council for evening or continuation schools. 
In the course of the p ings, Mr. J. W, Gilbert, 


County Council, stated that in the last recorded year, 
out of 130,000 students, 40.090 were considered in- 
effective owing to bad attendance; further, out of 
210,000 young persons between the ages of 14 and 17, 
less than 50,000 enrolled themselves as students in 
evening classes. Mr. Gilbert added that the London 
employers had it in their power to make the scheme a 
success ; if employers would co-operate with the 
Council, the results would prove beneficial from a 
business point of view. r. J. A. Pease, the 
President of the Board of Education, who followed, 
stated that the employment of children for long 
hours, their exposure to weather, loafing, and ignor- 
ance of 7 facts involved deterioration of the 
nation. e children must be brought to the 
schools, and this could be done by persuasion, com- 
pulsion, or the plan adopted by some firms of making 
attendance at the schools a condition of service. He 
recommended to the employers of London the making 
of arrangements with their employees whose age 
ranged from fourteen and over, that they should have 
time off for attending the schools, without any deduc- 
tion from —— his course would not diminish 
the supply of labour, it would not reduce the family 
income, and it could be carried out without putting 
undue strain on the young people themselves. In this 
connection, and whilst fully approving the efforts made 
by the Education Committee of the London County 

uncil, we are pleased to state that the larger em- 
ployers of labour, including numerous engineering 
works throughout the country, make due provision 
for the education of their youthful employees. The 
smaller employers of labour are much more lax in 
this respect than the larger employers. Heavy res- 
ponsibility also lies upon headmasters of Board schools, 
who should give unremitting attention to the teaching 
of the children entrusted to them, and see that they 
= taught all that they can learn in their school 

ours. 





Case 12 ante we gave the very r results of 
the ballot taken by the } National Ay of Boot and 
Shoe Operatives in to political action with 
reference to the e Union Act of 1913. In 
preceding issues we gave the figures for other trade 
unions. e figures in many instances show very little 
eagerness on the part of the men to have the funds of 
the trade unions applied to political objects. The 
matter will be discussed at length at the Conference of 
the Labour Party, to be held in Glasgow from the 26th 
to the 30th inst. 





The Leeds dispute will, no doubt, also be reviewed 
at the G w Labour Conference, and stress will 





Chairman of the Education Committee of the London 7 


In regard to this, the Special Committee of the Leeds 
Corporation are maintaining their firm attitude, and 
quite rightly so, notwithstanding the threats on the 
of the strike leaders. Although the Committee stand 
, they are acting with absolute fairness towards their 
old employees. An evidence of this is afforded by the 
fact that a few days ago they had under consideration 
an application from several cranemen, when they dis- 
covered that these men appeared to have been over- 
looked when the revision of wages was made last 
November. The Special Committee have recommended 
an advance of 2s. per week in these men’s wages. 
Gradually as matters in Leeds resume their normal 
conditions the old employees will be reinstated, but a 
number of these latter will, of a necessity, remain 
unemployed through no fault on the Corporation’s 
part, since the Corporation will retain the services of 
the men who came forward in the troublous times, 
and whose work gives satisfaction. Of this the old 
employees had due warning. The appeal made by the 
men’s leaders to various trade unions for a strike in 
sympathy with the Leeds Corporation employees has 
hitherto met with but scant response. The Leeds 
Boot Retailers and Repairers’ Association have unani- 
mously declared that the strike has been carried on 
long enough, and find that its continuance is detri- 
mental to the trade interests of the city. On the 
other hand, the Bradford branch of the Gasworkers’ 
and General Labourers’ Union call upon the Leeds 
gasworkers who have returned to work to come out at 
once, and recommend taking a levy to increase the 
Leeds strike pay. Various meetings are being con- 
vened to consider the situation. The impression very 
generally held in Leeds is to the effect that if the men 
were left alone to decide, they would apply imme- 
diately for reinstatement in the places still vacant. 





The question of reinstatement formed the pivot 
round which the settlement of the Dublin strike 
turned, and the employers, private firms in this in- 
stance, refused to discharge the men who had entered 
their service during the strike, and who were doing 
good work. In blin there is bound to be a 
number of men who will remain unemployed for a long 
or short period. Some may even be permanently un- 
employed, owing to the introduction of motor trans- 
rt. The ballot, which we referred to on page 12ante, 
of the local members of the Sailors’ and Firemen’s Union 
on the ques‘ion of their resuming work was taken on 
Tuesday last. The question was: ‘‘Do you agree to 
resume work independently of any other society con- 
cerned in this dispute.” The majority voted against 
returning towork. It is reported that notwithstanding 
the above vote a large proportion of the men are 
desirous of going to work again; several of the 
dockers, in fact, have resumed work ‘temporarily ” 
with various companies, including the London and 
North-Western Company. 


The strike of the men employed by the Blackburn 
Corporation is still proceeding, and outside men are 
being employed in the gas works. The cotton-mills 
are meeting the situation by working from 8 a.m. to 
dusk, with half-an-hour, instead of one hour, for the 
midday meal. Some operatives resented the curtailing 
of the dinner interval. In answer to this the em- 
ployers explained that their action in the matter was 
simply to afford the operatives a chance of working as 
long as possible during the hours when artificial light 
was unnecessary. 





The Moniteur Industriel states that the Belgian iron 
market is in an unsatisfactory situation; several 
blast-furnaces were blown out in the course of 1913. 
Prices do not vary, but are so low that they could not 
Laney | be further reduced. Notwithstanding this, 
some German works offer iron bars f.o.b. Antwerp at 
lower prices than those quoted by the Belgian works. 


We read in the Zeitung des Vereins deutscher Hisen- 
bahnverwaltungen that the general management com- 
mittee of the Wurtemberg State Railways has enacted 
the following :—With reference to employment of 
labour and the placing of orders for material, the 
forms of contract specify that in the case of construc- 
tion work, so far as this class of work allows, the 
contractor has in the first place to employ suitable 
local labour, and in a general way to give preference 
to German workmen over foreign workmen. Con- 
sidering the present situation of the labour market, 
the various railway inspectors wish to lay ial 
stress upon the observance of this condition. In the 
work carried out by the railway management itself 
for track maintenance and the like, in no case will any 
foreigners be employed. 


On Tuesday last the members of the London Master 
Builders’ Association met to consider the replies 
received from the trade unions to the proposals put 
forward by the Association with a view to prevent the 
recurrence of sectional strikes against the employment 
of non-unionists. They met again on Wednesday, 








probably be laid upon the question of reinstatement. 








when it was decided to send a letter to the carpenters 
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accept the proposals put forward (see page 12 ante). 
The letter went on to say that after further considera- 
tion of the existing position, the Council of the Asso- 
ciation resolved that, in view of the action of members 
of the men’s societies in striking in violation of the 
working rules of ment with the Association, 
and in the absence of any proposals on the part of the 
men’s societies to exercise control of their members in 
regard to such strikes, the Association gave notice 
that the rules with it were no longer in force. This 
is a very strong position for the Association to take. 
It means that each employer is free to desl on his own 
terms with his own men concerning wages, working 
hours, and so forth. 





We are informed that an 
at between the Swedish Union of Manufacturing 
Engineers and their men. As regards the minimum 
wage, the increase per hour has m fixed at 3 ire 
(0.4d.) for the years 1914 and 1915; 4 dre (0.5d.) 
during 1916 ; and 5 ire (0.6d.) for the years 1917 and 
1918. The lowest hourly wage for older skilled hands 
is 42 bre (54d.) for the first group (Stockholm), and 
35 dre (44d.) for the other groups during the first two 
vears, and respectively 44 dre (53d.) and 37 dre (4#d.) 
during the last two years. The wages of the less 
skilled workmen have been fixed respectively at 35 dre 
(44d.) and 28 dre (33d.) and 37 dre (4¢d.) and 30 dre 
(4d.), all minimum wages. For overtime less than 
two hours after ordinary hours on weekdays, except 
Saturday, 25 per cent. extra is paid, and for other 
overtime work 50 per cent.; on Sundays and holidays 
50 per cent. extra for the employers’ own work, and 
100 per cent. for that ofothers. Special arrangements 
have also been made regarding shifts at night-work. 
Agreements have also been arrived at in the electrical 
has been 


ment has been arrived 


trades, according to which the countr 
divided into three groups or districts, and the w 
raised some 5 to 6 dre (0.7d.) per hour. Extra risky 
work is paid for at a higher rate, and the men have 
also obtained improved conditions as to overtime, 
work away from home, &c. 





At the time of going to press, meetings of railway- 
men are being held in the principal centres throughout 
South Africa to consider whether they shall go on 
strike or not. The movement would start in the 
Transvaal ; the men in Johannesburg appear ready 
to go out immediately, and are awaiting the 
decision of the Pretoria railwaymen. At a meet- 
ing of the Cape Town locomotive engineers, held 
on Wednesday, a decision was arrived at not to 
strike. The railwaymen in Natal would probably 
follow the instructions they receive from the Trans- 
vaal men’s executive. The miners and other classes of 
workmen do not, so far, appear desirous of striking 
in sympathy ; a railway strike, however, whether it 
became general or remained localised, would have for 
effect to disorganise all trades in the States concerned, 
but for the present a general strike seems improbable. 





DunpERLAND Iron.—The new developments in con- 
nection with the Dunderland Company, Norway, are 
naturally attracting considerable attention in Scandinavia, 
more especially as regards the contemplated combination 
with the Swedish Ofoten Company, of which the bulk of 
the shares is held by an English company. The Ofoten 
Company is understood to have done well lately. Its 
ore deposits and installations are situated at Bogen, near 
Narvik, and the loading accommodation is now quite 
satisfactory. The ore-concentrating t has been in 
full swing for some months, and the production has 
amounted to some 100,000 tons of concentrate for the 
year. The construction of —_~ works is also under 
contemplation. The Ofoten Company’s share capital is 
3,000,000 kr., and its debentures amount to 1,800,000 kr. 





Tae R#HENIsSH-WESTPHALIAN CEMENT SYNDICATE.— 
Contrary to what had been expected in many quarters, 
and in spite of what ae to be insurmountable 
difficulties, the Rhenish-Westphalian Cement Syndicate 
(which would otherwise have terminated with the close 
of 1913) has been renewed, after prolonged negotiations. 
The four following works, the Augusta Victoria, the 
Nord, the Roland, and the Anne-Liese, which did not 
belong to the old syndicate, have now joined the syndi- 
cate, and kartel arrangements have been entered into 
with the Blast-Furnace Cement Works, the Bonn Works 
in Oberkassel, and the firms of Narjes and Bender 
and Dyckerhoff. A serious danger threatened the con- 
summation of the new syndicate’s endeavours owing 
to the Wicking Portland Cement pos my in spite 
of having signed the agreement, suddenly insisting 
upon an additional annual allotment of 20,000 barrels. 
This caused much consternation. Although this addi- 
tional claim was very severely criticised, it was ultimately 
granted. The new syndicate has been formed for a 
potes of ogg So whereas the old one only existed 
for ten years. Headquarters will remain at Bocken. It 
18 proposed to carry on the new syndicate as a limited 
company, whereas the old one was more in the way of a 
syndicate. 





Tue Secretary of Lloyd’s Register informs us that 
the General Committee of Lloyd’s Register yesterday 
appointed Mr. Westcott S. Abell, Professor of Naval 
Architecture at Liverpool University, to succeed the 
late Dr. 8S. J. P. Thearle in the office of Chief Ship- 
Surveyor to the Society. Mr. Charles Buchanan, who 
was Dr. Thearle’s senior assistant, has, at the same 
time, been promoted to the _— of Principal of 
the Chief Ship-Surveyor’s staff. 

These appointments are of great importance to the 
shipping community, not only of the United Kingdom, 
but also of other maritime countries. At the present 
moment the tonnage classed in Lloyd’s Register Book 
exceeds 22,500,000 tons, 40 per cent. of which is owned 
outside the United Kingdom, while the tonnage in 
course of construction with a view to classification 
exceeds 2,000,000 tons. 

Professor Abell, who was born in 1877, has had a 
distinguished career. His professional education 
commenced in the Royal Naval Engineering College, 
Devonport, and was continued at the Royal Naval 
College, Greenwich. In 1900 he was appointed 
to the Royal Corps of Naval Constructors; from 
1904 to 1907 he was Professional Secretary to the 
Director of Naval Construction ; and for the next three 

ears (following in the steps of the late Sir William 

. White and Sir William E. Smith) he held the 

ition of Instructor in Naval Architecture at the 
oyal Naval College. In 1910 he was selected to fill 
the Chair of Naval Architecture at Liverpool Univer- 
sity. The professional reputation which he has won 
for himself, at a comparatively early » is illus- 
trated by the fact that he was sepetated Yast year by 
the Board of Trade to be a member of the Load Line 
Committee which is now sitting to consider the 
existing freeboard tables, and was selected as chair- 
man of a sub-committee to pre draft rules for 
submission to the Imternational Conference to be held 
later on. Professor Abell’s duties in this capacity 
have involved the investigation of the relation 
of strength of structure to freeboard, and also an 
exhaustive comparison of the varying rules and 
practice of the several classification societies. Among 
the technical papers which have been read by Pro- 
fessor Abell may be mentioned one on the ‘‘ General 
Action of Capsizing Forces” before the Liverpool 
Engineering Society, and one on ‘‘ Methods of Caleu- 
lation for Investigating the Safety of Ships in Damaged 
Condition ” before the Institution of Naval Architects, 

Mr. Charles Buchanan, for whom the office of Prin- 
cipal of the Chief Ship-Surveyor’s staff has been 
created, is one of the best-known and most popular 
naval architects of the day. He has been associated 
with mercantile shipbuilding throughout his career. 
Prior to joining the service of Lloyd’s Register in 
1880, he held the position of chief draughtsman with 
the well-known firm of Messrs. A. McMillan and Sons. 
Later, he enj>yed a varied experience of his profession 
at various shipbuilding ports in the country. Since 
1891 he has been stationed in London, holding for 
the last seven years the ition of assistant to the 
Chief Ship-Surveyor. or many years pest he has 
been associated particularly with the duty of dealing 
with plans of vessels submitted for the Committee’s 
approval, and this work has given him a probably 
unique knowledge of all the latest developments of 
shipbuilding practice throughout the world. Mr. 
Buchanan has lately been appointed by the Board of 
Trade to be a member of the Departmental Committee 
on Bulkheads and Watertight Compartments in Ships. 





Prosecrep New Harsour at Hetstincporc.—The 
enstruction of a new harbour at — ~~ at the 
entrance to the Sound, Sweden, has been decided upon, 
and international competition has been invited. 





Tue Financiat Resvurt or THE STocKHOLM ELEcTRIC 
Station.—Some interesting particulars have recently 
been compiled - Ay Board of the Stockholm Electric 
Station. According to German statistics, the cost of 
electric central stations in towns of 100,900 inhabitants or 
more varied from 1963 to 456 marks, averaging 1065 te 
1075 marks per kilowatt. The cost of the Stockholm 
electric central station amounts to 982 marks per kilowatt, 
or about 8 per cent. below the average. The consump- 
tion of electric current in Stockholm for lighting, 
for the period 1909-1912 (three years) has increased 
66 per cent., for power 113 per cent., while the total 
consumption has risen 84 per cent. cost of the 
Stockholm electric station up till December 31, 1912, 
amounted to 23 514,238 kr., while 10,906,555 kr. had 
been written off, leaving 12,707,683 kr. The gross 
profits on the working, from which working cost 
and maintenance have been deducted, amounted to 
3,307,734 kr. These gross profits represent 14.5 per 
cent. of the cost and 26 r cent. of the sum to 
which the cost has been uced by writing off, whilst 
the actual business profits are respectively 9.62 and 17.80 
per cent. The prices charged by the Stockholm electric 
station are: For lighting, or per meter per kilowatt hour, 
30 é6re; for motive purposes, 15 ére; for tramways, 
12.07 dre. 





Davis and Co., 30 and 31, St. Swithin’s-lane, E.C. 
[Price 3s, 64. net. |—This diary is edited by Mr. J. H. 


Johnson. In addition to the di space, which is 
arra' for three days on a page, with pages interleaved 
with blotting-paper, this book contains about 260 


of data useful primarily to the electrical engineer. 
This information is divided into sections, each of which 
is printed on a different coloured paper, so that the 
edges of the diary have quite a rainbow appearance. 
The first section of general information technical 
data is on white paper ; the next, on the Generation 
of Electricity, on yellow ; another, on the Applications 
of Electricity, is on cream ; Lighting and Cooking are 
on pink; Home Office lations on ee and 

culars of the London supplies on blue. They 
may all be referred to very quickly in this way. 





Fowler’s Mechanical Engineers’ Pocket-Book, 1914. 
Edited by Mr. W. H. Fow.er. Manchester : Scientific 
Publishing Company. [Price ls. 6d. net, cloth. }— 
Many people have come to regard Fowler's Mechanical 
Engineers’ Pocket-Book as one of the most useful little 
volumes to have at hand. The sixteenth edition 
—namely, that for the current year—is likely to 
prove of no less value than its predecessors. To those 
already acquainted with it, no recommendation to 
invest in the new edition will be necessary. To others 
who have not yet come to realise its value, we may 
met that it contains a fund of information and useful 
tables on steam, gas, hydraulic, and other develop- 
ments in engineering. The ground covered is too 
extensive to be reviewed in a short notice, and we 
can only wish the little work a continuation of the 
success it has hitherto enjoyed. 


Fowler's Mechanics’ and Machinists’ Pocket- Book and 
Diary, 1914. Edited by Mr. W. H. Fowxier. Man- 
chester : The Scientific Publishing Nemo [Price 
6d. net.) —- As many are aware, this little volume 
contains matter originally embodied in Fowler's 
Mechanical Engineers’ Pocket - Book. When the 
latter became so large as to be rather cumbersome 
the material relating particularly to workshop prac- 
tice was withdrawn and re-compiled in a separate 
book. The loss to the old book was more than made 
up in the new, since the change rendered possible a 
certain amount of expansion which was by no meens 
a disadvantage. This pocket-book therefore contains 
data of service to men in the shops, draughtsmen, and 
others, and it is of a practical character calculated to 
appeal to such men. 


The Post Office London Directory, 1914. London: 
Mesers. Kelly’s Directories, Limited, 182-184, High 
Holborn, W.o. [Price 40s.|—The Post Office London 
Directory, published by Messrs. Kelly, has now 
reached the 115th annual edition. The complete direo- 
tory is made up of two sections, which may be had 
separately. hese are devoted respectively to the 
city and the county suburbs. The part relating to 
the city bulks the largest. It is divided into classified 
lists, giving the names, according to streets, trades, 
en &c., and also a complete alphabetical list. 

he county suburbs part of the book is divided into 
similar sections. The whole work when bound in one 
volume has over 3500 pages of directory matter, and 
as most of these have between three and five columns 
toa , the number of names and addresses given 
may be imagined. The volume is provided with two 
excellent maps. 








Almanacks, &c.—We have received, in addition to 
those previously recorded, almanacks, &c., from the 
following firms, to whom we tender our thanks :— 
Messrs. Nalder Brothers and Thompson, Limited, 974, 
Dalston-lane, London, N.E.; the Westinghouse Brake 
Co., Limited, 82, York-road, King’s Cross, N.; Messrs. 
Phillipes, 70, Chancery-lane, W.C.; the Sheppee Motor 
Company, York ; Messrs. C. Isler and Co., Limited, 
Bear-lane, Southwark-street, London, S.E.; Messrs. 
K. G. Wrigley and Co,, Limited, Foundry-lane Works, 
Soho, Birmingham; Messrs. Stewarts and Lloyds, 
Limited, 41, Oswald-street, Glasgow ; Messrs. Watkins 
and McCombie, Limited, Paternoster-row, E.C. ; Messrs. 
Charles Churchill and Co., Limited, 9-15, Leonard- 
street, E.C.; Miss Ethel Christian’s Typewriting 
Office, 36-38, Southampton-street, Strand, W.C. 





PrsonaL.—The London offices of Messrs. Thomas 
Smith and Sons, Rodney, near Leed 
moved from 9, Victoria-street to 25, Victoria-street, 
Westminster, 8.W.—Mr. Edward Jackson, having been 
elected to a seat on the Board of the Midland Railway- 
Ca: and W: Company, Limited, Birmingham, 
has uished position eee of the 
ameney, sas he tue ied by Mr. Herbert E. 
Allen, M. Inst. C.E.—The London office of Messrs. Geo. 
Sands and Son, Limited, Nottingham, has been removed 
from 37, Strand, W.C., to 31, Old Queen-street, West- 
minster, 8.W., and their telephone number is now 
Victoria 7854. 
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PETROL-DRIVEN HIGH-LIFT CENTRI- 
FUGAL PUMP. 


We illustrate on this a high-lift centrifugal 
um ping plant recently supplied by Messrs. Holden and 

rooke, Limited, Manchester, to the Harland Engi- 
neering Company for shipment abroad. The general 
arrangement of the plant is well shown in Figs. 1 
and 2, whilst a longitudinal section through the pump 
chambers is reproduced in Fig. 3. As shown in Fig. 1, 
the pump is dive by a six-cylinder petrol-engine. 
This was supplied by Messrs. White and Poppe, 
Limited, of Coventry, and is designed to develop 
120 brake horse-power when running at a speed of 
1200 revolutions per minute. This is considerably 
more than is n to drive the pump at its 
designed output, but with petrol motors a certain 
margin of power is generally advisable. The engine 
is fitted both with accumulator and magnetic ignition, 
the former being used only on starting up. 

Both engine and pump are, it will be seen, mounted 
on the same bed-plate, and the two shafts are con- 
nected up by the flexible ous shown. 

The longitudinal section, shown in Fig. 3, represents 
the suction branch on one side of the casing, whereas, 
as best seen in Fig. 1, it is actually at the bottom. 
Owing to the construction of the casing, however, the 
suction branch may occupy almost any position with- 
out interfering with the use of standard parts. 
will be seen, the pump is of the two-stage type. It 
consists of a suction end and a delivery end, with an 
intermediate section coupled up between the two by 
the aid of the long bolts shown. A three or four- 
8 would be provided by adding further inter- 
mediate sections, so that a pump for almost any lift 
at any speed can be supplied from standard _— 
The intermediate sections have a smooth finish ex- 
ternally, and thus a good appearance is obtained with- 
out the use of lagging. 

The impellers are ff gun-metal, and also the guide- 

es. The latter are loose rings fitting into 
recesses machined in the main frame of the machine, 
and having the diffuser chambers cast in them. At 
the suction end a water-sealed stuffing-box is pro- 
vided, beyond which the shaft is extended and sup- 
ported in a ring-oiled bearing as indicated. The branch 
which carries this bearing registers into a seat bored 
in the end section of the pump, and is secured in place 
by studs. At the opposite end there is no stuffing- 
box, the end of the shaft being completely ensiased. 
It runs, it will be seen, in a cylindrical bush, which 
is held in place by the end cap. A sleeve on the shaft 
extends to and forms part of the balance-valve V, by 
which the end-thrust of the pump is provided for. 
As will be seen from Fig. 3, water can find its way 
round the back of the second impeller and between 
the valve V and its seat, and finally out through the 
** balance water outlet.” Were this outlet ol with 
the pump running, the impeller and shaft would move 
to the left and the valve close down on its seat. 
Owing to a small leakage being permitted, however, 
the pressure on the right-hand side of the valve is 
always less than the actual delivery pressure, and 
thus the impeller tends to move to the right. In 
doing so, however, it opens more widely the valve, 
thus raising the pressure to the right of the latter, 
and this rise of pressure checks the axial movement 
in question. In this way the end thrust is always 
automatically balanced. Should the pressure in the 
balance-chamber become too low, the resultant motion 
to the right o the valve more and raises the 
pressure, and the impeller is thereby prevented from 
travelling too far. Conversely, if the pressure in the 
balance-chamber rises too high, a slight displacement 
of the impeller to the left readjusts matters. 
grease-cup, it will be seen, is fitted for the lubri- 
cation of the end bearing ; but it should be mentioned 
that any which escapes into the pump is carried 
away with the balance water, and cannot reach the 
delivery branch. 

The pump was designed to deliver 800 gallons per 
minute against a 200-ft. head when run at 1020 revo- 
lutions per minute. With the speed raised to 1100 
revolutions per minute it will deliver the same 
quantity against a 250-ft. head, whilst when run at 
1200 revolutions per minute it will deliver 800 gallons 
per minute against a 300-ft. head, 








_Suipsur-Ore Repvcrion in Norway.—The regula- 
tion of the Fyken waters at Bodé, North Norway, is 
being p' with, and, according to the latest calcu- 
lations, at least 70,000 horse-power will ultimately be 
available. The company which controls this work in- 
tends to use the power for refining sulphur ore from the 
northern districts of Norway. The concession allows of 
other processes being taken up. Roads are being laid 
out, barracks built, and s small temporary light and 
— plant ye ms ready 4 4 Ae ay many A staff 
re orwegians, been employed, 
and after istmas boli » work will 
be resumed on a still larger scale. The itions have 
been very severe for the men, as the work is close to the 
ae glacier and the means of communication 
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PETROL-DRIVEN HIGH-LIFT CENTRIFUGAL PUMP. 


CONSTRUCTED BY MESSRS. HOLDEN AND BROOKE, LTD., ENGINEERS, MANCHESTER. 
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MASTER-CLOCKS AND HEADWAY 


PROBABLY 
appearance of modern electric time - indicators, but |The pendulum is hung from the upper 
not so many will be acquainted with the methods by | iron ium, 
which they are controlled. Such systems have been | of its length consists of an open-sid 
— on several railways, and we illustrate here- 


* 
wi 


system, now in use on the Central London Railway | the mechanism clearly. 
and the London Electric Railway. The ap 
describe below is manufactured b 
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lum, and is of nickel steel, having a very small co- 
efficient of variation for changes of temperature. 
: F This material is very carefully selected, each ingot 
most people are familiar with the| being tested at the National Physical Laboratory. 
t of a cast- 
As shown in Fig. 2, ow ulum for part 


RECORDERS FOR RAILWAYS. 


rame. We may 
int out that in this illustration the pendulum has 
mn drawn purposely to one side to show the rest of 
The normal swing does not 
paratus we | carry it over so far as this. Within the pendulum- 
the National | frame are two pivots. From the lower pivot is hung a 


one method known as the Dallett control 


Electric Time vow sf Limited, of 15, Great Sutton- | loose arm, the lower end of which is notched in such 
, E. 


street, Clerkenwe 


page, 


C. Fig. 1, on the opposite | way that its tips are of unequal length. As a result 


shows connection diagram for the master-|of this inequality, as the pendulum swings over one 


control and the sub-clock stations, while Fig. 2 shows | way the agate knife-edge on one of the spring contacts 


the master-clock mechanism. 
The master-control 





part only is shown in Fig. 2, is a “‘seconds” pendu- Qn the other swing the inequality above referred to 


below enters the notch, and as the pendulum passes 


ulum, of which the up the central position is depressed and a contact made. 
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MASTER-CLOCKS AND HEADWAY RECORDERS FOR RAILWAYS. 


CONSTRUCTED BY THE NATIONAL ELECTRIC TIME COMPANY, LIMITED, CLERKENWELL, E.C. 
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Fic. 3. Heapway Recorper. 


causes the loose arm to slip over the agate contact 
without engaging with it. The depression occurs 
whenever the arc of the pendulum is decreasing. Nor- 
mally, both edges clear the agate, and no contact is 
made. The contact will be seen in Fig. 2, and is 
marked a in Fig. 1 on the master-control diagram. The 
depression of this contact closes a battery circuit, by 
which the two lower coils on the pendulum-frame are 
energised, and the oscillation of the pendulum is thus 
maintained. 

The upper of the two pivots above referred to as 
being carried in the pendulum-frame carries a swinging 
arm coupled with an oscillating lever. This lever is 
thus lifted each time the pendelen swings over. This 
motion is communicated to the count-wheel by means 
of another lever and a loose click, riding over the edges 
of the count-wheel teeth when moved one way, and 
engaging with them when moved the other. The move- 
ment is communicated to the count-wheel while the 
pendulum is in the central, or zero, position. By this 
arrangement the rating of the pendulum is not inter- 
fered with. A second click is arranged above the count- 
wheel practically as a ratchet, acting as a back-stop. 
The count-wheel has thirty teeth, two of which are 
deeper than the others, so that when the driving- 
clic engages with these it rides rather lower, and an 
extension of the arm carrying the driving-pin engages 
in the notched end of a little lever 5 (Figs if carried at 
the end of a spring tongue, the central one of the three 
seen at the right-hand side of Fig. 2. Further move 
ment then pushes b over and contact is made with c. 
This completes a battery cireuit, in which is the pilot 
dial, and also a magnetic switch d, which is energised 
by the battery current. This switch therefore closes, 
completing the main impulse line battery circuit to 


the sub-clock stations, and an impulse is sent to the 
repeater clocks down the line. In the case shown the 
periodicity to the secondary dials is } minute, the 
circuit only being maintained for the short time 
the springs at c are in contact. 

The diagram, Fig. 1, shows the connections at the 
clock sub-stations, of which there may be any number 
on this system. If there are more than one dial ata 
station, they are connected in series. On the receipt of 
an — along the main lines from the control station 
the relay represented by ¢ is actuated and closes the 
switch /. his completes the local battery circuit, 
and current passes to the clock mechanisms. An 
interlocking switch g is fitted at these sub-stations 
to provide for the variation of self-induction in the 
circuits, owing to the different number of dials at the 
various stations. This interlocking apparatus consists 
of two latches, one of which is attached to the 
switch /, the other being operated by a sheathed 
coil g. On the relay ¢ becoming energised and the 
switch / closed, the latch attached to it slips over the 
end of that controlled by g, and is there held until the 
local battery current flowing through the interlocking 
coil has reached its full strength. When this occurs 
the latch is drawn down, and / is freed and springs 
back, breaking the connection. This allows the actual 
time of contact of the main impulse wires to be quite 
brief, while that of the local circuits may be pro- 
longed, according to the requirements at each station. 
In some cases it is desirable that there should be a 
main master-clock at some convenient centre to syn- 
chronise clocks on different lines. This is the case 
in London, where a main master-clock is being installed 
at Leicester-square to synchronise the master-clocks of 





the various tube railways. In such a case the master- 




















Fie. 2. Master-Crock MecHanism. 


clock movements are fitted each with s heart-shaped 
cam, on which rests a roller at the end of a lever con- 
trolled by a synchronising coil. On a current being 
sent through this coil from the main master-clock, the 
lever is drawn down, and if there is any error the 
roller forces the cam round till it lies in the V-shaped 
depression of the heart. Synchronising in this way 
is performed once an hour, and the cam is so shaped 
that it will correct to a maximum of 74 seconds error 
per hour. 

Both at the main station and the sub-stations 
arrangements are made for charging off the ordinary 
supply mains, and ordinary automatic no-current 
releases are provided in this connection, as indicated. 

Our third lowe illustrates a simple form of headway 
recorder, placed in stations to advise the motormen 
what time has elapsed since the previous train started. 
This is an eminently useful appliance, especially where 
the service is frequent, as it enables the drivers to 
regulate their speed and to avoid accelerating rapidly, 
only to be stopped before arriving at the next station. 
In this way more even spacing of the trains may be 
secured, with a saving in current and some saving also 
in the wear and tear of stock. 

The apparatus consists of a long solenoid seen on 
the left of the recorder, the latter being shown in 
Fig. 3 with its face opened for inspection. Current 
from this solenoid is controlled by a treadle, over 
which the trains pass as they leave the station. On 
current being passed through it, the core is pulled 
down and the pointer thus reset at 0. Seen on the 
right hand in Fig. 3 is a brass cylinder which 
constitutes an air dashpot, and inside which is a 
weight attached to the chain. This weight works 
a train of wheels fitted with a self-starting escape- 
ment, and allows the pointer, geared to the train 
of wheels by the chain shown, to advance round 
the dial which indicates minutes. The pointer 
will continue to advance until 114 minutes have 
elapsed. If no train arrives in that time, it will 
remain there until brought to zero by the next train 
passing over the treadle. When the next train ner 
the treadle, either before the 114 minutes have elapsed 
or after, the solenoid is energised, the core drawn 
down, and the pointer set to zero ready to recommence 
at once its movement round the dial. 

To facilitate inspection the dials of these recorders 
are split, as shown in our illustration. Each half 
is pivoted at the bottom, and the whole of the inside 
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of the instrument can be got at without removing 
the pointer. The front fits over the face, when 
the two halves are brought together, like a cap, and 
is held by two bayonet catches. These headway 
recorders are in some cases being cumbined with the 
sturting signals sv as to ensure the signal bein 
held as ‘‘dasger” and the train not released unti 
the previous train has been gone one minute, or any 
other length of time thought advisable. They may 
also be employed in conjunction with a programme or 
schedule contact device to indicate minutes late in- 
stead of headway. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, December 25, 1913. 

Tux output of furnaces and mills is decreasing, and 
the usual F ng = suspension during the holidays is 
increasing the deficit. The Steel Corporation is down 
to 50 per cent. of cypacity. A number of mills closed 
last week. Large car orders are — but few are 
placed. The Lewiswell and Nashville ordered eighteen 
coaches. The Chesapeake and Ohio orde 1000 
steel hopper -cars. The Union Pacific is about to 
order 5000 such cars, and the Grand Trunk wants 
500. The United Verde Copper Company, at Globe, 
Arizona, will went 9600 tuns of steel. Expected 
South African rail orders will reach 38,000 tons; 
inquiries have been under consideration for several 
weeks. The Emery Line of Boston has orders with 
the Cramp Shipbuilding Company for two 10,000- 
ton ships, and 1000 tons of plates will go into ferr 
boats at Wilmington, Delaware. Numerous small 
orders are coming in from 1000 tons down. Pig iron 
dropped 50 cents a ton in the Central West because 
of a scramble for business participated in by further 
eastern and some southern furnaces. No railroad work 
of importance was put out this past week. The steel 
businegs is at a very low ebb, and no present indica- 
tions point to an early improvement. But the condi- 
tions are abnormal, in that output is about one-half 
maximum capacity. Several causes exist for this. 
R cent prognostications still hold good. The general 
condition of trade is good, especially along agricultural 


lines. 





GEODETIC ACCURACY—OLD AND NEW; 
A PLEA FOR SPECIALISATION. 
To tue Eprror or ENGINEERING. 

S1r,—I have been reading your leading article on this 
subject with great interest, and one paragraph in it opens 
up a whole vista of thought, not so much in the realm of 
mere technics, but rather into the general practice of 
British firms interested in the production of really accu- 
rate work. I refer to the paragraph :—‘‘In the British 
Survey the probable error of measured angle is + 1.20 
seconds of arc, and on the Continent does not exceed 
+ 0.25 second.” : ; 

On the Continent it is the practice of engineering firms 
to specialise in the production of certain articles to a far 
greater extent than in England. This specialisation is 
carried out to such an extent that the largest firms apply 
to very small firms when requiring such specialities. 
These large firms are fully aware that they could design 
and manufacture such articles for themselves to a fair 
degree of accuracy, but they are ready and willing to pay 
the small fee, in the shape of very slight extra first cost, 
because they know they will be buying the experience 
which they themselves lack. Often, indeed, the pecu- 
niary debt is the other way round, because large firms 
who do try to manufacture these specialities for them- 
selves never take into acceunt the cost of the labours of 
their best designers removed from their legitimate work 
for the purpose of producing the inferior article, when 
summing up the total cost. 

In Great Britain it is of common occurrence for firms 
to try and make for themeelves some special article of 
which they find themselves in need without calling in the 


assistance of their more experienced but smaller brethren. | Co 


They consider themselves sufficiently large to make all 
manner of things in the manufacture of which they have 
had no experience, and, as a result, many are indifferently 
constructed. 

The whole question resolves itself finally into one of 
cost. Continental firms believe that special experience 
in design and manufacture is worth o ing ; British 
firms are too apt to neglect the experience of others, and 
in attempting to make some illusory saving in cost, pro- 
duces an article which, while capable of doing the required 
work in some fashion, is really an altogether inferior 
article to the specialist’s product. hit 

This result is more often seen in the world of scientific 
engineering manufacture than in the ordinary engineer- 
ing workshop, because, for some unexplained reason, 
makers Of ‘‘small apparatus” consider themselves equally 
skilled in all directions. They forget that the problem 
of the proper construction of an accurate microscope is a 
perfect!y different problem to that of the design and eon- 
struction of the small, but accurate, lathe with which 
some parts of that microscope are made. In attempting 
themselves to construct their own machine- , some of 
which are exceedingly intricate pieces of mechanism, 
they fail to obtain such final accuracy in their real pro- 
ducts—microscopes—which they would have obtained 
had they used machine-tools by experts in machine- 
tool construction. 3 

These small, and sometimes very special, machine- 





tools are the result of years of experience in manufac- 
ture, and it is partly the fact that they look small—easily 
made in fact—which induces British firms to fall into the 
snare and to to become *‘ know alls.” 

The rising Eastern nations know and appreciate the 
difference. They are willing to go to the specialist to get 
the proper article at a reasonable price ; but British firms 
are singularly lacking in this respect—perhaps because of 
their innate insularity. 

In every-day life each man of us employs the specialist 
—dentist, oculist, or what not—and willingly pays the 
fee. Why should we not do so in the domain of our 
ordinary occupations ? 

Yours faithfully, 


O. Paut Monckton. 
87, Victoria-street, S.W., January 3, 1914. 





ERECTION OF STEEL CHIMNEYS, STOVES, 
AND THE LIKE. 
To THE Eprtor oF ENGINEERING. 

Str.—I have just noticed in your issue of December 19, 
1913, Mr. Holgate’s letter referring to the above subject. 

It would be extremely interesting to know when this 
system was first adopted. Mr. Holgate says he has 
erected chimneys by this method since 1906. In the year 
1902 I designed a precisely similar scaffold, and assisted 
in the erection of the eight chiraneys it was used for in 
Western Australia. My scaffold was bolted together with 
iron plates and angles, so that it could be taken to pieces, 
trans , and re-erec' No doubt the contractors I 
wasthen working for still have photographs of the work. 
I entirely with your correspondent that this method 
of erecting chimneys is a perfect success, even to the band- 
clamps, which was one of my details as well. 

Yours truly, 
** Acuas CORRIENTES.” 
Cairo, Egypt, December 29, 1913. 





Tue New Year Issue or THE “ Burtpinc News.”—| be 


A word of praise is merited by the publishers of the 
Building News for the very fine character of the illustra- 
tions accompanying the New Year's issue. These are 
printed in various tones—one of them is in colours—and 
all are effective representations of the printer’s art. 
There are in all eight double-page plates, in addition to 
many other illustrations in the text, and, as the price 
is only 4d., there is value in respect of volume as well 
as in quality. 





University oF Lonpon, Kine’s CoLitEce —Facutty 
or ENGINEERING.—A special course of lectures on ** Ther- 
modynamics” will be given by Mr. James Swinburne, 
M. Inst. C.E., M.L.E.E., F.R.S., on Fridays, at 6 p.m., 
commencing the 30th inst. The following is an abridged 
syllabus of the lectures. Two Conditions of Energy : 

ork, and Heat and Chemical Energy. Degradation 
of Work into Heat. Temperature adation of Heat. 
Availability. Carnot’s Function. Thermodynamics of 
Gases and Vapours. Various Diagrams. Steam-Engines. 
Internal-Combustion Engines. Refrigeration. Lique- 
faction and Separation of Gases. Conduction of Heat. 

ermodynamics of Radiation — Thermodynamics of 
Chemistry—Thermodynamics of Electrolysis. The fee for 
the lecture course is 1/. ls. Graduates of the University 
of London will be admitted at half fees. Undergraduates 
of the University will only be admitted by speciul 
arrangement on the nomination of the Dean of Faculty of 
their college. 





INFRINGEMENT OF SHEFFIELD TRADE-Marks. — We 
read in the Jron Trade Circular bx mer, that two cases 
have just been decided in the German Courts in favour 
of Messrs. Burys and Co., Limited, Sheffield, manufac- 
turers of files, tools, &c., against German firms who had 

of files of their own manufacture 


cme on pack 
abels similar to the laLels and trade-mark of the Sheffield | fig 


firm. The packages were sent to Russia, where Messrs. 
Burys do an extensive business in files. The first intima- 
tion that the labels were being counterfeited was given 
to Messrs. Burys by the defendants, Mundorf and 
. They wrote to the plaintiffs enclosing a label 
which was being used by a German manufacturer, 
Friedrich Kurschner, and asked if it was not an infringe- 
ment of the Sheffield firm’s label. Burys replied that 
it was an impudent imitation, and declared their 
intention to take steps to stop its use. About a year 
afterwards the intiffs were surprised to find out that 
Messrs. Mundorf and Co. were themselves sending files to 
Russia bearing a label similar to that used by Kurschner, 
and had sold a large quantity of the files to mg Burys’ 
customers. The result of correspondence was that 
the German firm said they had destroyed all labels of the 
kind, as well as the marks dies, and ceased to 
manufacture the files. But they withheld the fact that 
they were using similar labels, on which were printed 
words such as ‘‘ Borax,” ‘‘ Boris,” “‘ Buers,” in the same 
~~ on the label and in similar type to that used 

y Messrs. Burys. The contention was thet the label 
was designed to deceive users of files, and that the 
object had been achieved. The Imperial Court at 
Barmen held that the infringement had been fully estab- 
lished, and ordered the defendants’ mark ‘‘ Boras” to 
be struck off the German register, and forbade them tu 
use any of the words complained of which resembled 
the word *‘ Burys.” The Court further ordered that the 
labels and dies must be —— The question of the 
assessment of damages and payment of costs was 
deferred. An action against Messrs. Kurschner resulted 
in a similar judgment. 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday and Friday 
the pig-iron market was closed for the New Year holidays, 
and when business was resumed on Monday the tone was 
steady. The turnover consisted of 4500 tons of Cleveland 
warrants at 50s. 3d. one month and 50s. 7d. three months, 
and | sellers quoted 50s. cash, 50s. 34d. one month, 
and 50s. 8d. three months. In the afternoon the market 
was quiet, but firmer. Only one lot of Cleveland war- 
rants changed hands at 50s. cash, and at the close sellers 
— 50s. 1d. cash, 50s. 4d. one month, and 50s. 84d. 

months. On Tuesday morning Cleveland warrants 
were again a shade stronger, but the turnover was limited 
to 1500 tons at 50s. 94d. and 50s. 9d. three months, 
and the closing quotations were 50s. 2d. cash, 50s. 5d. 
one month, and 50s. 9d. three months sellers. The 
improvement continued in the afternoon, when 1000 
tons of Cleveland warrants were done at 50s. 10d. three 
months. The session closed with sellers at 50s. 3d. cash, 
50s. 6d. one month, and 50s 104d. three months. When 
the market opened to-day (Wednesday) the tone was 
strong, and Cleveland warrants were dealt in at 50s. 44d. 
cash and 51s. three months. The turnover was 1500 tons, 
and closing sellers quoted 50s. 54d. cash, 50s. 9d. one 
month, and 51s. 14d. three monthz. In the afternoon 
the market was again strong, and 1000 tons of Oteveland 
warrants were put through at 50s. 6d. casb, and at the close 
sellers named 59s. 54d. cash, 50s. 9d. one month, and 
51s. 2d. three months. 


Sulphate of Ammonia. — The sulphate of ammonia 
market has started the new year with rather a weak 
tone and only a moderate demand. The price is the turn 
sasier, and is no better than 12/. 17s. 6d. per ton for 
prompt delivery, Glasgow or Leith, but there are pros- 
pects that the quotation may shortly get harder. 


Scotch Stecl Trade.—Very little can be said about the 
steel trade of Scotland at present, as the holiday spirit 
has barely disappeared. Bookings have not been heavy, 
and home buyers, at any rate, are not placing any orders 
yond their more immediate requirements, but indica- 
tions are not wanting that a revival will take place in the 
near future. ‘The export markets are notsending forward 
many inquiries at the moment, although some fair lots are 
a for by several countries, and one of these, which 
may be noted, is Australia. Makers of structural material 
are once again in full swing, and are well employed, but 
sheetmakers are perhaps not so fortunate, as they are not 
overstocked with orders in the meantime. Prices are un- 
changed from those quoted last week. 


Malleable-Iron Trade.—It is too early yet to say much 
about the malleable-iron trade of the West of Scotland, 
but makers are hopeful that brighter things are in store 
for them this year than was their portion during 1913. 
Inquiries are on a very small scale, and a general resump- 
tion of business will not take place until next week. 

Scotch Pig Iron—Production and Consumption Returns 
for 1913.—The Scottish Iron-Masters’ Association returns 
of the production, consumption, exports, and stocks of 

tch pig iron, including hematite and basic, for the 
year 1913 are detailed below. These figures are of con- 
siderable interest from several points, and it may be 
noted that the average number of furnaces in blast 
for the year was 86.429, as against 70.920 for 1912. 
That facb accounts for an increased production 
amounting to 178,980 tons, but the total consump- 
tion has fallen by 71,665 tons, and exports have 
decreased by 23,016 tons, making a total decrease of 
94,681 tons in consumption and export as against the 
totals for 1912. The increase in the stocks in Connal’s 
stores and makers’ yards amounts to 70,325 tons over 
what it wasat the end of 1912. The quietness which crept 
over trade generally towards the latter end of the past 
year was responsible for a large number of furnaces being 
damped down, and the total number in blast at Dec- 
ember 31 last was only 67, or 23 fewer than at the 
corresponding time of 1912. The following are the actual 

ares :— 


In- De- 
1918. 1912. crease. crease. 
Production : Tons. Tons. Tone. Tons. 


As per makers’ returns .. 1,377,747 1,198,767 178,980 _ 
Consumption : 
































In foundries és -. 196,401 211,216 — 14,815 
In malleable -iron and 
steel works 842,937 899,787 — 56,850 
Total .. -- 1,039,338 1,111,003 — 71,665 
— e 
‘oreign ; 107,175 138,730 — 81,555 
Coastwise .. “ = 152,193 145,383 6 810 _- 
Rail to England .. es 8,716 6,987 1,729 _ 
Total .. -. 268,084 291,100 _ 23,016 
Total consumption and 
exports .. pa -- 1,307,422 1,402,103 = 94,681 
Stocks as on December 31: 
In Connal’s stores ° 1,020 1,000 20 _- 
In makers’ yards 187,956 117,661 70,305 _ 
Total stocks.. 188,976 118,651 70,325 _ 
Furnaces : 1913. 1912. 
Number of furnaces in blast on 
December 31 .. an me se 67 90 
Ave number of furnaces in blast 
for the year ee * we 86.429 70.920 
Summary. 
Total stock at December 31, 1912 118,651 
Add production for 1913 .. ~ 1,377,747 
1,496,398 
Deduct total deliveries for 1913 .. . 1,807,422 
Total stock at December 31, 1913 188,976 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
South Yorkshire Coul Trade. — Business is y 
restricted, owing to the fact that collieries have not yet 
resumed full working, and in some branches the colliery 
ition is causing a good deal of inconvenience. Mer- 
chants report a further expansion of house-coal business. 


Trade in this connection is now particularly brisk, and | the 


dealers are recouping themselves for the slackness of 
a weeks. Steam coal maintains a firm position. 

rices are steady, and the export trade shows no like 
the diminution that was expected, having regard to the 
closing of the Baltic ports. Industrial consumption is 
large, and is likely to grow now that there has been a 
complete resumption of work in the big manufacturing 
trades. Gas fuels constitute one of the most satisfactory 
features of the market. Gas works are taking record 
quantities, and the output might with mutual advantage 
be considerably greater. Smalls occupy a stronger posi- 
tion. Prices show an upward tendency. The slackness 
of coke is nnrelieved. tations :—Best branch hand- 

icked, 178.; Barnsley best Silkstone, 14s. to 15s. ; 
Derbyshire house, 11s. 6d. to 12s. 6d. ; Derbyshire best 
brights, 12s. to 13s. ; best nuts, lls. to 12s. ; small 
nuts, 9s. to 10s.; Yorkshire hards, 1Js. 9d. to 12s. 9d. ; 
Terbyshire hards, 10s. 9d. to 11s. 94.; rough slacks, 
7s. to 8s. ; seconds, 5s. to 6s. ; smalls, 3s. to 4s. per ton. 


Iron and Steel.—For the first time during the past six 
months or so the demand for better classes of pig iron 
has exceeded the immediate supply. This ition is 
accentuated by the fact that stocks are —_= insafficient 
to meet the urgent requirements of manufacturers. Spot 
supplies being unavailable in most instances aiter the 
holiday stoppage, works have been unable to make 
norm ss in the execution of orders on hand. 
Raw materially generally meets with a fair demand, 
which, however, does not amount to the average. 
Finished iron occupies a favourable position. The quota- 
tions at present named in connection with sales of 
South Yorkshire bar iron stands at 7/. 10s., which is 
11. 10s. less than the figure ruling twelve months ago. In 
the heavy steel branches order-books are in a fairly satis- 
factory position, and in few instances only can there 
said to be excuse for serious complaint against the state 
of business. The an ge geo that have been placed 
by the home Admiralty with the city’s armament firms 
help to keep work at a high pressure. Manufacturers of 
railway material are not nearly so busy as they could 
wish to be, but they are optimistic as to the effect that 
the new regulation with regard to spring - buffered 
wagons will have upon the demand for new stock. The 
heavy engineering trades are enjoying a period of good 
business, in the transaction of which works are fully occu- 
pied. The lighter branches report an abnormally lar 
demand upon their resources, and high pressure is the 
rule. Especially is this so with regard to file and edge- 
tool manufacture. Tool steels meet with a good request, 
and the flow of prosperity that still touches the depart- 
ment of mining engineering in its turn created a 
pressing and extensive need for mining tools. The 
activity in the new coal area north of the city has given 
a great fillip to this branch of tool manufacture. Special 
steels are being taken plentifully, as is usual, though in 
some instances the supply has been hindered by the 
shortage of alloys. The seasonal stoppage has been made 
the occasion of plant repairs, works extensions, &c. 





Tue Suppty or Exvgcrric Powgr rrom SWEDEN AND 
Norway TO Denmark.—The Swedish Hydro-Electric 
Power Company, which, subject to the necessary Govern- 
ment concessions, has contracted with a Danish electric 
company for the supply of current, has now obtain 
the necessary permission from the Swedish authorities to 
lay the cable across the Sound. 





Tue TriaL Resvuits or THE “‘Konicin Lvisk” wiTH 
ForrinceR TRANSFORMERS.—We regret to find that in 
the comparative table of full-power trials in our article 
on the Konigin Luise, with Fotti transformers 
(page 793 of our issue of December 12, 1913), two —_ 
had dropped out of Table B in_some numbers of the 
issue in the course of printing. Thus in the eighth and 
ninth lines of the column a the Konigin Luise, 
the propeller areas projec and developed were D ste 
respectively as 8.1 sq. ft. and 0 sq. ft. These should 
have been 18.1 sq. ft. and 20 sq. ft. 





Power RequirED BY CENTRIFUGAL Pumps. — Messrs. 
Mather and Platt, Limited, Park Works, Newton Heath, 
Manchester, have issued a handy little appliance which 
gives the brake horse-power required by centrifugal or 
other t of pumps, provided their efficiencies are 
known. It consists of a thick card arranged either to 
stand on the desk or hang on the wall, and having at its 
centre a photographic reproduction of an end view of one 
of the firm’s turbine pumps. Surrounding the pump, and 
concentric with it, are two fixed scales, one for the 
total head and the other for the efficiency, and behind 
the pump is a board disc carrying the output 
and mene seales, which can be turned by 
means of a b. By =| the output in gallons per 
minute against the total h in feet the brake horse- 
ged required can be read off opposite the effici > 

scales enable outputs i from 100 to 1 
gallons pe! minute, and heads of from 100 ft. to 1000 ft., 
to be dealt with, and the results obtained agree quite 
well with those calculated iy oar arithmetic. Our 
copy, however, worked ra‘ i 
difficult to operate by means of the ; we found it 
— convenient to adjust the movable scale with the aid 

& pin. 


ed | 7¢. 5s.; steel 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 


and firm, and considerable activity is anticipated in the 
very near future. As yet Continental customers are 
hesitating to ee orders, some of them believing that 
By. do better by waiting, but traders here are of 
— that ee more likely (i a than an 
consequently they are not icularly pressing sales. 
Prod will not now quote co 51s. f.o.b. for No. 3 
Clev: but there are second hands prepared to 


rally recognised market quotation, whilst No. 1 is 
3d.; No. 4 foundry, 50s. 3d.; No. 4 f 49s. 9d.; 
and mottled and white iron each 49s. 6d.—all for early 


delivery over the first quarter of the year. East 
Coast hematite pig shows a marked upward tendency. 
Sales have been recorded at 61s. 6d. for early delivery of 
Nos. 1, 2, and 3, but it is doubtful whether that price 
would now be accepted. Most makers quote 62s. for 
mixed numbers, and that price has been paid on both 
early account. Contracts over the first half 
of the year are also reported at 62s. 3d. and 62s. 6d. So far 
as can be ascertained, there is nothing passing in forei 
ore. In the absence of transactions quotations are diffi- 
cult to fix, but it is understood that sellers are prepared 
to make concessions. Probably business could be done on 
the basis of 18s. 6d. ex-ship Tees for Rubio of 50 per 
cent. quality. Freights Bilbao-Middlesbrough have been 
fixed at 4s. 3d. ke is still very dear, but there are 
prospects of lower rates ruling before long. 

Stocks and Shipments of Pig Iron.—The quantity of Cleve- 
land iy bye in the public warrant stores here now stands 
at 136,283 tons, all of which but 43 tons of standard iron is 
No. 3 quality. So far this month 3099 tons have been 
withdrawn from the stores. Shi ts of pig iron from 
the Tees for January promise to be quite up to the aver- 
of the first month of a year. To date they total 
19,364 tons, 17,280 tons of which have been cl at the 
port of Middlesbrough, and 2084 tons loaded at the 
neighbouring little port of Skinningrove. 
Blastfurnacemen’s Wages Reduced.—The average net 
sore of No. 3 Cleveland pig iron for the last three 
months of last year has been certified at 55s. 3.79d. per 
ton, as compared with 57s. 8.08d. for the previous 
pene Py means & ae in yy 
wages of 3 per cent., whic ngs wages from per 
cent. above the standard to 29 per cent. above the 
standard. The reduction takes effect from the 3rd inst. 


Manufactured Iron and Steel.—There is a slight im- 
rovement in the manufactured iron and steel trades. 
msumers are now once more coming forward, appa- 
rently wg + that the bottom in prices has be 
touched. ere are numerous inquiries, and for shi 
building requirements large sales have been record 
Although during the past weeks there has not been much 
business passing in the steel-rail market, there is a en 
deal of fresh buying in view. The North-Eastern - 
wa om ey are in the market for some 200,000 tons of 
sae it is anticipated that the amount of this 
business will be secured by Middlesbrough manufac- 
turers. It is expected that the South African order, which 
has been delayed, will be entrusted to British works. 
Both joist and ship-angle makers have held meetings this 
week, and they have decided to make no alteration in 
the existing prices. Quotations stand :—Common iron 
bars, 7/. 10s.; ost bars, 7/. 17s. 6d.; best best bars, 8/. 5s.; 
packing iron, 6/.; iron ship-plates, 62. 15s. ; iron ship- 
angles, 7/. 10s. ; iron ship-rivets, 8/. 10s.; iron girder-plates, 
bars (basic), 6/. 15s. ; steel bars (Siemens), 
6l. 15s.; steel ship-plates, 6/. 10s. ; steel es 
6l. 2s. 6d.; steel boiler-plates, 7/. 15s.; s joists, 
6l. 12s. 6d.; steel strip, 67. 15s.; steel hoops, 71—all less 
the customary 24 per cent. discount; cast-iron columns, 
71. 7s. 6d.; cast-iron railway chairs, 4/. 5s.; light iron rails, 
7l.; heavy steel rails, 6/. 10s.; steel railway sleepers, 7/. 5s. 
—all net at works ; galvanised corrugated sheets, 24-gauge, 
in bundles, 112. 5s. f.0.b.—less 4 per cent. 





Tue WaTEeRLoo JuncTion Rattway AccipEnt.—The 
report has been published during the last few days 
on the accident, which oecurred in a fog, at Waterloo 
Junction Station, on the South-Eastern and Chatham 
Railway, on the morning of October 25. The inquiry 
was conducted, on behalf of the Board of Trade, by 
Major J. W. Pringle, who finds that the pri cause 
of accident lay with one of the signalmen for the 
improper use of a releasing key of the Sykes’ lock and 
block instruments in his cabin. The case is a somewhat 
complicated one, owing to the traffic involved including 
the movements of two light ines of two trains. 
Without a rather lengthy description, which is unneces- 
sary, the complete facts of the case could not be given. 
Major Pringle makes out a very fair case, and offers the 
most reasonable explanation. It is evident that the 
signalmen involved were not as alert as they should have 
been to the ible results of their action, for not only 
did one of them make use of the releasing key when it 
should not have been utilised, but another failed to 
utilise the information which his block instruments would 
have given him had he consulted them. The Inspector 
points out that the work at the two boxes primarily 
involved does not appear to have increased in late years. 
As « result of the accident one of the boxes is to be cut 
out and track circuiting installed. Major Pringle recom- 
mends the extension of the latter to the whole section 
— London Bridge, Oannon-street, and Chari 





The Cleveland Iron Trade.—The pig-iron trade is steady | the 


pig, 
accept 50s. Od. for g.m.b., and that may be given as the | ton 


delivery, sixpence above these rates being named for | h 


NOTES FROM THE SOUTH-WEST. 
Cardiff.—Tonnage arrivals have been heavier than since 
early in December, and loading has proceeded busily at 
docks ; inquiries for future supplies have, however, 
shown no great activity ; this is explained by intending 
buyers holding back in the hope of forcing owners 
to make further concessions. Stocks of coal have become 
considerable ; but, on the other hand, current production 
bas been comparatively small, and colliery owners have 
a shown little or no disposition to 4 lower 
prices. House coal has exhibited firmne-s. The best 
Admiralty large steam coal has made 1s. 6d. to 20s. per 

; best secondary qualities, 18s. 9d. to 19s. 3d.; and 
other secondary qualities, 18s. to 18s. 6d. per ton; best 
ordinary bunker smalls have been quoted at > 
1ls.; and cargo smalls at 7s 6d. to 8s pe 

ousehold coal has realised 19s. to 20s. ; household 
qualities, 17s. 94. to 18s.; No. 3 Rhond . 
18s. 6d.; and smalls, 12s. to 12s. 6d. per ton. No. 
Rhondda large has been quoted at lls. 6d. to 12s. 
and No. 2 smalls at 8s. 3d. to 8s. 9d. \. 


5 
af 
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As regards iron ore, Rubio has realised 18s. 3d. to 18s. 9d. 
per ton, upon a basis of 50 per cent. of iron, and charges, 
meluding freight, insurance, &c., to Cardiff ur Newport. 
_ Welsh Minerals.—The value of the minerals produced 
in Wales (not including Monmouthshire) in 1912 was 
23,744, 169/., as com with 24,333,425/. in 1911, show- 
ing a of 589,2561. The quantity of coal raised in 
1912 was 39,975,271 tons, as com with 39,845,058 
tons, the values being 22,222,544/. and 22,766,724. re- 
es The uction of iron ore decreased from 
51,781 tons in 1912 to 46,384 tons in 1911. The average 
ce of coal at the pit’s mouth in Wales in 1912 was 
ls. 1d. per ton, as compared with a corresponding 
average of 8s. 9d. per ton in England, and 8s. 5d. per ton 
in Scotland. The average prices at Welsh ports were :— 
ton; Oardiff, 14s. 9d. per ton; 
and Swansea, 14s. 7d. per ton. 
Dowlais.—The year has opened well for the Dowlais 
works, all the s departments having been active. The 
Goat Mill has been engaged upon heavy steel rails and 
billets, and the sleeper press has turned out a large 
tonnage. The Big Mill has been occupied with curves, 
angles, tram-rails, fish-plates, sole-plates, &c. 

Cardiff Coul Exports.—The shipments of coal—foreign 
and coastwise, bunkers, &c.—from Cardiff last year are 
estimated at 26,276,739 tons, as compared with 23,486,481 
tons in 1912, 22,077,445 tons in 1911, and 23,443,431 tons 
in 1910. In these totals foreign shipments figured as 
follows :—1913, 19,111,371 tons ; 1912, 17,252,014 tons; 
1911, 16,161,471 tons; and 1910, 16,931,403 tons. The 
shi ts, coastwise, were :—1913, 3,014,305 tons; 1912, 
2,832,007 tons; 1911, 2,644,520 tons; and 1910, 2,867,132 
tons. The shipment of bunkers, forei were :—1913, 
8,245,294 tons ; 1912, 2,719,517 tons ; 1911, 2,515,078 tons ; 
and 1910, 2,938,825 tons. The a fuel shipments 
were :—1913, 682,769 tons; 1912, 611,031 tons; 1911, 
584,539 tons ; and 1910, 494,103 tons. 





Tue Tueory or THE Surrace ConpEeNnseR: Erratum. 
—In compiling Table I., on page 2 of our last issue, an 
error was made in — between the temperatures 
of 5& deg. Fahr. and 60 deg. Fahr. The figures should 
run as follows :— 

Temperature, deg .. 55 56 57 58 59 60 
ValueofC .. .. 5.42 6.26 5.11 4.98 485 4.78 
Decrement per deg. 16 15 18 #18 #1 WwW 





Water - Power tn Norway.—Whilst much more 
activity bas prevailed of late years in the matter of 
exploiting the country’s water-power in Norway than in 
Sweden, the latter been ahead in the matter of 
rs) exhaustive surveys and statistics as to the 
actual available water-power. Norway is now going to 
follow the example ay AB and the Nor. 
wegian water-power t pro} to int 
several additional engineers and - officials for 
carrying this out. 

New STEAMER FOR THE P. anv O. Company.—The 
8.8. Khiva is the first of four steamers of the same type 
building b: . Cammel Laird and Co., Limited, 
Bir for the P. and O. Steam Navigation Com- 


y- Her principal dimensions are as follows :—Length 
orn ey perpendicular 480 ft.; breadth moulded, 
58 fo. - in. ; 
about ; dead- 

4 knots; in- 


; 1 
dicated horse-power, about 7000. The Khiva is built 
of steel in accordance with Lioyd’s 100 Al class, 
and has a Board of Trade passenger certificate. The 
machinery consists of two sete of quadruple-expan- 
sion engines, the cylinders being 23} in., in., 48% in., 
and 70 in. by 4-ft. 6-in. stroke. are to run 
at about 95 revolutions per minute, and are on 
the Yarrow-Schlick principle. Steam is supplied by 
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THE PANAMA CANAL. 


(For Description, see Page 39.) 























Fic. 168. THe CuLesra Cut, Soutn or Empire. 
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Tue CuLesra Cut, Lookinc NoRTH FROM THE Empire Suspension BripGe 
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THE PANAMA CANAL 


(For Description, see Page 39.) 


























Fic. 170. Water FLowinc INTO THE CULEBRA CUT AFTER THE DESTRUCTION OF THE GAMBOA DIKE. 
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Fic. 171. Sournern Approacn To THE Mrrar.tores Locks at Hien Trve. 
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NOTICES OF MEETINGS. 


Tas Instrrvtion oF Post-Orrice ELEcTRICAL ENGINEERS: 
Lonpow Centre—Monday, January 12, at 6 p.m., at the Institu- 





, | tion of Electrical Engineers. A Bn re will be read on “ The 
t 


Loading of Aerial Lines and the 
Circuits,” by Mr. J. G. Hill. 

Tus Lystirotion or Locomotive Exeivexrs, Lonpon.—Monday, 
January 12, at 7 p.m., at Caxton Hall, Westminster, Room 18. 
Annual general meeting and presentation of premiums by —— 
President, Mr. H. Fowler, Chief Mechani Engineer, Midl 
Railway. 8 p.m —Presidential address by Mr. A. J. Hill, Loco- 
motive Superintendent, Great Eastern Railwa , on “* Questions 
Affecting the Cost of Repairs and Renewals of Rolling-Stock. ¥ 

Tue InstiTruTiION oF MECHANICAL ENGINEERS: GeapUATSS’ Sxc- 
TIon.—Monday, January 12, at 8 p.m. A paper will be read on 
“ The Arrangement of Modern Engineering Shops,” by Mr. H. O. 
Armitage, Grad of Manchester. Chairman, Mr. R. Douglas 
T. Nene. M.L. Mech. E. 

Tue Surveyors’ Instrrurion.—Monday, January 12, at 8 p.m. 
A paper -will be read on “‘The Law of Dilapidations,” by Mr. 
Graham Mould (Associate), Barrister-at-Law. 

Tue Instirution or O1vi. Encingers.—Tuesday, January 13, at 
8 p.m. Paper to be read apt py | Steam in Loco- 
motives,” by Mr. Henry Fowler, Assoc. M. Inst. C E. And ballot for 
new Members. Students’ meeting, Friday, January 9, at 8 p.m. 
Paper to be read :—‘‘ The i of Power Railway-Signaliing 
in Great Britain,” by Mr. C. I. Routh, Stud. Inst.O.E. Mr. A. W. 
Szlumper, M. Inst. C.E., will occupy the chair. Students’ visit, 
Wednesday, January 14. To the Queen’s Park Extension of the 
Baker-street and Waterloo Railway. 

Tas INstirvTion or AvTomoniLe Enoingsers. — Wednesday, 
January 14, at 8 p.m., at the Institution of Mechanical Engineers, 
Storey’s Gate, St. James’s Park, 8.W. A r will be read on 
“The Economics of Design (The Market and the Design for a 
Low-Priced Four-Seated Car),” by Mr. A. Ludlow Clayden. 

Tue Association or ENGIVERRS-1N-CHaRGR. — Wednesday, 
January 14, at 8 p.m., at St. B-ide’s Institute. A r will 
read on ‘‘Commercial Motors, Steam and Petrol,” OY Mr. David 
J. Smith. Mr. H. 8S. Hele-Shaw, D.Se., LL.D., F.R.S. (Past- 
President), in the chair. 

Tus Roya Socirry or Arts. — Wednesday, January 14, at 
5 p.m. Juvenile lecture on ‘‘Electric Vibrations and Wireless 
Telegraphy,” by Mr. R. P. Howgrave-Graham, M.1.E.E., Demon- 
strator in Electrical Engineering, City and Guilds of London 
Technical College, Finsbury (Lecture II.). Thursday, January 15, 
at 430 p.m. Indian Section.—‘‘ Indian Museums: A Centenary 

trospect,” by Colonel T. Holbein Hendley, O.1.E. The Right 
Hon. Lord Reay, K.T., G.C.8.1., G.C.LE., will preside. 

Tne InstiTUTION OF Mining AND METALLURGY. — Thursday, 
January 15, at 8 p.m.. at the rooms of the Geological Society, 
Burlington House, London, W The following paper will be 
submitted for discussion :—*‘ The Bereozovek Gold ~~ Ural 
District, Russia,” by Mr. Chester Wells Purington, Member. 

Tux INSTITUTION OF MECHANICAL Enoinesrs.—Friday, January 16, 
at8p.m. The nomination of officers for election at the annual 
general meeting on Friday, February 20, will take place. Paper 
to be read and di d:—“O ‘ial Teste of Internal-Com- 
bustion Engines,” by Mr. W. A. Tookey, Member, of London. 
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THE MEASUREMENT OF VESSELS 
FOR THE PANAMA CANAL. 


Dr. Wooprow Witson, President of the United 
States of America, has recently proclaimed the 
Rules for the ‘‘ Measurement of Vessels for the 
Panama Canal.” We have received a copy of these 
Rules, and as their application is a matter of great 
importance to the shipping community, we think 
that it will be of considerable interest to our 
readers to indicate their main features and show 
how they differ from the British Tonnage Rules, 
and also from those applicable to vessels pass- 
ing through the Suez Canal. In the first place we 
must confess to some disappointment on finding 
that the Suez Canal Rules have been made the main 
basis for the Panama Canal Rules. We had hoped 
that the American Government would have viewed 
the Panama Canal more as an investment for 
strategical and naval purposes than as a com- 
mercial venture requiring the earning of inte- 
rest on the immense capital which has been 
sunk in the undertaking. We think that the 
British Board of Trade Regulations would have 
afforded an equitable basis for the Panama Canal 
dues ; and that the adoption of those regulations 
would have given more general satisfaction to the 
users of the canal than any other rules. Avs it is, 
the general effect of the Panama Canal Rules 
appears to be that the gross tonnage as measured 
by these Rules will be slightly greater than the 
Suez Canal gross tonnage, but, with the more 
liberal allowances permitted by the Panama Rules, 
the net tonnage (upon which dues are charged) will 
be somewhat less. 

By the Panama Rules, all aaa me American and 
foreign, except warships, applying for passage 
through the Panama Canal will be required to 
present a duly authenticated certificate stating the 
vessel’s and net tonnages as determined by 
these Rules. Should such certificate not be forth- 
coming, then the vessel will be measured and her 
tonnage determined in accordance with these Rules 
before she passes through the canal or is allowed 
to clear therefrom. The officials who may measure 


vessels and issue certificates are those who are 
authorised in the several foreign countries and 
in the United States to do so for purposes of 
national registry, and such other officials who may 
be authorised by the President of the United 
States to measure vessels and to issue Panama 
Canal tonnage certificates. Warships, American 
and foreign, will be required to present duly 
authorised displacement scales and curves stating 
accurately the displacement tonnage at each pos- 
sible mean draught. 

The measurement of the under-deck tonnage is 
the same according to the Panama Rules as for the 
British and Suez Canal Rules for vessels con- 
structed with double bottoms, having the inner 
bottom horizontal ; but by the American Rules the 
tonnage of double-bottom spaces intended for oil 
fuel and feed water is added. The space for feed 
water is, however, deducted from the gross tonnage 
independently of the allowance for aes 

wer. In the cases of vessels constructed wit 
Fouble bottoms, in which the inner bottom is 
higher at the margin than at the middle line, the 
Panama measurement will be the same as the 
British under-deck tonnage, which is about 3 to 4 
per cent. greater than the Suez Canal tonnage. 
American vessels having double bottoms of the 
form described are measured for their national 
registry under the Suez Canal Rules, and for the 
Panama Canal certificate the under-deck tonnage 
will be increased accordingly, and be in agreement 
with the British rule. 

By the provisions of the Board of Trade, large 
exemptions are allowed, under certain conditions, 
as regards the measurement of deck erections, 
such as poop, bridge-house, and forecastle. Under 
the Suez Canal Rules, such spaces are com- 

rised in the gross measurement, with only very 
imited deductions; whilst under the Panama Rules 
the measurement of these spaces will be some- 
what more stringent than under the Suez Canal 
Regulations. Inshelter-deck steamers of the usual 
type, having one or more tonnage openings in the 
deck, the shelter-deck space is exempted from mea- 
surement under the Board of Trade Regulations ; 
but under both the Suez and Panama Rules such 
8 is required to be completely measured, unless 
there are openings in the side plating without means 
of closing the same, in which case the space only in 
way of such openings is exempt from measure- 
ment. As is well known, shelter-deck steamers 
and vessels with open poops and bridges occa- 
sionally load light cargo on the shelter-deck and 
on the poop and bridge respectively; and accord- 
ing to the practice of the Suez Canal Company, 
when once a vesscel passes through that Canal 
with cargo in these spaces, she is ever after 
charged dues on the s whether there is 
cargo in them or not. is regulation, which is 
obviously unjust, is a constant source of irritation, 
and we are surprised to observe that a similar regu- 
lation has been adopted by the United States 
Government, In the Board of Trade Regulations 
provision is made whereby vessels engaged in the 
over-sea trade when carrying cargo in the exempted 
spaces shall have the tonnage of the space occupied 
added to the taxable tonnage only for the voyage 
during which such cargo is carried. This is a 
reasonable regulation and commends itself to us as 
justifiable and common-sense. On the whole, it 
would appear, as we have said, that the 
tonnage of a vessel measured by the Panama Canal 
Regulations will slightly exceed that obtained by 
the Suez Canal Regulations, and both these are 
much greater than the gross tonnage according to 
the Board of Trade. 

Under all three Rules, to obtain the net tonnage 
upon which dues are payable, certain deductions 
are allowed from the gross tonnage. The allowances 
for propelling power are the same under the Panama 
and Suez Rules. The British allowance is, in the 
great majority of vessels, a percentage of the gross 
tonnage, but the Panama and Suez allowance is 
either 17 times the space of the engine-room, or, if 
the vessel has fixed bunkers, the actual measured 
tonnage of engine and boiler-space plus the fixed 
bunkers ; but this allowance must not exceed 50 per 
cent. of the gross tonnage of the vessel, except in the 
case of tugs. In either case the allowance for pro- 
pelling power is, as a rule, much less than that 

ted by the Board of Trade. Asr other 
eductions, we are glad to know that the Panama 
Rules for master’s accommodation, crew, and 
navigation spaces, and peak water-ballast tanks, 





follow the lead of the Board of Trade, and not that 
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of the Suez Canal, which makes no allowance what- 
ever for the master’s accommodation, and limits the 
allowance for crew and navigation spaces to 5 per 
cent. of the vessel’s tonnage. The Panama 
and Board of Trade Rules allow the space for the 
master’s accommodation to be deducted, and do not 
limit the allowance for crew and navigation spaces 
to a percentage of the gross tonnage. Further, the 
Suez Canal Rules do not permit any deduction to 
be made on account of peak water-ballast tanks, 
whereas both the Panama Rules and the Board of 
Trade Rules do. 

To illustrate the importance of these Rules to the 
shipping community, it is interesting to note that 


under the of Trade Rules a shelter-deck 
steamer 410 ft. by 54 ft. by 25 ft., having an ex- 
empted ‘tween deck space, is computed to be of 


about 4400 tons gross and 2700 tons net, whereas 
the Suez Canal gross tonnage of the same vessel 
would be about 6000 tons and net 4500 tons. 
Again, to tske the case of an ordinary cargo 
tteamer 375 ft. by 52 ft. by 25.5 ft., with poop, 
bridge-house, and forecastle, the Board of e 
net tonnage works out at about 2800 tons, against 
3500 tons by the Suez Canal Rules. The tonna 
for fees by the Panama Canal Rules would 
somewhat less than that by the Suez Canal Rules. 

It will be seen that the United States Govern- 
ment have pretty closely followed the Suez Canal 
Rules, We think, however, that they would have 
been well advised for the success of the great water- 
way which their courage and enterprise have created 
in the face of enormous difficulties, if they had taken 
a broader view in drawing up their regulations. 
While there are several steamship routes where the 
advantage of using the Panama Canal are over- 
whelmingly great, there are others in which the 
advantages and disadvantages are much more evenly 
balanced. In the latter case the question of cost 
will play a very important part, and it is to be 
howell that in drawing up the scale of fees which 
will be chargeable to shipowners using the canal, 
the United States Government will see the wisdom 
of adopting a moderate charge. 








THE UNEMPLOYMENT INSURANCE 
QUESTION. 

Tue unemployment problem, like all other ques- 
tions bearing upon the relations between and 
respective position of employers and employed, is 
at present receiving special attention in ny. 
It is being discussed from various aspects, and, 
pending further developments, the Central Union 
of German Industries is paying much attention to 
the matter, some interesting official information 
having been supplied at its instance. 

Naturally enough, this information first deals 
with Belgium, where in the year 1901 the town of 
Ghent—following in the wake of two French towns, 
Limoges (1891) and Lyons (1896)—introduced the 
system of unemployment insurance, which has since 
become known as the ‘‘Ghent system.” Its prin- 
cipal feature is a public subsidy to the unemploy- 
ment aid which the trade unions give their anuben. 
To make the aid general, subsidies were further 

nted, in cases of unemployment, to non-organised 
hands from a — fund, when such hands, 
with a view to possible unemployment, had accu- 
mulated some money in a savings bank. The 
support under these circumstances is limited to 50 
to % per cent. of the aid paid by the trade unions to 
their members in case of unemployment, and must 
not exceed 1 franc per day. Non-organised members 
possessing such funds of savings will only receive 
municipal aid when ww A have been members of 
such funds for at least three months, and only for 
such amounts as, at the beginning of the unemploy- 
ment, had been three months in the savings bank. 

This Ghent institution commenced work in 
May, 1901; in ten years the institution, which 
then comprised seven neighbouring communities, 
included lnlgda trade unions, with 18,600 mem- 
bers, of whom, in the year named, 3334 received 
unemployment aid, the contribution from the 
municipal unemployment fund amounting to 260,000 
francs. This, it will be understood, applies to 
organised labour; the work in connection with 
unorganised hands is, and always has been, so in- 

i ‘ificant that it may be left unnoticed. 

here are at present in Belgium seventy-two 
unemployment-aid concerns, most of which are 
based upon the Ghent principle. They comprised 
in the year 1911 359 trade unions, with some 
85,000 members, or one-twelfth of Belgium’s 





aggregate of industrial hands, insured in unemploy- 
ment-aid concerns, subsidised by communities or 
provinces. These aid funds paid during the said 
year 298,813 francs to 26,634 unemployed hands 
for 232,163.14 unemployed days. e subsidies 
from the municipalities amounted to 121,904 francs ; 
from the provinces, 42,321 francs; and from the 
State, 19,544 francs. This result, according to the 
German view, consequently can by no means be 
considered satisfactory. 

In Holland some towns started unemployment 
insurance on the Ghent system in 1906, some ten 
of Holland’s largest towns having taken up the 
movement. The regulations vary in the matter of 
organised or unorganised hands, but the results 
are about the same as in Belgium. 

France, as already mentioned, was first in the 
field, and the town municipalities have more and 
more adopted the Ghent system. The town of 
Lyons doubles by its subsidy, not the trade union 
aid, but the contributions paid by the different 
members and units upon the trade unions recog- 
nising the unemployment funds separately. Un- 
employment aid must not extend over a period of 
more than two months, and not exceed 2 francs per 
day. The French State subsidy towards unem- 
ployment insurance concerns was provided in an 
Act of September 9, 1905. 

In connection with all the French unemployment 
insurance funds are employment bureaus, which 

ive their aid gratis, and any unemployed man is 

und to accept the work with which he is supplied 
through the medium of these bureaus. The insur- 
ance benefits an exceedingly small portion of the 
hands unemployed, not quite 1 per cent. France in 
this respect is a long way behind other countries, 
and the experiences there do not by any means 
speak in favour of insurance against unemploy- 
ment. 

In Switzerland the Social Democrats as early as 
1891 raised the cry of ‘‘right to work,” but the 
matter fell to the ground. Two years later the 
town of Bern started unemployment insurance, 
based upon voluntary principles. The men do not 
seem to have taken much interest in the matter, 
and on March 31, 1913, there were only 636 mem- 
bers; a sum of 19,130 francs had been paid 
in unemployment aid, of which the municipal 
subvention amounted to 12,000 francs. It is 
mentioned as a drawback to this concern that the 
members principally belong to the building trades, 
with an unproportionately high percentage of un- 
employed during the time this institution operates 
—viz., December to February. In a few other 
Swiss towns and cantons unemployment insurance 
has been started with entirely unsatisfactory re- 
sults ; in some places it has even been entirely 
discontinued. The attempts at unemployment in- 
surance in Italy have been a complete failure, and 
literally came to nought. 

In Norway the trade unions, since 1906, receive 
from the State and the communities one-fourth of 
their employment aid expenses, provided they do 
not refuse admission to’ any hand who belongs to the 
same class of workers.' Two years later the amount 
refunded by the State was raised from one-fourth 
to one-third, in spite of which the subsidy paid by 
the State up to 1911 only amounted to 79,064 marks, 
of which again two-thirds have to be made good to 
the Exchequer by the municipalities, leaving only 
some 27,000 marks as State subsidy. The State 
contribution for the financial year 1911-1912 was 

ut at 22,500 marks. The Norwegian law provides 

or the co-operation of the employment bureau, but 

the Norwegian system is pronounced as altogether 
unacceptable in Germany, as the German un- 
organised hands, as a rule, have no inclination to 
join the trade unions as paying members. 

In Denmark, according to a law of April 9, 1907, 
the unemployment funds of the trade unions and 
other societies, when acknowledged by the State, 
receive from the State one-third of their members’ 
payments. The State contributions are not to 
exceed 250,000 kr. annually, and are subject to the 
funds being open for all workmen of the class in 

uestion. e communities further pay one-sixth. 

he unemployment funds must comprise at least 
fifty members, and the average support, in towns, 
is not to exceed one-third of the average daily e, 
within the limits to the aid of not more than 2 kr. 
and not less than 50 Gre. The aid is to be fixed in 
this way—that its amount during twelve consecutive 
months reaches a sum which answers at least the 
fixed day-money aid for seventy days. In order to 
obtain aid the unemployed must have been a member 





of the insurance fund for at least one year and have 
= his premiums. The aid can take the shape of 

elp towards travelling, or rent, day-money or 
goods ; apart from help to travel no aid is paid for 
the first six days of unemployment. Special regu- 
lations can be applied to unemployment insurance 
funds for season workers. Anybody who during 
three consecutive years has received aid amounting 
in value to 210 days’ pay can only again obtain 
aid in the fifth year after his having been a member 
and paid his subscription during the fourth year. 
The matter is controlled by a special State- 
appointed official. The communities have by a 
later Act been empowered to raise their contribu- 
tion where marked unemployment prevails. 

During the period 1907 to 1912 the number of 
the authorised unemployment insurance funds 
rose to 53, with 111,187 persons insured. The 
subscriptions reached an aggregate of 1,317,496 kr. ; 
the State subvention an aggregate of. 822,576 kr.; 
that of the communities to 360,751 kr., and the 
ageregate of the aid paid amounted to 1,703,038 kr. 
The German report to which we have referred 
states that even if the experience in Denmark may 
be called not relatively unfavourable, its limited 
scope makes it unfit to serve as a guiding basis for 
Germany. 

As regards England, the sliortness of the time 
in which the National Insurance Act of 1911 has 
been in operation, and the fact that the first year 
was one of minimum unemployment, make it 
almost futile to draw any conclusions from its 
working. 

In Germany, apart from unemployment aid under 
the workmen’s organisations, several towns, forced 
by a smaller or larger number of Social Democrats 
in their councils, have made attempts with muni- 
cipal unemj loyment support. On the whole they 
are said to have more the character of charitable 
than of rational unemployment insurance organisa- 
tions. The experiences of municipal action in this 
direction are anything but encouraging, and do not 
by any means point in favour of an introduction 
of an unemployment insurance. 








THE EXTRACTION OF TAR FROM 
PRODUCER-GAS, 

THE extraction of tar from producer-gas has 
always been regarded as one of the unavoidable 
troubles which must of necessity be faced when 
bituminous coal is used for fuel. The apparatus 
usually émployed for this purpose entails an appre- 
ciable athe in capital cost, and is besides of a 
cumbersome nature, so that this feature of the 

rocess has even sometimes been a determining 
actor in certain ible applications of the gas- 
engine. Any novel and effective process, therefore, 
which promises good results with a small amount of 
plant is worthy of investigation. 

It is for this reason that we would draw atten- 
tion to a process which has been brought for- 
ward by M:. H. F. Smith in a paper read before 
the American Society of ubeciel Radueem, at 
its annual meeting in New York, on December 4 
last. The apparatus adopted by Mr. Smith is 
nothing more than a screen or filter of glass-wool 
p in a frame so as to be about } in. thick, 
and of a diameter suited to the quantity of the gas 
treated. The filtering material is held in place 
between two metal screens, and is mounted in a 
T-shaped pipe, which is placed over an inverted T 
in the gas main. Both of these T’s contain a 
vertical transverse diaphragm in the vertical limb, 
and in the diaphragm of the upper T the filter is 
inserted. The gas therefore, flowing along the 
main, encounters the lower dia ,» and is 
diverted upwards through the vertical limbs of the 
T’s, passes through the filter, and then down the 
other side of the diaphragms into the main again, 
in which, a little further on, is placed a sump or 
collector. This particular disposition is not, it 
would seem, essential to the success of the process, 
but has evident advantages from the point of view 
of accessibility, since the two arms of the upper T 
o \ closed by blank ba easily remov- 
able for inspection or other purposes. 

The tar in producer-gas is eonpented in the form 
of very minute particles. The action of this type 
of filter appears to be to a large extent mecha- 
nical, as these fine particles strike the fibres of the 
glass-wool, and there collect into larger drops, which 
are too heavy to be carried on by the flow of gas. 
A feature of the system is that nothing remains in 





the screen itself. The tar which settles on it all 
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runs down on the delivery side, and finally into the 
collecting sump. The screen, therefore, does not 
act as an ordinary filtering medium in which parti- 
cles are deposited, ultimately clogging the pores. 
It is found that a difference of pressure on the two 
sides of the diaphragm of from 2% Ib. to 4 Ib. will 
give a degree of cleanness ample for usual pu 
The gas is discharged cleaner when the pressure 
difference is high than when it is very low, for 
which there seems to be an obvious reason. hen 
a low pressure is used and the flow through the 
screen is slow, the particles often are moving slowly 
enough to be deflected with the gas current round 
the obstructing fibres, so that probably quite a 
large proportion pass through the screen without 
coming in actual contact with fibres, and so coales- 
cing into larger drops. On the other hand, when 
the flow through the screen is rapid the gas will be 
in a much more disturbed state, and more tar 
particles will strike the fibres, which are, of 
course, only an extremely small distance apart. 

Mr. Smith in this connection draws attention to 
the fact that when tarry gas is pissed through 
a small tube at a low velocity, comparatively 
little tar is deposited on the tube, but that 
when high velocities are tried the deposit is 
very much increased ; and he suggests that this 
shows that friction has something to do with the 
deposit in the filter-screen. It would seem, how- 
ever, that it is not merely a question of friction. 
In the pipe experiment the deposit is pope 
largely increased when the critical speed of the gas 
is exceeded. So long as this is not exceeded, a 
comparatively small number of particles would 
come in contact with the sides ; but once it is ex- 
ceeded, and eddying is set up, the number coming 
in contact with the sides would be very largely in- 
creased. In a similar manner, if a certain flow 
through the filter allowed sufficient time for the 
particles to change their direction, so that they 
maintained a more or less constaut position in the 
stream, the deposit would be small ; but if the flow 
is broken up, as would be the case at the higher 
velocities, the deposit should obviously be much 
greater. When the difference in pressure on the 
two sides of the diaphragm is only a few ounces, 
there is found to be no change in the tar content of 
the gas when discharged, but with 5 lb. difference 
the gas is discharged clean. 

There is a phenomenon, however, which shows 
this explanation to be somewhat incomplete. It is 
found, for instance, that while a screen of glass- 
wool is very effective, one similar as to texture, but 
of steel-wool, is very much less so. The impact 
theory offers no reason for this, but Mr. Smith has 
conducted experiments which show that it may 
have some connection with electrical matters. 
These experiments showed that tar tended to 
deposit from the gas on to electrodes between 
which a low potential difference was maintained. 
It is suggested, therefore, that the friction of the 
gas through the microscopic interstices of the 
screen charges the latter, so that the gas particles 
are attracted to it. This would in some way 
explain the difference between screens of different 
materials. We are reminded in this connection 
that Professor Dolezalek, of Charlottenburg, re- 
cently obtained potential differences of 300 volts 
in passing benzol through tubes. 

he apparatus devised by Mr. H. F. Smith is 
said to work best with bituminous coals high in 
volatile matter. The coals he mentions have, we 
believe, volatile constituents to the amount of 
about 35 per cent. At present the apparatus does 
not seem to be so well suited to producer-gas 
containing large quantities of lamp-black or yielding 
very heavy viscous tars. With the coals to which 
this cleaner has been applied about 400 cub. ft. per 
hour can be safely passed through each square inch 
of diaphragm area, No water is used in the 
process except for cooling the gas, and consequently 
no tar emulsion is produced. The water flows to 
the condenser quite clear, and the tar collected in 
the sump on the discharge side of the screen is 
practically free of water; it contains less than 
1 per cent. compared with the usual 20 to 60 per 
cent. The gas must not in any case be cooled so 
mich that it enters the screen at a temperature at 
which the tar is thick and viscous. hile warm 
enough to ensure the easy flow of the deposited 
tar, the temperature must, of course, on the other 
hand, be low enough to ensure the condensation of 
the tar vapours. 

This small and simple appliance has now been 





horse-power capacity, with satisfactory results, for 
eighteen months. In a second plant, gas for a 900- 
horse-power plant has been treated for ten months, 
while in a third case it has been applied to the 
largest single-unit producer plant in the United 
States, and deals with the gas from a producer 


rposes. | with a grate surface of 260 square feet, gasifying 


3000 Ib of Illinois coal per hour. The necessary 
pressure difference on the two sides of the screen 
is obtained by an ordinary rotary gas-pump on the 
supply side. This apparatus contains no special 
features, and we have therefore refrained from men- 
tioning it earlier. 





TREATMENT OF PLUMBO-SOLVENT 
WATER. 

Tue danger of lead poisoning by water is probably 
as old as the hvusehold water supply. Water pass- 
ing over lead ores does not, as a rule, ap to 
take up lead ; but water flowing through lead pipes 
is apt to become contaminated with the metal, and 
the Romans may unknowingly have suffered from 
lead poisoning ; for they used lead supply pipes in 
connection with their grand aqueducts. to trace 
the cause of such disease down to lead would 
searcely have been possible in those days. If 
lead were not a cumulative poison, we need hardly 
fear it, moreover ; for, broadly speaking, lead is 
insoluble in water. But the small amount of lead 
dissolved remains in the system, and mild forms 
of lead poisoning by the supply water may be more 
frequent than is believed. One of the best-known 
acknowledged cases to which attention has recently 
been drawn again is that of the town of Mossley, 
which is supplied with moorland water. Such water 
is distrusted, because it is often acid, and said to 
attack lead for this reason. About 20 years ago lead 
poisoning seemed to be prevalent in Mossley, and 
Dr. S. Monckton Copeman, in 1893, and Dr. A. C. 
Houston, in the following year, investigating the 
problem on behalf of the Local Government Board, 
reported that the water from some reservoirs of the 
district was certainly acid. It was therefore re- 
solved to treat the Higher Swineshaw reservoir 
water with whiting or lime prior to its passing into 
the Lower Swineshaw reservoir, which supplies 
Mossley. The supply of whiting solution was 
gauged by a chain rotating small buckets into a 
cals pipe directly connected with the conduit con- 
taining the raw water. The plant worked fairly 
satisfactorily ; but when the water supply of the 
whole district was being improved and mechanical 
filters were adopted, in September, 1912, the 
method of neutralisation was also modified. What 
has been done was described by Mr. Frederick J. 
Dixon in a paper on ‘‘ The Treatment of Plumbo- 
Solvent Water by Means of Mechanical Filters, 
with a Description of the Works Installed for the 
Ashton-under-Lyne, Stalybridge, and Dukinfield 
(District) Water Works Joint Committee,” which 
he read a few weeks ago before the Institution of 
Water Engineers. 

We must say that the title of Mr. Dixon’s paper 
is scarcely explicit, notwithstanding its length. 
The mechanical filters substituted for ordinary sand 
filters are, of course, an essential feature of the 


new plant. But mechanical filtering would not 
revent the water from attacking the lead pipes 
if chemical precipitation had not preceded the 


filtering, which is required for general reasons 
and for the purpose of removing the precipitate. 
Whether or not mechanical filtering is superior to 
ordinary filtering is a question which we do not wish 
to discuss on this occasion. We are more concerned 
with the chemical side of the problem, and from 
that standpoint it is, though customary, not 
justified to speak generally of ‘‘the treatment of 
plumbo-solvent water by means of mechanical 
filters.” On the other hand, it must be said 
that Mr. Dixon dealt mainly with engineer- 
ing features. He emphasised, indeed, in one of 
his conclusions, that ‘‘ it is absolutely essential for 
the mechanical filtration to provide a lant,” 
but this conclusion comes rather eneapectalh , and 
there is little information for the chemist in the 
body of the paper; fortunately the appendix and 
the tables, due to Professor Delépine, uf Manchester, 
supplement the paper in this respect. 

hen the — committee applied to Parliament 
in 1907, the West Riding County Council secured 
the insertion of a clause to the effect that all the 
water should be continuously filtered or be chemi- 
cally treated to prevent the action of the water 


in continuous use in a commercial plant of 1000] on lead or other materials used for the construe- 





tion of pipes, cisterns, &. In 1909 the authority 
entrusted Mr. Dixon’ with the task of propering a 
scheme for the treatment of water for the Saddle- 
worth district as a trial plant. Mr. Dixon had had 
experience of nocheniesl Stuse as water engineer to 
the Harrogate Corporation, and he decided on their 
adoption. The trial plant was installed at the 
back of the Yeoman Hey reservoir, and was capable 
of dealing with 432, gallons of raw water per 
24 hours. The results being satisfactory, Mr. Dixon 
was instructed to draw up two schemes to deal 
with the whole of the water from the Greenfield 
and Swineshaw Valleys, and the contracts were 

iven out, Messrs. Mather and Platt, of Manchester, 

ing the main contractors. 

The gathering grounds are in the Pennine Range, 
in the West Riding of Yorkshire, in Cheshire, and 
Lancashire, at an elevation varying from 800 ft. up 
to 1700 ft. above sea-level. The Greenfield Valley 
reservoirs at Greenfield and Yeoman Hey draw from 
uninhabited moorlands, in the Millstone Grit forma- 
tion, mostly covered by peat from 1 ft. to 15 ft. in 
thickness ; the hillsides are precipitous, and the 
flow is very rapid. The Swineshaw Valley has 
four impounding reservoirs, known as the Higher 
and the Lower Swineshaw, the Brushes, and the 
Walker Wood ; there are only three habitations on 
the drainage area, and peat again is abundant. The 
water is generally acid, but neutral or alkaline at the 
Brushes rvoir ; it contains low forms of animal 
and vegetable matter in suspension and also in solu- 
tion, and, though discoloured, is not directly un- 
wholesome, unless contaminated with lead. The 
chemicals chosen were whiting, a basic carbonate 
of calcium, and aluminium sulphate ; the former 
neutralises the acid, the latter yield a gelatinous 
precipitate, which bears down suspended matter. 

The conditions of the contract required that the 
cylinders of all the filters should be constructed of 
the best Siemens mild steel, capable of withstand- 
ing a hydrostatic pressure of 250 lb. per sq. in. 
continuously applied for a period of 3 hours ; the 
chemical tanks and apparatus should be constructed 
in reinforced concrete or stoneware, and all pipes 
conveying the solutions of lime and aluminium 
sulphate from the tanks to the raw-water main 
should be made of copper with phosphor-bronze 
unions. In the trial plant brass tipplers and clack- 
plates had been used ; that they given trouble 
is not surprising. We shall, in due course, refer 
to the other guarantee conditions. 

Two ins tions have been erected, one at 
Ashway Gap, at the back of the Yeoman He 
Reservoir, and the other at the Brushes. LEac 
installation comprises 18 filters, capable of dealing 
with 2,592,000 gals. of water per 24 hours; the 
new filters have diameters of 15 ft., the older 
filters of 8 ft. The water is at Ashway Gap con- 
veyed to the filter-house through two 15-in. by-pass 
mains working under pressures of 20 lb. and 75 lb. 
per sq. in. respectively. At the entrance to the 
filter-house the raw-water mains are provided with 
branch-pipes in duplicate, on which are fixed, above 
the pipe-trench, rotary water-motors connected by 
a chain-drive to the vertical ram-pumps (also in 
duplicate), which are mounted on a staging imme- 
diately above the water-motors. The whole of the 
raw water has to pass first through the water- 
motors ; their speed hence varies as the rate of flow 
to the filters, and the quantity of chemical solution 
pumped into the raw-water mains is always in direct 
proportion to the bulk of water to be filtered. The 
chemical pumps are of the plunger type; the clacks 
or flaps are arranged with loose plates, which can 
be cleansed in a few minutes ; the solution 
through the suction-chamber and clack into the cir- 
cular port of the cover and under the plunger ; the 
stroke of the pump can be regulated by moving the 
pin in a slot. Leaving the motors, the water is 
conveyed to the top of each filter, discharged over 
a spreader, and through the filters ; the 
filtrate pipes rejoin the trunk mains outside the 
filter-house, the rate of flow bei red by 
Venturi meters. The filters are cylinders, 
provided with a false bottom of steel riveted to 
the outer shell, and pierced by circular holes, into 
which phosphor-bronze nozzles are inserted from 
the underside. The filtering medium is a bed, 
34 ft. in thickness, of graded quartz crystals. A 
central vertical tube has been introduced for the 
washing of the medium ; the tube extends nearly 
to the false bottom, and contains a steel shaft, te 
which two jets connected with the filtrate main 
and propeller-blades are attached. 

The chemical tanks are placed close to the 
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chemical pumps. The whiting tanks are built u 
of tneten steel plates, and are provided wi 

itating gear driven by a small Pelton wheel. 

he aluminium sulphate tanks are constructed in 
reinforced concrete, 6 in. in thickness. These tanks 
are in duplicate, so that one tank can be used for 
dissolving the chemicals, while the other is supply- 
ing solution to the pumps. The chemicals are 
discharged into the tanks by a runway and hopper. 
A tintometer, designed by Mr. Dixon, is fixed at 
the outlet end of the filter-house, and is connected 
with both the inlet of the raw-water main and the 
outlet of the filtrate main. The two waters pass 
through adjoining glass tubes, and are readily com- 
parable. hat we have said applies in the first 
instance to the Ashway Gap installation ; the 
Brushes installation is similarly constructed, an 
additional part being a recording apparatus for 
measuring and controlling the quantity of water 
used for washing out the filters. 

As the quality of the water is liable to sudden 
fluctuations, the attendant must be able _— to 
ascertain whether the chemical treatment should be 
varied. For this purpose the acidity or alkalinity 
is determined by means of lacmoid, and the amount 
of whiting to be added to the acid water is calcu- 
lated from this test. The amount of aluminium 
sulphate used seems, as a rule, to be about the 
same as that of lime; it is, in the first instance, 
determined by trial; the experiment is started with 
0.25 grain of aluminium sulphate per gallon of 
water, and if the filtrate is not bright, but hazy, 
another 0.25 grain is added. When Mr. Dixon 
read his paper, the treatinent had been applied for 
more than a year with considerable success. 

The chief objects were to improve the colour of 
the water and to remove or reduce the plumbo- 
solvency. The conditions of guarantee required 
thatthe discoloration of the peaty water should be 
reduced by 95 per cent.; that 95 per cent. of the 
suspended matter, as well as 45 per cent. of the 
dissolved organic matter, should be removed ; that 
the filtered water should not take up 0.035 grain 
of lead per gallon after being in contact with new 
lead for 24 hours; that the filtered water should have 
no odour when heated to 100 deg. Fahr., that it 
should be bright and clear in a 2-ft. column, and 
should not attack wrought-iron, steel, or cast-iron 
pipes ; that the free ammonia present in the raw 
water should be reduced by at least 25 per cent. by 
the treatment; that not more than 0.003 grain per 
gallon of albuminoid ammonia be found in the 
filtered water; that it should not absorb more 
than 0.035 grain of oxygen per gallon from per- 
manganate in 4 hours; and that the permanent 
hardness of the filtered water should be increased not 
less than 10 per cent. above the raw water. There 
were also conditions as to the quantities of bacteria 
to be tolerated. All this was to be attained at an 
expenditure for chemicals of not more than 20s. per 
million gallons of treated water, taking the cost of 
aluminium sulphate at 2/. 12s. 6d. and of whiting at 
11. 11s, 6d. per ton, delivered at Stalybridge Station. 

How far these conditions were fulfilled we can 
see from Professor Delépine’s remarks and tables. 
These tables cover the period October, 1912, to 
October, 1913. At first a large excess of chemicals 
was used on the recommendation of the con- 
tractors; after January, 1913, this amount was 
very muchdiminished. The result of this economy 
was that the filtered water was less alkaline than it 
had been before, and that the plumbo-solvency 
was more completely reduced; the economy in 
chemicals therefore proved highly advantageous. 
The Yeoman Hey waver was alkaline to start with, 
and the reduction of the amount of chemicals 
added made less difference in this case. As regards 
the soluble inorganic matter, the treatment was not 
successful, the amount of soluble inorganic matter 
in the water being increased by the treatment ; 
there was also an increase in the temporary hard- 
ness, and a less distinct increase in the permanent 
hardness.* The test for oxygen absorption con- 
cerns the amount of easily oxidisable organic 
matter of animal or vegetable origin, which may be 
tolerated in small quantities, but which is ob- 
jectionable when present in large quantities, 
bendene such water will not keep, and because 
some otherwise us pollution must be feared ; 
the waters in question were, however, always pure 
in this respect, and the treatment rendered them 


* The tem 
icarbonates, which are ee by boiling the water; 
permanent hardness is due to calcium sulphate 


hardness is mainly due to soluble 





still purer. It was not likely that the amount of 
free ammonia should be increased by the treatment, 
and the tables show that its percentage was hardly 
affected, while the albuminoid ammonia was de- 
creased, as is desirable, because such compounds 
would supply food for bacteria. The bacteriological 
tests were very satisfactory, both before and after 
filtering. On the other hand, traces of nitrates were 
sometimes found in the filtered water, though the 
raw water had always been free of nitrate. is is 
undesirable, because the presence of nitrate favours 
plumbo-solvency. 

About this plumbo-solvency, which is accentuated 
in the title, the per does not say much. How 
lead is dissolved by water is not quite clear yet, 
though some of the best chemists have investigated 
the problem, and though quite recently a good deal 
of patient work has been done again on this sub- 
ject by Mr. Harri Heap, at Manchester in Pro- 
fessor Delépine’s —_— s 4 Messrs. J. F. 
Liv and A. W. ,* at Birmingham, and 
aa, “Laan ex +4 air jeoutthen, and 
forms a black sub-oxide. Pure distilled water does 
not dissolve lead ; but the water must also be free 
of chiefly of oxygen and carbon dioxide. 
Some chemists hold the oxygen in the water mainly 
responsible for its attacking lead. As to that, 
Professor Delépine’s tables give no information. 
The ‘‘oxgyen absorbed” concerns, as we stated 
already, the amount of oxidisable organic matter ; 
this amount did not appear to influence the plumbo- 
solvency. As regards mineral salts, some, notably 
the alkali carbonates and bicarbonates, act pro- 
tectively, because the lead becomes incrustated 
with a coating of insoluble basic lead carbonate. 
In the presence of free carbon dioxide, however, 
this lead carbonate is dissolved, the turbidity due 
to suspended lead carbonate disappears, the water 
becomes clear again, and the lead is said to be 
‘*eroded.” Alkali phosphates are still better pro- 
tectors ; the magnesium and calcium compounds 
rank with the alkali metals in this respect. Sul- 

hates, chlorides, and acetates tend to dissolve 
ead; nitrates, and especially ammonium nitrate, 
are decidedly bad ; allammonium salts are probably 
injurious, because they hydrolyse. 
exposed to air and moisture is transformed 
into oxyhydrate. This hydrate is very sparely 
soluble in pure water, more soluble probably in 
the presence of salts. The chemicals used for the 
chemical treatment, carbonate of lime or lime—we 
should remark that Mr. Dixon generally speaks of 
whiting, and Professor Delépine of lime, without 
— what they mean — and aluminium 
sulphate, are themselves not harmless. They both 
dissolve lead oxide ; hence an excess of either is 
to be avoided. How that is secured is not 
explained in the paper. The filtered water seemed 
in most cases to be slightly alkaline or neutral. In 
some special experiments the water was neutral to 
start with, and remained so, or turned slightly 
alkaline, after the addition of 0.40 grain per gallon 
(or 0.44 grain) each of lime or aluminium sulphate ; 
the plumbo-solvency was reduced from 0.15 to 0.05 
grain per gallon. In the ordinary practice at the 
works the plumbo-solvency was reduced from about 
0.7 to 0.07 or less, and in most cases entirely sup- 
pressed apparently. The average weight of lime used 
per gallon was at first 0.991 grain ; and of aluminium 
sulphate, 1.228 grain ; after January, 1913, these 
weights were reduced to 0.385 and 0.320 grain. 
The cost for chemicals per million gallons ranged 
up to January, 1913, from 2s. 5d. up to 8s. 3d., the 
average being 6s. 4d.; since January, 1913, the 
average has been reduced to 1s. 1ld. That would be 
avery lowcost. The total cost of treating a million 
ons of water had since January, 1913, averaged 
s.10d. But there are no comments on these figures, 
which are taken from the tables, and chemists, in 
particular, would welcome further information. 





THE WANING SUPPLY OF 
PETROLEUM. 

Seernc that every year a continually greater 
supply of petroleum is placed upon the market, it 
seems absurd to talk of thedeclining supply of a 
commodity so much in demand. But this increased 
output is secured only by sinking more wells, 
and boring to a ter depth, showing that the 
surface supply is Conates exhausted, and forcing 
upon us the unpleasant conclusion that the world’s 
reserves of oil are liable to thorough depletion 


* See ENGINEERING, October 14, 1913, page 485. 








within a measurable period. By way of warning 
or caution, it is only necessary to point out that in 
the early days of the industry the average depth 
of the wells was only 150 ft. In ten years the 
depth had inereased to 400 ft. At the innii 
of this century the wells touched 1100 ft., aa 
to-day the average level of the oil may be placed 
at 2000ft. This rate of sinking is ominously rapid, 
and the world may have to contemplate the advent 
of a time when the cost of procuring this con- 
venient motor fuel will have me so great as 
to be absolutely prohibitive. On these grounds, 
and some others which might ,be mentioned, 
the competition with coal, which has been 
urged from interested motives, as a source of 
thermal energy, is not likely to become alarming or 
even serious. Although America, by reckless 
expenditure of her resources, has increased her 
annual output to 200 million barrels, the demand 
for oil for special purposes has become so great 
that the rise in price is considerable. So great, 
indeed, is this rise that competition with coal for 
ordinary purposes has already become impossible. 
Yet the entire  pmone of petroleum from all 
sources is only about one-fifth of the coal produced 
in England alone, and already schemes are on foot 
for obtaining a motor fuel from other sources. In 
the United States the question of the future supply 
of petroleum has recently been the subject of an 
interesting report* by Mr. L. G. Huntley, which 
well deserves attention. 

Whence comes this petroleum which has meta- 
morphosed some of our industries? If we could 
answer this question with certainty, we should not 
only satisfy our curiosity, but could better determine 
how long the stores would last. But no theory 
gives complete satisfaction, and probably very 
various agents operated in its production in 
different parts of the world. One expert scientist 
will attach importance to the similarity of hydro- 
carbon emanations in petroleum and _ volcanic 
igneous rocks, and contend that the oils cannot 
be due to organic remains. Another will assume 
the action of steam at a high temperature on 
metallic carbides, and conclude that the mineral 
oils and hydrocarbon gases have penetrated to the 
strata in which they are found. Some chemists, to 
prove this theory, have prepared crude oils syn- 
thetically, which is very interesting, but they have 
never found the vast quantities of carbides neces- 
sary for this chemical combination. Fossil fish 
found in shales adjacent to oil-fields have suggested 
& marine origin, in which algze and foraminifera play 
a principal part, while there is also evidence to 
show that petroleum is produced by a metamor- 
phosis from the accumulated débris of land vegeta- 
tion, which has become buried by sedimentation, 
and undergone a transformation analogous to, 
though differing from, that which has given rise to 
our coal measures. 

Greater uniformity of opinion exists concerning 
the part played by particular geological formations, 
known as synclines and anticlines, in limiting the 
position of underground oil reservoirs. ese 
words are prominent in the oil engineer's creed, 
and determine the general plan for drilling and 
working a proved oil-field. But too strict an ad- 
herence to the thought they convey may prove 
misleading. The main idea is that the approxi- 
mately horizontal layers, in which the materials 
destined to a our petroleum accumulated, 
have been folded and distorted into an undulating 
surface of very uneven character. The trough is 
known as the syncline, and in this lower depth 
the heavy brine that is so frequently found 
adjacent to the petroliferous area, has sunk, and 
by its pressure forced the petroleum and natural 
on into the anticline, or summit of the crest. 

e anticlinal theory has found such general 
favour that prospecting has been almost entirel 
confined to those geological conditions in whic 
this feature has been recognised. There are, how- 
ever, notable instances in which the oil-bearing 
beds are nearly horizontal. In such cases, folding 
cannot he regarded as the main agency in deter- 
mining the distribution of the oil. here these 
conditions obtain, as in some of the oil-fields of 
Pennsylvania, the oil collects in ls, due to the 
pressure of descending water slowly percolating 
through the less permeable beds. The oil is thus 
forced downwards into the most porous beds, 





* “* Possible Causes of the Decline of Oil-Wells, and 
Suggested Methods of Prolonging Yield.” By L. G. 
Hountizr. Washington: Government Printing Office. 
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where the movement of water due to capillary 
attraction is least powerful. In other cases, accord- 
ing to the nature and position of the oil-bearing 
horizons, the oil will rise in intermittent flows like 
a geyser, and the periodical ascents are probably 
due to the same causes as the geyser eruptions. 

A knowledge of the differences of deposition and 
subterranean collection is necessary to determine 
the proper method of extraction. Disregard of the 
factors that influence the flow, or mistaken notions 
of the mechanism at work, have led to serious 
errors and not a little wasteful expenditure. The 
idea was held at one time that oil would ‘‘ come 
back” to a district that was believed to be entirely 
exhausted, giving rise to the impression that oil 
was being continually formed in underground re- 
servoirs, and that exhaustion was impossible. 
The fallacy was not discovered till much capital 
was expended in chasing this will-o’-the-wisp. Some 
of the mistaken notions, entertained by the public at 
least, may be traced to the spectacular display that 
frequently accompanies a successful boring. The 
initial and violent discharge of oil and sand has given 
undue prominence to the ejective force of the con- 
fined gases, when released from pressure. The 
free-flowing period of a well is usually of short 
duration, but naturally varies according to the local 
conditions, depending on the porosity and character 
of the sand, the character of the oil, the rock pres- 
sure, &c. When it ceases, recourse has to be had to 
pumping, and it may even be in wells where loose 
sand is present in large quantities, bailing is the 
only efficient means of procuring the oil. 

The general principle followed in oil-pumping 
has been not inaptly compared to that operating in 
a beer-engine in a public-house, though in practice 
endless modifications have to be applied. ‘The 
barrel is placed in the cellar and a bar-pump in- 
serted ; at first-the liquid flows freely through the 
tube without using the pump, but presently the 

weakens and the pump is called into requisition, 
and finally the gas pressure in the barrel becomes 
so weak that a vent-hole must be made to admit 
atmospheric pressure before the barrel can be com- 
pletely emptied even by a cr Unfortunately 
it is not equally easy to tell when the oil reservoir 
is exhausted, or at what period of its life methods 
of pumping may be advantageously varied. The 
number of variables on which decision rests is large, 
and the collected data untrustworthy and difticult 
of interpretation. Natural causes, difficult of 
detection, are no doubt responsible for much that 
is untoward, but injudicious management is apt to 
ascribe its errors and losses to the inevitable, with- 
out looking too closely to the evidence. Fiscal 
regulations and vested interests have provided 
additional complications. Mr. Huntley, looking at 
the problem mainly from an American point of 
view, sees much that is wrong and much that might 
be improved. Some of his suggestions would not 
apply to other localities, but his instructive survey 
will receive much attention, for the petroleum 
industry is large, and not a little anxiety is felt 
regarding its future development. 

Attacking the physical causes ; he considers first 
how the petroleum will be affected by the relief of 
pressure due to expansion and volatilisation of the 
lighter hydrocarbons, and he concludes that the 
consequent lowering of temperature will chill the 
liquid petroleum to such a degree that the heaviest 
paraffin will be precipitated as an amorphous waxy 
sediment. Laboratory experiments confirm this 
supposition, and indicate such a change of compo- 
sition in the oil in the rock that this sediment 
together with the water and rock fragments would 
clog the pores in the sand and obstruct the passage 
of the oil. Decline of output or absolute failure 
may result from this cause, while the territoryjis 
still unexhausted. The diminished gas pressure 
does not operate only through a temperature re- 
duction. The escape of gas can act mechanically 
by permitting the encroachment of water hitherto 
held. in check by the pressure it exerted. The gas 
is useful on two grounds, and should be retained 
both to perform its work in expelling the petro- 
leum, and to prevent the well being injuriously 
flooded by water. There are plenty of known in- 
stances in which wells have been so injudiciously 
treated that they have been prematurely flooded as 
the gas pressure has been withdrawn. 

Water, however, must not be regarded as an 
unmixed evil. Intelligently treated, water can be 
of great assistance in extracting the oil. It must 
be remembered that petroleum cannot be drawn 
from a reservoir without something takes its place, 





either natural gas, or water, or air. The flooding 
of an oil district is generally regarded as a calamity, 
yet it has been questioned whether a larger amount 
of oil cannot be drawn from the rocks after such 
flooding than before. Attempts have been made 
purposely to flood an oil-bearing formation, so as 
to concentrate the oil in a particular locality and 
facilitate the recovery of the maximum possible. 
If the practice has not been so successful as it 
deserved, the failure is not to be attributed to 
defective theory, but to want of exact knowledge 


Fig l. EFFECTS OF FLOOD WATER & ARRANGEMENT 
OF WELLS DRILLED TOUTILIZE FLOOD-WATER PRESSURE. 
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Fig.2. EFFECT OF MOVEMENT OF O/L & EXHAUSTION 


OF OIL SAND ON YIELD OF WELLS. 
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of the underground conditions preventing intelli- 
gent prediction of the movement of the oil. Where, 
however, information is precise, the judicious 
handling of water can be of great service in 
manipulating certain oil-fields, as Mr. Huntley 
shows. It is possible in some localities to utilise 
the influx of the waters from the spring freshets, 
to drive the oil ahead of the flow and assist its 
collection. In Fig. 1, water has access through 
the deep disused well-borings at the points 1 
and 2, driving the oil to a higher level, so that 
wells located at strategic points, as A’ and 
later at B, can be successfully worked. A body of 
water under moderate pressure will tend to push 
the oil towards the <a as these become reduced, 
and the general effect will be that the least pos- 
sible amount of oil is left behind in the formation 
when the pool is finally abandoned. If the oil is 





situated at the crest, as shown in the lower part 
of the di m, the supply may be increased by 
drilling wells at higher points, as at B or O, from 
which oil will be successively pumped as the in- 
coming water changes the relative position of the 
oil body. Some such boring in the higher ground 
would appear to be a necessity, as on the assump- 
tion that the oil-rock is an air and fluid-tight reser- 
voir, a medium for replacing the oil would have to 
be furnished from an outside source. Fig. 2 is also 
an instructive diagram, showing the effect of gravity 
in reducing the life of wells in water- bearing strata, 
and illustrating the necessity for care in selectin 

the position of wells. The diagram represents oi 

occurring on a monoclinal dip above a water-satu- 
rated zone in the sand. As the oil is gradually 
removed by pumping, the oil-body shrinks, and 
appears to move down the slope (the water here 
supposed to be non-encroaching), lowering the upper 
level of the oil. The well A will fail first, and 
produce some little gas, to be followed later by the 
cessation of flow in B. The well, as at ©, will be 
pumping more water with the oil than the others. 
A very slight gain of water in O, as pressure is 
relieved, will result in entire flooding, leaving the 
a D the only producing well of the 
pool. hen wells are in various azimuths, and 
the slope is by no means regular, it is not easy to 
trace the contour of the oil-bed from the amount 
and quality of the flow, even when aided by in- 
formation supplied from the drillers’ logs. 

Mr. Huntley has many warnings to give concern- 
ing salt-water, which is so frequently associated 
with oil-wells. This may be either beneficial or 
oe Under high pressure it may have the 
effect of driving the oil into kets or into the 
roof of a porous formation. This is shown diagram- 
matically in Fig. 3. In such cases some of the oil 
may be recovered, or, again, it is possible for the 
well to tap both oil and water. If the water is in 
greater quantity than the oil, it will often flood the 
well entirely, and the oil be lost beyond recovery. 
Such points, as many others of grave practical 
import, cannot be overlooked if greater efficiency 
in working is to be secured, and a longer period 
for economic production sustained. If these ends 
are to be promoted, greater attention must be 
fixed on the intelligent management of the whole 
mechanical details connected with the output. At 
the surface, ingenuity is exhausted in adopting every 
device that curtails labour and advances efficiency, 
but the underground conditions being more difficult 
to examine and supervise do not appeal to the engi- 
neer with the same force. Neglected casings and 
the ineffectual cleaning of wells are both fruitful 
sources of trouble and diminished supply. Gas is 
allowed to escape too freely and its motive power is 
lost. Reckless pumping also gives bad results. The 
well is pumped too fast and too frequently to ensure 
the greatest productive power. Especially is this 
defect likely to occur under the system of short- 
term leases, since every operator tries to extract the 
maximum amount of oil before his lease expires. In 
the methods of drilling and of the conditions that 
determine the correct spacing of wells there is still 
much need for infurmation, but unfortunately many 
of the rules that are known and have been tested 
by experience are disregarded in practice. Dissatis- 
faction with existing methods and acute apprecia- 
tion of the necessity for increased effort to keep up 
the yield have induced the United States Bureau 
of Mines to issue this warning, and to suggest 
improved methods of working. That greater pre- 


| cautions will be necessary in the future than in the 


past may be admitted. Without entertaining too 
pessimistic a view of the industry, we cannot but 
regard as a happy augury that the authorities are 
alive to the extent ot the drain made on the stores 
of oil, and of the necessity of husbanding the 
resources of the future. It is with satisfaction 
that we notice Mr. Huntley’s statement ‘‘ that 
many producers and operators are improving their 
methods asa result of experience, realising that the 

roblems in new fields or new pools cannot be 

andled by rule-of-thumb methods. Such methods 
cannot be applied to conditions in new fields and to 
drilling and operating under unforeseen difficulties.” 








Tue Roya Sanitary Institvre.—The fifty-seventh 
course of lectures and demonstrations for ey ee 
will take place from Monday, February 2, to Monday, 
April 20, at the Royal Sanitary Institute and Parke’s 

useum. Full particulars and forms of “me can 
be obtained at the offices of the Institute, 90, Bucking- 
ham Palace-road, London, 8.W. 
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NOTES. 
INTERNATIONAL STeAM-FERRIES. 

Tue constantly-increasing traftic on the existing 
North European steam-ferry lines naturally en- 
courages further extensions, not only of the old 
routes, but also in the way of new ones. It is 
more especially Sweden which is to the fore in this 
connection, and amongst the plans likely to be first 
realised are steam-ferry services between that 
country and Finland and Russia. For both these 

lans Kapellskir has been chosen as the most 
avourable terminus on the Swedish side, and the 
Legislature is expected to provide for a State rail- 
way to that point. The distance from Kapellskir 
to the north-western corner of Estland, for in- 
stance, to a place some 55 km. distant from 
the Kegel station, on the Baltisch Post Railway, 
is shorter than another suggested line—Nynis- 
Windau. The projected Swedish-Finnish steam- 
ferry connection will probably be first taken in 
hand ; it will, in any case, necessitate fairly exten- 
sive railway improvements and construction in 
Finland ; but an outlay of some 30,000,000 marks 
(Finns) is said to be sufficient to meet the require- 
ments of the case, with a speed of 90 km. per 
hour. Various railway projects are being discussed 
in Finland, amongst them plans for shortening the 
Abo-St. Petersburg line, a more direct line between 
Abo and Helsingfors, a new Helsingfors main line, 
&c. The most natural developments, it seems, 
are a direct Salo-Esbe line, which will reduce the 
Abo-Helsingsfors connection by some 40 km , and 
a new railway to Riihimiki, which will shorten 
the railway connection between Abo and St. 
Petersburg by some 44 km. There can be no 
doubt that the proposed new steam-ferry line will 
prove a great advantage to the transit to the 
west of both Finnish and Russian goods, the more 
so as daily steamer service between Gothenbu 
and an English port is under contemplation, an 
likely to receive State subvention, if not actually 
to be started in connection with the State railways. 
In this connection Immingham has been singled 
out as the English port possessing the most advan- 
tageous position. The latest phase is a proposal to 
introduce large steam-ferries (some 13,000 tons), 
with two decks, rails, and —_— of accommodating 
about 150 goods wagons. is latter scheme opens 
up some interesting features, but it has not yet 
been thoroughly worked out. 


Rartway Progress 1n Raopesta. 


Very considerable additions to the mileage of 
Rhodesian railways are now in hand. The Blink- 
water Railway ey | are constructing 70} miles 
of new railway from Gwelo and Umvuma, their 

resent terminus, to Victoria, the site of the 
amous Zimbabwe ruins, a distance of 70} miles. 
The new line will serve the Athens Mine, and 
stations will be provided at Fairfield Siding, Shasha 
River, Makorories, Zimutu, and Victoria. The 
distance of Victoria by rail from Beira will be 
690 miles. Some 50 miles of the earthworks for 
the extension have already been completed, and 
20 miles of the platelaying. The work is being 
done mainly by native labour, 600 natives being 
employed and 45 whites. Another extension in 

rogress is that of the Mazoe branch line, from 

azoe to Shamva station, Mazoe is 38 miles from 
Salisbury, and Salisbury is 385 miles by rail from 
Beira. The new line runs via Rockwood and 
Kimberley, and — the past year some 50 miles 
were completed. e@ Mashona Railway Com- 
pany is enlarging ite i from 2 ft. to the 
South African standard of 3 ft. 6 in., and is 
strengthening its bridges to fit them to carry 
through traffic. Of these widening works, the 
section from Mount Hampden to Banket Junction, 
on the Lomagunda-Ayrshire iine, a distance of 
54} miles, was opened to traffic last November, and 
the earthworks have been completed for another 
11 miles beyond Banket to Eldorado, but the steel 
work on this section for the bridges over the 
Umsengi and Dondo rivers is not yet in place. 
The earthworks are also finished on the E!dorado 
extension to Sinoia, a length of 5 miles. The 
masonry for the bridge over the Hunyani River, 
which will consist of four 100-ft. spans, is 
ready for the steel work. The work is being carried 
out by 311 natives and 11 whites. Eldorado is 
78} miles from Salisbury. The lines are being laid 
with flat-bottomed rails, weighing 60 lb. per 
yard, fixed with keys to steel sleepers, weighing 
70 lb. each, and spaced at the rate of 2080 to the 





mile. ‘The bridges are being built to a new 
heavy standard, capable of carrying increased 
rolling loads. The lines are completely equip 
with telegraphs and phonop‘ore telephones. The 
contractors for the work are Messrs. Pauling and 
Co., whilst Messrs. Sir Douglas Fox and Partners 
and Sir Charles Metcalfe, Bart., are supervising 
the work on behalf of the railway companies. New 
rolling-stock for the Mashonaland Company is being 
built by the Metropolitan Railway iage and 
Finance Company, of Birmingham. This comprises 
6 first-class and 6 second-class bogie corridor 
saloons, fitted with sleeping accommodation and 
lighted electrically, and 100 high-sided steel wagons 
of 70,000 Ib. capacity each. 


THe ENGINEERING EQUIPMENT AT THE 
University or Hone-Kona. 


The interior of China, with its millions of in- 
habitants and enormous undeveloped resources, is 
still almost virgin to the art of the engineer. Very 
great changes in this regard may be expected in the 
early future, and it is gratifying to note that this is 
recognised by our manufacturers, who, from reports 
just received, appear to have responded most 
generously to the plea for assistance made to them 
by Professor C. A. M. Smith, head of the engi- 
neering department of Hong-Kong University. » 
his last report to the Council of the University he 
gives the names of the firms which have presented 
plant to the laboratory, and the list is along one, 
and also states iculars of the different benefac- 
tions made. In individual instances this has, in 
value, exceeded 5001., or its equivalent in machi- 
nery, the te of the whole being well over 
12,0001. Professor Smith states that he found 
that the only people ready to give tangible assist- 
ance to the University were our manufacturers, 
and that to this they were impelled by four-fold 
reasons, amongst which, humanitarian motives 
held, he found, a prominent place. In China, 
where the victims of flood and famine are numbered 
by millions, the engineer can do as much to pre- 
serve life as to increase its amenities. The engi- 
neer has, moreover, borne the leading part in the 
steady diminution of cruelty, which has been so note- 
worthy a feature in what some short-sighted seers 
dub our ‘‘ materialistic civilisation.” If travellers’ 
tales be true, China is still as cruel as Medieval 
Europe, and few will question that the opening up 
of the country by the engineer will effect a 
rapid revolution in this regard. A second motive 
which actuated our manufacturers was, Professor 
Smith states, the fact that Hong-Kong was a 
British Colony, and there was thus reasonable 
certainty that the administration of the University 
would be neither corrupt nor lacking in vigour. The 
final motives were the maintenance of British 
prestige in the East, and the fair presumption that 
our tern trade would benefit. In fact, the 
plant presented should be a useful and permanent 
advertisement, and Professor Smith has arranged 
that it shall be open to inspection by presumptive 
customers of the donors. Professor Smith has not 
aimed at an equipment of large machines, holding 
the view that smaller types are equally satisfactory 
from an educational standpoint, and more con- 
veniently housed and utilised. A large variety of 
machines is obviously also desirable, in view of the 
manifold needs of the neighbouring continent. At 
the present time, he adds, there are more students 
in the engineering faculty than in all the others put 


together. 
Winp Gusts AND AERONAUTICS. 


Practical aviators have long recognised that the 
difficulty of successful flight would be materially 
lessened could the aviator rely upon finding the 
fluid he traverses, either at rest or in that state of 
equable motion so dear to the mathematician, who 
imagines he can settle all questions of stability by 
computations from a few a priori considerations. 
Had this been true, the large death roll which 
weighs so heavily in the price man is paying for 
the conquest of the air would have been most 
notably diminished. Our knowledge of the struc- 
ture of the atmosphere is being steadily increased, 
but is still very far from complete. An interesting 
discourse on the present status of this department 
of research, in so far as it affects the aviator, was 
delivered by Dr. W. N. Shaw, F.R.S., of the 
Meteorological Office, at a joint meeting of the 
Royal yey Socie xf and the Aeronautical 
Society of Great Britain, held in the Royal United 
Service Institution on Wednesday last. Dr. Shaw 





stated that atmospheric turbulence might arise in 
two ways. The most obvious cause was the pas- 
sage of air round or over obstacles. Thus, at 
Gibraltar, there was a permanent cliff eddy, due to 
a sheet of wind passing up the face of the cliff 
at a sharp angle. The fluctuations of the air 
velocity here were the most extensive yet noted. 
Wind passing over the sea, which presented a 
relatively smooth surface, was less gusty than that 
passing over land. It had been found, moreover, 
that the gustiness of air, as measured by the 
ratio of the range of velocity to the mean velo- 
city, diminished as the height increased; that 
was to say, as the distance from the turbulence- 
producing surface augmented. The eddy motion 
of air thus generated was, he continued, very 
complicated, and could not be represented by com- 
plete vortex rings. Vortex motion was stable 
only if the ends of the vortex either closed on each 
other or on a solid boundary. Experience with 
water showed, however, that incomplete vortices 
did not immediately disappear, the tendency 
of the core to fill in being temporarily 
checked by the creation of a gravitational 
pressure difference at the core ends. Similarly 
observations at the National Physical Laboratory 
had shown that the passage of a steady air-current 
round an obstacle gave rise to a number of nearly 
complete vortices, which were sufficiently per- 
sistent for their shape to be recognised, although 
they rapidly disintegrated. Thus out of steady 
motion and an obstacle a sort of pulsating or gusty 
motion was derived. Material obstacles were, he 
continued, not the only cause of turbulent motion. 
The tropical revolving storms, which had arcs of 
100 miles in diameter, and lasted days ; the tor- 
nados of the North American plains, which were 
} mile wide and lasted some hours ; and the common 
dust-devils and water-spouts, lasting a few minutes, 
could not be attributed to the flow of a steady 
current round obstacles, and in the present state 
of our knowledge it was impossible-to account for 
their relatively long continuance, in spite of the 
many factors tending to destroy the low pressure 
at the core. In certain cases temperature differ- 
ences between neighbouring columns of air were, 
he said, an adequate cause of turbulent motion. 
In the first instance, such differences produced con- 
vection currents, and the flow of these currents 
next generated the turbulence, and ‘‘ convective ” 
weather was accordingly likely to be turbulent 
weather for the airman. 





THE EDUCATION OF THE GERMAN 
ARTISAN. 
By H. S. Rowe t. 


Hieuer technical education has been greatly 
boomed of recent years, and much has been written 
about it. Real and imagined evils in our industrial 
system have been ascribed to defective higher 
education, and there are many who believe that 
improved univer-ities and technical colleges will 
bring, as the morning the day, a more satisfactory 
condition of things. But recent events are casting 
their shadows before, and it is increasingly evident 
that the training of captains of industry is not 
enough; the ranks demand careful attention if 
industrial progress is to be economical, peaceful, 
and real. In modern Germany we have a country, 
economically and industrially young and possessed 
of great though perhaps superficial vigour and 
enthusiasm, whose industrial progress and develop- 
ment have been rapid and comparatively peaceful. 
That is one reason why the subject of the present 
article is interesting and important. 

Approaching the matter from the historical point 
of view, which answers well for most subjects, we 
find many differences from and resemblances to 
our English systems. In the early centuries of 
the Christian era the chief and almost only educa- 
tional institution was the catechumenate or pre- 
paration for confirmation and reception into the 
Church. In the Middle Ages cloister schools were 
founded and courses of a more secular nature organ- 
ised, usually preparing the students for some office 
or duty, and not imparting education solely for its 
own sake. The early sixteenth century and the 
Reformation saw a renewal of popular religious 
instruction and much Sunday teaching of Luther's 
catechism, even in remote country districts. More 
— times brought the development of the 

ndicrafts and guilds, and before long the trades- 
men of the towns had felt the insufficiency of monkish 
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tuition and Latin. The arts of calculation and of 
commerce were becoming more and more necessary, 
so that many private schools for the three R’s 
sprang up, always, however, under the authority 
and supervision of the Church. A further stage 
in development is marked by the growing appre- 
ciation of the evils of ignorance and of the value of 
education in itself. Wurtemberg led the way about 
1695 with the formation of public schools, held, 
for obvious economic reasons, on Sundays. By 
1740 these schools had come to be regarded as a 
necessary continuation system, extending for males 
and females from confirmation to marriage, and, 
in some instances, attendance could be enforced 
by fines and other punishments. Baden intro- 
duced Sunday schools in 1760, and a Bavarian law 
of 1771 compelled employers to send their appren- 
tices to Sunday schools for the three R’s. In 
1716, Frederick William I. of Prussia sought to 
compel adults to attend Sunday classes; while 
both he and Frederick the Great insisted on attend- 
ance by the unmarried of both sexes. Attendance 
in such schools was difficult to maintain ; good 
at the beginning of the session it might be, but 
it quickly fell off. Thus methods of compulsion 
became still more prevalent, until in 1803 we find 
great rigour in the regulations; everyone was 
compelled to attend regularly up to the eighteenth 
birthday, and only after receiving a certificate of 
satisfactory attendance, character and work, was 
one allowed to marry, to take up business, or be a 
journeyman. The results of such methods could 
not be satisfactory. Thus, private individuals 
endowed schools which did excellent work chiefly 
in teaching drawing ; a subject held in deservedly 
high esteem by the Germans to-day. The nine- 
teenth century saw the death of the Guilds and 
their oftentimes tyrannous authority. Corpora- 
tions or companies arose instead, but with much 
less civil powers. The masters of the Guilds had 
had considerable disciplinary control over the 
apprentices, and wielded it with effect. That taken 
away, a substitute was needed, and the schools were 
requisitioned to the réle of conduct-improvers, 
a position they seem unlikely to relinquish. As 
formers of character and conduct, home life and the 
Church play a greater part in England than in 
Germany, but of the schools the reverse holds 
true. About 1870 powers were given to local 
authorities to make attendance in ccntinuation 
schools compulsory, and a few years later came 
laws to enforce the equipment of continuation 
schools in every district. In 1900 a law extending 
through all the States of the Empire compelled 
employers to allow all employees under eighteen 
years of age time to attend schools. That law still 
holds, and as we shall see presently, not merely 
for evening classes, but also for courses of instruc- 
tion taking up whole days in the week. 

Thus we see in brief the chief milestones in the 
development of Germany’s artisan education. To 
see the system as it exists to-day we cannot do 
better than follow the life of the artisan himself. 
This in the early years is very like that of his 
English brother, in fact English and German 
elementary schools are remarkably equal in scope 
and work. In point of management and adminis- 
tration the English elementary schools are prob- 
ably the better, for it happens by no means too 
seldom in the country districts of some German 
provinces that the schools are closed for want of 
fuel in the winter, or in the summer time because 
of scarcity of hands in the harvest fields. National 
differences, of course, show themselves in many 
directions, particularly in such matters as open-air 
part singing during nature-study excursions to the 
woods and fields. The mutual relations of pupil 
and teacher are also very different from those 
observable in England. But even among the 
German States themselves there exist wide varia- 
tions of curriculum and method—the results of 
historical, religious, and political causes. To dis- 
cuss artisan education in all its variations over 
Germany would be neither pleasant nor profitable ; 
by examining it at its best we might reasonably 
hope to provide the best lessons for our own use 
and instruction. Thus we take Berlin, probably 
the greatest manufacturing city in Europe, and 
examine the education of the artisan there. 

Leaving the elementary school at the age of 
fourteen the future artisan is met by many regula- 
tions. One of these enjoins that every male worker 
employed within the boundaries of Berlin must, as 
soon as he has passed through the elementary 
school, attend regularly the municipal continuation 





schools until the end of the school half-year in 
which his seventeenth birthday occurs, This in- 
cludes every kind of worker, industrial and com- 
mercial, with one or two exceptions; it embraces 
the skilled workman and what we call in England 
the labourer or helper, as well as clerks, shop- 
keepers, and the like. It applies, moreover, with 
equal force to those periods when the youth is 
unemployed, such as the transition from school to 
work, or the interval between leaving one post and 
taking up another. The essential object of such a 
measure has been already hinted, later it will be 
emphasised, and, from certain points of view, 
recommended. In these municipal continuation 
schools there is a great diversity in the careers 
to which the scholars look forward, and, as a 
matter of common-sense, the curricula are modified 
accordingly. The subjects taught are German, 
calculation, and drawing, each being adapted to 
the class of pupil, so that while the engineering 
section are taught mensuration and geometrical 
drawing, the commercial branch study percentages 
and try to acquire facility in business correspond- 
ence. The hours of instruction are limited to a 
maximum of 300 per annum and a minimum of 
200 per annum, and no fee is charged for the 
instruction. The pupil must attend clean and 
decently clad, and the employer must not only 
allow him to leave his work sufficiently early to per- 
mit of his washing and changing, but must also pro- 
vide the necessary books and instruments prescribed 
by the school authorities. A clause in the Statute 
provides for the exemption of those who can prove 
themselves sufficiently well educated, or who are 
attending an approved course of instruction in some 
of the voluntary technical schools or in the schools 
organised by what we might call the city companies. 
These latter schools are very interesting, and, in 
many cases, very good. There is a school for 
plumbers, for joiners, for cabinet-makers, black- 
smiths, eaddlers, goldsmiths, butchers, and, in fact, 
for every conceivable trade, including, be it noted, 
chimney-sweeps. These schools are under the 
immediate direction of the respective corporation 
or company, so that the needs of each trade are 
well considered, much better in fact than could 
be possible in the municipal continuation schools. 
The courses are framed in accordance with the 
modern German fetish of specialisation, which, 
imported from America with all the thorough 
conviction of which a scientific mind is capable, 
is often inordinately adored. 

In the plumbers’ school there are four classes, in 
the first of which mensuration and bookkeeping are 
taught, always with a view to the needs of the 
trade. Then follow those parts of practical geo- 
metry which are n in sheet metal work, 
chiefly interpenetrations and developments. Much 
time is devoted to the design of ornamental lead 
and zinc work, and some really excellent drawings 
are produced. It may be that too much time is 
spent in colouring and shading the drawings, but it 
is not altogether time wasted ; the student takes a 
greater interest and pains when encouraged to 

roduce a nice drawing, and it is possible some 
ittle artistic culture results. The instruction in 
the lowest class is from the blackboard, and pupils 
are called out to it to solve problems before their 
fellows. In the more advanced classes, the work is 
almost entirely at the drawing board, and each 
student goes his own pace, each with a different 
roblem ; the instruction is individual, not by 
ecture. In addition to these classes, which almost 
invariably take up the Sunday forenoons, one or 
two evenings are devoted to practical work. The 
workshops are excellently equipped with machines 
and teachers, and good opportunities are provided 
to the apprentice for widening the field of his 
experience beyond the often narrow routine of 
his master’s practice. 

In view of some recent difficulties in England it 
is well to examine the main conditions under which 
the German youths work. All apprentices are 
‘*bound,” usually at fourteen years of age and 
always fur a period of four years. Formerly the 
apprentice ‘‘lived in” with his master ; nowadays 
he usually lives at home and receives a food allow- 
ance or Kostgeld, ranging, as a rule, from 4s. to 8s. 
per week during the four years. The hours of 
work are between nine and ten hours per day during 
six full days of the week. At the end of his 
apprenticeship he must come up for an examination 
in the theory and practice of his trade, and he 
must submit a specimen of his work which is called 
the Gesellenstiick. Passing this examination he 





is certified a Gexelle or journeyman. Now begins 
his Wanderjihre, during which he earns from 
7d. to 94d. per hour. After a few years of experi- 
ence, coupled, as a rule, with further study, he may 
attempt the Méister examination which, as before, 
is theoretical and practical. Here he must submit 
a specimen of his hand work, his Meisterstiick or 
master’s piece (not the French chef d'euvre or the 
English masterpiece) which is generally of a re- 
markably high standard. Given success, ho is 
accredited Meister or master plumber, though he 
is not allowed to use the title before he is twenty- 
four. Then he embarks in business for himself 
or in the direction of work for someone else. 

The other craft schools are conducted on lines 
somewhat similar to those of the plumbers ; excep- 
tions occur here and there as a result of e 
needs or of the personality of those in authority. 
The smiths, for example, more than half of whose 
apprentices ‘‘live in” on the old system, follow 
methods slightly different, though the tuition is 
individual and specialisation carried quite as far. 
To them elaborate instruction is given in the con- 
duct of business affairs, and this is not altogether 
superfluous in a country where rules and regu- 
lations constitute a large proportion of the com- 
plexities of life. The student is taught how to 
send a postal order or parcel, to write a letter, to 
make out an invoice, or to inform the police of 
certain matters essential to existence in oe 
The course is based ona compendious text-book, 
which contains almost all a smith ought to know, 
and, in fact, a great deal that any man ought 
to know without being told. In its pages the 
juvenile smith is presented with several ethical 
and hygienic admonitions. He is told to be careful 
in dealing with fire and light. He is recommended 
not to wash his face in cold water immediately 
after work at the hearth; and he is exhorted to 
keep his ears clean. And this is but a small 
sample. As to the school for chimney-sweéps— 
German, arithmetic, and drawing are taught ; and 
for the technicalities of the business a journey- 
man’s class is held one hour per week of an 
evening. But it is a matter for remark that few 
people, even in Berlin, can hear the sweeps’ 
school mentioned without revealing a smiling 
amusement. There can be little doubt that the 
need here is over-catered for, and the desire for 
instruction, which in the inquisitive human race 
usually outpaces material necessity, seems to have 
been anticipated. This almost inevitably follows 
from the system of compulsory attendance, enforced, 
as it is, by fines or imprisonment. And a still more 
striking corollary is the poor spirit and discipline 
pr ‘vailing in the compulsory schools ; a vivid con- 
trast is seen in the voluntary schools of Berlin, and 
still more so in the evening classes of England and 
Scotland. 

Here we must recapitulate somewhat in order to 
make things clear. We have seen that the town 
provides a continuation school, free of charge to 
students, and every apprentice must attend this 
school or show grounds for exemption, such as 
adequate knowledge, or attendance at a school 
of equivalent standard. The courses at the munici- 
pal compulsory continuation school take up about 
six hours per week, and, as the classes are held 
during the day to avoid the evils of evening study, 
the pupil must be absent from his work in order to 
attend. This explains, perhaps, a good deal of the 
heterogeneity in the Berlin arrangements for artisan 
education ; heterogeneity forei 
and seldom met with there. 
why the various trade companies have established 
schools which are attended on Sunday mornings, 
and on one week day evening, thus obviating any 
necessity for absence from work on the part of the 
apprentice. Of course there is another and less 

nerable reason; the curriculum can be better 
adjusted to suit particular trade needs, and this 
may be one reason why Messrs. Ludwig Loewe and 
Co. have a school for apprentices in their own 
works, to which school we shall refer again later. 

In Berlin there is no corporation for fitters and 
turners; technical education for these trades is 
looked after by the educational committee of the 
city and the chamber of industry (Gewerbesaal). 
In the classes arranged by these bodies attendance 
by those over seventeen years of age is voluntary; 
thus the discipline and conduct are consequently 
good. A few younger students also attend, in 
order to exempt themselves from the compulsory 
school. Fees are charged. Classes on mathematics, 
machine design, strength of materials, &c., are 
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held during the week, and on Sunday mornings 
between 8.30 and 12.30 machine drawing and 
design is taught. The work done in these schools 
is really good, and employers have been well satis- 
fied in taking the better students into their drawing- 
offices as junior draughtsmen. The arrangement 
of class-work has much to commend it. In one 
class, for example, one may see three students 
together—a fitter and turner, a tool-maker, and a 
pattern-maker. The fitter will design some com- 
plicated bracket, and while the pattern- maker draws 
detailed plans of the patterns and moulds neces- 
sary, the tool-maker is devising jigs to machine it 
accurately. By this means interest is stimulated 
and a spirit of co-operation promoted. This, of 
course, refers to students of about twenty years 
of age, i.e., in Germany usually journeymen of 
about two years’ standing, and obviously could not 
be managed without the individual tuition system. 
Asa rule, the student writes a lengthy description 
of his design with the calculations involved and 
attaches it to the drawing. Often an order list is 
made out, as in actual works practice, so that the 
number of parts required may be rapidly and easily 
seen. This paragraph gives in brief the arrange- 
ments ordinarily intended for the fitter and turner. 
For the clever student who has gone through 
these courses, been apprenticed at least three 
years, who desires further instruction and can 
afford to pay 5/. per year in fees, a day technical 
school is provided, which will fit him for the work 
of the average drawing and designing office. 

In German technical education, high or low, one 
feature has assumed great prominence of recent 
years—the effort to emphasise the practical. The 
teachers are almost invariably practical men. In 
the classes for artisans they are usually draughts- 
men, patient and poorly paid, who are glad to add 
to their incomes by spare-time work. This they 
often overdo. Not seldom one meets a teacher 
who during six full days of the week is employed 
in a works drawing-office, and who is teaching five 
week nights and the entire Sunday forenoon. 
These men are employed as teachers because they 
are practical men. Practical men forsooth ; can a 
man be practical at that? He can certainly be dull 
and slow and narrow. It is true the pace is not so 
fast either for teacher or student as with us in 
England. The Sunday-morning class is cut in 
two by a half-hour interval, when the teachers re- 
fresh themselves with beer and rye bread; the 
students with rye bread. The rate of payment to 
teachers runs about 3s. per hour; in London, it 
should be observed, reasonably good teachers are 
rare at twice this rate. Poor payment leads to 

r work. Much of the teaching done at 3s. per 
our is worth a good deal less, and might be cut 
out altogether. Especially noticeable is this in 
subjects where the medium of instruction is, or 
should be, the lecture. Here may frequently be 
seen @ score or more of youths bending over copy- 
books, writing down with blind obedience algebraic 
symbols and complex geometrical constructions 
dictated to them by their well-meaning teacher 
with a face as earnest as that of a child at the 
breast. German methods of teaching are radically 
different from the English. ‘‘ Examples give a 
— impression than arguments” is a fact the 
yermans have learnt very slowly ; almost not at 
all. They love argument and prefer disquisitions. 
They are attracted by the so-called logical order, 
the logic of which is often more apparent than real. 
They give definitions of things which the greatest 
of human minds have pronounced indefinable, and 
which most children intuitively grasp. They em- 
ploy a —_ as crude and elementary as the eco- 
nomics of some Socialists, who fail or refuse to 
realise the human nature of humanity ; there are 
English teachers almost as bad. Machine drawin 
is regarded as an application of geometry, an 
taught as the sequel to a course on descriptive geo- 
metry, in serene oblivion of the fact that an ap- 
prentice-fitter attaches little importance to the 
sections of a cone, but can be keenly interested in 
the sections of a piston or of a cylinder. Spencer’s 
sequence of concrete to abstract is ignored and 
often inverted. There are many British workmen 
and foremen who can understand mechanical draw- 
ings perfectly well and have no philosophical grasp 
of projection ; the German is different, he must 
drudge through fundamentals. It is well to attend 
to correctness in the beginnings, but too much in- 
troductory teaching has other results than clear- 
ness ; it kills interest. Exact knowledge of funda- 
mentals is much more easily attained through 





revision than by provision. There is, however, 
one excellent feature in many of the German 
technical classes—the pains spent on freehand 
drawing. Students take working parts and make 
dimensioned freehand sketches, from which com- 
plete working drawings are to follow ; modifications 
and improvements of design are encouraged as in 
many English classes. 

It will be surprising to many and unpleasant to 
some to have read of the Sunday-morning classes 
in machine drawing. Yet there are many reasons 
urged in Berlin in favour of the arrangement. It 
gets the student out of bed on a Sunday morning 
and allows him to get earlier to bed during the 
week. Then there is the question of the student’s 
hands ; the smith, after a heavy day at the anvil, 
finds his fingers insensitive and shaky, others can- 
not get their hands clean enough for evening work ; 
the interval between Saturday evening and Sunday 
affords time for two washings. ee the 
American navvies’ custom of working with gloved 
hands might be recommended. Turning to the 
much - vexed question of home-work, we find 
German conditions very different from ours ; there 
is no home-work prescribed at all. The very dili- 
gent student may bring worked-out examples for 
correction to his teacher, but this is a private 
matter and rare. Examinations mean a different 
thing to the German and Englishman. Until re- 
pow elementary technical education in England 
was examination-ridden, and much cram resulted ; 
the future promises much better conditions. The 
German craftsman, whose work comes under the 
City Companies—e.y., instrument makers, plumbers, 
smiths, &c.—must pass the journeymen’s and the 
masters’ examination. Each involves a specimen 
of his own hand work and a fairly exhaustive 
viva-voce examination. Should the journeymen’s 
examination be exceptionally well passed, the can- 
didate may have his military service reduced from 
two or three years to one year, when he serves as a 
one-year volunteer under conditions less irksome 
physically, but much more severe financially. 
Such trades as fitters and turners have no examina- 
tions whatever. They may obtain a certificate of 
attendance and diligence, which is found to 
answer the same purpose. Worthy of note is the 
German awakening to the evil of overworking the 
youth. To be sure they have had many instructive 
examples, not the least unpleasant being the too 
frequent suicides among school-boys. In many 
schools the main acquisition of the scholar is 
misology and bad health ; there seems now much 
to hope for in the regulations against overwork and 
strain, and against the evils attendant on cram- 
ming for examinations. The brilliant-in-examina- 
tion good-for-nothing-useful sort of man, who is 
not uncommon, may a as much a pathological as 
a psychological phenomenon ; overwork and conse- 
quent debility may explain the failure of many a 
man who did well in examinations. 


It is surprising how little has been done to put | f 


the apprentice problem into definite form. Few 
employers seem to know how many apprentices 
they want or how many they ought to have. If 
thirty years be assumed as the average working life 
of a mechanic, and five years the average period of 
training uisite, then it would appear that the 
needs of ss could be met by having about 15 
per cent. apprentices. This, of course, is only a 
rough figure, and must be varied with the nature of 
the works. Some manufactures are unsuited to 
apprentice labour ; very accurate work, or repetition 
work produced in large quantities, is not the best 
= e, whereas the general engineer or engine- 

uilder can employ a large number of apprentices 
with profit to himself and good experience to the 

outh. In Germany there is a Committee for 

echnical School Matters (Deutscher Ausschuss fiir 
technisches Schulwesen), consisting largely of repre- 
sentatives from many of the engineering societies, 
which has considered very carefully the training of 
the young artisan. The committee have published 
some recommendations well worthy of notice. 
They advocate the indenture system and the aboli- 
tion of the premium, and suggest as an incentive to 
good conduct that part of the wages be put by 
till the end of the apprenticeship, to be forfeited 
in case of bad behaviour. The premium system as 
we know it, where 100/. per year may be paid, cer- 
tainly tends to make the pupil try to get something 
out of his work; but, on the other hand, it en- 
courages class feeling between the premium and 
ordinary apprentice, and hardly gives the former, 
who is later in all probability to be an employer, 





a correct idea of the working man’s point of view. 
The German Committee also recommend employers 
to avoid the narrow training of apprentices or the 
employment of them for unskilled labouring work. 
They suggest a special division in the works for 
apprentices in the early part of their ‘‘ time,” and 
urge the separation of apprentices and young 
labourers. Fatigue and overwork are to be 
avoided, and occasional excursions to other works 
arranged. These .excursions have already been 
tried in many parts of Germany and found 4 
marked success; some of the larger firms invite 
the pupils of the technical classes to kinemato- 
— demonstrations of workshop processes. 

eachers of technical subjects, according to the 
committee, must be men of practical experience, 
instructed in pedagogy, and they must be kept in 
touch with practice. Those who teach general 
subjects must also be acquainted with the needs of 
practice. Very true; but how to do it? Matters 
are not to be taught in schools which can be learnt 
in workshops, though the instruction must not be 
general and supplementary to the elementary 
school, but of a ro a nature bearing on th«special 
trade of the student ; note the premature speciali- 
sation. School committees should have local manu- 
facturers among their members, so that local needs 
may not be ignored. Two recommendations of the 
committee are projected with some emphasis: one, 
that fitters and turners should be examined on the 
same lines as the plumbers, smiths, &c.—i.e., sub- 
mitting an example of their work and answering a 
viva-voce examination. There can be no doubt this 
would help to raise the standard of hand work and 
knowledge among mechanics; under the present 
system—in England at any rate—the good work- 
man is confounded with the bad, and in large 
firms, as a matter of principle, no testimonials are 
given. The other recommendation advocates 
memory-drawing. This has already been carried 
out in several schools, so that results are obtain- 
able. Students are provided with some machine- 
part. They are allowed to look at it for about a 
quarter of an hour, after which they must go away 
and sketch the object from memory, inserting the 
dimensions as accurately as they can guess them ; 
one student has been known to sketch very complex 
objects, and have nine tenths of the dimensions 
correct. Such memory-drawing is probably a good 
mental training, and might be very useful to a man 
borrowing inventions, as the Japanese early recog- 
nised ; but teachers who have had experience affirm 
that cessation of practice leads invariably to the 
almost total disappearance of the facility. Like 
muscle, it needs exercise. 

(To be continued.) 








Tue Tuomas Hawxksiey Lecrure or THE INsTITU- 
TION OF M&kcHANICAL ENGINEERS. — The ‘‘Thomas 
Hawksley” lecture on ‘*‘ Water asa Mechanical A;ent,” 
by Mr. ward B. Ellington, Past-President, will be 
given by Mr. Ellington during the current month as 
ows: — Birmingham: Thursday, January 22, at 
7.30 p.m., in the Medical Theatre of the University, 
Edmund-street. Leeds: Wednesday, January 28, at 
7.30 p m., in the Philosophical Hall, Park Row (near both 
railway stations). Liverpool: Friday, January 30, at 
8 p.m., in the Engineering Theatre of the University 
(entrance in Brownlow Hill). 


Tue Copper Marxket.—In their monthly review, dated 
the 2nd inst., Messrs. James Lewis and Son state that 
from 667. 10s. for cash on the Ist ult. Standard copner 
receded to 63/. 13s. 9d. on the 19th, but recovered to 661. 
on the 29th, and fell again to 65/. 2s. 6d. on the 3lst—the 
closing value of the year 1913, ora fall of 11/. 10s. per ton 
as compared with that at the close of 1912—viz., 76/. 
12s. 6d. The backwardation on three months prompt of 
ll. 2s. 6d. had disappeared, and was replaced by a con- 
tango of 15s. per ton. On the 2nd inst. the closing quo- 
tations were 64/. 2s. 6d. cash and 64/. 15s. three months. 
The month’s sales amounted to about 32,000 tons. There 
had been considerable sales of electrolytic copper by 
American refiners at 144 cents to 14§ cents per Ib. for 
both home consumption and export, the nt quotation 
being 14] cents to 15 cents per lb., and 68/. 10s. per ton 
c.i.f. Exports from the United States for December 
were advised as 30,503 tons. The consumption of foreign 
copper in Europe, as shown by Messrs. Lewis’s statistics, 
during November amounted to 32,237 tons, against 37,872 
tons for October, and 42,621 tons for September, the total] 
increase for the 11 months being 11,446 tons—388, 152 tons 
against 376,706 tons in the same period last year. 
Imports into Germany from the United States for the 
eleven months ending November were returned as 
182,931 tons, against 166,307 tons in the same iod of 
1912, whereas the exports from the United States to 

y and Holland were given as 205,254 tons in 1913 
and 167,228 tons in 1912, showing an excess this year of 
22,323 tons, inst only 921 tons last year. Imports into 
England and y from Australia for the 11 months 
had been 35,341 tons, against 30,256 tons in 1912, 
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FOUNDRY PLANT AND MACHINERY. 
No. LXVI. 


By Joszrn Horner. 


Tue foundryman has had many staggering reve- 
lations during recent years. — in permanent 
moulds is one of them. It is developing in direc- 
tions that none could have anticipated. Among 
the earliest casti made were sash-weights, 
plough-points, and brake-shoes, simple articles 
which are not complicated seriously by the inser- 
tion of cores. Pipes, now made extensively, are 
more difficult. The first pipes cast in permanent 
moulds had sand cores like those used in ordinary 
sand-moulded pipes. These were superseded by 
cores of cast iron. Afterwards it was found that 
a hard casting or a soft casting could be produced 
in the same mould from the same metal, the result 
depending on the time during which it was allowed 
to remain in the mould. The latest development 
is the casting of projectiles and of car-wheels in 
permanent moulds, in which, in the same castings, 
one portion is chilled and the remainder left soft. 
The copper bands on the projectiles, instead of 
being, as is usual, closed around by a ree | 
press, are cast in place. With the initial diffi- 
culties overcome, and successful casts being made 
regularly in articles of such diverse kinds as those 
mentioned, it is clear that casting in permanent 
moulds is no longer in the experimental stage, but 
is likely to invade extensive spheres of foundry 
operations. 

There is much more involved in the permanent- 
mould process than a superficial statement would 
indicate. It has little in common with that done 
in sand moulds or in chills. The metal put into 
the two kinds of moulds may be alike, but that 
which comes out has, when cold, very different 
physical properties in the two cases. There are 
certain resemblances, in fact, between the chilled 
castings treated in the previous article and those 
made in permanent moulds. In both cases the 
moulds must be made thick, heavy and massive, in 
order to possess a large heat-absorhing capacity, 
and to prevent distortion consequent on heating. 
In both the carbon is retained in a combined state, 
because the sudden cooling and setting prevents it 
from separating out as graphite. But, on the other 
hand, a chill-casting does not retain this property 
through more than the actual thickness which is 
chilled, while the one from permanent mould pos- 
sesses it throughout. If a casting is allowed to 
remain in a permanent mould it chills, but if it is 
afterwards heated to a red heat it becomes a soft 
casting. 

Although the same iron that is suitable for sand 
casting can be used for permanent-mould work, yet 
iron which is not desirable for the first will give 
good results in the second. Iron with low silicon 
and high phosphorus and sulphur, unsuitable for 
sand castings, will produce good castings in per- 
manent moulds. As an illustration, an iron of the 
composition below was cast in piston-rings 4 in. in 
diameter, 1 in. wide, and ,4 in. thick. They 
could, when cut, be sprung apart 1} in. without 
fracture :— 


Per Cent. 
Total carbon 3.35 
Silicon ; 1.80 
Sulphur 0.08 
Phosphorus 1.56 
nese ... 0.47 


The castings becoming set rapidly, little time is 
left for segregation of the elements. Extended 
practice in this, as in chilling, suggests that the 
evils of phosphorus and sulphur are not due to the 
presence of these elements, but to the slow cooling 
in sand moulds which allows them to te and 
collect in masses. It has been found that an iron 
containing 1.5 per cent. of phosphorus is as strong 
when cast in an iron mould as one containing 0.4 
per cent. when cast in the same mould... No per- 
ceptible difference is found in the tensile stren 
of either iron ; nor, again, in irons containing 0.1 
and 0.03 per cent. of sulphur respectively. The 
essential seems to be to prevent ion. Nor 
is the quantity of silicon of much importance. It 
is immaterial whether an iron contains 1.75 or 
3 per cent. of silicon. 

The important controlling element in permanent- 
mould castings is carbon. Primarily the hardness 
or softness of any iron casting depends on the 
quantity of carbon present and on its allotropic 
condition. It exists as free or graphitic carbon in 
the soft irons, but as combined carbon or carbide 
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of iron in the hard states of iron. The first iron is 
weak, the second is strong. The more rapidly an 
iron is chilled the more pronounced is the chilling 
of the surface ; in other words, the carbon remains 
combined, not having had time to separate out in 
the graphitic state. is is the case only at and 
near the chilled surface. Elsewhere the separa- 
tion goes on. Carbon is wholly in solution when 
the iron put into a permanent mould is in the 
molten condition, but it quickly changes with rapid 
cooling, not, it is believed, to hocsliinen — 
state, but to an intermediate condition resembling 
that of annealing carbon which is similar to that 
found in malleable castings. The analysis follow- 
ing shows the result of cooling on pieces measuring 
6 in. by 14 in. by 1} in. 

Combined Carbon. Tota Carbon. 


Per Cent. Per Cent. 

Cast in sand and cooled 

normally ar aos 0.27 3.20 
Taken from permanent 

mould at bright yellow 

heat and quenched ... 1.50 3.02 
Taken from permanent 

mould at bright red 

heatand quenched ... 0.49 3.10 


Thus two-thirds of the combined carbon has been 
changed in the few seconds required to cool 
from a bright yellow to a bright red. a 
are therefore not allowed to remain in the mould 
beyond the first or bright-yellow stage. The 
metal is practically a new one, which has the general 
characteristics of cast iron with the exception of 
the condition of its carbon, but it is not like 
chilled iron. The immense difference between 
it and ordinary cast iron is illustrated by the fact 
that under certain treatment it possesses some of 
the properties of high-carbon steel. 

If a casting is taken from a permanent mould 
while at a bright-red heat and quenched suddenly 
in cold water, it will, when ground, cut metals as 
well as tools of high-carbon steels will cut. This 

roperty cannot be eliminated except by remelting. 
Neither does it seem to matter whether the metal 
is high or low in silicon, phosphorus, sulphur, or 


manganese. Mr. Custer gave an analysis of irons 
so treated, as follows :— 
Per Cent. 
Silicon : ™ 2 28 
Phosphorus ... 1.21 
Sulphur 0.108 
Manganese ... ; 0.41 
Total carbon oa 2.65 
Combined carbon ... 0.44 
Another analysis is : 
Silicon =e 2.24 
Phosphorus ... 1.12 
Sulphur bes 1.01 
ese ... 0.38 

Total carbon nis 3.02 
Combined carbon ... 1.54 


The iron, before being quenched, is very 
close-grained, yet it is easily machined. 

The property which the iron cast in permanent 
moulds has of being hardened and tempered, 
and, further, of being permanently magnetised, 
does not render it suitable for use in actual 
cutting-tools, but only for surfaces which are 
required to endure wear, fulfilling the same fune- 
tion as that of case-hardened work. The iron is 
still brittle cast iron, destitute of the tenacity and 
ductility of tool steel. It cannot be forged, and it 
will chip if subjected to shocks. If these diffi- 
culties could be got over, the cost of milling-cutters 
might be reduced by its employment. For wearing 
purposes the metal is taken at a bright cherry-red, 
and quenched in ice-cold water. It will not harden 
atadull red. If hardened at a yellow heat, it will 
be glass hard. It will not harden in oil or in boil- 
ing water. Annealing can be done by reheating to 
the bright red, and cooling in air. 

The term non-chilling iron is a relative one. 
When chilling is mentioned, a definite depth of 
steely iron is understood, which depth may range 
in. toljin. But any iron poured agai 
a cold metallic surface will have a chilled skin—a 
hard surface, even tho 
chill. This is the guile that is-wanted for pipes 
poured into permanent moulds. It has been found, 
as the result of many experiments, that an iron 
high in carbon, and tolerably high in silicon, say 
from 2 to 2.5 per cent., is the best to use. The 
less sulphur the better, though a fairly high sul- 
phur content is not objectionable, provided pow- 
dered ferro-manganese is added to the iron when 
molten to form a manganese sulphide. In addition 
to the chemical composition, results are largely con- 
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trolled by tem ture, as follows :—While in 
chilled moulds the casting remains in contact with 
the chill until it is cool or cold, the castings poured 
in permanent ones are removed while at a bright- 
orange or yellow tint. The same castings, if allowed 
to remain until a dull-red colour supervenes, would 
be too hard to be tooled. The reason of the differ- 
ence is that in the chilled casting the carbon in the 
skin is in the combined form, but in the other case 
it has become separated out into the graphitic or 
allied annealing form. This has been borne out by 
another fact—viz., that when bright-yellow castings 
and dull-red ones are piled together, the latter 
become softened like the others, consequent on a 
mutually annealing process that goes on. 

Silicon, as has been long known, is a softener of 
iron, acting through the carbon. Indirectly, it thus 
lengthens the period of the fluidity of the iron. 
Accordingly the thinner the castings that are made 
in permanent moulds the higher should the propor- 
tion of silicon be, always remembering that an 
excess renders the iron too hard and brittle. 

The reason for using iron moulds is to expedite 
the cooling action on the casting. In the case of 
pipes the period of setting of the skin of the cast- 
ing is reduced from, say, a minute in sand to from 
2 seconds to 6 seconds in the permanent mould. 
This means that a 2-in. pipe can be removed from 
its permanent mould in 2 seconds, a 6-in. pipe in 
6 seconds. If cast in sand the carbon would have 
time to segregate into the graphitic state. Cast in 
iron it has not. Neither have the other elements, 

hosphorus and sulphur, had time to separate out, 
But remain equally distributed and in their normal 
atomic condition. 

Another important result is this: It is well 
known that iron expands during its first stage of 
cooling down or until its surface has first set. 
Little shrinkage then takes place until the compara- 
tively low temperature is reached of from 1200 deg. 
to 1400 deg. Fahr.; and chilling does not occur 
until some time after setting has occurred. These 
facts have a vital bearing on the work of permanent 
moulds. As soon as possible after setting has 
occurred the castings are taken from their moulds, 
still being at a yellow or orange heat. This period 
will range, as stated, from 2 seconds to 6 seconds 
in castings of different thicknesses, while those 
made in sand moulds require a minute or more to 
set. It follows that the period during which the 
segregation of carbon and other elements could be 
progressing is reduced from 60 seconds to 6 seconds 
or less, so that the elements are yet almost un- 
changed allotropically, being still retained in solu- 
tion, as in the molten iron and as in chilled iron ; 
but being taken out before chilling has had time 
to supervene, the castings are still soft. For though 
the exterior has set, and is by comparison hard, it 
becomes immediately softened by the annealing 
effect of the interior metal. In a chill mould the 
casting remaining in contact with the chill is not 
affected thus by the cooling of the interior portion. 

Again, in the work of the permanent mould, the 
casting having become set on the exterior while 
the interior remains fluid and viscous, is still 
expanding. The casting having been removed, the 
interior, expanding, presses on the rigid exterior, 
which exercises a counter pressure against the 
expanding interior. The result is that the grain 
is compressed and rendered of a fine texture. A 
valuable result is that no shrinkage strains occur, 
and no sponginess or draws are present in per- 
manent-mould castings. The explanation is that 
as no segregation of the elements has taken place, 
the mass has cooled at the same rate throughout. 

But to secure these results the mass of the iron 
mould must, as we have stated, be large, and the 
casting must be removed immediately it has set, and 
thus the setting and cooling are arrested in one- 
tenth or one-twelfth of the time which would be 
occupied in a sand mould. And as iron does not 
chill until some time after it has set, the casting 
is soft instead of hard. 

Another feature of this practice is that harder 
Sultl, aigenditg ante i a oo 
mould, depending on the length of time during 
which the castings are permitted to remain in 
their moulds. Surface chilling can be secured if 
desired. Castings treated thus have a highly- 
polished surface. Experiments show that these 
castings resist corrosion and peer J much better 
than the soft permanent-mould castings do. Also 
that all permanent-mould castings resist better 
than those cast in green sand. 

A moulder will realise the difficulty of coring 
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permanent moulds of cast iron. In the earlier 
attempts that were made sand cores were employed. 
These were found to be objectionable. Cores of 
cast iron were then tried tentatively, and they have 
been successfully used now for three or four years. 
There is nothing very remarkable in the employ- 
ment of cast iron for plain round cores, since these 
are frequently used for the chilled bores of wheels 
and eho But the conditions are different in 
the case of the pipes of various kinds which are 
made by the process. These include bends, Y and 
T pipes, from which sand cores would be got out 
by breaking them up, a mode of treatment impos- 
sible with those of iron. The latter therefore are 

rted and withdrawn in two separate portions. A 
Soot pipe will have two such rw meeting with 
an abutting joint in the centre of the bend. A T or 
a Y-shapad pipe has two cores. The abutment of 
the meeting cores is bya plain joint only, since it 
has been found that the rapid setting of metal 
prevents the formation of fin in the joint. 

The limitations to the shapes of iron cores are 
those due to curvatures. Straight cores and cores 
with regular curves can be withdrawn, and cores 
also combining straight and curved portions, by 
9 the cores across the centre of the curve. 

ut double curves like those of § pipes, and all 
the intricate cores of pump work, cannot be made 
thus, because they can only be withdrawn endwise 
or along the longitudinal axis. Cores with straight 
branches, or branches having regular curves like 
various T pipes, can be sotreated. All these cover 
a very large—the largest—proportion of standard- 
ised pipe work. 

One of the difficulties of casting in permanent 
moulds where cores are used is the shrinkage of 
the metal on the cores, which, if allowed to continue, 
prevents the extraction of the cores. When such 
an accident occurs the mould has to be opened, the 
casting has to be broken away, and the mould cored 
and closed again, and poured afresh. The art of cast- 
ing successfully therefore lies in chilling the metal 
just to the point of setting, but only sufficiently to 
permit of the removal of the cores from the casting, 
if such are present, and of the casting from the 
mould. But, on the other hand, if cores are re- 
moved too quickly, the iron not being sufficiently 
set, the metal will form lumps on the interior and 


80 _— the casting. 
hen a casting made in a 
shrinks on its core, the casting 


rmanent mould 

to be broken 
with a hammer, and lost. But the loss is trifling, 
being only that of the labour occupied in opening 
and closing and casting the mould, which is 
nothing by comparison with that of making and 
coring a sand mould, lost. Another thing is that 
the loss from bad castings in permanent moulds is 
only 1 to 2 per cent., which is less than the usual 
proportion in sand moulds. 

As in chill moulds, mass is an essential in per- 
manent ones. Unless a mould is massive it will 
become heated so quickly that rapid casting will 
not be ible. No fixed rules are possible, but 
Pt vey y= a ratio of weight of mould to casting of 
100 to 1 in light castings up to 15 lb. in weight is 
suitable. For moulds above 15 lb. weight a ratio 
of 70to1. Thusa mould for a casting of 15 lb. 
weight would weigh 1500 lb. ; for one of 25 lb. 
weight, about 1750 lb. 

The mechanical details by which the mould is 
operated must be such that the heavy mould parte 
shall be handled with sufficient ease and rapidity 
to permit of quick removal of the castings, and 
cores, when present. Also it must be capable of 
coring and closing quickly, and, when necessary, 
of pouring by the aid of mechanism. In av 
moulds from one to two castings per minute will 
made and removed. Each mould unit, therefore, 
is a rather intricate piece of construction, of which, 
subject to variations, the fellowing is a general 
description :— 

Supposing the mould is that of a bend or a T. 
One half is a fixture attached to a base-plate, the 
other half is hinged on a vertical pin to be opened 
and closed by means of a handle. The weight is 
carried on rollers in the heavier moulds. The 
working parts of the mould are tooled by milling 
in order to ensure their being perfectly smooth. 
The runner and ingates are cut in the joint faces 
of the half-moulds. They are wider than those 
used in green-sand moulds, since narrow ones would 
become chilled before the mould could be properly 
filled. Inno cases are the canes euaniguithen by 
hand without the aid of mechanism. In the lighter 
moulds they are thrust in and drawn out by a 





system of hand-levers. In the heavier ones cores 
which are moved vertically are simply counter- 
balanced by means of a weight suspended from a 
cord passing over guide-pulleys overhead. In others 
a direct-acting pneumatic hoist is suspended above 
for working the vertical core. Diayonal cores, if 
heavy, are moved by means of a hand-wheel and 
screw. All cores are prolonged outside the mould 
to form a shouldered end, done in some cases to set 
the position of the core by, and to ferm arbors for 
the attachment of the levers or eyes for lifting by. 
These supplementary portions are straight, even 
though portions of the cores themselves may 
curved. A vent-hole for the mould is drilled in the 
joint. The cores are drilled to permit air to 
into the mould as the cores are withdrawn. e 
latter is found to be necessary in order to prevent 
the formation of a vacuum in the mould on the with- 
drawal of the core, which renders the separation 
of the mould laborious. During casting the mould- 
halves are clamped with a bar loo over their 
handles. Unskilled labour alone is required in 
the operation of the moulds. In many permanent 
moulds it is necessary to make provision for the 
simultaneous opening of the parts of the mould, 
which is one cause of the complication. For if 
the casting should remain longer in one half than 
in the other, the part which remained longer in 
contact would be subjected to a chilling and 
hardening influence which would be obviously bad 
from the point of view of homogeneity and of 
tooling. 

Small projectiles weighing 1 lb. each, for Navy 
target-practice service, are cast two in a mould, 
poured, the mould opened, and the castings re- 
moved in about 10 seconds. The mould consists of 
three separate portions, one being fixed in the base, 
and two are movable by systems of levers, besides 
which the cores, which are of steel, air-hardened, 
have to be moved in and out. The mould parts 
are locked by clamps and toggle-levers. In the 
absence of a drawing, particulars of the mechanism 
and of the movements would be useless. But 
these have been so designed and timed that the 
projectiles are Kentenel on the points and soft 
elsewhere. To effect this the point remains longest 
in contact with the mould. The core is withdrawn 
first, leaving the interior soft enough to be ma- 
chined. Then the two loose portions of the mould 
are removed from the body, leaving the point only 
of the shells in the fixed portion of the mould fora 
few seconds to chill, when they are removed by 
means of tongs. 

Permanent-mould work now includes gear-wheels 
and chilled car-wheels. Castings are made weigh- 
ing 200 lb. In both these cases the possibilities of 
the method are utilised to produce castings harder 
in one portion than another. In bevel-gear wheels 
the teeth are cast harder than the boss, arms, and 
the back of the rim. In the car-wheels the treads 
are chilled and the remaining portions are soft. In 
the mould for casting bevel-gears the joint is ver- 
tical, one-half the mould is fixed to the foundation, 
the other half is moved along towards and away 
from it on rollers by means of levers. About two 
seconds after the metal has been poured the cores 
are withdrawn, following which the mould is slightly 
separated in order to remove the back of the cast- 
ing from the chilling influence of the mould. The 
teeth remain in contact with their half of the mould 
during about four seconds longer, after which the 
casting is pushed out and removed. A mould can 
be poured every four minutes. The mould for the 
car-wheel is divided in the vertical plane. In this 
the came method is adopted. Two seconds after 
pouring, the core is removed and the mould por- 
tion which forms the wheel arms. The tread 
remains in place for six or eight seconds longer, by 
which time it has chilled. 

Permanent-mould plant necessarily becomes a 
large and costly one, the expense of which is only 
justified by a regular run of business. Hitherto it 

been employed for highly repetitive work, as 
sash-weights, brake-shoes, the smaller sizes of 
pipes, and the smaller projectiles. But there are 
un of articles, of which these are typical, 
which are suitable for casting in permanent moulds, 
and which can, it must be remembered, be tooled 
just as readily as sand-moulded castings are. 

The system of casting developed entails division 
of labour, without which the moulds could not be 

ured and emptied with sufficient rapidity. A 
Settep af mah s is laid down. In pipes this isa 


circular turntable-like structure, only the pipes | sha 


are poured horizontally instead of vertically, as in 





ordinary sand-mould plants. In other work eight 
or ten distinct moulds constitute a battery, which 
is served by a gang of four unskilled labourers. 
The castings s°e poured in succession by one man 
without pause. e other men following take out 
the castings, clean the moulds by an air blast, and 
close them again. Ten castings can be poured in 
from two to four minutes. The cost of moulding has 
been reduced to one-fourth or one-fifth by com- 
parison with that done in sand. Besides this, 
there is a great saving in floor area. In one case 
of 18 tons of castings produced in permanent 
moulds in 10 hours, the floor-space occupied was 
60 ft. by 26 ft. To produce the same tonnage in 
sand moulds a floor-space of 400 ft. by 105 ft. would 
have been required. 

In the early attempts to cast iron in peimanent 
moulds materials other than cast iron were tried, 
but without success. It was thought that cast iron 
would not be suitable because chills, the case of 
which was apparently analogous, become cracked, 
and have but a comparatively short life. Lava 
rock coated with mica was tried, but without 
success. Cast-iron moulds, too, were coated after 
each pouring, the idea being fixed that some inert 
substance must be interposed between the molten 
iron and the mould if the destruction of the latter 
was to be prevented. Graphite was employed and 
its discontinuance was the result of neglect to use 
it, in order to gain time, by omitting to apply 
it between successive casts. The result, contrary 
to expectation, was that no chill resulted, pro- 
vided the casting was removed quickly. No gases 
were formed, and no damage was inflicted on the 
mould. So then the application of the coatings 
was discontinued, and instead the moulds were 
designed to enable the castings to be removed 
directly the metal had set. It wae found that no 
chill resulted until several seconds after the metal 
had set, so that there could be no possible risk on 
that score. 

Then another stage in advance was reached. It 
was not believed possible to use any material but 
sand for cores, and all the early pipe moulds had 
sand cores. But the inference seemed justified 
that if a metal mould would not chill on the out- 
side of a casting it need not do so on the other. 
But the supposed difficulty of using cores of iron 
lay in the shrinkage of the metal on the core. 
Yet as iron does not begin to shrink until after it 
has set, it was thought that possibly cores might 
be removed between the moment of setting and 
the commencement of shrinkage. This was tried 
on short lengths of pipe, and afterwards ‘uccess- 
fully on pipes of standard lengths. And, further, 
when sand was eliminated, no gases were formed, 
nothing beyond the air present in the mould, which 
could be allowed free vent by suitable small chan- 
nels. Sound castings are thus regularly produced. 

Again, the fear that the mould would have a 
chilling effect on the castings was ever present in 
the early experiments in permanent moulds. It 
was thought that the mould should be heated 
highly to about the temperature at which the cast- 
ing has to be removed. But this proved a wholly 
false su — No more certain way to ruin 
the anil ter a brief service could be devised, 
because iron disintegrates rapidly when kept at a 
dull-red heat, or when the heating and cooling pass 
through a range of 200 deg. or 300 deg. Fahr. 
Proof of this occurs in the burnt iron of the 
founder, consisting of old furnace grate-bars, sugar 
and soap pans, and retorts, which have largely lost 
their metallic character, and have degenerated 
more or less into oxide. So that though the heat- 
ing ef the mould would prevent chilling, it would 
destroy the mould itself rapidly. And actually, as 
already stated, extended experience proved that 
chill does not occur, eg the casting is removed 
immediately that it has set. 

The solution of the difficulties was arrived at by 
the method which is now in regular use. This is 
to make the mould very massive, enough to with- 
draw the heat swiftly from the casting, and to stcre 
the heat and so prevent distortion, expansion, and 
springing away of the mould walls from the incom- 
ing metal. Just how massive cannot be formulated ; 
experience only can be relied on. The safe practice 
gives surplus of metal everywhere, and the mere 
cost of metal by comparison with the expense of 
constructing these moulds is a negligible amount. 
Moulds e too light will spring and the casting 
will follow them and become too large and mis- 


n. 
Pouring can be done in cold moulds in a dry 
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atmosphere without condensation of moisture. But 
the moulds inevitably become warmed up to 
200 deg. or 300 deg. Fahr., and this prevents con- 
densation ina moist atmosphere. The frequency of 
pouring is timed to prevent the temperature from 
rising more than about 200 deg. or 300 deg. And 
the thickness of the mould is also arranged to 
enable these results to be attained. The smaller 
the castings the more rapidly can they be made, 
because they set the more quickly. Small castings 
can be poured and removed at the rate of four per 
minute, large ones may require two minutes each. 

The durability of the permanent moulds is a 
highly important fact, since deterioration, if rapid, 
would wholly counteract advantages desired by 
their use. Their life is prolonged by removing 
the castings as quickly as possible, and by coating 
them with a mixture of graphite and thin oil. 
There does not appear to be any special mixture of 
iron more suitable than another for the moulds, 
ordinary grey iron being used. 

When a mould becomes burnt and cracked in 
one locality more so than in another the entire 
mould is not destroyed. The faulty portion is cut 
out, and a block of cast iron is fitted in, and 
bolted at the back, and the working surface milled 
to the shape required. [Illustrative of the rapid 
reduction in temperature of the metal is the 
fact that the runner portion of the mould becomes 
cracked before the ingate adjacent, and the latter 
also earlier than the mould itself. These therefore 
need renewal before the mould does. 

The life of these moulds is indeterminate. Some 
moulds which have been in use for five years have 
shown no signs of deterioration except in the 
ingates. These are renewed after from 7000 to 
10,900 castings have been made. A mould intw 
which 21,000 castings of 10 lb. weight each have 
been poured still shows the original tool-marks. 
The life of a mould does not depend so much on 
the number of castings that are poured into it a» 
upon the number of times it is allowed to get cold. 
Working a mould continuously will —— the 
number of castings that may be made before repairs 
are required. This practical permanence of the 
moulds is a favourable set-off against the heavy 
expenditure which is incurred in their construction. 

ere is no reasonable comparison ible between 
that and the cost of ordinary moulding-boxes, nor 
hardly with that of the common chilled moulds. 








ROYLES’ WATER-SOFTENER. 

WE: illustrate on the present page a water-softening 

lant, which has been constructed by Messrs. Royle, 

imited, Irlam, near Manchester, and installed a: 
the works of Messrs. Henry Leetham and Sons, 
millers, Hungate, York. It commenced operation in 
April, 1912, and has, we understand, been working 
day and night ever since, giving complete eatisfaction. 
The crude water is pumped from the River Foss, and 
its hardness varies from 14 deg. to 26 deg. Clark. 
There is also 8 considerable amount of organic matter 
in the water. After passing through the softener the 
hardness is reduced to about 4 deg. Clark, and a 
clear water is obtained. The working of the plant is 
as follows :— 

A centrifugal pump draws the water from the 
river and delivers it up into the overhead distribut- 
ing-tank E, Figs, 1, 2, and 3, of the water-softener. 
Any slight surplus of water pumped overflows through 
a pl k to the river. By this means a constant 
head is maintained in the overhead tank E. Adjust- 
able valves in this tank distribute the crude water, 
which is divided into three streams—namely, 1, 2, 
and 3, Figs. 2and 3. No. 1 stream goes to the soda- 
vessel D, which is shown dotted in Fig. 1, and in 
detail in Fig. 4, and displaces an equivalent quantity 
of soda solution, which is then carried to the mixing- 
pipe. The No. 2 stream is the crude water which 
og by the pipe L direet to the mixing-pipe, and the 

0. 3 stream is carried to the lime-saturator B, and 
displaces clear saturated lime-water, which by the 
pipe H is also carried to the mixing-pipe J, Fig. 1. 
The crude water is thus mixed with a definite quantity 
of saturated lime-water and a definite quantity of 
soda solution, and these chemicals are thoroughly 
mixed in ing down the pipe J. On reaching the 
bottom of this pips the mixture enters the reaction- 
chamber F, Fig. 1, where the chemical actions are 
completed, and the majority of the precipitated mud 
settles to the bottom of the cone, from whence it is 
blown out by the mud-cock R. The water rises 
slowly up the reaction-chamber F, and after 
pissing the clarifying-board G, fixed near the top, it 
overfl ws the Pipe S on to the top of the gravel and 
rand filter T. This latter filter removes all trace of 
floating particles, and the clear softened water is thea 





discharged along the outlet U, and is carried to an old 
boiler, which acts as a storage tank. 

A measured quantity of crude water regulated by 
No. 3 valve in tank E is carried to the central pipe in 
the lime-saturator B. The water issuing from the 
bottom of this pipe thoroughly stirs up the lime-milk 
which has been previously added to the lime-saturator. 
The lime-saturator is made conical, and, owing to the 
agitation and high velocity of the entering water, the 
lime-cream is thoroughly stirred up, and gradually 
dissolves in the water. As the lime-saturator increases 
in diameter towards the top the velocity is so 
reduced that the particles of lime can no longer 
remain in suspension, and therefore gradually fall to 


treble-ram pump. To prevent any condensation on the 
economiser-pipes, the soft water in the storage-tank is 
heated by means of a silent steam-heater to about 
100 deg. Fahr. before pumping into the economiser. 
We are informed that the cost of cleaning out the 
boilers when hard water was used was about 200/. per 
annum, and this has been reduced to about 30/. per 
annum by the use of soft water. It is now onl 
necessary to brush out the very little deposit at eac 
cleaning time. A considerable saving in boiler-cleanin 
is thus effected, in addition to increasing the life o 
the boilers. 

All the above-mentioned plant was installed by 
Messrs. Royles, Limited, Irlam, near Manchester, 


the bottom. This leaves the water at the top per-|the consulting engineer acting on behalf of Messrs. 
fectly clear and saturated lime-water. This lime-| Leetham and san being Mr. W. Cramp, M.Se. (Tech.), 
water is then carried into the mixing-pipe by the | M.IL.E.E 


pipe H, as above described. The board G at the top 
of the lime-saturator is for the purpose of assisting iu 
the clarification of the lime-water. 

A measured quantity of water passing the valve 
No. 1 in tank E flows on to the top of the float O in 





Fig4. 


Inlet P. 


Outlet U. 


the soda vessel, shown dotted in Fig. 1 and in detail 
in Fig. 4. ‘Thesoda solution with which the tank D 
(Fig. 4) has been previously filled is thus displaced up 
the pipe K, and is carried to the mixing-pipe J, as 
above described. It is found in practice that prac- 
tically no mixing whatever takes place between the 
displacing water and the soda solution. The proof of 
this is that immediately the displacing water enters 
the bottom of the pipe K the float quickly falls, and 
this indicates that the soda solution has been all 
used. The soda in a dry state is put into the tank OC, 
Figs. 2 and 3, and this vessel is then filled with water 
to hold sufficient solution to fill the tank D. Steam is 
turned on so as to heat the water to facilitate dis- 
solving the soda. Before the fresh soda charge is run 
into the soda vessel, the tank D must, of course, be 
emptied of displacing water by the opening of 
cock M, Fig. 4 The lime-cream is ~~ by 
putting the lump lime in tank A, Figs. 2 and 3, and 
slaking with water. After the spent lime is blown 
out of the lime-saturator by opening cock X, Fig. |. 
the lime-cream is run into the lime-saturator. e 
pulley marked Q, Fig. 1, is used for hoisting the 
chemicals up to the overhead mixing-tank. 

The valves Nos. 2 and 3 are i 
four holes each, which, when opened full, will give 
the full capacity of the plant. The proportion of 
crude water to lime-water is varied by revolving a 
cover over these holes, thus blinding @ portion. By 
this means the lime-water and crude water can be 
easily adjusted while the softener is at work. No. 1 
valve to the soda vessel has a constant opening and is 
adjusted to displace the contents of the soda vessel D 
in twelve hours’ run. 

The gravel and sand filter is cleansed every twelve 
hours by means of the steam air-injector and back- 
ward-flowing flush-water, as described below. 

The plant has been designed for treating a maximum 
quantity of 6000 gallons per hour. he reaction- 
chamber F is 8 ft. 6in. in internal diameter by 26 ft. 
high, and the lime-saturator is 8 ft. in diameter at 
the top and 27 ft. high. A house is provided over 
the mixing and distributing-tank CEA to protect 
the prem Ry from the weather when mixing the 
chemicals. 

The softened water is at present used for feeding 
five Lancashire boilers. It is pumped from the storage- 
tank previously mentioned by an electrically-driven 


and have 
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Samples of the water, before and after treatment, 
were obtained from Messrs. Leetham and Sons in 
June, 1913, and were sent to Mr. William Beamont 
Hart, F.LC., F.C.S., consulting, technical, and 
analytical chemist, Manchester boratory, 8, Ex- 
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change-street, Manchester. 
the table below :— 


The results are given in 


‘ mi 
Crude Water." | Treated Water.* 


| 
| In 











In In In 
| Suspen- | Suspen- 
| sion, Solution. | "gion, | Solution. 
Total solids at 212 deg. F.| 0.867 | 31.58 | 0.08 19.46 
Mineral solids - ..| 0.794 28.21 0.05 18.48 
Volatile and organic . 0.063 3.82 0.03 | 098 
Total hardness, Clark . _ 15.26 deg _ 3.46 deg. 
Temporary hardness — 10.15 ,, _ 2.98 
Permanent - -|— 6.11 ,, _- 230 ,, 
Ammoniacal nitrogen .. 0 0.0045 0 0.0448 
Albuminoid 20 ..| 0.0059 0.0138 0 0.0063 
Nitrite °° | _§@ 0 0 0.0112 
Oxygen used in 3 minute:| 0.0032 | 0.0562 | 0.0035 0.0714 
o 3 hours..| 0.0538 0.1471 0.0106 0.1456 
Mineral solids :— 
Silica es ee ..| 0.181 0.434 _ 0.385 
Sulphuric anhydride ... — 6.138 | 5.178 
Chlorine .. - os — | 2.206 — 2.206 
Carbon dioxide .. .| 0.188 6.333 1.361 
Ferric oxide 0.009 | 0.107 ~ 0.087 
Alumina .. os -| 0.063 | 0.400 — 0.068 
Calcium oxide .. -| 0.239 | 8.386 - 1,725 
Magnesium oxide 0.075 2,208 _ 1.)61 


ae Expressed as grains per gallon. 

From the analyses of the soluble mineral solids, the 
following represent the mineral constituents of the 
two waters, in solution :— 











Expressed as Grains per Gallon. 
Crude Water. Treated Water. 
Calcium carbonate .. 14.39 8.07 
Calcium sulphate 0.78 - 
Magnesium chloride 3.07 — 
Magnesium sulphate 2.76 a 
um hydrate — 1,72 
8 ee ée 0.44 0.88 
Ferric oxide 0.11 0.04 
0.40 0.07 
Sodium chloride — 3.79 
Sodium carbonate .. _ 0.32 
Alkaline sulphates .. 6.26 9.09 
Total .. 28.21 18.48 


These results show that the softening treatment has 
reduced the hardness of the water to 3.46 deg. of 
hardness, by removing the majority of the lime and 
m ia salts ; it has also considerably reduced the 
amount of soluble iron and alumina and soluble organic 
matter, as well as practically removing the whole of 
the suspended matter, both mineral and organic. 





David Brown and Sons (Hfd.), 


Trave.—Messrs. 
Limited, Huddersfield, have acquired the business and 





patents of Mr. John Sunderland, wheel cutter, 
including or the production of accu 


those f y-out 
dvuuble-helical gears which are so well known. 
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115-HORSE-POWER AIR-COMPRESSOR WITH AUTOMATIC REGULATOR. 
CONSTRUCTED BY MESSRS. BROOM AND WADE, LIMITED, ENGINEERS, HIGH WYCOMBE. 


3% Aur 
Delivery 





We: illustrate on this and the opposite pages a four- 
cylinder air-compressor built by Messrs. Broom and 
Wade, Limited, High yk ae a to compress 600 cub. ft. 
of free air per minute, delivering it at a preesure of 100]b. 
per sq. in. (gauge). The machine takes 115 brake horse- 

wer to drive it, the power being supplied by a double- 

lt 20 in. wide, running over a pulley 42 in. in diameter, 
and making 275 revolutions per minute. As our en- 
gravings show, the compressor is built very much on 
the lines of a motor-car engine, having four water- 
cooled cylinders, each 10 in. in diameter by 12in. stroke. 
The inlet valves are operated by tappets, which, as 
is best seen in Fig. 2, are themselves actuated by a 
system of swinging links coupled to the big end of 
the conmadtinn sol The inlet valves theretore are 
opened positively, and there is no wire-drawing of the 
air t them, as is necessarily the case when auto- 
matic valves are used. In consequence, each cylinder 
at the end of the working stroke is filled with air at 
atmospheric pressure in place of with air at a some- 
what eee pressure, as a be the case with ony 
matic valves, @ correspondingly ter weight o! 
air is compressed on the return sircke. The clearance 
is kept very small, and the positive opening of the 
inlet valves reduces the clearance losses to a minimum, 
since the inlet valve opens before the cushion expands 
below the atmospheric pressure. 

Though the machine delivers at 100 lb. pressure, it 
is not compounded, the design making it poesible to 
effect the compression in one stage without any exces- 
sive loss. The cylinders are very thoroughly jacketed, 
the water supply being fed in by the er of the four 
branch pipes visible on the top of Fig. 1. The ~ 
pipe shown behind this is the air-delivery pipe. e 
delivery valves are automatic, and have a low lift, 
but provide, nevertheless, a very ample airway. 
Access to them and to the inlet valves is obtained 
through ,covers, of which one is shown in section to 
the right.of Fig. 2. The machine is fitted with 
a regulator which ‘cuts out” the compressor 
when the full pressure is-attained in the delivery 


pipe. This regulator is shown in place at R,|R 
Fig. 2, and in detail in Figs. 3, 4, and 5. When it | be 


comes into action, it admits the compressed air to the 
top of the spring-loaded piston shown at P, Fig. 2. 
This piston, being forced down, raises the inlet valve by 
the lever shown, and holds it open until the pressure 
falls in the delivery pipe. As shown in Fig. 3, the 
regulator consists essentially of a couple 
alla one above the other. The lower valve is 
ferced upwards by the action of the springs and links 


valves, | j 





2} Water Outlet 


shown, and thus holds on to itsseat the upper valve, the 
space above which is directly connected to the delivery 
pipe. Should the pressure in the latter become ex- 
cessive, the upper valve opens, forcing down the lower 
valve on to its seat against the tension of its spring, 
and the compressed air then passes to the piston P, 
as already explained. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on.several colonial and 
foreign engineering projects “taken from the Board of 
Trade Journa Further information on these projects 
can be obtained from the Commercial Intelligence 
a. Board of Trade, 73, Basinghall-street, London, 


South Africa : H.M. Trade Commissioner reports that 
the Municipality of Ficksburg, Orange Free State, has 
sanctioned the expenditure of 15,000/. on the following 
works :— Electric soning system, 8000/.; street improve- 
ments, 4750/.; town improvements, 1050/.; water- 
works extension, 1000/.; fencing, 200/. 

Italy: The Gazzetta publishes a decree confirming the 
contract arranged with the Societi Anonima Nord- 
Milano, Milan, for (1) nacrmee | the railway line from 
Bovisa to San Pietro Martire ; (2) laying a third track 
between the stations of Bovisa and A ffori, and (3) increas- 
ing the ro -stock for the line from Milan to Incino 

Er © Gazzetta contains also another decree 
pany a concession 
from Erba to 


and 
gaatins to the above-mentioned com 
or constructing and working a railway 
Asso via 
Russia : With reference to the authorisation of a loan 
for Perm (among other places), H.M. Embassy at St. 
ports 


zo. 


Petersburg re according to the official Bniletin 
of —— part of the loan of 370,000/. to be raised by the 
— Authorities is to be spent as follows :— 
Drainage, 100,500/.; extension of water supply, 21,700/.; 
and lighting system, £0,900L; and reorganiention of tele 
ting system, 50, 3 reorganisation o 
phone system, ‘8000/. As usual with work paid for by 
municipal loans in Russia, preference is to given to 
i and works, and foreign material may only 
with the special satiation of the Minister for 
ing in agreement og Ay Minister of 


CS 
the sale of plant and supplies from outside Russia 
will not occur. The Pravitelstvennei Vyestnik, St. 





7% 


put forward include the lengthening of the wharves, 
dredging, &c., the total cost of which is estimated at 
1,780,000 roubles (about 188,000/.). The work will take 
24 to 3 years to complete. 

Siam : The following information is from the report by 
H.M. Vice-Consul at Bangkok on the trade of that dis- 
trict for the year ended March 31, 1913, which will 
shortly be issued :—Some years ago the Siamese Govern- 
ment engaged an expert from Netheriands India to draw 
wp a report for the irrigation of the Lower Menam 

alley. The expenditure involved was, however, very 
large, and the matter was dropped. The ———_ of 
the country has in the meanwhile grown steadily, without 
any corresponding increase in the revenue. is fact, 
and probably also the smallness of the rice crops in two 
successive years, has caused the Government to recon- 
sider the question of irrigation. For this pu experts 
have been obtained from the Government of India, and a 
sum of 100,000 ticals (about 7700/.) has been allotted in 
the 1913-14 estimates for the prelimi expenses of in- 
vestigating a suitable scheme of irrigation for the lower 
portion of the Menam Valley. It is hoped that a suitable 
spot for building a dam across the Menam will be found 
a little to the north of Ayuthia, and operations will prob- 
ably be confined to the Monthons of Krung Kao and 
Krung Thep. They will, however, be so conducted as to 
admit of development in the future if required. The 
expenditure on the whole scheme will probably amount 
- ps 2,000,0007. and 3,000,000/., and will be met 

y @& loan. 

Ecuador : The Registro Oficial, Quito, contains a copy 
of adecree passed by the Ecuadorean Congress authoris- 
ing the construction of a narrow-gauge railway line, start- 
ing from Babahoyo and soutien by Puebloviejo to 
Ventanas. The raising of the necessary funds has been 
entrusted to the Municipal Treasury of the Canton of 
Puebloviejo, which has decided. with the consent of the 
executive authorities, to contract a loan of 600,000 sucres, 
(60,000/.). The Municipality of Puebloviejo is also com- 
missioned to carry out the works, and to award contracts, 
&c., under the control, however, of the Public Works 
Department. 





Trusts in Norway.—The No 
proposes the appointment of a Royal 
purpose of considering likely means to be adopted in 
order to counteract and frustrate the formation of trusts 
and other combines intended to do away with free com- 
petition, to ——- a rise in prices, &c. It is ad- 
mitted that so far there have been comparatively few 
abuses in this connection, yet several large combines 
have been formed in Norway which seem to strive 
at monopolies in certain industries, and several foreign 
combines have also acted in a manner which points to 
their being desirous of establishing monopolies in several 
branches, 


ian Government 
mission for the 
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115-HORSE-POWER AIR-COMPRESSOR WITH AUTOMATIC REGULATOR. 
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mouth of the tunnel with his 

coat. If the clips had been 

replaced in their original 

ition, the explosion, in 

is opinion, would not have 
taken place. 

In reply to Mr. Reed, on 
behalf of the then owners of 
the vessel, witness said he 
quite understood the import- 
ance of the clips being in 
position, and that if they 
were taken off there would 
be the possibility of an ex- 
plosion. He ordered the 
clips to be put back, and 
would have seen that this 
was done, but it did not occur 
to him to do so. . Brewer 
did not remind him to see 
that the clips were replaced. 
Mr. Reed inquired of witness 
whether he accepted moral 
responsibility for what had 
happened. In reply, witness 
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admitted that he was respon- 
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FATAL STEAM-PIPE EXPLOSION. 


A FORMAL investigation under the Boiler Explosions 
Acts, 1882 and 1890, has been held at the Law Courts, 
Cardiff, by the Board of Trade, with reference to the 
cause of an —— which occurred on April 10 last, on 
board the s.s. Millwall, poe me | to the Mawson Shippi 
Company, Limited, and resulted in the death of the third- 
engineer and one of the firemen. 
© inquiry was conducted by Mr. A. A. Hudson, K.C. 
{presiding}, and Mr. Arthur T. Maginnis, M.I.C.E., 
M.1. Mar. Mr. George C. Vaux appeared for the 
Board of Trade; Mr. Lincoln Reed for the owners of the 
vessel ; Mr. Lewis Morgan for the chief engineer, Mr. 
William Beeny; and Mr. William Robertson for the con- 
sulting engineer to the firm, Mr. Brewer. 

In opening the proceedings, Mr. Vaux reviewed at 
some length the a of the vessel, and said that 
alterations had been e to the star main steam- 
pipe primarily on the recommendation of Lloyd’s sur- 
veyor. ‘Trouble ensued, and at the direction of Mr. 
Brewer, consulting engineer, various alterations were 
made. Subsequently, on returning from a voyage to the 
Baltic, the engines and boilers were opened out for 
inspection by a prospective rchaser, and the chief 
engineer removed a = from the main steam-pipe. After 
the inspection the boi a cana, &c., were closed up, 
but the clip was not rep . On April 10, when t 
vessel was leaving Fleetwood, the second engineer, seeing 
that steam was escaping, had the gland of the expansion 
socket tightened ; but the same day the main steam-pipe 
was blown out of the socket, with the result that a vast 
volume of steam escaped from both of the boilers into the 
engine-room, scalding the two men so severely that they 
died shortly after. 

Various witnesses were called, and among them Mr. 
Beeny, the chief engineer, who deposed to the main 
steam-pipe having been taken down after a yay = and 
sent away, and w returned it was changed in re 
He did not at the time think it was a “‘ practical job.” 
Mr. Brewer, he added, told him to take the clips off the 
pe because they did not look well. 

. Vaux: Do you 
well for the intending pu or those who were going 
to inspect ? 

Witness replied that that was his impression. 

Examined her by Mr. Vaux, witness said that when 
the steam escaped he'got into the tunnel, covering up the 





it that they did not look |i 


sible for the clips not being 


on. 

Mr. Joseph Page, second engineer, said he did not 
know until after the explosion had occurred that the clip 
was off the main steam-pipe. When he saw the pipe 
fail he ran to the deck ladder, and tried to get down, but 
could not do so owing to the volume of steam; but 
fortunately witness esca injury. The fires were drawn 
as a as possible after the pipe failed. 

r. Brewer, consulting engineer, also gave evidence, 
and stated that there was no special hurry when the 
vessel put out to sea after the inspection of the boilers, 
engines, &c. When witness told the chief ineer to 
take off the clips for the inspection, he urged him not to 
f t to put them back again. 

ter other evidence had been called, Mr. Reed 
addressed the Commissioners on behalf of the owners. 

Mr. Lewis Morgan, on behalf of the chief engineer, 
said that that officer had admitted his responsibility for 
the clip not being replaced, and the only question was 
whether he got rid of that responsibility when he in- 
structed the third engineer to replace the clip. Con- 
sidering all the circumstances, Mr. Morgan argued, the 
chief engineer could not have done any more than he did, 
and asked the Commissioners to acquit him of blame. 

The presiding Commissioner then delivered judgment, 
in the course of which he reviewed the general facts con- 
nected with the vessel, the explosion of the main steam- 
pipe, &c. Mr. Brewer, the superintendent engineer 
of the Mawson Shipping Company, had inspected 
the main steam-pipe on the arrival of the vessel at 
Newport, and pared to fit up some kind of expansion 
joint. When the ipe had been fitted to the expansion 
joint and clam down, Mr. Beeny, the chief engi- 
neer, expressed the opinion that it was not a ‘“‘ prac- 
tical job.” Mr. Brewer, however, examined the main 
steam-pipe under steam, and considered it satisfactory. 
The missioners, however, had heard from the engi- 
neer surveyor to the Board of Trade that it could only 


described as a ift, and no surveyor would have 
passed it asa anent job. When the vessel arrived 
at Fleetwood Mr.. Brewer announced that the machinery 


would have to be opened out for the inspection of some 
intending This work was started the follow- 

morning, and when he got into the engine-room he 
told the engineers to take off the clips during the inspec- 
tion, and :n his evidence before the Commissioners he 
stated that he added, ‘“‘ Don’t forget to put the clips 





on before leaving.” No other reason had been sug- 
gested-for the removal of the clips. No doubt they 


Fig.3. 
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were a very ugly-looking contrivance, and the super- 
intending engineer did not want intending purchasers 
to see such an arrangement. The engineers, too, were 
very busy, and the Commissioners had only ascertained 
from Mr. Beeny, after pressing him on the subject, the 
details of all he had to do from the time the clips were 
taken off to the time the vessel sailed. There was a great 
rush of work thrown on the three engineers, in order to 
fulfil Messrs. Mawson’s obligations to the charterers. 

The Commissioners had come to the conclusion that 
the explosion, with its attendant sad results, was caused 
by the clips being left off the expansion-joints; and, 
further, that Mr. Harold Brewer, the superintending 
engineer, was to blame for the explosion, as he was re- 
8 ible for the temporary arrangement with regard to 
the main steam-pipe. It was not wise at that time to fit 
up a temporary apparatus, having regard to the fact that 
the vessel was starting on a voyage, and that there was 
ample time to fix up & proper expansion joint. 

in the question of the — of the three engi- 
neers, the Commissioners come to the conclusion that 
the strain of the work must have been the cause of their 
not seeing that the clips were in ition ; under these 
circumstances the Court did not think it fair or right to 
hold any of them responsible for the explosion. It had 
been suggested that the chief engineer did not have an 
extra amount of work because he did not enter it up in his 
log, but it ap to the Court that there was a very simple 
reason why he had made comparatively short entries in 
his log after what had happened. e Court was of 
opinion that there was very stuff in a young man 
who gave his evidence as well as the chief engineer had 
done. ‘It did not,” the presiding Commissioner added, 

‘reflect much credit on the owners, knowing the excep- 
tional pressure put on ti young engineers, to have 
sought to put the whole blame on them. Time must be 
given the engineers to attend to their duties.” The Court 
could not fix upon the owners the liability for the ex- 
plosion, because they employed a competent super- 
intending engineer to attend to their v The com 
missioners recognised the fact that it was important to get 
the vessel off quickly, and they desired to say that 
hes f thought this abnormal “rushing” of engineers who 
had responsible duties to perform was improper, and 
might cause, and did cause in this case, serious loss of 
life. It was not only the a who said they were 
“rushed,” but the master of the vessel also said the same 
thing —“‘ that there was a big rush.” 

— conclusion, the Court ordered Sats Brewer, 
the superintending engineer, to contribute the sum of 
501. to the Board. of Trade towards the cost of the 
inquiry. The Commissioners did not hold Mr. Beeny 
responsible, but Mr. Hudson added : ‘* We cannot forget 
that he will run a very great risk of being held respon- 
sible, and in future he must have strength of will to say 
that he will not be diverted from his ordinary duty of 
looking after the boilers and ines in order to attend 
to work of other kinds. He & primary duty to 
perform, to see not only to his own safety, but to the 
safety of the crew and ot! on the vessel.” 

The investigation, which had occupied four days, 
was then closed. 





Tue Sovrn Urat Coat Inpustry.—Owing to the 
ing of new railway lines the coal deposits of South 


ral are at present attracting much attention. As soon 
as the most likely alignment of the’ Orenburg-Troizk 
railway was made a number of claji lod 
ah ite deposits the line—at inowskaja, 

‘oltawskoje, Bredinskoje, Alabaitaiskoje, 
&c. Borings are being made at Brodinsko} and ae 
dinskoge, and 


Kuljskoje to the extent of some 7,000,000 
here was quite accidental, having 


coal is already being worked at Tugai- 
0, annually; 

very 

made by a Cossack when a well 
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RELATIVE RESISTANCES OF SHIPS’ 
MODELS. 
Relative Resistances of Some Models with Block Coefficient 
Constant and Other Coefficients Varied.* 
By Naval Constructor D. W. Taytor, U.S.N., 
Vice-President. 

Five years ago I had the honour to read before the 

Society a paper dealing with an experimental investi 
tion into the influence of midship-section shape upon the 





from what we already know of the effect of variation of 
form u wetted surface. 
vary the block coefficient b, there is very little chan, 
the wetted surface ; it decreases from b = 0.55 to a 


stant. If we keep block coefficient constant and vary 
the midship-section coefficient, there is appreciable varia- 
tion of wetted surface for all blocks, the maximum for a 


range from an m value from 0.86 to 1.10 being about | 


6 per cent. The fact that wetted-surface coefficient 
diminishes from about 16.3 when m equals 1.10 to about 


If we keep m constant and | 
in | in water 20 in. deep. The results are given in a series 
t 
6 = 0.65, but from 0.65 to 0.70 remains practically con- | 


full depth of the model basin—14 ft. in the centre—and 
were afterwards tested, with a false bottom in place, 


of diagrams, which give results as curves of E.H.P. in 
deep water for 500-ft. ships, ym 17,850 tons, upon 
the lines of the models. One figure is given for each 
block coefficient, the five curves in each figure referring 
to the five models of varying midship-section coefficient. 
(Of these curves it is not possible to find space for more 
than one, that for block coefficient 0.60, given in Fig. 12, 
on the next page. | 


BODY PLANS OF MODELS OF ‘60 BLOCK COEFFICIENT. 


vi 


Fig. 


“60 
‘86 


resistance of vessels. That paper, as was carefully 
pointed out in it, dealt with shape and not with area, the 
sectional area curves for the various shapes being iden- 
tical. Moreover, it dealt with deep-water conditions only. 

In this paper I ago 4 to give the results of some 
investigations where shape and area vary, and 
where experiments were made in very shallow as well as 
deep water. 

en, in dosignins a new vessel, we have fixed upon 
dimensions and displacement, the block coefficient is fixed. 
But with a given block coefficient we may adopt a fine 
midship-section coefficient with resulting full ends, or a 
full midship-section coefficient with resulting fine ends. 

In the experiments I am dealing with there were twenty 
models tested. There were four groups of five each, the 
block coefficients of the group being 0.56, 0.60, 0.64 and 
0.68. The midship-section coefficients used with each 
block coefficient were 0.86, 0.92, 0.98, 1.04 and 1.08. All 
models were 20 ft. long, of 2500 lb. displacement in fresh 
water, and 40 cub. ft. immersed volume. 

Table I., below, gives the dimensions and coefficients 
for the twenty models. The ratio of breadth to draught 
was 2.4 in every case, and, of course, with variations of 
block coefficient there were corresponding slight changes 
in actual breadth and draught as indicated in Table I. 


TaBLe I1.—Dimensions and Coefficients of Model, 20 Ft. 
Long and 40 Oub. Ft. Submerged Volume, or 
2500 Lb. Displacement in Fresh Water. 


Midship-Section Coefficient, i. 


0.86 | 0.92 | 0.98 | 104| 1.08 


a 
| g 
i 
2.928 
2.828 


2.739 
2.657 


Longitudinal Coefficients. 


0.56 
0.60 
0,64 
0.68 


0.6511 | 
0.6977 | 
0.7441 
0.7907 


0.6088 | 0.5714 0.5384 0.5091 

0.6522 | 0.6123 0.5769 0.5455 

0.6958 | 0.6530 | 0.6153 0.5818 

0.7302 | 0.6989 | 0.6588 0.6182 
| 





Figs. 1 to 5 give the body plans of the five models of 
0.60 Block and having midship-section coefficients varying 
from 0.86 to 1.08, the midship-section coefficient being 
indicated below each body \ lines are not 

haps the best to be obtained for speed. Conventional 
ines were aimed at, although, of course, the higher mid- 
ship-section coefficients are materially greater than used 
in practice. 

igs. 6 to 10 show the water lines and sectional area 
curves for the twenty models. The body plans for the 
0.60 block models shown in Figs. 1 to 5 may be ied as 
the mt lines for the fifteen models of the other block 
coefficients. The process of transition is simple. Start- 
ing with the 0.60 block model, imagine it expanded or 
contracted transversely until midship-section area is 
that for the new block coefficient. This expanded or 
contracted model will not have the curve of sectional 
area desired, but, by shifting sections forward or aft as 
required, the form with the desired curve of sectional 
area is readily obtained. 

It will be observed in Figs. 6 to 10 that the curves of sec- 
tional area have a small ordinate at the forward perpen- 
dicular. In y i models the corners shown 
are rounded off on the model, the amount removed, how- 
ever, being infinitesimal. 

Fig. 11 shows contours of wetted-surface coefficient 
— over the ye ay: midship-section coefficient and 

lock coefficient of twenty models. The wetted-sur- 
| coefficient is the well-known coefficient C in the 
orm 


Wetted surface = C JDL, 
where D is di t in tons in salt water, and L is 
water-line in feet. 
The variation of C in Fig. 11 is as might be expected 





"* Paper read before the Society of Naval Architects 
and Marine Engineers, at New York, December 11, 1913. 


AND 5 MIDSHIP SECTION COEFFICIENTS INDICATED. 
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WATER LINES AND SECTIONAL AREA CURVES FOR THE 20 MODELS. 
THE GIVE THE BLOCK AND MIDSHIP SECTION COEFFICIENTS. 
AP. 
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Fig.9. Fig. 10. 
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15.3 when m is equal to 0.85, or thereabouts, should not 
lead us to conclude that a smaller value of m will involve 
further material diminution in the wetted-surface co- 
efficient. Asa matter of fact, 15.3 is very close to the 
minimum wetted-su coefficient obtaina’ if we 
continued to decrease m we would find the wetted surface 
to : 


6 ts 





——s rise > 
| The twenty motels wat run in the usual way in the 


i FE We on eA. ee 
Scales for ”2 Sectional Areas in Sq Ft. 


ance, 


| vessels of large block coefficient less 


ts 0 3 #0 15 


These curves showed that, except for very low speeds, 
where the smaller wetted surface associated with the fine 
midship sections has predominating influence te gee resist- 
e least E.H.P.’s are found associated with the 
i In fact, for the 
power would be re- 
quired with midship-section coefficients greater than 
unity. I think, however, we may safely say that the 


midship-section coefficients. 
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small powers found associated with the 


midship- | the 
section coefficients, are not due entirely to the large co- | ti 


lange midship-section coeffivients are ab a disadvan - 
. Except for the highest block coefficient, the curves 


efficients. The larger midship-section areas resulting | of E.H.P. arranze themselves in ordsr with the smallest 
from the larger coefficients enable us to obtain finer- | midship-section coefficient at the bottom. 


git. 
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Fig 2. 














better in this 


that the full-ended models run material] 
fine-ended models. We know 


that for very bigh apeed in he same th 
t for very high s in water the same thi 
pment Bm gs full-ended models are caperior to 
fine-ended models. This is the case at, for instance, 
length ratios of 1.5 and over. It may be that in 
shallow water the same type of form drives easiest at 


low speeds. 

Another B nn explanation is that in shallow 
water the pe of the midship section has the most 
material influence upon the resistance, and that the low 
resistances associated with the fine midship sections 
are due mainly to these fine sections, and not to the 
accompanying fullends. If thisis the case, the coefficient 
of midship section has a different effect upon resistance 
in shallow water from what it has in deep water. My 
1908 paper showed clearly that for the s 8 we are now 
considering in deep water the full midship-section co- 
efficients were favourable to speed. 

If I must venture one conclusion, which seems war- 
ranted by the shallow-water experiments, it would be 
that, a &. for excessively shallow water, there is prob- 
ably no gain as regards resistance by adopting a midship- 
section coefficient materially below 0.90. It will be o' 
served that even for the very shallow water in which 
these models were tested there was very little gain in 
coepples from midship-section coefficient of 0.92 to one of 
0. I would anticipate that as the water deepens the 
larger a Pe ype would show a eteady 
gain, an for any depth of water greater than, say, 
12 times the draught, there would be no advantage oom 
the point of view of resistance in adopting midship-seo- 
tion coefficients below 0.90. Pending systematic investi- 
gation of the features of form associated with minimum 





resistance in various depths of water, it would seem that 
there are possibilities of great gain by careful model basin 
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ended vessels, or vessels of finer longitudinal coefficient, 

and this more advantageous longitudinal distribution of 

displacement for the speeds at which tested helps to 
uce the power. 

I come now to shallow-water results. The depth of 
water over the false bottom was 20 in., while the draughts 
of the models, as shown in Table I., varied from a little 
over 13 in. to about 15 in., leaving comparatively «mall 
clearance under their keels. It was found impossible to 
obtain consistent results for these models if they were 
run at speeds appreciably above 3 knots. Atsuch speeds 
unstable eddies caused resistance for a given speed to 
vary radically. Accordingly these models were tested up 
to3 knots only, and even the results were materially 
more erratic than in deep water, and required some 
cross-fairing of the experimental spots to make them 

I ~y f di of which Fig. 13 i ical, 

in a series of diagrams, c ig. is typi 
wi'l be found shallow-water results expressed as ane 
of E.H.P. for vessels 300 ft. long, of 3857 tons displace- 
ment, and in water 25 ft. deep. Examination of these 
curves discloses the fact that in this shallow water 





There is another material departure from the deep- 
water results. In deep water, booadliy s king. the 
finer the block coefficient the less the E.H.P., but in 
the shallow water the E.H.P. at 10 knots, for instance, is 
very materially greater for the vessels having a block 
coefficient of 0.56 than for those wat be block coefficient 
of 0.64. The differences between deep and shallow 
water are perhaps more clearly brought out by Figs. 14 
to 17, on page 68, which show curves of residuary resist- 
ance in pounds per ton plotted on 


Vv 

JL 
Needless tu say that the higher curves for each block 
coefficient are for shallow water. The difference is quite 


remarkable. 

I should like to explain the shallow water results, but 
this is almost the first systematic investigation w we 
have been able to make of shallow-water resistance, and 
I do not feel that the data so far obtained is sufficient to 


| enable any final conclusions to be drawn. It is obvious 


investigations of vessels of importance intended for 
shallow-water work. 





German Pic-Inon Union.—At a meeting of this union, 
held on ber 18, it was stated that the quantity des- 
patched during November showed a decrease of some to per 


cent. as compared with the previous month. November had 
24 working days and October 27. A number of the home 
consumers, who had held back with the covering of their 


requirements for the first half of 1914, have quite recentl 
eet Sens eae With regard 
to complaints which have recently made from certain 
districts in Germany, about an inadequate reduction of 
the pig-iron quotations, the board of the union again 
points out Lj its policy has aimed all along at the 
main 





tenance wo nee rpc! nae See possible. there- 
fore maintained extremely te prices during the past 
| active period, Da secu © Pig. policy 
a = y that Lo a 
throug! & protracted period ranged at as m as 
20 marks per ton above the German pig-iron price. 





























































ara = 














































































































































































































68 


ENGINEERING. 


[JAN. 9, 1914. 








CATALOGUES. 


Mercury-Vapour Lamps.—We have received from the 
Westinghouse, Hewitt Company, Limited, of 
80, York-road, King’s Cross, N., a num! of circulars 
relating to mercury-vapour lamps and some of their 
applications. One of the circulars gives prices and par- 
ticulars of lamps provided with fluorescent screens, by 
means of which, it is claimed, normal colour effects are 
obtained. Two new types of the firm’s well-known 
‘* Silica” lamps are also dealt with. One of these lam 
has been specially designed for parallel running on —_ 
voltage circuits up to 575-volts pressure, and in the o 
lamp the whole of the mechanism has been enclosed in an 
earthenware casing to protect it from acids or corrosive 
fumes, The highly actinic character of the light pro- 
duced by the mercury are renders these eo cially 
suitable for all kinds of photographic work where artificial 
light has to be employed. Several different patterns of 
lamps for this work are therefore made by the firm, 
and one of the circulars received illustrates and 
———- some ei "7 lamps. Included among them 
are lamps suita or portraiture, printing, process- 
work, and enlarging. For the latter purpose the 
negative is illuminated by means of four lamps carried 
in an oak frame with a piece of tracing-paper or 
ground glass placed between the lamps the nega- 
tive in order to diffuse the light; no condensers are 
required. Other circulars deal with blue - printing 
machines, of which both stationary and continuous types 
are made ; these machines are, of course, illuminated by 
mercury-vapour lamps. A small water-steriliser, em- 
ploying ultra-violet light rays, produced by a mercury- 
vapour lamp, has poenetiy Sess placed on market by 
the company. It is suitable for use in hospitals and other 
institutions, as well as for domestic use, and is capable of 
supplying 22 gallons of sterile water per hour. The 
steriliser itself is of nickel-plated finish, and is mounted 
on a polished-marble slab with a few necessary acces- 
sories, so that the whole is attractive in ap ce. The 
steriliser is fitted with an automatio switch, arranged to 
cut off the supply of water in the event of the lamp going 
out, so that it is impossible for untreated water to pass 
out of the apparatus. It is listed in three patterns for 
direct-current circuits ranging from 100 to 250 volts in 
pressure, and a special converter is supplied for use with 
alternating currents ; the current consumption is 2 am- 
peres. These sterilisers are claimed to be cheap, simple 
and convenient in use, and to have the additional advan- 
tages of neither affecting the taste of the water in any 
way nor removing the natural gases and salts from the 
solution, as sterilisers employing heat do. 


Feed-Water Heaters and Softeners.—From Erith’s ri 
neering a > Limited, 70, Gracechurch-street, he 
we have received a pamphlet illustrating and describing 
their exhaust-steam feed-water heater, and pointing out 
their advantages. In these heaters, which are constructed 
of substantial cast-iron plates, the feed-water is dis- 
tributed by troughs in such a manner that it falls overa 
number of inclined iy The exhaust steam, having 
been viously freed from oil by a separator, passes 
around and among these trays, thus heating the feed- 
water and being condensed itself; any air or other 
gases that may be present escape to the atmosphere 
through a vent, which also serves to carry off any excess 
of exhaust steam. The heated feed then passes through 
a filter to a measuring weir fitted with integrating and 
recording mechanism. The latter, however, is of a very 
simple nature, since the weir is so designed that the flow 
over it is directly proportional to the head. The recording 
mechanism consists of a drum rotated by clockwork once 
in 24 hours, and carrying a paper chart, on which bearsa 
pen directly connected to a float in the water above the 
weir ; the record thus gives the rate of flow at any time. 
The clock also drives a horizontal disc at a uniform 
angular velocity, and on this disc bears a small wheel 
resembling that on an Amsler’s planimeter. The 
wheel is directly connected to a counter which is carried 
on a bar sine sediaiiy with respect to the horizontal 
disc. The wheel and counter are connected to the 
float by means of a light chain, and the movements of the 
float cause the counter to travel along the bar, so that as 
the head over the weir increases, the distance of the 
counter-wheel from the centre of the disc also increases. 
It will be evident that, with this ment, the revo- 
lutions of the counter-wheel are di Yy proportional to 
the head, and as the flow is also proportional to the head, 
the reading of the counter can be made to give the total 
flow by suitably choosing the rate of rotation of the disc 
and the diameter of the counter-wheel ; the counter thus 
gives, in plain figures, the total flowingallons. After flowing 
over the weir the heated and purified feed-water passes to 
the feed-pumps. These heaters, which have been made 
with capacities ing from 1000 to 20,000 gallons per 
hour, receive the lensed steam from all sources, and 
atomatically admit cold make-up water as uired. In 

lants where the main engines run condensing, the exhaust 
rom steam-driven auxiliary machinery may be used for 
feed-heating, or partly expanded steam may be taken 
from the main engines or turbines for wees The 
heaters can be very conveniently combined with Erith’s 
patent water-softeners, in which soda is the only chemical 
= The pamphlet illustrates some examples of these 

teners. 


Electric Lifts.—We have received from Messrs. Smith, 
Major and Stevens, Limited, of Abbey Works, North- 
ampton, a copy of the latest edition of their little book 
entitled ‘‘ Notes on Electric Lifts.” We must apologise 
for referring tothe publication in this column, as, on the 
first page, it is particularly stated that it is not a cata- 
legge, aad Sa We Sake Diese te peetsen t is requested 
not to destroy the book before reading it. Cortainly it is 





RELATIVE RESISTANCES OF SHIPS’ MODELS. 
(For Description, see Page 66.) 


Fig.4.curves OF RESIDUARY RESISTANCE IN POUNOS PER TON DISPLACEMENT 
IN DEEP AND SHALLOW WATER. 
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a 
(ane) Scale for 7 
not an ordinary catalogue, and any engineer or architect 
who receives a copy might do wal to find a place for it 
on his book-shelf, if at all interested in the subject of 
lifts. Combined with much other information about the 


working of lifts, the book gives some useful figures show- | L 


ing the cost of power and repairs, the figures having been 

en from results actually obtained in practice. It 
afterwards points out the properties that must be pos- 
sessed by any good electrie lift-gear, and then explains 
the special features of the firm’s own design, which differs 
from those of some other makers in several important 
details. For instance, the worm-wheels are extra large, 
and are cut from hard cast iron, and not from phosphor- 
bronze, and the worm is placed above the wheel instead 
of below it. Good reasons for these features of design 
are given. a wheels, it is mentioned, 
may be completely cut to pieces quite silently, and 
a case where this occ is illustrated. Cast-iron 
wheels, on the other hand, will very: soon acquaint 
the user of the fact if they require lubrication. The 
firm’s reasons for using only two bearings on the main 
winding shaft, and for not employing ball-thrust bearings 
for the worm-shaft, are also fully explained, as also is 
their preference for the V-wheel drive for the hoisting- 
ropes. Amongst much other matter the firm’s control 
apparatus, automatic locks, brakes, and safety devices 
are illustrated and briefly described ; some particulars of 
electrically-driven friction-hoists for contractors’ work 
will also be found. The illustrations include some designs 
of passenger cages and lift enclosures, and also show 
numerous important buildings in which the firm’s lifts 
have been installed. The book is well printed and the 
illustra tions age of excellent quality, 





Tue Catcurta Execrric Surety CorroratTion.—The 
Calcutta Electric Supply Corporation, Limited, has 
recently issued a booklet giving a brief account of its 
history from its inception. Corporation owes its 
origin to an applicdétion made by Mesgsrs. Kilburn and 
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Co., in 1896, for a licence under the Calcutta Electric 
Lighting Act of 1895. Messrs. Kilburn were the Calcutta 
agents of Messrs. Crompton and Co. Asa result of the 
success of the application the Indian Electric Company, 
imited, was formed in January, 1897, with a nominal 
capital of 1000/., to work the licence, which was for 
twenty-one years. In February, 1897, the name of the 
company was changed to that it now has, and the capital 
was increased to 100,000. Operations were begun by the 
erection of a three-wire direct-current station of 1000-kw. 
capacity in Emambagh-lane. The work was carried out 
by Messrs. Crompton. The installation was a success from 

e first, and the Corporation paid 34 per cent. dividend 
the first year after the commencement of supply. To meet 
increasing demand, a further station of 750 Ww. capacity, 
on the lines of the first, was erected at Alipore, and 
opened in 1902. This was followed by a 1200-kw. station 
at ingerg x~ opened in 1906, and a suction -gas 
station, of 165 kw., at Howrah, opened also in 1906. Up 
to this time the supply had been entirely on the direct- 
current three-wire system, but in 1910 a high - tension 
alternating-current plant was installed, to supply the 
northern districts of the town. This edditional plant, 
however, did nothing to eliminate the system of 
generation in a number of smal stations, and a centralis- 
ing scheme was put in hand at the end of 1910. This 
scheme involved the erection of a 15,000-kw. 6000-volt 
pny ye turbine-driven central station at Cossipore, 
and the conversion of the old generation stations into 
sub-stations. The new station was completed in July 
1912, and at the present time the high-tension generation 
and distribution system is in full operation. At the end 
of 1912 there were 230 miles of underground and 124 
miles of overhead mains in the —. e load covered 
supply to 40,000 ceiling fans, the equivalent of 370,000 
eight-candle-power lamps, and 2000 motors varying in 
size from } to 300 horse-power. It should also be said 
that the original 21 years’ licence has many times been 
— ree the area and period 
of supply. 
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ELECTRICAL APPARATUS. 


21,751/13. H. Leitner, London. Switches. (3 Figs.) 
September 26, 1913.—This invention relates to an improvement in, 
or a modification of, the switch for opening and closing electric 
circuite described in 8 fication No. 2747, of 1912. In the former 
specification there is described a switch designed to be operated 
either electrically from a distance or mechanically by hand, and 
which is provided with ‘‘on” and “off” electromagnets or 

lenoids in conjuncti with a mechanical catch or locking 
device, which latter is liberated on the energisation of the “off” 
magnet, or alternatively by a hand-operated device. Now the 
main object of the present invention is to improve the form of 
catch or locking device, and to this end the locking is effected by 
a pair of spring-controlled hinged catches, which are released by 
the direct contact therewith of suitable projections on the 
armature or core of the “ off” magnet. a is the ‘‘on” et or 
solenoid, the core b of which carries at its lower end the disc or 
extension c. d is the “ off” magnet or solenoid, ¢ the core thereof, 
and f a disc or extension attached to the lower end of the latter. 
g, g' are the two arms which are hinged at g? to the top of the 
* off” magnet d, and the lower ends of which constitute the 
catches designed to engage with the underside of the disc c carried 
by the core } of the magnet a. To facilitate this engagement the 
periphery or edge of the disc c is made with a bevel. A are the 
inclines or cam surfaces provided upon the inner faces of the arms 
9g, 9 adjacent to the disc f of the core e of the magnet d. i are 
the lugs which are formed upon the disc /, and j are flanged roller- 
guides which are rotatably mounted in the lugs 7. and are designed 
to bear against the inclines or cam surface h. k are the springs 
which extend between the arms, g! and the casing of the electro- 
magnet a, and which normally tend to draw the lower ends of the 





q 





7. 


said arms towards and into engagement with the disc c. lisa 
vertically-moving piece, the upper end of which bears against a 
vertically-moving piece U!, which carries the contact-bars m and n, 
and is rigidly connected with the disc ¢ and furnished with a 
handle, by means of which it can be lifted. p is a rod which 
extends through the vertically-moving pieces /, 2 and the core b, 
and which es contact at ite upper end with the lower face of 
the disc f, and is provided at its lower end with the button or 
knob g. The device operates as follows :—Assuming that the 
parts are in the ition indicated in the drawing—that is to say, 
with the switch in the “off” position, and that current is sup- 
plied to the ‘‘on” magnet a—then the core b of the latter 

attracted and draws upwards the disc ¢ until its bevelled peri- 
phery rides over the inner lower ends of the arms g, g!, which 
grip the disc ¢ under the action of the springs k, and thus retain 
the disc in the attracted ition in which the switch contacts 
are closed. When, now, it is desired to put the switch contacts 
into the “off” position, the “off” magnet d is ones in any 
suitable way whereby the core ¢ is attracted and lifts the disc /, 
the rollers 7 on which bear against the inclined surfaces A of the 
arms g, g!, and so press the arms outwards, thereby releasing 
the disc c on the core b of the magnet a, which disc consequently 
drops and carries with it the contact-bars m and n attached to 
the vertical piece 2. When the switch is to be closed by hand, 
the lifting of the movable piece 1 through the medium of the 
handle raises the disc ¢ until it is locked by the arms g, g!. To 
open the switch the knob q of the rod pis pushed upwards, thus 
lifting the disc f of the core ¢, the raising of which pushes the 
arms g and g! outward to release the core } of the armature a 
ii the manner above described. (Accepted November 5, 1913.) 


/13. A.H. Olmstead, Bowdon. Voltage Regu- 
tion. (2 Figs.) January 15, 1913.—This invention relates to 
systems of voltage regulation for electric circuits in which the 
regulation is effected by varying, either directly or indirectly, th 
excitation of the main erator supplying the circuit. i has 
already been connection with circuits supplied by 
qneemen provided with an exciter to provide an additional 

lynamo-electric machine included in series with the field- 
magnet winding of the exciter, the excitation of the said addi- 
tional machine being varied by means of a switching device in 
accordance with variations in the voltage of the circuit to be 


the 
e Soules at Geecuid tovmeiton, the lace of the 





ee The object of the present invention is to provide a 
itage-regulating system in which an additional machine is 
employed of ord construction, and of comparatively small 
sive, and in which a voltage r of standard construction 
may be employed for varying the excitation of the said addi- 
tional machine. A three-phase alternator 1 is shown by way of 
example connected to a main circuit 2, 3,4, and provided with a 
field winding 5 supplied with direct current by an exciter machine 
6 through leads 7 and 8, the field winding 9 of the exciter 6 being 
connected across the leads 7 and 8 preferably in series with a 
regulating rheostat 10. According to thisinvention, the arma- 
ture of an additional machine 11, which may be driven by an 
electric-motor, or, if desired, from the shaft of the main generator 
1, or of the exciter 6, or from any other couvenient source of 

wer, is connected acrossthe field winding 9 of the exciter 6. 

is additional machine may be of ordinary construction, and 
considerably smaller than the exciter 6, and its field winding 12 is 
connected across the exciter leads 7 and 8 in series with a regu- 
lating rheostat 18, which may be alternately cut out of and 
into the circuit of the field winding 12 by means of any standard 
type of automatic voltage regulator (not shown) adapted to alter- 


4 
t. 9 
77 
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nately close and open the circuit through the contacts 14, 15 in a 
shunt circuit to the rheostat 13 in accordance with the vol 

of the circuit 2, 3,4 to be lated. In a modification, 
armature of the additional machine 11 is connected in shunt to 
the regulating rheostat 10 in series with the field winding 9 of 
the exciter 6. The operation of the machines connected as de- 
scribed is as follows :—An electromotive force is generated in 
the armature of the additional machine 11 owing to this being 
driven by power in the magnetic field due to the field windi 
12, and this electromotive force is impressed upon the cireult of 
the field winding 9 of the exciter 6. In the arrangement shown, 
if the voltage across the armature of the additional machine 11 is 
raised aboye that across the field windi 9, the additional 
machine acts as a generator and supplies additional current to 
the field winding 9 of the exciter 6, thus increasing the vol 
across the exciter armature, and consequently that of the main 
generator. If, however, the voltage across the armature of the 
additional machine 11 is reduced below that across the field 
winding 9, the additional machine 11 isdriven as a motor by the 
exciter 6, and the current traversing the field winding 9 is 
reduced, thus reducing the vol! of the exciter armature and 
of the main generator. (Accep November 29, 1918.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 

14,974/13. J. Samuel White and Co., Limited, and 
W. P. Sillince, Cowes. Internal-Combustion En- 
{2 Figs.) June 28, 1913.—The invention relates to the 

el-admission devices of mternal-combustion engines of the type 
burning crude and the heavier fuel oils, and in which the fuel is 
sprayed into the cylinder about the time the piston is at the end 
of its compression stroke, such, for instance, as the Diesel engine. 
In engines of this type as heretofore usually constructed the fuel- 
valve has a spindle which jects through a packed gland on the 
fuel-valve casing, 80 that the valve may be ted to admit fuel 
by external mechanism acting on the exposed portion of the 
valve-spindle. The gland is therefore subject to the pressure of 
the highly - compressed air used for 3 the fuel, and 
unless the gland be packed tightly there is liability of loss of 
compressed air by leakage at the gland; and, on the other hand, 
if the said gland be packed tightly enough to reduce such leak: 
toa minimum, there is risk of the valve-spindile sticking, aud the 
valve closing too slowly under the pressure of the closing spring. 





LZ 


7 


VA 


é 
f 















=Y 


~ 


WS 

s . 
Sy 
oF 
SOS 


Vf 
Rk 
xX 

WO Ne 


G 









a 


Wl 4 
SS 
NWN 
ES 
SS 


yy 





WG 
> 






The object of the invention is to minimise the time during which 
——— is subject to the pressure of the injection air, and thus 
to admit of the _ being packed sufficiently ae to admit of 
rapid action of the valve without appreciable loss of injection air. 
According to this invention, passages for the compressed air and 
fuel are formed in the valve-seating or between two ——s sur- 
faces thereof, so that when the valve is open the air and fu: awd 
thro the passages into the valve opening and thence directly to 
the orifice of the cylinder, and when the valve is closed 
and upon its seat the ends of the passages are cl ‘ com- 
air and fuel cannot pass between the valve-spindle and 

in which it works to the . In the preferred em- 

valve or ite seating 

san ares goat end Safes’ Seni 
passages for open. valve has thus 
pera my | portions, the upper or outer one of which, when the 
valve is closed, vents of air outwards between the 
valve-spindle the part in which it works to the gland, and 


the lower or inner yy | portion at the same time r= 
access of the air and fuel to the cylinder as usual. is the 





cylinder of the engine, 2 is the admission orifice thereof, 3 the 

ive , 4the cranked lever for lifting the valve, 5 the closing 
e valve between the cylindrical abutment 6 screwed 
on a cylindrical portion 7 on an extension of the valve-casing + 
and a hollow cylindrical ae 8 on the valve-spindle 9 and slidi: y 
like a piston in the when the valve is operated. 10 is the 
inlet for fuel, and 11 the inner end of the for ne ag 
Suter parties af (he pastas. All tee said poste toe of eptieany 
outer ion of the ‘ e are nary 
construction. The seat 13 of the admission-valve is formed in a 
tubular part 14, the lower part of which is conical and secured 
pressure-tight against a co nding conical seat in the valve- 
casing 3 by means of the screw-nut 15 ng on the 
the 14 against the resistance of a 17, which 
tight joint at that part. The valve spindle a close 

us acts as a 


fit in the ee 14, which 
18 is vided between the outer part of the 


spindle, and a 

guide 14 and valve-spindle 9, which gland is not packed so 
tightly as heretofore for the reason hereinbefore explained. The 
valve is divided into two seating portions 19 and 20 by an annular 
channel, into which, when the valve is closed, conduits in 
the val open pressed injection air and fuel 
passing a = the conduits when the valve is open. The con- 
duits communicate at their outer ends with an annular channel 
in the guide 14, which channel communicates by means of long - 
tudinal grooves with another annular channel in the guide }4, 
which channel is in communication with the fuel inlet 10 by 
means of a conduit 26 in the valve-casing 8. The second-men- 
tioned annular channel also communicates by means of the 
longitudinal grooves in the guide 14 with a space 28 between the 
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gu and the vaive-casing 3, into which space the compressed-air 
nlet 11 The longitudinal grooves serve for of 
com) air to the channel, where it meets the fuel, which is 


atomised or pulverised by th 
the grooves, channels, 
(Accepted November 6, 19138.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 

6753/13, _ A. Mestoss, Heute and RK. R. 
Vernon, Coventry. La (2 Foe] March 19, 1913.— 
This invention relates to lathes, and has for its object to simplify 
and improve the manufacture of lathes provided with —- 


e aid of the air while passing through 
conduits to the valve-seating 13. 


mechanism, and also sometimes with chasing mechanism. A 

ing to this invention, the feed-box is divisible into two parts, one 
containing the gearing for the feed mechanism, and the other for 
the chasing mechanism. The latter part can be easily detached 
from the remainder without interfering with the ng for the 
feed mechanism. Thus, a lathe constructed with feed mechanism 
solely can easily have added to it the chasing gear without 
structural alterat: Similarly, a single design of lathes serves 
for a simple lathe or for a lathe with f 


mechanism. 


ng and chasin 
The feed-box is bolted up to some suitable part o 














the lathe, and the gearing therein receives power from a shaft Y 
in the ordinary manner. By the present invention the feed-box 
is divided horizontally, the lower part A containing a shaft E 
carrying gears A2 meshing with gea' ring Y2 on the shaft Y, which 
enables the feed-shaft B to be rotated at varying speeds in the 
known manner. Reversing gearing is illustrated d matic- 
ally at B2. The upper box part O contains a shaft P carrying 
gearing P?, which enables the shaft D cyreiog the chasing 
mechan to be rotated in the manner desired. The gears 
P2 mesh with the gears Y2, as shown in Fig. 2. The constant 
ratio shaft Y rotates at a speed which bears a constant ratio to 
the of the work spindle, and is therewith in | 
well-known manner; and by means the gears A? and . 
operated by eg 2 keys, the shafte A and P are rotated at the 
desired speeds. (Accepted October 29, 1913.) 


MOTOR ROAD VEHICLES. 
24,618/12. J.G.P. Thomas and the Thomas Trans. 
Limited, London. Petrol-Electric Drive. 
{1 Fig.) October 28, 1912.—This invention relates to the applica- 
tion to motor vehicles of electro-mechanical power-transmission 


mechanism such as is described in the specification of Letters 
Patent No. 25,386, of 1907. According to the present invention, 
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machines, together with the balance gearing 

hung — on -_ oo ya py - 5 is connected 
geari r directly or through a clutch wi elimi- 
balance vay i Sy Et. 
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nates the rine 

machines are 1, te shaft of the motor may 
either be 1. oo ae balance gear- 
ing, by the two e machines and the prime motor 
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4. 

the epicycle gearing out of action by making 
planet-carrier to the sun-wheel 4. The prime motor 12 is 
shown as having ite shaft at right angles to the axles of the 
vehicle, and it drives the casing 1 of the differential gear through 
a clutch 13 and bevel pinion 14, which latter meshes with bevel 
teeth 16 formed on the circumference of the an This gear may 
be replaced by worm gearing. The electrical machine 6, 7, 
together with the balance ng and the clutch 11, may con- 

iently be ted r in a frame 16 which is in part 
hung from the axle 10 in a manner well known in electric railway 
and tramway work. It will be understood that when the 
vehicle is being driven by its own prime motor 12 the clutch 13 is 
operative, and the clutch 11 is out of action except on y 
8 control is effected by electrical control of the 





speed. 
jynamo- 
electric machines, and so forth, as fully described in the specifi- 
cation referred to. (Accepted October 29, 1913.) 


PRINTING AND ALLIED MACHINERY. 


24,115/12. Linotype and Machinery, Limited, 
, B. T. R. G. Parker, and A. 

Broadhea Prin’ - (2 Figs.) October 22, 
1912.—This invention relates to improvements in rotary off-set 
printing-presses of the known class in which there are provided a 
transfer-cylinder and a plate-cylinder, one of larger diameter than 
the other, each secured to ite respective shaft, intermeshing 
gears for normally rotating these cylinders and their shafts, and 
co-operating bearers on both cylinders for causing the cylinder 
of smaller diameter to be driven by the other cylinder during a 
portion of its revolution independently of its normal driving 
mechan The principal object of the present invention is to 
rovide a rotary offset printing-press of the class above specified, 
n which the transfer-cylinder and plate-cylinder are geared 
together by intermeshing gear-wheels on their ive axes, 
and wherein the teeth of one of the two gear-wheels are of less 
than normal thickness to admit of the two cylinders being rotated 
without the teeth of those wheels contacting with each other. 
Io ones constructed ding to the p t invention, there 
is rigidly attached to one end of the plate-cylinder 1, say, as shown 
in the drawings, at the gear side of the press, or to the corre- 
nding end of ite shaft 2, a spur-wheel 3 which meshes with an 
idle wheel 4 free to turn loosely upon the saaft 5 of the transfer 


Fig. 

















cylinder 6, this idle wheel 4 in turn meshing with a spur-wheel 7 
fast to the impression-cylinder 8 or to ite shaft 9. A driving 
pinion 10 medhes with the spur-wheel 3, which is fast to the 
plate-cylinder 1, and thereby imparts rotary motion to that 
cylinder, and, —- the idle wheel 4, transmits rotary motion 
to the impression cylinder 8, the gear having no effect upon the 
transfer-cylinder 6 between the plate and the impression-cylinders 
1,8 At the feeder side of the press there is secured to the plate- 
cylinder 1, or to its shaft 2, asecond gear-wheel 11, which meshes 
-wheel 12 fast to the end of the transfer-cylinder 6 or 


witha 
to its shaft 5, this latter gear-wheel, however, having its teeth of 
less than n thic 


kness, so that during the period of —_ 
sion from plate to offset surface, it allows of the transfer-cylinder 
6 being rotated merely by its frictional contact with the plate- 
cylinder 1, contact: between the bearers 13 of the 
Flate-cylinder 1 and the bearers 14 of the transfer-cylinder 6 
without the teeth mer | with those of the gear-wheel 11, the 
function of the gear-wheel 12 being merely to ensure that rotative 
connection bet the t fer-cylinder 6 and plate-cylinder 1 
shall be d tant, whether or not the transfer cylinder 
be tri relatively to the plate-cylinder ; or this same result 
may obviously be obtained by the teeth of the wheel 11, instead of 
those of the wheel 12, being of less than normal thickness. (Ac- 
cepted October 22, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


28,477/12. C. D. McCourt and Bonecourt Surface 
Combustion, Limited, London. tors. 
(3 Figs.}] December 10, 1912.—This inveation has relation to that 
of ibustion in which use is of the acceleratin 
influence that hot surfaces exercise on combustion, aad in wh 
a combustible mixture, consisting of fuel and a su r of com- 
bustion, is supplied to a com bed, and is brought to 
combustion within the same, with the consequence that the com- 
bustion-bed is raised to incandescence, and the combustion of the 
combustible mixture is accelerated by the hot surfaces on which 
it burns. In accordance with this invention, the or fire-bars 
of a steam-generator, which may be of 7 type, is or are 
removed, and is or are replaced by asolid hearth or tray of fire- 
clay, or the like, having one or more narrow apertures there- 
through connected with sources of supply of liquid fuel and air, 
the hearth or tray being covered with a bed or body of refractory 
material in ular or tary ition, within which com- 
bustion of the mixture of liquid fuel and air re 
y 
pend 





intei 








mixture of liquid fuel and air is delivered to the bed or 
ot 


it int» a more or less fine state of division by the action of 
constituent thereon, or the first-named 


direct action of the . The 
is delivered to the bed or body of refractory material in an un- 
converted, that is to say, not condition. In carrying ou: 
this invention, the solid hearth or tray is provided with a plurality 
of openings 11 therethrough, and each opening is in connection 
with an air-supply pipe 6, and with a liquid-fuel supply-pipe 7. 


it | The end of the air-supply pipe terminates at or near the upper 


face of the hearth or tray 10, or within the opening, and the end 
of the liquid-fuel supply-pipe 7 is within, and centrally 
of, the air-supply pipe 6, terminating within the latter below the 
end thereof. e end of the oy supply-pipe 7 may be pro- 

with a spraying or deflecting dev air supply is 


under a low pressure, and the liquid fuel is also under a or 
pressure ; the , -pipe is controlled by a cock or 


valve. In use and liquid-fuel supplies are turned on, the 


liquid fuel wells out of the end of ite supply- 
acted jong 


+ ee ps map og 


on by the current of air passing air-supply pipe. 
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Owing to the proximity of the ends of the air and liquid-fuel 
supply -pipes to the or body 2 of refractory mate: on the 
solid hearth or tray 10, the liquid fuel is delivered directly to the 
bed or body of refractory material, and in an unconverted con- 
dition. When the steam-generator is of a type having a plurality 
of small tubes 12 extending through the water space for the 
feonee of products of bustion, as has the steam-generator 
llustrated, and as have locomotive-type steam-generators, marine 
boilers, and others, the tubes 12 are or may be filled, packed, or 
charged, wholly or partially, with refractory material 2a in a 
granular or fragmentary condition. The one end of each tube, 
when 80 filled, packed, or charged, may be provided with a per- 
forated fire-clay or other plug 13, and the tube is also provided 
at or near its other end, or at the end of a filling, with a grid or 
the like. The hot products of combustion from the combustion- 

2, 10 then enter and pass thi h the tubes 12, the re- 
fractory material 2a therein acting in well-known manner to 
assist in the transfer of heat to the water. When the air con- 
stituent is not utilised to bring the liquid-fuel constituent toa 
—_ i of division, steam may be used. (Sealed January 1, 
1914. 


1270/13. T. Clarkson, 
tors. (2 Figs.) Janua: 





Chelmsford. Steam-Genera- 

16, 1913.—This invention relates to steam- 
—-. more icularly those of the type described in 
pecification No. 23,213 of 1907, and has for its object to modify 
the construction and arrangement for heating the feed water. 
This t of boiler, as hitherto constructed, comprised a central 
eyli 1 chamber, with its axis disposed vertical and a series of 
U-tubes radiating from the central chamber. Around the domed 
cover of the central chamber were disposed feed-heating coils to 
lay over the steam-generating (J-tubes. According to this inven- 
tion, the two uppermost rows of steam-generating (J-tubes are 
digpensed with, and feed-heating coils arran in the following 
manner are substituted : Two headers are d radially with 
relation to the cen chamber, one being for supply and the 
other for the collection of the feed water after it has passed 
through the heating-tubes and for delivering it into the central 
chamber. These radial headers are in moderate juxtaposition, 


and from the delivery header start a series of tubes, each of which 
is coiled round the central chamber, reversed, and coiled back 










































































































noted that by onnetting the coils C, C! to these headers in 

apes! a constant flow of water through the feed-heating coils 

practically ensured, even if one of the elements ©, C! should 

to be thrown out of action. Further, the di tion of 

the headers is such that if for any reason the whole of the feed- 

hi coils become ineffective or have to be out of action, it is 

— to disconnect the header D from the main supply and the 

ler G from the delivery pipe G! and connect the supply 

to the delivery-pipe G1, thus enabling the feed to the generator 
to be continu (Accepted November 5, 1913.) 


sy sees. H. A. Spemepese. North Shields, and 
L. Smith, South Shields. Liquid-Fuel Burner. 
{3 Figs.] November 27, 1912.—This invention relates to spra: 
nozzles or atomisers, more particularly for use with — 
burners, and consists in an improved construction of nozzle 
designed to provide a chamber or chambers in which the fuei is 
or su prior to issuing from the nozzle. An 
r , according to this invention, com’ an 
outer tube or nozzle a formed with an outlet orifice a!, which is 
suitably countersunk, and adjacent to this orifice the nozzle is 
recessed to form an enlargement of ter diameter than the 
bore of the tube. Within the outer tube ais an inner tube b, 
which extends to the front wall of the nozzle and which is closed 
towards its outer end. This tube b forms within the nozzle an 
annular space or chamber a2, surrounding the tube, and a second 
chamber a* adjacent to the outlet orifice of the nozzle ; the wall 
of said tube being formed on each side of the closure }! with 
passages b°, b3, which communicate respectively between the bore 
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asa’ 
of the nozzle and the annular chamber a2, and bet the Jatter 
hamber and the chamber a* adjecent to the outlet orifice of the 





nozzle. The passages in the wall of the inner tube may be straight 
or inclined, and of any desired number, according to the fineness 
of the spray required, and instead of drilled holes, as shown, fine 
saw-cuts may be made to obtain the same effect. The front face of 
the closure b! may be formed with a conical projection, the a) x of 
which is presented to the outlet orifice a! of the nozzle. This 
cone serves to direct the liquid towards the outlet, and is of 
advantage in obtaining very fine atomising by overcoming the 
vacuum effect caused by the liquid leaving the chamber through 
the outlet orifice. The oil or other liquid under pressure on 
entering the nozzle flows first into the annular chamber a2 
surrounding the inner tube, where it becomes heated or super- 
hea and ex led, and then flows into the second heating 
chamber a® adjacent to the outlet orifice a}, the liquid then 
entering this latter chamber at an increased velocity, and being 
subject to a whirling motion before issuing from the nozzle in the 
form of a fine spray. (Accepted October 29, 1913.) 


TEXTILE MACHINERY. 


6500/13. J. Eth Rochdale, and Tweedales 
and Smedley, Ltd., tleton. Spinning-Machines. 
(5 Figs.] March 17, 1913.—This invention relates to centrifugal 
clutch spindles of the kind in which frictional driving contact is 
made between the spindles and the cops, pirns, or bobbins, through 
the intervention of loosely ted clutch bers which fly out 
under the action of centrifugal force and engage with the afore- 
said cops, pirns, or bobbins. The present invention has for its 
chief object so to construct the clutches that the wear thereon 
will be distributed throughout the entire length whether the 

ndle is running empty or full. For this purpose, the clutch- 
eces are made of special shapes in cross-section to engage and 
Interlock with the inside wall of the control-cap throughout the 
entire length of the clutch when the spindle is running — as 
distinguished from the type of clutch hitherto proposed, and 
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which is controlled wy its ends only under this condition. A 
the cop, O, C indicate the loosely-mounted 
indi The latter is 





















Pp 
e formed in the adjacent end of the wharle-sleeve E. Fig. 2shows 
the relative position of the clutch-pieces and control-cap when the 
spindle is running with a bobbin on it, and Fig. 3 shows the 
relative position assumed by the parts when the spindle is running 
me gl py mae the lateral projections c, c engage with the 
con 
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The Catskill Water Supply of New York City: History, 
Location, Sub-Surface Investigations, and Construction. 
By Lazarus Wuitr, C.E. New York: John Wiley 
and Sons, Inc. [Price 25s. 6d. net.]- 

Tue successful prosecution of a great undertaking 
gives large experience and teaches many lessons. 
It is eminently desirable that the results derived 
from long and varied observation should be utilised 
to the utmost. The expert historian who records 
the progress and improvements renders an essential 
service. Mr. Lazarus White has accepted this 
responsible position, and very well he tells the 
story of the conception and achievement, of the 
Catskill water supply, projected to carry to New 
York, from a source 120 miles distant, a possible 
supply of 660 million gallons daily. Thoroughly 
conversant with the details, and having the approval 
and assistance of his chiefs, Mr. White is in a very 
favourable ition for supplying trustworthy in- 
formation that will be appreciated by contractors 
and engineers Owing to many operations going 
on simultaneously under different contracts, the 
task of arrangement has been difficult; but by 
adhering to each contract separately the entire 
history is clear and satisfactory. Probably the 
undertaking described is the largest of the kind 
yet attempted. It has employed hundreds of trained 
and able engineers, and scores of the most re- 
nowned contracting firms. Fortunately, there have 
been vast resources of both men and money on 
which the management could draw. 

The first impression of the magnitude of the 
work is supplied by the intimation that it was 
necessary to institute a special police, at a cost of 
more than 66,0001. a year, to prevent any disorder 
during the construction of the works. The local 
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constables proved incapable of coping with the 
increased and shifting population following the 
work, and an entire staff of patrol-men, duly officered 
and supplied with barracks, quite independent of 
the ordinary service, were employed solely in 
protecting the inhabitants against the aqueduct 
workers. The task of acquiring land, water rights, 
wayleaves, and of overcoming all the obstacles that 
ingenuity can devise, vast as it was, is not so im- 
pressive, because no scheme of water supply was 
ever projected in which the number and greediness 
of the claimants were not unduly large. It comes, 
however, with something of a shock to learn that 
when the Croton works were made—that is, the 
works which are now being supplanted by the 
larger Catskill scheme—the property owners were 
in some cases not compensated for years after they 
they had been dispossessed. The recollection of 
this long wait smarted, but did not prevent a whole 
army of litigants pressing theirclaims. Better and 
more just arrangements seem to have been made, 
but the scheme did not escape unpopularity, for 
no doubt some had to go empty away. For 
the p of the work some 21,000 acres were 
acquired at the cost of 12,000,000 dols., appasentiy. 
an average of 600 dols.an acre. But the owners 
did not get this sum. Nearly two-fifths of the 
total were swallowed up in expenses, and only 
three-fifths, or 7,300, dols. were awarded to 
proprietors. The law and arbitration costs seer 
to have been unusually heavy. 

We are used now to the introduction of very 
strict clauses into contracts concerning the hygienic 
and sanitary arrangements to be observed where 
large camps of men are collected. Where the 
chances of contamination of a water supply are 
hazarded, such precautions are very properly more 
than usually strict. There was some opposition, 





at first, from the constructors, who were used to 
less stringent rules in country labour camps, but 
it is satisfactory to know that the most recalci- 
trant contractors admitted that the expense of 
laying out camps and maintaining them in sanitary 
conditions was small in comparison with the benefits 
derived. Schools, hospital, bakery, stores, bank, 
ice-house, were all provided, and, indeed, it was 
found that very considerable inducements were 
necessary to keep a full supply of workpeople, con- 
tented and willing. With an average population 
of 15,000 in 1910, the number of infectious cases 
amounted to 321, and of deaths 86. There were only 
six cases of typhoid, but malaria accounted for 250. 
This statement, it will be admitted, is eminently 


satisfactory. 

The value of pure science in assisting technical 
operations is well illustrated by the aid rendered 
by the geologist. The choice of route and the 


selection of dam sites depended upon the character 
of the rocks. To effecta complete geological survey 
was a necessary but difficult task, and one that to 
be effective could not be limited to a superficial 
examination. The geological work was rendered 
especially difficult by the gorges beneath the river 
beds, some of which were 700 ft. deep. Since, for 
safety, it was decided to place the siphon tunnels in 
solid rock, with 150 ft. to 200 ft. cover at the mini- 
mum, it was necessary to reconstruct a topographical 
map of the district as it existed in preglacial times. 
Frequent borings were made, but the information 
derived from these had to be interpreted, and this 
was the work of the trained geologist, and his help 
was simply invaluable. ‘‘ It would be hard to find, ’ 
says the author, ‘‘ except in mining work, another 
instance where the geology of a region has been of 
such importance as in the location of the Rondout 
siphon.” The conclusion drawn of the value of 
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pees inquiry generally is that detailed exact 
nowledge is of the utmost importance for the loca- 
tion of engineering structures, but that generalisa- 
tions from insufficient data are unreliable and even 
dangerous. He might have added that the geological 
expert hasanother use in America. He is an inde- 
— authority who can keep the Press in order. 

henever there was a particularly difficult spot to 
be nogotiated, as at the crossing of the Hudson 
River, causing a delay in the — ignorant and 
impatient criticism of a hostile Press added to the 
anxiety of the staff. The science of the expert 
above, and removed from, party considerations was 
needed to restore confidence and to strengthen the 
hands of capable officials. 

The type of construction employed is that of the 
cut-and-cover, but naturally in so long a route 
there are places in which recourse must be had 
to tunnelling. Embankment has been used as 
sparingly as ible, and in a few places viaduct 
has been carried on arches and the whole covered 
by embankment. Only where the head is well 
under 100 ft. have reinforced-concrete pipes been 
used. The grade of the aqueduct is such as to use 
up a head of about 200 ft. in a distance of 90 miles. 
After making allowances for loss of head at par- 
ticular points, an average fall of something under 
2 ft. per mile has been utilised. Owing to the 
difficult nature of the country traversed, a large 
proportion of the aqueduct is below grade, and 
this peculiarity has necessitated, or at least sug- 
gested, the use of pressure or siphon tunnels, 
though the initial cost per foot is two or three 
times as great as cut-and-cover. This type was 
used with excellent results in the Croton supply, 
and is to be preferred to steel pipes, on account of 
the greater permanency of the tunnels and their 
greater economy when repairs or renewals are 
required. This method of carrying the supply has 
been employed in the city itself ; a pressure tunnel 
is carried into Brooklyn, numerous shafts being 
usel as uptakes to distribute the water to the 
regular street system of mains. This plan met 
with violent opposition, though it is difficult to 
see why, except the Press were conducting a hostile 
campaign. Sufficient interest was created to lead 
to the appvintment of a Commission to inquire 
into the fitness of the project. This Commission 
reported unavimously in favour of the deep rock 
tunnels through the city, confirming the statement 
of the engineers, that the cost of the tunnels would 
be very much less than steel pipe lines. These 

ressure tunnels constitute the most striking 
eature of the work. ‘‘It is seldom,” says 
White, ‘‘that such a deviation from ordinary 
methods meets with such universal approval, and 
is used on such an immense scale in the first 
instance.” 

In other classes of work, as in boring with diamond 
drills, or the sinking of caissons, the excitement 
becomes positively thrilling. The chances of success 
and failure are so evenly balanced. Mr. White 
thinks that there is a tendency to e te the 

a loss arising from non-recovery of diamond 

its. e believe too much time is lost in trying 
to regain a bit thought to be recoverable, because 
the diamonds are too highly prized. We hear of 
one bit valued at 1500 dols. that had to be given 
up as lost, ~~ two months were spent in trying 
to recover it. The attempt to recover was evidently 
more costly than the bit. The experience on the 
work was, that one bit was lost for every 10,000 ft. 
drilled—that is, a cost of about 10 cents a foot. 
The wear of the diamonds may amount to 50 cents 
a foot, if the rock to be drilled is very hard. The 
sinking of caissons is exciting work, especially the 
open caissons that require extra Solin ample 
lubrication with water, and perhaps the extra 
persuasion of dynamite. So far as the workmen 
in compressed air were concerned, great difficulty 
was experienced in obliging them to take sufficient 
pauses in coming out. is is a frequent cause of 
anxiety. There was, however, only one fatal case, 
but we are not told the number employed. It 
was found desirable to raise the men instead of 
allowing them to climb up vertical ladders. This, 
ss is the recommendation of Dr. Leonard 

ill. 

We would have wished to describe the method 
of drainage by which water is led harmlessly below 
the masonry dams, and also the construction of 
wells and passages in the interior of the dam so 
as to permit inspection. Also the system of 


aeration at the Ashoken Reservoir, as it has been 
adopted as an alternative to stripping the soil 





from the bottom and sides of the reservoir. These 
are certainly interesting and probably novel 
features, ‘but when one remembers the mass of 
literature to which the gigantic undertaking has 

iven rise, he is reluctantly obliged to admit that, 

owever much space be occupied, he would be as 
far as ever from doing justice to the resource and 
ged which have enabled the directing officers, 
aided by a loyal and devoted staff, to bring to a 
successful issue an undertaking whose many difli- 
culties can be only dimly appreciated by those who 
no sooner become aware of the nature of an obstacle 
than they learn the means by which it was overcome. 





The Mi phy of Iron and Steel. By ALBERT 
Savuveur, Professor of Metallurgy and Metallography 
in Harvard University. Cambri Mass. : Sauveur | : 


and Boylston. [Price 6 dols.] 
— og — ge pe wis — 
ography.” ough the pioneers of metallo y 
are no longer with us, metallography is decidedly a 
young science. It concerns many, but is the special 
domain offew. The old generation of metallurgists 
and engineers, not to speak of chemists and phy- 
sicists, is rather puzzled by the odd equilibrium 
diagrams by the aid of which the properties of 
metals and alloys are now explained. Those dia- 
grams were not produced in their college days, and 
they have had little opportunity since of learning 
what the diagrams vail signify The microscopic 
examination of metals is likewise generally being 
pursued on lines with which a few specialists alone 
were acquainted two or three decades ago. The 
unexperienced observer looking through the metal- 
lurgical microscope distinguishes dark and light 
patches of widely differing materials apparently, 
which, he is promptly informed, all belong to the 
same homogeneous pure metal. It requires a good 
deal of practice to learn to interpret what the micro- 
scope shows, and there are wer any books to guide 
the student who is ready to believe that the proxi- 
mate analysis of a steel which reveals the presence 
of ferrite, pearlite, and cementite, and their rough 
percentages, may be much more instructive than 
the ultimate chemical analysis which settles the 
percentages of the elements. Modern science, 
as Osmond expressed it, and the author repeats 
in his introduction, treats the industrial metal 
like a living organism, whose anatomy (physical 
and chemical constitution), ares (influences 
exerted by various treatments), and pathology (action 
of impurities) we have to study. Perhaps those 
terms of analogy are not the most appropriate that 


Mr. | might have been selected. But the engineer has 


long since learned to acknowledge that he should 
consider the history, not only of a structure, but of 
any of its members, and that he will be wise if he 
regards the whole as a living organism. How 
many of us are indeed pre at the present time 
to lay down an absolute criterion of what is living 
and what is not ? 

But we are deviating from the subject. The 
utility of matallography is no longer questioned. 
Metallography is taught in most technical schools ; 
Professor Sauveur informs us that this holds practi- 
cally for all the technical institutions of the United 
States. Yet we possess hardly any text-books of 
the subject, and Professor Sauveur steps in in 
time with something that can at once claim a very 
high degree of excellence. He divides a small quarto 
volume of about 350 pages altogether into an Intro- 
duction, a section on Apparatus for the Metallo- 
graphic Laboratory, twenty-four Lessons, and an 
Appendix on Manipulation and Apparatus and on 
Nomenclature of the Microscopic Substances and 
Structures of Steel and Cast Iron. The nomencla- 
ture, we will anticipate, is the nomenclature which 
Professor Howe and the author proposed to the 
International Congress for Testing Materials which 
met at New York in 1912 ; it did not receive inter- 
national sanction, the question not being considered 
mature yet. The section on apparatus describes 
only such apparatus and instruments as the 
author has found most satisfactory ; further appa- 
ratus are mentioned in the Appendix. The whole 
section is exceedingly useful, and the descriptions 
of some of the auxiliary apparatus and experiments 
of which Professor Sauveur makes use will be read 
with much interest. He fixes his specimens, for 
instance, with the aid of rubber straps, and, when 
the specimens are magnetic, by means of a rect- 
angular piece of magnetised steel, 2} in. by 1 in. 
as a rule, out of which an acute-angled sector 
has been cut. He thus obtains a rest which will 
hold magnetic specimens of various sizes, directly by 





attraction, or indirectly with the help of templets ; 
for large and heavy specimens, such as rail sections, 
he substitutes for this holder an electromagnet stage. 
Universal metalloscopes, the devices for illumina- 
tion, including sourves of light and condensers, as 
well as photographic cameras, inverted microscopes, 
pyrometers, | polishing and etching apparatus, 
are all briefly described. The names of the instru- 
ment-makers are not mentioned in the index, whichis 
otherwise very complete ; several prominent names 
appear, however, to be missing; and it would, 

rhaps, have been as well if the author had con- 
fined imself to instruments which he can recom- 
mend from his own experience. 

The main body of the volume is taken up by 
the ‘‘ Lessons.” They are numbered I., IT., IIT., 
. +» are separately paged, and the numbers of the 
illustrations—mostly, we should say, excellent— 
also begin afresh in each lesson. Professor Sauveur 
does not explain the general arrangement ; but as 
he styles several men, in acknowledging the 
original sources of his illustrations—which he never 
forgets—as ‘‘Correspondence Course Students,” 
we presume that the lessons really form the sub- 
stance of consecutive lectures. e titles of the 
chief lessons are: Pure Metals, Pure Iron, Wrought 
Iron, Low and High-Carbon Steels, &c.; Impuri- 
ties in Steel; Thermal Critical Points (three lessons, 
Occurrence, Cause, Effects); Cast Steel ; Mechanical 
Treatment of Steel ; Annealing, Hardening, Tem- 

ering, Cementation of Steel (five lessons); Special 
Steels (two); Cast Iron (three) ; Constitution of 
Metallic Alloys, Equilibrium Diagrams, and the 
Phase Rule. It is a real pleasure to study these 
lessons. The reader whoexpects much from an expert 
of Professor Sauveur’s standing will not be disap- 
pointed. The lucidity of the language, fairness of 
the summaries, which duly point out difficulties of 
the views expressed, and the conciseness of the 
definitions, are striking features ; it is very easy, 
moreover, to look up in the alphabetical index, 
where a term is defined. Under the heading 
** Experiment ” the particular methods of the tests 
are especially explained, and under the heading 
‘* Examination” a few questions are put at the 
end of each section. The sequence of the lessons 
might ibly have been altered. Weshould have 
felt inclined to bring the lessons on Constitution of 
Alloys and Equilibrium Diagrams at the beginning 
instead of at the very end of the series, if only in 
a preliminary way, though it may be objected 
that the author seems in general to presume know- 
ledge of very little. In Lesson II. the author 
states that ‘‘contrary to the general belief, metals 
remain crystalline after the severest strain, and 
that the flow or plastic strain in metals is not a 
homogeneous shear, such as occurs in viscous 
fluids, but is the result of a limited number of 
separate slips, the crystalline elements themselves 
undergoing no deformation.” Nobody can criticise 
the manner in which this opinion is expressed. 
But it is certainly remarkable and regrettable that 
all reference to the amorphous state and to the 
work of Beilby; ¢.g., seems altogether to have been 
omitted. There is another regrettable omission, 
for which possibly the lecture-lesson system is 
responsible. There are no references whatever ; 
they might be spared in lectures, of course, but 
they should not be wanting in published books. 
After all, the title of the volume is simply ‘‘ Metal- 
lography,” not twenty-four lectures on metallo- 
graphy, and the book fully justifies the adcpted 
title. Perhaps one might also look in vain for 
mention of certain authorities. Thus the book 
has its limitations. But the main thing is that 
we have a clear and systematic exposition of the 
objects and study of metallography, useful to the 
student and teacher, to the metallurgist and 
expert, as well as to the general reader. 
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THE NEW GREAT WESTERN RAILWAY, 


STATION AT BIRMINGHAM. 
(Continued from page 8.) 


In our previous article we described the location, 
general lay-out, and buildings of the station. We 
now propose to desciibe the main features of some 
of the steel-work, and, in the next article, the 
methods adopted in erecting it. One of the prin- 
cipal features of the station is the main booking- 
hall, of which we give a perspective view on page 71, 
while on Plate VII. there are illustra the 
entrance from Colmore-row under the Great 
Western Hotel (Fig. 24), part of the Snow Hill 
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springer-pins are carried, on the booking-office side, 
on columns which stand on the twin girders seen in 
Fig. 28. On the Colmore-row side it was impossible 
to place columns under each pin, owing to openings 
in the building, as shown to the left of Fig. 23, 
page 71, and it was therefore arranged to support 
the roof on two columns and a lattice girder. 
Altogether there are seven arched ribs ; five 
ordinary and two special ones, the latter—the 
outer ones—are made specially strong, since they 
have to carry, in addition to some purtion of the 
roofing, the vertical glazed screens and a portion 
of the roofing at a lower level. Of the ordinary 
arched rib full details are reproduced on Plate IX. 
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frontage (Fig. 25), and the exterior of the station 
on the Livery-street side (Fig. 26). The other view 
on Plate VII. shows the main roof, and in the 
distance the umbrella roofs over the platforms at 
the bays. 

Confining ourselves for the moment to the con- 
structional details of the booking-hall, one of the 
most imposing features, so far as steel-work is 
concerned, we give on Plate VIII. a section and 
elevation showing the flooring, the columns sup- 
porting the arched roof, and a typical roof member. 
The floor of this hall and of the adjoining office is, 
it will be seen, carried across the railway on built- 
up columns, main plate-girders 8 ft. deep, cross- 
girders, rolled-joist stringers, and 44 in. blue-brick 
jJack-arching. e roof itself is about 165 ft. long, 
and is of the three-pinned type of arch, the 
being 93 ft. 94 in. between centres of pins. e 











The arched ribs commence to spring at a height 
of about 22 ft. above the booking-hall floor, and 
the vertical distance between the springer and 
crown-pins is 31 ft. 6 in. The expansion and con- 
traction of the main ribs are taken up at the crown- 
ins, and in view of this the lantern principals 
ve been made of such a shape that no serious 
stresses will occur in them due to the slight dis- 
tortions caused by the rise and fall of the crown of 
the arch. To relieve the columns, the horizontal 
thrust at the springing of the arches is taken up by 
a tie-rod 24 in. in diameter, supported at intervals 
by subsidiary suspension-rods { in. in diameter. 
Union couplings are provided in order to give these 
main tie-rods the necessary degree of tension. 
Forged eyes are provided at frequent intervals on 
the under side of the main ribs, so that painters’ 


i scaffolds, &c., may be readily attached. Fig. 31 





shows the pin joint over the columns, and Fig. 32 
the details of the staging-rings. 

The dimensions of the arched girders are given in 
Figs. 30 and 34 to 37. The ribs are formed of 4-in. 
by 4-in. by 4-in. main angles, with 10-in. by }4-in. 
flange-plates, all the diagonals being of double angles 
varying from 3% in. ~ 2 in. by # in. thick to 3} in. 
by 35 in. by 8m. All the purlins of this portion 
of the roof are of lattice construction, specially 
deep at their ends, as shown in Fig. 38, in order 
to steady the main ribs when the wind is blowin 
on an end screen. Along the whole length o 
the roof there is a lantern, 18 ft. wide, glazed on 
the top, and provided with louvre-blades at the 
sides for ventilation purposes. This is shown in 
— 36. Projecting from the lantern is a cleaners’ 
walk. The covering over the arched ribs consists 
of alternate els of patent glazing and 2-in. 
boards cov with 6-lb. lead, details being given 
in Fig. 43. The details of the steel gutters and 
joints are given in Figs, 39 and 40 and in Fig. 44. 

ig. 42 is a detail of the cleaners’ gangway on 
the arched portion of the roof. These gangways 
are provided for convenience in cleaning the glass 
panels. Access to the walks is obtained through 
the booking-oftice, thence by ladders to the large 
steel gutters over the front of the booking-office. 
When a cleaner desires to work on the side of 
the roof next Colmore-row, he makes his way 
to the Livery-street end of this gutter, where, in 
connection with the cast-iron cornice, steps are 
provided. 

The erection of this roof does not call for specia 
treatment ; the supporting girders and flooring 
between Colmore-row and the booking-oftice were 
completed and the steel-work contractors had full 
possession of the site, without having to contend 
with any difficulties in regard to traffic-working. 
But we may say that each half rib was delivered on 
the site in two pieces, then riveted up at the site 
and lifted into position by means of a steel derrick 
pole 75 ft. long, one-half rib being held in posi- 
tion by the derrick until the other half was similarly 
erected. 

Leading from the booking-hall to the foot-bridge 
are two covered corridors. The constructional 
details of the floor of these corridors and foot-bridge 
are identical in character to those of the booking- 
hall. These three portions of the work are all 
walled in and covered with glass for the whole 
extent of their roofing. A distinctive feature of 
this roof is that the braced principals appear to 
spring directly from the walls. They are really 
carried on rolled-joist columns, connected at their 
lower ends to the main girders. The stairs lead- 
ing from the foot-bridge to the main platforms are 
constructed with steel stringers supported on steel 
columns, the hand-railing being formed in cast iron 
of a neat pattern. There is no special feature in 
the structural work of the cab roadways or their 
approaches. 


Tue Station Roor. 


We come now to the description of the roof of 
the station proper. Fig. 27,on Plate VII., gives a 
general view of the main roof and of the umbrella 
roofs over the ends of the platforms and docks, 
while Fig. 45, on Plate X., is a general view of the 
interior of the station, and Fig. 46, on the same 
plate, of the platform buildings—in this case, the 


refreshment-room—and of the roof. The detailed 
drawings of the roof are given on pages 74 and 75. 
The site of the station may described as 


wedge-shaped, and for a length of 502 ft. the roof 
over it is in three s , the centre one being 
103 ft. in width throughout, and the two outside 
ones varying from 103 ft. 6 in. to 41 ft, Extending 
in width from Livery-street to Snow Hill, as shown 
in Fig. 13, on Plate II., accompanying our issue of 
the 2nd inst., and in length from the foot-bridge 
to Great Charles-street, as shown in Fig. 9, on 
Plate I., with the same issue, the roof-work of 
the main portion of the station has interesting 
features. There are in the width of the station 
four rows of supporting columns, the inner rows 


being placed at a constant distance of 103 ft. 
—_ thus lining up with and ly built into 
e fronts of the main platform buildings. The 


outer rows of columns are arranged to line up 
with the street walls. On the tops of these columns 
are a series of braced girders, made continuous over 
the central columns on the platform, and connected 
rigidly to both outer and inner columns. There is 
no expansion arrangement between these girders 
and their columns, as the latter readily admit of 
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any change in the length of jthe main7girders due 
to rise or fall in temperature. In this connection we 
may point out that it is practically impossible to 
provide effective expansion bearings on the tops of 
slender columns, and it is better to arrange for the 
columns to take up any stresses due to expansion or 
contraction. The under sides of the girders are 
25 ft. above platform level ; this was the maximum 
height that could be obtained, on account of some 
ancient lights in Livery-street. This portion of the 
station is not completely covered in, there being an 
opening set nearly centrally in the width, 22 ft. 
wide, over the main lines; to allow smoke to get 
away, while it also has the useful advantage of 
admitting light and air. This is well shown in the 
ae view, Fig. 45, on Plate X. 
e a ——, with their =e bases - 
illustrated on page 73, Figs. 47 to 50 showing fully 
CS | Caen the outer columns, and Figs. 51 to 55 those on 
the platforms, where they are incorporated in the 
buildings. The main transverse girders for the 
roof are illustrated on page 74, Figs. 56 to 63. 
They are 8 ft. deep, with N type bracing, 
the booms being of T section, 12 in. deep and 
15 in. wide. The arrangement of these girders is 
well shown in Figs. 13 and 14, on Plate IL, 
published with our issue of the 2nd inst. The 
girders are placed 35 ft. 10 in. apart, and the 
principals spanning this distance are of extremely 
strong construction, in view of the fact that no 
longitudinal or ‘‘trimmer” girders have been pro- 
vided at right angles. to the main girders. A 
half section of a principal of the main roof is given 
in Fig. 64, on the present page, and accompanying 
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it are several sectional details, Figs. 65 to 72. 
All members of these principals are composed of 
double angles. The gusset-plates connecting the 
diagonals are } in. thick, and all of good size, 
to ensure great stiffness in the whole principal. 
The lanterns formed un these principals, shown in 
elevation in Fig. 70 and in section in Fig. 64, 
are 8 ft. 6 in. in width, and, like those of the 
booking-hall, are provided with glazing on top and 
ventilation arrangements at the sides. This lantern 
structure has, as will be seen from Fig. 70, stro 
bracing girders in a longitudinal direction, form 
by ae the sides of the lantern into trussed 
girders. The remaining purlins are of Z-bar section, 
and the steel valley gutters (Fig. 72) placed over 
the main girders are 18 in. wide, for the con- 
venience of cleaners. Fig. 71 gives a detail of the 
snow-boards. Drainage is provided for by means 
of furrow gutters, which — themselves into 
four main gutters running the whole length of 
the roofing, the rain- water from which is con- 
veyed by 6-in. diameter cast-iron pipes to the 
drains below. 

The principals of the main roof between girders 
Nos. 1 and 2 differ in shape at their northern 
ends from the ordinary construction. This is in 
order to give sufficient strength to the frame- 
work to resist the stresses resulting from wind 
pressure. Two of the columns supporting the 
extremities of the end transverse girder have 
been made specially strong in view of the likeli- 
hood of their taking up a considerable amount of 
expansion and contraction. 
. e sides of the station ¥ og goeet a; 
the upper portion of eac el is suspen 
from lessoome elliptical uk-iem work which 
supports the bold cornice and eaves-gutter. The 
portions immediately below this are partially sus- 

mded and partially supported. All the glazing 
is formed of -in. glass held securely by clips 
to vertical T-bars 24 in. by 24 in. by % in.. a 
strip of felt being inserted betwoen the glass and 
the steel. 

On reference to Fig. 13, on Plate II., published 
with our issue of the 2nd inst., it will be seen that 
the spans of the main roof are hipped at the ends 
abutting on Snow Hill and Livery-street respec- 
tively. Figs. 73 to 79, on page 75, and Figs. 80 
to 83, on page 74, give the structural details at 
these points. 

The north end of the roof covering the main 
platforms is closed by a glass screen, which is well 
seen in Fig. 27, on Plate VII. This screen is 
supported a the end transverse girder, and its 
lower part, which is suspended from the girder, 
extends down to a height of 15 ft. above the plat- 
forms. Between the platforms, however, the screen 
terminates at the level of the lower boom of the 
end girder, as will be seen in Fig. 27, above referred 
to. Immediately beyond the screen commence the 
umbrella roofs covering the platforms at the sides 
of the bays. 

In our next article we shall describe the umbrella 
roofs, and the work of erecting these and the main 
roof, 

(To be continued.) 





Our Rats Aproap.—As we anticipated would be the 
case, 1913 was an encouraging year in our export rail 
trade, the aggregate shipments of the twelve months 
coming out at 500,614 tons, The shipments to Argentina 

t year were 54,591 tons, as —- with 52,323 tons 
in 1912 and 65,204 tons in 1911. deliveries to British 
South Africa were 66,573 tons, as compared with 53,117 
tons in 1912 and 10,872 tons in 1911; to British India, 
138,316 tons, as compared with 108,212 tons in 1912 and 
103,461 tons in 1911; to Australia, 135,190 tons, as com- 
pared with 104,614 tons in 1912 and 82,332 tons in 1911; 
to New Zealand, 28,176 tons, as compared with 27,621 
tons in 1912 and 20,856 tons in 1911; and to Canada, 4 
tons in 1913, as compared with 737 tons in 1912 and 1739 
tons in 1911. Our we rail exports for the ten 
years ending with 1913 inclusive were :— 


Tons. 
525,871 
646,569 


Tons. 
680,215 
482,327 
375,296 
411,625 
oe oe ee ee 500,614 
It will be seen that although we have described 1913 as 


an encouraging period, the shipments of last 
exceeded by those of 1904, 1905, and 1909. he cones 
tisfactory feature of last 


460,328 
429,161 
452,521 


8a . las 's business was an im- 
provement in the Indian Australian demand. The 
increase in the shipments to Australia was especiall 
satisfactory, as it was at one time anticipated that 
should have to contend at the Antipodes with American 
competition. 








THE EDUCATION OF THE GERMAN 
ARTISAN. 
By H. 8S. Rowet. 
(Concluded from Page 60.) 


In approaching the subject of German artisan 
education, we pref to examine the conditions 
in Berlin rather than those prevailing all through 
the German Empire. By this means much tedious 
detail of description is obviated, and a better con- 
ception of noteworthy features more easily com- 
municated. General inferences given apply, how- 
ever, to Germany in general, so that conclusions 
derived from a reading of this article need not be 
narrow. We have seen the general scope of the 
arrangements in Berlin for the teaching of the 
artisans; these arrangements are the best in 
Germany. Now we may turn to those schools 
which have been established by employers in their 
own works. Of these there are not a large number, 
but the best is in Berlin, at the works of Messrs. 
Ludwig Loewe and Co. Messrs. Loewe themselves 
believe their school to be the best of the kind in 
existence ; they received the gold medal for the 
training of apprentices at the in Exhibition in 
1911. The Loewe firm have long recognised the 
futility of all efforts to dispense entirely with 
skilled labour. Automatic machinery systems may 
do much to remove the individuality of the crafts- 
man, and, consequently, to lessen the probability 
and seriousness of strikes, but the skilled hand is 
still essential. Messrs. Loewe set themselves the 
task of building up a body of first-class workers. 
They organised courses of instruction for their ap- 
prentices and labourers, and fitted up a school in 
their own works, which will be described later. 
Here it is well to << the demur of the 
sceptic and the cynic. ‘‘ What,” they ask, ‘‘ can 
be the sense of training first-class men who will 
probably leave to serve other firms?” That is the 
obvious objection, but it has little weight. Many 
of the apprentices have remained with the firm, 
some to become foremen, another few to enter the 
drawing-office, though this latter is seldom and 
against the primary object of the firm. Then, 
again, when a really good man finishes his appren- 
ticeship, the firm have the best chance of retaining 
him by good remuneration, and, should he leave 
after all, he is an advertisement to the firm. As a 
matter of fact, the ambitious youth, who at the end 
of his apprenticeship wishes to extend his experi- 
ence by working elsewhere, is assisted by the firm, 
who have a system of exchange arranged with 
other firms. At any rate, Messrs. Loewe seem to 
think the school a sound idea; and other manu- 
facturers, always ready to take a man trained at 
Loewe’s, confirm the value of the immediate 
results. 

The apprentices at the Loewe works number 
about 200, which is roughly about 10 per cent. of 
the producing personnel. They are admitted to 
the works as the result of a keenly competitive 
examination, and serve an apprenticeship of four 
years, of which the first three months is proba- 
tionary. The German factory law does not require 
the medical examination of apprentices, though 
the firm, for obvious reasons, insists upon it. The 
apprentices are drawn from the families of petty 
officials and from the middle and upper working 
classes. They enter one of the following trades :— 
1. Fitter and turner. 2. Toolmaker. 3. Pattern- 
maker. 4. Moulder. The instruction, as will be 
seen later, is both theoretical and practical, and 
is superintended by a well-educated engineer on 
lines well defined, yet admitting of considerable 
elasticity. Thus a very good apprentice fitter and 
turner after three years may be trained as an erector, 


99 | and may also spend a few months in the foundry. 


Apprentice moulders who show ability are allowed 
a few months in the pattern-shop ; pattern-maker 
apprentices always spend a part of their time 
in the foundry. Apprentices are not exploited as 
cheap operatives on routine work , as soon as they 
are proficient at one kind of work they are moved 
on to another. 

In addition to these apprentices of working-class 
origin, there are a few pupils or premium appren- 
tices, usually men who have graduated in the 
technical universities. These pupils pay a premium 
of 501. for the first year and Bi. = the second 
year, which premiums go, not to the exchequer of 


Yithe firm, but to a fund for the benefit of the 


poorer ap 


mtices. It may be noted here that 
the firm a 


take apprentices in the mercantile or 





business side of the works. ee ay A have 
passed the examination exempting from ordi 
military service, and they are Cacntteal for ved 
years, during which they receive a monthly salary 
of 11., 2l., and 3. per month in the first, second, 
and third years respectively. 

On first entering the works the young artisan is 
sent to the special workshop set apart for appren- 
tices, where arrangements are made for his proper 
training. The provision of a special workshop for 
apprentices has much to recommend it; the con- 
taminating influences of older workmen and young 
unskilled labourers is avoided, and more thorough 
supervision of the youth is possible, so that more 
work and better behaviour result. The work done 
is all productive and commercial, no filing of 
cubes and prisms being tolerated. The older ap- 
prentices are ina sense responsible for the younger 
ones; they teach them their new duties. The 
machines are painted a light grey colour in order to 
render conspicuous the effects of slovenliness and 
to encourage habits of cleanliness. The remunera- 
tion of the apprentice during the eight half-years 
of his apprenticeship is as follows :—First half- 
year, nothing ; second half-year, 2s. 7d. per week ; 
and during the remaining six half-years, 3s. 2d., 
3s. 9d., 4s. 3d., 4s. 9d., 5s. 3d., and 6s. 4d. per 
week respectively. Good — are given 
piecework at good prices, when they can earn a 
great deal more. ‘Ihe works school co nds 
in standard to the compulsory continuation schools 
of Berlin, but has a curriculum which is in many 
respects better. The course extends over four 

ears, the attendance being one full day per week. 

nskilled labourers are also taught in the school 
from 4 to 6 p.m, and efforts are made to fit them 
as machinists. Apprentices receive a certificate at 
the end of every hs eam and at the end of the 
four years’ apprenticeship a diploma. Prizes are 
awarded every half-year, the criterion being the 
aggregate marks obtained in the shops and in the 
school, Apprentices who rise to a place of trust in 
the firm have their names inscri on a large 
tablet or roll of honour in the drawing-office ; a 
play upon sentiment perhaps which wal curl the 

ritish workman’s upper lip, but sentiment, never- 
theless, of which the German has a good deal and 
is not ashamed. 

The instruction given in the Loewe School covers 
a wide range: drawing is taught in a well-lighted 
drawing-oftice, where the students make sketches 
and working drawings of actual machine parts 
brought in from the shops in various stages of 
manufacture. It is drawing pure and simple ; no 
design is attempted, the object in view being 
skilled and intelligent mechanics, not designers. 
In the lecture-rooms various classes are held, in- 
cluding such subjects as workshop practice and 
technology, citizenship, common law ard public 
business, duties of employer and employee, preven- 
tion of accidents and first aid, and the various 
overtime, piecework, and bonus systems in vogue. 
The teachers employed are usually on the staff of 
the Berlin elementary schools, and are allowed 
leave of absence by their directors to give one or 
two hours’ tuition in the Loewe School. Com- 
mercial apprentices do not attend the mechanical 
classes in the school; they are trained somewhat 
fully in commercial law and business methods. 
The courses all through are really excellent, and 
compel admiration. There is, however, the danger 
of excessive spoon-feeding ; the mental thirst or 
hunger of the student is not always awaited ; he 
is fed between meals, and probably suffers a good 
deal of intellectual indigestion. But this is at 
the present day not exclusively a German feature, 
it is becoming more or less universal. 

Numerous excursions are arranged to electric 
generating-stations, gas works, &c., during the 
winter, and in the summer and Whitsuntide holi- 
days extended tours for health and pleasure are 
conducted by the school director. us in 1910 
Rugen in the Baltic was visited, in 1911 Bornholm, 
and in 1912 Thuringia and Hesse. In Hesse the 
apprentices slept in the military barracks, at a 
os ae of 2d. each per night to cover the cost of 
washing, &c. A savings bank is arranged by the 
firm for the apprentices, and as an incentive to 
thrift 18 per cent. per annum interest is paid. The 
withdrawals are usually made at Whitsuntide to 
cover the cost of the tour; and for the poorer 4 
prentices who cannot afford to save in the bank, 
allowances are made from the fund, into which, as 
we have already mentioned, the pupils’ premiums 
are paid. Besides these excursions there are walk- 
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ing tours at the summer week-ends and ice parties 
in the winter, and every enco ment is given 
to the apprentices’ sports clubs, which include 
football, swimming (with free tickets in the Berlin 
baths), gymnastics, &c. Spare time lectures are 
arra’ on matters of general culture, and to com- 
plete the list of diversions provided, we may note 
the library of good fiction for the purpose of cor- 
recting the evil of the penny dreaiful, which in 
Germany assumes very grave proportions. The 
reader will not be surprised to learn that the rela- 
tions between the apprentices and their superiors 
are friendly and harmonious. 

A few general observations on the Loewe firm 
will give readers a better sense of proportion of 
what has preceded. Beginning with the foremen 
we find that they are promoted to the post only 
after passing an examination ; they must also at- 
tend a course of instruction preparing them for the 
duties of the position. Then there are lectures 
given to them by members of the directorate and 
by the leading engineers and designers of the firm. 
The workmen have similar meetings for discussion 
and mutual enlightenment ; naturally of a less ad- 
vanced and more practical nature. The earnings 
of the journeyman are from 30s. to 40s. per week 
at the end of his apprenticeship, increasing with 
time and the uisition of exceptional skill to 
between 40s. cal 60s. per week. What we in 
England call machinemen receive from 25s. to 30s. 
weekly ; unskilled labourers, to whom bonus 
systems are scarcely applicable, earn much less. In 
some of the North of England yards and factories 
drunkenness is, as is well known, one of the most 
serious obstacles to maximum efficiency ; it is in- 
teresting to note the expedients of the Berlin firm 
in this connection. There it is forbidden to bring 
spirits into the works ; weak beer is allowed to the 
extent of three bottles per day. As a set-off to 
alcoholism, tea drinking is encouraged ; for gd. a 
workman is supplied with a bottle containing about 
three-quarters of a pint of tea, which is served hot 
in winter and cold insummer. This beverage is 
increasingly popular with the workpeople, and the 
results from the employers’ standpoint are wholly 
satisfactory. Striking features of these works are 
the lawns and flower-beds which edge here and 
there the factory yard ; one or two workmen, not 
content with that, have small potted plants on the 
window sills above the fitting-benches. 

The Berlin police are notoriously far-reaching in 
their activities; one of their decrees insists that 
every employee must have a locker in which to 
hang out-door garments, and facilities must be 
afforded for washing and changing. For the benefit 
of- English employers experimenting in this direc- 
tion follow some results of experience. At first 
closed wooden cupboards were installed, but it 
has been found better to use steel lockers made 
of trellis-like extended metal. These are quite as 
cheap as wood, do not harbour vermin, and react 
salubriously on human vanity ; with closed 
lockers workmen exercise little taste in the gar- 
ments they bring, with open-work lockers, which 
permit of mutual examination and comparison, 
they wear decent clothes. Near these lockers are 
usually placed wash-basins ; it has been found that 
workmen prefer, for the very good reason of 
greater efficacy, running water rather than a basin 
full of still water ; the latter becomes dirty and 
needs refilling, the former washes away the dirt 
and remains clear. Thus employers may save ex- 
pense by fitting, instead of plugged hand-basins, a 
few taps over a long, slightly inclined trough of 
channel iron, with an outflow at the lower end. 

There now remains for discussion one very im- 
portant educational institution in Germany; we 
mean military service. The every-day Press has 
been full of the subject recently, and many diverse 
points of view have been brought forward, often 
by writers possessing obvious ignorance of the sub- 
ject, at least of its German side. The strategic and 
military value of a conscript force cannot be dealt 
with here ; that is not our subject. We are con- 
cerned only with the value of general military 
service in the education of the artisan. The 
question involved is a difficult one to answer ; 
there are many sides to it, each presenting advan- 
tages and drawbacks. There can be no doubt as to 
the value of a regular training of any kind for the 
slum-dweller ; one has only to observe the effect on 
the lowest classes in Germany to be convinced of 
this. Men to whom even a foot-bath had been a 
chimera, are drilled with relentless regularity for 
two years, until the habits of keeping the body 


and the mouth clean, of rising early and of obey- 
ing superiors, are absorbed into their systems. [If 
anyone be sceptical of the extraordinary force 
which habit can exert, let him change his watch- 
— for a fortnight. Then there is the sense of 
iscipline and duty which in general results ; 
the sense of duty which persuades its owner— 
with what hypocrisy is immaterial here—of the 
virtuous necessity of sinking himself before the 
efficiency of the machine in which he is a unit, the 
sense of duty which may have some value against 
the spirit of self-indulgence everywhere growing. 
It seems a matter of certainty that compulsory 
mili service would improve the lowest classes ; 
it would’ fit slum-dwellers for the colonies and 
make them wish to go there. Reasons are not 
wanting for believing that the German military 
system has also a salutary effect on the upper 
middle classes. In Germany the son of well-to-do 
parents rarely serves two years with the ordinary 
soldiers. He usually passes an examination, and is 
styled a ‘‘one-year volunteer” (Hinjdhrigerfrei- 
williger). He serves one year, not living in bar- 
racks, but in private lodgings, which he himself 
pays for and selects according to his sense of com- 
ort and economy; he also provides his own 
uniform. 

The salutary effect here lies in the examination ; 
it is comprehensive and by no means elementary. 
Very few eighteen-year-old public school boys in 
England could attempt it with hope of success. 
This examination clause explains in large measure 
why Germans are better linguists than English- 
men ; it is not a question of superior brain. The 
English schoolboy would quickly develop profi- 
ciency in three or four languages if he had the 
same incentive as the German. For the artisan 
classes, however, military service is not so surely 
beneficial. There is an opinion current that 
German works are more orderly than those in 
Britain, and this is often ascribed to the disci- 
| of the German artisans by military service. 

uch an opinion has little or no truth in it; 
Germans who have visited English works express 
themselves often to the contrary. No works, 
either English or German, can exist without order, 
and it would be stupid to suppose that the British 
artisan and employer, with their proverbial prac- 
tical common-sense, would be bling to the obvious 
value of orderly methods. If one watches a gan 
of workmen in a shipyard or boiler shop in Englan 
and in Germany, little difference is to be observed 
in the methods of work ; perhaps, on the average, 
the British workman talks less, curses more, and 
wears dirtier clothes. But comparisons are always 
difficult and seldom fair ; the current opinion re- 
garding order, which we have denied, is typical of 
deputations whose members, after a narrow experi- 
ence in a small, old-fashioned English works, are 
taken to see a large modern German factory which 
has been tidied up and cleaned for their often 
cordial and predisposing reception. We have con- 
sidered the three main classes of the population, 
and concluded that the lowest and the highest 
might be benefited educationally by compulsory 
aie service. Regarding the middle or intelli- 
gent artisan class, we are doubtful, especially in 
considering the economic loss to the country caused 
by the industrial inactivity of a large number of 
men. Yet itis only right to allow the secondary 
effects which are to be observed in the household, 
the school, and the town. Wemean the erect walk 
of the children, who naturally imitate their parents, 
the habits of frugality, early rising, and regularit; 
which prevail, and the deference to superiors whic 
is customary. The proverbial submissivenes of 
the German artisan is not necessarily servility any 
more than the anarchy of Tower Hill agitators 
spells the spirit of liberty. It may be that Ger- 
many has yet to through labour troubles 
similar to our own, but nobody at present can point 
to her as a nation where men refuse to defend their 
country and women to justify their existence. 

We may here venture to draw a few conclusions 
from the facts so far presented. Re-reading our 
brief historical sketch, one cannot fail to notice the 
early start of the German artisan school for the 
utilities, and one wonders at the slight progress 
made in this direction until the recent decades of 
Germany’s industrial awakening. There are = 
bably many factors accounting for this. Health 
individualism was not conspicuous, and the highly 
organised state which may take its place had not 
yet arrived. Besides, the methods adopted were 





faulty. Zwang (compulsion), the sheet-anchor of 


German legislation, was odiously prominent, and 
enforced with a strong semblance of brutality. 
Nevertheless, good results cannot be denied to-day. 


The wy method of leaving a boy free and un- 
trammelled at 14 to loaf his evenings away as he 


will is obviously bad, and would have worse re- 
sults but for the national idolatry of sport and the 
strong influences of English home life. But these 
two factors are greatly weakened in our cities, and 
it is not surprising that some of our directors of 
education in England have attempted to copy 
German methods of compulsion in continuation 
schools. Such a step is, however, in one sense re- 
grettable ; some means of incitement to voluntary 
study would be preferable. The great difficulty in 
this problem is to reach those who are in the worst 
light. Viscount Haldane’s idea of young terri- 

rials, as well as all the other schemes of Naval 
Cadets, Boy Scouts, Boys’ Brigades, and such like, 
involve some little personal expenditure, and can- 
not reach the lowest orders. That is where the 
virtue of compulsion lies, either in military service 
or in education ; the lowest are reached and dealt 
with. Seventy years ago the labouring classes of 
Germany were notorious for indolence, vice, and 
dirt ; now they serve as a pattern for much that is 
different, and many thinking Germans ascribe the 
change to methods of compulsion which most of us 
would instinctively condemn. Apart from any im- 

rovements in behaviour and morality resulting 

m compulsory continuation schools, there is the 
undeniable advantage of bringing the student con- 
tinuously forward to the more advanced technical 
classes, instead of permitting him to lapse into a 
mental state of fallowness from which he can be 
extricated only with great difficulty. 

There is among our educationalists at the present 
time a strong inclination to introduce into England 
compulsory attendance at continuation schools. 
Such a eoney is in a and in its consequences 
so important that no apology is necessary in bring- 
ing forward dition We have already noticed 
many good things which follow in the train of com- 
pulsion. We may not wisely forget the reverse 
side. Compulsory attendance, in the ordi con- 
tinuation-school sense of the term, means enforced 
attendance at prescribed classes between the ages 
of fourteen oak seventeen. This involves one of 
two ~—_ : either the youth is to be compelled to 
study, whether he will or no, in the scant leisure, 
and with the scant energy, which his employ- 
ment and adolescent physique allow, or, as 
an alternative, he is to be compelled to study 
whether he will or no in the leisure which his 
employer is compelled to afford him. Do either 
of these things lead to increased efficiency? Is it 
good to compel all youths to study? Is it good to 
compel manufacturers to derange their mills and 
workshops to further a movement with which they 
do not ? Thereare employers in England— 
men of intellects at least shrewd, who do not con- 
sider a more than rudimentary education beneficial 
to the workmen. They hold that the illiterate 
worker is more contented and obedient ; he is more 
attentive to his work, and a better craftsman than 
his fellow who can read sufficiently well to mis- 
understand difficult political and social problems. 
There are other employers in England who, though 
not so rabidly unsympathetic, are yet apathetic 
to the education of workmen. The educationalist 
ignores the opinion of such manufacturers, per- 
haps use it is founded on experience and 
everyday contact with the worker. He must, 
however, not ignore the financial difficulties of 
promoting unpractical schemes in the face of 
opposition from an important and influential 
claes. Where is the money for compulsory con- 
tinuation schools to come from? We have already 
mentioned the 3s.-an-hour teaching in Berlin.. The 
teaching in Britain is far from perfect ; it is not 
what it should be. If we had r teaching in 
technical schools, there would be no need for com- 
pulsory attendance ; there would not be the con- 
spicuous falling-off in attendance which everyone 
knows so well. In Britain we have great numbers 
of enthusiastic students whose needs are not 
properly satisfied ; we cannot afford adequate 
teachers and equipments. Is it then wise to in- 
troduce a system much more costly, which, judged 
on any considerations other than those of the 

liceman, is much more inefficient? Compulsion 
in education has the great advantage that the 
lowest and most needy are not allowed to escape. 
With the voluntary system much can be done for 





all grades, but the co-operation of the employer is 
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essential. His position as an employer of orem. 
tices gives him great personal influence, if not 
pach and as to the expense involved, he need 
only remember the position of the Berlin manu- 
facturer, who must allow his younger employees 
books, instruments, and leisure to attend courses 
of instruction of which the employer does not 
always approve. With the voluntary system there 
are not only all the advantages of adaptability, 
personal emulation, and enthusiasm, but the man 
who pays the piper may call the tune. But he 
should pay the piper. 

An interesting feature in the curriculum of almost 
every modern German educational institution, high 
or low, is the growing importance of political 
economy as a subject of study. This is quite con- 
scious and voluntary on the part of those in autho- 
rity, and seems to be directed towards a better 
relation, founded on knowledge of facts, between 
the several groups of society. With such an in- 
auguration into our schools we might hope to make 


disappear the worst type of labour leader; the| grades 


leader who leads, not because of his own transcend- 
ing knowledge, but in virtue of the ignorance of 
his followers. Another point of interest is the 
growing attention which is being given in Germany 
to the study of administration. This has a natural 
and obvious source; the patent incompetence of 
Germans as administrators either in works or in 
colonies. 

An important article appeared in Technik und 
Wirtschaft for June of last year, which illustrates 
a prevalent German view of the matter. The 
article was written by Hermann Bohle, of Cape- 
town, S.A., who s by wondering why most 
of the important administrative posts in South 
Africa are held by Britishers, while subordinate 
posts of a technical and scientific character are 
occupied by Germans. He admits at once a great 
difference between the Briton and German, the one 
self-reliant and dominant, the other erudite and 
diffident, and proceeds to a long thesis and a scheme 
for improvement. He thinks the self-reliance of 
the Britisher is due to his superficial and general 
education, and recommends that the Technical 
High School course be reduced from four to three 
years. It is strange that Mr. Bohle should ignore 
the effects on his countrymen of spoon-feeding, 
protection, militarism, and excess of rule and dis- 
cipline ; these beset the German from birth, and 
mould him more than any course could do duri 
three or four years of his manhood. Mr. Bohle 
cannot understand how so much costly and im- 
portant work is undertaken and carried out by such 
an ignorant nation as the English. Mr. Bohle’s 
opinions make one wonder if he is an engineer, or 
if he has read anything about the history of engi- 
neers. He seems obsessed by the idea, which is 
almost as popular in the Fatherland as it is 
erroneous, that an engineer’s education is com- 
pleted in the fourth year of his Technical High 
School course. There are some in England who 
tend this way, but, fortunately, the majority re- 
gard university education as a mere preliminary to 
the real education which is to follow in practice. 
Although the German Technical High Schools 
afford splendid opportunities to clever students for 
the acquisition of up-to-date technical information, 
there seems, on the part of the engineering public 
at any rate, a general lack of faith in the Tech- 
nical High School graduate; one Rektor, of the 
Berlin Technical High School, in his retiring 
oration deplored the fact that manufacturers pre- 
ferred the pupils of the small technical schools 
(such as we have described in these articles) rather 
than the graduates of the technical universities. 

Our manufacturers have done a great deal for 
social work and the furthering of education, as many 
munificentendowments will show; as individuals they 
have done vastly more than German manufacturers. 
But there is, in general, not enough encouragement 
in England for the apprentice who tries to study. 
Money will do much for education, but enthusiasm 
and sympathy will do infinitely more, and an em- 
ployer who encourages the efforts of his workers 
after self-improvement will have better employees 
and better relations with them. British workmen 
and employers have yet to learn that labour is not 
a commodity, but a relation and a mutual respon- 
sibility. Most manufacturers in England have the 
humanity to contemn ‘‘scientific management,” 
but y do they push the argument to ite logical 


conclusions. 
German institutions seem to have more direct 


than the ge do. Here is an example of what 
can and did happen in a well-known technical 
school in . The Government inspector 


‘threatened to reduce the grant unless more ap- 


paratus were furnished for the laboratories. The 
committee immediately requested a list of the 
necessary apparatus from the teacher in charge. 
One item on the list was a galvanometer, costing a 
few pounds, with a lamp and scale costing about 
103. The committee had never used a galvano- 
meter, and thought the lamp and scale a much 
better bargain ; the galvanometer was not supplied, 
the lamp and scale were. yo peo relations in 
Germany between superior and subordinate are 
much more harmonious than with us. There are 
really only two broad classes of Germans—the edu- 
cated and the uneducated. The educated classes 
all attend the one kind of school, the Gympasium, 
which is of uniform standard throughout the 
Empire, whose fees are within the reach of almost 
everyone except the working-classes, and where all 
meet as equals. In England there are all 
grades of schools, each of which fosters a habit of 
comparison with other schools ; and when a pupil 
has this habit strongly developed, he is said to 
have esprit de corps. mee would be foolish to deny 
that the English public schoo) has many very good 
ints ; it were absurd to consider it perfect. The 
lish public school man is probably unequalled 
as a handler and manager of black men, but in 
dealing with compatriots of a lower order he has 
shortcomings. y competent men ascribe some 
of our labour troubles to the unsympathetic 
speeders-up from public schools, who have entered 
engineering works during recent years. Itis not 
sane to look for too immediate causes of working- 
class defects; subtle interaction always occurs 
between the different grades of society. In Ger- 
many the upper classes are more frugal than in 
England ; is that why the lower classes are more 
contented? Poverty is always relative. 

Here, in concluding, we feel it necessary to make 
clear our point of view. It is neither that of the 
big ae. who awe for boyd Vi gge 
paradise by ising the rest of the world, nor 
that of the little Englander, who admires every- 
thing foreign and makes his life sad with morbid 
self-contempt, but rather we have striven to dis- 
cernand present facts. The outstanding difference 
between land and Germany in all things is 
represented by the 2 systemism and indi- 
vidualism ; the one the result of despotic govern- 
ment and widespread education, the other traceable 
to political precocity and indifference to education 
for its own sake. Both of these opposites have 
virtues and faults, and no one is wise enough tosay 
how far they should be blended ; how far the in- 
dividual must sink before the system. But one 
thing is certain in comparing the two countries, 
and that is the difference in the attitude towards 
science. The English, working and employing 
classes alike, are still sadly lacking in this respect. 
For opprobrium they use the words ‘‘ theoretical ” 
and ‘‘scientific”; for praise, ‘‘ practical.” It is 
seldom realised that science is neither purely 
practical nor purely theoretical, but simply truth 
and good sense organised. 

In conclusion, the present writer tenders grateful 
acknowledgments to the Britishand German Forei, 
Offices, the British Board of Education, and the 
German Ministry of Culture, as well as to the 
Directors and other officials of a great variety and 
number of technical institutions in Germany, for 
kind offices and courtesy which permitted and hel 
him to obtain an insight into the problem which is 
treated but briefly and incompletely in the fore- 
going columns. 





Canapian NorTHerRn Rattway Company’s ATLANTIC 
Lingrs.—T ian Northern Railway Company’s 
Atlantic liner Royal Edward has just left Cammell 
Laird’s docks at Birkenhead after an extensive overhaul, 
while her sister vessel, the Royal George, will shortly be 
sent to Birkenhead for her annual refit. 





Mr. James. GresHam.—We regret to record the death 
of Mr. James Gresham, of the firm of Messrs. Gresham 
and Craven, of Manchester, which occurred on the 
13th inst., at Woodheys Park, Ashton-on-Mersey. Mr. 
Gresham was a past-president of the Manchester Associa- 
tion of Engineers, and had been in business in Manches- 
ver many years. He was a native of Nottingham, and 
was edueated at the Newark Grammar School. He then 
underwent a course of technical instruction, and later 
became a consulting engineer. Eventually he joined 
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THE DAIMLER 2-TON COMMERCIAL 
CHASSIS. 


AN addition to the list of commercial vehicles manu- 
factured by the Daimler Company, Limited, of Coven- 
try, has been made by the production of a 2-ton 
model, which is to be exhibited for the first time at 
the forthcoming North’ of Esgland Commercial Motor 
Show in Manchester. We illustrate the new model 
in considerable detail in pages 79, 82, 83, and 86, 
of this issue. In many respects this new model 
follows the lines of the very successful 3-ton chassis 
which the Daimler Company have supplied on a large 
seale for London omnibus work and other hard ser- 
vice. None the less, the new model differs in impor- 
tant particulars from the older type, as naturally 
follows from the considerably lighter service demanded 
from it. Before proceeding we may say that a very 
complete description of the 3-ton chassis will be found 
in our issue of January 3 of last year. 

The general lay-out of the new 2-ton model will be 
followed from the elevation and plan forming Figs. 1 
and 2, on page 79, and from the perspective view given 
in Fig. 14, on page 86. The frame, as in other Daimler 
commercial chassis, is built up of two longitudinal ash 
members reinforced with flitch-plates on both sides, 
the whole being riveted together. There are seven 
cross-members, the four nearest the rear of the frame 
also being of reinforced timber, while the forward 
three are of pressed steel. The two forward steel 
members, from which the engine is slung, are arched 
upwards in order to clear the engine-shaft, exhaust- 

ipe, &c. A good idea of the construction of the 
all will be obtained from Figs. 16 and 17, on 
page 86. The positions of the various parts of the 
— on the frame are clearly shown in Figs. 1 and 2. 

engine is well forward, with the radiator resting 
directly on the main frame. The gear-box is about 
midway, with a Cardan shaft on either side of it. 
The fuel-tank is placed under the driver’s seat. The 
main dimensions of the chassis are as follow :—Wheel- 
base, 11 ft. 6 in.; wheel-track, 5 ft. 3 in; length 
over all, 17 ft. 94 in.; width over all, 6 ft. 4 in.; 
height to top of steering-wheel, 6 ft. 44 in. ; weight, 
with tyres, 2 tons 4} cwt. 

In dealing with the details of the chassis it will be 
convenient to begin from the steering-gear and then 
work from the front wheels backwards to the rear. 
The steering-wheel and worm-gear, shown in Figs. 3 
and 4, on 79, do not require much comment, the 
method of taking up wear by means of the adjustable 

lug at the bottom of the steering-column should, 

owever, be noted. One of the front wheels and its 
weeny be shown in Fig. 5, on thesame page. It will 
be seen that the wheel runs on an overhung bracket 

ivoted at the end of the front axle, which is of 
Ecosion. The wheel, which has a plain bearing 
with a floating bronze bush, is of cast steel, and is 
fitted with a 2-ft. 11}-in. by 4-in. tyre. 

The engine is shown in Figs. 6 and 7, on page 82, 
and in Fig. 15, on page 86. It is of the well-known 
Daimler sleeve-valve type, and has four cylinders, 
95 mm. bore by :140-mm. stroke, cast in pairs. It 
develops 29 horse-power at 1000 revolutions per 
minute. The engine is slung below the two forward 
steel cross-members of the frame by means of four 
bolts, the two bolts at the forward end, however, 
being close together, so that the arrangement approxi- 
mates to a three-point suspension. Two of the holding- 
up bolts can be seen in Fig. 6, while the forward two 
are clearly visible in Fig. 15. A scraped joint is made 
between the crank-case and the lower crank-case 
cover. This joint can be seen in Fig.7. As will be 
seen from Fig. 6, the crank-shaft, which is off-set, 
has three white-metal-lined bearings, and a ball- 
thrust bearing at the forward end. The cylinder 
valve-sleeves are driven from a valve-shaft, which is 
carried along one side of the engine, and is operated 
by a 2-to-1 chain-drive from the crank-shaft. The 

in-wheels can be seen at the left-hand side of 


Fig. 6. The sleeves are driven, from cranks on 
this valve-shaft, by short connecting-rods, the 
arrangement being well shown in the figures. It 


will be seen that the outer sleeve has twin connecting- 
rods in order to obtain a central drive. The magneto 
and pump are driven by a second chain-drive from the 
valve-shaft by the chain-wheel, which can be seen 
next to the left-hand crank in Fig. 6. 

The radiator fan and electric-lighting dynamo are 
driven by chain-belts from the double-grooved pulley 
shown at the forward end of the engine. This pulley 
embodies the vibration-damper, devised by Mr. 
Lanchester. This device has already been described 
in our columns, but to make this description more 
complete we may briefly say that it consists of a 
multiple-dise clutch, the outer member of which is 
formed by the heavy rim of the pulley. The plates 
which form the clutch are fixed alternately to the 
pulley-rim and to the inner member, which is secured 
to the crank-shaft. The plates are pressed together 
a spiral springs, of which one can be seen in Fig. 6. 

is arrangement gives a frictional drive between 
the pulley-rim and the engine. The appliance is 
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intended to deal with the torsional oscillations 
which are apt to arise when petrol-engines are 
suddenly accelerated. These oscillations are due to 
the front free end of the crank-shaft over-running 
and then flying back again. The vibration-damper 
absorbs such oscillations, since if the front end of the 
shaft over-runs, the heavy rim lags behind, and 
the frictional drive between the two absorbs energy 
and destroys the incipient oscillation almost instan- 
taneously. The lubricating pumps are well shown 
in Figs. 6and 7, There are six in all of the plunger 
type,and connected to a common crosshead driven 
by a link from the valve-shaft. A second link 
operates the suction inlets of the pumps, which are 
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allformed by holes drilled in a common plug which is 
oscillated by the aforementioned second link. Three 


pumps supply the main bearings, one the valve shaft, 
and two the troughs under the big ends. These 
troughs, as is well shown in the cross-section, Fig. 7, 
are arranged to tilt, and are connected up to the 
throttle-regulator. The arrangement is adjusted so 
that when the engine is throttled down the troughs 
fall, so that less oil is supplied to the big ends, and 
vice verad. The ae of the sump and pump 
suction are shown in Fig. 6. 

The clutch is shown in Fig. 8, on page 83. As 
will be seen, it is of the leather-faced cone type, and 
is altogether a very simple job. A flat volute spring is 
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used and a ball-thrust. 
box there is a Cardan shaft, with simple flexible coup- 
lings at each end. These couplings, which have been 
very successful in practice, consist merely of two three 


Between the engine and gear- 


armed spiders connected together by rings of leather. 
The arrangement ie clearly shown in Figs. 9 and 17. 
The -box is shown in Figs. 9 and 10, on page 83. 
It is of the spur type and gives forward speeds of 3.6, 
7, 10 and 14.5 miles per hour forward and 4.5 miles per 
hour reverse at 1000 revolutions per minute of the 
engine. The ratios are 4, 2.1, 1.46 and 1 forward and 
3.2 reverse. As will be clear from the figures, the gear 
is a very compact one. The forward gears are 

by two sliding dog-clutches. The positions of the two 
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sliding wheel-members will be clear from the figures. 
The top speed is, of course, direct drive when the 
internal teeth to the lef:-hand sliding-member en- 
gage with the pinion fixed to the steel shaft at the 
engine end. The reverse shaft lies below the other 
two shafts. Its gear-wheels are indicated in Fig. 9. 
In connection with the gear -box, attention may 
be directed to Fig. 11, which is of interest. This 
figure shows the alternative chain gear-box, which 
is fitted to the Daimler 3-ton chassis. This 
heavier chassis, as also the 5-ton chassis, are 
built with either chain or spur gear- boxes, but 
we do not understand that as yet arrangements 
have been made to fit a chain-box to the 2-ton model. 
The comparison of Figs. 10 and 11 is none the less in- 
teresting. The chain-box is, we should imagine, 
rather more expensive, and takes up a little more 
room than the spur-box, but has the advantage of 
being very silent. Such chain-gear boxes have been 
“= successful in Daimler motor-buses. 

he control-gear is shown in Figs. 12 and 13, on 
page 83. The speed-change lever—the inner of the 
two levers shown in Fig. 12—is pivoted so that it 
may rock sideways and enter any one of three ways 
of the gate. The lever is connected by a bracket to 
the sliding-rod shown, which is spring-controlled, and 
which carries an arm which selects one of the three 
operating links leading to the change-speed gear. In 
selecting one of the links it locks the other two in the 
neutral position. 
axle, with the differential of the bevel type in the 
centre. Torque is transmitted from the gear-box to 
the differential by a second Cardan shaft, fitted with 
leather flexible clutches at each end. The drive 
to the differential is through a Lanchester worm. 
An outside view of the arrangement is given in 
Figs. 16 and 17. The live axles from the differential 
pass through the hollow fixed axle and drive the 
wheels through their castellated ends, which fit into 
caps bolted to the hubs of the wheels. Each wheel is 
fitted with two independent internal band brakes, one 
being operated from a foot-lever, and the other from 
the outside hand-lever, shown in Fig. 12. The arrange- 
ment of the brake links can be seen in Fig. 17. The 
wheels are fitted with twin 2 ft. 114 in. by 4 in. tyres. 
We have said little or nothing in this description of 
the materials used in the construction of the chassis, 
as we dealt very fully with the Daimler Company’s 
practice in this connection in our issue of January 17, 
1913. 





INDUSTRIAL NOTES. 

Since July, 1912, says the Moniteur Industriel, the 
Belgian Ministry of Railways has had under considera- 
tion a scheme for improving the situation of the Belgian 
State Railways. A Commission was formed at that 
time, and has recently issued its report. This report 

roposes that a body to be styled the ‘‘ Régie Nationale 
es Chemins de Fer de |’Etat ” be substituted for the 
Ministry of Railways, with responsibility for the 
maintenance, the working, and the extension of the 
State Railways. Then follow a number of very 
involved stipulations covering the working of the 
proposed arrangement, and our contemporary con- 
cludes by stating that, whatever be the fate of the 
new scheme, one fact stands out clear—namely, 
that the working of the Belgian railways by the 
State has been bad, and the situation needs im- 
— by any available means. In a speech delivered 
y M. E. Touron, Vice-President of the French Senate, 
on December 12 last, concerning the French Budget, 
we find the following statement :—‘‘. . . the Western 
of France Railway, now owned by the State, will cost 
us for the present year 85,000, francs (3,400,000/. ), 
without counting the ‘ unseen millions’ which finally 
crop up in the accounts. . .” lgium and France, 
who have given a fair ‘rial to State trading, would, 
from the above, appear to be desirous to return to the 
statu quo ante, 





This land of ours, we are constantly reminded, is 
a free country, and those who are loudest in making 
the statement that Britons never shall be slaves are 
the working classes. We would like to point out, by 
the way, that the term “‘ working classes” is a much 
more extensive one than is usually admitted, for it 
includes also men who driv« quills and revolve pairs 
of com . All men being free, a workman, whether 
employed by a municipality or by a private firm, can 
leave—he does leave, in fact—his employers at the 
shortest possible notice when he is Niscatisfied or 
when he believes he can better his situation. The 
municipalities and the employers are no less free 
than the men; they are, moreover, compelled to 
look further afield than an individual workman, and 
to consider many involved interests. In the case 
of the Leeds strike of municipal workers, the Muni- 
cipality had to consult, and did consult, the needs 
of wh of their employees, but they had also to 
study the welfare of the inhabitants as a whole. 
Their employees having struck work, and the students 
of the University offering their services, the Munici- 
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pality were perfectly free, in this free country, to 
accept these services. It is surprising, therefore, to 
read that, at a meeting of members of the Trade Union 
Congress Parliamentary Committee, held last week at 
General Buildings, Aldwych, London, a resolution was 
passed strongly condemning the action of students of 
Leeds University in lending themselves to assist em- 
ployers ‘‘in the endeavour to defeat the strikers.” 
Such was not at all the object the Leeds students had 
in view ; everybody knows that. At Blackburn also 
the Labour members protested against municipal clerks 
being employed as gas-workers. To this the chairman 
of the Gas Committee replied that the clerks volun- 
teered their services, and the work had been done 
in their own time. If the strikers are easily defeated 
by such means, would it not be advisable for them to 
reflect more before they do strike ” 





If we read aright, this is precisely the advice which 
the Steam - Engine Makers’ Society give to their 
members in the opening remarks of their monthly 
report, dated the 8th inst. In this they state that 
there are some would-be leaders who, throwing the 
history of the last twenty years to the winds, and 
lacking experience, will ‘‘ wreck the ship” if they are 
not closely and carefully watched ; not only so, but 
if they succeed, they will glory in their handiwork in 
the name of progress and solidarity, as did their 
redecessors in 1897-98. The report also asks the 
members to ponder and to realise that the tearing up 
of agreements will not mean the abolition of the 
Engineering Employers’ Federation ; this federation, 
like the trade unions of the workmen, has come to 
stay, and no workman should be under any delusion 
on this point. To this it may be added that, of 
their free will, the men of Leeds, Blackburn, and 
Dublin tore up their agreements. They have been, 
or will be, in part replaced by other men, and many ot 
them will have to remain idle for a period the limit of 
which cannot be determined. 





We read in the Revista Minera, Metalirgica y de 
Ingeniera that differences have arisen in the interpre- 
tation of the ba-is for the settlement of the strike at 
the Rio Tinto mines, and on the 2ad inst. the trans- 
port workers uf the mines, the great majority of whom 
had agreed to the new arrangements, struck work 
again. As a consequence, various departments, in- 
cluding the smelting-shops, have also had to suspend 
work. The number of workers thrown out of employ- 
ment was not known by our contemporary, but it was 
believed to be very large. 





A question has been raised in France in connection 
with the ‘‘patente’’—i ¢., the license—which has to be 
to the State for the right of exercising a trade. 

Veavers, millers, ribbon manufacturers, and other 
craftsmen who have put down factories as close as pos- 
sible to the supply of current derived from watertalls 
are asking, says L’Industrie Electrique, what amount 
have they to pay as ‘‘ patente,” and where have they to 
pay it: inthe town where their main offices are situated, 
or in that in which their factory is putdown? The 
question is a serious one for the works involved, and 
our contemporary deals with it by citing a number of 
judiciary precedents for the guidance of the works in 
question. We note that current supplied from an 
outside source to a factory for driving it, is considered 
a means of production and is taxed, whilst coal is 
free. The actual value of the steam-engines is alone 
considered for calculating the amount of the manu- 
fucturer’s license; for those factories in which cur- 
rent is purchased from outside, the annual subscription 
for current is added to the actual value of the 
machinery. 





The strike of the Leeds Municipal workmen, which 
commenced on December 10, came to a close on 
Tuesday last, the Municipality having won the day. 
The terms of settlement are as follows :— 

1. Where advances have been granted by the 
Council on December 3, these will date frum the 
time of re-starting work. 

2. With regard to cases where men have received 
no advances in 1913. 

(a) Artisans, 

(b) Non able-bodied men, 

(c) Able-bodied men whose work is not com- 
parable with that of men engaged by private 
employers in Leeds, 

if any omission or grievance can be shown, the Com- 
mittee will consider applications forwatded through 
the heads of departments when the men have returned 
to work, 

3. Reinstatement :— 

(a) The Special Committee have instructed 
heads of de ents to re-start, as early as 
possible, as many of the previous workmen 
who apply as can be effectively employed, 
and a considerable number of these will be 
started within a day or two. 





(b) These will be further augmented before the 
expiration of seven days by the addition of a 
further considerable number. 

(c) Thereafter the Committee will not preju- 
dice the chances of former workmen being 
re-started by engaging fresh men, unless 
essential to the needs of a particular case. 

The above terms, which the men have accepted, 
afford a proof that the Municipality has not been 
‘‘absolutely beaten,” and that the men were not 
‘* winning all along the line,” as was stated repeatedly 
by the men’s “‘ leaders.” In agitations of this kind a 
number of the men are bound to suffer greatly, and 
the ‘‘ leaders” should be made to share in the loss. 
The men who have been engaged whilst the strike was 
in progress will not all be discharged, and there is 
bound to be some more or less lengthy unemployment 
amongst members of the Gas-Workers’ Union who 
were formerly employees of the Leeds Municipality. 





The report issued by the Canadian Department of 
Mines on the production of iron and steel in Canada 
during 1912, states that an increase of 10.5 per cent. 
is shown in the production of pig-iron in that year 
over the production of 1911, as compared with an 
increase of 14.6 per cent. for 1911 over 1910. The 
total production of pig-iron in 1912 was 1,014,587 
tons. The blast-furnaces numbered 19, and gave 
employment to 1358 men, as against 18 blast-furnaces 
and 1778 men for 1911. The ‘‘ wages paid in blast- 
furnaces’ amounted, in 1912, to 993,941 dols., and in 
1911 to 1,097,354 dols. The average per man works 
out at 731 dols. for 1912, and 617 dols. for 1911. The 
production of steel ingots and castings in 1912 was 
957,681 tons, as compared with 882,396 tons in 1911, 
and 822,284 tons in 1910. 





Since writing our last note, on page 47 ane, matters 
in South Africa have taken a turn for the worse ; the 
railwaymen have struck work, and the miners and 
other craftsmen have ‘‘ downed tools” in sympathy. 
The Government, assisted by the burghers, imme- 
diately took drastic action ; they have arrested several 
of the ‘‘ leaders,” and have instituted armed forces for 
the protection of lives and property. A grave danger 
lies in the presence among the working communities of 
the a number of native labourers, the agg oper of 
whom far exceeds, in Natal more especially, the white 
population. The intention of the authorities appears 
to be to retain for the present the native labourers in 
the compounds, so that their services may be available 
at short notice should the strike not ve of long 
duration. If the dispute should prove toe) rotracted, 
the natives would have to be sent back to their 
kraals, an eventuality which, besides the immediate 
expense it would entail, would mean the cessation of 
work in all South African labour centres for a period 
of indefinite lergth. 








ENGINEERING LECTURES AT THE MANCHESTER UNI- 
VERS(TY.—In the Engineering Department of the Man- 
chester University some special short courses of lectures 
are to be delivered. hese are on:—TI. “ Desi 
of Steam-Turbines,” by Mr. Gerald Stoney, B.E., 
F.R.S., M. Inst. C.E., on January 22and 29. II. ‘‘ Coast 
Erosion and Coast Protection,” by Mr. Ernest R. 
Matthews, A.M. Inst. C.E., F.R.S.E., on February 5 


and 12. IIL. ‘*The New Principles Involved in the 
Humphrey Pump,” by Mr. H. A. Humphrey, M. Inst. 
.K., on February 26. The lectures will be held in the 


Engineering Department, Coupland-street, on Thursdays, 
at 5.30 p.m. A fee of one guinea will be charged for the 
five lectures. me pe | firms may obtain tickets for 
their staff or pupils at half-a-guinea, provided application 
is made to the Registrar for not less than six tickets. 





Contracts.—The Kennicott Water Softener Company, 
of Wolverhampton, have received from the Manbre Sac- 
charine Company, of London, an order for the largest water- 
softening plantin the United Kingdom. —Erith’s Engineer- 
ing Company, Limited, 70, Gracechurch-street, London, 
are installing at the Ashbury Works at Manchester of the 
Metropolitan Carriage, Wagon, and Finance Company, 
Limited, Erith’s heater softener, no-lime process, of 10,000 
gallons hourly capacity. This is a repeat order, similar 
to the Erith’s heater softener used for six years at the 
Saltley Works at Birmingham of the same company ; the 
latter recently been extended and fitted with Erith’s 
recorder, showing the duty on daily charts. In each 
case fuel is saved by recovering waste heat from the 
exhaust of steam-hammers, and the hard water is 
treated with waste heat and soda-ash, so that boilers are 
kept free from scale and corrosion at minimum cost, no 
lime being necessary e wson and 
Plant Company, Limited, Alma Works, Levenshulme, 
Manchester, have just — for Sir W. G. Arm- 
strong, Whitworth and Co., Limited, for their new Arm- 
— Shipyard, Walker-on-Tyne, Newcastle, a complete 
installation of gas-fired plate, and forge furnace, and 
the necessary ‘‘ Duff” f producers, steel chimneys, 
flues, foundations, &c. ey are at present drawing up 
plans for the extension of their works to add a new bay, 
size 250 ft. by 60 ft., to deal with the work in hand. 
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SUPERHEATING STEAM IN 
LOCOMOTIVES .* 


By Henry Fow xr, Assoc. M. Inst. C.E. 


Tue utilisation of steam superheated, or of a higher 
temperature than saturated, has engaged the attention of 
engineers since the inception of the use of the expansive 
power of steam—t.¢., since the middle of the eighteenth 
century. Its application in locomotives was suggested 
over eighty-five years ago, and for half-a-century many 
attempts were made to employ it in this class of engine. 
Owing to trouble arising from the packing and the lubri- 
cation, these were vend —_ and the —- 

ition it occupies at the present day is very y due 
fo the investigations of Dr. Wilhelm Schmidt, of Cassel, 
and to the practical trials of his apparatus made by Mr. 
R. Garbe, of the Prussian State Railways. Various 
types of superheaters were tried, but the one now in 
most general use is that in which the steam receives its 
superheat when passing through small tubes placed in 
large smoke-tubes through which the heated gases travel 
on their way from the fire-box to the chimney. This 
type is general in this country, where, in addition to 
the Schmidt system, the Swindon and Robinson systems, 
which differ from the Schmidt in detail only, are also 
employed. The utilisation of the heat in smoke-box 
gases has been tried repeatedly, but without much prac- 
tic] success. i ree 3 

Under ordinary conditions, when an engine is running, 
the steam passing through the superheating element: 
carries away with it sufficient heat to keep the metal os 
the elements comparatively cool. When, however, 
locomotive is running down an incline without steam this 
does not occur, and it is necessary to Boa the gases 
from passing through the fire-tubes. is is effected by 
a damper or some other type of retarder. Arrangement: 
are generally made for working the dampers or retarders 
automatically. 

The connection between the superheater elements and 
the header from which steam is distributed is a matter o/ 
importance, and the methods by which this is done con- 
stitute one of the chief differences between the various 
fire-tube superheaters. Essentially, however, they consist 
of those in which a joint is made between the pipe and the 
collector and those in which the former is expanded int 
the latter. . 3 

Piston-valves are used almost exclusively in locomo 
tives using superheated steam. ‘These have to be o 
special design, owing to the greater fluidity of super- 
heated steam and to the difficulty of efficiently lubricating 
any moving surfaces which have heavy loads on them, 
and to which highly superheated steam has access. 
For the same reasons special attention has to be paid 
to the design of the piston-head. The high tempera- 
ture of the steam necessitates glands of. special = 
wherever they are required, as well as arrangements for 
cooling the glands by allowing access of air where pos 
sible. The packing used requires to be of special high 
melting composition, and here, as elsewhere, it is neces 
sary to design the parts so that as little pressure a 
pssible exists between two surfaces which are exposeo 
to the temperature of the highly superheated steam. The 
oil used for lubrication is generally a mineral oil which 
has a high flash-point, and which is fed into the various 
parts by a mechanical lubricator which will ensure 
a definite predetermined amount of the lubricant being 
delivered regularly at the necessary points. i 

The provision of a pyrometer which allows the engine- 
driver to know at what degree of superheat he is working 
is advisable. ; , 

Owing to the use of piston-valves which do not permit 
the relief of compression or suction in the cylinder: 
when running with the regulator shut, it is nece-sary t 
provide by-pass and vacuum relief-valves. Some of thes: 
valves are also suitable for dealing with any water 
which may be carried over into the cylinders, whilst ir 
other cases special relief-valves are fitted. The large 
tubes in which the superheater elements are placed giv: 
little trouble in this country. The greater volume oi 
superheated steam, when compared with saturated, has 
in many cases, led to the adoption of larger cylinders anc 
lower boiler-pressure. This leads to economy in boiler- 
repairs, which should counterbalance the increase oi 
maintenance necessary for the extra apparatus requirec 
when superheated steam is used. The degree of super- 
heat usually employed is 230 deg. to 260 deg. Fahr. No 
figures at present seem to be available for the variation 
in the economy with varying degrees of superheat. 

The chief advantage claimed for the use of superheated 
steam in locomotives is the economy in coal consumption, 
and on the Midland Railway a number of trials have been 
made to ascertain what this is with the various types of 
engines, the ap being made on the consumption 
per ton-mile under circumstances as nearly comparable 
as possible. These trials show that a saving of 23 per 
cent. in the coal consumption and of 22 per cent. in the 
quantity of water used was obtained in one case, whilst 
in another, where the difference between the locomotives 
was solely in the superheater, the saving of coal was as 
high as 30 percent. This high figure was probably due 
to the engine which used superheated steam having more 
reserve of power than the one employing saturated steam. 
From diagrams of these two engines it can be shown very 
clearly how much more fluid superheated steam is than 
saturated. ; 

Experiments have been carried out to ascertain the 
effect of superheating the steam supplied to the high- 
pressure cylinder of a three-cylinder compound locomotive, 
and it has been found that a saving of coal of 25.9 per 
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cent. and of water of 22.3 per cent. has resulted when 
comparison is made with a similar engine using saturated 
steam. In tests carried out with is engines, the coal- 
saving has been from 14.3 per cent. to18 per cent. 





THE CORROSION OF BALL-BEARINGS. 
To THE EpiToR or ENGINEERING. 

Sir,—An intresting case of the corrosion of hardened 
steel surfaces was kindly submitted to me for my opinion 
by the Hoffmann Manufacturing Company, who sent 
me some steel balls, of which one of their customers com- 
plained, after they had been immersed for some con- 
siderable time in a lubricating oil which is advertised 
by its makers as containing a proportion of the best 
castor oil. 

The accompanying microphotographs which I have had 
taken (magnified 13 diameters) are of two of these balls. 
The first shows the surface rendered ‘‘spongy,” whilst the 
second shows a portion of this spongy surface broken away. 

My preliminary experiments comprised the exposure 
of a number of balls to the action of various oils, includ- 
ing the above-mentioned brand of compound castor oil, 
whilst amongst other oils were finest Pa castor oils, 
pure mineral oils, various fatty oils, and the fatty acids 








of various fatty oils, such as lard, olive, &c., it being 
thought probable that such fatty acids might have a very 
pronounced effect. 

The experiments extended over several months at a 
_—— of approximately 100 deg. Fahr. é 

These tests point very definitely to the conclusion that 
castor oil and compounds thereof stand alone as bein, 
especially energetic in this corrosive action of harden 
steel surfaces, for the action of the aforementioned fatty 
acids was practically negligible, as was that of the fatty 
oils themselves, whilst with pure mineral oil there was no 
sign of any change. 5 y 

he castor oil apparently has a selective action on 
hardened steel surface, in that it dissolves out only certain 
of the crystals, and when the skin has thus been pene- 
trated, its action on the underlying softer metal is more 
uniform, and so the still undissolved portion of the skin 

mes unsupported and away, as shown in the 
second photograph. Such occurrence will, of course, be 
most serious in the case of ball-beari: because when once 
the hardened surface of the ball or of the race is impaired, 
the bearing ceases to exercise its special function, and a 
complete breakdown must rapidly occur. , 

In the case of gear-wheels, &c,, the effect is serious, 
as the crumbling and destruction of the teeth must follow; 
whilst with a 2 be bearing the result will probably not 
be so noticeable, and itis quite conceivable t it would 








simply be noticed as a case of pronounced wear. Of 
course, in the case of a plain bearing, and to some extent 
in the case of the gear, the effect will be ey by 
reason of the high viscosity of the castor oil itself, as this 
ensures that there will always be a very considerable film 
of the lubricant between the opposing surfaces. 

I am now woe 8 further experiments on various 
Lrg of steel, and with an extended range of oils and 
aci 


Yours faithfully, 
. Ducknam. 
Vanbrugh Castle, Blackheath, S.E., Jan. 10, 1914. 





“ERECTION OF STEEL CHIMNEYS, 
STOVES, AND THE LIKE.” 
To THE Epitor OF ENGINEERING. 
Sir,—With reference to the letter signed “ 
Corrientes,” appearing in your issue of the 9th inst., 
page 50, I cannot say when the system of erecting steel 
stacks described by Mr. Holgate was first introduced, 
but it is within my knowledge that it was in common use 
on the mines on the Rand in 1895. 
Yours truly, 
E. 8S. Ormspy. 
6, Lan Park-road, Pontypridd, January 12, 1914. 








Tue Havr-Wartr Lamp.—The British Thomson-Hous- 
ton omeney: Limited, of 77, Upper Thames-street, 
London, -, and Rugby, are now in a position to 
supply the new nitrogen-filled incandescent electric-lamps, 
which have a consumption in the neighbourhood of half 
a watt per candle-power. It is not necessary that we 
should say anything of the construction of these lam 
at the present moment, as we dealt with them very fully 
in our issue of October 31 last. The information that 
the lamps are now to be placed on the market is, how- 
ever, of much interest, and one may expect them to 
come into very wide use in a comparatively short time. 
The lamps at present available are as follow :—For 50 to 
65 volts, 600 and 1000 candle-power ; for 100 to 130 volts, 
1000, 2000, and 3000 candle-power ; for 200 to 260 volts, 
2000 and 3000 candle-power. The lamps have a useful 
life of from 800 to 1 hours, while the intrinsic bril- 
liancy of the filament is about eight times that of the 
ordinary tungsten lamp. This high intrinsic brilliancy 
will usually render the use of diffusing globes, or some 
indirect system, desirable when these lamps are employed 
for interior lighting. 





PersonaL.—Mr. G. Constantinesco, 8, Lichfield-road, 
Kew Gardens, W., inventor of the ‘‘G. ©.” vaporiser, 
informs us that he ceased to be connected with the 


G. CO. Mi jae Foreign Patents), Limited. — Water 
Softeners, Limi 91-3, Queen-Victoria-street, London, 
E.C., and Messrs. and Hiort, 52, Queen Victoria- 


street, London, E.C., have agreed to work in conjunc- 
tion with each other under the name of United Water 
Softeners, Limited, at 52, Queen Victoria-street, London. 
Practical working of these two systems has shown that 
often the best results can be obtained by a combination of 
both processes in one plant.—Messrs. John H. Austin and 
Co., of 61 and 62, Gracechurch-street, E.C., advise us that 
in consequence of continued ill-health, Mr. Edward B. 
Leader has retired from business, and that their firm has 
ceased to exist except for the winding up of its affairs. 
The goodwill of the business and the London cies of 
Messrs. N. Hingley and Sons, Limited, and the Wigan 
Coal and Iron Company, Limited (steel and metal de- 
ery have been taken over by Mr. W. J. Firth, of 
Great Tower-street. 





THe JuBILer or THE ‘‘ Rattway News.”—The jubilee 
of the Ratlway News, the first number of which was 
issued on January 2, 1864, has been celebrated by our 
pees pene I by the issue of a bulky special number of 
over 500 pages of excellently printed matter, exclusive of 
advertisement Se ag The issue is lavishly illustrated, and 
the articles embrace all kinds of railway subjects. There 
are articles on and statistics of British railways, deali 
with their cost and development. The Railway an 
Canal Commission, the Clearing House, and other features 
forming part and parcel of our railway world, are de- 
scri and a review is given of legislation bearing on 
the working of railway companies. ‘‘ Canals and the 
State” is the title of an article by Mr. G. R. Jebb, in 
which he concludes his review of the situation with a 
statement to the effect that the traders generally seemed 
to be indifferent to the poe of greater canal facilities, 
but would welcome lower railway rates. ‘ Railway 
Nationalisation ” is dealt with b Mr. Harold Cox, Mr. 
F. H. Dent, and Mr. Dixon H. Davies. Mr. Cox points 
out various disadvantages which bave manifested them- 
selves where nationalisation is in practice. Mr. Dent 
deals with the matter from he poe of view of manage- 
ment and operation, while . Davies’ article con- 
siders the lessons of history on the subject. A 
portion of the volume is devoted to reviews of the 
railway systems in various parts of the world. All 
the leading railway countries are noticed, the articles in 
many cases being by accepted authorities. The last 180 
pages consist of matter of a more or less engineering 
character. In this connection locomotive tice at 
home and abroad comes in fora good share of attention. 
Perhaps other classes of rolling-stock are treated some- 
what scantily in comparison, but, generally speaking, 
the whole issue most adequately serves the purpose for 
which it has been brought out. It is, as we have said, 
well printed on nl which enables the best to be made 
of the innumerable half-tone illustrations. It is published 
at the price of 5s. 








[JAN. 16, 1914. 


ENGINEERING, 


82 











‘UMBIPIOAO 10949030378 010M ALUBUIION) JO 
sioddryqsi0M 10430 pue ouspreyy gunoost, Aq uMeIp 10m 
gBqy seinjold o ‘peo] jou pIp om jt ‘suoMeU 10430 
WIM [eae] B UO SuIpuys o1oM OM 4Bq9 SNOTAgO A]qQ00jI10d 
eu qt ueyy, ‘sivof moy goed 049 a Aystmioqo pus 
soisfyd jo guoudojeaep puv A410481q e49 JopIsuco 03 pey 
OM SBOPI JO UOSaNb B04 oUTBO 4 Mey AA ‘AIUD SIq4 
UI OUOp 4OU Psy OM FOIYA yIOM JO [wep 4813 B OUOp PLY 
4043 eouenbesuoo 8 sev pus ‘sino WIOIj yUeIEYIpP 107930304/8 
seoUBISUINOIIO UI paced erom AoW y, ‘uodn y10M 04 [BI 
-oy8a1 pourdiostip pey uow esoq3 pur ‘Auvuiser ur sntue8 
jO UCU MO} B GIOM CLOT, ,,“eUTYsSUCOU SOM ,, SBM GUT 
geqg weq3 uodn ssoidu 04 Aymny peysta (Zu04sury 
Jossejoi7) oy ynq ‘Auvuisex) jo Aqiolsedns e434 jo uexods 
PVY 10998, 9G9 9VG9 pres “TexVY Jossaolg 0} syxUEy} 
jo 990A 8 Sutsodoid ut ‘Su0ysmIy “| “AR #J0ssejolg 
*BUIYORS4-OUDTIOS PEOMOTAGI OY sao UI ‘QuepIserg O43 
“SH “104%q “A “H Jossejorg Aq pesoatjop sem ssouppe 
ue ‘uo,sJuIsUSYy YING ‘ABZojouqoey, puw sousiog jo eZe[[0H 
[eedmy 049 48 pey ‘sigjs¥pY SOUSIOg jooyog oNQnG 
JO WOIBIDOSS YW O49 JO GOUSIEJUOO [eNUUY O43 JO SZuIpedo 
-oid s,Aepsony, 3¥—'SISILNA10g NVNYAD) GNV HSILIAg 





hoc] eouNyStIGC) 
UO UAO} CAIQVU STY UI pep ey [1IQUN eAIZOe pouTeUIEI OY 
4Nq {9061 UI WoIsTeod ery pousiwer oF] “vOUTT [wUOTWA 


(28786) 





| @q9 JO “AT J0LugsIq] JO yUepIseid-eora UTBOeG OY ‘ZOKgT Ut 
| ‘sAumprey sormg PeUy) 243 Jo waysXs oy porInbow oywIg 
oq} Weym pus “PUvG-GHIM Juepiserg Jopun ‘Aemprey 
SINC O49 YIIM pPo,00UMOO SYM oY eUTIg OUIOS JOg ‘I00M 
-13u0 AvMed @ 8B UOIssejOId sy Jo GsTOIOXO O44 UI 104%] 
wary peddvorpusq sseuyy! siqs puv ‘qq Ajsnoties emoeq 
64 SeIpNys Jo esINOO SIY JO pus eYy SpIBMOT, ‘oruqoo4 
-4Joq Jounz oyg 48 pus o10q3 poqvonpe sem oY ‘UeTTeH “Ig 
ut uvorsfyd 8 jo wos & ‘ORR, UI UIOog ‘1e0ULZUO OfqQe 
410A pus repndod A[[e10003 &@ ‘shemreyy 091g ssIMg oq] Jo 
syUepIseid-sora O43 JO GUO ‘zy1I0g prouTY ‘I]{ JO YYeep 043 
p100e1 04 4o1ge1 OM—'ZLING GIONAW ‘aJ{ ALVT AH, 





1988900 
STQ JO OUlIg O43 98 O38 jo SVE OAY-AQuOAGS SUM BSyT ee 
‘UOKBIOOSsSY YS4lIg 943 pue sis9cULsUua Ww gene jo 
uoYNIySUy O49 e10jeq per oy gorym sioded jo yoefqns 
ey} peulloy oulgue SIT, ‘(T9 “Aa[X "JOA ‘ONIWHEN 
-IONG) SONSSt JOl[Ive INO Jo euO UI CABS OM UBASdEO SITY 
JO UoKNdiosep peyeysni! UY “p¥ol eq} 4INs 0% porIwA 
@q P[noo ‘10438m einsseid jo o1nyIpuedxe eq} A;;uenbesuoo 
pus ‘suozsid 043 jo ex0148 099 Gor Ut ‘1803 O[QBLIBA 
qjim eurgue usysdeo oneipty ue sengsie, eq} ul gyno 
sqSno01q OF{ “B98T OF 9ST WoIy sid8UTSUy Cee beet 
jO uoyN4Y4say 9443 jo Jeqmiom Aregiou0g ue sem BSI 
ainqyy “IP “19q80qH jo ‘B3rnyy anqjry ‘acy 04%] eG jo 








—)y 








] 























| Al 





























Uos 4Sepe ony ‘BSW ANgIIY ‘IJ JO ‘U0zQIGG soTIBT, 48 
‘qsUl 49g 643 UO peLIN0O Gory ‘qQvep O44 eoUNOTUT 04 





Oasy OF 4 oM—‘SDIY WAHLAY “AT ALVI AH, 
“puvjiepung 
‘meg “I JO AqU0yANe 643 Jopun pue syudyed ,, pue 


-1epung,, 64} JopuN seUlyoOVN [jes pus SYBU 07 SIOM 
11043 10 wey} googe Avm Aue ul gou se0p 04 —— 
e104} uOTORsUEIg O43 4843 ‘97un gg OSed uo ydeisvred 


049 0} GoUeTEJOI GQIM ‘0989S 03 sn pose oavy ‘(SHIOX) | | 


Aoidiyg ‘ssepunojuoi pue sieyeul [004-9ulgovu ‘uog pus 
UosUIyIeT “f sissey—“peyary “Op pus prey [[ouuey) 
pus ‘poqrmry “op pues ssqsdmeq ‘sep ‘ poytmIry 
‘hueduiog diqsurveyg prvung oy} 04 sdueyy ,, west 
jefoy ,, 30 Ajddns 043 403 govljUu00 & pernoes ur 


OLIqOO] Poztuy Usmg pus uosipy oy} 1v98d SI —“AAVU, 


‘Oa ‘pvoi-A441C “400148-prvu0ay ‘eZeT]0H 949 48 pourezqo 
eq Avui (sasinoo Zarueae pus Aep) e%eT]0H 044 jo omueld 
-oid eyy, ‘esinoo Arvurpso 11043 jo 418d & SB S01N900] 
9804} PNe448 03 pe[9IyUe G18 esINOO ZuIUeAS ‘gq’g 94} Zul 
-pUe;g¥ SUEPNAg “sg SI EsINOD 644 10J Gey OY, ‘“sZurueAo 





BpuoyY eArssooons uo Zurmopjoy pus ‘gz Arenuse uo 
Sutoucumoo ‘urd g 48 ‘sZurmeao Avpuopy uo “Ya 
“q3TMg-uosI8}Ie “YY fA Aq eats oq []LM ,, S104 


(‘gL ebwg a8 ‘woudrsosaq? 40g) 


‘AULNAAOO ‘SUAANIONA ‘GHLINTI ‘ANVA4NOO USHINIVG FHL 


GTIOIHAA HOLOW TVIOUAWWOO 


AG dgHLONULSNOO 


NOL@ HO SISSVHO 














-IQAUOLD) AIBIOY WopopY jo uoIwIedG pus ‘uoOeNoTeD 
‘£1004 J, OYJ, ,, WO S91N400] PooUBAPe XIs Jo esIN00 ZuTuAe 
[etoeds W—"ADATION IVOINHOEY, SATINX) ANV ALID 





*91N409] 9S1y 4g 48 ITegO 
044 OR [La ‘Avmrey UIVqQeGH pus UsE_SBq-qINOg o44 
jo soZeueul [e10 ‘queq ‘H da “1 ys ‘og Azenuer 
Suruurseq ‘sXepseny, uo “ud gi'9 98 ‘Avmpiey dio\suiy 
“THON ‘quepuesutiedng urely,-[si0ulyYy pus ‘x10 x ‘guepue; 
uledng yougsiqy Ajseu103 ‘“y"g “uImery o4014) ArueH] Aq 
‘(aopuory jo Aqiss9oaiuy)) “OMA ‘ABmsSury ‘e0198-[89n{107 
‘QOHIV]T G1G[H “eousIog [BON4I]Og pus sorwIO JO [OoqOS 
UOpUO'T OF 48 UALS Og [TIM ,. “FPQT 04 dn gueudopeaeg st 


| JO SeUTIING : mogedg AvmpreYy GSA eYy,,, WO s01N309[ 
oaey ‘Xoso[PpIPY ‘pug ssoepuog ‘poywurry ‘Cuvdui0g 3437] | ojqnd eeryg jo esinoo W— “LNENdOTSZARQ] AVAVTIVY 


*99.1N409] O80q3 puszge 04 sessed oo1y pus YSnopiny pozuwss 
O18 UGTA OY} PUY SUMO} UIEZIGO UI OFZ1BYO JO GO1j UALS ST 
@1ng]NOT10Y Ul UOTONIASUT ‘oUT] O4g Zuoye sexoq-[eusis ul 
peuon ss seefojduie oyg Aq 10438U1 043 UI USXey 490I04UI 
ey} JO JUNOOOs UO gueseid O49 10} ‘penuUIgUOD eq 09 SI pus 
‘qnysseoons peaoid seq guewLIedxe eYy, ‘80013 4INIy YQTM 
seul] O44 SuoTe puv, ogy pus syucmyuvquie Aemrer Jur 
-quejd ueeq srved om0s 10} sey yuougieded Avmrey ues 
“ig Of. —’SLNANANVANY AVA TIVY NO SAauy, LIU 





faeeee) 





Jan. 16, 1914.] 


ENGINEERING. 








CHASSIS OF 
CONSTRUCTED BY THE DAIMLER COMPANY, 


2-TON 


(For Description, see Page 78.) 





















































COMMERCIAL MOTOR VEHICLE. 
LIMITED, ENGINEERS, COVENTRY. 
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STEEL-PIPE FACTORY IN JAPAN. 


Tue latest industrial development of importance in 
Japan has been the establishment at Wakao-Shinden, 
Kanagawa, near Yokohama, of a large factory for the 
production of steel piping, a large quantity of which is 
used in Japan, the annual imports, which have doubled 
in the last five years, having now a value of between three 
and four million yen. ith the tremendous growth 
of such undertakings as gas works, water works, and 
sewerage systems, the demand for piping has increased 








enormously. The new and rapid devel ent in boiler- 
making, shipbuilding, oil- purifying, and oil-pipe trans- 
tion, as well as in various other phases of engineering. 
done much to increase the demand for piping, and 


this has contributed to the effect upon imports already | ad 


noted. Up till now there has been only one concern in 
Japan devoted to the manufacture of steel piping— 
namely, that at Kuré, by the Sumitomo family, 
which took up the work abandoned by the Kuré Steel 
Manufacturing Company; but this establishment has 
done little towards supplying the large demand. As 





Fig. 11. 


& matter of fact, it has produced little more than marine- 
boiler tubing, and nothing to speak of for the ges plants 
and the water works of the various cities, so that there 
will be no competition between the new Steel Pipe Com- 
pay and the Sumitomo factory. , 

@ names that stand out most conspicuously in the 
new enterprise are those of Mr. Shiraishi Motojiro, one 
of the directors of the Toyo Kisen Kaisha, and Mr. 
Imaizumi Kaichiro, formerly chief engineer of the 
Yawata Iron Works, er with such gentlemen as 
Baron Shibusawa, Mr. Asano, Mr. Okura, and Mr. 
Ohashi, who together have - up a capital of 2,000,000 
yen to start with. Mr. Shiraishi is president of the 
company, and he is assisted by a body of experienced 
directors. Mr. Shiraishi will be responsible for the busi- 
ness management of the company, and Mr. Imaizumi is 
the chief engineer. 

At the outset the company has the assistance of 
three German experts, a superintendent of works, and 
three foremen. The chief engineer, Mr. Imaizumi, 
is a graduate of the engineering department of the 
Imperial University, Tokyo. e also followed a long 
course of post- uate study in Germany, where he 
had experience in the best pipe-producing works. After 
returning to Ja’ he was appointed engineer in the 
Yawata Iron Works, and last year he went on a tour 
of inspection through Europe. Similarly, the foreign 
experts are men of skill and ability, having been many 
years in the foremost iron works of Germany. More- 
over, the Japanese have the great advantage, if all the 
industries which they start, of being able to take full 
vantage of the experience of the West, and to use only 
the most up-to-date methods and appliances, and there- 
fore the capital required is much er than that of the 
companies which have gone through a series of 
required by new developments. An interesting feature 
of the new works is its motive power, which will be 
electricity generated by water power. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 1, 1914. 

THERE was further reduction of the steel production 
of the country last week, but much of it was due to 
suspension for semi-annual repairs. The railroads are 
very moderate buyers, having contracted for during the 
week only 30,000 tons of rails, 630 cars, 10 locomotives, 
and 2400 tons of structural steel. Reported con- 
tracts for pig iron amounted to 70,000 tons. Within 
the past three days many inquiries for crude iron were 
reported, and a number of orders will result. In 
middle and eastern Pennsylvania orders were placed 
for 32,000 tons, and in the Pitteburg district and 
other western districts inquiries are being made for a 
reported aggregate of 60,000 tons, including an inquiry 
for 15,000 tons of forge iron. Reports are current of 
shading in prices, but no general weakness is appa- 
rent. Specifications are coming now a little more 
freely for plate and structural shapes, but only a mode- 
rate new business is being done. The city of Ottawa 
has sent out inquiries for 50,000 tons of steel pipe for 
water-work construction, which will require 87 miles 
of tubular products. The contract will be placed 
February 3. The Grand Trunk Railroad has placed 
only 1000 freight-cars as yet, and 25 passenger coaches. 
It is unknown when the rest of the requirements will 
be covered. The outlook of the general steel business 
is more promising than a week ago. Two southern 
railroads are asking for 500,000 bolts each, and the 
Chicago Railway is asking for quotations on 23,000 tons 
of rails, and New York construction companies want 
13,500 tons of material for subway work. Several 
other orders are hanging fire, and this fact is stimu- 
lating confidence that known withheld requirements 
will soon come to the surface. 





Tue Institution oF Civizn Enocinerrs: Stupents’ 
Meertines.— At the students’ meeting held at the Insti- 
tution on Friday, January 9, at 8 p.m., Mr. C. I. Routh, 
Stud. Inst.C.E., read a paper entitled ‘The Application 
of Power Railway Signalling in Great Britain.” The 
chair was taken by Mr. A. W. Szlumper, M.Inst.C.E. 
The author dealt at length with the various systems of 

wer —. adopted by the railway companies of 

reat Britain, their principles, construction, and method 
of working. The paper was accompanied by a large 
number of extremely interesting lantern-slides. The dis- 
cussion was opened by Mr. A. F. Hewitt, and continued 
by Messrs. W. C. Mitchell, F. R. Freeman, W. E. 
oy W. Faughaenel, M. H. Schwab, H. E. Cox, and 
H. F. Page. In the course of his subsequent remarks, 
the chairman said that power signalling was still at an 
experimental stage in Great Britain, and he strongly ad- 
vised young engineers who were in any way interested in 
this branch of engineering, to take it up thoroughly, as 
he considered it had a great future before it. 





ALMANACKS, CALENDARS, &c.—In addition to almanacks 
already acknowledged we have received others from firms 
mentioned below. We may, perhaps, be permitted to 
point out that firms who indulge in this often pleasing 
method of keeping their name before friends clients, 
would probably reap additional advantage if their gifts 
arrived with greater promptitude, and were not delayed 
until the best or only positions on office walls had alread 
been filled. For almanacks, &c., lately to hand we than 
the British Thomson- Houston Company, Limited, Rugby; 
Messrs. Joseph Westwood and Co., Limited, Millwall, E: 
Messrs. W. H. Willcox and Co., Limited, 38, Southwark- 
street, S.E.; Messrs. Peckett and Sons, Atlas Locomotive 
Works, Bristol ; Messrs. Pettitt, Cox, and Bowers, Limited, 
22 and 23, Frith-street. Soho, W.; Messrs. R. Y. Pickering 
and Co., Limited, Wishaw ; Mesars. H. W. Ward and 
Co., Limited, Lionel-street, Birmingham; the Poldi 
Steel Works, Napier-street, Sheffield ; Messrs. Jenkins 
Brothers, Limited, 95, Queen Victoria-street, E.C. ; 
Messrs. Andrew Barclay, Sons and Co., Limited, Cale- 
donia Works, Kilmarnock. 


Apprentice ADVANCEMENT ScHEMK.—The apprentice- 
ship advancement scheme of the Central Marine Engine 
Works, at West Hartlepool, has been in o ion now for 
about eleven years, but it has been modified from time to 
time (the last time in 1908), with a view of making it more 
suitable for existing conditions. It was adopted in the 
works as an incentive to apprentices to pursue technical 
studies, to keep good time, and to become efficient work- 
men. The wages of those apprentices areadvanced who, 
by their success at Science Class Examinations, their 
attendance at work, and their general conduct and 


ability as reported by their foreman, have proved 
themselves worthy of advancement. © marks are 
awarded on the following basis :— 
Science Classes (Maximum per Annum) «. 100 
Workmanship a je os ee «. 10 
Conduct 9 9 * 100 
Timekeeping ” ” ” 100 
“400 


In addition to the increase in wages given, the amount of 
class fees paid by the a: tices is returned to them by 
the firm for each su ul examination in an a ved 
subject at a school or technical college cqnuredl' y the 
firm. At the last examination 68 apprentices obtained 
marks varying from 3724 to 230. Of hens 16 receive the 
maximum advance in 13 receive 75 per cent. of the 
maximum, and the remainder 50 per cent. 





THE LENNOX AND ROBERTSON VACUUM- 
DESTROYER. 


Ir the air-pump of a jet-condensing plant cease 
discharging through failure of valves or of the drive, 
and the vacuum be still maintained in the condenser, 
then there will be danger and likelihood of an influx 
of’ water to the condenser, and from there to the 
engine, with possibilities of considerable damage. The 
difficulty may be got over by the fitting of an automatic 
vacuum-breaking valve, which will operate when the 
vacuum has fallen to a point indicative of failure of the 
tm An interesting form of such valve, due to 
Messrs. Lennox and Robertson, and manufactured by 
Messrs. Glenfield and Kennedy, Limited, of Kilmar- 
nock, is illustrated in the accompanying figure. The 
valve, which may be of the drop, tappet, or other 
form, controls communication between the atmosphere 
and the interior of the condenser, and should be fitted 
on the exhaust-pipe close to the air-pump. 

The arrangement of the appliance will be under- 
stood from the figure, in which it is shown in 
the starting position. G is the vacuum-destroying 
iston B, 
rant has 


valve, and A a small cylinder carrying a 
The q 


which operates a quadrant C. 











@ curved slot at its upper end controlling the posi- 
tion of a block D, which has a projecting pin fitting 
into the slot of the quadrant. Block D slides free 
on the valve-spindle. When the arrangement is 

laced in the starting position, as shown in the 
— the valve G is brought down on to its seat by 
the action of the spring E. It will be noted that 
the spring F is tending to lift the valve from its seat, 
but the lengths and relative strengths of the two 
springs are so proportioned that the valve is brought 
on to its seat as shown. 

When the air-pump is started, the piston B is pulled 
down in its cylinder and swings the quadrant C until 
the curved part of the slot comes into a vertical position. 
This releases the block D, which moves upwards under 
the action of the spring E. The quadrant is then 
locked in position. The release of the block D and 
the expansion of the spring E frees the valve G, so 
that it comes under the action of the spring F and 
would open, but by this time the growing vacuum in 
the condenser is sufficient to hold the valve closed 
— thespring. Should, however, the vacuum fail, 
the spring F overcomes the air pressure on the valve 
G, and it opens, establishing communication between 
the atmosphere and the inside of the condenser. To 
reset the arrangement the quadrant has merely to be 
moved into the position shown in the figure, when the 
valve is closed, and the forming of a new vacuum may 
begin. Two further points in connection with the 
appliance should be noticed. These are, firstly, the 

rovision of a valve-face on the bottom of the piston 

. so that when it is in its lower position the con- 
denser vacuum is protected by a proper ground joint, 
and does not have to be maintained against the 
packing of the piston. 


The second point is, that 


although in the above description we have for con- 

venience spoken as though there was but one quad- 

rant OC, it will be clear from the figure that two side- 

— quadrants are used in order to obtain an even 
rive, 








NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was idle and Cleveland warrants were 
easier with sellers at 50s. 5d. cash, 50s. 84d. one month, 
and 51s. 1d. three months. In theafternvon the tone was 
little changed, and dealings consisted of 1000 tons of 
Cleveland warrants at 50s. 5d. cash. The me A 
tions were a shade firmer, and sellers named > 
cash, 50s. 9d. one month, and 51s. 1d. three mon 
On Friday morning the market was again dull and 
the turnover only amounted to 1500 tons of Cleve- 
land warrants at 51s. three months. Sellers’ prices at 
the close were 50s. 5d. cash, 50s. 8d. one month, and 
51s. three months. The afternoon session was 
quite idle, and sellers’ quotations for Cleveland war- 
rants were 4d. up from the morning. On Monday morn- 
ing Cleveland warrants were a little harder, but business 
was confined toone lot at 50s. 6d. cash, with buyers over, and 
sellers at 1d. more. For the other positions sellers named 
50s. 10d. one month and 51s. 2d. three months. The after- 
noon session was quietly firm, and 1000 tons of Cleveland 
warrants were done at5ls. 14d. three months. Theclosin 
quotations were 50s. 74d. cash, 50s. 104d. one month, an 
5ls. 2d. three months sellers. Prices were easier on 
Tuesday morning, when 3000 tons of Cleveland warrants 
were put through at 50s. 64d. cash, with sellers over, and 
at 50s. 10d. one month, and 51s. 14d. and 5ls. 1d. three 
months. Closing sellers quoted 50s. 94d. for the month 
position, and 51s. 14d. for three months. In the afternoon 
weakness again prevailed, and 1000 tons of Cleveland war- 
rants changed hands at 50s. 54d. cash, and 50s. 9d. Feb. 26. 
At the close the quotations were called 50s. 6d. cash, 
50s. 9d. one month, and 51s. 1d. three months sellers. When 
the market opened to-day (Wednesday) the tone was dull, 
and two lots of Cleveland warrants were done at 50s. 44d. 
cash, and 50s. 74d. February 27, and closing sellers 
quoted 50s. 44d. cash, 50s. 7d. one month, and 51s. three 
months. In the afternoon the market was quiet, and 
business was confined to one lot of Oteveland warrants at 
50s. 64d. one montb, and the close was firm with sellers 
at of 44d. cash, 50s. 74d. one month, and 51s. three 
mon 


Sulphate of Ammonia. — The sulphate of ammonia 
market is quiet this week, and inquiries are limited. 
For prompt lots the quotations are easier, but owing to 
the continually a one for this commodity the 
present decline is only likely to be temporary. 


Scotch Steel Trade.—The amount of fresh businese 
booked by Scotch steel-makers this year does not total a 
very heavy tonnage, and although work has now been 
resumed, the various plants are not fully employed. 
Buyers are still moving cautiously, as with prospects of 
cheaper fuel in the near future they consider that the 
current prices for steel will be further reduced in order 
to induce business. It is understood that local con- 
sumers have a fairly large amount of material to fix up, 
but they are playing the waiting game, and are only 
contracting for their more immediate requirements ; 
hence the quietness of plate and section producers. 
The demand for black sheets is also very poor, but 
makers of structural material are doing very well, and 
have inquiries on hand for quite a respectable ton- 
nage. Scotch Steel-Makers’ Association have held 
one or two meetings lately, but official prices are still 
unchanged. Sections, however, have an easier tendency. 
Export trade is not over bright this week, nevertheless a 
fair business is passing. 

Malleable-Iron Trade. — The present state of the 
malleable-iron trade in the West of Scotland is much 
akin to what it was before the holidays, and as specifica- 
tions are very scarce, broken time is general. There is 
little new business on offer, and producers are just wait- 
ing patiently for an improvement in conditions. Several 
establishments are still idle. Prices show no change, 
and are based on 6. 17s. 6d. per ton, less 5 per cent., for 
oe crown b 


Scotch Pig-Ircn Trade.—The demand for Scotch pig 
iron is not very encouraging as yet, but makers are hope- 
ful that a steady expansion will take place before long. 
The furnaces in blast are considerably fewer than at this 
time last year. Prices are inclined to be easier, and the 
following are the market quotations for makers’ (No. 1) 
iron :—Clyde, 69s. 6d.; Calder, Gartsherrie, Summerlee, 
and Langloan, 70s. (all ~~ at Glasgow); Glengar- 
nock (at Ardrossan), 71s.; Shotts (at Leith), 70s.; and 
Carron (at Grangemouth), 70s. Hematite is very quiet, 
the demand being exceedingly poor. 





CoLiecE OF ENGINEERING, Poona.—There has recently 
been installed at the college an impact testing-machine and 
a combined testing-machine which will test specimens in 
tension and transversely ; also a torsion testing-machine 
and two table-pattern cement-testing machines, which 
comply with the stringent regulations of the Standards 
Department of the British Board of Trade. The torsion 
testing-machine is of a similar type to that which was 
specially designed for the Birmingham University, and has 
a —— of 10,000 in.-lb. It is fitted with Avery’s steel- 
yard, on which the poise is propelled by means of a central 
screw which is rota’ a band-wheel. A hand-lever is 
provided which will alter the position of the fulcrum of 
the main lever, by means of which the capacity can be 
made either 5000 in.-lb. or 10,000 in.-Ib. he combined 
testing-machine, known as the Luboratory pattern, is con- 
structed to test specimens in tension up to 80 cwt., and 
transverse up to 50cwt. The cement-tester is designed 
to test specimens of cement by tension to 12001b. All 
these have been designed and manufactured by W. and 
T. Avery, Limited, Scho Foundry, Birmingham, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

The Export Coal Trade.—Striking evidence of the ex- 
pansion of the South Yorkshire coal trade is afforded 
in the traffic returns of the two Humber ports for last 
year. Nearly 2} million tons of the 9 million tons of in- 
creased trade in the coal exports of the United Kingdom, 
h Hull and Immingham. The actual coal 

traffic through Hull was 7,945,955 tons, as compared with 
7,011,978 tons in 1912, and through Immingham 2,314,644 
tons, as compared with 983,933 tons in 1912. The gross 
figures were 10,260,609 tons last year, against 7,995,911 
tons in the pusites year. Though last year’s total busi- 
ness at Hull was less, owing toan unexpected decrease in 
December of about 16,000 tons, it was even then about 
14 million tons in excess of the trade of two years ago, 
which was a year of uninterrupted pocanerty. and was 
double the trade of eight years ago. e Immingham 
figures 5 for themselves. The facilities afforded by the 
new dock have obviously been an important contributory 
cause of the trade’s phenomenal development in the 
Doncaster district. The Denaby and Cadeby Main Col- 
lieries sent over one million tons—an increase of over 
a quarter of a million tons when compared with 1912. 
The new Bulcroft Colliery sent 291,092 tons—another 
increase of a quarter of a million tons. Grimsthorpe and 
Frickley sent over 100,000 tons less than in 1912. Their 
total was 471,122 tons. Manvers Main beat last year’s 
figures by topping a quarter of a million tons, though 
this was by no means arecord. Both the Dinnington and 
Dalton Main Collieries had a decreased traffic. Brods- 
worth sent 40,000 tonsextra. Russia was by far the largest 
ve Germany came next, Holland third, and then 

weden. 


South Yorkshire Coal Trade.—There is a slackening 
tendency in the market for steam coal. While industrial 
consumption, following the completion of stock-taking, 
maintains an average magnitude, the export trade is 
easing off, though it is still exceptionally good for this 
time of the year. Collieries are less inclined to resist 
offers at slightly reduced rates, much of their output 
having been placed in the open market in consequence 
of the fact that a consiibematie proportion of December 
expired contracts have not yet been rene No com- 
—_ can be made respecting the demand for house coal. 

th merchants and producers would gain increased 
benefit from a speeding up of deliveries. There is no 
diminution in the big demand for gas fuels. In slacks, 
a welcome improvement is shown, both in spot and 
contract buying. The contracts are at last year’s rates. 
Stocks have been considerably reduced, and prices are 
firmer. Coking smalls occupy a — improved posi 
tion. Quotations:—Best branch hand - picked, 17s. ; 
Barnsley best Silkstone, 14s. to 15s.; Derbyshire house, 
11s. 6d. to 12s. 6d. ; Derbyshire best brights, 12s. to 13s.; 
best large nuts, 11s. 6d. to 12s.; small nuts, 9s. to10s.; York- 
shire hards, 11s. 9d. to 12s. 9d.; Derbyshire hards, 10s. 9d. 
to 11s. 9d. ; rough slacks, 7s. to 8s. ; seconds, 5s. to 6s.; 
smalls, 3s. to 4s. per ton. 


Iron and Steel.—The local iron market to-day occupies 

a stronger position than it has done for some time past. 
The sagging tendency of prices has and values in 
eneral are much firmer. Many consumers who have 
e!d off the market in the hope of further reductions are 
beginning to realise that they have let pass an excellent 
opportunity for purchasing at exceptionally cheap rates. 
‘** Bearing” by merchants ap; to have ceased. The 
prevailing high price of fuel is materially assisting in 


the improvement of values. Buyers are coming forward | W. 


more freely, and a much larger amount of contracting is 
being done. Both Lincolnshire and Derbyshire iron- 
masters are effecting considerable sales. No further reduc- 
tion has been made in the South Yorkshire Bar-Iron 
Association’s official quotation of 7/. 10s. Mills are not 
working full time. 
abundance of work. Armaments, forgings, and heavy cast- 
ings for shipbuilding purposes, and railway steel are in 
big demand. The last-named occupies an exceptionally 
strong sition, largely on account of oversea calls. 
South Africa and India are the principal customers. 
India’s demands are reported to be the largest on record. 
British and foreign railways and Admiralties are placing 
their annual contracts for steel goods, and in almost 
every case the quantity required is in excess of that of 
preceding years. Good contracts for steel have aiso been 
entered into with several Australian companies, and with 
New York, p= and Chicago. The Southend 
Tramways have ordered a 600l. cross-over from Messrs 
Edgar Allen and Co. Another Sheffield firm has secured 
the Staffordshire Education Committee’s order for the 
heating and piping arrangements of the Committee’s new 
institution in course of erection at Wednesbury. Makers 
of mining machinery and agricultural-implement parts 
find no cessation in the influx of orders experienced in 
December. Makers of tool-steel, tools, files, and saws 
are favourably placed for new business. Saws are being 
made for India and Japan. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

_ The Cleveland Iron Trade.—The pig-iron market con- 
tinues to be steady, with a fair amount of business passing. 
Prospects are brighter than they weresome time ago, and 
rather good inquiries are re for pig iron on both 
home and foreign account. ith the improved outlook 
producers of pig iron are acting with caution. Many of 
them hold the opinion that by waiting a short time they 
may be able to do business at higher rates than are at 
present obtainable. The month of January is regarded 


; | gated sheets, 24-gauge, in bundles, 11/. 5s. f.o.b.—less 


In the heavy-steel trades there is an | San F 





aa a quiet business period, but so far this month a good deal 
of bnsiness has been done. One most gratifying feature of 
the market is, perhaps, the fact that buyers and mer- 
chant sellers’ prices are not so wide as they have 
been. Both spring and summer needs promise to be such 
as to create a demand. No. 3 g.m.b. Cleveland pig 
iron is 50s. f.o.b.; No. 1, 53s. 3d.; No. 4 foundry, 
50s. 3d. ; No. 4 forge, 50s.; and mottled and white iron, 
each 49s. 9d.—all for early delivery, 6d. above these rates 
being asked on forward account. More satisfactory 
accounts are given of the hematite branch of the staple 
trade. Good contracts are reported to have been recently 
booked, and prices are very strong. For early delivery 
of mixed numbers, the quotation was 62s., and sales for 
delivery over the first half of next year are reported to 
have been arranged at 62s. 6d. There is little or no busi- 
ness passing in foreign ore, but market rates remain on 
the basis of 183. 6d. ex-ship Tees for Rubio of 50 per cent. 
quality. Coke is somewhateasier. Average blast-furnace 

ualities are obtainable at 18s. 3d. delivered at the works. 

rices of coke, however, are still considered to be dear. 


Stocks and Shipments.—The stock of Cleveland pig iron 
in the public warrant stores now stands at 133,820 tons, 
all of which is No. 3 iron, with the exception of 43 tons 
of standard iron. Since the beginning of the month the 
stock has been reduced by 5562 tons. Shipments of pig 
iron from the Tees are on a moderate scale. To date this 
month they average 3192 tons per working day, the total 
despatches being returned at 35,112 tons. To the same 
date last month the loadings of pig iron were returned at 
48,996 tons, or a daily average of 4454 tons; and for the 
corresponding part of January a year ago the clearances 
reached 47,544 tons, or an average of 4322 tons per 
working day. 


Manufactured Iron and Steel.—There is very little 
new to report regarding the manufactured iron and 
steel industries. The improvement noted in the posi- 
tion of the trade last week has been maintained. 
The outlook, however, does not inspire much confi- 
dence. Quotations, which are unaltered, stand :—Com- 
mon iron bars, 7/. 10s.; best bars, 7/. 17s. 6d.; best 
best bars, 8/. 5s.; packing iron, 6/.; iron ship-plates, 
6l. 15s. ; iron ship-angles, 7/. 10s. ; iron ship-rivets, 8/. 10s. ; 
iron girder-plates, 7/. 5s.; steel bars (basic), 6/. 15s. ; 
steel bars (Siemens), 6. 15s. ; steel ship-plates, 61. 10s. ; 
steel ship-angles, 6/. 2s. 6d. ; steel boiler-plates, 7/. 15s. ; 
steel joists, 6/. 12s. 6d. ; steel strip, 6/. 15s. ; steel hoops, 
7l.—all less the customary 24 per cent. discount; cast- 
iron columns, 7/. 7s. 6d. ; cast-iron railway chairs, 4l. 5s. : 
light iron rails, 7/. ; heavy steel rails, 6/. 10s. ; steel rail- 
way sleepers, 7/. 5s.—all net at works; galvanised corru- 


4 per cent. 


Cleveland Miners’ Wages.—The question of wages to be 
paid to the miners during the ensuing three months was 
considered at a meeting between the representatives of 
the C’eveland Ironstone Mine-Owners and the Cleveland 
Miners’ Association, held at Middlesbrough this week. 
Sir Hugh Bell, Bart., presided, and pointed out that 
under the recent ascertainment the owners were entitled 
to a reduction in wages of 3.63 per cent. ‘The employers 
regretted that the immediate trade outlook was rather 
gloomy. The miners’ representatives said they would 
place the matter before the men, and a further meeting 
was arranged to be held on the 26th inst. 

Cleveland Mine-Owners’ Associution.—Sir Hugh Bell, 
Bart, has been re-elected chairman of the Cleveland 
Ironstone Mine-Owners, and Messrs. A. F. Pease and 
. W. Storr, vice-chairmen. 








Concresses at San Francisco. — The Commercial 
Intelligence Branch of the Board of Trade is notified 
that an International Electrical Congress is to be held at 
rancisco from September 13 to 18, 1915, under the , 
auspices of the American Institute of Electrical Engi- 
neers and by authority of the International Electro- 
technical Commission. The deliberations of the Congress 
will be divided into twelve sections, which will deal ex- 
clusively with electricity and electrical practice. Atten- 
tion is drawn to the distinction between this Co’ 
and the International Engineering we which will 
be held at San Francisco the week immediately following 
the Electrical op ag The Engineering Congress, 
which is supported by the various engineering societies 
and institutes, will deal with ergineering in a gene 
sense, the section concerning electrical engineering deal- 
ing more particularly with applications of electricity in 
engineering work. 





Wit.ine’s Press-Guipt AND ADVERTISERS’ DIRECTORY 
AND Hanp-Book, 1914.—Messrs. James Willing, Limited, 
125, Strand, W.C. [Price 1s. net.] This directory to the 
Press appears for the forty-first year, a fact which, 
standing alone, would be sufficient to recommend it to 
those who want a concise reference-book on this matter. 
It almost follows, as a matter of course, that if an annual 
has stood the test of a considerable period of years, it 
not only supplies a want, but does it in a manner which 
may be considered reliable and satisfactory, especially in 
days when competition weeds out those less successful in 
meeting public requirements. This volume devotes 
nearly 300 to alphabetical lists of the newspapers 
and periodioals of the United Kingdom, and in subse quent 
sections are given lists of American, Colonial, and Con- 
tinental ne as well as Continental papers 
published in Eng ish. There are also directory sections 
giving the London offices of provincial and foreign news- 
papers, Metropolitan journals rye mee journals, as 
well ad a list of reporting and telegraphing newsagen- 
cies, . 


a developed, and practi 





NOTES FROM THE SOUTH-WEST. 


Cardif.—Tonnage arrivals over the week-end were 
scarcely so large as exporters had hoped and anticipated. 
This ww oer due to stormy weather and easterly 
winds With col —~ | outputs in excess of current require- 
ments, buyers found it possible to secure some concessions 
from quoted figures, although prices were supported 
with more steadiness by sellers who had sufficient tonnage 
athand. House coal ruled firm ; coke has shown no 
change. The best Admiralty large steam coal has 
19s. to 193. 3d. ; best descriptions, 18s. 3d. 
18s. 9d.; other ge Agayimy 17s. 9d. to 188. 3d. ; 
best bunker smalls, 10s. 9d. . 
7s. 6d. to 7s. 9d. per ton. The best 
uoted at 19s. to 20s. ; ea 

at 188. to ; 


furnace coke, 19s. to 21s. 
Rubio made 18s. 
basis of 50 per cent. 
freight, insurance, &c., 


_ Coal By-Products.—An interesting lecture was de- 
livered at Maesteg, on Monday evening, by Mr. D. O. 
Davies, county mining lecturer. Mr. D. Evans, manager 
of Maesteg P, i Mr. Davies said, for- 
merly coke was uced by burning coal in a heap 
covered with coal dust or earth. All the gases from the 
cosl were thus burnt or lost in the air. The coke ob- 
tained was excellent, but the production was very 
wasteful. Now by modern processes 12 cwt. to 15 cwt. 
of coke were obtained out of every ton of coal treated, 
worth 1/. 10s. per ton, 30 lbs. of ammonia, worth 12/. 10s. 
oad ton, 100 lbs. of tar, worth 1/. 14s. per ton, 24 gallons of 
zol, worth 2s. 6d., and 5000 cub. ft. of gas. 


Welsh Colliery Developments.—A fine seam of coal has 
been struck at the Fernhill Collieries, Treherbert. The 
coal, which is 12 ft. thick, has been proved in a hard 
heading of No. 3seam ata depth of 320 yards. It is of 
exceptionally ay quality, and wil), without doubt, be 
dovdiaped in the near future. Another seam has been 
struck in the slant at Longlands, near Pyle, by the 
Cribbwr Vawr Colliery Company. 


A Large Anchor.—On Friday an anchor, made at 
Dudley and weighing 17 tons, was placed on board the 
Ettrick steamship in the Ajenenien Dock, Newport. 
The anchor is to be brought into use at Belfast on one 
of the new Dreadnoughts. 


Llunelly.—The tin-plate trade has shown a better tone ; 
the Roumanian market is being ually reopened. 
Fires have been lit for the first time at new galvanising 
works at Dafen. The local collierics are in full operation. 








‘Tue INTERNATIONAL WuiTakeR, 1914.” London : 

essrs. J. Whitaker and Sons, Limited, 12, Warwick- 
lane, E.C. [Price 2s.}—In the second annual issue the 
* International Whitaker” has been thoroughly revised, 
and this volume promises to become a standard hand- 
book on the nations of the world. It contains a mass of 
valuable data, much of which is very often only obtain- 
able at considerable inconvenience and delay. The main 
section of the volume gives particulars of the nations of 
the world, oy alphabetically, and compiled from 
the latest available statistics and reports, in many cases 
having been verified directly by the Governments and 
their departments concerned. In this manner the volume 
is acquiring a sound and high standard of nes 80 
that it will doubtless become in time as ind:< ble as 
the well-known “‘ Whitaker’s Almanack.” The book is 
printed on thin paper, and the binding is suited to rough 
usage. 





Tue Mica Marxet.—In their review, dated the 8th 
inst., Messrs. Baker and Startin, 19, St. Dunstan’s Hill, 
London, E.C., state there has been a fairly good demand 
for mica throughout 1913, although it was somewhat less 
active during the latter portion of the year, due to the 

litical unrest and ensuing dearness of money , 
Ko fresh sources of supply worth mentioning bad been 

ly the whole of the arrivals of 
block mica, both from Calcutta and Madras, had been 
absorbed by the trade. Calcutta: The values declined 
towards the end of the year, more especially of the 
smal’er ies of stained quality. ras: All sizes 
and qualities had found ready buyers, and no material 
change in values had occurred. Regular supplies of all 
electrical qualities had been received, and prices wers 
firm at the close of the year. Sundry: Several parcels of 
African amber had been marketed, and somewhat im- 
proved prices realised. Splittings: There was a general 
slackening in the demand, and prices were ruling in the 
buyers’ favour, with the exception of choice qualities, 
the small supplies of which were well competed for. 
Importers were holding back the lower grader, of which 
large scks had accumulated during the psst six months. 
The following figures are compiled f:om the returns of 
the London warehouses :— 


Total Ware- 
Arrivals. Deliveries. house Stocks 
Dec. 31, 1913. 
Cas « (about 100 lb, each), 
1913 ee ee .. 40,174 80,115 19,405* 
Cases as compared wi 
1912 P oe $1,315 29,411 9,346* 
Cases as compared wi 
1911 ° . 28,236 20,972 7,502" 


* Including goods sold, but uncleared. 
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NEW GREAT WESTERN RAILWAY STATION AT BIRMINGHAM. 
WALTER Y. ARMSTRONG, M.INST.C. E., NEW WORKS ENGINEER TO THE GREAT WESTERN RAILWAY, ENGINEER. 


(For Description, see Page 73.) 
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METROPOLITAN TRAFFIC. 


Great cities exist in many countries, and 
have transportation problems of their own; but 
these are vastly less difficult and less compli- 
cated than in London. New York, for —— 
is credited with a population of 4,770,000, 
the density is but ob per acre, as compared with 
60 per acre in the correspondin etropolitan 
area; whilst comparing Greater New York with 
Greater London, the density is only 4 per acre, as 
against 7.4 in the case of Greater London. The 
steady migration of the population to the outer 
rings continues in evidence, the numbers included 
within the County of London showing an actual 
diminution, whilst the outer rings are steadily 
gaining, and are themselves extending further and 
further out. London workers now sleep as much 
as 30 miles away from the City, the population 
included within what may be termed the outer 
suburban area being 8,471,146. 

The most notable feature of transport changes in 
recent years has been the return of traffic to the 
roads. Before the introduction of railways inland 
trattic was mainly road-borne, and our predecessors 
of a century ago were met by much the same 
problems as those which perturb us to-day. Their 
solution, after a prolonged debate and much 
opposition from vested interests, was to take the 
roads out-of the hands of the local authorities and 
transfer the control to a Metropolis Road Board 
appointed ad hoc. Probably some such solution 
may be forced on us to-day ; but a centralisation of 
this kind, though it reduces waste arising from a 
lack of co-ordination, is not free from certain draw- 
backs. Experience shows there is a distinct de- 
crease of initiative and enterprise.. Until the 
advent of the motor-car Continental roads under 
centralised control were in certain countries 
markedly superior to our own ; but when mecha- 
nical traction. caused a crisis, we had, owing to our 
system of county surveyorships, ten men ready to 














take the responsibility of trying new modes of con- 
struction for each one man on the co nding 
Continental systems. As a consequence, it is pretty 
r| generally recognised that the problem of meeting 
the new conditions has been much more effectivel 
met here thanelsewhere. This drawback to cen 
isation is, of course, most marked at periods of 
transition, but this is commonly overlooked by the 
often unreflecting orators who over-emphasise the 
advantages of co-ordination and organisation. Too 
often the consequence of such a centralisation is to 
decrease the number of creative minds occupying 
positions where initiative is possible, and to augment 
enormously the numbers e merely in the 
statistical and secretarial departments. 

Possibly the constitution of a board, or perhaps 
a department of the Board of Trade, having powers 
of veto and suggestion, but not of initiative, might 
best meet the needs of the day. It is most impor- 
tant that in the many districts now being built 
over in the outer suburbs of the Metropolis the 
needs of through traffic shall be adequately pro- 
vided for at the outset, both in the width preserved 
between building lines and in the run of the 
streets. 

The Board of Trade have already laid down the 
widths they consider necessary for modern roads. 
Thus main arterial roads should not be less than 
100 ft. wide ; first-class county roads not less 
than 75 ft., second-class not less than 50 ft. ; first- 
class district roads not leas than 36 ft., and second- 
— district — not say Mepey 25 ft. wide. It 
is, however, they point out, by no means necessary 
that the whole of the widths shove specified should 
be metalled from the outset. Provided the width 
is reserved in the above scale, the area of the 
metalling can be augmented from time to time, pro 
rata with the gro ~ of the traffic. Moreover, at 
bridges, the wiiths above set forth may be reduced 
one-fifth without more than temporary obstruction 
to the traffic. 

The Act of 1827, which appointed a Road Board 
for the Metropolis, was practically still-born, since 
the advent of the railway demolished the road 
problem by reducing our highways to the deserted 
state in which they were found on the popularisa- 
tion of the bicycle. In the report the improve- 
ment of suburban roads is considered much more 
urgent than that of widenings in the central area. 

e cost of the latter will be much the same ten 
years hence as to-day, but ten years in a suburban 
area may see whole lines of new buildings erected, 
making the cost of widenings or deviations prohibi- 
tive. here is much force in this view, but those 
concerned for improvements in the central area 
may express a perchance not wholly baseless ap iv 
hension that the same argument may be urg 
the end of the next decade, and central adn 
ments be indefinitely postponed. 

The urgency of the London road problem is 
shown by the fact set forth in the sixth annual 
report* of the London Traffic Branch of the Board 
of ea ar of the 2035 million tens Phage 
yearly by Metropolitan passengers, two-thi are 
now made by ead. The pe i County Council 
figures show an even greater proportion of road-borne 

r traffic; but in their statistics no account is 
taken of the 250 million suburban journeys made 
yearly on the trunk lines, nor is mention made of 
some 60 million trips by cab. Excluding these, 
the total number of trips made within the Metro- 
politan area is given as 1,785,602,527, of which 
436,492,548 passed over the tube lines or other elec- 
tric railway systems, while 797,487,581 patronised 
the trams, and 551,622,398 the motor-buses. In 
1903 the corresponding figures were 972,465,682 
total trips, of which 290,722,680 were by rail, 
394,356,531 by tram, and 287, 386, 471 by omnibus. 
The number of journeys per head was 144.9 in 
1903, and 243.9 in 1912. 

The year 1912 was notable, as for the first 
time on record the trams experienced an actual 
diminution of patronage, the fall being over 20 
millions. In the same time the number of omni- 
bus passengers increased from 400,628,487 in 1911 
to 551,622,398 in 1912. The loss to the trams is thus 
far exceeded by the gain made by the omnibuses, 
but by the Council their loss is wholly attributed to 
motor-bus competition. No doubt the more conve- 
nient service c eristic of the smaller vehicle 
must have attracted large numbers on competitive 
routes. The smaller seating capacity implies fewer 
and shorter stops, and it is these that form the most 


* Cd, 7190, price Sa 
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potent factors in lowering schedule speedz. The 
official speed limit for the motor-bus is 12 miles per 
hour, whilst the official maximum for the trams is 
16. Both limits are, however, habitually exceeded, 
but the smaller seating capacity of the motor- 
bus enables it to maintain a better schedule speed 
between termini, an advantage which will be em- 
phasived if the present policy of running trailer- 
cars takes any considerable extension. Unfortu- 
nately, such a combination as this does not merely 
lose time on its own account, but at every cressing 
checks all other traffic till it can drag clear its 
slow length of 70 ft. As for present losses, it 
would seem that rail competition is at least ee 
responsible, the electrification of part of the 
Brighton line having led already to an increase of 
some 9,000,000 passengers per annum. This elec- 
trification will be extended as far as Coulsdon 
within the next four years, and must seriously 
affect the outer tiam-line receipts. 

Between 1903 and 1912 the number of road tri 
made in the Metropolis has nearly doubled, and the 
vehicle journeys have increased in nearly the same 
proportion. This became possible only by the 
development of mechanical traction, vehicles thus 
operated being not only much faster than horsed 
vehicles, but, in comparison with their seating 
capacity, occupying much less of the roadway. 
The eftect is well shown by the entire dis- 
appearance of prolonged blocks, which in days 
past were a characteristic feature of vehicular 
traffic in London. The Board of Trade report, 
whilst admitting this, states, however, that, though 
less prolonged blocks, are now more frequent ; 
the decrease in the ‘* coefficient of obstruction,” 
which, as noted above, has been so characteristic a 
concomitant of the replacement of the horse in 
nara transport, has now nearly reached its 
imit so far as passenger transport is concerned, 
since the scrapping of the tramways is a counsel of 

rfection outside of the limits of practical politics. 

inety-four per cent. of the metropolitan passenger 
vehicles now depend on mechanical traction, and 
the displacement of the horse from the beggarly 
remainder would effect no appreciable diminution 
in the congestion of the streets. On the other 
hand, of trade vehicles all but 12 per cent. still 
rely on animal traction, and the proximate dis- 
placement of this relic of the past furnishes the 
most ready mode of amelioration. 

Whilst the relief thus obtainable is substantial, 
it can in no way provide a complete solution 
of the problem of congestion. This cannot be 
effected save by the improvement of existing and 
the construction of new roads. As already men- 
tioned, the Board of Trade holds strongly to the 
opinion that the outer areas should be tackled 
first, and maintains, moreover, that in most cases 
relief will be attained more readily by the con- 
struction of new roads rather than by the widening 
of old ones. The cost, it is claimed, will not be 
more, and there is some possibility of ‘‘ better- 
ment” along such new highways. 

Unfortunately, the relief of congestion and the 
dictates of safety to pedestrians are to some extent 
inconsistent. A refuge which is a haven of desire 
to one class of road-users is a mere obstruction to 
a vehicle - driver, who reserves, however, the 
strongest expression of his sentiments for the central 
standards, for which some parishes exhibit what he 
considers a perverse partiality. This view as to 
disabilities of the central standard system is strongly 
supported by the Board of Trade, but in this, we 
believe, they are in conflict with the police autho- 
rities. Some of the evidence given before the 
recent Royal Commission, whilst emphasising the 
practical futility of legal limits of speed, laid great 
stress on the efficiency of the ‘‘ automatic speed 
limit,” which is imposed by a central line of stan- 
dards. It would seem, therefore, that some com- 
promise between these conflicting considerations 
will be n . 

Street accidents have kept practically exact pace 
with the growth of street trafic, having practically 
doubled since 1903. The proportion of fatalities 
has, however, increased much more rapidly, owing 
to higher speeds and greater weight. The relative 
figures for different systems of transport are given 
in the table in the next column. 

This table appears to be highly creditable to the 
taxi-driver, since, in spite of y oe oe no life-guards, 
his record is substantially superior to that of the 
electric tramways. There is no vast difference 
between the total number of accidents per tramcar 
and per motor-bus, but motor-bus accidents are 





obviously very much more serious. The greater 
weight of the tramcar is much more than compen- 
sated for by the ease with which it can be fitted 
with effective life-guards. 


Number Killed Number Injured 


Per | Per Pe 


| 
ties 











r Per 
Vehicle in| Million |Vehiclein Million 
Use. Run.| Use. Miles Run. 
Trams .. 0.013 | 0.42 ; O82 | 65 
Omnibuses ae 0.064 | 214 1.04 | 34.5 
Electric railways — 0.82 =| = 49.0 
Motor-cabs ‘ 0.005 0.373 0.29 21.2 





In view of the risks of skidding, from which a 
tram-car is exempt, it is perhaps surprising that the 
motor-bus record as to total accidents is not worse. 
The drivers would certainly appear to be at least as 
careful as the tram-drivers, and it is noteworthy 
that a considerable percentage of the motor-bus 
accidents occur with the less experienced men. 
This condition will naturally ameliorate as time 
goes on, and the more reckless temperaments get 
weeded out; and it is the fact that th» proportion 
of motor-bus accidents is increasing less rapidly than 
the number of motor-buses on the road. The 
number licensed is given in the report as 3146, 
of which 124 were steam and 140 petrol-electric 
vehicles. On April 13 the route mileage was 350. 
The longest route worked is from South Kensington 
to Sidcup, a distance of 17.1 miles, for which the 
schedule time is 1 hour 50 minutes. The efficiency 
of the service can be gauged by the fact that along 
Oxford-street and along Piccadilly more than 1000 
motor-buses pass in the 12 hours, giving on the 
average a 43-second service. This would be im- 
possible with much larger vehicles, since the number 
and duration of stops must be more or less propor- 
tional to the effective seating capacity. 

It can well be understood that the Central London 
line and the Metropolitan Railway suffer keen com- 
petition along their respective routes. It is note- 
worthy that the road traffic is generally most intense 
along the line of the underground railways ; but as 
the latter were built largely to parallel existing 
arteries, this fact is far from surprising. 

Up to a distance of two miles, the report states that 
the motor-bus competes in speed with the railway, 
whose prospects lie accordingly in a development of 
their long-distance trafic. To this the Metropoli- 
tan line has paid special attention, and is benefit- 
ing accordingly, not only by an increase in the 
number of its season-ticket holders, but by a rise 
in the average price paid. This was 2/. 0s. 6d. in 
1902 and is now 21. 17s. 6d., and shows a tendency 
to wax still greater. Wideniugs in course of com- 
pletion between Finchley-road and Wembley Park 
will enable the through-running of non-stop City 
trains, whilst at Baker-street a second connection 
with the Inner Circle has been completed. 

With similar motives the Central London Com- 
— have obtained powers for an extension to 

unnersbury. The connection between the other 
tubes and the motor-buses is somewhat intimate, so 
that the surface competition wears for them a less 
serious aspect. 

For long the main lines of railway ignored the 
demands of the suburban dweller, and took little 
er no action to meet the competition of other 
systems. Enormous reductions in the numbers 
carried were recorded annually, but for long the 
various administrations held the view that the 
attempt to stay the leakage would cost more than 
it was worth, and with steam traction solely avail- 
able there was much force inthis contention. High 
accelerations were impracticable, whilst an increase 
in the frequency of the service was ago by the 
absence of terminal facilities, which could only be 
provided at a prohibitive cost. When a steam 
train enters a terminal the engine has to be un- 
coupled, a fresh engine put on, the train worked 
out of the station, and the light engine shunted to 
a siding, before the platform is again clear for an 
incoming train. It is very smart work to effect 
the above series of operations in three minutes, 
With an electric train the driver simply walks to 
the other end of the train and is ready to start as 
soon as the passengers are on board, leaving the 
platform clear behind him. 





Under steam conditions, 496 trains were worked | 
in and out of the Victoria Station of the Brighton | 
line per day, and 663 passed in and out of the 
London Bridge station of the company. Since the 
electrification cf a portion of their line the above 


numbers have been increased to 739 and 901 respec- 
tively. The proved merits of electric working in 
the handling of short-distance traffic has now been 
realised by other companies. The South Western 
Company’s scheme provides for the ultimate elec- 
trification of 170 miles of line, ard the London and 


_| North-Western Company will shortly be operating 


electrically some of its tracks to Watford, through 
communication being established with the Bakerloo 
extension line at Queen’s Park. 





FRENCH LEGISLATION ON 
ACCIDENTS. 

Previous to the Law of 1898, labour accidents 
and cases ef compensation in France weie dealt 
with under the old French Civil Code, which 
enacted that the employer was responsible for 
accidents occurring to his men ; his responsibility, 
however, had to be proved in each separate in- 
stance. This state of things was unsati-factory, 
in the sense that it made it incumbent upon 
the workman who had suffered an accident, and 
who claimed a compensation, to prove that the 
employers or their agents were absolutely in fault, 
a it was often very difficult for a workman to 
establish the required proofs. At the present time, 
however, owing to the Law of 1898, and to sub- 
sequent Jaws, matters are entirely different, for the 
principle of ‘‘ professional risk” has been intro- 
duced into the legislation governing labour. This 
later legislation dealing with accidents establishes 
that the employer is answerable for all of them. 
It is laid down that the trade in itself creates the 
risk ; the legal responsibility of the employer is 
automatically pledged, and can only be lifted by 
his proving that the workman committed a serious 
fault ; an imprudence on the part of the workman 
does not suffice to eliminate the employer’s re- 
sponsibility. In point of fact, there must be fraud 
on the part of the workman, or else the accident 
must be proved to have been brought about 
by him intentionally, for him to lose his claim 
to an indemnity. But a serious, inexcusable 
fault cn the part of the workman docs not 
lead to a total cancelling of the indemnity ; 
the master comes before the Courts, where the 
indemnity is simply reduced. Similar procedure is 
applied, for instance, when an accident which 
occurs in the shops is traceable to two workmen 
fighting together, or when an accident occurs out- 
side working hours to a man who remains on the 
factory premises for his meals. In all these cases, 
the French tribunals find it equitable and rational, 

iven the wording of the law and present-day par- 
Ganesh tendencies, to compel the employer to 
grant a compensation for such untoward accidents. 

The laws which have been passed subsequent to 
that of 1898 have had, we are informed, one very 
real effect ; they have demoralised the men and a 
class of doctors appointed to give them medical and 
surgical assistance. This has been the case notably 
with the Law of 1905, which provides an indemnity 
in favour of a workman, from the commencement of 
his ceasing work in consequence of an accident, 
when he remains away more than a minimum of 
ten days. The Law on Accidents has also been 
made to cover all commercial undertakings, banks, 
offices, warehouses, &c. In all these establish- 
ments. abus monstrueux, as the French call them, 
acts of misusage, have also been committed in the 
interpretation of the Law on Accidents similar to 
those carried out in favour of the workmen properly 
so called. Many commercial clerks, we are told, 
have gone so far as to make it a practice to commit 
an imprudence leading to a slight accident ; they 
are in league with a doctor, who establishes that 
the consequences of the accident are relatively of 
long duration, this entitling the clerks to an in- 
demnity for every day of compulsory absence 
from their office. The French Parliament contem- 
aes extending still further the range covered 

y the laws on indemnity for accidents by dealing 
with cases of ‘‘ professional sickness” in the same 
way as with cases of accident. This is a far- 
reaching step to take, owing to the almost insuper- 
able difficulty of ascertaining whether the sickness 
of a workman or a clerk is due to the work he 
carries out on an employer’s premises, or to other 
causes, or, again, to circumstances which took 
place long before he accepted his present berth. 

The figures given in the statistics published by 
the office dealing with work inspection show that 
the deplorable consequences of the French legisla- 
tion on accidents are growing worse year by year. 
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This legislation was to ensure social and 
goodwill; this has not been the result, since the 
questions of accidents—which were to be solved 
automatically, thanks to the application of the 

rinciple of professional risk—give rise to actions 
Comes the Courts, which become more numerous 
as time goes on. These actions numbered 24,500 
in 1906 ; the latest available figures show them to 
have exceeded 33,000 per annum. The number 
of accidents made knowa to the office dealing with 
work inspection—and there are quite a number 
which are not so made known—amounted to 310,000 
in 1906. Since then, the number of accidents 
made known has largely increased, the latest 
statistics published showing a total of 474,000 in 
the year. In the same period the working popu- 
lation under the jurisdiction of the office for 
work inspection has increased from 4,199,000 to 
4,658,000 only. 

The office for work inspection draws up periodic- 
ally a table showing the proportion of accidents 
per thousand workmen and c'erks. In 1905 the 
proportion was 61.3 per thou and; it was 82.9 in 
1909, 87.2 in 1910, and 99.1 in 1911. On the 
other hand, and this is most striking, it should 
be noted that really serious accidents-—those 
occasioning deaths and those leading to permanent 
incapacity for work—have considerably decreased 
during practically the same period. 

The rates for insurance against accidents paid 
by the employers to private insurance companies, 
or to the State Insurance Funds, have been of late 
years largely on the increase. A few years ago, 
the rate paid by the employers to private insurance 
companies amounted approximately to 1.85 per 
cent. of the wages insured ; now it is 2.34 per 
cent. The rate paid by the employers to the 
State Insurance Funds amounted in 1900 to 2.01 
per cent. of the wages insured ; at the present time 
it exceeds 2 50 per cent. The sums paid out in 
settlement of accidents amounted to 43,500,000 
francs (1,740,000/.) in 1900; it mow exceeds 
100,000,000 francs (4,000,0001.). Notwithstanding 
the rise in the rate for insurance, the private 
insurance companies are in an unsatisfactory finan- 
cial situation, whilst the State Insurance Funds 
are in deficit. 





WATER SUPPLY IN AUSTRALIA. 


TuosE who think of Australia as a fringe of coast 
towns surrounding a desert centre have not grasped 
the meaning of Australian geography, or the 
Titanic scale on which the continent is built. 
Equally, to imagine the activities of the country 
confined to the neighbourhood of the streams does 
little justice to the energy and enterprise of the 
colonists. Remote from coast and streams, vast 
industries are prosecuted. Nevertheless, a great 
drawback to settlement in some parts is the 
frequent droughts from which the country suffers. 
The rain that comes to the coast is soon spent on 
the mountain background, beyond which line a 
thirsty soil, baked under the fierce heat of an 
unclouded sun, has to draw fertility from irri- 
gating streams or artesian wells. The south-east 
corner, where the highest peaks are found, is the 
most regularly watered, but the variations from year 
to year are very great. In this country we do not 
need to think that the distribution of the supply 
is as important as the amount; but in Australia 
even the most favoured parts are frequently in- 
jured by the irregularity of the rainfall. Lands 
may be suddenly flooded and agricultural operations 
suspended, or drought continued for months 
will parch the herbage off thousands of square 
miles, and destroy the flourishing industry of 
sheep and cattle farming. The streams, instead 
of increasing, will diminish in volume as they pro- 
ceed on their course to the ocean, or become a chain 
of stagnant — due to the spread of the water 
into shallow lagoons, where the evaporation caused 
by the fierce sun, and percolation through porous 
strata, dispose of the greater part of it. 

Hence water becomes a prime asset. On 
the amount and accessibility of potable water 
depend the development of the interior, and the 
broadening of the area available for occupation. 
As an offset against the scarcity and irregularity of 
ordinary (ney semen Australia is fortunate in 

ing the largest artesian area in the world. 
ts extent and economic value are not yet com- 
pletely determined, since it covers many square 
miles of a country little explored, and whose 
geology is inadequately mapped. This area extends 





into various divisions of the Commonwealth. 
Queensland, New South Wales, South Australia, 
are directly and materially concerned ; Victoria to 
a less extent, while Western Australia, possessing 
smaller and scattered basins of its own, whose con- 
nection, if any, with the great underground source 
of the huge Australian basin is not demonstrated, 
cannot but profit by more complete information. 
With so great an interest to all, but with varied 
importance to each, one State needing a supply for 
mining purposes, another for irrigation, and a third 
for the encouragement of pasturage, it was emi- 
nently desirable to collect all the information 

ssible, to determine exactly in what direction 
urther investigations were necessary, to apportion 
the work to be undertaken, and to advise on some 
pressing difficulties that experience in the use of 
the water had manifested. This inquiry was 
placed in the hands of experts in the service of the 
several States interested, constituting an Interstate 
Conference,* whose members were especially quali- 
fied to deal with geological, engineering, and 
hydraulic difficulties, and whose reportt is now 
before us. 

Among the many questions discussed bearing on 
geology, physics, economics, and administration, 
not the least important concerns the origin of this 
underground lake, roughly triangular in form, that 
starts from the Gulf of Carpentaria, one side run- 
ning parallel to the east coast to approximately 
the latitude of Sydney. The base of the triangle 
extends to Charlotte Waters, a station in the centre 
of Australia. Is the water in this huge basin the 
accumulated run-off of rainfall, sinking through 
porous strata, or has it a magmatic origin? Is it 
permissible to conjecture that, in or under this 
subterranean storehouse, may be found evidence 
of those water -impregnated compounds, that 
‘*magma layer,” whose cooling has liberated the 
water and fed our oceans? We are afraid not, 
for though one of the chemical witnesses—a Mr. 
Symmonds—was in favour of some such view, 
mainly gee by the absence of chlorine in the 
lower depths, the conference unanimously decided 
that the water was ‘‘ meteoric” or atmospheric, 
having its origin in rainfall, and percolating the 
= rocks obediently to hydraulic conditions. 

omplete proof of this very plausible theory is 
not available. The contour lines of the hydraulic 
surface over so vast and unoccupied an area have 
naturally not been determined with great or 
uniform conipleteness; but so far as the iso- 
potential lines are known, the water is in motion 
and rises to the surface according to the known 
laws governing the flow of liquids in channels. If 
the data are still incomplete, there is no fact that 
contradicts this assumption. Furthermore, there 
are no igneous rocks of such late age that they 
might be held to contribute to the aqueous content 
of the artesian basin. There are no sufficient 
grounds for accepting a ee source of supply. 

One important fact brought to light was the 
presence in considerable proportion of nitrogen 
gas and carbon dioxide. The source of these 
gases might possibly be traced to the newer 
igneous rocks on the margin of the Great Basin, 
and the action of such gases would assist in bringing 
the water to the surface, and explain any recog- 
nised deviations from the hydraulic law. The 
nitrogen is found to contain 0.38 per cent. of argon, 
and this small percentage points to atmospheric 
air as the origin, whether occluded in the sedi- 
mentary rocks or brought down with the rain. 
The nitrogen possibly represents ordinary air de- 
prived of its oxygen during the underground pas- 
sage of the water, or results from the reduction of 
nitrates existing in the water by such a minera) 
as iron pyrites ; the evidence is inconclusive. The 
presence of the nitrogen may be harmless, but the 
carbon dioxide is the source of endless trouble, that 
the Conference had to consider later. 


* The members of the Committee are:—Mr. E. F. 
Pittman (chairman), A.R.S.M., Government Geologist 
and Under Secretary for Mines, N.S.W.; Mr. J. B. 
Henderson, M. Inst. C.E., Government Hydraulic Engi- 
neer, Queensland; Mr. A. Gibb Mai F.G.8., 
Government Geologist, Western Australia ; Mr. A. 8. 
Kenyon, ineer -in- Charge, Water - Boring, State 
Rivers and wings x Commission, Victoria ; Mr. L. 
Keith Ward, B.A., B.E., Government Geologist, South 
Australia; Mr. H. H. Dare, M.E., M. Inst. C.E., 
Engineer-in-Charge of Water Conservation and Drai 
New South Wales; and Mr. R. F. Jenkins, Officer-in- 
Charge, Artesian Boring, New South Wales. ; 

+ Report of the Interstate Conference on Artesian 
Water. Sydney: W. A. Gullick, Government Printer. 





This 1s not the only secret that this underground 
water conceals. Immediately to the south of the 
Great Basin, and in the neighbourhood of the 
Broken Hill Mine, approaching it very closely, is 
situated the Murray River Basin, extending to 
Adelaide and the ocean on the west, and reaching 
nearly to Ballarat in the south. Suspicions have lon; 
been entertained that this smaller reservoir is f 
by an overflow or an escape from the main source. 
Should this plausible suggestion prove correct, an 
undesirable outlet want be pevetint to the South 
Pacific Ocean. Without carrying out systematic 
borings on a large scale, it is impossible to settle this 
question decisively. The Conference, however, ex- 
—— the unanimous opinion that communication 

tween the Murray Tertiary Basin and the Great 
Basin was rendered extremely improbable owing to 
a bar of palzeozoic rocks extending across the valhag 
of the Darling River, whose waters may supply the 
Murray Basin to some extent. The only admitted 
outlet to the Great Australian Basin is on the 
southern shore of the Gulf of Carpentaria, where 
are found lower cretaceous rocks similar to those in 
which the water is contained in the Queensland 
portion of the basin. Accepting these views, 
generally the flow of the water should be north or 
north-east, and the members have accepted this 
interpretation, though they are careful to say that 
in the absence of reliable data, the statement should 
be accepted with caution. Since South Australia 
and Victoria are both convinced of the importance 
of obtaining isopotentials in this doubtful area 
between the two basins, reliable information may 
soon be expected. 

This is not the only important problem whose 
solution has to wait the collection of sufficiently 
exact data. Hydrographical surveys and meteoro- 
logical records need more attention. Not the least 
useful work the Conference will have effected is to 
direct the attention of authorities to the imperative 
necessity of continued and systematic observation. 
In some directions, such as the relationship between 
the total amount of precipitation and the relative 
amount of evaporation, percolation, and run-off, 
the lack of information makes itself felt very 
disastrously. South Australia, where the late Sir 
Charles Todd worked so indefatigably, has only two 
stations in which the amount of evaporation has 
been measured, Adelaide and Alice Springs. For 
the other States no details are given. One member 
declared that in South Australia the data bearing 
on hydrographic surveys were altogether insufli- 
cient to be of practical utility. ‘‘I am afraid,” 
said the Chairman, ‘‘ that that is how it is in every 
State.” No blame attaches to anyone. In the 
building up of a new colony there are other things 
to be thought of besides hyd phic surveys, and 
therefore the work of ie Guilictiens must be 
regarded as partly educative. It is pressing upon 
the public and the Government what is necessary 
to be undertaken in order to estimate with precision 
the economic value of the artesian water. At the 
present moment it is not known with any degree of 
accuracy what volume of water is taken from the 
artesian basin for public or private use, or whether 
certain districts by continual boring are draining 
other districts of their due supply. 

Unfortunately, the amount used or required for 
industrial purposes is rendered difficult of deter- 
mination on account of the waste outflow from 
springs. From some of these, a flowing stream 
of considerable magnitude will run, carrying pos- 
sibly a million gallons daily. This may be of little 
consequence in affecting the permanence of the 
supply, because this waste water no doubt filters 
through porous strata, and finds its way back 

uickly to the main reservoir. It is different with 
the water that escapes seawards, and one of the 
most curious facts connected with this supply is, 
that in several places round the coast, as in the 
Gulf of Carpentaria and at Swan River, fresh 
water can be obtained out at sea. Submarine 
artesian wells exist where the pressure behind the 
water in the confining strata is sufficient to brin 
a supply to the surface. Evidence was produ 
to show that it is possible to go out in boats and 
bring in fresh water in casks. 

Of the water actually used, accurate measure- 
ments are made in Government and public borings 
only; there does not seem to be any rigorous 
superintendence in the scattered private borings. 


nage, | South Australia computes that from Government 


bores the daily consumption is about 12,000,000 
gallons, and probably the privately-owned bores 
use about a similar quantity. Queensland esti- 
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mates her daily consumption at 516,000,000 gallons, 
and New South Wales at 110,000,000 gallons. Of 
the revenue derived from this source, no informa- 
tion is offered, but the interests involved are large. 
Queensland alone has expended 2,200,0001. on 
boring, and New South Wales probably more, as 
this territory makes a greater draught on the Great 
Australian in than does Southern Queensland. 

The examination of the — supplied by the 
various authorities reveals the ominous fact that 
there are evidences of the diminution of the 
supply, particularly in New South Wales. The 
anxiety created by this falling-off has no doubt 
had its weight in the appointment of this Con- 
ference. The Perth Basin in Western Australia 
tells the same tale. In Queensland, so far back as 
1889, fears were entertained that the artesian flow 
would not prove inexhaustible, and that measures 
should be taken to prevent waste. South Australia 
alone reports a satisfactory maintenance, mechani- 
cal causes accounting for the few instances in which 
decrease of flow is apparent. Since the future 
growth and development of the Commonwealth 
will demand a greater supply of water than at 
present, this tendency to decrease is sufficiently 
alarming and needs a closer examination. Of New 
South Wales, where the rate of decline has been 
studied most closely, it is possible to present in a 
tabular form the grounds ou which the apprehen- 
sion is based :— 


Table Showing the Total Flow from Artesian Bores in 
New South Wales which were Measured as on January 1, 
1905, and Succecding Years. 














Date : Number | Total Flowin | Approximate 
Jenuary 1 of Bores | Gallons per Average Flow 
* Gauged. Diem. from Eaeh Bore. 

1905. . 234 90,979,565 388,800 
1906... 250 94,320,718 377,200 
1907... 276 96,523,109 349,700 
1908.. 2389 95,601,399 330,900 
1909... 301 101,681,819 334,500 
1910.. 316 109,560,972 $46,800 
1911 826 109,168,059 334,700 
1912 332 106,152,850 319,600 





The decrease may be described as general, though 
not uniform, either as in the rate of decrease or 
throughout the different parts of the colony. In 
the Coonamble district the falling off is as much 
as 38 per cent., quite sufficient to give rise to con- 
siderable alarm. The character of the evidence 
from other States in the Federation is less detailed 
but of the same character. In Queensland, the 
hydraulic engineer stated that evidence existed to 

rove that the flow from many of the Queensland 
Cosan had fallen off. In high country and near to 
intake beds some wells absolutely refused 
to flow, though whether water could still be obtained 
by pumping, as from sub-artesian wells, he did not 
explain. Though the permanency of supply was 
still a most debatable question, he did not think 
there was any occasion for alarm. Observation 
must be carried over many years before it would 
be possible to determine whether artesian flow was 
failing. 

There are several obvious causes, both physical 
and mechanical, which might operate to interfere 
with the flow. The variation of gas pressure may 
be a disturbing cause. There is some suspicion 
that in the die borings less gas can be collected 
than in the more recent. There is no decided 
proof that gas is ever present in sufficient volume 
and pressure to exert a marked expelling influence 
on the flow, but with the relief of pressure a dimi- 
nished flow must be anticipated. Again, there 
may be a connection between the amount of water 
in the artesian basin and the rainfall at some pre- 
vious dates. Inthe Perth district, where a smaller 
area is under observation, the effects of a wet 
season are noticeable after some months. The yield 
from a bore some 7 miles from the intake is affected 
after an interval of four or fivemenths. In the case 
of the Murray Tertiary Basin, the rise and fall of 
the Gambier Lake, believed to be the exposed 
surface of the underground body of water, though 
about 80 miles from the intake beds, follows the 
rainfall curve with great accuracy. The rate of 
percolation through porous beds is one of t 
interest, on which few observations have been 


made; but the information that has been collected 

ints to a much slower rate of travel than here 
indicated. A diminished flow in a particular bore 
may arise from the proximity of additional borings, 
while instances of apparent depletion due to defec- 
tive mechanism, or to the accumulation of sand and 
mud, or to the “creeping” of soft and plastic 





rocks, will occur to engineers. It is certainly 
premature to conclude that the volume of artesian 
water has been diminished to any considerable 
extent, but the feeling of the Conference is shown 
by the urgency of their recommendations to prevent 
waste. They do not suspecta large escape of water 
outside the casing, but with a view to minimising 
such possible loss they recommend that the casing 
should be bedded upon an impermeable stratum, 
and sealed with cement. When this is done waste 
of water should be prevented by shutting-off the 
flow when not required. 

Great and deserved attention was given to the 
cause and remedy of the corrosion of casings. 
Notwithstanding all that has been written on the 
subject, the cause of corrosion is not thoroughly 
understood, and no effective remedy has yet been 
devised. The seriousness of the problem is 
apprehended when it is remembered that the 
total aggregate of pipe used in bores amounts 
to many hundred miles, and that, owing to con- 
ditions not clearly understood, the life of these 
a is very materially shortened, necessitating 
requent complete renewals. When the pipes are in 
an imperfect state they give rise to serious trouble, 
owing to the reduction of the water supply from 
fracture and choking. Sporadic cases occur 
throughout the continent, but in one particular 
area of about 1100 square miles, in the neighbour- 
hood of Coonamble, New South Wales, the effects 
have been disastrous. The evidence shows that 
within a few months the water becomes notice- 
ably discoloured, and a red sediment is deposited. 
Large quantities of water are seen to be quite copper- 
coloured, but as potable water its value is not de- 
stroyed. When corrosion starts in these bores, it 
= with great rapidity, the casing soon col- 
apses, and the supply falls to a mere fraction of ita 
original volume. In a typical case it was found neces- 
sary to recase the bore after sixteen months, the flow 
being reduced from 300,000 to 50,000 gallons. The 
Conference visited the district, took evidence on the 
spot, consulted the ablest authorities available, 
but were not able to satisfy themselves as to the 
cause, or to suggest a remedy. Chemists and 
engineers, ironmasters, and pipe manufacturers, 
are alert to overcome the difficulties, but so far 
the results obtained have not been sufficient to 
warrant any sanguine anticipations of success. 

The peculiarities to be observed are that the 
trouble is local, it is confined practically to one 
small district, that the salts and gases present in 
the artesian water do not alter materially through- 
out a much wider area, but that the iron or steel 
pipe, used elsewhere effectively, undergoes rapid 
deterioration in this special area, and that varia- 
tions in the quality of the steel do not produce any 
noticeable improvement. The problem seems 
oa so that it ought to be possible to eliminate 
each variable successively, till the origin of the evil 
is exposed, but experience does not support this 
view. Under these circumstances, it is natural to 
suspect the character of the rocks through which 
the casing passes. It may be that the rocks exer- 
cise a greater corrosive power at diiferent depths. 
The action seems most energetic at the lowest 
levels, though there are less salts in the water at 
that depth, and on that ground it might be con- 
jectured that the corrosive power would be least. 

ut there may be a different proportion of carbon 
dioxide, and ibly more free oxygen. It is true 
that very little free oxygen was found in the water, 
but this gas may easily have escaped from the 
sample on its way to the laboratory. The re- 
duction in pressure would allow some to escape, 
or it might be used up in oxidising organic 
matter. That free oxygen did exist in the water 
is fairly conclusively proved by the presence of 
sulphates, due to the oxidation of sulphides. A 
great deal of pains has been taken to establish the 

resence of free oxygen in the water, but we doubt 
if chemists will consider it a necessary factor in 
the promotion of corrosion. Professor Fawsitt 
contended very strenuously that the corrosion of 
the iron or steel piping was due to the action of 
carbon dioxide on free oxygen, assisted mechani- 
cally by the friction of pebbles, tending to abrade 
and disintegrate the surface, and also removing 
any protective coating that might have been applied. 
Doubtless these factors may be considered sufficient 
to produce corrosion. The only drawback to the 
adequacy of the explanation is that the same con- 
ditions are apparently operative in other bores in 
which corrosion does not occur, or only to a normal 
extent. However, the Conference has appointed 4 








permanent committee for es experiments 
on iron and steel, with the object of ascertaini 
their respective powers of resisting corrosion, an 
also for making investigations as to the suitability 
of certain materials for the linings or coatings of 
casings. 

This is a practical suggestion that betrays anxiety 
for the future, and indicates the necessity felt for 
taking special precautions for the treatment of 
water in a dry country. It is impossible not to be 
impressed by the apprehensions entertained by the 
Conference that this asset is diminishing, and has 
to be carefully husbanded. This fear is more 
clearly shown when the Conference addresses itself 
to the economic problems connected with the use 
of water. In considering and balancing the advan- 
tages of irrigation against stock watering, it was 
agreed without hesitation that the evidence was 
in favour of the water being used for pastoral, 
as against agricultural, purposes. The report 
states distinctly: ‘‘It is believed that if agricul- 
ture on a large scale were permitted with bore 
water, in what are now considered pastoral dis- 
tricts, the demand would become so great that 
it would result within a very short period in the 
depletion of the flow to such an extent that 
sufficient water would not be available for pastoral 

urposes.” The suspected lowering of the hydraulic 
Kool, owing to the water drawn from the bores in 
operation, was urged as an imperative reason for 
conserving ‘‘ what may be figuratively termed the 
vested capital of the country, which comes within 
the influence of our main artesian basins.” Very 
earnestly did one of the members impress upon 
his colleagues, as the result of his own actual obser- 
vation, the change that had been wrought in 
the country by the utilisation of bore water, 
urging them to follow the tactics which had proved 
so beneficial. Within a few years, he reminded 
them, a huge area of 17,000,000 acres had been 
covered with natural grasses and fodder plants, in 
a way that was unequalled in any part of the 
Commonwealth, for toral purposes. Here no 
stock diseases were known, no scarcity ever ex- 

ienced. The southern districts, where Nature 
ad provided an abundant water supply by 
perennial streams, could not compete with what 
might be called the artificially-watered region. In 
the country nearer the coast, only the farms on 
the water frontages could be described as really 
first rate ; but in the artesian country all land had 
practically a water frontage. The gain to the 
country by the use of bore water is patent and 
increasing. ‘‘It appears, therefore, to be the duty 
of the Government to husband its resources in 
respect of the artesian water in every way, and, in 
my opinion, unless evidence be forthcoming to 
prove beyond reasonable doubt that the artesian 
supply is practically inexhaustible, it should be 
utilised for stock watering and domestic purposes 
only.” 

This advice is the more valuable, because the 
speaker had no doubt that irrigation could be suc- 
cessfully carried out with bore water. On other 
grounds than the diminished flow, the Conference 
was no doubt well advised in restricting the applica- 
tion of bore water to stock watering and such 
pastoral purposes. Irrigation works, without faci- 
lities for natural drainage, are apt to be trouble- 
some and even injurious. India has had her 
difficulties, which resource and experience have 
done much to mitigate. Egypt has not entirely 
solved the problem of cotton-growing on irrigated 
lands, and in these cases a fairly pure water was 
at command. In the bore water of the Great 
Australian Basin sodium carbonate is present in 
such quantities, that some analyses showed that 
something like a ton of this salt would be distri- 
buted over each acre of irrigated land. The 

rofessor of agriculture had no hesitation in assert- 
ing that such an amount would be injurious, and 

ve his reasons for the belief. But perverse 
ingenuity is hard to defeat. One enthusiast pro- 
posed that nitric acid could be made from the 
nitrogen and oxygen in the atmosphere, if the 

wer to be obtained from bore water were utilised. 

aving procured his nitric acid, he proposed to 
convert the sodium carbonate into a nitrate of 
soda, which would be a fertiliser, instead of a 
poison. Even if this could be effected, the excess 
of nitrate would prove injurious, but the expense 
would be absolutely prohibitive. No crops grown 
in this way could compete with those produced 
from land where no such labour and no such 
treatment were necessary, 
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There can be no doubt but that we have in this 
report a very valuable summary of the conditions 
that affect Australian prosperity at its most vulner- 
able point. Thecountry has suffered from drought 
in the past, when agriculture made a far less demand 
on its stores of water, and with that experience 
behind the authorities, it would be criminal not to 
attempt to safeguard the future, when the material 
interests have so enormously increased and the 
drain is so much larger. e have here the care- 
fully-considered opinion of men who have been 
practically engaged in the work of providing for 
this extension, who know the needs of the country 
and the resources by which these needs must be 
met. Perhaps it is for this reason that the unani- 
mity strikes one as remarkable. There is no settle- 
ment of debated questions by division. There is 
no minority report. The Conference deals with 
hard facts, which have to be encountered or reme- 
died by known means. There is no opportunity 
for academical discussion or divided counsels. 





THE COMMERCIAL MOTOR VEHICLE 
IN SERVICE. 

Recorps of comparative experience on a fairly 
large scale with either commercial or touring 
motor-cars are not altogether easy to obtain. No 
doubt information in reference to service experi- 
ence with their own products is available to all 
builders—sometimes, perhaps, too readily avail- 
able—while the engineers of large fleets of vehicles 
are naturally able to collect much information 
relating to the makes for which they are respon- 
sible. When, however, one considers that by far 
the majority of motor vehicles are in the hands of 
small owners and are spread over the length and 
breadth of the country, it is easily realised that 
information bearing on the comparative perform- 
ance of the hundreds of types which are in service 
is not easily obtainable. The engineer who is in 
the best position to form an opinion on the 
merits and weaknesses of motor vehicles in general, 
and with reference to no particular make, is 
probably he who is, and has long been, in charge 
of a large repairing garage. Some years of this 
experience will have given him a general knowledge 
of the points of weakness and strength in current 
constructions, and information relative to the ser- 
vice merits of the alternative ways which are 
employed for achieving common effects. We believe 
we are correct in saying that the paper read by 
Mr. D. J. Smith before the Association of Engi- 
neers-in-Charge last Wednesday evening embodied 
the results of an experience of this nature, and 
Mr. Smith’s conclusions are consequently worthy 
of every attention. 

e@ paper was concerned only with commercial 
vehicles, but ranged from the light cycle type of 
carrier to the 5-tonner, while both petrol and steam 
constructions were dealt with. Mr. Smith divided 
petrol vehicles into four classes: cycle, light, 
medium, and heavy. The cycle type is, of course, 
much used. It is usually a three-wheeler with 
the single driving-wheel at the rear. Although 
Mr. Smith appeared to think that this class 
of vehicle had improved of late years, he had 
apparently had much trouble with it in the past, 
especially when the rear wheel was fitted with a 

neumatic tyre, as the whole of the driving and 

rake mechanism had to be dismantled and the 
wheel taken right out to remove the tyre. He also 
suggested that vehicles of this class were frequently 
far too light, so that repairs were unduly serious, 
and suggested that many of the earlier models 
were originally designed for two ngers, and 
were then fitted with a box body about the weight 
of one of the passengers, so that the useful load of 
4 cwt. or so was all overload. In one case in his 
experience the upkeep cost for eighteen months 
equalled the original cost. The second class 
—light vehicles for from 5 cwt. to 20 cwt.—Mr. 
Smith suggested, had given trouble for the same 
reason as the cycle type, light touring-car chassis 
designed for a four-seater body, giving a total load 
of about 6 cwt., having been fitted with a van bod 
and sold to carry 10 cwt. to 12 cwt. In some suc 
cases in his experience, the author said, the wear 
that took place in a short time would have to be seen 
to be credited. Light commercial vehicles, made 
from old touring-cars converted, were in many cases 
very satisfactory, when such old cars dated from 
the days when material was not cut so fine as it is 
now. Light-weight commercial vehicles, properly 
designed for their jobs, Mr. Smith had found satis- 





factory, but thought there was a tendency towards 
unnecessary complication at the present time ; as, 
for instance, in the fitting of a four-cylinder engine 
instead of a single or two-cylinder one. Medium 
and heavy vehicles were also fairly satisfactory, 
but again with a tendency towards complication. 
For heavy vehicles Mr. Smith favoured a chain- 
drive and the flitched-frame. 

Steam vehicles, the author said, had always had 
an advantage over petrol vehicles in that they were 
designed from the first for their job. They were 
epee limited to 3-ton and 5-ton sizes, although 

e could not see any reason for this. Hethought a 
1}-ton to 2-ton coal-fired steam vehicle produced 
at a moderate cost would command a very large 
market. Comparing the over-type or traction- 
engine type of steam-wagon with the under-type, 
with the engine below the carrying platform, 
Mr. Smith thought the balance of advantage in 
favour of the over type, particularly in view of the 
accessibility of the engine and the efficiency of 
the locomotive boiler used. A disadvantage in 
the exposed position of the engine, following trac- 
tion-engine tradition, he saw no reason for retaining, 
and he would have the engine closed in. A further 
disadvantage, in the fine water range of the boiler 
was also merely a survival of traction-engine prac- 
tice, and had no justification. Mr. Smith was 

rticularly insistent on the value of superheat. 

e went to the extent of saying that ‘‘the fuel 
consumption of most steam-wagons could be re- 
duced 50 per cent. if due attention was given to 
superheating.” Superheating has, of course, a 
further advantage than increased efficiency, in that 
it decreases the consumption of water, and so in- 
creases the mileage, a short mileage being one of 
the weak points of steam vehicles. A 6-ton steam- 
wagon, recently constructed by Mr. Smith’s firm 
for service in a country where water is very scarce, 
which was fitted with a feed-water heater and a 
superheater superheating the steam to 600 deg. 
Fahr. at 300 lb., ran 150 miles on 260 gallons 
of water. 

Mr. Smith’s remarks on repairs were, perhaps, his 
most valuable contribution. That he found these 
heavier for petrol than for steam vehicles might 
have been guessed from his criticism of the petrol 
vehicle on the scores of lightness and complexity. 
His figures, taken over five years, were 35 ie cent. 
of the first cost for a petrol vehicle, and 25 per 
cent. for a steam vehicle. We certainly do not 
think these figures exaggerated, and many users’ 
costs are higher. Mr. Smith’s figures probably 
refer to vehicles kept in proper repair from the 
first, as they should be. Coming to details, it was 
interesting to find the author’s experience was that 
ball and roller bearings easily headed the list of 
overhauling expenses. He had had much trouble 
with the housing of such bearings — fairly soft 
metal frequently getting hamme out of shape. 
In many cases boring out and bushing was very 
expensive, or evenimpossible. He thought ball or 
roller bearings not suitable for rear wheels of 
heavy vehicles. The second item on the list 
of repair expenses was gears, and particularly 
the bevel and differential gears of rear axles. In 
most cases he thought the gears were cut too fine. 
It was mainly on the score of trouble due to rear 
axles that Mr. Smith recommended a chain-drive 
for all heavy vehicles. The Ackerman steering- 
gear of petrol-wagons he also found more expensive 
to keep in repair than the central-pivot traction- 
engine type of many steam-wagons, and thought it 
less convenient in use and likely to lead to greater 
wear of tyres. The figure for upkeep was lowest 
in the case of petrol vehicles for types carrying 
about 24 tons ; both above and below this load the 
costs rose rapidly. For steam vehicles little varia- 
tion was observable over the range of sizes. 





THE PRUSSIAN MATERIAL- 


PRUFUNGSAMT. 

Tue report of the Royal Materialpriifungsamt at 
Lichterfelde West, near Berlin, for the year ended 
March 31, 1913, is rather an epitome of the work 
done than an abstract of the importantinvestigations 
which were carried out in this Institute during that 
year. The work, undertaken by request of autho- 
rities, the Customs departments, and private indi- 
viduals, is of an exceedingly varied character, and 
the report hence cannot do much more in many 
cases than indicate the nature of the task submitted 
and the result of the examination. Some of the 
more extensive researches were brought before the 





International Congress for Testing Materials at 
New York, in September, 1912, and were noticed 
by us at the time. Our present notice will appear 
disjointed, we are afraid. The work done, expen- 
diture and income, have again increased, but the 
Government grant has remained nearly at the 
same figure during the last few years, and a note- 
worthy further strengthening or alteration of the 
staff has not been necessary either ; the personnel 
now consists of 229 employees, comprising 74 men 
of academical training. 

The long-duration tests of twenty testing-machines 
and specimens have been continued at ordinary tem- 
perature and at temperatures of 100, 200, 300, and 
400 deg. Cent. ; some of these experiments have, 
since December, 1908, been conducted for 17 hours 
daily, from 7 a.m. to12 p.M., and the respective speci- 
mens have been submitted to 45 and even 48 million 
stresses. The diaphragm gauges are among the 
instruments which have stood this high number of 
tests ; and seven out of twenty of these gauges are 
still working with their original diaphragms of 
brass, 0.35 mm. in thickness, covered by a rubber 
disc 1 mm. in thickness. The 3000-ton bridge- 
testing machine of the Deutsche Briickenbau- 
Verein has been taken into use, and it has beenshown 
that the results of crippling strength tests, made 
with wrought-iron specimens from the collapsed 
big gas-holder at Hamburg, to which we referred 
some time ago, are in good agreement with the 
formula of Miiller-Breslau, whilst the formule of 
Euler, Tetmajer, and Krohn yielded respectively 
72, 87, and 117 per cent. of the observed values. 
Load tests with a 17-ton steam-roller were made on 
the Putlitz bridge, at Berlin. Test-bars taken 
from angles of a mild-steel girder of an old bridge 
demonstrated that the relatively small working 
stresses (up to 700 kg. per sq. cm., 4.4 tons per 
sq. in.), to which the material had been exposed, 
had not affected its strength. Ferro-concrete 
columns gave the maximum strength when the 
ends of the longitudinal iron bars were about 2 mm. 
or 3 mm. from the surface to which the pres- 
sure was applied. A new cast-iron solder—not 
further specitied—yielded satisfactory results ; the 
tensile strengths of the soldered and unsoldered 
specimens were the same, but in bending and 
impact tests the soldered specimens came out 
slightly inferior. The determination of the expan- 
sion coefficients of five kinds of cast iron showed 
that in all cases the expansion coefficients increased 
a little as the temperature was raised from 20 deg. 
up to 75 deg., 150 deg., 200 deg., and 250 deg. 
Cent., the extreme values being 0.00001076 and 
0.00001264. After testing some old railway car- 
axles, whose wheels had done up to 550,000 km., 
it was considered fair to require new axles to stand 
bending through 217 mm. with 1.5 metre span 
under a test of work done in rupture of 1500 mkg. ; 
most of the axles tried broke in the fourth or sixth 
impact test without bending to the full extent 
required. Water gauges for the German Navy are 
expected not to develop any cracks, not even small 
superficial cracks, when immersed in oil of 190 deg. 
Cent. for one minute, and then cooled in water of 
8 deg. or 10 deg. Cent. ; the test, we see, is not 
always passed. As regards wood, the bongossi wood 
from Cameroon proved most remarkably strong in 
compression, bending, and shear tests, and also 
under the sand blast. The impregnation of pine- 
wood with ammoniacal metallic salts was found to 
lower the compression strength somewhat. 

All the details which we have picked out so far 
are taken from the report of the department for 
metal-testing. For some of these items we might 
have looked under department for building mate- 
rials, and the department on metallography had 
more to say on metals, of course. The exami- 
nation of a steam-drum of mild-steel, which 
had exploded, once more demonstrated that a 
good tensile-strength figure may be obtained 
with a very brittle material. The impact test 

ve a very low value, which improved somewhat 

y annealing at 900 deg. Cent., there being no 
sign of overheating ; the brittleness seemed to be 
due to straining of the material at blue heat, 
between 200 deg. and 300 deg. Cent., which is 
notoriously risky. The breaking of some turbine- 
blades of mild steel was attributed to several 
concomitant causes—presence of phosphorus and 
sulphur, small elongation, low impact stren un- 
suitable heat treatment—each of which would alone 
have been insufficient to account for the failure. 
The assertion that treatment with hot caustic soda 
should make mild steel brittle and impart to it a 
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tendency to crack and split, is not supported by 
the researches of the Materialpriifungsamt ; when 
splitting occurs, it seems to be due to straining by 
cold work or other causes, as Dr. Heyn explained 
at New York. The destruction of some super- 
heater tubes was traced down to oxidation, 
caused by cutting out the tubes before shutting 
off the gases. As regards the testing of pieces 
of large dimensions (car-axles), it is pointed out 
that the tests may be misleading, because they are 
made on small specimens, which cool much more 
rapidly than large pieces. The rate of cooling is 
very important also for bronze ; some slowly-cooled 
bronzes had turned much more brittle than the 
quickly-cooled bronze castings. The corrosion of 
brass by acids and sea-water did not appear to be 
influenced by the annealing of the alloy. 

A regret is expressed by the department for 
building materials that proper tests of materials are 
still so rare, though they might avert much expense 
and trouble. The demand for test often comes when 
the damage has been done, or when it is too late ; 
means of properly testing mortar and concrete after 
they heowtnntionn’ are not yet known, for instance. 
Tests of artificial stones and fire tests seem to be 
much in demand, however. 

The department for peas and textiles desires 
to have a special textile department established, 
and to set up textile standards ; it is acknowledged 
in the trade that unfair competition has injured the 
reputation of the German industry, and that there 
should be some control of legitimate practice and 
substitutes. A minor point of wide interest is 
that some laundries seem to resort not only to 
chlorine, but also to sulphuric acid. Both these 
chemicals, of course, are apt to destroy the fibre ; 
but in testing a new chlorine-bleaching process, 
the peculiar observation was made that the fibre 
actually gained in strength by this bleaching. 

The chemical department has to assist all the 
others, and its activity is hence most varied. We 


referred on another occasion to the action of sul- | pape 


huretted hydrogen on cement. The opinion of the 
Metesisteetlongrems is that calcium sulphide and 
sulphydrate ure formed ; both these compounds are 
soluble in water, and when they are Jixiviated by 
water the cement loses its strength. The formation 
of polysulphides and of calcium sulphate would 
appear to be accessory features. With respect to 
water-testing, the Amt emphasises that the chemical 
analysis is insufficient to decide whether a water 
will answer as feed water; corrosion tests are 
required. The chemical department, it may also 
be worth mentioning, was able to clear a leather, 
used for the seats of tramcars, of a charge of 
unsuitability. The leather was good and properly 
tanned, but the varnish became brittle at low tem- 
perature (— 15 deg. Cent.), and the leather had, 
therefore, cracked during the cold winter days. 
As regards the oil department and lubricants, we 
notice that one Diesel motor-oil had turned acid 
and unsuitable though it was a pure mineral oil, 
whilst the grease of a gear-box (of aluminium), 
which seemed to have gone wrong, was really 
good, but it was discoloured by fine particles of 
the disintegrated metal. The plukenetia canophera 
oil from Cameroon proved in several respects 
superior to the best linseed oil. 





NOTES. 
Execrric Iron Propuction on a Lares Scate. 


Tue well-known Stora Kopparbergs Bergs 
Company, in Dalecarlia, Sweden, has prepar 
plans, ready for being realised, intended greatly 
to increase the company’s production of iron and 
steel. The plans comprise an increase from 100,000 
tons to 300,000 tons annually, of which 200,000 
tons are to be manufactured electrically. This 
imposing increase in the output (which means an in- 
crease of 26 per cent. in the annual production of iron 
for all Sweden) will require 6,000 to 70,000 elec- 
tric horse-power, obtained from an increased ex- 
ploitation of the company’s own waterfalls, besides 
an increased annual output of some 500,000 tons 
of ore from the company’s own mines. The com- 
pany, however, fully intends to adhere to its old 
principle not to export raw material, but only 
tinished rolling-mill products, and to supply the 
home manufacturers with cheap raw materials, and 
the building trade and railways with girders, rails, 
andshape-iron. The extensions naturally are only 
intended to be brought about gradually, but ac- 
cording to the present plans the scheme will be 





fully completed in the course of ten years. Ex- 

riments are being carried on at present with 
Hielffenstein’s electric furnace, which certainly has 
not been so fully practically tested and worked as 
the Swedish furnace of the Elektrometal Com- 
pany, but the former has the great advantage for 
works on a large scale that it can stand a very large 
current. The latter furnace, it is generally under- 
stood, cannot adequately employ a higher input 
of electric energy than 3000 horse-power, or a not 
very important excess of that figure, whereas the 
Helffenstein furnace seems able to work with as 
much as 10,000 to 12,000 horse-power. The latter, 
it is expected, will therefore yield a more advan- 
tageous result when the production is on a large 
scale. Other branches of this comprehensive and 
typically Swedish concern are also being extended, 
with good results. 


Suprosep CHEMICAL DECOMPOSITION BY VARYING 
Maenetic FIexps. 


In 1908 I. Rosenthal presented to the Berlin 
Academy of Science an account of some experi- 
ments, according to which complex molecules 
like starch, when dissolved in water, seemed to 
be changed into the simpler molecules of fruit 
sugar (fructose) when acted upon hy varying 
electric fields of certain periodicities. The solu- 
tions were placed in beakers, surrounded by sole- 
noids, and enthal stated that the induced cur- 
rents or fields had to be of a certain periodicity ; 
under ordinary conditions the solution would 
become warm when the currents were turned on, 
whilst at a certain characteristic periodicity the 
substance would not become hot, but break down 
into simpler compounds. Rosenthal has not pub- 
lished any continuation of these remarkable experi- 
ments, which we noticed at the time, and two 
refutations appeared last summer. The first, by 
R. Cegielskij was presented to the Deutsche Phy- 
sikalisch Gesellschaft ; the second, more complete 
r was contributed by George W. Heimrod, 
of the New York Rockefeller Institute of Medical 
Research, to the Zeitschrift fiir Elektrochemie, of 
October 15, 1913. He made his experiments—or, 
rather, this second series of them—in the Hanover 
Technical High School under Bodenstein. He took 
a Wehnelt interrupter consisting of a quartz tube, 
drawn out to a capillary, through which a platinum 
wire passed, and kept this apparatus working with 
from 200 to 900 interruptions per second and current 
of 10 amperes for several days ; ordinary apparatus 
would not have stood this. In all cases he con- 
ducted two parallel experiments, one with the high- 
frequency treatment and a check experiment with- 
out any electric treatment. The results were in all 
the pairs the same at temperatures ranging up to 
90 deg. Cent. The starch remained starch, or a slight 
percentage of sugar was formed, when additions 
of electrolytes were made to the starch ; but that 
percentage of sugar was the same in the electrically- 
treated and in the untreated starch. The additions 
were sodium chloride, hydrochloric acid, phos- 
phoric acid, acetic acid, and diastase; the acids 
and diastase effect an hydrolysis which leads to 
sugar formation. Thus Rosenthal’s: experiments, 
which appeared very remarkable, though they 
hardly could have any analogy in the household of 
Nature, remain unconfirmed. Rosenthal, in fact, 
himself failed in repetitions of his experiments, as 
has now become cee and it is difficult to 
understand how he could deceive himself. For 
he did not experiment with starch only, and he 
found different characteristic periodicities for dif- 
ferent compounds. 


WeEsTERN INDUSTRIES IN CHINA. 


The unsettled condition of affairs in China has 
delayed the progress of Western industries, but it 
is evident that as soon as the opportunity offers 
there will be great developments, as there are in 
the air a large number of paper schemes for manu- 
factures of all kinds. The province of Hunan is, 
as usual, to the fore in company-promoting, and the 
industrial projects recently discussed there include 
paper factories, cotton-spinning, and cloth-weaving 
mills, flour-milling and rice-hulling establishments, 
a cement factory, a timber-sawing factory, a 
cigarette factory, and a glass factory, besides such 
further enterprises as [esthenbeet making, hat- 
making, dyeing, printing, silk-reeling, and the 
manufacture of sugar and felt. The lack of native 
capital and the opposition to foreign capital have, 
however, in the meantime, prevented many of the 
proposals being proceeded with, and the list of 





factories actually opened in 1912 is a small one. 
Among others actually opened are a boot-making 
factory, a glass-making establishment, a cotton 
mill, and a flour mill. The manufacture of leather 
seems to be receiving special attention, a leather 
factory having been established at Chungking, and 
a Franco-Chinese tannery at Tientsin. Probably, 
for some time, the more important works will be 
carried out by the municipalities, as they can 
raise the necessary capital more easily than private 
individuals. A new and powerful electric - light 
plant was erected in 1912 in the French extra 
concession at Tientsin. Electric light was installed 
at Yrumanfu, and there are electric-light projects 
at various stages of advancement in a dozen other 
cities. It was decided two or three years ago to 
have a system of electric tramways in Pekin, and 
foreign financial assistance has been promised from 
many quarters ; but the terms of the concession are 
apparently such as to preclude the use of foreign 
capital, and no progress has been made. Canton 
has also a big tramway scheme under consideration, 
not to mention projects for hydraulic power, new 
roads, and other city improvements. Very few cities 
in China have water-works or drainage systems, 
although these are much more necessary than electric 
light ; the difficulties of finance seem to be at present 
insuperable. As regards the development of the 
resources of the country, the Commercial Attaché 
to H.B.M. Legation at Pekin says the Chinese 
argument is: foreign supervision and control leads 
to loss of independence ; foreign capital cannot be 
obtained except under conditions of supervision and 
control ; therefore none but Chinese capital can be 
employed. But the result of the use of Chinese 
capital with Chinese methods is that Chinese capital 
is no longer forthcoming, and the argument becomes 
what the old logicians called a ‘‘ vicious circle.” 
The fallacy lies in the failure to differentiate between 
the necessary degrees of supervision and control. 
In the case of railway construction and in certain 
other exceptional sy vee a solution has already 
been found, and it may be expected that experience 
will teach young China that in all industria! under- 
takings a certain modified degree of foreign control 
is for the present necessary. There are few, if any, 
Western industries which could not be successfully 
carried on in China, as the resources of the country 
are so large and so varied ; and when these are even 
only very partially developed, China will be a very 
important factor in the industrial world. 


Tue Fire-Damp Wuistie-INpIcaTor. 


Professor F. Haber, the chief of the new Kaiser 
Wilhelm Institut fiir Technische Chemie, recently 
lectured in that institute on the acoustic fire-dam 
indicator which he has devised in conjunction wit 
Dr. Leiser. The principle adopted is not altogether 
new, if we are not mistaken. But most of the 
fire-damp indicators in use are, of course, of the 
Davy safety-lamp type, the flame of which shows a 
blue cap and becomes very hot when the air con- 
tains fire-damp. In the new indicator two tubes, 
or pipes, are used of the same effective length ; 
filled with the same gas they would give the same 
note, but if the one gas is lighter than the other, 
there will be beats when the two pipes are blown 
simultaneously, and the number of beats will 
increase with the percentage of the lighter gas. 
The one pipe is charged above ground with air ; 
the other is charged below ground with the mine 
air. Methane has a little more than half the 
density of air. The two whistles are sounded 
simultaneously by a very simple device, which 
is practically an air-pump. As the explorer 
advances into the air under suspicion, he sounds 
his whistle, and the more contaminated the air 
is, the shriller the sound will become. The appa- 
ratus consists of a metallic cylinder, 250 mm. 
in length, and 60 mm. in diameter, all encased ; the 
lower portion is fitted with a cylindrical cap, which 
can be pulled down a certain distance. That is 
all the man has to do, and the operation is thus 
very simple ; the construction is, however, by no 
means so simple. Inside the cylinder is an air- 
pipe system and a mine-air—we will say gas, 
simply—pipe system. The air enters near the 
upper end, is taken down a pipe and up again, 
impinging upon a nae of mica ; this plate limits 
the effective pipe length. The air is then taken 
down in and rises once more, and esca 
finally y onal a long coiled pipe, which takes 
up about half the length of the cylinder. This 
coil serves for storing the air, with which this 
system is filled above ground, in the pipe, without 
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mixing with the mine air while the apparatus is 
being carried down below. Up till the moment when 
the whistle is to be used the air-inlet is kept closed 
bya screw. The gas-pipe system is generally similar 
to the one described, but differs in several essential 
respects. The gas entering through another inlet 
passes through a filter and through a column of 
soda lime—to remove dirt and carbon dioxide ; it 
then flows up to the mica plate, from which it is 
taken through a long five into a special receptacle 
within the cylinder. This receptacle can be enlarged 
in the manner indicated by pulling the cylindrical 
cap down ; when this is done a piston moves down 
in its barrel and draws gas into the pipe system ; 
when the cap is pushed home again the next moment, 
the gas is forced out through another tube and a 
valve (which regulates the pressure) ; the gas then 
enters the mouthpieces of the two pipes, and these 
pipes are blown. In reality the cap need not be 
pushed home; the vacuum created in the barrel 
forces the piston back again, as soon as the man 
lets it go. Further particulars will be found in the 
journal Naturwissenschaften, of October, 1913, and 
in Beyling’s article in Gliick Auf of December 13. 
According to experiments made in the experimental 
gallery at Derne, and in the Gneisenau colliery, the 
note can be heard at a distance of 100 metres, and 
the instrument bas given satisfaction. The whistle 
cannot cause an explosion in fire-damp, but it 
will not replace the safety-lamp. It means an 
additional apparatus which cannot be combined 
with the lamp, and which is not automatic. The 
latter is the chief defect; on the other hand, the 
whistle is useful in penetrating into dangerous air, 
in which the safety-lamp might go out and could 
not be re-lighted. 





A GRAPHICAL METHOD OF SOLVING 
THE THREE-POINT PROBLEM ON 
THE PLANE TABLE. 


By Arruur Lovar Hicains. 


Tue following solution of the three-point problem 
in hydrographical surveying is the extension .of 
the well-known method of ‘‘two intersecting 
circles” :— 

Given a, b, and c, the plotted positions of three 
points A, B, and C, and 6 and @, the angles sub- 
tended at P by A B and BC respectively ; to 
determine p, the position of P on the map 
(Fig. 1). 

From b draw lines b e, b f, making the angles 
abe,cbf respectively equal to 90 deg. — 6 and 
90 deg. — >. At a@ erect a perpendicular to a b, 
intersecting b e at e; atc erect a perpendicular to 
bc, intersecting b f at f. Joine f. Let fall a 
perpendicular from b on ef; this will meet ef at 
the required point p. 

Proof.—On eb and ef as diameters (centres o 
and o’ respectively) describe circles ; these will in- 
tersect at p, the common apex of two adjacent 
angles equal to the observed angles 6 and ¢. For, 
being angles in the same segment of a circle, the 
angle aeb is equal to the angle apb, and the 
angle cfb is equal to the angle cpb. And the 
angle aeb is by construction equal to 6; therefore 
the angle apb is equal to 6. Similarly, the angle 
cp b is equal to > 

The above construction is more expeditious in 
the office than the one from which it is derived. 
It is readily effected on the plane table in a 
manner hereafter described. 

The Analogous Plane-Table Problem.—Given a, b 
and c, the plotted positions of three visible points 
A, Band C, to determine p, the plotted position 
of P, the station occupied by a plane table. 

(This notation is retained throughout the remainder 
of this article.) 

Here the angles 6 and ¢ (Fig. 1) are involved 
graphically, but the fundamental principle of the 
plane table precludes the necessity of observing 
their magnitudes. 

The ‘‘three-point problem ’ 
process of — 

1. ** Orientation ”—i.e., setting the board so 
that the several plotted lines are parallel to, or 
coincident with, the directions of the correspond- 
ing lines in the field. 

2. Plotting p, the position of the station occu- 
pied. (This is a separate process (resection) in the 
case of Bessel’s graphical solution. ) 

Although possessing the same characteristic— 
that of plotting the station occupied—this problem 
cannot appositely be termed a special case of re- 


involves the dual 


section, since the application of that method pre- 
supposes direct means of orienting the board_—a ray 
drawn in the direction of P at a previous set up 
over one of the three points A, B, or C. 

Thus, for an example of resection, suppose a 
surveyor has a plane table oriented over B, 
and a picket at P to indicate a station selected 
for detail work. Before removing the table he 
draws a ray through 6, the plotted position of 
B, in coincidence with the line B P, as a direct 
means for orientation at P. The required point p 
is somewhere in this ray. He then sets up over P, 
and orients the board by sighting at B, with the 
fiducial edge of the alidade along the ray through b. 
The board oriented and clamped, he determines p 
at the intersection of the line sighted through a to 
A with the ray through b to B. As a check he 
would centre the fiducial edge on c, sight at CO, and 
note if the line thus drawn also passes through p 


e, 


Fig.t. 





‘hen 





(Fig. 2). But, as far as the three-point problem is 
concerned, the three points are virtually inacces- 
sible ; direct orientation is therefore precluded, and 
resort must be made to one or other of the mechani- 
cal, graphical, or trial solutions. 

Some years ago the writer observed that the 
extended hydrographical solution (Fig. 1) might 
be readily adapted to the analogous plane-table 
problem, with special application to cases in which 
the angles subtended at P by the points A, B, and 
C, were large, and, in consequence, frequently 
necessitated additional construction in the applica- 
tion of Bessel’s method. Not only was this advan- 
tage manifest on trial, but the facility of soon 
estimating whether a station selected at random 
was within the limits of plotting, the reason of 
which is inherent in the fact that the required 
point lies in the line of two previously determined 
intersections. 

The field routine.of this method is as follows :— 

(The Three Positions of the Board in Fig. 3 Corre- 
spond to the Three Principal Steps ) 

First Step.—(1) Level up the table over P, the 
station selected, and draw a line perpendicular to ab 
ata. (This corresponds to erecting the perpendicu- 
lar ae in Fig. 1.) (2) Place the fiducial edge of the 
alidade ruler along this perpendicular, and sight 
through a at A, the soumenelinen point in the field. 
Clamp the board in this position and repeat the 
sight as a check against movement. (3) Fix a pin 
in the board at 6, and, keeping the fiducial edge 
against this pin, turn the alidade until the 





or, in the case of a sighted alidade, coincident with 





— B 
is seen bisected by the cross-hairs of the telescope, | has 





| 


the sighting slits. Draw a line along the fiducial 
edge to intersect the perpendioular in e. us at 
e, 0, the angle subtended by A B at P, Fig. 1, is 
set out graphically, the board being regarded a 

int in comparison with the area surveyed.) 
{4) Unclamp the board. 

Second Step.—(1) Draw a line perpendicular to 
beatc. (This corresponds to erecting the perpen- 
dicular cf in Fig. 1.) (2) Place the fiducial edge 
along this perpendicular, and sight through ¢ at 
C. Clamp the board in this position, and take a 
check sight against movement. (3) Turn the 
fiducial edge about the pin at b until the point B is 
seen bisected by the cross-hairs of the telescope, 
and, holding the alidade in this position, draw a 
line along the fiducial edge to intersect the per- 
pendicular from cin f. (Setting out the angle ¢ 
graphically at f, Fig. 1.) (4) Unclamp the board. 

ird Step.—(1) Place the fiducial edge through 
the points e and f, and slide a set-square along that 
edge to p, the foot of the perpendicular from b on 
ef. (This corresponds to joining e and f, and 
letting fall the perpendicular from b on that line.) 
(2) With the fiducial edge through p and b, orient 
by ve at B in the direction pb; clamp the 
board in this position, and check the accuracy of p 
by sighting through a to A, and through c to C. 
(Checking by resection.) No ‘triangle of error” 
should result—i e., the rays passing from A, B, and 
C through a, b, and ¢ respectively should definitely 
intersect at p. 

Notes.—(1) When the station P is situated on 
the circle through A, B, and ©, the problem is 
indeterminate. This case is evident when the lines 
be, bf coincide, but in practice the limit is reached 
when the angle e b f is very small. 

(2) When one or both of the angles subtended at 
P are greater than 90 deg. (as is the case when P is 
within the triangle formed by A, B, and C) obtain 
the intersection e, or f,, or both, as the case may be, 
by producing backwards one or both of the perpen- 
diculars at a and c (Fig. 1) 

(3) When one or both of the intersections ¢ and f 
cannot be obtained within the limits of the board, 
the point p may also be indeterminate for the sta- 


tions selected. The likelihood of this result should 
be judged (by estimating the position of the line 
between e and /) before resort is made to the follow- 
ing construction :— 

Erect perpendiculars at the middle points of the 
lines a b and b c—i.e., parallels to ae and c/, to 
intersect the lines from b to e and f in, say, o and 
o! respectively (Fig. 1). Let fall, as in text, a per- 
pendicular from } on the line joining o and o', and, 
using this as a means of orientation with respect 
to B, determine by re-section the position of p. 

Bisection.—Any convenient ratio other than one- 
half may be chosen, provided that the lines a b, 
b c are proportionally divided from b. 





Turpines vor CanapiaAN Paciric Steamer “Sr, 
Grorcr.”—Messrs. Cammell Laird and Co. have recently 
shipped to New York new turbines for the Canadian 
Pacific Railway Company’s steamer St. George, and they 
are being fitted there under the superintendence of engi- 
neers sent out from Birkenhead. 





Nava. Couirer.—On January 12 the firm A. F. 
Smulders, Schiedam, Holland, Jaunched the steel hull of a 
self-propelling coaling-vessel, the first of two identical 
ships building for the Brazilian Admiralty, and intended 
to follow the squadrons. This coaling-vessel has a hold 
capacity of 1000 tons, and discharges her contents automa- 
tically at the rate of 500 tons per hour. The dimensions of 
the vessel are as follows :—Length, 167 ft. 2in., ; breadth, 
40 ft. 4 in. ; depth, 18 ft. 4in. The vessel is fitted with 
two lers, driven by two compound steam-engines 
of 500 indicated horse-power. Each of these engines is 
of sufficient power for driving the automatic discharging 
apparatus, whilst an engine of 120 indicated horse-power 
been provided for the mechanical loading of the hold 
of the vessel. 
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DOUBLE-SCISSORS CROSS-OVER; BUENOS AYRES GREAT SOUTHERN RAILWAY. 


CONSTRUCTED 


BY MESSRS. EDGAR ALLEN 


AND ©O., 


LIMITED, SHEFFIELD. 
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A vERY large double scissors gry Pepi for 
four 5-ft. 6-in. gauge lines has just been completed 
by Messrs. Edgar Allen and Co., Limited, of the 
Imperial Steel Works, Sheffield, for the Buenos 
Ayres Great Southern Railway. This cross-over is 
illustrated in Figs. 1 and 2, above. It is constructed 
of Messrs. Allen’s ‘‘Imperial” patent-rolled manganese- 
steel flange-rails of 100 lb. section, and the weight 
of this material employed in it is upwards of 100 tons. 
It contains 8 sets of 18-ft. switches, 4 sets of 
12-ft. switches, 20 acute and 14 obtuse crossings, 2 
compounded triple crossings and closure rails. The 
total length of the lay-out is 432 ft. 1} in., and the 
width at one end 63 ft. 5§ in., and at the other 
64 ft. 3h in. From Fig. 2 it will be seen that two of 
the main-line tracks are straight, while the others are 
straight only for 211 ft, 1} in., after which they curve 
outwards. 

The cross-overs leading out of the straight tracks, 
with 18-ft. switches, have a racius of 930 ft. 5 in. ; 
those off the curved portion have 18-ft. switches, and 


are on a curvature of 1312 ft. 4 .n. radius. The in- 
termediate length is straight. The o~—_ slips, 
crossing between two of the adjacent straight tracks, 


have 12-ft. switches and a radius of 385 ft. 8? in. ; 
those crossing between the pairs of curved tracks have 
a radius of 621 ft. 8} in. 

The lay-out embodies two compounded triple cross- 
ings, which weigh 2} tons and | ton 12 cwt. respec- 
tively. The former consists of two acute-angle cross- 
ings of 1 in 7.4 and 1 in 7.207, and an obtuse angle 
of 1 in 3.668. It embraces the following material :— 
A double-angled wing-rail, two ordinary wing-rails, 
a long point-rail, splice-rail, two obtuse crossing-point 
rails, and guard-rail, the whole being fastened together 


| with cast-iron crossing and check-blocks and j-in. bolts. 
In the second triple crossing a cast manganese centre- 
| piece replaces the long point and splice-rails formin 

| the V of the acute crossing, owing to the restric 
space rendering it impossible to retain the built-up 

construction. 

The manganese steel of which this crossing is con- 
structed has earned an excellent reputation in tram- 
| way work, and has been installed in a number of 
exceptionally bad places on railways at home. 
Switches and crossings installed on the London Electric 
Railways, where wear has been very severe in the past 
with B.S. rails, have shown only one-tenth of aha lens 
of the ordinary steel rails. The first cost is, of 
course, heavier in the case of the manganese steel, but 
this may easily be recouped at important points by 
reduction in the cost of maintenance and relaying and 
the inconvenience caused thereby. The manganese 
steel used kas a tensile strength of 55 tons, and an elon- 
gation of 40 per cent. in4in. It may be bent double 
cold without fracture, and is well up to the drop tests 
which B.S. steel rails will stand, standing, as a rule, 
twice the number of blows. It is too hard to finish 
with a cutting-tool, and this work is all executed by 
grinding. 





“THE RELATIVE Firk Resistance of Woop Doors.” 
—The British Fire-Prevention Committee having been re- 
quested to arrange for a re-issue of certain of their earlier 
publications, have decided to publish, under the above 
title, a collection of their earlier illustrated reports, 
which deal with comparative experiments carried out by 
them at various times with ten different wood doors. The 
whole forms an interesting booklet, which can be obtained 
at the price of 6s. Gd. from the offices of the Committee. 





Low-Priczp Mortor-Cars.—On Wednesday evening, 
| the 14th inst., Mr. A. Ludlow Clayden read before 
the Institution of Automobile Engineers a paper 
entitled ‘‘The Economics of Design ; the Market and 
the Design for a Low-Priced Four-Seated Car.” This 
paper contained the author’s suggestions for cheap cars to 
satisfy the requirements of British buyers, and to com- 
a with cheap foreign cars which are being sold here. 

e are unable to deal at length with the paper in this 
issue, but hope to do so in our next. 


Moror-Cark EnGiInE-TestiInc.—We are informed that 
the makers of the Argyll motor-car are making two 
radical changes at their works in the new year. Inconse- 
quence of the growing price of petrol, and the large 
aw of this spirit employed in the engine-testing 
shops, coal-gas is now being substituted there. The supply 
comes from the town mains, and is led up to all of the 
thirty test-benches. The other change is the introduc- 
tion of electric current from the Clyde Valley Power- 
Station at Yoker. The current is being brought by 
underground cable, the contractors being under guarantee 
to complete the installation by the end of February. 





Tuer CommerciaL Motor Usxrs’ Association (INcoR- 
PORATED).—This Association asks us to state, with refer- 
ence to the lectures it has organised, that it has extended 
the sphere of its activities by the formation of a drivers’ 
division. All drivers in the employment of members of 
the Association, whether they may be drivers of motor- 
omnibuses, motor-cabs, wagons, vans, or any other types 
of commercial vehicles, are eligible for enrolment if their 
characters and records as drivers for at least two years 
are considered satisfactory by the Association. The annual 
subscription is 2s. 6d. each. Forms of — may 
be obtained from Mr. F. G. Bristow, F.C.1.8., secretary, 
the Commercial Motor Users’ Association, 89, Pall Mall, 





London, 8. W. 
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BRITISH PRACTICE IN THE CONSTRUC- 
TION OF HIGH-TENSION OVERHEAD 
TRANSMISSION LINES.* 


By B. WELBOURN. 


In our large industrial centres, where electrical energy 
is usually conveyed to c~sumers by underground cables, 
it is frequently not i what extensive use of over- 
head wires is being made in country districts for the same 
purpose. So far as can be ascertained there are already 
nearly 1000 miles of overhead lines in the United King- 
dom which are operated at alternating pressures between 
2000 volts and 20,000 volts inclusive ; and of these there 
are 115 miles in operation or under construction for 
20,000-volt working. The author thinks that the time 
has arrived when it will be of use to engineers and others 
to have some account of the construction of lines as deve- 
loped to meet British conditions — with a view to a 
helpful discussion of the various problems which are still 
unsolved. We have no transmission lines over long dis- 
tances and at high voltages in the sense in which they are 
understood in other parts of the world. Such lines were 


designed to meet very different conditions from those] but th 


obeeining in this country, and they have recently+ been 
fully described before this Institution. ‘ 

It is not within the scope of this re to examine the 
problem of the distance to which it is commercially 
economical to transmit electricity in preference to carry- 
ing fuel, but it may be recorded that our longest direct 
transmission line is only about 20 miles in length, while 
one of 40 miles is under consideration. _ 

It may be taken for granted that pole lines have come 





is that arising from the necessity of negotiating way- 
leaves, and Sms negotiations are frequentl Nag A pro- 
longed. This subject has been fully rman Wy r. C. 
Vernier in his address* (October, 1913),to the 
Local Section of this Institution, and that part of the 
address which deals with the inconsistent state of the 
law on the question of wayleaves, &c., may be sum- 
marised as follows :— 

1. a spennaie Senses pemmeaes oe for erect- 
ing telegraph and telephone lines, but the procedure to 
be Sdiowel is so cumbersome as to be almost useless. 


Even these powers are denied to electric supply authori- | f 


ties. 

2. Under the Electric Lighting Acts the consent of the 
local authority must be obtai! 
taker for the erection of overhead wires, whether they are 
in the public street or on private land. 

3. Non-statutory undertakers can dispense with the 
consent of the local authority, and both erect wires on 
private Jand and cross — roads so long as the wires 
cause no obstruction above the roadway. ' 

4. Non-statutory undertakers may erect overhead lines 
without compliance with the Board of Trade regulations, 

-” e Board has power, if it thinks fit, to order com- 
pliance. 

The author thinks that a strong case has been made 
out to justify the Council of this Institution in making 
representations to the Board of Trade for the benefit of 
the electrical industry and all consumers with a view to 
removing the inconsistencies. which exist in the law. At 
the same time, efforts should be made to secure :— 

1. A curtailment of the absolute veto on overhead 


a statutory under- | the Board will 





wires by a local authority. 


analogous. In the case of the General Post Office the 
voltage on the wires and the power behind it are not such 
as are likely to cause any injury to person or animal 
through shock from a fallen wire ; but it is very doubtful 
whether the General Post Office figures are sufficiently 
conservative when one considers the extensive wrecking 
of telegraph and telephone lines which occurs in every 
snow storm that is accom by a gale. -tension 
power lines are on a different footing. It is the duty of 
the Board of Trade to prescribe reasonable precautions 
for safeguarding the Pa lic, &c., from fallen wires, and 
or maintenance of a continuous supply of yen he} 
those who are dependent on it. Having this — id 
on it by Act of Parliament, it is not to be expected that 

e ill err on the side of under-cautiousness, and 
in view of a few failures of high-tension lines which 
occurred in the severe storm of January, 1913, in the case 
of lines that had been most carefully designed and erected 
to comply with the Board’s Regulations, it is scarcely 
to be expected that the Board will make any further 
relaxation in its requirements for some time tocome. 

It does not seem to be generally understood that the 
Board is prepared to relax the Regulations in those cases 
in which it can be shown that wind pressures of 25 lb. per 
sq. ft. have never been recorded. The Meteorological 
Department has extensive records of the wind pressures 
in pecs wwe pe ary © of these islands, and they should 
be ted prior to designing any line. 

Mecuanicat Design Formuia, &o. 
I. (A) For wood poles. (B) For steel poles. 
(A) Full particulars of the dimensions of wood 


les 
and 1-ft. breaking stresses are given in the British 
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to stay in rural districts, where low first cost is of 
paramount importance in enabling supply authorities to 
ae a cheap supply of energy to industrial works, col- 
ieries, houses, &c. It is not necessary to state the case 
for the overhead lines at any length, but it may be well to 
give following figures for three-phase transmission to 
illustrate the saving in first cost Teteeen underground 
cables and overhead lines. In compiling these figures of 
costs per mile care has been taken to include everything 
required for work of the highest class. Copper has 
been taken at 60/. per ton, and lead at 20/. per ton. The 
copper conductors comprise three of 0.10sq. in. section in 
each case. No buildings, transformers, or switch-gear 
are included, and it should be borne in mind that the 
annual maintenance and depreciation charges on an 
overhead line are necessarily heavier than on a modern 
cable system. 











Voltage Cable Laid and Jointed, | Overhead Line of Equal 
including Street Work. Kilowatt Capacity. 
£ £ 
6,000 1,400 900 
11,000 1,550 950 
20,000 2,100 | 950 
1 





Incidentally, this table shows how little influence the 
working pressure on the first cost of an overhead line 
in this country. 

Through this cheapened means of transmission much 
electrification work is now being undertaken which would 
otherwise not be commercially possible. The extensive 
use of overhead lines has thus e of enormous benefit 
to the manufacturers of electrical plant, cables, and 
accessories, as wellas to thesupply authorities and their 
consumers. 

The principal difficulty in pole-line work across country 





* Paper read before the Institution of Electrical Engi- 
neers, in London, on the 8th inst. 

_t W. T. Taylor, ‘* Modern Long-Distance Transmis- 
sion of Electrical Energy ;” Journal of the Institution 
of Electrical Engineers, vol. xlvi., paze 510, 1911. R. B. 
Matthews and C. T. Wilkinson, ‘* Extra High-Pressure 
Electrical Engivecrs’ vol sivt, page 002 11 kt 

gineers, vol xlvi., page 911. 
Hadley, ‘Power Supply on the Rand ;” Journal of the 
Institution of Electri 


2. The local authority’s refusal of consent should be 
made subject to an appeal to the Board of Trade. At 
present such an appeal is only allowed to power com- 

ies’ wires in rural districts. The author would 
urther suggest that this one subject should be taken up 
by itself, and that success should not be endangered by 
making representations on other matters at the same 
time. 

All high-tension lines should be designed to comply 
with the current regulations of the Board of Trade, 
or with approved modifications, and it cannot be too 
strongly emphasised that the success or otherwise of all 
lines will be very largely dependent on the close attention 
which is paid both to the design and to the erection of 
every detail. 

For instance, to secure the best results it is essential 
that the engineers should survey and set out the line and 
then prepare and issue to the constructional engineers a 
route plan giving all essential details of what is required. 
Fig. ives a copy of such an actual which is a 
model of lucidity. In the author’s opinion it is not con- 
ducive to the best results or to economical erection for 
the setting out of the work to be left tothe construction 
engineer to do at the last moment. Another essential is 
that the clerk of works should know his work and not be 
hampered by inelastic instructions. In making the survey 
of the line a useful instrument is Captain Abney’s clino- 
meter-level fitted with a compass. 


Factors or SArery. 

Considerable criticism was directed some time 4 
against the requirements of the Board of Trade that the 
conductors should have a factor of safety of 5 at 22 deg. 
Fahr., and wooden poles a factor of safety at 10, in bo 
cases taking the wind pressure at 30 Ib. sq. ft. of the 
exposed effective areas, whereas another Government de- 
partment—the General Post Office—only used factors of 
4and 8 respectively, and took the maximum wind pressure 
at 17 lb. per sq. ft. In both cases accumulations of ice 
or snow are not taken into account. The Board of Trade 
has made an alteration in its requirements recently by 
reducing the wind-pressure figure to 25 lb. per sq. ft., and 
Revised Regulations were issued covering this and other 
modifications in May, 1913. 

The two cases which are compared are far from being 





* Journal of the Institution of Electrical Engineers, 


Engineers, vol. li., page 2, 1913. | vol. lii., No. 223, page 17. 


Office Technical Instructions, XIII., dated 1911. Valu- 

able information on the strength, &c., of poles is also 
iven in Mr. Christopher Wade’s paper* before this 
Tims le is about 44 ti 

1. -pole is abou times as strong as a single 
pole comprising one of the legs, when provided with a 
creosoted brace-block 8 in. by 4 in. and 6 ft. or 8 ft. long, 
about 2 ft. from the butt-end, and with an oak key near 
the top secured by a scarf-bolt, and with a tie-bolt about 
half-way up the = above the ground-line, the spread of 
pd crty ap he ut one-eighth of the length. A second 

-bolt.is employed at the top of the pole. 

2. An H-pole fitted with two cross-arms, one tie-rod, 
and one brace-block, but no trussing tackle, is about 3} 
times as strong asa single pole comprising one of its legs. 

3. To determine the size of pole required. 

Let d = diameter in inches of eavh line wire, 

n = number of line wires, 

p = wind pressure in pounds per square foot on a 
plane surface, 

l = length of s in feet, 

D= a of centre of wires to ground-level in 
eet, 

d' = average diameter of pole in inches, 

LD’ = distance of pole out of ground in feet. 

Take the effective area ex to wind pressure as 
0.60 of the actual diameter of line wires and poles multi- 
plied by the respective lengths. 

Then— 


(a) Total wind pressure on the wires acting on the pole 
at the centre of the wires 





_06dxnxpxl_ daxnxpxl 


12 x 112 = == 


(+) The resulting stress on the pole acting at 1 ft. from 
the ground-line is then— 
dxnxpxlxD 
2240 


(c) The wind pressure on the pole itself acting at 1 ft. 
from the ground-line— 


owt. 





* Journal of the Institution of Electrical Engineers, 
yol. xxxix., page 304, 1907. ad 
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-%xDx»exD, 
bes 4480 

_ 0.6d' x D’ x px D’ 
si 12 x 2 x 112 


(The wind pressure on A and H poles should be taken 
as 14 and 1? times respectively that on a single 
Therefore the total 1-ft. breaking stress acting on the 
pole is the sum of (6) and (c), and this should be multi- 
— Ss the factor of safety (10). The size of pole 
required can at once be determined by reference to P.O. 
Technical Instructions, XIII. “se 
B. For steel poles, Messrs. Bullers, Limited, have 
kindly furnished the specification in Appendix I.* 
II. Stress on Poles due to Change in Direction of Wires. 
Let 
AY = the engle between the —. ead . 
= resultant stress in pounds acting along a line 
which bisects the angle @. ; 
p = stress of each span—i.e¢., the total breaking 
stress of all the wires in pounds, divided by 
the factor of safety allowed for the wires. 


wt. 


cwb. 


Then— 
R=2x px 00s ( 5) Ib. 
III. Stressin Stays. 
—_- = stress in stay-wire in pounds, 


= resultant stress of line-wires in pounds, 
angle formed by stay-wire and pole. 


R 


IV. Stress in Terminal Pole. 


Then— 


This is equal to the total breaking stress of all the wires | @ 


attached to it on the line side divided by the factor of 
safety to which they are stressed. 
V. Breaking Stress of Rownd Insulator Pins. 
Let W = elastic limit for wrought iron or mild steel, 
I = length in inches above cross-arm, 
D = diameter of pin in inches, 
C = coefficient of suntenes 65 to 80 for wrought 
". iron, and 80 to 100 for mild steel. 
en— 


ey 

Cx47x\2 

W= ’ 
L 


A factor of safety 4 should be allowed for iron or steel 
pins in order to obtain sufficient stiffness. 


VI. Breaking Stress, dc., of 7/8 and 19/8 S.W.G. gal- 
vunised steel stay-wire. 


Number of wires .. - es 7 19 
Weight per 100 yards in pounds 151 415 
Breaking stress in pounds— 
25-ton quality .. ° 7,840 21,280 
40-ton quality .. 12,180 33,060 
VIL. Average Breaking Stress for Stay- Rods. 
§ in. ne ian aes = aa 10,650 Ib, 
iim Ms = - ; ; 15,900 ,, 
in, ‘as - . sai wat 21,900 ,, 
1 in. ns a wis 


VIII. Stay-Baulks. 


When buried so as to pull against undisturbed ground, 
stay-baulks may be proportioned as follows :— 


Evenly Distributed 
I te Tons. Size of Baulk. 
2 3 ft. 6in. x 10 in. x 5 in. 
8 Bu Ow X 9, x 4,, 
5 2,0, x0, x5,, 


IX. Strength of Steel Channel Cross-Arms. 


Asstated elsewhere, a galvanised channel 34 in. by 2in. 
by din. (B.S.C. No. 2) is commonly employed. 
are very few data available for steel » Ree but experi- 
ments show that the following formule may be safely 
used to give a factor of safety of 4 and 8 in. deflection on 
a single arm of this size channel :— 


Let W = maximum weight in pounds, 
and L = length in feet of wt rel 
(a) Channel with weight a: one end (Fig. 2) :— 








w= 
| Fig. 3 
ct r 
oO [| O 
lw. | 
| 
}————— } cr >| 





(b) Channel with weight in centre (Fig. 3) :— 
5400 
Ww= +A 
L 
Exgorricat Design Formvu.a, &o. 
The following formule and particulars are in regular 
use in designing overhead feet end give accurate results. 


* Owing to lack of space, we are unable to print 
appendices.—Ep. E. = 


1. To find current in lines. 


Let W = watts to be delivered at far end of line, 
V = voltage between outer wires at delivery end 


cos @ = power factor of the load, 
= current in amperes. 
Then— 
I= ven 3 single-phase lines, 
Ww : 
= ———_—_ for 3-phase lines. 
/3 V cos? . 
2. Voltage loss. 


For short lines, such as are used in the United Kingdom, 
capacity may be ignored and the formula V, — V will 
give the voltage loss. 

V, = V(V cos @ + Ve)? + (Vain > + EF), 
where 


V, = voltage at generator, 
v = voltage at point of use, 
x = ohmic pressure drop in volts, 


E = E.M.F. of self-induction, 
= — > lag corresponding to power factor of 


There is another and simpler method of ascertaining 

the loss when the following particulars are known :— 

M.F. at point of use; kilowatts to be delivered ; 
power factor of load ; size of wire; distance between 
wires ; periodicity ; length of route. 

In a continuous-current circuit the drop in ge 
depends upon the current and the ohmic resistance. In 
an alternating-current circuit the total drop depends not 
only u the current and the ohmic resistance, but also 
n the self-induction of the circuit and the power factor 
of the load. In the short overhead lines used in this 
country the effects of electrostatic capacity may usually 
be i , and no account is bere taken of it. 

The drop of “ resistance voltage ” which would result, 
were a continuous current to flow through the circuit, is 
first determined ; then a “‘ drop factor ” is found by which 
the d pay drop with continuous current must be multi- 
plied in order to obtain the pressure drop produced by 
alternating current. The ‘‘ drop factor ” depends upon 
three things:—(1) the ratio between the ohmic value 
of self-induction (reactance) and the ohmic resistance ; 
(2) the power factor of the load ; and (3) the percentage 
value of the “‘ resistance voltage.” 

1. This depends upon the size of wire, the distance 
between wires, and the frequency. Appendix III. gives 

ratio of reactance to resistance for conditions which 
are most likely to occur in practice. 

2. The effect of the power factor of the load is given in 
Appendix IV., in which the drop factors for various 
ratios of reactance to resistance and various power factors 
are given. These have been determined by assuming a 
resistance loss in volts equal to 10 per cent. of the pres- 
- _ , te , 

@ percentage value of the ‘“‘ resistance voltage” 
has a relatively small effect on the value of the “dro 
factor,” so that the values given, which are determin 
for a resistance loss of 10 per cent., may be accepted as 
— correct for all resistance values not exceeding 

5 or 20 per cent. The greatest di cy occurs when 
the ratio is high and the power factor is unity. 


3. Self-induction. 
The coefficient of self-induction in millihenries per 
mile of single conductor is 0.0805 + 0.741 log d/R, where 


d = distance between centres of conductors in inches, and 
R = radius of conductor in inches. 


The ohmic value of self-induction is :— 
2 x periods per second x henries. 

The E.M.F. of self-induction is :— 

2 x periods per second x henries x amperes flowing 
in the conductor. 

4. Graphical method of ascertaining the losses in a 
three-phase overhead line. 

In Fig. 4 B H J is drawn to scale as an 
angle with each side equal to the pressure 





uilateral tri- 
tween the 
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nding to the power factor (cos ¢) 
Draw AD at — angles to A B, and of 
such a length as to represent the capacity current to the 
same scale as A C. his assumes that the ey is 
massed at the loaded end. Compound AC and AD; 
this gives the resultant current A E in the line. 

Now draw B F (tothe same scale as A B) to equal the 
pressure drop in one wire and parallel with A E. 
pressure drop is equal to AE x resistance of one 
wire.) Next draw FG (to the same scale as AB) at 
right angles to BF and equal to the E.M.F. of self- 
induction in one wire. Join AG. Then from AO 
complete the triangle G L K, and the sides G L, or LK, 
or K G, each give the necessary pressure between the 
wires at the generating end (7.¢., ./ 3 x AG). 

The cosine of the angle ¢’ is the power factor at the 
generating end, and therefore the kilowatts delivered to 
the line will be— 

Pressure G L x 4/3 x amperes AE x cos ¢’ + 1000. 

5. Electrostatic capacity. 

Overhead bare conductors. 

Let C = capacit: r mile in microfarads, 

d= y - mema % inches between centres of wires, 
7 = radius of conductor in inches. 
Then for a two-wire circuit— 
_ 00194 
~ Jog d/r* 
In the case of a three-phase circuit with the conductors 
at the corners of an equilateral triangle there 
are practically three equal capacities, as is shown in 
Fig. 5, and in this case the capacity 
0.0888 
ome log d/r’ 
The capacity current in amperes per mile of cable 
(assuming that the wave-form of the E.M.F. is a sine 
curve) will be— 
‘ . , 2expxOxV 
1. For a single-phase circuit ~~ jg . 


2 Cx V/V3 
2. For a three-phase circuit - == ch RIEL 4 
where p = periods per eecond, 

and V = voltage between two outer conductors. 

Values for copper and aluminium condustors will be 
found in Appendices V. and VI. 

In the case of conductors arranged in one plane the 


capacity is obtained from the expression 4/ a bc, where 
a, b, c are the capacities shown in Fig. 6. 


g.6. 4 


= 


C; 


Fig. 5. 
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_ 6. The table of safe currents for overhead wires given 
in Appendix VII. is based Go Professor George Forbes’s 
formula, 02 = Ds (_ !™"4 ) is i 

la, (j Rxasi This is found to be 
very accurate in practice. 

Before discussing details it will be of interest to describe 
two lines representative of wood and steel pole construc- 
tion. With one important exception most of the high- 
tension lines have been built with creosoted wood poles. 
A representative exumple of an up-to-date line using wood 
oy supports is that erected from Scotswood to Burn 

it for the Newcastle-upon-Tyne Electric Supply Com- 
pany to the specification of Messrs. Merz and McLellan. 

© main particulars of this line are as follow :— 


System < working. 3-phase 40 cycles with earthed 

neutral. 

Voltage between conductors. 20,000. 

Voltage between conductors to earth. 20,000 + /3. 

Conductors. Two horizontal circuits employing wires 
of 0.10 sq. in. section, arranged on the Merz- 
Hunter split-conductor system. 

Conductor spacing. 5 ft. horizontally. 5 ft. vertically. 

Conductor sag at 60 deg. Fahr. 5 ft. 6 in. 

A length of span. 85 yards. 

Straight-line poles. H-poles 32 ft. long and 104 in. in 
diameter at 5 ft. from the butt. ft. 6 in. centre 
to centre of poles. 

Chanvel arms on straight-line poles. 10 ft. 6 in. long. 
34 in. by 2 in. vA + in. galvanised. 

Terminal poles. -poles 40 ft. long and 11 in. in 
diameter at 5 ft. from the butt. 12 ft. centre to 
centre of p 

Channels on terminal poles. 12 ft. 6 in. long. 5 in. by 
24 in. by # in. galvanised. 

poles. H-poles 40 ft. long and 104 in. at 5 ft. 
from the butt. 3 ft. 6 in. centre to centre of pules. 

Channels on corner 12 ft. 6 in. long. 

Insulators on ight-line poles. Petticoat pin-type 

well-cushioned from the metal pin by oiled-twine 
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Insulators on corner poles. Petticoat-pin type well- 
cushioned from the metal pin by oiled-twine pack- 
ing, but with a second insulator. — 

Insulators on terminal poles. Suspension type. Three 
in series. 

Earthing arrangements. A continuous 7/12 S.W.G. 

alvani steel strand is run from end to end and 
1s connected to an earth plate every fifth pole. All 
metal work on the poles is conn to this wire. 

Telephone system. Four-pair telephone cable 
or superimpo3ed working is suspended from the 
continuous earth wire. Low-tension telephones are 


used. 

Factors of safety. Strictly in accordance with the Board 
of Trade requirements of 1913. 

Guarding. As shown in Fig. 16 [to be published later] 

The terminal pole on the above line is illustrated in 
Fig. 7, and a corner pole in Fig. 8. 














Fie. 7. Terminat Pore. 


The most important lines in the United Kingdom on 
which steel towers are used are those of the Cornwall 
Electric Power Company, for whom Mr. J.S. Highfield 
is the consulting engineer. The North Wales Power 
Company also have a few miles of lattice steel pole line. 
The Cornwall Power Company have used both tubular 
and lattice steel poles on 11,000-volt lines with spans of 
240 ft. and 350 ft. to 360 ft. 

The principal features of these lines are as follow :— 


Steel-pole line (No. 1). 


Conductors. Two vertical circuits employing solid hard- 
drawn copper wire, partly 0.123 sq. in. section, 
continuing with 0.07 sq. in. 

Conductor spacing. Two top phases 9 ft. 6 in. apart; 
two middle phases 10 ft. 6 in. apart; bottom p 
11 ft. 6in. apart. Distance between adjacent phases 
vertically 4 ft. 

Conductor sag at 60 deg. Fahr. On the 0.125 sq. in. 
section 11 ft., and on the 0.07 sq. in. section 10 ft. 

eee length of span, 117 yards. 

Straight line pole. Total length, 50 ft.8in. These 
poles consist of three sections, end base 6 ft. long, 
and two sections above ground of 19 ft. 4 in. and 
25 ft. 4 in., built up of four main angles and braced 
with similar angles. 

Angle poles. Total length, 51 ft. 8in. These poles 
consist of three sections, one 7-ft. base and two 
sections above ground 19 ft. 4 in. by 25 ft. 4 in., 
built up of four main angles, forming a 10 ft. 6 in. 
square at the ground level, tapering to a9 in. square 
at the top. 

Insulators (straight line). Grey suspension type, two 
in series. 

Strain insulators. The same as the straight-line 
insulators, with a different fitting for clamping 


the wire. 
Earthing. A continuous 7/13 S.W.G. or-bronze 
earthed at 


hos 
stranded wire is run from end to aa 
five points on the line. 
Road crossin; Four poles are placed in the edge ad- 
joining the road, from which cross-wires are sup- 


rted, so that in the event of the power wire 
ing, it falls on this net. net is earthed. 
wire is wound round the pole at a height 
of 8 ft. from the ground. 
Danger notices. These are placed on every fifth pole 
and each pole adjacent to the roadways. 
Steel-pole line (No. 2). 


The general construction of this line is similar to that 
of No.1. Some of the — are, however, of a different 
type, consisting of steel tubes braced together so as to 
make an A-pole. 

Conductors. Two vertical circuits, employing wire of 

0.07 sq. in. section. 

Conductor spacing. 9 ft. 6 in., 10 ft. 6in., 11 ft. 6 in. 

horizontally, and 4 ft. between phases vertically. 

Sag at 60 deg. Fabr., 10 ft. 

Average length of span, 119 yards. 

Insulators. Suspension type, two insulators in series, 

with phosphor-bronze stranded-wire grummets. 

Earthing arrangements. One continuous 7/13 S.W.G. 

phosphor-bronze stranded wire run from end to 
end, and connected to earth where a satisfactory 
earth can be found. 


Woop anp Sree. Pouegs. 


Most of the work already carried out has been done 
with winter-felled red-fir poles, creosoted by the Bethell 
process to the G.P.O. standard of an average of 10 lb. of 
creosote per cubic foot of timber. There is good reason 
to anticipate a life of thirty-five to fifty years for these 
poles if they are left undisturbed, and if they are erected 
within a few months after creosoting. The reason for 
this is that the free creosote drains into the earth around 
the pole and forms an additional germicide protection. 

In the last two years much interest has been taken in 
poles creosoted by the mye process, but naturally 
there is no experience yet of their life on the few lines 
which have been erected in this country. The poles have 
some advantages over Bethell poles in that they are both 
lighter in weight and cleaner to handle. From these 
pointe of view, and in face of the experience obtained in 
other countries, poles treated by the Powell saccharine 
process must also be seriously considered in future. 

To obtain the best results it is essential that all poles 














Fic. 8. Corner Pore. 


should be selected, dressed, slotted, bored, &c., at the 
maker’s works before the creosoting is done. The maker 
should be supplied with detailed drawings showing the 
finished t required, and the inspection of the — 
should take place at his yard whenever possible. hen 
the poles are built up at the maker’s pny the key-block 
of A-polesand the brace-blocks of A and H-poles must be 
properly marked so as toensure that they are put together 

y again on the site. Any recess cut in a pole 
after creosoting should be painted with hot tar. Some 
engineers have the bottom 9ft. of the pole covered before 


each of Stockholm tar and slaked lime and 7 parts of well- 
boiled tar. 
Steal etracteses before delivery should be coated with 





erection with a preservative mixture consisting of 14 parts | ford 





bitumastic solution ; and on that part of the structure 
which carries the insu so normally is inacces- 
sible with safety, the members should also be galvanised 
before spplying the solution. 

The choice between steel and wood poles is mainly a 
question of first cost plus maintenance charges. In the 
industrial districts of this country there are many reasons 
why pole lines cannot be run in a straight line, with the 
result that the s usually do not exceed 85 yards in 
len For such spans it is cheapor in first cost to 
employ wood poles, which require no after-maintenance. 
Under exceptional circumstances, such as in Cornwall, 
longer spans can be employed, and steel poles can then 
undoubtedly be used with advantage. In the author's 
opinion steel poles should not be employed in smoke and 
fume-laden districts without the most careful investigu- 
tion, because — with steel poles on tramway and 
railway systems shown that the rate of deterioration 
is He the cost of maintenance, in painting, &c., 
is high. 

Corner Poles of Wood.—On most lines it is best to 
deal with angles by using H-poles, which are, when 
necessary, braced with trussing tackle, and which are 
caupeel with stays, and are erected so as to bisect the 
angle. On heavy double-circuit lines at severe corners it 
is sometimes necessary to use - three-legged 
structures. All corner-poles should be erected with only 
sufficient rake to allow for settlement of the ground, and 
the whole of the side strain should be taken up by the 
use of stsy-wiresand kicking-blocks. In loose or marsh 
ground it is often necessary to plant corner-poles as well 
as the kicking-blocks in concrete. At corner-poles the 
line wire should be eased round the curve by using two 
in:ulators, as shown in Fig. 8, and more especially so 


when solid wire is employ 

Galvanising, oe | ée., of Metal-Work. — All 
channel-arms, pins, stay-rods, brackets, bolts, &c., should 
be thoroughly galvanised to the usual standard specifica- 
tion, and where the threads of bolts, &c., are too small to 
be brushed out while wet in So qhivenicing process they 
should be separately sherardised. Sherardised articles 
sometimes appear to be rusty after some months’ use in 
the open, but this is only a surface effect. 

Stays.—All stay-wires should conform with the Engi- 
neering Stand Committee's Specification No. 16 for 
galvanised wire for mechanical pu Convenient 
standard sizes to use are 7/8 and 19/8 B.W.G. galvanised 
steel strands, which should not, in the author’s opinion, 
have a breaking strain exceeding 33 tons per sq. in., as 
otherwise the wires will be too hard to be a rly work- 
able when nozzling off. The stay-wire should be taken 
three times round the pole or, alternatively, galvanised 
iron plates should be fitted to wooden poles, at the point 
where the stay is fixed, to prevent cutting into the wood. 
The stay should be taken round a galvanised thimble at 
the stay-rod end. All stay-wires should be connected to 
the general earthing system of a line ; but when lines are 
run in mountainous a where it is difficult to 
obtain good ‘‘earths,” it is advisable to insulate the stay- 
wire near the pole by inserting in it an insulator of the 
tramway globe strain type. 

Sometimes it is necessary to put fore and aft stays on 
poles—e.g., where a line is liable to be damaged by aero- 
planes. Selected poles should have stays in the direo- 
tion of the line whenever the line makes any consider- 
able variation in level. Oa unenclosed land, so as not to 
cause injury to animals, all stay-rods should be protected 
by means of wooden cattle-guards, securely fixed and 

inted white to make them easily discernible. It would 

better to treat them by the Burnett or Powell pro- 
eesses before painting. he creosoting of oan gunete 
is a mistake in such cases, because they cannot then be 
painted. In all other cases the cattle-guards should be 
preserved by creosoting them. 

The nozzles of all stays should be protected from cor- 
rosion by being coa with a high-grade bitumastic 
paint, and unless the threads of all stay-rods are galva- 
nised they should be painted with a mixture of 45 parts 
tallow, 45 ‘parts coal-tar, and 10 parts of mineral! pitch, 
as soon as practicable after installation, to prevent them 
rusting up and becoming useless. 


Line Conpvucrors. 


Probably 95 per cent. of the high-tension lines are 
equipped with cop conductors, chiefly because that 
metal was first in field ; and while it is very uniform 
in its characteristics, it also has a high scrap value com- 

ith ae cost. Our knowledge of aluminium 
however, e rapid strides in the last three — 
onger 


and it has now become a competitor that can no 
be passed over without serious consideration. For 
instance, cold rolling, coupled with improved manufac- 
turing processes in the United Kingdom, has increased 
ing strain of aluminium by 10 = cent. over 

that obtained only three yearsago. After having erected 
and watched the behaviour of about 500,000 yards of 
aluminium conductors ar | on low-tension lines), the 
author is very decidedly of the opinion that this metal 
ought notto be over in favour of co if the 
total first cost of a line comes out cheaper with aluminium. 
There are cases where sulphur products abound—e.g., 
in the neighbourhood of coke-ovens, where aluminium 
should be preferred to copper because it will not be so 
readily corroded. ‘ ine 

The following are some of the high-tension lines on 
which aluminium has been successfully employed :— 

1. War Office: three-phase lines from Aldershot to 
Ewshott, & 3 . 
2. War Uffice : three-phase lines from Tidworth to Bul- 


8. Weardale Steel, Iron, and Coal Company : Thornley 
to Wingate. 
4. Ebbw Vale Steel, Iron, and Coal Company. 
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5. North Wales Power and Traction Company. 


6. Fife Coal Company. 7 

There is no s ice in the case of copper in 
regard to the use of solid or stranded conductors. On 
spans up to 50 yards tramway practice oe wy safely 
be followed in using solid wires from 114 8.W.G. up to 
4 8.W.G. For longer spans and la sections the 
conductors should certainly be stranded, because of the 
additional strength obtainable, and 7, 19, or 37-strand 
conductors will be suitable." When specifying the break- 
ing strain of the copper, it is v useful to employ a 
formula of the form suggested by Mr. A. P. Trotter :— 


T = 30 —- 2D, 
where T = breaking strain of each wire in tons per 


sq. in. 
D = diameter of wire in inches. 


In other respects the cop should comply with the 
latest British Engineering Standards Specification, dated 
March, 1910. “limit of proportionality” on the 
wire may be taken at 75 per cent., and the minimum size 
of solid copper conductor now allowed by the Board of 
Trade on a high-tension line is No. 1148. W.G. 

With aluminium it is essential to use stranded con- 
ductors, and there should mever be less than seven wires 
in thestrand. The breaking strain of the wires employed 
in the strand can be obtained from a formula similar to 
the above—viz. :— 

T = 16.5-24 D. 


In order to obtain suitable wire it is suggested that the 
specification should call for wire having a “ limit of pro- 
rtionality” of 70 per cent. approximately, and con- 
orming after stranding with the tests set out in the fol- 
lowing table :— 


Suggested Tests for Hard-Drawn Aluminium 
Conductors. 








Standard Diameter | Breaking Extension Wrapping 
Wire of Wire. Strain on a &-In. Test. 
Gauge. . Length. 
in. tons p. ¢q.in r cent, 
4 0.282 11.00 Pots.00 
6 0.192 12.00 8.00 Three times 
8 0.160 13.00 8.00 round its own 
10 0.128 13.50 38.00 diameter on, 
12 0.104 14. 2.50 and three 
14 0.080 14 2.50 times off. 
16 0,064 14.75 2.50 











The object of the ‘“‘ wrap test” is to ensure that no 
brittle wire is used, and it should be noted that compli- 
ance’ with the Board of Trade Regulations is only 
obtainable by ignoring wires larger than No. 6 8S.W.G. 

Jointing uctors.—It is usual to make all joints at 
insulators, and not under strain. There are many ways 
in which copper conductors can be jointed. The best 
way known to the author for jointing copper on lines 
which have tocarry heavy loads is by means of the copper 
braids described by Mr. C. Vernier before this Institu- 
tion.* During calm weather thereis no difficulty in 
making excellent butt-welded joints with blow-lamps on 
aluminium conductors up n. in section, 


to 0.25 sq. i 
which is the largest section that is likely to be employed 
in high-tension work. 


Spacine or Conpucrors. 


Bracket Arms, Brackets, and Pole Roofs.—Frequently 
on single poles ing one three-phase circuit, a triangular 
spacing of the conductors is obtained by placing one in- 
sulator on a ridge-iron above the zinc-pole roof (with 
which all poles should be fitted) and two insula’ 
horizontal arm below it. ,While this arrangement econo- 
mises 8) it is not to be recommended, because the pole- 
roof is liable to be damaged, and because it is difficult to 
make the top insulator-support sufficiently rigid in all 
positions, and particularly on curves. A a ae 
ment is that obtained by using three galvanised wrought- 
iron brackets. Two of these can be on.-one side 
and one on the other side of the pole, or they can be put 
all on one side of the pole if there is any possibility of a 
second circuit being required later. (In passing, it should 
be noted that no pole-roofs of lighter gauge than No. 14 
S&.W.G, zinc or No. 16 galvanised iron should be used. 
Anything lighter is of no use in high winds.) In all 

ly ee | work, such as a duplicate-circuit line, steel 
channel, not wood, cross-arms are now ly used, 
and there is a growing practice to abandon the equilateral 
triangular ment of the wires on three-phase dupli- 
cate circuits, and to erect the wires of each circuit ei 
vertically or horizontally. The latter is the better 
arran ent when du te circuits are needed, as 
trouble has been experienced with the vertical arrange- 
ment through snow loading down an u wire until it 
fouled a lower wire. When duplicat» its are needed 
i to place one circuit on a single 
pole and the second on another single pole at least one 
wl length away from it, if wayleaves can be arranged. 

© great advantages of this ys cmyacnn 

One circuit can be shut down for repairs, &c., enabling 
the wiremen to — —# — quickly, and it is 
easier to arrange for supply to given on a ring-main 
system. The second line should be taken by a different 
route when possible. 

It is not possible to give any general rule as to the 
spacing to be adopted for conductors for any i 
1H) tie tong cf span } (6h the windage s{0) the mney ond 

e span ; ; Sag ; 
the horizontal or LB be arrangement of the wires ; 





* Journal of the Institution of Electrical Engineers, 
vol, xlvii., page 313, 1911, 


but it may be taken that the spacing on any length of 
span should not be less than :— 
3 ft. for 20,000 volts ; 
2 ft. 6 in. for 11,000 
2 ft. for 6,000 
2 ft. for 3,000 ,, 

In deciding the spacing it is necessary to know the 
maximum angle of swing of the conductors. 

Let 6 = maximum angle of swing. Then 

an0 = wind pressure per foot of conductor 
weight per foot of conductor 

The maximum deflection in feet from the vertical is 
sin 6x sag in feet. In A ix XI. values of sin @ are 

iven for r and t uivalent aluminium con- 

uctors for wind pressures of both 17 Ib. and 25 Ib. per 

. ft. In order to prevent two conductors in a horizontal 
plane from swinging r, they should, theoretically, 

susp-nded so that their distance apart is more than 
twice maximum deflection, but in practice it-is safe 
Sa Ee = on will aed or **dead out Jee 

ase,” on 80-y spans to e the spacing eq 
to the sag of the conductors at 60 deg. Fahr. 

Galvanised channel-arm of 34 in. by 2 in. by 4 in. stan- 
dard section is one which is found most The 
channel-arms, being earthed, have one disadvantage on 
lines which are operated with an earthed neutral and are 
controlled by any form of instantaneous overload or auto- 
matic protective apparatus. Big birds, chiefly crows, 
stand on the arms and peck at the live wires, with results 
altogether disastrous to themselves, but involving nothing 
worse than a shut-down of the line and an interruption 
of the supply. This trouble is usually experienced from 
May to August, while crows are = and presumably 
learning wisdom. The difficulty been overcome on 
several lines by providing porcelain bushes round the 
insulator pins from the channel-arms upwards into 
the insulator, and by clipping pieces of bitumenised-fibre 
conduit on to the arm, so as to insulate the bird: On 
delta-connected lines birds are frequently killed, but no 
shut-down of the line is involved. 

Tyinc-In or Conpuctors. 

This is one of the most important features in the con- 
struction of any line, as work will lead to endless 
trouble and cost in maintenance. 

are three principal methods of tying-in the con- 
ductors to the insulators :— 
1. Flexible binders. 
2. Semi-rigid binders. 
3. Rigid clamps. 

1. In the author’s opinion the flexible binder demands 
the services of skilful wiremen, and is the best both for 
copper and aluminium if it is made correctly. Fig. 9 
shows the copper binder which has stood the test of 
several years’ work on the Newcastle-upon-Tyne Electric 
Supply -— y ’s lines, and has never been known to 
fail. Fig. 10 shows the successful aluminium binder 
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Fig. 10. 
FLEXIBLE ALUMINIUM 
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y is obtained without the possibility of longitudinal 
vement of the conductor. 

2. The only semi-rigid binder known to the author is 
that designed and patented* by Mr. G. K. Paton, Chief 
Engineer of the North Wales Power and Traction Com- 
pany, and used successfully by him both on 724 miles of 

circuit, employi: id co} conductors i 
from No. 4 to 2/08. W.G., miles of si 
ee prem of stranded aluminium. The bind 


le circuit 
ers 

used extensively by the Ebbw Vale Steel Company 
and the Lambton and Hetton Colliery Company. The 
Paton binder was designed to overcome odtiee an lines 
which run over mountains and are subject to very severe 
thet the eoft-copper fecttis’ bred originally installed 

80! exi ers i 

stretched ott the line-wire loose at dhe tanalatee. 


* Patent No. 5636, 1912, 








ve also | abou 


Under these conditions it was found | bined 


Vibration in the line-wire then caused chafing both of 
the wire and of the insulator groove, in which the glaze 
was broken away. Cases were found where the line-wire 
had worn away for 30 cent. of its diameter, while 
many insulators fai at the groove. Paton 
binder is illustrated in Fig. 11. It is made of solid 
copper wire, No. 4 to No. 6 S.W.G., according to 
the size of the line-wires of copper. With aluminium 
lines the aluminium binder varies from No. 2 to 
No. 68.W.G. The binder is formed on a special jig to 
clip round the neck of the insulator, a standard jig 

made for each size of insulator. e binder is hooked on 
the line-wire and then bound under tension at the other 
end with about 15 turns of No. 14 S.W.G. soft binding- 
wire. A leather or pig-skin chafer is fixed be 


tween the 
line-wire and the neck of the insulator, and after five 


years’ use it has been found that the chafer remains as 
good as new, and°does absolutely stop the chafing effects 
on the — and i 
tight, and is: 
Pie, chafer. 


insulator. @ whole binder remains 
ble, owing to the cushioning effect 


o The cost is about the same as that of a 





Fig. 12. 





well-made flexible copper binder, and about one-fourth 
the cost of some mechanical clips. It has an advantage 
over the flexible binder in that no special skill is required 
for fixing it. 

There are various forms of rigid clamps in extensive 
use. When rigid clamps are very carefully fitted by 
experienced wiremen, they appear to give satisfaction, but 
it is necessary to emphasise the fact that, to get good 
results, each clamp should be titted to the insulator on 
which it is to be used, because of the variations in dimen- 
sions of all insulators. Some years ago the author inves- 
tigated two lines on which troubles were experienced, 
and found that these were due to mechanical clamps. In 
one case, although well fitted, the line vibration had 
caused crystallisation and breakage of the metal of the 
clam In the other the clamps had been so badly 
fit that they were moving, with the result that the 
aya the insulators broke and caused the insulators 


_ The author is of opinion that rigid clamps are wrong 
in principle, because they reflect back vibrations in the 
line-wire ; and it seems certain that ultimately the line- 
wires must crystallise and break at these clamps, even if 
the clamps do not fail first. In this matter much expe- 
rience has been gained from the breakage of tramway 
trolley-wires at rigid ~~ rting ears. 

Method of Making a -Line Binder (Fig. 12).— 
A cushion of, say, twenty-four turns is first made on the 
line-wire, and the two ends are then taken around the 
insulator ; in order to avoid having a cross at the back, 
the wire which starts under the line-wire is kept at the 
bottom of the groove and under the line-wire at the other 
side, and similarly the other wire is -— at the top of the 
groove and over the line-wire. Not less than four turns 
are now made round the line-wire on each side, and the 
ends are brought together and twisted to prevent the 
binder spreading. ‘ 

(To be continued.) 





BisMUTH FIND NEAR Yatcoo, WrEsTERN AUSTRALIA 


i-] —A new find has been made 18 miles from Yalgoo, and 
Harri- 


4 miles from Donnely’s. The prospectors, Messrs. 
son, Newman, and Shaw, have a shaft on the reef 25 ft. 
deep, in which there is about 2 ft. of quartz, with a high 
percentage of bismuth, and in the costeens the mineral 
shows freely in the stone. Messrs. Carter and Hamble- 
don, on the next lease, have a reef over 2 ft. wide, show- 
ing @ good percentage of bismuth, and on the surface 
adjoining obtained 14 cwt. of ore by dry-blowing, carrying 
t 80 per cent. to the ton. ere are also on the 
properties molybdenite and scheelite, worth from 17 

er ton up 8, also a trace of gold. Hitherto the onl 

uth-producing States in Australia were New Sout 

Wales, Q , and Tasmania. Last the com- 
output was 27 tons, worth about . per ton, in 
a crude state, in Germany, where it will not be received 
at the works if less than 30 per cent. to the ton. When 





panning off a prospect the metal hangs ther like gold, 
which #t resembles, only not so yellow, ” v 
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TRANSMISSION OF POWER BY CHAINS. 


On Saturday last, the 10th inst., an in i 
paper on the ‘‘ Transmission of Power by Chains” 
was read before the Manchester Association of Engi- 
neers by Mr. H. T. Hildage, M. Inst. C.E., of 
Manchester. The demands upon our space will not 
permit us to reproduce this paper in full, but we 
reprint below a considerable A ong of it dealing 
with the development of modern types of chain- 
gearing. 





The New Transmission at Sein — Se thus 
indicatei the pressing need for an improved method of 
transmitting power to machines in factories and work- 
shops, and the qualities that would be required for a new 
one, we may proceed to consider chain-gearing as a pos- 
sible solution of this problem, to examine how far it will 
fulfil the requirements, and to see what pr 
made in the development of its design, manufacture, and 
application. : segge 

aking the requirements in order:— — _ neh 

1. Positive Drive.—I is obvious that chain-gearing is a 
positive transmission. ; Geet 

2. Efficiency. —The calculated efficiency of a chain-drive 
under the worst circumstances of size of wheels and ratio 
is over 99 per cent., and the calculation takes account of 
all losses that are of serious consequence, but does not 
take account of any friction in the bearings of the shafts 
that are being connected, not even that portion of the 
friction due to the driving pull. The difference be- 
tween perfect and commercial conditions for chain-gear- 
ing is not such as to detract seriously from its efficiency. 
A number of experiments made for the purpose of mea- 
suring the efficiency of chain-drives have shown it to be 
between 96 and 984 per cent., and in these cases the losses 
include not only those due to the chain itself, but also 
those due to such part of the resistance in the bull-bearings 
of the motor and generator as were induced by the driv- 
ing pull on the chain. If a chain-drive receives yen 
care and reasonable lubrication during its life, its hig 
efficiency is maintained until the chain is completely worn 
out. In the case of ropes and belts the reeult of neglect 
isa mere falling off in efficiency, which, while y, is 
imperceptible. In the case of chain-gearing, as in the case 
of any other mechanical contrivance, neg! ce is rapidly 
destructive of the gearing, and immediately attracts 
attention. . , 

ibility,—Chains are, of course, quite as flexible 
as belts or ropes, and their flexibility does not depend 
upon any bending of ma : bending takes place 
about a properly-prepared bearing, which is specially de- 
signed to reduce friction and keep wear at a minimum. 

4. There are limitations of istance b 
centres of shafts to be connected, but they cannot be said 
to be either narrow or rigid. The minimum centre dis- 
tance for a chain-drive is the sum of the radii of the 
staallest wheels that can be put on the shafts to give the 
required ratio of reduction, and this, in gen joes not 
exceed the centre distance for a corresponding spur-wheel 
drive. The maximum centre distance, which to some 
extent depends upon the inclination or “‘lie” of the drive, 
is about 20 ft. Small variations in the centre distance are 
of no co uence—t.¢., the efficiency and satisfactory 
working of the drive no more depend upon the distance 
between the shafts being an exact figure than in the case 
of ropes or belts. . : A 

5 and 6. Durability.—The fulfilling of this condition 
depends upon the excellence of design and the quality of 
workmanship and material used in the manufacture of 
chains and wheels, and the discussion of the design ar 
application that follows will make it evident that chain- 
drives are usually quiet, free from vibration, and suffi- 
ciently durable to be reliable and economical. _ 

7. Low Cost.—In first cost the mere substitution of a 
chain for a belt or rope, without any other change in 
the conditions, would not, as a rule, be economical. In 
all probability a chain-drive would often cost more than 
@ spur-wheel drive, for which it was substituted. Butif 
it were possible to re-model the conditions of a rope or 
belt-drive so as to make them suitable for chain-gearing, 
the total cost of the installation would usually be less 


with chain-gearing than with belts or ropes, because | affected 


shorter centre distances will be used, larger ratios are 
possible, and other modifications and economies in design 
and arrangement will be made. Again, if cost be defined 


as the total cost, including first cost, maintenance, depre- | th 


ciation, interest, and power absorbed in transmission, it 
is ——— easy to demonstrate that chain-gearing 
: much cheaper, where it is applicable, than non-positive 

rives. 

8. Hlasticity of Speed Ratio.—In the present state of 
its development chain-gearing will not readily fulfil this 
requirement. The possibility of it doing so in the future, 
however, is a matter for discussion in connection with 
difficulties in the application of chain gearing. _ 

Design of Chains and Wheels.—Bearing in mind the 
im ce of efficiency, durability, quietness in running, 

freedom from vibration, the requirements of a satis- 

f chain can be stated as follow :— ; 

1. It must be so formed as to be ble of ing with 
suitable wheel teeth in such a way it will enter and 
leave the wheel without great loss of power and without 
noise. 

2. The joints must be so designed and made as to be 
capable of resisting wear for a long period of time. 

And the requirements of satisfactory wheels are :— 
1. That the tooth form shall be such that a suitable form 
of chain link wi i 
impact as possible and without friction, will remain in 
gear with it, and will leave it freely and without friction. 

2. Small increases in pitch of the chain, due to inevit- 


will come into gear with it, with as little | smaller 





able wear, must not detract from the satisfactory fulfil- 
ment of the first — = A Ben 

are two princi utions of t! uirements, 
one of which is considerably nearer ica than the 
other ; the other, however, has certain advantages that 
—s adoption in many cases. These two solutions 
are so-called silent and bush-roller chains. 

Silent Chain.—The silent chain (patented by Mr. Hans 
Renold in 1895), which runs on the face of its wheel after 
the mianner of a belt, consists of a series of flat plates 
with working faces formed upon them, and fitted with 
bushes or of some type or other, and strung 
together upon a stud. The le between the working 
faces (see Fig. 1) is usually 60 .» and these working 
faces engage with the tooth form of the wheel, which is a 
— surface. The action of the chain at entering and 
eaving the wheel is shown in Fig. 2, and it is obvious 


_-——— 60° ~~ 


og 


Fig.t. 








Fig. 1. 
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Fie. 3. Sment Cuain; Worn Cuarn Encace- 
MENT WITH WHEEL. 
on entering is 


from this — oe that the only ~~ 
produced by the angular movement of the link about one 
of its pivots. It is also obvious that there is no sliding 
on the tooth-faces, and that in this respect, therefore, the 
silent chain is an almost perfect solution of the 
when it is new. The gearing of the chain with the wheel 
when it has become extended in pitch, by the natural and 
inevitable wear of the beari is shown in Fig. 3. 

The working face of the chain en with the work- 
ing faces 4 the — at a » = ey Bae on & 

pitch circle— consequently between the position 

of the Shain when it is new and as Ty abe po 
as possible and its position when it is in danger of riding 
over the tops of the teeth, there is no change in the 
method of gearing, and consequently the efficiency is un- 


3 and, as far as 
the depth of the teet as great as possible, so that the 
permissible extension, and consequently the useful life, 
ma increased. 


Other angles, , 
but 60 deg. is found to give the most useful of 
wheels—namely, from a minimum of 15T to a maximum 
of 120T. The explanation:of this is as follows :— 

The minimum number of teeth is fixed by the shape of 
the teeth, and by the impact of the link in coming into 
gear with the teeth. It is obvious that if a 60 deg. face- 
a) 2 pee. the flanks of a tooth in a pinion having 
12 T will be parallel to each other and to the radius passi 
through the centre of the tooth. 
as the minimum because on such a wheel the teeth are 
not merely not undercut, but are sufficiently thicker at 
the root than at the top to satisfy the requirements of 
design. Experience shows, however, that it is inadvis- 
able, if it can be avoided, to ure even so few teeth as 
fifteen, especially at high speeds. It has been observed 
that silent chains running on such small wheels at high 
speeds wear out rather eve this is probably due 
to the fact that the impact between the links and the 
tooth faces at entering has a ing effect on the 


For these reasons, then, it is advisable that where the 
linear speed of the chain will exceed 1000 ft. per minute 
there should be not less than 17 T in the pinion, and 19'T 
will give a quieter drive and ter durebilit . This, of 
course, is assuming that the angle is 60 deg. If the 
face angle be greater than 60 deg., a satisfactory tooth 
form, from a des point of view, can evidently be 
obtained on # pinion with a smaller number of teeth 
than fifteen; but the considerations of impact, above 
referred to, would preclude the use of pinions having a 
smaller number of teeth. On the other Band, with a face 
angle of less than 60 deg., the minimum number of teeth 
in the pinion, from a design point of view, will be 
greater, and then another consideration comes into 
operation—namely, the maximum number of teeth that it 
is desirable to use in any drive. is maximum is fixed 
by considerations of an entirely different character, which 
will be dealt with presently, at 120T. If, then, a more 
acute angle be used between the working faces of the 
link, and a pinion thus obtained having a larger number 
Sas the maguiteds of Ge opeed mals eee nes 

magnitude ratio i ween 
the driver and driven shafts will be reduced. 

With regard to the maximum number of teeth that can 
be used in the other wheel, it has already been stated 
that the life of the chain is limited by the difference 
between the radii of the pitch circles on which the chain 
runs, when it is new, and when it is just on the point of 
riding over the tops of the teeth. This difference s, 
as far as conditions external to the chain are concerned, 
pay tery me of the teeth, The th of the teeth, to 

intents — pen is ind ent of the number 

> © considerations that fix it will be indi- 

cated later, but the angle between corresponding faces of 
adjacent teeth depends only on the number of teeth in the 


w In figures it is 360 deg. divided by the number of 
teeth. It is found that with the depths of teeth generally 
used, a chain that has its = extended by 2 per cent. 
will just to ride over t 


tops of the teeth in runni 
on a w having 120 T, and 2 per cent. extension of 
pitch is a convenient figure to fix upon, from the point of 
view of chain condition.: Therefore, it is not desirable 
to use a wheel having more than 120 T under ordinary 
conditions. 

_(c) Tangency Circle.—Kach of the working faces of a 
—' is at the same b ner from the centre of the — 
cent t —i.¢., they are tangential to two equal circles 
described about the bearing centres. Each pin or stud is 
common to the links of the two pitches that it connects, 
and therefore the corresponding tangency circle of these 
links coincide. It follows that the working faces of the 
connec J are tangents of the same circle, and as 
these working faces lie on adjacent wheel teeth, the latter 


Fig. «--Piteh -—-» 














Fic. 4. Sient Cuain; Desien or tHe Link 
Form. 


are also equi-distant from the pin centres. I» will be 
obvious that the effect of i ing the radius of the 
circle will be to increase size of the links 


reduce the size of the teeth. At the same time as the 
size of the teeth is reduced it is necessary, for the sake 
of strength, to limit the height to which the chain can 
climb in adjusting itself for increase in pitch, and this, 
in turn, limits the life of the chain. On the other hand, 
@ reduction in the radius of the tangency circle will affect 
the design of the pin, and a compromise is therefore 


‘Assuming that in our link design the pitch, the angle 
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between the working faces, and the radius of the tan- 
gency circle are fixed: it is possible to complete the shape 
of the link. Fig. 4 shows the other considerations that 
affect it. In the first place, the throat must be sufficiently 
high to clear the . ~ of the teeth under — 
that might occur. The depth of the throat will also have 
its own effect a the elasticity of the chain. If it 
extends considerably higher than ine connecting the 
centres of the bearings, mange ye the chain will be very 
elastic, and this perty of elasticity is sometimes a 
valuable one, ma! ——— softness and smoothness of 
running, as well as s' and efficiency. 

In the second place, the inner face of the link must be 
at such an angle that it can under no condition, either 
entering or leaving, come intocontact with the teeth. It 
has been found by experiment that under reasonable 
conditions there will not be a backward bend of the chain, 
on entering or leaving the wheel, greater than 15 deg. 
(see Fig. 5), 80 that the inner faces of the links can be 


Fic. 5. Siwent Cuatn; Maximum Backwarp 
Benp. 


designed with this in view. That portion of the outer 
edge of the link contiguous to the working faces must 
be of such a curvature that with the same backward bend- 
ing it also will clear the teeth—1.c., iv must fall entirely 
within the tangency circle. The back of the link must 
be decided in conjunction with the shape of the throat, 
because in certain circumstances it is this that will fix 
the strength of the link. . ; 
Bearings.—The beari should be designed entirely 
from a durability point of view. It is obvious from the 
remarks that have been made on the subject of efficiency, 
that the difference between the most efficient and the 
least efficient design of bearing, or, in other words, the 
design of bearing that gives the least and the most 
friction, is very small, amounting to something less than 


half of 1 per cent of the power transmitted. The expres- 
sion that this consideration given by different 
makers is shown in the different types of that 


have been used, and a brief description of these will be of 
interest. 

Plain Bearing.—In the first form of silent chain the 
links were punched from steel strip and hardened. The 
studs were plain circular pins. is is the most obvious 
kind of bearing to use, and naturally efforts immediately 
began to be made to improve it. Ib is interesting to note, 
however, that some chain-drives made with this ‘ype of 
bearing lasted as long as 15 years, so that although this 
was the first design, it must not be too readily assumed 
that it was altogether a bad one. : 

Bushed Bearing.—The next type of bearing was what 
is known as the “bush” type. Gilass-hard steel bushes 
were forced into the links, each bush connecting two, or 
sometimes three, plates. This construction is shown in 
Fig. 6. The pin was a plain steel pin, case-hardened. 





Fic. 6. Piain Busuep Jornrt. 


This type is still used by one firm entirely, and by another 
for the smaller sizes of chains—i.e., from §-in. pitch down- 
wards. 

Multiple- Block Chain —The firm that originated the 
bush type of bearing found it very difficult to obtain the 
required degree of accuracy when two or more flat plates 
were strung together on the same bush, and it was not 
found possible at the time to punch the links from material 
heavy enough to make them from a single plate, and so 
another design was adopted. Steel bars were obtained, 
cold drawn, to the reqaired section, and the chain was 
made up of blocks sawn from these Lars and case-hardened, 
the pins still being plain pins of mild steel, case-hardened. 
In this design ial attention was paid, for the first time, 
to lubrication in the bearings. Slots were cut in the 
links, giving access to the pin-holes from the inside (see 
Fig. 7), and oil-grooves were turned on the pi is 
type of chain is very expensive, but exceedingly durable. 

me drives that were fitted as long as fifteen years ago 
are still running with the first chains, showing few signs 
of wear. of the above-mentioned designs was 
originated by the firm that obtained the first patent for 
silent chain-gearing—namely, Hans Renold, Limited— 
antocker Joint Th of beari patented b 

oint.—This type ing was 
Mr. E. F. Morse, of Trun , USA. in 1893. te 
is shown in diagram in Fig. 8, it is seen that the idea 
of « pin and a journal bearing has been departed from, a 





knife-edge rocking on a plane being substituted, the idea 
being probably that if t! were no rubbing there would 
be no friction, and co; uently no wear. e sectional 
ins are made from cold-drawn steel bars, and hardened. 
hilst the underlying idea of eliminating friction, and 
consequently wear, is excellent, this type of bearing has 
not fully realised this feature in practice. It makes a 
very durable type of chain, and has given very good ser- 





























(3830.H) . 
Fic. 8. Morse Rocker Jornt. 


vice indeed, especially under unfavourable conditions, 
such at hot and dusty atmospheres, and absence of lubri- 
cation. 

Liner Type of Joint.—The patent was granted to J. M. 
Dodge, of the United States, for this type of bearing in 
1904. As will seen, the bearing consists of a case- 
hardened steel pin turning between segmental bushes, 
each of which is fixed in one combination of the chain. 
As originally made, cold-drawn strip was used for the 
links, and the form of the holes was as shown in Fig. 9. 





Fie. 9. Simtent Carn ; First Form or Patent 
Liner BEARING. 


This design is still in use in the United States. Later 
the links were placed side by side in pairs, with a view 
to fixing the liner in the link, and ultimately much 
heavier plates were used for the same purpose with much 
success. At the same time the shape ef the holing was 
improved by Hans Renold, Limited, the total effect of 
these improvements being to give a much more flexible 
chain, @ ter possibility of backward bend, and a 
more nearly perfect attainment of the desire to fix the 
bush or liner in the link (see Fig. 10). It is obvious that 


Fig.10. 





(3830.") 
Fic. 10. Stent Cuain; Hans Renoxp, Limrrep, 
MoprricaTions oF Patent Liner Type. 


the underlying idea of the liner- ing is to increase the 


bearing area and thus retard wear. e liners are made 


from strip steel and case-hardened, and the pins also are | chai! 
hardened. 


case- 

Comments on the Above ene hey will be readily 
understood that nothing like finality has yet been reached 
in this important part of the design of silent chains, and 
that this implies no question or detraction as to the suita- 
bility of present designs. In point of fact, every one of 
the designs above-mentioned, properly carried out, is ca) 
able of giving, and has given, a satisfactory and durable 
chain. Nevertheless, since the extension of pitch is really 
the feature, as far as the chain is concerned, that sets a 
limit to its life, and sets a limit > the application of 
c gearing, as regards magnitude of power transmit 
ingenuity and skill in design successfully applied 
point is sure of a reward. Improvements in the design 
of magnitudes, but, by rendering it possible to 

Pw ary werelintes - Apeennn power, will reduce 
the cost of the transmission. 

(a) Circular- Pin Typ:.— The important difference 


of bearings will not only increase the durability of drives | F 





between the liner type and the other types, where the 
pitch and width of the chain is the same, is the difference 
in the amount of bearing area. ing area can be 
increased in two ways: by increasing the diameter of the 
pin, and by increasing that portion of its length that 
serves as a useful bearing. ith the plain link and the 
multiple-block type it is possible to use a pin of larger dia- 
meter than can in either the bi or liner type. 
The multiple-block construction then is a better one than 
the construction in so far as the same proportion of 
the length of the pin is available to resist wear, and a 
larger pin cw be used. On the other hand, the bearing 
surface available in the bush and multiple-block designs 
is more effective than in the multiple-link type, because 
the bearing surfaces are individually larger. ~ 
with the plain bush type of link itis possible to use g 
hard steel bushes, and consequently to obtain a greater 
d of hardness ; butas an off-set to this it is not pos- 
sible, as in the case of the multiple-block type, to make 
special provision for lubrication. With the liner type of 
construction the whole of the length of the pin is available 
for bearing, and more than off-sets the diminution of the 
area, due to the reduction of the pin diameter. There is 
one in it, however, and it exists also in the 
rocker type. In chains of these two designs it is found 
by experience that the extension of pitch takes place as 
the result of wear, not only between the pin and its bear- 
ing, but also as the result of wear between the components 
of the bearing and the link. This points strongly to the 
desirability for one element of the bearing being an abso- 
lute fixture in one combination of the chain, and in the 
liner type this has been substantially achieved by the use 
of thick links and force fits. 

(b) The Rocker Type.—The desirability of using this 
principle for a bearing must a; strongly to every 
engineer. In addition to the difficulty mentioned in dis- 


cussing the liner type, there is another, and that is, the 
difficulty of preventing the rocker or knife-edge from 
sliding on its plane. is sliding is quite likely, in fact, 


is certain to take place when the chain is under tension 
as well as when it is not, and it can only be prevented by 
fixing the rocker and the pin, not only in their respective 
combinations, but also by fixing them, or at any rate by 
reducing the clearances to a minimum, in the alternate 
eo em - oad as these Be cpegee become increased 

y wear, the sliding again ms to occur. 

(c) The Futuwre.—It seems probable that the type of 
bearing that will finally prevail will be the circu = 
type, because, as far as existing experience 8, id 
certainly not given inferior results to the other, and it 
does seem to have greater possibilities as im- 
provement. Improvements in this type will have for 
their object :— 

(a) The increasing of the areas available to resist wear. 
. (6) Increasing the degree of hardness of wearing sur- 
‘aces. 

(e} Improving the methods of lubrication. 

And a very important feature of all such improvements 
will necessarily be simplicity. 

In connection with (a) it can be stated that it is me- 
chanically possible to produce a chain that will permit 
the use of a larger diameter pin than can be used with 
the liner type, and will, at the same time, permit of as 
great a proportion of the length of that pin being avail- 
able. It remains to overcome the manufacturing and 
commercial difficulties. Such a chain would ve 
the advan that instead of a half of the tooth face 
of the chain ing on each wheel tooth, practically the 
whole of it would come into play. 

Tooth Form—It ie not necessary to say much more than 
has already been said on the subject of tooth form. The 
only portion of the tooth — that is left to be fixed, 
when the link has been designed, is the top—i.e., the 
depth of tooth. The actual shape of the top of the tooth 
is, of course, of no consequence, but the depth is im- 
ep bp ag as it directly affects the length of the 
ife of the chain. This dimension will evidently be fixed 
at the same time as the link is designed, and will be 
ate as great as possible, without spoiling the shape of 

e link. 


Methods of Guiding. —There are three methods of 
keeping the chain on the wheels in general use :-— 
(a) By flanging one of the wheels. 
(b) By a ae he flange in the chain, which runs in a 
ag hd moor , are 
ce) By runni anges on the outside edges of the chain, 
which overlap the edges of the wheel. 
erhaps the most generally satisfactory of these three 
methods, but certainly the most expensive, is the flanging 
of one of the wheels. Any end-play in the shafts, or 
defect in aligning the wheels properly, can be allowed for 
by making the wheel extra wide, and faults in alignment 
or parallelism do not lead tosuch rapid destruction of the 
in as is usually thecase with other methods of guiding. 
The centre guide-chain has a solid link inserted in every 
alternate pitch, and a groove is turned on the wheel, into 
which this link, or running flange as it may be called, 
will fit and run. This is a very cheap and satisfactor 
method of ~— and is probably more | ery pnd sont | 
than any other. The objections to it are t it — 
that the wheels should carefully lined up, and the 
shafts made parallel, otherwise t stresses are brought 
to bear on the pins in the chain-bearing, and the chain is 
rapidly racked to pieces. A certain amount of error, of 
course, is of no consequence, because it is usual to allow 
from 0.03 in. to 0.08 in. clearance between the centre 
guide-plate and the groove, and, in addition to this, the 
chain after all, a certain amount of lateral flexibility. 
or reasons excessive accuracy in lining up is un- 


necessary. 
The third method of guiding, by outside flanges on the 


chain, has the advan that it is cheaper than flanging 
the wheels, and om also the anja of cutting the 
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grouves in tue wheel-. ‘There isa possibility, however, 
that faults in alignment may force the outside guide-_ 
plates off the pine and cause the chain to fall to pieces. | 
‘This method of guiding has also the disadvantage attached 
to the centre guide—namely, that faults in alignment | 
bring excessive stresses to bear on the pins and bearings, 
ting in rapid wear. 
_ Bush Ro'ler.Chain.—This type of chain was invented 
in the year 1880, by Mr. Hans Renold. It is so called 
because the bearing consists of a pin and bush kuuckle- | 
joint, with a roller running on the outside of the bush to 
relieve the friction between the chain and the wheel at 
entering and leaving. The pin is carried by one pair of 
side plates, and the bush by the adjacent , the roller 
running freely on the outside of the bush. The pinand bush 
are fixed in their respective side-plates, in order that the 
motion of bending will be taken up in the bearing proper, 
which is punenel for it. 

In gearing with the chain-wheel the teeth of the 
wheel pass between the side-plates of the chain and 

with the rollers. There is probably no doubt 
about it that, in a new chain at any rate, the action of 
the roller is not so much in relieving friction between the 
chain and wheel-teeth as in absorbing impact. It will be 
convenient to defer the consideration of how far this ty 
of chain complies with the general specification until t 
design a< the chain and wheel-tooth form have been 

ur . 

Design of Roller-Chains and Wheels.— The ri 
element in this type of chain is the roller, and the lin 
form, therefore, offers no problem to the designer, other 
than those connected with s h, weight, and possibly 
appearance. The stud must of such diameter and 
length that it will give sufficient bearing area to transmit 
the power or pull required, efficiently. The outside 
diameter of the bush will, of course, have its own effect 
on the shape of the link head into which it is fixed. A 
certain amount of impact is transmitted to the bush by 
the roller, but the bush in its turn is well supported by 
the stud, so that bushes very rarely suffer on this account. 
The amount of bearing area between the roller and the 
bush is naturally not nearly so important, although neces- 
sarily rather greater than between the bush and the stud. 
The diameter of the roller affects the size of the teeth. 
An excessively large roller would give an impossibly 
small tooth. On the other hand, the iaternal diameter of 
the roller is fixed by the diameter of the stud, and the 
roller must be stout enough in thickness to resist the 
impact. 

The bush roller-chain was originally designed for the 
transmission on a bicycle, and later it came into use for 
the rear-drive on a motor-car. As a genera) rule each 
builder of motor-cars fixed the dimensions of his own 
chain, and the result is that roller-chains stand very 
badly in need of standardisation on rational lines. It has 
been tacitly decided by each manufacturer of roller-chains 
to make each of the various sizes selected at different 
times by different makers of motor-cars, but it would re- 

uire considerable stretch of the imagination to show 

that this series of chains can be considered in any sense 
a — expression of the principles above enun- 
ciated. 

Tooth Form.—The exac’ form of the wheel teeth has 
been the subject of careful study and experiment. The 
requirements are substantially the same as for silent 
chain-gearing—namely, that impact at entry shall be a 
minimum, that movement of the chain after entry, with 
regard to the teeth, shall also be a minimum, and that 
small increases in pitch of the chain, due to wear, shall 
not affect the fulfilment of these conditions. A good 
many different tooth forms have m in use with 
different makers at different times, but the gap that 
seems most nearly to fill the above requirements is shown 
dissected in Fig. 11. 
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Toorn Form. 


It consists of :— . 

1. A root-circle equal to the roller diameter, or a few 
thousandths larger. f 

2. Two straight lines at 60 deg. to one another, forming 
tangents of that circle. : = 

n arc of a circle, or circles, joining on to these 

ts and forming the top of the tooth, determining 
ight. 

The manner in which the various parts of this form fill 
the requirements is as follows :— f 

When the chain is new and of correct pitch, the roller 
falls into the root-circle, and the impact is taken by a 
considerable portion of the circumference of the roller, 
also by a considerable area of the wheel. If the chain is 
worn somewhat (see Fig. 12) the incoming roller comes 
into contact with the tooth-surface at an acute angle; 
in other words, the incoming roller strikes it a glancing 
blow on the tooth of the wheel, with the result that 
injury to the roller or to the wheel ir minimised and noise | 
reduced. j 


3. 
ta 
its 





‘The action of the worn chain on the wheel is shown in| mediate shafts can be 
Fig. 13. One of the rollers beds down into the root of | distance is 


the gt. and the others take up positions on the straight 


which — on the amount of extension of | a! 


pitch and their 
down. The position of the bedded-down roller de 


on the relation between the tension on the slack side of | then some other transmission 


the chain and the tension on the driving side, and there 
is consequently a certain amount of movement between 
the roller and the wheel tseth whilst in engagement. It 
is evident, however, that the bedded-down roller is at the 
point of least pressure between chain and wheel, and con- 
sequently this motion does not induce much friction or 
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cause much wear. Evidently the same kind of thing 
occurs with the silent chain; the unimportant character 
of the motion is shown by the fact that very little, if any, 
tooth face-wear occurs in normally designed silent chain- 


ves, 

The curves which form the upper portion of the teeth 
are so desi that on entering and leaving the roller 
does not touch them at all, but comes right in, and is 
lifted right out of its final position, without rolling or 


ridin 

Wi [o> and Wheels.—One of the conditions 
—namely, ring area required—that influences the 
decision as to the width of the chain has already been 
spoken of. The others are the fact that there must be 
sufficient surface in contact between the wheel and the 
chain to avoid excessive wear in the wheels, and the fact 
that the stud must be sufficiently stiff to resist any ten- 
dency to bending, in case, from any accident or other, the 
contact between the chain and the wheel should become 
& point contact instead of a line contact. 

Number of Teeth in Wheels.—It is obviously possible to 
make roller-chain pinions with as few teeth as may be 
d , and, as a matter of fact, if the speeds are very 
slow indeed, and duty light, it is possible to use as few as 
6T. With ordinary speeds, however, the imtpact on 
small pinions becomes very t, and in general it is not 
desirable to use less than 12 On the other hand, it is 
evident, from a consideration of tooth-form design, that 
the adjustment for pitch extension is not so t on the 
bush roller as on the silent chain, and therefore it is not 
so desirable to use so many teeth in the large wheel. For 

practice it is well to consider 80T as the maximum 
number to be used in ordinary cases. 

Application.—From the nature of the problem, and in 
the al of standardisation of design, it is difficult, if 
not impossible, to give anything more than general indi- 
cations on the application of eens In broad 
terms, the problem may be stated as follows :— Power is 
to be transmitted from one shaft to another. The amount 
of power is fixed, the distance between the shafts may, 


drive must fulfil certain definite conditions with 

to cost, uniformity of turning, noise or vibration, and 
space available. The questions to be ans then, 
with regard to chain-gearing are :— 

1. Is it adaptable for this particular case ? 

2. Which vype of chain is best? 

3. What will it cost ? 

4. How much space will it occupy ? 

5. How long will it last ? 

i. > very Bd copettpentions that em | 
rule out icability of using chain-gearing, and it 
is rather difloult t to state exactly what they are. If the 
horizontal distance between the shafts exceeds 20 ft., 
chain-gearing is out of the question, unless inter- 


or may not, be fixed, the speed of turning is fixed, the | Par® 
regard 





used. If the direct centre 
and no adjustment for the chain 
in, chain-gearing ia not avail- 


great, 
t is essential that the transmission should run 


= be provided, 


istance from the roller that is bedded | absolutely without attention, either automatic or other- 


wise, as regards lubrication, adjustment, and cleaning, 
better be used. Other 
answers to this question would probably be found in 
answering the other questions—t.c., in certain cases 
chain-gearing would be ruled out on account of its 
excessive cost. It might be ruled out on account of the 
space that it would occupy, or in some cases by the short- 


ness of its life. 





2. The followi gate tables will show the limita- 
tions of silent an h roller-chain gearing as regards 
8 is and powers :— 


Tasie I.—Silent Chains. 





| Range of Speeds (R. P.M.) Maximum H.P, 
Pitch. for Constant H.P. One Chain. 
0.5 990 to 1835 4.5 
0.625 790 ,, 1470 7.6 
0.75 660 ,, 1225 14.5 
1.0 495 ,, 920 82.0 
1.25 440 ,, 736 53.0 
1.5 405 ,, 610 75.0 
1.75 375 ,, 485 145.0 
2 220 ,, 375 270.0 
3.00 165 ,, 270 400.0 











This table is calculated on the assumption of a 17 T pinion, a 
maximum linear chain of about 1800 ft. per minute for the 
small pitches, and 1200 ft. for the larger pitches, and a maximum 
——~ pressure at these maximum speeds of about 650 Ib. per 


Tasie Il.—Bush Rel/er-Chain. 








| 
Maximum R.P.M. Maximum H. P, 
0.5 2005 1.5 
0.625 1540 1.6 
0.75 1205 2.0 
0.875 905 2.6 
10 812 8.0 
1.125 680 8.5 
1.25 583 6.0 
1.875 609 7.5 
1.5 431 9.0 
1.75 832 14.0 
2.0 258 20.0 
2.25 205 | 27.0 
2.5 163 34.0 
‘ 2.75 181 40.0 
| 3.0 105 50.0 
i— —_—_——_ - - » 
| This table is calculated on the tion that the minimum 





pinion will have 18T, and the maximum speed is what has been 
shown, by long experience, to be perfectly safe. 


Beyond this, the silent chain can only be used where 
the shafts are rotating in the same direction, but bush 
roller-chain can be used for a reverse drive by the inter- 
vention of a third shaft. noise and vibration 
must be reduced to a minimum the silent chain should be 
used ; and, in general, if it be desired to reduce the noise 
and vibration, a shorter pitch chain, whether of the silent 
or roller type, will be preferred to a longer. Evenness of 
turning is affected by the pitch of the chain and the 
ae 2 sae > Se Saal ~ i J been 
stated, chain-w are not ‘ect circles, but gons, 
and, obviously, if the polygons have few teeth’ the uni- 
formity of eng may be sensibly affected. An a> 
of this kind has found in driving grinding i- 
nery, where an ca pn running at a very high speed 
is grinding a epi running at a comparatively low 
8 If the spindle be turned Ly a chain-wheel having 
very few teeth, it is obvious that its angular velocity 
may vary sufficiently in a 1 er to permit 
the quick- running emery - w _to leave definite 
marks u it. Cases in which uniformity of turning, 
due to this fact, influence the drive, however, are com- 

tively rare. The bush roller-chain, whilst being 
inferior from the —_ of view of mechanical refinement, 
and whilst not filling so well as the silent chain the 
uirements of a good transmission, is of more 


aut negien, and, because of the shape of its 
a AT than the ilen B.- Brcediy 023 i 
e silent i roadly speak- 
ing, therefore, it will be selected, by preference, where 
ei type of chain is available, w durability and 
long service are more important than mechanical refine- 
ment, and where the avoidance of noise is not the most 
im t consideration. . 
The question of cost may involve the selection of 
several suitable chai and several suitable sizes of 
wheels, and the making of a comparison between their 
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prices, and no indications can be given that will be of any 
value in a general consideration of the problem. : 
4. The question as to the space that will be occupied 
can be answered with accuracy when the chains and 
wheels have been selected. Generally speaking, a chain- 
drive will occupy considerably less s both as regards 
width and centre distance, than belt or rope-drives, 
and it will occupy more space, both as regards width and 
centre distance, than spur pearing. It can, under cer- 
tain conditions, however, compressed into the same 
space, as centre distance, and, in a 
number of cases, as regards width also, occupied by spur 


gearing. . . a Sie 

5. It isin seeking an answer to the question, ‘‘ How 
long will it last ?” that the main problem of selecting and 
evaluing achain-drive must be attacked, and it involves 
a careful study of all the elements of the drive and all the 
Sentuses of Go chain Ge — in the tipplica 

A good of progress ein application 
of chain-gearing, and experience and information, both 
of general and special character, have been obtained ; 
but the cases in which chain-gearing have been success- 
fully applied have varied so greatly, asr conditions 
that aftect the rate of wear, many of which are notcapable 
of numerical expression, that it not — le to 
collect and tabulate the kind of information t would 
enable one to say, in designing a new drive, how long 
it would last. In order to obtain a general solution 
of the problem all the features have to be considered : 
for example, not only the speed of the chain, the pull 
on the chain, or the power to be transmitted, and the 
angle turned by the links on the pins, length of 
the chain, or, what is the same thing, the distance 
between the shafts, the size of the wheels, the area of the 
bearings of the chain, and the degree and depth of hard- 
wane of the parts must be considered ; but the lie of the 
drive, the accuracy of erection, character of lubrication, 
the nature of the load and other considerations may have 
a , if not determining, effect on the life of the chain. 

hat the precise effect in increasing or diminishing the 

life, a specified change in any one of the conditions men- 
tioned will be, must be determined. The degree 
depth of hardness of the chain parts can, of course, always 
be as constant. If each of the other conditions 
in turn mes Cer are the adh > f chain will be 
approximately inve ory to the chain speed, 
bo the pull on the po A and to the angle turned by the 
links, or by the pins in unit time; this, of course, 
as long as the conditions do not preclude éfficient lubri- 
cation. Under the same circumstance, and within cer- 
tain limits, the life will be almost directly proportional 
to the distance between the shafts and to the area of the 
bearings of thechain. To some extent these more or less 
exact relationships will be varied by the effect of impact 
and by variation in the quality of the lubrication ; but it 
will be seen from what has said that before any 
definite rules can be laid down some careful research is 
necessary, a large number of experiments must be made, 
4 number of chain-drives must be watched over 
extended periods ; the information+obtained must be 
carefully analysed, due consideration being given to the 
other features of a chain-drive which cannot be so readily 
expressed numerically—namely, atmospheric and tem- 
perature effects, variations in the character of lubrica- 
tion, im in the drive, the lie or inclination in the 
line joining the centres of the shafts, and so on. 





COLONIAL AND FOREIGN ENGINEERING 
PROJEOTS. 

We give below a few data on several colonial and 
foreign engineering projects taken from the Board of 
Trade Journal, Further particulars concerning these 

rojects can be obtained from the Commercial Intelligence 
— Board of Trade, 73, Basinghall-street, London, 

South 4 oe The Official + age San Cape Pro- 
vince publishes notices regarding pro} munici 
loans as follow: —The Municipality of Barkle Wat 
intends adopting a proposal to borrow 5500/., the Munici- 

ity of Middelburg 10,500/., and the Municipality of 

ew Bethesda 4000/., for the provision of a water comely 
for the tive towns. The Municipality of oc 
will sho put forward a proposal to raise a loan not 
exceeding 10,000/., for the purpose of installing an elec- 
tric-lighting system for the town. 

New : H.M. Trade Commissioner for New 
Zealand has forwarded extracts from the local Press, from 
which the following are taken :—At a recent meeting of 
the Napier Borough Council, it was decided to take a poll 
of the ratepa pm ey to raise a loan of 16,0000. 
for municipal works, of which sum 6000/. would be em- 
pas for the completion of the tramway and electric 
ighting undertakings, 3000/. for two extra tramcars and 
additions to the tramway stati: and 25001. for exten- 
sions to the lighting mains, &c. ratepayers of Epsom 
a suburb of Auckland) have agreed to the raising of a 
oan of 55,0002. for the carrying out of a scheme for the 
drainage of 880 acres in that district. A timber company 
is eres ee extensive works at a cost of 
50,000/. in the Kanaeranga district, near Thames. The 
oe dg by Lemna pe roads, the construction of 
bridges, and the laying of tram lines. It is estimated 
that many million feet of timber, conveniently situated 
for economical and sj y working, are standing, and 
that it will take fully 12 years before the forest is cut out. 
A company has been formed in the Dominion, with a 
capital of .» to run motor-bus and services. 
The names of the two com to may be 
obtained by United K contractors and manufac- 
turers interested on a) i 
telligence Branch. : 7-2 

Italy : The Gazzetta Ufficiale, Rome, publishes a notice, 


ication to the Commercial In- | Ca; 





issued by the Ministry of Public Works, inviting tenders 
for the construction of a sea-defence wall at Porto- 
Vecchio Toscano (Piombino). The upset price is put at 
1,661,832 lire (66,473.), and a deposit of 80,000 lire 82007 .) 
will be required to qualify any tender. Tenders, which 
will be o on January 24, should be addressed, Al 

ignor Direttore Generale delle Opere Marittime, 

inistero dei Lavori Pubblici, Rome. Although this 
contract will doubtless be awarded to an Italian firm, 
nevertheless the carrying out of the works may involve 
the purchase of some materials outside Italy. : 

Roumania: With reference to the Roumanian Bill for 
new railways, &c., it is notified that H.M. Legation at 
Bucharest reports that the Roumanian Parliament has 
voted credits to the extent of 17,000,000/. for railway 
expenditure, including construction of new lines, addi- 
tional rolling - stock, doubling existing tracks, and 
improving the railway warehouse accommodation. The 
expenditure is to be s over a period of seven years. 

key-in-Asia: With reference to the loan 
for the provision of a water supply at Jerusalem, the 
Board of Trade now learn that, although a supply of 
running water would be a to Jer 6 fact is 
not realised by the bulk of the inhabitants, who are quite 
satisfied with the supplies afforded by their cisterns ; 
while the numerous ecclesiastical and charitable institu- 
tions are already provided with capacious cisterns con- 
structed at a great cost. It is undoubtedly true that, if 
there were any prospect of a a of sewers being con- 
structed, a water supply would be an absolute necessity, 
but there is no reason to believe that any such under- 
taking is contemplated. 

Morocco : H.M. Consul-General at Tangier reports 
that tenders are invited by the Commission Générale des 
Adjudications et des Marchés for the construction of a 
section some 14 km. (about 8} aie) in length, of the 
road from n to Casablanca. The estimated value 
of the contract is 254,950 francs (10,198/.), and a deposit 
of 4000 francs (160/.) is required to qualify any tender. 
Tenders, accompanied by certificates of competency, will 
be received by M. le Président de la Commission Générale 


and | des Adjudications et des Marchés, Dar-en-Niaba, Tan- 


gier, up to 1la.m. on February 24. The contractor must 
elect domicile in the neighbourhood of the works. H.M. 
Consul-General also reports that the Comité Spécial des 
Travaux Publics has voted the sum of 130,000 francs 
(52007.) from the funds of the Caisse Spéciale for a new 
reinforced-concrete pier to be constructed at —— 
Mexico: H.M. Consul-General at Mexico City has 
forwarded an extract from the local Press stating that 
the Mexican Chamber of Deputies has a Bill con- 
firming a eontract made between the Minister of Com- 
munications and the Compagnie Générale de Chemins de 
Fer Secondaires, S.A. of Brussels, for the construction 
of 5000 kiloms. (about 3100 miles) of railway in various 
parts of Mexico. The contract is for a period of 52 
years, at the expiration of which the railways and ..4 
ment will become the property of the Government. e 
contract includes the construction of a railway from 
Sonora to Lower California through the Imperial Valley, 
as well as lines in Chihuahua, Durango, Jalisco, Guerrero, 
Michoacan, ascalientes, Sinaloa and Oaxaca. Not 
less than 250,000,000 francs (10,000,000/.) is to be spent on 
the construction of the railways. 
Brazil: The Diario Official, Rio de Janeiro, publishes 
a decree (No. 10,602) approving the plans and estimate 
ot 13,044,078 milreis (about 870,000/.) for the construction 
of the last section of line, about 100 miles long, between 
Indiana and Tibirica Harbour. This constitutes an 
extension of the Tibagy section of the Sorocabana 
Railway. 
German South-West Africa : H.M. Consul at Liideritz- 
bucht ay that the diamond revenue of German 
South-West Africa for the year ending March 31, 1913, 
yielded about 350,000/. more than was anticipated, and 
this sum is available for expenditure during 1914-15. 
Current revenue also is greatly in excess of the estimates, 
| the me a nd enabled to — upon . scheme 
of reproductive and necessary wor special session 
of the Landesrat met on November 10, 1913, when the 
py gine w were approved :—The raising of a loan 
of 450, for the construction of a narrow- rail- 
way from Otjiwarongo to Okahakana. is line is 
regarded as the beginning of a scheme of railway develop- 
ment in the north and north-west of the Protectorate, and 
will be supplemented by a line from Otjiwarongo to Oka- 
handja vid oy meee thus providing a continuous direct 
line between the northern and southern extremities of the 
Protectorate. The line from Swakopmund toOmaruru and 
Karibib is to be relaid to the Cape standard gauge at an 
estimated cost of 75,000/., and the old material utilised 
for the Okahakana line. The old State railway from 
Swakopmund to Karibib is to be abandoned, with the 
exception of the section from Karibib to Kubas. The 
material thus obtained will be used for a special line to 
connect the farmers in the Swakop Valley with the town 
of Swakopmund. The Komatsas reservoir, in connec- 
tion with the Fisch River development scheme, is to 
be commenced as soon as the permission of the 
German Reichstag is obtained. This reservoir will have 
a capacity of 110,000,000 cub. metres and is estimated to 
cost 300,000/., half of which sum was voted from the 
surplus revenue available. A sum of 50,000/. is to be set 
aside for grants-in-aid to farmers for dam-building and 
water- ; the Government will contribute not more 
than one-third of the cost of such undertakings. A new 
landing-jetty is to be built at Liideritzbucht ; it will be 
about 787 ft. long and 26 ft. broad, and will have a pier-head 
39 ft. by 52 ft. cranes, each of 3 tons, and one of 
15 or ae Oe Se SS Ge railway tracks of 
pe gauge, ill be provided. The work is to be com- 
= in 14 years, and a first instalment of 9000/7. was 
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Flexible py he ng the Power-Plant Company, 
Limited, of West 7 n, Middlesex, ay have — 
& ca! giving full particulars, with prices, two 
types flexible couplings made by them. In one of 
} ste couplings, which is most suitable for fairly steady 
loads, the drive is transmitted through leather rings 
which surround projections from the two opposite faces of 
the coupling ; from six to twenty-four leather rings are 
employed, jing to the size of the coupling and the 
power transmitted. It is pointed out that the arrange- 
ment of these couplings gives greaf s' combined 
with flexibility, that the two halves of the coupling 
are completely insulated from each other electrically. 
There is also,no risk of a sudden and complete failure 
such as might Occur in coupli depending on a single 
belt. The sizes listed are capable of transmitting from 
0.0006 to 8 a mpm at one revolution per minute, 
and een vege y greater powers at er speeds. The 
other couplings dealt with have been designed for use 
where heavy stocks have to be met or where the starting 
et greatly exceeds the full-load torque. They are 

le either. of cast iron or cast steel, and the two facing 
halves of the 5 have similar sector-shaped projec- 
tions extending from them. The projections from one 
part come between those from the other part, and the inter- 
vening space is filled in with suitably-shaped packing- 
pieces consisting partly of wood and partly of a special 
compressible material which is claimed to be imperish- 
able. The smallest coupling of this type listed is capable 
of transmitting a torque corresponding to 0.35 horse-power 
atone revolution per minute, while the largest will trans- 
mit 75 horse-power at the same speed 


Air-Compressors and Pumps.— The Westinghouse 
Brake Company, Limited, of 82, York-road, King’s Cross, 
N., have issued a booklet giving particulars of steam- 
driven enihoe | Soy ony vacuum-pumps, and water-pumps 
manutactured by them. Both air-compressors and pumps 
are of the direct-acting type, so well known in connection 
with the firm’s railway-train brake apparatus, but their 
oe of simplicity and compactness, combined with 

urability and efficiency, render them well suited to 
many industrial applications. The air-compressors, for 
instance, are suitable for supplying rock-drills, pneumatic 
riveters, and other tools, as well as for raising liquids of 
all kinds. They are made in either single-s two- 
stage, or oa types, as well as with cross- 
compound steam and air-cylinders. The vacuum-pumps 
are practically the same as the compressors, except 
that the pipe connections to the air-cylinder are 
reversed 4 esired the same pump . AY to 
produce either pressurs or vacuum. © water-pumps 
can be used for all kinds of pumping work, insiating fire 
protection, and they may be driven either by steam or 
compressed air. -contained they will work 
quite well suspended by a chain down a shaft, and may 
be started or stopped from a distance, especially when 

by compressed air. The pumps are also well 


o ted 

ted to boiler feeding, as the eo can be regulated 
with great nicety ; a special type of water-cylinder is used 
for this duty. e booklet gives capacities, weights, and 


dimensions of all the above-mentioned pumps and com- 
pressors, together with sectional illustrations and general 
descriptions of all types. It also includes instructions 
for installation, maintenance, and working, with detailed 
lists of parts, all of which are named and numbered, to 
facilitate the ordering of spares. Various accessories, 
such as compressor-governors, valves and cocks, reducing- 
valves, hose-couplings, &c., are also dealt with. 


Engine-Indicators.—The Lunken Company, Limited, 
of 35, Great Dover-street, S.E., have issued a catalogue 
of engine-indicators, and we have to acknowledge the 
receipt of a copy of this catalogue. Its title, ‘‘ Perfect 
Indicators” will at once attract the attention of en- 

ineers, who have been looking out for such instruments 
or years. The latest pattern indicator of the Lunken 
Company is claimed to approach as nearly as possible to 
theoretical tion, and it certainly ap to be a very 
high-class indtrument, but yoting engineers should be 
warned against calculating indica’ horse-powers to 
three - of decimals even when using this indicator. 
Several special features are claimed for these instruments. 
For instance, the spring is outside the cylinder, and works 
in tension, so that it can be very closely wound, and 
should, therefore, be more accurate than i which 
work in compression. The parallel motion mechanism is 
also encl in a cover, to prevent the access of dust and 
grit, which cause premature wear. Other features tend- 
Ing to increase accuracy and convenience in working are 
also mentioned. For the latter purpose the cylinder 


liners are made interchangeable, so that pistons of 
different areas can be fitted to work with pressures up to 
10,000 1b. per sq. in. Also the drums have two cord grooves, 
so that two or more indicators can be operated by asingle 
stroke-reducing mechanism. These indicators are made 
in three sizes—large, medium, and small—for speed up 
to 300, 600, and 1000 revolutions per minute respectively ; 
the large and medium sizes are also made with internal 
—- ior those who prefer them. The catal also 
eals with Crosby-pattern indicators, of which three 
sizes - nat. he standard — is peck for 
up to revolutions per minute, the hi t 
for speeds up to 1000 revolutions per minute; a ai 
indicator, for use with motor-car and engines, 
suitable for up to 2000 revolutions per minute, is 
also listed. The catalogue gives particulars of the firm’s 
mb friction-clutch for indicator-drums, Mathot drums 
or internal-combustion ines, drums for taking con- 
tinuous diagrams, electrically-controlled indicators for 
locomotives, stroke-reducing mechanisms, and other 
accessories of all kinds, 
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**ENGINEERING” ILLUSTRATED PATENT 
REC . 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE AOT OF 1907. 
S each 4 nt aaa the ‘Specification is not 
Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in italics. 
ae speci, ions may be obtained at the Patent Office, Sales 
mch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform tye of 
T advertisement of the yoy of a Complete 
oe 8, 8 ot am, a after abstract, wnless the 


‘atent has , when the date of sealing is given. 
Any person may, at time within two months 
te nduartlommant of a Complete Specification, 


give notice at the Patent O. of opposition to the grant of a 
Patent on any of the grow mentioned in the Act. 


ELECTRICAL APPARATUS. 


11,069/13. Electromotor Eq ent Company, 
Limi and A. J. Barlow, London. Motor-Driven 
Con rs. {ti Fig.) May 10, 1913. This invention has 
reference to improved nieans for operating direction-switches and 
for cutting out and re-inserting the resistance in controllers of the 
motor-driven type, used for the ee of starting and stopping 
po oes rage in either direction of rotation. In controllers of 
this type sent p +i, ists © p ting Ai +3 
ewitches with magnets coupled direct, requiring large and costly 
magnets, and of cutting out the resistance by the rotation of a 
ecrew, and of re-inserting the resistance by the quick rotation of 
the screw in reverse direction by means of gear or springs or by 
disengagement of ahalf-nut from making contact with the screw, 
allowing a spring to operate for the purpose ; whereas, according 
to this invention, the direction-switches are operated by a cam at 
the top of the screw, each magnet only being ——= to raise an 
arm for the cam to effect the movement of the direction-switches 
by means of the auxiliary motor of the controller, when the use of 
comparatively small magnets of inexpensive cost can be employed ; 
and the resistance, acco:ding to this invention, is cut out under 
electrical control by the engagement of a half-nut, and re-in 
when the current is cut off by allowing the sliding contacts to fall 
by gravitation. 1 shows the panel upon which the means, accord- 
ing to this invention, are ted directi witch 








from the date of | threaded, th 


auxiliary motor 11, causing the same to stop; the lever 39 is 
hii to the panel 1, and connected to the rod 33 to form a 
parallel motion for the movement of the half-nut 9 ; and upon the 

agnets 22, 24 b ing de-ene the arm 26 falls to a 
position clear of the cam 4, the sliding contacts 5, 6 fall to the 
—- shown on the drawing, and the switch 34 becomes open. 

pon the magnets 23, 24 becoming energised to start the electro- 
motor in the opposite direction, the direction-switches take the 
position shown on the drawing, being moved to the right by the 
cam 4 engaging the arm 40 when raised. (Accepted November 12, 





Company, Limit 4 E. Howell, Birmingham. 
. an 
Fuse- ers. (7 Figs.) March 10, 1913.—This invention 
relates to electric fuse-holders of that type comprising a cylin- 
drical or other suitably-shaped hollow body part composed of 
insulating material, and through which the fuse-wire is 
» the bod being provided with separate metallic 
terminal ends, by which it is secured in position. The invention 
comprises means for securing the terminal ends to the body part 
comprising a clip or clips carried by or mounted upon the bod 
part and arranged to engage with the edges or sides of the termi- 
nal ends. The metallic terminal ends 1 of the fuse-holder have 
their outer extremities downwardly cranked, as shown. Their 
inner extremities are forked or bifurcated so as to form arms or 
branches 2. These arms or branches are inserted within longi- 
tudinal slots 3, formed in the sides of each end of the body part 4 
of the fuse-holder at diametrically opposite points. The body 


Fig.1. a” , 
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part 4, through which the fuse-wire is threaded in the ordinary 

manner, is of a hollow cylin formation, and is composed of 

= or other insulating material and is preferably lined 
heat. 





d, 2 and 3 the itches, 
4 the operating cam for working the direction-switches and the 
resistance cut out and re-inserted by the sliding contacts 5, 6 is 
numbered 7, 8. The sliding contacts 5, 6 are raised to cut out 
the resistance 7, 8 by means of a half-nut 9, having a thread cut 
to suit the pitch of the screw 10, and are allowed to fall by gravita- 
tion to re-insert the resistance by the withdrawal of the half nut 9 
from contact with the screw 10. The screw 10 is made to rotate 
for raising the sliding contacts 5,6 by the auxiliary motor 11 
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revolving the spur-pinion 12, which is in mesh with the spur- 
wheel 13 secured upon the end of the screw 10, and the cam 4 is 
secured at the top end of the screw 10, the -— of the screw 10 
being taken by a ball-thrust washer. The sliding contacts 56, 6 
are carried by a frame 15, and fitted with springs to keep the 
contact faces in engagement ; and the frame 15 is kept in position 
by the two vertical guide-rods 16, 17 fixed at the top and bottom to 
the panel 1 ; the frame 15 is arrested in its descent by buffers resting 
upon collars formed on the guide-rods 16, 17. Upon current being 
switched on to run the electromotor in one direction, either the 
t 22 or 23 becomes energised, together with the magnet 24; 
taking, for example, that the magnets 22 and 24 become ener- 
, the result would be as follows :—Referring to the magnet 

, the plunger 25 would raise the arm 26 against the under side 
of the cam 4, should the cam 4 stop in the position shown on the 
drawing ; but upon the cam 4 being rotated by the motor 11 a 
pat of So comene of Coca ¢ would traverse towards the arm 
, which would allow the arm 26 to continue ite upward move- 
ment to a position that the further rotation of the cam 4 would 
engage, when the direction-switches 2, 3 would be moved to 
the left, the te to the position shown on the drawing ; 
and the m 
of the eat passer hou 
o game axis, also rod 33, which th the 
nut 9, with sliding -fit engagement, by causing the 
nut 9 to en the thread of screw 10; concurrently the 
switch 34 makes contxct with the terminals 35, which start the 
auxiliary motor 11 when the screw 10 is rotated to raise the sliding 
contacts 5,6 for cutting out the resistance 7,8, and upon the 
whole of the resistance being cut out, the part 36, mounted on 
the frame 15, engages the arm 37, breaking contact with 
the terminal 38, thereby interrupting the current circuit of the 
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Near each of the ends of the body part an annular 
groove 5 is formed which is arranged to intersect the slots 3 
within which the forked arms 2 of the terminal ends 1 are fitted, 
the outer edges of the arms being gapped or cut away at points 
adjacent to the groove 5. In order to secure the terminal ends 1 
in position, a clip or split-band 7 is sprung into me with 
the groove 5 around the body part of the fuse-holder, so as to 
also engage with the gaps in the outer edges of the branches 2 of 
the terminal ends, the latter being thus prevented from being 
withdrawn from the slots 3 in the fuse-holder. The ends of the 
band or collar 7 are bent slightly outwards, so as to form a lead 
to facilitate the engagement of the same with groove 5. The 
outer cranked extremities of the terminal ends | are provided 
with a hole for the reception of the terminal studs. (Accepted 
November 5, 1913.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


19,859/12. GC. B. Rotrep, &. E. A. L. Redrup, 
and J. Boyle, Leeds. 
(2 Figs.) ugust 30, 1912.—This invention is for improve- 


ments in, or relating to, the valves and valve gear of internal 
combustion engines of the type wherein a sleeve valve is employed 
concentric with the cylinder and surrounding the engine piston. 
According to the present invention, there is provided a main sleeve 
valve concentric with the cylinder and surrounding the engine 
piston in combination with a supplementary concentric sleeve 
positively reciprocated by the n sleeve through a lost-motion 
connection. e cylinder A of the engine, the walls of which 
in this construction are water-cooled, is vided in the 
well-known manner with an inwardly-projecting cylinder head 
A!, which is also water-cooled. The inlet porte B and the exhaust 
ports C in the cylinder, which are situated towards one end 
thereof (preferably the oplinder-head end) may take the form of 
complete rings, so as to give a large port area. In the construc- 
tion shown, provision is made for the mixture to be sup- 
plied at two places, B! and B?, and for the exhaust to be collected 
at two places, CO! and C2, although this arrangement is not essen- 
tial. e dividing web D between the inlet and exhaust pomese 
is preferably cast in the cylinder casing. Mounted concentrically 
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with the cylinder, to slide therein, isa main sleeve E, in the interior 
of which a piston F reci At the end of the main sleeve 
E, adjacent the inlet and exhaust ~ in the cylinder, there is 
provided a supplementary sleeve G, which is operated by the 
main sleeve E ugh a lost-motion connection. This supple- 
mentary sleeve, which is made as light as possible, and may con- 
veniently be of steel, while the main sleeve E may conveniently 
be of iron, has a lengthy extension G!, which is guided between 
the cylinder head A! and the cylinder wall. e lost-motion 
connection between the sleeves E and G consists, in the con- 
struction shown, of an extension E! screwed on to the end of the 
main sleeve. This extension * rs a — E2, which 
engages a omens shoulder on supplementary 
sleeve G, to pull the latter down as the main sleeve — down. 
The extension E! is ported as shown at E*, to mit of com- 
munication between the interior and exterior of the cylinder. 
= = of the main — E > im prem f — to engage 
t a correspon ly chamfered flange on supplementa 

sleeve G. The amount of lost motion between the ry sleeves 

governed by the distance between the shoulder G2 and the end 
of the main sleeve, and the arrangement is such that the end of 





the main sleeve engages and makes a close joint with the end of the 
supplementary sleeve while driving the latter in one direction— 
ie., upwardly. The ports E* in the main sleeve extension E! are so 

arranged that while the main sleeve is thus driving the supple- 

mentary sleeve with the chamfered ends in close contact, the 

ports will be closed by the lemen' sleeve. The upward 

movement therefore of the mi sleeve, in taking up the lost 

motion, will cause the porte Ein the extension E! to be closed. ° 
(Accepted November 5, 1913.) 


2604/13. Sir W. G. Whitworth and 
Co., Limit and hnston, Newcastle- 
-Gear. (2 Figs.) Jan $1, 1913.— 


upon- eC. 
In hand-worked mountings of large size it is difficult to obtain 
smooth working of screw or worm elevating-gear unless there is 
= for a certain amount of > the gear, so that when 
gear which is being actuated at speed is suddenly 
the gun may be able to continue its movement for a short 
distance. Unless this is possible, the momentum of the moving 
gun and cradle causes a rebound in the moving parte, and sets up 
a series of vibrations, affecting the sighting of the gun, and, more- 
over, brings a tremendous strain on the mounting and also on 
the deck if the gun be on board ship. On the other hand, if 
slipping occurs, the breech of the gun considerably during 
recoil and run out, thus throwing the gun sights off the 
According to the present invention, the applicants overcome this 
difficulty by means of a screw elevating-gear having inside the 
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screw proper a sliding rod, to the top of which the cradle is 
attached instead of to the elevating-screw itself. a is the elevat- 
ing-sorew, to the bottom end of which is secured a cylinder b. 
Inside the screw slides a rod c, passing out through a stuffing-box d, 
and carrying between two shoulderse, fa fi g piston 9, which 
is bored out larger than the rod, so as to leave an annular 
passage h between it and therod. Atthe of the piston are 
grooves i, and springs j hold the top surface of the piston against 
the shoulder e. k, & are cen springs. ee 
the rod connect the passage h with the reservoir of liquid m, and n 
is a allowing of the —- of air when the cylinder is 
being filled with liquid. Keys o fitted in the top of the screw 
prevent the screw a turning on the rod. With the piston in the 
position shown, the liquid in the cylinder has a free passage from 
one side of the piston to the other. When the gun recoils, 
however, the very high pressure developed in the cylinder acting 


on the piston causes it to compress the springs j and brings the 
= face of the piston down into contact with the shoulder /, 
us closing the and thereby preventing the elevating- 
from giving bly during recoil and run out. (Accepted 
ovember 5, 1913. 
24,978/12. 


Vickers, Limited, and G. T. Buckham, 
Gun-Mountings. [3 Figs.) October 21, 1912.— 
This invention relates to gun-mountings of the kind in which the 
under carriage is provided with pivoted legs eaten | 8 
a } — — which = gun is ada) : a 
in to the firing ition above a protective ing, shield or pet 
within or behind which it is adapted to be housed or lowered 
when out of action. According to this invention, the crossheads 
carried by the pivoted legs or struts (preferably four in number) 
are adapted to ey | oo parallel longitudinal slideways 


or guides, fi part station ary bed-plate. The gun is 
ada) to be and lowered by means of screw-threaded 
engaging with the crossheads. A is the gun, B the cradle, 





fepuefene ere mountee. D is the + 
, Dl are the pivoted legs or struts. E, E represent the 
heads, and E!, E! the longitudinal slideways or guides in 

crossheads reci In the example shown, the 
be recip ted by means of two inter- 


B! one of the trunnions, sot © che upper, cnsringe 
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of the pedestal of a naval centre pivot or pedestal 


tt. 





(Accepted November 5, 1913.) 
PRINTING AND ALLIED MACHINERY. 


2867 R. P. Payne, Leeds. TAthegrey Print- 

° es. (1 Fig.) February 4, 1913.— invention 
relates to a rotary offset es printing - machine for 
rinting in one, two, or more similar or colours. 
The invention — in providin, , constantly - rotating 
cylinders, com a Og ic cylinder, two transfer 
ps and . impression cylinder having suitable printin: 


surfaces located upon their peripheries, and 80 

that the transfer cylinders may be brought into printing con- 
tact with either or both of the plan ic and impression 
cylinders, or be removed from such printing contact as may be 
required during the working of the machine. Referring to the 
drawing, the machine comprises a cylinder a work- 
ing in conjunction with two transfer cylinders b,c and an im- 
pression cylinder d, the cylinders b, c,d being of equal diameter 
and half the diameter of the cylinder a, so as to make two revo- 
lutions to every one of the latter. The planographic cylinder a is 
formed with two printing surfaces a}, a2, to which design-plates 
¢, ¢| are secured by adjustable clamps, while in conjunction with 
the cylinder a are provided two sets of inking mechanisms g, h 
and a damping mechanism j respectivel olegted to ink and 


damp the pi é, el in known manner. e transfer cylinders 
b,care r tivel provided with rubber-covered offset surfaces 
b1, cl which are adapted to receive the inked impressions from 


the corresponding design-plates ¢, ¢! respectively carried by the 








planographic cylinder a, while the impression cylinder d is pro- 
vided with a rubber-covered offset surface d!, and is fitted with a 
set of grippers operated in known manner. The sheets to be 
printed are fed singly by way of a feed-hoard / to the grippers of 
the impression cylinder d, and after being printed are released 
by the grippers and delivered face —T on to a front 
delivery mechanism m. The transfer y inder b receives an inked 
impression from the design-plate ¢ on the surface a! of the plano- 
graphic cylinder a, while the transfer cylinder c receives an inked 
impression from the ee e| on the surface a? of the plano- 
graphic cylinder a, both transfer cylinders 5, c are inter- 
mittently moved out of contact with the planographic cylinder a 
a by known means (not shown), when the design- 
plates to which ag by not belong are passing them, the move- 
ment imparted to the cylinder ) by such means being such as to 
cause it either to contact with both the ayant cylinder a 
and impression cylinder d during a single revolution, and after- 
wards to perform an idle revolution out of contact with both 
cylinders, or to allow it to contact alternately with the plano- 
graphic cylinder @ and impression cylinder d, and perform a 
single revolution in each of the two positions, while the move- 
ment im to the cylinder c causes it alternately to perform 
a revolution in contact with the planographic cylinder a, and 
then one in contact with the impression cylinder d. (Accepted 
November 6, 1913.) 


H. Furnival, 8. Furnivai, and F. 8. Fur- 
niv; Printing-Machines. (6 Figs.) Novem- 
ber 2, 1912.—This invention relates to a stop-cylinder bed print- 
ing-machine, in which the printed sheet is taken from the 
impression-cylinder by rotary grippers, which raise the sheet and 
1 it off the — in a backward direction, is carried forward 
ya nm ye ng platform and transferred to a second platform, 
the o ing between the two platforms being bridged at a certain 
time by a set of fingers which are mounted to move in slotsin the 
side frames of the reciprocating platforms. The invention con- 
sists in the combination with sheet-delivery mechanism con- 
structed with grippers to take the paper sheet from the 
impression-cylinder, of a reciprocating platform on to which the 
grippers drop the paper sheet, a second platform connected to the 
first and moving to and fro with it, a bridge moving with the plat- 
forms, and stops to arrest its movements at both ends of its travel, 
and means to cause the paper sheets to transfer from one platform 
to the other, and from the second platform to the delivery table. 
The machine has its main partes constructed in the ordinary way 
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with an impression-cylinder A and rotary gri B mounted on 
radial arma C by which the printed sheets of paper x are peeled 
off the impression-cylinder. Above the impression-cylinder A, 
two reciprocating platforms D and E are mounted, which by 
suitable mechanism are caused to move to and fro over the 
machine. Between the two platforms a space or gap F is pro- 
vided, through which the sheet x of paper is carried up from the 
impression-cylinder to the upper side of the platforms. The plat- 
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form D may be made of bars ied on a frame, but is preferably 
made of , 80 as to be rolled upon a roller D!, in order to take 
up but little 


room. The roller PD’ is provided with a ~ my So 
weight, or may be otherwise driven to roll — platform. 

front end of the tapes forming the are attached to a 
transverse orbard!, The E may also be made of 
tapes, but is preferably made of a number of bars or sticks e, 
carried by reciprocating side frames E!. The frames E! at either 
side of the hine are ted by articulated cross-bars or 
rods ¢! upon which the platforms, bars, or sticks ¢ are mounted 
by brackets attached to their under sides. The cross-bars e! are 





hed to links or brackets, pivoted or otherwise connected to 
the side-frames E!. The platform D is connected to the recipro- 
as side-frames E! by ee e4, by which the relative 
om ion of the two platforme and the gap between them are main- 
ned constant. A bridge G, composed of sticks, rods, or bars, is 
mounted between the platforms D and E to bridge or 5 the 
space between them when they are extended. The bridge G is 
carried by brackets H with a cross-bar or batten H, the sticks 
being affixed thereto. The brackets H are mounted in slots ¢® in 
the side-frames E!, and move with the side-frames a limited dis- 
tance, being arrested in their travel in both directions by stops K 
and K! affixed to the frame of the machine. When in the positi 


eye of one side a of a double impeller is in communication . 
through inlet-pipe b with the hot well ¢ of a condensing plant, 
while the eye of the other side a! of the impeller is in communica- 
tion through inlet-pipe b! with a sump d at the lowest point of 
the condenser-casing. The rim of the impeller a is pierced with 
holes arranged in pairs, forming nczzles through which the water 
is ejected under centrifugal force in streams which > + in pairs 
so as to form fan-shaped sheets across a space f which is in com- 
munication through pipe g with the space to be evacuated—for 
example, the steam and air of a condenser h. The number 
of pairs of nozzles around the double impeller ds with 





shown, the bri G is arrested by the stop K, and the bridge and 
the platform Eves , leaving the gap F open; when the plat- 


G is 
arrested by the stop K!, the platforms having travelled a geste 
distance than the bridge, until the platform D reaches the bri % 

ving the effect of the bridge having been moved from the plat- 
orm E to the platform D, and closing the gap F between them. 
The platforms D and E are moved to and fro by a chaln or band | 
M attached to the side-frame E!, to which a reciprocating move- | 
ment is giv en by a rack N and pinion actuating a chain-wheel or 
drum N!, the rack being reciprocated by a cam or eccentric. The 
paper sheets z are removed from the platform D by the stop-catch | 
O, and from the ‘orm E by the stop-catch Ol. These catches | 
are operated by lever 0, which rests on the upper surface of one 
of the reciprocating side-frames E!, the two catches being con- | 
egy ae simultaneously by a rod Ol. (Accepted Novem- | 
12, 1913.) 


SHIPS AND NAUTICAL APPLIANCES. 


cone. C. A. Parsons, Newcastle-on-Tyne, S. 8. 
Walisend-on-Tyne, and D. Clerk, London. 
Marine Propulsion. [3 Figs.) October 25, 1912.—The object 
of this invention is to apply internal-combustion engines to marine 
propulsion in such manner as to obtain large powers with mode- 
rate weights. This invention consists in a method of applying 
relatively small engine units to drive one or more propeller-shafts. 
This is accomplished by fitting large gear-wheels upon the shaft 
or shafts, and coupling a number of engines to each gear-wheel by 
means of pinions. By applying, for example, three gear-wheels to 


forms have travelled in the reverse direction, the bridge 





m 








a single shaft at suitable distances along the shaft, the applicants 
can ar four engines mounted around each gear-wheel, so 
that the wheel is driven from each of the four sets. In carrying 
the present invention into effect, according to one form, and as 
shown matically in the accompanying drawings, four pro- 
peller te, a, b, cand d, are provided, the shafts a and d ex- 
tending further forward than the shaftebandc. Upon each of 
the shafts are mounted three large gear-wheels e. Round each 
large gear-wheel are arranged four smaller gear-wheels/f. In line 
with and coupled to each gear-wheel f is an engine unit g, the 
gear-wheels f being coupled to the crank-shafts of the units g, 
through the medium of clutches. (Accepted November 5, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


26,307/12. . & G. Rees, Wolverhampton. Pro- 
duction of Vac {11 Figs.} November 15, 1912.—The 
imary object of this invention is to provide means for establish- 
ng and maintaining vacua in steam surface-condensers. The 
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| by the other impeller. 


the ber of ducts i in the rotary-ejector wheel which sur- 
mounts the double —— and ejects the water, , and air 
into the diffuser j so that one fan-shaped sheet of water is formed 
for each ejector-passage. In order that this may be conveniently 
done in the construction shown, alternate pairs of nozzles are 
placed on alternate sides of the central plane. The entraining of 
the air and vapour is thus effected within the 3; St by the 
sheets of water and carried by them into the collector-ends of the 
ejector-passages in which initial compression is effected, the final 
compression to the pressure of discharge—for example, to that of 
the atmosphere—being effected in the stationary diffuser j, into 
which the ejector-wheel discharges. The vacuum within the 
space f is maintained mainly by the impeller deriving its water 
from the hot well c, into which the water from both impellers is 


+3 + 


| delivered by pipe 2 connecting the diffuser-casing with the hot 
vy A A 


well, so that the vacuum is pr Pp 
tity of condensed water which is being drawn from 





of the quan- 
the condenser 
: This water, like that of the other im- 
peller, is discharged through apertures or nozzles in the rim, 
arranged in pairs to produce flat sheets of water extending across 
the evacuating space f, and as the maximum quantity of water 
passing — this side of the impeller is small compared with 
that on the other side, the number of these pairs of jets is cori c- 
spondingly small. For example, the y daticn 
within the common impeller-rim is obtained by coring out some 
of the propeller-blades, so as to provide a sufficient number of off- 
sets from the interior of the impeller a! within which the dis- 
ce e nozzles are formed. There is one pair of nozzles on the 
a! side of the double impeller for each six pairs of nozzles on the 
a side. (Sealed January 1, 1914.) 





TEXTILE MACHINERY. 


14/12. J. B. Dickinson and Butterworth 
and Di Limi Burnley. Beaming or 
Warping-Machines. (2 Figs.) December 9, 1912.—This 
invention relates to b ing or warping hines, and has 
for its chief object to support the warp-beams in such manner 
that they can be easily lowered to the ground when full and 
removed from the machine without the operative having to 
exercise any appreciable exertion in performing such operation. 
For this poe. the warp-beam is suppor by arms hinged 
directly to radial arms rigidly c nected to a shaft that is operated 
by worm-gearing controlled from a hand-wheel, or the like, 
situated at any convenient part of the machine to enable the arms 
and to be gradually and easily lowered to the ground, in 
which position it can readily be removed from the machine, 
Means are also provided whereby the axis of the warp-beam can be 
kept parallel to the axis of the driving-drum. A indicates the 
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invention comprises a rotary tus for the production at| 
vacua wherein the vacuum is juced and ere effected | 
in part by means of a comparatively eras!l quantity of relatively 





cold water and in part by a further supply of hotter water. The | 


warp. 
| pair of arms B is rigidly fixed upon a 
| to clear the ends of the drivi: 
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-beam and B, B! indicate the anaee or jointed arms.” One 
shaft b in such a position as 
ng rum C, the shaft being rotatably 
mounted in bearings in the end frames D of the machine and carry- 
ing at one end a worm-wheel 1 which gears with a worm 02 
rigidly fixed upon a shaft 6° carrying a hand-wheel b4. Hinged 
or jointed to the free ends of the arms B is the cther pair of arms 
B!, which support the warp-beam and are provided with bolts or 
catches for retaining the warp-beam in connection with the arms 
until it is desired to remove the beam from the machine. In 
order to retain the axis of the warp parallel with the axis of 
the driving-drum C, the h -pin or stud that connects the arms 
B, B! together is mounted in a slot in one arm and is provided 
with adjusting screws, by means of which it can be moved into 
any tion in such slot and then secured by anut. This ad- 
justing mechan‘sm may be applied to one pair of arms only, or to 
both pairsif desired. (Accepted November 5, 1913.) 
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THE PANAMA CANAL.—No. IX. 


In our last article* we dealt with various features 
of the work on the Panama Canal relating especi- 
ally to excavation. There are one or two points 
which were not touched upon then, but which are, 
nevertheless, of interest in this connection. These 
we propose to deal with now. They are concerned 
with excavation and the angle of re of the 
various materials encountered, and the stability of 
the works attempted. Having made mention in 
our previous article of the disposal of the spoil, 
we may refer to two experiences at Panama con- 
nected with this matter. 

A good deal of the material excavated in the 
Chagres Section’ of the Central Division was com- 
posed of soft clay. During the rainy season it was 
found impossible to maintain dumps of this spoil 
more than 15 ft. or 20 ft. deep owing to spreading 
and settlement. At these times another system 
of disposal was adopted. The spoil was dumped 
at a point at which the track ran alongside the 
Chagres River, in the rainy seasons a swift flowing 
stream. A 4-in. water-main was laid alongside the 
track, with outlets at intervals, and after the 
spreader had levelled the material off, water was 
turned on and the spoil thoroughly wetted. It 
then slid slowly down of its own accord into the 
stream, where it was washed away. Some 389,000 
cubic yards were disposed of on this principle, and, 
in view of the slide troubles which have manifested 
themselves in some of the canal, it is note- 
worthy that on this artificial slide the material only 
reached conditions of repose, after dumping had 
ceased, when an angle as small as 1 in 25 had been 
arrived at. This clearly shows how very readily 
these clays move. About 5000 cubic yards were 
disposed of on one dump 400 ft. long in a 9-hour 
day in this way, the train only waiting 20 to 30 
seconds. The cars used were steel dump-cars, and 
not flat cars with ploughs. 

In another case a trestle was built across the 
Chagres River and spoil was dumped direct into 
the stream ; 214,000 cubic yards were carried down 
stream from this dump, the length of haul neces- 
sary being very considerably reduced by the adop- 
tion of these two expedients. 

As we — out in our last article, the excava- 
tion which had become necessary has been largely 
in excess of the original estimates. It has, in fact, 
been about 152 percent. greater. While part of this 
has been due to an enlargement in the width of the 
canal, another contributory cause has been the 
constant sliding of material from the banks into 
the cut, resulting in the removal of a great deal of 
spoil lying outside the so-called canal prism. The 
canal prism is, of course, or was, bounded by quite 
arbitrary slopes, which more thorough acquaintance 
with the Isthmus has proved to be very different 
from those actually requisite. The slides are caused 
by the material on the banks endeavouring to 
assume of their own accord positions of equilibrium, 
in some cases involving very flat slopes indeed, 
instead of remaining at the steep inclinations origin- 
ally planned. The additional excavation due to this, 
above that contemplated, will, as far as can be 
ascertained, be between 30 and 40 million cubic 
yards. From a table in the 1913 report the 
aggregate area of the serious slides in the Culebra 
Section of the Central Division is about 248 
acres. Of the more important slides which 
have recently given trouble, numbering twenty- 
two, seven are reported as having been re- 
moved. One hesitates to state definitely that they 
are dead and completely disposed of, since, on 
several occasions, after expert opinion has pro- 
nounced them to be over, many have shown renewed 
activity, even after prolonged periods of quiescence. 
The seven which appear to have been disposed of 
were, however, only of minor importance ; from all 
the larger a great deal of material has yet to be 
removed. In July last 6.86 million cubic yards 
remained to be removed from slides in the Culebra 
Section, nearly 6 millions having been disposed of 
in the previous twelve months. 

The list of 22 slides is not exhaustive by any 
means. There have been numerous small breaks 
which in the aggregate have been responsible for a 
very considerable amount of work. It was recently 
stated by the engineer in charge of this section that 
altogether 31 slides, of upwards of 10,000 cubic yards, 
had developed. It is therefore to be presumed 
that several have been completely removed, in 





* See page 39 ante. 





addition to those mentioned in the last report. A 
comparison with former reports confirms this. 

An idea of the extent of the trouble may be 
obtained by reference to the fact that there are 
four slides covering over 10 acres each, and others 
involving an equal amount of material, but of less 
extent. The largest slides are on the east and west 
banks of the canal at Culebra. Together these 
cover 123 acres. On the west bank is a moving 
mass covering 68 acres, from which 8.68 million 
yards had been removed by July, 1913. On the 
east side an area of 55 acres is affected, from which 
6 million yards had been removed. Another serious 
slide is that at Cucaracha, where over 50 acres have 
been in motion and nearly 4 million cubic yards had 
been removed, while a fourth, at Las Cascadas, has 
had an area of 114 acres. 

The slide trouble arises from various causes, some 
being due to top strata slipping under the force of 
gravity on a face of wet or hard, dry material such as 
clay, of which there is abundance at the Isthmus. 
Others are fault-slides due to the geological strata 
being faulted in a manner which results in large 
masses tumbling into the prism as soon as excava- 
tion has proceeded to any appreciable depth. 
Others, again, are deformation slides caused by 
unbalanced pressures squeezing out, after crushing, 
the weaker beds in the neighbourhood of high 
banks. Further, the quantity of material washed 
down into the cut by the torrential tropical rains 
is quite an appreciable item, and will continue to 
be so until the banks are thoroughly protected by 
vegetation. Maintenance will therefore not be a 
light job, at any rate at first, while the wash of 
passing vessels will most certainly in the early stages 
cause a good many small breaks, which will require 
constant attention. 

In connection with this latter point we cannot 
refrain from mentioning what, on the face of it, 
per to be one of the most extraordinary schemes 
of which trial can ever have been made. It appears 
that an American company has produced what is 
called a ‘‘cement gun.” This plant consists of a 
petrol-driven air-compressor, which delivers 1 : 2$ 
cement from a hose at 30 lb. pressure at the nozzle. 
It is recorded in the Canal Commission report of 
1912 that the attempt was made to cover the banks 
in the neighbourhood of the water-surface level, 
where wave action will be serious, with a protective 
coating of cement with an apparatus of this kind. 
The report reads:—‘‘A thin veneer of cement 
spread on the slopes from a cement-spraying gun 
was tried, but without success. Within a few 
months the thin coat of cement thus put on began 
to crack and peel off. . . .” This we can very well 
believe. A more fatuous experiment on tropical soils 
it would be difficult to imagine, however successful 
the ‘‘ gun” may have proved in other connections. 

We do not propose to discuss now the causes 
which have resulted in slides on the large scale 
encountered at the Isthmus, so much as to describe 
their behaviour in typical cases. A typical gravity 
slide was that at Paraiso, which originally gave 
trouble to the French, and commenced fresh move- 
ments in 1907 and 1908. It was on the east bank 
of the canal, and extended up a narrow valley for 
a length of 750 ft. Its area in 1908 was 16,700 
sq. yards, and the material in motion was cal- 
culated at 140,000 cubic yards. Prior to 1908 
some 90,000 yards were removed. In 1909 another 
32,100 yards were taken away, and it was thought 
that only 8000 cubic yards remained. However, 
by the middle of 1911 about 322,620 cubic yards 
had been disposed of, but a revised estimate gave 
30,000 cubic yards as the amount then remaining. 
By July, 1912, the amount removed had been 
385,000 cubic yards, and 10,000 cubic yards re- 
mained. Nothing further appears to have been 
done on this slide in the past year, and the amount 
a is now stated to be nil. This slide is 
typical of the manner in which, once started, they 
often extend, so that early estimates are altogether 
inadequate. The uncertainty of such predictions is 
well illustrated in the above case, and many others 
might be cited. They have appreciably affected the 
calculations for the whole enterprise, and it is clear 
that the importance of this additional work was 
not realised in the early days. In September, 1908, 
for instance, it was thought that a liberal allowance 


still to be removed on account of slides would be | has 


3,862,000 cubic yards, a be ye which has been 

eclipsed by the spoil removed from slides in several 

ears since, while the total amount will prove to be 
ween 30 and 40 millions. 

At Las Cascadas a top coating of earth, 20 ft. to 





30 ft. deep, began to move on a slippery 
of harder clay. This was a dry slide, com 
material, and in 1908 attracted considerableattention, 
as it had been previously thought that these move- 
ments were largely due to the rains. This slide 
moved in the dry, and not in the wet, season. It 
extended back at first 230 ft., with 100,000 cubic 

ards, covering an area of 5433 sq. in motion. 
Ultimately it extended, so that by the middle of 
1913 about 503,000 cubic yards had been taken 
away, but 80,000 cubic yards still remained. 

The two Culebra slides, one on the east and the 
other on the west bank, together form the largest 
area which has been in movement on the canal. 
They covered together at the end of June last no 
less than 123 acres, 68 =. affected on the west 
bank and 55 on the east. ese were supposed at 
first to be breaks due to the failure of strata leaning 
towards the canal. These slides have been accom- 

ied by upheavals, for which various causes have 
~— suggested. It may be remembered that Dr. 
Vaughan Cornish, in a paper read by him at last 
year’s Birmingham meeting of the British Associa- 
tion, drew attention to the presence of weak layers 
of lignite in the strata which the canal passes 
through at this point, and suggested that the 
decomposition of these layers by water allowed the 
material to slip and squeeze out of shape if the 
pressure became too great. The view of experts 
on the canal does not seem to be carried quite so 
far. It is pointed out in the report of 1912 that 
much of the material involved consists of green 
argillaceous clay rocks, containing a large propor- 
tion of very fine material, of which the particles 
are not solidly cemented together. This is prac- 
tically impervious to water so long as the crushing 
strength is not exceeded ; but if the pressure be- 
comes too great, the particles become separated, 
and the texture opens, admitting water, turning the 
whole into an unstable y mass. This explana- 
tion has not been revised or withdrawn in the 
later report, and we feel justified, therefore, in 
reproducing herewith a diagram (Fig. 176, page 106) 
which is intended to explain the movements of 
these slides. 

The first sign of such movements is the appear- 
ance of cracks some distance back from the Tonk 
running sometimes for several hundred yards alon; 
the ground, and gradually extending in width an 
depth. After a time the ground in front of them 
tilts towards the canal and bulging of the canal 
bottom occurs through a height sometimes of 20 ft. 
or 30ft. The material upheaved ranged from small 
pieces to masses of 20 or 30 cubic mq the average 
ranging from 1 to 3 cubic yards in volume. When 
the tilting of the upper mass has increased to a 
certain degree by the squeezing out of the material 
below, the upper portion fails and crumbles down 
the slope, this movement occupying only perhaps 
few hours. It may well be imagined that such move- 
ments are a cause of anxiety to the engineers 
in charge of the work on the canal. The con- 
tinued bulging of the bottom would be a serious 
menace to navigation if not satisfactorily overcome, 
and it is natural, therefore, that these slides should 
be regarded as the most serious difficulties that 
have to be encountered. 

The depth of the cut at Culebra is in places over 
300 ft., and on the slopes which it was hoped to work 
to the pressures exceeded the crushing strength of 
this argillaceous clay, so that much smaller slopes 
have now to beadopted. Figs. 177 and 178, 106, 
are diagrams relating to the work at Culebra. Fig. 177 
shows the geological formation as far as it has 
possible to ascertain it, and it will be noticed that 
cracks have appeared as far away from the centre 
line as 1400 ft. on the east side, and 1100 ft. on the 
west side. A line drawn from the bottom of the 
cut to the top of the crack on the east side gives a 
slope of about 1 vertical to 5 horizontal. is is 
in very marked contrast to the slope originally de- 
cided upon of 3 vertical to 2 horizontal, and shown 
in heavy black lines in Fig. 178, while the 
canal sides were to be on a slope of 10 on 
1 horizontal. In view of the angle of repose 
taken by material of this nature at the Chagres 
dump, 1 in 25 horizontal, it will be interesting to 
see at what slope conditions finally become stable at 
Culebra. The _ of = - - work 

progressed is shown in Fig. 178. is diagram 
is not completed to a date later than July 1, 1912. 
Since then the slides have continued to give 
trouble, and, according to Fig. 177, seem to have 
extended still further back a year ago. At 
one point, it will be seen, in 1912 the original width 
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of 640 ft. on the ground surface had extended to 
1800 ft., while at another point, shown in dotted 
lines as ‘‘surface B,” the area over which the 
slopes extended back had a width of 2228 ft. 

n the west side of the canal movement began at 
Culebra in 1908, the most distant crack being then 
420 ft. from the canal. We need not trace the gradual 
extension of the slide. It will suffice to say that 
the last report shows that though it commenced 
with only about 50,000 cubic yards in motion, by 
1913 some 8,687,600 cubic yards of spoil had been 
removed, and at least 2,390,000 cubic yards had still 
to be disposed of. New breaks constantly showed 
themselves, a large one occurring on August 26, 
1912, when 900,000 cubic yards were on the move and 
earth flowed over railway tracks and the bottom 
of the canal was heaved up. 

Following rains in the month of September, 
1912, material again pushed into the canal, two 
shovels being buried and the pioneer cut closed. 
At the close of 1912 some 1.25 million cubic yards 





suddenly became active, and on January 11, 1913, 
tracks were again destroyed. Although by the 


IDEAL SECTION OF DEFORMING AND SLIDING GROUND 
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sible the excessive pressures on the lower material. 
To this end terracing has been adopted. It was 
first commenced in January, 1911, and has been 
carried on since. At Culebra, on both sides of the 
canal, this has been done. It is shown in progress in 
the views given in Fig. 181, Plate XI., and Fig. 187, 
Plate XIV. Since the filling of the canal with 
water, six shovels have been retained on the upper 
portions of the banks. Two on the west bank were 
not expected to be required for any great length of 
time at the close of the year, but the four on the east 
bank have still a gocd deal of work before them. 
When water was let into the canal last October 
from the Gatun Lake, dredgers were brought up to 
the Culebra slides. Dredging operations were 
begun on October 23. One ladder and two dipper 
dredgers have been engaged since on these slides. 
Movements have continued, notable instances 
occurring on October 15, November 26, &c. In 
the latter cass, during a period of increased 
activity, the spud of a dredger was broken. The 
dredgers, however, have managed to maintain a 
navigable channel at this point. They may be seen 









pended. Electric light was installed, and work went 
on for atime night and day. By the end of the 
month the shovels were removing material as fast as 
itcame down. By the middle of 1908 about 445,000 
yards had been disposed of, but the slide extended 
and joined up with another just south of Gold Hill. 
Its length thus increased from 800 ft. to 2700 ft., 
and its area increased to 27 acres. By the middle of 
1909 about 1,125,000 cubic yards had been removed, 
and 700,000 were still reported in motion, the area 
having spread to 47.1 acres. By July, 1910, a 
further 639,239 cubic yards had been removed, and 
by July, 1911, altogether about 2,722,164 cubic yards 
had been taken from the affected area, though,as then 
estimated, 400,000 cubic yards still remained. No 
movement was noticed for some time subsequent to 
June, 1911, and it was thought that this slide 
had come to rest. The slope had been reduced to 
1 in 5, and for two years the slide was thought to 
be dead. In the 1912 report it was announced that 
this slide was relatively unimportant. The end wa; 
said to be well in sight, and most of the material 
had slid off, exposing some strong basalt dikes. As 
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middle of 1912 a slope of 1 in 5 had been reached 
in places, material still continued to move forward, 
while a mass resting on a layer of lignite, although 
the surface slope was 1 in 7, was also in motion. 
The latter moved faster in the dry season than in 
the rains. In another place material was moving 
though only on a slope of 1 in 10 horizontal. The 
view given in Fig. 181, Plate XI., will convey 
some idea of the magnitude of the task which has 
faced the engineers, when it is stated that from 
the immediate foreground to the hill in the dis- 
tance on the right hand, there is one continuous 
slide over 14 miles in length, while opposite it on | 
the east bank of the canal is a slide 1 mile in 
length. 

his slide on the east bank first became active in 
1907. The material removed here has been over 
6 million cubic yards, some of the movements in 
recent years having been ona very large scale. Early 
in December, 1912, a fresh settlement of 1,000,000 
yards, for instance, was noted. On February 4, 1913, 
a break occurred over 1000 ft. long, and reaching 
680 ft. back, the settlement being 80 ft., 60 ft. of 
which took place in two hours. Six drills were caught 
by the material, two being wrecked beyond repair. 
Some 2 million cubic yards were then in motion. On 
May 26, during heavy rains, there were some very 


uick movements, accompanied by upheaval, and | da 


1 tracks but one were put out of use. A train of 
cars were covered, and two shovels were caught. 
On June 12 a fresh slide turned over a shovel and 
destroyed all tracks but two, filling up the drainage 
ditch. Again, on August 17, two shovels were 
wrecked by a slide on this bank. At one point 
(Station 1778) the cracks showed back to a distance 
of 1690 ft. from the centre line of the canal, while 
at Station 1782 they appe red 1400 ft. back, as 
shown in Fig. 177. In Fig. 179 is a diagram 
showing the surface developments at Station 1743. 
This diagram shows very clearly the type of defor- 
mation which takes P For instance, com- 
parisons may be made ticularly between the 
lines on the right hand showing the surface levels 
on February 2, 1912, and April 25, 1912. It will 
be seen that a large subsidence occurred at one 
point with upheaval nearer the cut. 

The remedy adopted for these slides is the removal 
of the upper material, so as to reduce as much as pos- 
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at work in the distance in the view, Fig. 186, 
Plate XIII. It was estimated in July last that, 
although little short of 15 million cubic yards had 
been tiken away from the slides at Culebra, about 
4.4 millions still remained to be removed at that 


te. 

The Cacaracha slide has probably attracted more 
public attention than any other, owing to the fact 
that it has interfered with the actual waterway 
when it was nearing completion. It has been an 
exceedingly troublesome slide to deal with. It is 
what is termed officially a gravity slide, composed 
of upper layers of material sliding on a slippery 
clay, underlying volcanic rocks having also been set 
in motion by this movement. It gave trouble to 
the French in 1887. The Americans commenced 
work at this point, south of Gold Hill, in 1904, and 
the first slide subsequent to that date was in July, 
1 This was not a serious one, but in October, 
1907, movement recommenced, and 7.8 acres, 
involving 600,000 cubic yards, were affected. The 
ground broke back 910 ft. from the centre line of 
the canal. At first the movement was rapid, 14 ft. 
in 24 hours being recorded, but it fell later to 4 ft 
in a day. About 113,000 yards moved into the 
canal in a month, and the train service was sus- 
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events proved, these conclusions were premature. 
Fig. 180 shows the geological formation at this 
point, and the vertical basalt dikes just referred to 
will be noticed on the east side of thecanal. It was 
thought that these dikes would hold up the remaining 
material, but they subsequently failed, and let 
more down into the canal. On January 2, 1913, a 
ridge which had been motionless for over a year 
showed a vertical subsidence at a rate of 4 ft. in 
17 minutes. A fortnight later so much material 
had moved into the canal that five out of six 
railroad tracks were destroyed or partly covered, 
and on January 17 the material extended further 
across the canal than at any time since the large 
break in 1907. Between January 19 and 20 a 
rocky shoulder 300 ft. in height broke away several 
hundred feet distant from the canal, and more 
material moved in, covering all tracks east of the 
centre line. In the middle of February, 1913, 
between 2 and 3 million cubic yards were on the 
move. Shovels were every now and then sur- 
rounded, and had to be backed or dug out, and 
tracks were placed out of service. Five shovels 
were therefore put to work on this slide, some of 
them being worked on double shifts. In spite of 
the dry weather, increasing activity was noted. 
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On May 2 and 3 so much spoil came in that it 
flowed right across to the west side, and left only 
one track in service. On June 13 the canal was 
again filled and only one track escaped. By that 
time the rocky shoulder above referred to had 
moved 80 ft. towards the canal from its original 
position. The area of this slide was reported as 
50 acres in the last report (1913), according to 
which 3,859,500 cubic yards had then been removed 
from it, leaving 1} ft. million cubic yards still to 
be dealt with. 

In Figs. 182 to 186, on Plates XL., XII., and 
XIIL., and in Figs 188 and 189, Plate XIV., we give 
views relating to this slide. Fig. 182 is a view 
looking south, with Gold Hill on the left and Con- 
tractor’s Hill on the right. The toe of the Cucaracha 
slide is appearing from behind the shoulder of Gold 
Hill on the left. An excellent idea of the slide 
may be obtained from Fig. 185, which is a view 
taken from the west bank looking straight at the 
affected area. On the left it will be seen that 
when this view was taken the material had com- 
pletely closed the cut. Fig. 184 is a view looking 
north, with Gold Hill on the right and the foot of 
the Cucaracha slide appearing below it in the right- 
hand bottom corner of the photograph. Fig. 188, 
Plate XIV., is a small view of some of the shovels 
at work on this slide, before the cut was filled with 
water, fresh machines being got to work on it as 
soon as room could be made for them. 

On October 10, it will be remembered, water was 
admitted to the Culebra Cut by the destruction of 
the Gamboa Dike. It filled the canal as far as the 
Cucaracha alide, which, however, then blocked the 
way and prevented the section between that point 
and the Pedro Miguel Locks from being filled. A 
trench had been cut through the toe prior to 
October 10, but material constantly closed it ; 
600,000 cubic yards then closed the actual channel. 
On October 10 the attempt was made to obtain a 
passage by blowing this slide up, 14 tons of 
dynamite being exploded at the toe. e explo- 
sion threw stones and earth to a great distance, 
but the slide closed in again immediately. Sub- 
sequent attempts produced no better effect, so that 
blasting was abandoned on the following day, and 
pick-and-shovel work commenced by a force of 
200 men. A trench was carried through the same 
day, but was closed again during the night by 
further falls. It was subsequently re-opened, and 
water passed through to the southern side of the 
slide. Fig. 189 shows the trench being cut 
through the toe of the slide. The shovel work 
was augmented on October 12 by sluicing with a 3-in. 
hose coupled to a water-tank on Contractor’s Hill. 
On the 13th a pumping outfit and 4-in. hose was 
also brought into play, with a pressure of 150 lb. 
at the nozzle. Subsequently two more lines of hose 
were installed, the work being carried on by three 
shifts of men. On October 15 blasting at the 
southern end of the slide was again begun to 
loosen material for the sluicing operation, but with- 
out any material effect, and on the 19th it was 
abandoned. 

It was desirable to fill the southern portion of 
the canal as quickly as possible, and it was therefore 
decided to bring up a suction pipe-line dredger from 
Gamboa (at the north end of the cut) to pump 
water over the barrier, so as to augment the flow. 
Dredger No. 86 was used for this work. Pumping 
commenced on October 21, using 20-in. piping to 
pass the water beyond the toe. is was continued 
till the morning of the 27th, when the water-level 
was about the same on both sides of the slide. The 
suction dredger No. 85 was thus enabled to come 
up from Pedro Miguel to the south side of the 
slide, and commenced excavating there, forcing 
material through a pontoon pipe-line to a relay 
station on the west bank half a mile south of the 
slide. The dredger No. 86, after the pumping was 
ended, coupled up to an electrically-driven relay 
station north of the slide, and commenced excava- 
tion from that side. By means of this relay 
station the material was carried through a pipe laid 
up the side of the cut, and down the hill behind 
into the valley of the Rio Grande. The pipe-line 
up the slope is unfortunately hidden behind the 
shoulder on the left, or west bank, in Fig. 186. 
Another of the disc pipe-lines is shown on the 
berm in the foreground in Fig. 186. This was also 
connected to a relay station. 

After working some little time the two suction 
dredgers were withdrawn owing to the large size 
of the material in the toe of the slide. They were 
replaced by two ladder dredgers. By November 12 





it was reported that a channel averaging 100 ft. 
wide by 10 ft. to 20 ft. in depth had been made 
through the slide. It varied in width from 20 ft. 
to 150 ft., the slide having two tongues, with a 
lagoon between. On the north side, shown in 
Figs. 185 and 186, a channel 200 ft. wide had been 
cut for about 250 ft. A few days after, the ladder 
dredger on the north side of the slide was replaced 
by a dipper dredger. By November 18, on the 
north side, a channel had been advanced through 
the slide about 600 ft., of a width varying between 
50 ft. and 150 ft., the depth of water being 
about 20 ft. The whole obstruction was originally 
about 1800 ft. long, the worst part being confined 
to 1600 ft. On the south side the ladder 
dredger had then advanced 550 ft., making a 
channel 100 ft. wide, the remaining distance of 
4560 ft. consisting of the lagoon and the ditch 20 ft. 
wide. 

On November 22 the ditch was completely 
closed to a height of 10 ft. above the then 
water-level ; but the dredgers had come to within 
200 ft. of each other, leaving 150 ft. channels, 22 ft. 
deep, behind them. The slide, however, continued 
active. On the 26th the channel was cleared 
through except for 150 ft., but on that night a lot 
of material came in and narrowed the channel by 
about 50 ft. to 10 ft above water-level. The 
dredger working on the south side was withdrawn 
to the south of this new fall to re-dredge the channel. 
Apparent progress was again made till December 9, 
the dredgers coming to within 30 ft. of each other ; 
but on that date more material came in on the 
south side, so that the dredger on that side had to 
retire again 125 ft. A large ladder dredger was 
engaged widening the channel made by the dipper 
dredger on the north side. The three dredgers 
removed 52,000.cubic yards in the week ending 
December 10. On December 13 work had pro- 
gressed so that small vessels could be taken past 
the slide, and by the 15th a channel 150 ft. wide 
and 20 ft. deep had been secured. In order to 
maintain this and remove the slide as rapidly as 
possible no less than seven dredgers have been 
detailed for work at this point. They include 
two ladder dredgers, three dipper dredgers, and 
two pipe-line suction dredgers. 

By mber 22 a channel 150 ft. wide had 
been obtained past the slide, with a depth of 16 ft. 
The seven ers at work on it together removed 
72,000 cubic yards in the previous seven days. 
The three dipper dredgers were attacking it at the 
north end, a ladder dredger was working in the 
central lagoon, and a ladder dredger and two pipe- 
line suction dredgers were working at the south 
end. The pipe-line dredgers were handling clay 
and small material, sending it over via the relay 
stations into the Rio Grande Valley. The dipper 
dredgers were handling material so large t 
often shots had to be fired to break it up to allow 
it to be dumped from the dippers. 

As the Cucaracha slide extended so far back that 
the surface slope was in one place away from the 
canal, hydraulic sluicing was introduced at the 
back of Gold Hill to remove as much material as 
possible from the upper paits. A relay station 
was installed 425 ft. above sea-level, on the south- 
east slope of this hill, and on November 6 started 
supplying a monitor on the east slope of the saddle 
with water at 150 lb. per sq. in. The pump in this 
station was driven by a 350-horse-power electric- 
motor. A little later a second pump and monitor 
were introduced. The discharge flume from the 
area worked over disposed-of material at an eleva- 
tion of 250 ft. above sea-level, the outer edge of the 
slide at the point worked being at an elevation 
of + 565 ft. About 1,500,000 cubic yards could, it 
was believed, be handled by sluicing in this way 
but it is quite possible that these operations would 
also bring more material down into the canal owing 
to the effect of water seepage. This, however, the 
engineers do not seem to mind, for after the slope 
becomes tco small for sluicing away the slide into 
the valley beyond the saddle, it is proposed to 
sluice towards the canal, and thus bring the remain- 
ing material down quickly for the pipe- line 
dredgers, until a flat enough slope or firm rock 
face is reached. 

This account of the principal slides we have 
given in come detail, as we believe that many of 
our readers will be interested in a more consecutive 
story of their behaviour than is obtainable from 
the scanty and intermittent seraps of news pub- 
lished from time to time in the daily Press. Move- 
ments on so large a scale do not come, of course, 





within the experience of many engineers, and 
rhaps, for the welfare of the profession, it is 
ortunate that this should be so. 

While dealing with slides and settlements, an 
interesting case may be noticed of settlement in 
connection with a dike constructed at the Pacific 
entrance of the canal. This dike, intended for the 
protection of vessels entering the channel, extends 
from the shore to Naos Island, 3} miles distant. 
The bottom between the island and the shore was of 
blue mud, varying from a few feet to 100 ft. in depth. 
Tt was of a very slippery character. A trestle was 
built out towards the island from which to dump 
> ag for the dike, the material used coming from 
the Culebra Cut. The weight of the dumped stone 
causcd immediate settlement, the bottom sliding 
away under the pressure. The total settlement in 
one locality in a year has aggregated no less than 
125 ft., and the trestles have moved to one side or 
the other, being displaced laterally no less than 
300 ft. at points. Ata place where the original fill 
needed was only 29 ft. in depth the filling has been 
ten times the amount that would have been taken 
had the bottom been firm. 

Concurrently with this settlement, on both sides 
of the dike, large shoals or banks arose to a height 
of 25 ft. above the — bottom, and distant 
from the dumping trestle by about 80 ft. These 
are formed by the displacement of the mud under 
the dump. Owing to the immense quantity of 
spoil available from the Cut for this work, it was 
expected that the dike would be ultimately com- 
pleted satisfactorily, but this has not been accom- 
plished without resorting to the use of specially- 
quarried rock. This rock, in masses of from 3 to 
30 tons weight, was quarried at Sosa. Rail com- 
munication was established with the island in 
November, 1912, but there were several sub- 
sidences subsequent to that date. Only recently 
has stability been attained, three shovels having 
been specially employed at the quarry on the rock 
needed, instead of waste spoil being utilised. 

Lastly, we would refer briefly to an incident 
which occurred at the Gatun Dam, and is mentioned 
in the last report of the Canal Commission. At the 
end of June, 1913, the Gatun Dam was 99 per cent. 
completed, with 21,786,820 cubic yards of material 
in place, of which 11,578,268 cubic yards were dry 
fill and 10,124,082 cubic yards hydraulic fill. On 
August 29, 1912, while hydraulic filling was still in 
progress and the centre material was saturated, the 
top of the dry fill settled 3 vertical feet over a 
length of 200 ft., and one of the railway tracks was 
displaced slightly. Some hours later, on the same 
day, a lateral displacement of 8.8 ft. was noted on 
the + 85-ft. contour, and of 5.1 ft. on the + 50-ft. 
contour, but nothing on the + 30-ft. contour. 
The next day the bulging on the 85-ft. level had 
increased by 3.4 ft., and on the 50-ft. level by 3.2 ft. 
A day later 8.6 ft. additional displacement had 
taken place on the 85-ft. contour, 9 ft. addi- 
tional at + 50 ft. and 6.2 ft. additional at + 30 ft. 
The vertical settlement was 20 ft. for 750 ft. of the 
crest. The total movement noted was 33.9 ft. on 
the + 85-ft. level, 31.2 ft. at + 50 ft., and 18.1 ft. 
at the +30-ft. elevation. Borings showed that the 
desired section for the hydraulic fill, wedge-shaped 
with point down, had not been secured at this part 
of the dam, the actual hydraulic fill portion bein 
wedge-sha with point upwards, a fact which 
suggests that in work of this character there is 
some uncertainty as to the proportioning ultimately 
attained on this method. e slope at this point 
was, in consequence of this movement, flattened 
from 1 in 5 to 1 in 7.67, the toe being heavily rein- 
forced by additional material. No further move- 
ment was noticed after September 2, 1912, and 
test-holes drilled are eaid to show that the hydraulic 
fill portion is drying out satisfactorily. 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

AN ordinary general meeting of the Institution 
of Mechanical Engineers was held on Friday last, 
the 16th inst., at Storey’s Gate, Westminster, the 
President, Sir H. Frederick Donaldson, K C.B., 
occupying the chair. 

The formal business of the meeting included the 
nominations for the election of offic. rs, the Secretary 
stating that the retirirg list was as follows :— 
President, Sir H. Frederick Donaldson, K.O.B.; 
Vice-Presidents, the Right Hon. Lord Merthyr, 
G.C.V.0., and Mr. Mark H. Robinson ; Members 
of Council, Mr. W. H. Allen, Dr. Dugald Clerk, 
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Sir Robert A. Hadfield, Mr. Chas. Hawksley, Dr. 
Edward Hopkinson, Mr. George Hughes, and Mr. 
William H. Patchell. The foregoing were, with 
the exception of Lord Merthyr, nominated by the 
Cuuncil for re-election. The following had also 
been nominated for election :—Dr. Edward Hop- 
kinson as a Vice-President, and Sir A. Trevor 
Dawson, Mr. John Dewrance, and Mr. William 
Reavell, as Members of Council. No additions 
being made by the members present at the meet- 
ing, the President stated that the list as read would 
constitute the nominations for the ensuing election. 


CommeERcIAL Tests or INTERNAL-COMBUSTION 
ENGINES. 


At the conclusion of the other formal business, a 
paper entitled ‘‘ Commercial Tests of Internal- 
Combustion Engines” was read by the author, 
Mr. W. A. Tookey, Member, of London. We 

rint this paper in full in another part of this issue. 

r. Tookey, prior to the discussion, explained a 
chart, reproduced herewith in Fig. 1, which he had 
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lesser to tity of heat required to maintain equiva- 
lent mixture strength. 
Y. Air standard efficiencies on basis of constant specific heat 
(Inst, C.E. Committee, 1905). 
X. Olerk’s corrected efficiencies on basis of varying specific 
heat (Junior Inst. E. Canet Lecture, 1913). 
T. Tookey’s curve of practical efficiencies (Z x X = T). 

The circles and dotted continuation of curve T show the actual 
efficiencies obtained by various experimenters during thirty years 
(1881 to 1911), as accompanying table, and their close agreement 
with Tookey’s curve. 





Reference , Maker of | 
Lester. Test by : Engine. | Date.| Size of Engine. 
A Slaby ..|Otto .-| 1881 /4.5 b.h.p. 
B |Humphrey (Crossley .., 1900 |360 ,, 
Cc |Inst. O.E.. |National ..| 1905 |L, R, and X engines 
D \Stead sa os -+| 1911 |750 b.h.p. 
E \Clerk .-|\Croseley ..| 1894/12 ,, 
F |Burstall “a ins --| 1904 | 50 ,, 
G |Atkinson .. pan - | 1906 | 40 ,, 
H |Hopkinson pe --| 1908 | 40 ,, 
K Lo ge..| Diesel -+| 1905 [500 ,, 
L . col 90 1905 | 80 ,, 
M [Robinson |.|Ruston <.| 1910/50 ” 











prepared, to bring out certain points in relation to 
mixture strength, which, he thought, had not been 
admitted or acknowledged. The horizontal lines 
in that di m referred to clearance-volume ratios, 
the vertical lines showing thermal efficiency in per- 
centages. The chart showed the variations which 
different authorities said were to be expected from 
any internal-combustion engine in terms of com- 
pression pressure, or, what amounted to the same 
thing, compression-volume ratio. The curve Y 
was the curve that had been referred to by the 
Research Committee of the Institution of Civil 
Engineers in their report in 1905, on the basis of 
a constant specific heat. It had been promised 
that as compression pressure went up so higher 
thermal efficiencies would be obtained, but ice 
did not bear out that theory. Dr. Clerk 
had, amongst others, set to work to find out why 
that was not so. The curve X was taken from 
Dr. Clerk’s figures, allowing for variation in the 
specific heat of the working fluid of internal-com- 
bustion engines. The curve was much nearer the 
Y curve at ratio 2 than at ratio 7, showing that, on 
going higher, the varying specific heat of the 
working fluid tended to make the engine become 
less efficient. 


He had shown another curve marked T, and| pa 


along that curve were certain dots. The lower 





part of the curve, where marked in full, had been 
calculated. The upper part had been elongated, 
and drawn out to make it agree with the dots, 
representing the actual efficiencies that had been 
obtained during the last thirty years by different 
experimenters with internal-combustion engines of 
varying compression ratios. He would for a 
moment take members back to the early days of 
the gas-engine, the days of the old slide-valve 
engines. At the back of the piston there was then 
considerable clearance volume. As the history of 
the gas-engine advanced, for the same units of 
piston displacement and higher compression pres- 
sure less clearance was wanted, while with the 
new crude-oil engines much less clearance was 
needed. For the Diesel engine the required clear- 
ance was still less, and so on until the ideal 
engine, or infinity, were reached with an engine 
that had all piston displacement and no clearance 
volume whatever. For his purpose he had made 
the assumption, although, of course, it was a ridi- 
culous one, that such an engine could be made, and 
that would give a point so much above the top of 
the chart that at it the curve Z would approach 
the 100 point. That would be called the 100 per 
cent. efficiency point. 

Assuming that an internal - combustion engine, 
charged with combustible that would give a strength 
of, say, 40 B.Th.U. per cub. ft., to get the whole 
charge up to 40 B Th.U. per cub. ft. in the case of 
engines with increasing clearance, it would be neces- 
sary to put in so much moregas. As the clearance 
increased, more gas had to be put in to vivify, so to 
speak, the stuff in the clearance space, to bring it up 
to the ideal engine, having infinity as its compres- 
sion ratio and giving 100 per cent. thermal efficiency. 
A peculiarity was that, taking the values of the 
curve Z, computed in the manner described, and 
multiplying them by Dr. Clerk’s figures (taking 
the mean of those figures for that variation of 
oe heat, as noted in the curve) he had been 
able to obtain curve T, and he thought members 
would agree that getting the curve in that way 
showed a striking correspondence with the actual 
thermal efficiencies from every-day engines. 

Mr. L. Murphy opened the discussion. He 
regarded Mr. Tookey’s tests as practical and also 
scientific, as non- essentials were eliminated in a 
scientific way. The author had, he considered, in 
places carried his valuable results a shade further 
perhaps than was justified. Mr. Tookey had gone 
to considerable trouble to explain the meaning of 
his factor, and no doubt that factor would be of 
considerable use, but in making up that factor 
several other factors came in, which, to a certain 
extent, were indeterminate. Afterwards the author 
determined the engine performance in terms of 
mean pressure divided by mixture-strength, and 
had worked out his figures to four places of de- 
cimals. That rather spoilt the beauty of the work. 
The author claimed an increase in the efficiency of 
one engine, according to Table I., of 13 per cent. 
He (Mr. Murphy) had no great experience in takin 
gas-engine indicator diagrams, but he would be wel 
satisfied if he could be sure of his mean pressure to 
within, say, 3 per cent. Other factors, such as the 
thermal value of the gas, came in, so that an accu- 
racy of the order of 7 or 8 per cent. would be as 
much as most would expect in final results. 

The author had said that ‘‘ By increasing the 
mixture strength and delaying the firing-point 
higher mean pressures can be obtained with little, 
if any, loss of efficiency.” That remark would lead 
one to believe that, presumably for some mecha- 
nical reason, the thermal efficiency of the engine 
was not then quite so important, and, with the 
brake, it was possible to get the same amount of 
power per unit of gas with retarded ignition, and 
apparently high mean pressure, as with the early 
ignition. That raised the whole question of com- 

ession volume. Makers of gas-engines, of course, 

esigned their engines to work ~¥ up to the 
limits of compression pressure, and therefore it 
was presumable that the ignition might be 
varied over a certain range, and the compres- 
sion pressure varied at the same time, to give 
the same result, but not necessarily a higher 
one. He did not believe that a Dg oomeene engine 
could have its efficiency improved by any juggling 
with the compression volume and the timing of the 
ignition. He hoped that the paper would 
manufacturers to obtain the highest idee. 
was time something of that kind was done. The 

mentioned an old engine which was workin 

quite efficiently, and pointed out that a onal 





engine had given practically the same result as a 
one. In text-books that was supposed not 
to be the case. 

It occurred to him to see if improvement could 
not be brought about by dealing with the com- 
pression volume. As a rough idea which had 
occurred to him, he submitted the scheme of pro- 
viding, at the back of the compression space in 
the cylinder casting, a large sliding diaphragm, 
with behind it again a large volume in which air 
was maintained at a certain pressure, the space 
being so — that a small movement of the dia- 
phragm would cause no appreciable change in the 
pressure behind it. The object was to obtain com- 

ression volume depending on the amount of charge 
in the cylinder. He would start with hit-and-miss 
governing straight away, relying entirely on the 
throttle keeping the mixture strength constant. 
The pressure behind the diaphragm tended to keep 
it down towards the piston. The movement of the 
piston would result in driving up the diaphragm 
in a certain distance on the compression stroke. 
The amount of movement would be something like 
the amount required to retain constant compres- 
sion pressure. A small channel could be provided 
in connection with the cylinder at some suitable 
point of the working stroke to keep up the compres- 
sion in the space at the back of the diaphragm. 
That, however, was not the essence of the idea. 

Mr. C. A. Rainey thought the broad policy of the 
Gas Light and Coke Company and the South 
Metropolitan Gas Company, in having such tests as 
the author had described carried out for them, should 
stimulate other gas corporations to show similar 
enterprise. All said and done, the mixture strength 
to obtain the best results was simply a matter of 
chemical combination, and if gas and air were not 
mixed in the right proportion to obtain complete 
combustion, no amount of coaxing, spark advancing 
or retarding, would secure the best results possible. 
As the weight of oxygen present in 1 cub. ft. of air 
varied with the density of the air, which itself varied 
constantly, the best results could only be expected 
if the value of the oxygen in the charge were known. 
By the more general use of the wet and dry bulb 
thermometer with the mercury barometer, the 
weight of oxygen present in the air per cubic foot 
could be obtained, as well as the moisture. With 
a suitably adjusted chart, any attendant would 
then be able to adjust the air to the atmospheric 
conditions, so as to get better running results, with- 
out having to call in technical advice. 

The author’s method of ascertaining the per- 
centage of the heat units passing through the 
engine, which was converted into work, had been 
(a) to measure the fuel and, presumably, check the 
calorific value, and (b) to indicate the engine. In 
commercial running, engines generally worked for 
several hours, and power calculations, based on 
records obtained during short intervals of running, 
were more or less approximate. Internal-combus- 
tion engines showed considerable variation at every 
stroke, even when running under constant load on 
the test-bed. In ordinary work, when the engine was 
governed, the load was subject to constant momen- 
tary variation. To obtain an exact power record the 

ures for a during the whole run should 

obtained. That had been rendered possible by a 
German firm who had developed special indicators 
for Diesel gas and oil-engines, and had applied an 
instrument which automatically integrated cylinder 
og com and recorded them. Its results might 

checked at intervals on single cards or con- 
tinuous rolls as desired, without in any way inter- 
fering with the action of the power-counter. By 
that means valve adjustments might be checked, 
without interfering with the reliable results ob- 
tained from the power record, or its continuity. 
The accuracy of the instrument could be guaranteed 
within 1 percent. for speeds up to 400 revolutions, 
provided instructions were followed, according to 
the figures of users. With a continuous indicator, 
an engine running at 200 revolutions over a period 
of ten minutes, would require 4 roll of paper 34 ft. 
long to record 2000 diagrams. Allowing ten 
minutes to work out each diagram, the time 
occupied would be 333 hours, or over a month, 
with a man working ten hours a day. At 2l. a week 
that would cost nearly 101. The counter, the cost 
of which was below that figure, would have the 
answer ready in less than ten minutes, and, further, 
was free from the inaccuracies incidental to human 
labour. 

Captain H. Riall Sankey spoke next. He said 
that he regarded the factor of dividing the mean 
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pressure by the mixture strength as one of the 

rincipal facts brought out bythe paper. It might, 
he thought, be of interest to refer that factor to 
the thermal efficiency and the compression ratio. 
The mean effective pressure in any engine producing 
a diagram could be worked out from the following 
formula :— : 

M.EP. = 5.4 B.Th.U. per Ib. x thermal efficiency — 

Volume swept by piston 

The 5.4 was merely Joule’s equivalent, 778, 
divided by 144. 

The volume swept was equal to :— 





1 


Volume of the mixture per Ib. x ” = 


where r was the ratio of compression. Further, it 
was equal to the 
Specific volume per Ib. x Oy? = 1 


288 r 


6. being the absolute compression temperature. 
Mr. Tookey’s mixture strength was the 


Thermal units per Ib. 
Specific volume per lb.” 

Therefore 
__M. EP. , or Mr. Tookey’s factor, 

Mixture strength 
= 1556 Thermal efficiency . rT 
6. r-l 

Based on that formula he had worked out the 
accompanying diagram (Fig. 2), in which the ratios 
of compression were taken at wide ranges from 3 to 
10, the charge temperatures being shown as 27 deg., 
127 deg., and 227 deg. Cent. The heavy black 
lines referred to mixture strengths of 40 B.Th.U. 
per cub. ft., and the dotted lines to a strength of 
64 B.Th.U. It would be seen from this diagram 
that the factor increased slightly with the ratio of 
compression for a particular charge temperature. 
There was not much variation depending on the 
mixture strength. He had imserted at A and B 
two of Mr. Tookey’s figures from Table I. A (2.158) 
was the engine as found ; B (2.388) the engine as 
left. He did not know the charge temperature in 
that case. Had it been about 27 deg., then 
the ratio between B D and C D would be the 
ratio between the theoretical and actual engines, 
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or the efficiency ratio of that engine. The 
point Z represented this factor for one of 
Professor Coker’s experiments, given in a paper 
read before the Institution of Civil Engineers a 
short time ago. In that case the charge tempera- 
ture was 290 deg. Cent. The actual line for that 
case was somewhat below the 227 deg. Cent. line, 
with 64 mixture strength, a point on which was, 
say, at Y. In that case the efficiency ratio would 
be ZX divided by YX. Knowing that ratio, if the 
charge temperature were unknown, it could obvi- 
ously be found, because it was ible to find the 
thermal efficiency. The ratio of compression of the 
engine was known, and the charge temperature 
could be determined, a point hitherto very difficult 
to solve. In order to verify that point he had 
compared the formula with some results given by 
Professor Coker in his paper already referred to. 
. — —_ x. — P herewith, the oa Ae 
a» Gg, W&e., e designations given a 
fewor Coker toh tris: 


Reston qotteniated . Measured 
ker’s ‘emperature, ‘em: ture, 
—_ . C. So 
0 

G 242 210 

G; 267 250 

G, 213 260 

Gs 277 320 


It would be seen that the results were not abso- 
lutely concordant, some being above and some | 


below. With all the difficulties incidental to such 
measurements, he thought the comparison a very 
fair one, and it ap d to him that the formula 
might be used for finding the charge temperature 
in the case of a gas-engine. Actual engines, if 
working properly, with a low charge temperature, 
would work somewhat in an area enclosed on 
Fig. 2 by a faint dotted line. Therefore the factor 
which Mr. Tookey gave—from about 2.3 to 2.4— 
as a factor to aim at in order to show whether the 
engine was working properly, was, he thought, a 
perfectly reasonable one to take. Mr, Tookey’s 
contribution was of extreme value, and he thought 
that the factor should in future be designated 
**Tookey’s factor.” 

Mr. E. J. Davies referred to the author’s remark 
that the mixture strength had rarely been taken 
into account in authoritative trials. Five years 
ago Professor Hopkinson read before the Institu- 
tion a paper on mixture strength and scaveng- 
ing, and had thoroughly thrashed out the effect 
of various mixtures. Professor Hopkinson had 
proved that with 8.5 per cent. of gas to the total 
air and exhaust, he got 12 per cent. more power 
out of a cubic foot of gas than working with 
1l per cent. mixture, thus showing my Be 
advantage in working with a weak mixture. He 
had himself proved the point in 1895, in an 
article contributed to the Mechanical World. 
He had then given a series of diagrams showing 
the different effects on an engine running with 
various mixtures, and in the same series of articles 
he had also given a simple formula, whereby it was 
possible to determine the conditions ving the best 
results in a gas-engine, so far as the amount of 
gas necessary for running it was concerned. It 
was a useful formula, and he had employed it 
himself for over twenty years. In it he merely 
took into account the air taken in by the piston. Up 
to about 25 brake horse-power a suction of 1 lb. 
would be allowed, up to 50 horse-power a suction 
of 2lb., and up to 100 horse-power a little over 
21b., but not more. That was with town gas. 
He found that with 60 1b. compression the best 
mixture was obtained with a proportion of 8 to 1. 
Considering the volume swept by the piston only, 
disregarding the combustion space, with an 8: 1 
mixture, the formula worked out at 

15,552 : 

volume swept by piston 
with an engine working at 60 lb. compression. 
All that it was necessary to know was the diameter 
and stroke, giving volume in cubic inches. That 
formula gave the number of explosions per cubic 
foot at which the engine would run most economic- 
ally. With 110 lb. compression pressure the 


formula was a5 . For 160 lb. pressure the for- 


mula was 2! - . Nothing could be simpler than 


that. There was no unknown quantity ; there 
was neither expansion curve nor index to calculate. 
He had tested many engines and adjusted them by 
this formula, always with good results. It was 
possible for anyone to work out the proper mix- 
ture for any compression. In an old type engine 
for which the compression pressure was unknown, 
it might be taken at 60 lb., but if the engine were 
of the new type, the figure could be taken as 
110 lb., and it would be easy to find, when worked 
out, whether the calculation was right or wrong. 

Comparing his figures with those obtained by 
Mr. Tookey’s formula, his (Mr. Davies’) formula 
gave 1.51 for the explosions per cubic foot for 
the conditions of 120 lb. compression, as given in 
Table I. Mr. Tookey gave 1.48. That merely 
signified that the engine was working with a 
5 omy weaker mixture. In the second case, 
Table II., at 110 lb. compression pressure, his 
formula worked out at 87, and the author’s at 
85.4. In the third case, at 160 1b. compression, 
the respective figures were 11.5 and 10.15. 

He had never before known a tester to measure 
piston strokes in thousandths of an inch, as the 
author had done. He preferred vulgar frac- 
tions as being actually more accurate—5§ in., 
for instance, in place of 5.625in. The decimal 
figures were really inaccurate, inasmuch as it was 
impracticable to run a gas-engine without a little 
lost motion 3 any attempt to do so would result in 


seized . An engine could not be run 
within one-thousandth of an inch; it would 
require that clearance to run at all. An indi- 





cator was by no means a necessary thing for 





telling when an engine, was working properly ; 
and when it was urged that gas-engine drivers 
should be provided with indicators he was afraid 
the consequent loss to employers would be con- 
siderable and end in the scrapping of the indicators. 

Mr. W. H. Patchell remarked upon the calculated 
figures from Professor Coker’s tests, given by 
Captain Sankey in comparison with the measured 
figures. The'sum of the calculated figures was, he 
pointed out, 1229, and that of the measured figures 
1250; the difference therefore was only 1.7 per 


cent. 

Mr. Charles Hawksley inquired why the neces- 
sary observations of the engine tested were con- 
fined to the meal hour, and why the night time 
and Saturdays and Sundays could not have been 
utilised. 

Mr. John Chamberlain asked whether the author 
had tried a reducing-wheel instead of the reducing- 
gear for indicating. These wheels were simple in 
arrangement, and could be adapted to engines 
with strokes varying from 1 ft. to 6 ft. 

Mr. Tookey, replying to the discussion, dealt 
first with the remarks of Mr. Davies. There was 
no doubt, he said, that mixture strength had been 

reviously referred to in the proceedings of the 
[oetitatica. That was well known to members and 
also to engineers who were not members, since the 
roceedings were so well reported in the technical 
a The point he had intended to make was this, 
that mixture strength in terms of cylinder volume 
(total cylinder contents) had not been dealt with, 
so far as he was aware. He thought that Mr. 
Davies’ contribution to the discussion on Professor 
Burstall’s paper and Professor Hopkinson’s paper 
brought out something of the same nature—viz., 
that as the compression pressure went up so it 
was necessary to reduce the amount of gas going in. 
That was interesting and was a fact, but he did 
not think it had ever been plainly stated before. 
Mr. Davies’ formula was new to him, but that 
simple formula referred only to engines working 
at their best, as Mr. Davies himself had put it ; 
the formula did not help in finding out what 
engines were doing at their worst ; it merely gave 
something to aim at. The formula given in the 
paper would do both. Mr. Davies’ formula seemed 
to refer only to hit-and-miss engines, and made 
no allowance for variation in the calorific value 
of the ; it merely gave the number of cubic 
feet of gas that might be expected to go 
into the engine to give the latter its best power, 
without any relation to its calorific value. He 
therefore considered that the formula, simple 
though it was, was likely to be misleading. On 
the other hand, the formula in his paper had, 
as far as he had been able to ascertain, a 
universal application to liquid-fuel engines of 
all kinds, and he considered, therefore, that the 
claim which he had put forward for it held 
te He need do no more than regret Mr. 

vies’ disapproval of the decimal system. 

Of course, the indicator in the hands of more or 
less careless drivers would be too great a luxury. In 
the paper he referred to maintenance of engines ai 
the utmost efficiency ; that involved the employ- 
ment of high-class men. That would mean an engi- 
neer competent to use his engine properly and to 
handle an indicator with due care. He had only 
intended that indicators might be placed in the 
hands of drivers in, say, central stations, where it 
was i to get the utmost out of the engines. 
He desired to thank Captain Sankey for his 
valuable contribution to the discussion. Captain 
Sankey had shown that, from theoretical considera- 
tions and formule, a factor, such as the speaker had 
submitted, could be used to surmount an obstacle 
which had always been present—the finding of the 
temperature of the diame. In reply to Mr 
Hawksley’s inquiry, he would point out that to 
have utilised week-ends for making observations 
would, in the case of 700 engines, have involved a 
very considerable period. In order to fit u 
the indicating-gear the engine had to be sto 
and as the engine did not run during the meal- 
hour, that time was selected for making the inspec- 
tion and fitting the gear. 

The reducing-wheel had never commended itself 
to him, for several reasons. Lately he had been using 
a type of reducing-gear which consisted of a system 
of pulleys. Throughout the tests a pendulum-gear 

been used, merely in an attempt to get reall 
reliable results from the indicator-tackle, With 
regard to Mr. Murphy’s remarks, he would say that 
the paper was intended for illustrative purposes, 
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and he had deliberately used figures which were 
only approximate. The use of three or four places 
of decimals came about merely from the habit 
formed by the use of the slide-rule. The point of 
maximum efficiency, of course, varied with every 
engine, and could quite easily be obtained from 
experiment. It might be interesting to mention 
that the factor value varied with different engines 
and with different compression “ratios. For 
example, with a gas-engine of the modern type, 
working with throttle - governing, the factor 
value at the top load would be, as had been 
said, between 2.1 and 2.3, and possibly 2.4. As 
the governor came into operation and reduced 
the amount of gas and air admitted, there 
was practically constant mixture strength. As a 
matter of fact, the mixture strength varied with 
every depression of the inlet-valve (the formula 
showed that). The factor value then — 
off. In conclusion, he thought that the use of the 
factor value, by experimenters who had every 
facility, &c., at hand, would help considerably 
towards knowing what maximum efficiency to 
expect, and would also lead to a knowledge of what 
system of governing was most reliable and efficient, 
taking everything into consideration. 

The President then announced that the Thomas 
Hawksley lecture, delivered in London in December 
last, would be delivered by Mr. Ellington in Bir- 
mingham on the 22nd inst., in Leeds on the 28th 
inst., and in Liverpool on the 30th inst. On 
Monday, February 9, Mr. Michael Longridge, 
Vice-President, would deliver a lecture on ‘‘ Break- 
downs of Stationary Engines” to the Graduates’ 
Association, to which lecture all classes of members 
were invited. The lecture would be accompanied 
by lantern-slides. The annual general meeting 
of the Institution would be held on Friday, Feb- 
ruary 20 next, at 8 P.M. 





UNDERGROUND INTERCHANGE STATION 
AT CHARING CROSS. 

For some time work has been proceeding at Charing 
Cross on a scheme by which the interchange of pas- 
sengers between three underground railways will be 

ible. The lines in question are the Metropolitan 
District, the Baker-Street and Waterloo, and the 
Charing Cross, Euston, and Hampstead Railway. 
There will be no interchange of train service, but the 
cane arrangements will be such that the change 
rom one to another will entail little difficulty or incon- 
venience, The scheme has involved the continuation of 
the Charing Cross and Hampstead line from the top of 
Villiers-street under the Charing Cross South-Eastern 
and Chatham Railway station to the Charing Cross 
station on the District Railway. The break at this point 
has always been felt by passengers, especially those 
from, say, Waterloo to Euston or Hampstead, the walk 
across the Strand or up Villiers-street causing a good 
deal of inconvenience and often loss of time in coming 
up to the surface and descending again. These 
transfers abuve ground will be abolished on the com- 
pletion of the present undertaking. 

The continuation of the Charing Cross and Hamp- 
stead line has taken the form of a loop which runs out 

ly under the Thames. The form taken by this loop 
as been necessitated by the restrictions placed upon the 
railway on account of buildings, and the need of keep- 
ing outside the western limit of dredging under the 
river. The loop under the District line, but is 
not at quite so low a level as the Baker-street and 
Waterloo Railway. This, however, makes little 
difference to the convenience of the station now under 
construction. It will be possible for passengers to 
pass direct from any one station to any other of the 
three. The two low-level tube stations are bein 
connected direct, while each tube station is connec 
with the District line station. The three are close 
enough together for the whole to be quite compact. 

Fig. 1 shows a plan of the new loop line forming the 
continuation of the Charing Cross and Hampstead Rail- 
way. Fig. 2, page 111, gives the developed longitudinal 
se.tion. From these it will be seen that the line 
swerves out under the Victoria Embankment Gardens, 
yee the old Water Gate. The outward swerve is of 

chains radius, after which the line curves in to form 
the loop which is made up of curves of 231 ft. and 
250 ft. radius. The gradient leaving the Strand 
station of the Charing Cross and Hampstead line 
first takes the form of a short length of t transition, 
followed by 1 in 30 for 90 From a point 
not far from the bottom of Villiers-street, under the 

ardens and river, the level of 64 ft. above a datum 

00 ft. below Ordnance datum drops very slightly 
for drainage purposes till the line comes in within 
the Embankment wall at a level of + 63 ft. From 
this point it rises with gradients of 1 in 300, and 1 in 
50 and s short transition to the Strand station level 





at + 73.72 ft. above the datum 100 ft. below Ord- 
nance, Under the river the line keeps just within 
the London blue clay. The tunnel is of the standard 
type, 12ft. 9 in. in internal diameter, slightly larger 
then the existing Charing Cross and Hampstead tubes. 

A good deal of care had to be exercised in driving it, 
not only on account of the nearness of the top of the 
tunnel to the gravel bed of the river, but also on account 
of water in the ground passed through under the Em- 
bankment Gardens, &. The whole of this district 
is water-bearing, due to underground flow from the 
higher parts of London, reaching up to and beyond 
Oxford-street. This water comes down and accumu- 
lates behind the Victoria Embankment wall in the 
made ground between the former frontage and the 
present one. All through this district the work was 
carried on below the water-level, and the top of the 
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of the way round the circle. A circular box-girder runs 
all the way round the shield inside. The diap! 

contains two openings, 2 ft. 8 in. by 3 ft. 6 in., to the 
back of which are fitted the traps or water-seals, a 
section of one being shown in Fig. 4. The shield 
was worked forward by 16 rams. The method of 
working was as follows :—The face was poled down 
12 in. ahead of the cutting edge, the upper portion 
being timbered with 3-in. planks. The shield was 
then ry forward 10 in.—that is, half the length of 
one of the lining-rings. A chase was then cut round 
in front of the hood, 10 in. ahead of the cutting edge, 
and the shield was then pushed another 10 in. forward, 
when this cycle of operations was repeated. The 
reason for moving the shield in two stages for every 
ring was the desire to reduce as much as possible the 
area exposed ahead of the shield at the top, with the 
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station tunnel rises into the gravel strata. Air pressure | object of minimising the liability of b'’owing out 


was therefore used throughout, and it had to be varied 
constantly to meet temporary conditions. Under the 
river it was necessary to vary it mainly to meet 
the conditions of the tides. In this work, an explorin 

auger was run ahead every 3 ft. or so at an angle o 
45 deg. from the topmost point within the workin 

shield. This gave an indication of what kind o 
material there was above the tunnel and also warning 
of the presence of water. As a matter of fact, the 
work went through without any mischance due to 
inrush of water ; and even under the river itself, where 
the overlying material was none too thick, there being 
for part of the work only 18 in. of clay above the 
ae pa ° other seme 9 ra 

e shie or the purpose was of the Dalrymp 

Hay hooded type, with Lor seal, the makers being 
Messrs. Markham and Co., Limited, Chesterfield. This 
shield is illustrated in Figs. 3 to 5, lll. It is 
13 ft. 94 in. in outside diameter. It will be seen that the 
cutting edge at the top is advanced considerably beyond 
the lower portion, This hood extends for about one-third 





through too great a pressure inside, or blowing in 
through too little. The objects of the water-seal or 
trap have been frequently described and need not be 
enlarged upon now. The tunnel of this line is 
enlarged from 12 ft. 9 in. in diameter to 21 ft. 24 in. 
internal diameter at the new Embankment station 
on the loop. In its construction special precautions 
had to be taken where the tunnel passed under the wall 
of an electric sub-station. Figs. 6 to 8, page 112, refer to 
this work, which will be described later. The station 
on this loop is situated north-east of the Baker-Street 
and Waterloo line station, and under that of the 
District Railway. Its platform level is at + 65.5 ft. 
above datum, that of the Baker-Street and Waterloo 
station being at + 51.67 ft. 

Plans and sections of the combined station are 
shown in Figs. 9 to 16, 112, and Fig. 17, 
Page 113. From these it will be clear that transit 
will be provided for from one tube to another by 
a 10-ft. interchange tunnel, running on a gentle slo 
between these two tubes, immediately under the 





retain tah ele GN Ra 


- 
vteereteeiedp iA rch o 





Ift 


ENGINEERING 


JAN. 23, 1914.] 














‘CTALAMEISARY “CELIA “0 GNV KVHXUVA “SUSSHPY AM GALOOUISNOD ‘CISING ONITIENNOY, “¢ AXV ‘F ‘g ‘sory 





-----—— 0.82 
woun, §68 § oo ==9j 















7-1 0 puny: 


59%" SL 





Y 0-20, —=1 
be Bp =o 


~--- W g9 @ ------- 





mubomdog ua pinoy 


bu0].¢,6x 
oT % » 42% 


ayo udro.srydong %, 


eT 40407 
% SERB 





nbuy 208y 1a nea 











Ye / 
‘ J % fp “t 
° f . 
° / 
Md oO 








2 pbupmwayy un 
‘¢ bay 






Sop’, be %GX$E 





9 





0, OL 
“AVMTIVY GVAISANV]] GNV SSOUD ONIUVHO 40 NOISNELXY] dOO'T 40 ATMMOUG °Z YI 



























































g UNIO T PHD 40799 WOOL PUT Uumgn¢ |. 
oo om ft T9A97 : oe Nit 83 
= — a 
J eI” Urpuo PAeT nosy 
4 CO} 20007 rg or 








SNITAV) LNIWUNVGNT VIXOLIIA 











; bg ——- ~~~ -- ~<a + qt —— sy wi 4 —— 4 
99 ave at 50 OS? | ult 19% anlltyOr os wn sw 
9 v 0d? 
undo OM gov? Pred ations sows” rv eS yor ysl ya? wt 
80" 39 BA anes oO 38 Sua t Oy yo puss? ? 333 
aw o 


‘MHANIONA ‘UALSNINISAM “dH ‘OLSNI‘N ‘AVH-HTANAWIVG ‘H ‘H ‘aN 
‘SSOHUO ONIHYVHO LV NOILVIS FZONVHOUALNI CGNOOWOXACND 





ENGINEERING. 





[JAN. 23, 1914. 








UNDERGROUND 


. 





24-2 Iron 


SECTION A.B. 


INTERCHANGE STATION 


\ Fig.9. 


AT CHARING CROSS. 


MR. H. H. DALRYMPLE-HAY, M.INST.C. E., WESTMINSTER, ENGINEER. 













































































(areas) d. 
lines of the District Railway.. The exits from the 
tubes and transit from them to the District Railway, 
or vice vered, ere arranged for »y four escalators. 
These are arran in pairs—two from one tube and 
two from the other, leading up to a central under- 
und circulating area on a level of + 93.5 ft. 
his area extends under the District Railway. It is 
H-shaped in . From it on either side stairways lead 
up to the District Railway platform levels, so that 
passengers may reach at once the platform for trains 
going either east or west. A section taken across the 
circulating area is shown in Fig. 12. The rise accom- 
lished by means of the escalators from the Charing 
Euston, and Hampstead Railway tube is 28 ft., 

that from the Baker-Street and Waterloo tube, 32 ft. 
The escalators are accommodated in tunnels with ma- 
chinery chambers at the top and bottom. The driving 
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special water-tight tank-chambers. A section across 
a platform and through one of the machinery chambers 
is shown in Fig. 17, page 113. The escalator tunnels 
are ovoid in section, and are lined with cast-iron 
segments in the manner common in tube tunnels, as 
shown in Figs. 18 to 22. In this case, however, the 
ovoid section necessitated by the return belt of the 
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machinery is at the upper end, and is accommodated in | escalator has required two types of segments to be 


used instead of one. 


In these tunnels it is commonly the practice to make 
these segments break joint. With a circular section it 


is possible to do this with one pattern of segment. In 
the ovoid section the breaking of the joint can only 
be managed by the use of different Bet: of seg- 

20. The cross 


'ments as shown in Figs. 18, 19, an 
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joints of the rings (Fig. 21) are faced metal-to-metal 
joints bolted close. The circumferential joint has 
a l-in. metal-to-metal face, inside which the flanges 
are cleared back, as in Fig. 22, the space between 
being filled and caulked with cast-iron borings 
and lead to make the joint absolutely water- 
tight These tunnels, which are on an incline of 
about 1 in 2, have been driven by hand, mainly 
under compressed air without a shield. They termi- 
nate at the upper end in the water-tight machi- 
nery chambers, of which drawings are given in 
Figs. 23 to 26. These chambers consist of cast-iron 
ribbed lining set in 8:1 Portland cement concrete. 
Each has an internal length of 38 ft. 97 in. and a 
depth of 8 ft. 2 in., except at the escalator end, where 
the floor is — and 4 ft. lower. The width 
is 17 ft. 1 in. st-iron ls are used in this 
construction, the ruling thickness being 1} in. The 
flooring is composed of alternate courses of long and 
short panels, those extending all across the chamber 
being illustrated in Figs. 3 to 31, and having ex- 
ternal flan ribs, 1 ft. 6 in. deep, the inter- 
mediate half-length els having ribs only 4 in. 
deep. The sides are likewise built up of panels having 
alternately large and small ribs, denp-ctthed panels in 
all cases being only 2 ft. 14 in. wide, com with 
the intermediate panels, which are 3 ft. inwidth. The 
deep-ribbed vertical panels are shown in Figs. 27 to 29. 
All joints are caulked, and grouting was forced between 
the cast-iron tank and the concrete setting. These 
chambers will contain the machinery for the escalators. 
The level of the tank floors is + 85.25 ft. above the 
- 100 ft. datum, and their top edges stand at 
+ 93.16 ft., the water-level at this point being 
+ 92.66 ft The escalator upper landing will be at 
level of + 93.5 ft. 

The upper landings of the escalators are immediately 
under the District Railway station platforms (see 
Fig. 17). The platforms at this point consist of concrete 
filling between joists set 3 ft. a At some points 
the joists are 18 in. by 7in. by 75 lb.; in places where 
the distance between supports is less they are of 14 in. 
by 6 in. by 46 lb. section. The intero passage 
between the escalator landings on the two sides of the 
District Railway is 10 ft. wide and 8 ft. high. The walls 
are of concrete and brickwork, and the lines are carried 
overhead on a girder and trough floor. All the walls 
of the construction are of mass concrete, which is also 
used in the platforms, floors, foundations, &c. The 
station is placed between two rows of columns 6 ft. 
in diameter, supporting the South-Eastern and Chat- 
ham Railway Hungerford Bridge, and it has been 
necessary to enclose a number of these in the build- 
ings now under construction. This has beén done 
by structural steelwork with mass-concrete filling, 
the outside wall being of plain mass concrete. At 
one or two short connecting passage-ways between 
the circular tunnel sections and the escalators, the 
flooring and walls are of concrete, and the roofing flat, 
and of joists with concrete filling. 

An interesting piece of work consisted of the 
underpinning of a heavy wall forming part of the 
existing electric sub-station, which is underground, on 
the north-west side of the District Station. It was 
necessary to support this wall before driving the 
Charing Cross, Euston, and Hampstead tube, as the 
alignment brought the tunnel under it. This would 
have resulted in a very bad load distribution on the 
length of tunnel involved, in addition to difficulties of 
construction. 

Details of this part of the work, to which we 
have already briefly referred, are given in the plan 
in Fig. 7, and in the sections, Figs. 6 and 8. Part 
of the work was done in the open by the method 
shown in Fig. 6. A large pit was excavated outside 
the wall in question, and carried down so as to enable 
walls and an arch to be put in in sections, the wall being 
temporarily underpinned and also supported on rakers, 
as shown in the illustration. In this way a five-course 
brick arch-tunnel was made tc take the load of the 
sub-station wall. This tunnel was large enough for 
the tube-tunnel lining to be subsequently set within it 
and grouted in the ordi way The work was 
below the normal water-level, which is indicated in 
Fig. 6, and in order to keep it dry a sump was sunk 
alongside, as shown in Figs. 6 and 7, and the water 
from the surrounding area drained into this and 
removed. A clay dam was further run round the 
excavation at the juncture of the clay and ballast, as 
indicated. The tunnel is situated in the clay, and 
the water in the superposed ballas., &c., only had 
to be taken care of. 

A little further along the wall, at the position C D, 
Fig. 7, there was a cable - shaft, the tunnel 
passed almost centrally below the wall. This cable- 
shaft has been abolished, as indicated in Fig. 8. This 
portion of the work was constructed under compressed 
air with timbering, the section of the brick tunnel 
being increased. Here the arch was supported on 
concrete walls, and a concrete invert was put in. The 
shield was run through the brick tunnel as it pro- 
gressed for use beyond. Inthe — reconstruction, 
the wall for which these special arrangements had to 





be made (and in which, by the way, is the —_ end 
of the inclined eee from the present District 
Station to the Embankment Station on the Baker- 
street and Waterloo line) will be abolished, as the 
electric sub-station is being made half as large again as 
it now is by an extension shown in Figs. 6 and 7, and 
measuring about 40ft. by 45ft. The cable-shaftreferred 
to above was used in connection with the supply of the 
Charing Cross and Hampstead Tube from the Lot’s 
Road Generating Station. In constructing the tube 
extension the cables formerly running in a tunnel 
under Villiers-street had to be diverted. A temporary 
shaft was sunk at the bottom of Villiers-street just 
inside the Embankment (Gardens, and the cables 
were brought to the surface here and run above ground 
to the sub-station. A second diversion was necessary 
further up Villiers-street, where the cable tunnel was 
crossed pH The original shaft and tunnel are shown 
in Fig. 2 running out into the new tunnel. This 
cable for the Charing Cross and Hampstead Tube 
supply will be ultimately carried inside the new 
railway tunnel. 

One of the working shafts driven underneath Hunger- 
ford Bridge will be retained and fitted with o spiral 
staircase, which will be in communication with the 
interchange passage between the tube stations. This 
will provide an eme' exit if for any reason the 
escalators cannot handle the traffic. In this connection 
we may also state that while two escalators will nor- 
mally work upwards and two downwards, two of them, 
one leading to each tube, will be reversible; and should 
anything happen to go wrong with the ascending set, 
those normally used for the descent will be reversed 
and used for ascending, passengers going down on 
the escalator not moving, used as an ordinary stair- 
case. The escalators are being provided by the Otis 
Elevator Company, Limited, 4, Queen Victoria- 
street, E.C. The structural steel-work carrying the 
machinery and the escalator roller-paths, &c., was 
built up in large sections above ground and lowered 
down the slanting tunnel-ways, so as to avoid as much 
riveting and bolting-up below as possible. 

The work was s in October, 1911, from a 
working shaft under the Hungerford Bridge. It is 
expected that it will be completed by the end of March 
next. During the under-river work the rate of progress 
was 47 ft. per week. All spoil was carted away, and 
loaded in barges and taken down the river. In the 
under-river portion the men worked in three eight- 
hour shifts ; on the remainder of the work two twelve- 
hour shifts were adopted. The air-pressure used in 
the tunnel work inside the Embankment wall was 
about 5 lb. per eq. in.; but, as already stated above, 
under the river 1t had to be regulated according to 
the tide, and varied between 18 lb. pers. in. and 9 lb. 
In order that the men running the compressor plant 
might have some guide as to the required pressure, 
&@ gauge was fixed in the river at the Embank- 
ment pier, scaled off in pounds per square inch, 
and showing the water pressure on the surface 
of the clay below. At any time, therefore, the 
actual pressure required of the plant could be read 
off. In the power-station there was, in addition, a 
clock with a large dial, outside which was a large 
adjustable ring. This ring was graduated in pounds 

r square inch, and was worked out so that the 

ivisions showed the fall or increase of pressure corre- 
sponding to the fall or rise of the tide. When a read- 
ing had been taken at the river gauge, this ring was 
adjusted so that the proper reading in pounds per 
square inch coincided with whatever Rone of the p ae 
it then was, and the scale then showed as near as 
possible what would be the pressure required at any 
subsequent time. The men in control of the plant 
thus had a continuous indication in the engine-room 
of the pressure required and could adjust the plant 
accordingly, The river gauge was read every hour 
and the clock-indicator corrected to it, in order to 
take account of differences in the flow of the tides. 

The air-supply plant comprised six air-compressors, 
electricall tives, and having a combined output of 
nearly 3000 cub. ft. of free air per minute. The com- 
pressors were arranged in two sete of three each, each 
set wee @ separate electric supply. One set was 
worked off the ordinary supply, pes the other off the 
theatre mains. In case both these failed, a third 
supply was arranged for. 

his most interesting and important work has been 
carried out to the designs of Mr. H. H. Dalrymple- 
Hay, M. Inst. C.E., Mr. G. H. Blacklock acting as 
resident engineer. It has beenexecuted by Messrs. John 
Mowlem and Co., Limited, whose agent on the works 
was Mr. W. Rowell, with Mr. W. Morgan as engineer. 





Hypro-Execrric Stations Frozen Ur.—Owing to the 
severe cold in Sweden (in Ritansleyn, Jamtland, 53 deg. 
Cent. of frost were recorded on January 12) several hydro- 
electric power-stations in Holland have stopped or 
their working impeded by ice. At the Sjorli olm. 
power-station the turbines came to a standstill, and 
remained so for several days, with the result that several 
factories in Halmstad have been obliged to stop work, and 
Nyhamn was without light. . 





INDUSTRIAL NOTES. 


AccorDING to the Board of Trade returns, employ- 
ment was good, on the whole, in December, but at 
the end of the month was somewhat affected by 
holiday suspensions in the engineering and other 
industries. There was agains reduction in the number 
of pig-iron furnaces in blast, but ag pre im- 
proved slightly at iron and steel works, and continued 
good in engineering and shipbuilding. The woollen 
and worsted trades declined in all departments, and 
there was some slackness in cotton-weaving. There 
was also a further seasonal decline in the building 
trader. Employment at coal-mines remained very 
good. It is reported by the Labour Exchanges that 
there was a continuance of the demand for labour in 
the shipbuilding industry. A deficiency of the supply 
of women was reported in the linen trade. Wages 
in the manufactured iron trades continued to fall in 
consequence of the decline in prices ; in other trades 
the upward movement continued. Compared with 
the good conditions of December, 1912, employment 
on the whole showed some falling off. There was s 
marked decline in the pig iron, iron and steel, and tin- 
plate trades. The textile trades also showed a 
decline, especially in woollen and worsted, and in 
cotton-weaving. On the other hand, there was some 
improvement in the printing and furnishing trades. 

rade unions with a net membership of 965,500 re- 
ported 25,229 (or ee cent.) of their members as 
unemployed at the end of December, 1913, compared 
with 2 per cent. at the end of November, 1913, and 
2.3 per cent. at the end of December, 1912. 

The ape of ‘‘insured” workpeople unem- 
ployed at the end of December was 4.6, compared with 
4.1 at the end of November. 

Returns from firms employing 418,716 workpeople 
in the week ended December 20, 1913, showed a de- 
crease of 0.2 per cent. in the number of workpeople 
employed, and an increase of 0.2 per cent. in the 
amount of paid, compared with a month ago. 
Compared with a year ago there was a decrease of 1.7 

rcent. in the number employed, and of 2.2 per cent. 
in wages paid. 

The changes in rates of wages taking effect in 
December affected 174,000 workpeople, and resulted 
in a net increase of 7800/. per week. The principal 
changes were increases to 149,100 coal and shale 
miners and oil-workers in Scotland, and decreases to 
28,400 iron-workers in the North of England, the Mid- 
lands, South Wales, and West Scotland. 

The dispute in Dublin continued throughout the 
whole of Seomien, and is still unsettled. The num- 
ber of disputes beginning in December was 56, and 
the total number of wor ple involved in all dis- 
putes in progress durin e month was 59,026, com- 

with 55,094 in November, 1913, and 30,685 in 

mber, 1912. The estimated total gate dura- 

tion of all disputes during the month was 907,700 

working days, compared with 857,200 in November, 
1913, and 232,100 in December, 1912. 

Cases dealt with during the month included hemp 
and wire-rope makers, teshead ; bobbin-makers, 
Clitheroe ; wood-workers at Letchworth; boot and 
shoe operatives at Leicester and at Hinckley; cranemen 
and chargemen, West Hartlepool ; and plumbers and 
carpenters, Cardiff. A permanent Conciliation Com- 
mittee had been established at Bridgwater, and the 
recently-formed W. and Conciliation Board for 
the Stourbridge firebrick district had been regis- 
tered under the Conciliation Act. Awards had been 
issued by certain chairmen under the Coal Mines 
(Minimum Wage) Act, and certain appointments and 
awards made in connection with the Railway Con- 
ciliation Scheme. 

The weekly number of vacancies notified to the 409 
Labour Exchanges for which a comparison extending 
over twelve months is possible, for the four weeks 
ended December 12, 1913, was 21,798, as compared 
with 22,236 in November, and 22,364 in December, 
1912. The number of vacancies filled per week was 
16,868, as compared with 17,013 in November, and 
14,708 in December, 1912. 





A joint committee of the Boilermakers’ Society and 
the sage ene od Association met - Newcastle last 
week to consider a proposed working agreement 
between the two sedatien. This reads s follows :— 

1. In all matters affecting the mutual interests of 
both associations in the shipbuilding, ship-repairing, 
and engineering industries, the respective societies 
agree to joint action, which chall include the follow- 
ing questions :— 

(a) The alteration of working hours. 

(b) General fluctuations of wages. 

(c) Organisation, including the questions of non- 
members and members in arrears. 

(d) Yard or shop conditions common to both. 

It is understood that where members of only one 
society are employed, the Joint Central Board shall 
have power to consider any support which shall be 


given from the joint fund. 
2 So far.as the allocation of work between the 
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various departments of the two associations is con- 
— the sfatus quo shall be respected and main- 
tained. 

3. A joint fund shall be created to support the 
questions relating to joint action as set forth in 
graph 1 by a contribution equal to 3d. per quarter per 
member of the respective societies (superannuated and 
apprentice members to be exempt), from which dispute 
or lock-out benefit equal to 3s. per week for eight 
weeks shall be paid in addition to the amount paid to 
respective members from each society according to 
their respective rules, commencing from the fourth 
day out. Neither society shall have any claim on the 
joint fund in the case of disputes except where the 
Joint Central Board has been consulted and has 
approved of the same. No benefits shall be paid from 

e joint fund for twelve months, and if at the end of 
that period in the opinion of the Joint Central Board it 
is found necessary, the question of additional financial 
assistance to the joint fund will be submitted to the 
menibers of both societies. The joint fund shall be 
invested with the Co-Operative Wholesale Bank, 
Limited, in the names of the general secretaries of 
both: societies. 

4.\A joint central board, consisting of five mem- 
bers of the executive and the general secretary of the 
respective societies, shall be appointed as a central 
administrative authority. In the event of any execu- 
tive member being unable to attend the Joint Central 
Board, it shall be competent for that executive to 
appoint a substitute with executive authority. The 
chairman of each executive shall be chairman of the 
Joint Central Board at alternate meetings. 

5. On any question on which joint action is desired 
the executives of both societies and the district dele- 
gates or technical advisers of the societies in their 
respective districts shall jointly deal with the same. 
Failing a settlement the matter shall be referred to a 
joint meeting of the district committees of both 
societies in their tive districts, who shall con- 
sider decide what advice shall be tendered to the 
Joint tral Board for their consideration and 
decision. The district delegates and technical advi- 
sers shall act as joint conveners. 

6. In the event of any difference arising between 
the members of the two societies, a court of three from 
each society, at least two of whom must be members 
working at their trade, shall be called upon to adjudi- 
cate on the same. Failing to agree, they shall select 
three disinterested trade unionist in the district— 
as far as possible—to act as referees. Such referees 
must not’ be chosen from any trade which comes 
into conflict with either of the parties to the dispute, 
and they shall deside the question at issue. 

This agreement shall come into force, and the first 
— payment shall be paid by each society, imme- 

iately the' votes of the members of both societies 
decide in fayour of it, and shall remain in force for a 
period of two years, and thereafter shall be subject to 
@ notice of twelve months by either society. The 
agreement will be submitted to the members of both 
societies ; it is thought that it may lead to a federation 
of all workers in the shipbuilding industry. 


The three-shift problem was considered at a special 
council meeting of the Northumberland Miners’ Asso- 
ciation, which was held at Newcastle, on Saturday 
last, the 17th inst. 

At the end of 1912, says the Newcastle Daily 
Chronicle, the Miners’ Association, en by the 
support and pledges of the Miners’ Federation of 
Great Britain, decided to take a ballot vote of the men 
as to whether they were in favour of giving fourteen 
days’ notice to cease work in order to enforce aboli- 
tion of the system.’ At the same time it was resolved 
that the executive of the Northumberland Union 
should visit the collieries before taking the vote. A 
strong feeling was found to prevail against the system, 
but before taking the vote the association thought it 
should know whether they were likely to get financial 
support from the federation. The funds of the union 
were depleted by the National coal strike and the 
three-shift strike in the early part of 1910. The 
78. 6d. per week strike benefit allowed by the federa- 
tion is intended only as a supplementary help 
to the district allowance, and the conclusion was 
come to that as the association was out of funds, the 
men should not strike merely upon the federation 
allowance. The association then asked for another 
national conference in order that the whole position 
could be again discussed, and this conference was held 
in March of last year. Again, the National Con- 
ference decided to su Northumberland, and it 
was agreed that the officials of the federation should 
accompany & deputation of the Northumberland men 
to & meeting with the coal-owners of the county in 
order to bring about abolition of the system if possible. 
The coal-owners declined to abandon the system, but 
invited suggestions for its modification. A i 


council meeting of the Northumberland miners drafted 





with the acceptance of the association. Ultimately, 
in December last, a ballot vote was taken on the ques- 
tion of tendering notice to cease work, and there 
voted 15,236 in favour and 14,181 against, the majority 


para- | in favour being 1055. This majority was inadequate 


u which to call a strike, as the rules of the asso- 
ciation require that two-thirds of those voting must 
beia favour before a strike can be entered upon. 

At the three-shift collieries there were 5423 mem- 
bers in favour of a strike and 2588 inst—a 
majority of 2835, or 82 more than the required two- 
thirds strike majority, that is so far as the three-shift 
collieries are con The result of this ballot was 
re to another national conference held on 
December 10 and 11, and after discussion it was 
agreed ‘‘ That the three-shift question in Northumber- 
land be relegated to the executive committee to 
take such action as they think necessary to assist 
them in the present crisis.” The wages commit- 
tee and executive committee of the Northumber- 
land miners afterwards debated the situation, and 
decided to convene 4 ial council to consider 
what the next step should be. 

Hence the meeting of last Saturday. There was an 
animated discussion on the whole position in the fore- 
noon, but no decision had been arrived at up to the 
lunch interval. In the afternoon the discussion was con- 
tinued, and the following resolution was carried by 
52 votes to 1 vote :—‘‘ That the question of the three- 
shift system be now left in the hands of our members 
at each three-shift pit, and that they have power to 
make locally the best arrangements they can with the 

ment at each pit so as to have the system 
abolished or modified at their own collieries, but no 
final agreement to be come to in any case until the 
proposals have been submitted to the executive com- 
mittee in order that the general working conditions in 
the county may be safeguarded.” 

The resolution will be submitted to the branches, 
and a proxy vote taken upon it. 

ere are about seventy collieries in the county, at 
sixteen of which the three-shift system is worked. 





A meeting of the executive committee of the Fede- 
ration of Shipbuildin and Engineering Trades was 
held in Newcastle on Friday, the 16th inst., when it 
was decided to make representation in the proper 

uarter with reference to certain inequalities in the 
Unenatusenet Section of the Insurance Act. A dis- 
cussion was heid on the demand for an eight-hour day 
for all trades in the shipbuilding and engineering 
industries, which was made to the employers in Nov- 
ember last, and it was decided to proceed with the 
negotiations. 





Owing to the timely and energetic attitude of the 
South African Government and their wholesale arrest 
of the men’s leaders, the labour crisis in the various 
States may now be considered at an end. At several 
mines the situation is normal, whilst at others matters 
are rapidly improving. Ins speech to the burghers, 
General Beyers is reported to have said that there was 
no objection to men striking, but that they must 
not insist u their neighbours not going to work. 
He added that the Government had decided to end 
such troubles once for all. 





At the commencement of the week the Dublin strike 
was considered at an end, the men, including dock 
labourers and other workers, having ered un- 
conditionally. They were returning to . But diffi- 
culty immediately occurred in regard to dealing with 
** tainted ” pon 
belong to the Dublin United Tramways Company, 
are ing. Other trades, such, for example, as 
the building trade, which had to remain idle owing 
to the strike, are trying to resume their former 
activity, and much satisfaction was expressed through 
out the city at the improved outlook matters had 
taken. The last news from Dublin, however, shows 
that much — exists with reference to the 
“ free” labourers. These are being hunted out by the 
trade unionists. 





In Blackburn the situation remains unsettled, and 
on Monday last the ration “made it known 
that on and after Thursday (yesterday) they were 
prepared to give permanent employment to com- 
petent workmen in the gas, water, electricity, and 
other departments, an announcement which the men 
on strike regard as an ultimatum. The men affected 
number about 350. The Corporation continue to 
maintain that they pay =o standard rate of 
w whilst the men de an all-round increase 
of $d. per hour. Mr. Clynes, M.P., and the Trades 
Council advocate having o plebiscite of the ratepayers 
in the borough on the subject. The men who have 
not returned to work this morning run the risk, 
owing to the ultimatum above referred to, of findin 
their places permanently filled. But ae Av gees 
a cculesenee between Corporation the men 


The tramway factories, which | both 





has been mooted, and it is hoped it will have for effect 
to settle matters satisfactorily to both parties. 


On Saturday last a meeting of the National Society 
of Free Workers, Limited, was held in Sheffield, and 
the following resolution from the Birmingham branch 
was given the approval of the Council :—‘‘In view of 
the announcement of the National Union of Railway- 
men, that notice has been given to terminate the Con- 
ciliation scheme, we, the National Society of Free 
Workers, Limited, desire to convey to the railway 
companies our en pean and yng of the 
present scheme, and express the hope that the com- 
panies will do all that is in their power to continue 
this, as we believe it to be most conducive to a good 
understanding and harmonious working between the 
management and employees.” 


On account of the strikes of the hands employed by 
the hagen Free Harbour (which concern in the 
meantime has an almost complete staff of new 
men) the various sections of the Copenhagen Harbour 
, the Free Harbour section, the coal-heavers’ 
trade union, and the union of harbour hands, have 
decided to combine in one union. The resolution has 
to be sanctioned by the respective general meetings, 
with reference to which step no time will be lost. 


According to the Reichs- Arbeitsblatt, the situation of 
labour throughout Germany during November last was 
much less satisfactory than in the ndi 
month of last year. In the Ruhr coalfields in the 
lignite beds of the centre districts activity was 
decreasing, but matters were in a better position in 
the Silesian and the Lower Lusatian collieries, in the 
iron mines, the rolling-mills, the engineering, elec- 
trical, and chemical works. The blast-furnaces, steel 
works, and textile works, however, showed an increase 
in unemployment. Taking all the trades together, 
there were in November 219 male applicants for every 
100 vacancies—a very high proportion indeed—as 
against 173 in October last and 148 in November of 
last year. 


At the time of going to press, the men employed in 
the London coal dépéts have gone out on strike ; they 
demand an increase of one penny per ton all round 
for loading and carting coal. 





ROYAL METEOROLOGICAL SOCIETY. 

Tue annual general meeting of this Society was held 
on Wednesday ——= 21st inst., at the Institution 
of Civil Engineers, t+ George-street, Westminster, 
Mr. C. J. P. Cave, M.A., President, in the chair. 

The Council in their referred to the various 
branches of work which been carried on by the 
Society during the past year. These included researches 
in the upper atmosphere, meteorological lectures, the 
collection of + — and the com- 
mencement of the tion of a series of normal 
values of the climatological elements of the British Isles. 

The President presented to Mr. W. H. Dines, F.R.S., 
the S : Gold Medal on — ie he ne hs 
a im in recognition is distingui work in 
connection with meteorological science. 

Mr. Cave, in his presidential address, dealt with 
the subject of up air research. He pointed out 
that research in , may be by means of 
-s manned oes with o \— wy “7 or by 

-registeri truments sent up in a kite, captive 
balloon, or (24 balloon. Kites A. 4 first used for this 
purpose by Dr. Wilson, of G! w, in 1749, and 


; | to use a registering balloon in 1893 ; a free balloon carried 


a recording instrument, the recovery of the instrument 
being dependent on the balloon being found after ite 
descent; a height of 9 miles was reached in a 
and 13 miles in Germany soon after. He next ref 

i of instruments used in the research, 
and described Mr. Dines’s meteorograph, which is an 
extremely simple and light instrument. Rubber balloons 

and as they ascend 


are y 

winds above the surface, a i 

fer chnwrving the Salieens, ‘The Internationa! Oomision 
cs 


w 

horizontal and vertical, 

turbulent motion seems tocease. The stratosphere 

at about 7.5 miles in these latitudes. The method of 
investigation is new, but pany arcentinese bopemng 
to come to light, and it seems as 

weather do not begin AT ng FF, — x. 
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THE WOLSELEY MOTOR-CAR WORKS 
EXTENSIONS. 


LarGE extensions have recently been made to the 
machine and other departments of the Wolseley Motor- 
Car Works at Adderley Park, Birmingham, and in 
association with these there has been effected a com- 
plete reorganisation of the works in order to concentrate 
specific operations in separate di ments and the 
more effectually to ensure standa tion in machin- 
ing and in manufacture generally. To signalise the 
inauguration of these important improvements in the 
establishment, a large number of gentlemen interested 
in motor engineering travelled by special train to 
Birmingham on Wednesday. By a happy coinci- 
dence, Mr. R. McKenna, the Seoretary of State for 
Home Affairs, was in the district, and joined the party 
in their inspection of the works, and at the luncheon 
on the occasion, most appropriately as the head of one 
of the industrial departments of the Government, bore 
testimony to the *‘ firmness, skill, and acity of 
British enterprise,” as evidenced by the Wolseley 
Works. He recalled a conversation he had had with 
the chairman of a French motor company nine or ten 
years ago, who predicted that, notwithstanding the 
extensive work done in car development in France, 
the British nation, because of the great capital, busi- 
ness organisation and manufacturing facilities avail- 
able in this country, would become supreme in the 
industry as soon asa really good, reliable car had been 
developed and the parts standardised. That stage 
had been reached, and the Wolseley Company gave 
all the evidenees of it. 

It should not be forgotten, however, that the 
Wolseley Company have done much towards the 
evolution of the motor-car as we know it to-day. 
This is established by a comparison between the 
5-horse-power single-cylinder chain-driven voiturette, 
which took part with so much credit in the Royal 
Automobile Club’s 1000-mile trial of 1900, and the 
silent, speedy, and reliable 30 or 40-horse-power six- 
cylinder beautifully-appointed landaulette or limousine 
of to-day. As was pointed out by Sir Vincent 
Caillard, who presided at the luncheon, the number of 
cars made in 1901 totalled 323—practically all of 
5 horse-power ; in 1906 the number inc to 453, 
some of them being of 18 horse-power; in 1911 
the total was 1592, and they ranged up to 40 horse- 
power; while this year the number will be 3000, averag- 
ing 20 horse-power, and varying up to 40 —~y =4" 
While the number produced per annum has thus in 
thirteen years increased nearly tenfold, the collec- 
tive power of the motors has grown fortyfold. Nor 
do these figures include the new “ Stellite” car, 
which combines advantages of the motor-car and the 
cyole-car; of these 1500 are being made this year. 
The number of men employed is 5500, and Sir 
Vincent was able to state that in respect of profit- 
earning the Wolseley Company stood high on 
the list of industrial enterprises on which the great 
Vickers Company had embarked. It may be added 
that although the Vickers Company acquired the 
Wolseley Company in 1901, their association with the 
motor-car vr: has only gradually become publicly 
known, but all the time there was available not onl 
the experience in poe which extensive poracvemn | 
at the other Vickers establishments had accumulated, 
but also the stimulation afforded by the enterprise 
and resources of the parent company. Still, while 
such advantages have their great value, a large 
share of the success of the company is due to Mr. A. 
McCormack, the works director at Birmingham; to 
Mr. Ernest Hopwood, the commercial director ; and to 
Mr. Bernard Caillard, the director responsible for the 
Colonial and foreign export department, and their 
respective staffs at Birmingham ; and to Mr. J. E. 
Hutton, the director of the London establishment. 

We publish on this page and on 120 illus- 
trations of the new shops now completed. In 1901 
the factory dy ag was 90,000 sq. ft., while now 
it is 727,812 sq. ft., the ground area now included 
being 21 acres. The principal of the new depart- 
ments are :—(1) A large three-storey factory, having 
60,000 sq. ft. of floor area, for the cons'ruction ot 
commercial vehicles, marine, airship, and seroplane 
motors, and of this an exterior view is given on 
Fig. 1; (2) a —_ and upholstering shop, having 
49,000 sq. ft. floor area, of which an exterior view is 
given on Fig. 2; (3) a new iron foundry, of which an 


interior view is given on Fig. 9, on page 120; (4) a| 


new carriage store ; and (5) new offices. 

The new commercial and marine-motor shop is an 
entirely self-contained department. It is a building 
having a fron to Arden-road of 150 ft., and extends 
into the original area of the works for a depth of 270 ft. 
The main building forms a quadrangle, the inner court 
of which is glazed at about the first-floor level, so that 
the ground floor, given over to machining and erection, 
is lighted on all sides from wall windows, and the central 

is illumined from the roof. The upper floors are 
ighted from wall windows on each side, and the result 
is abundant natural light. The basement is utilised 
for stores. On the first floor there is, in the front, the 
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control offices ; in the west bay, the general machine- | office, exclusively for the commercial vehicle and 
shop (Fig. 7, on page 120); in the east bay, the assem-| marine and aerial work ; on the west bay the de- 
bling department ; and on the same level, the drawing partment for marine airship and aeroplane motors 
stores, inspection- room, and the tool-stores. On | (Fig. 8, 120), and in the east bay the finished 
the second floor there is, in the front, the drawing- | stores. The views of the machine departments in 
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this new factory, given on Figs. 7 and 8, clearly show 
the system of flooring, the method of housing the 
electric motors for driving the main shaft, the 
bracket carrying the bearings for this shaft. There is 
also demonstrated the effective lighting of the shops. 
The various departments are served by elevators, and 
there is connection with the older machine-shops 
where much standard work will continue to be done 
for the various types of motors. 

The erection of this department has enabled some of 
the heavier tools to be removed from the old machine 
factory, and this latter has been re-arranged, and 
many new machines added, to undertake what might 
be termed standardised or repeat work on the plea- 
sure as well as on the commercial, aerial, marine 
productions. In fact, the principle aimed at is not 
only continuously to confine machines to given opera- 
tions, but to centralise all work on unit of a car to one 
department. Orders for a number of jobs are issued now 


similar units. All aluminium parte, too, are confined 
to one section, and similarly all b 

are dealt with in one department. 
extensively adopted, and the parts thus treated, not 
usually machined in the automatic or other tools to 
accurate dimensions, are ground to gauge dimensions 
in a separate shop.after hardening. As representative 
of the machine-work, it is preferable to take some 
standard and to y tak the successive opera- 
tions, with this object in view we may select the 
wheel-hub, the crank-shaft, and the cam-shaft. 

Fig. 4, on this » shows the machine opera- 
tions on the wheel-hub, which is a malleable-iron 
casting and is machined throughout. The casting 
is first mounted in a No. 6 Herbert’s chucking auto- 
matic turning-machine, being held on the outside by 
the chuck-jaws and the special “‘jack” jaws. The 
inside is completely finished at the one setting, the 
limits for the ball-race housings being very fine. 


Hardening is very 





rather than for single jobs. For marine engines these 
will ordinarily be in batches of dozens, for pleasure 
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The hub is transferred to a neighbouring machine 
of exactly the same type, and, mounted on a true- 
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cars in larger numbers. and for commercial vehicles in 
batches of a hundred. It is scarcely necessary to enforce 
the advantage, alike as regards interchangeability and 
economy in manufacture, of this system. An example 
is afforded by Fig, 3, on page 116, showing the simul- 
taneous planing of 24 crank-shafte. As to the onl 
possible disadvantage—the stereotyping of design—it 
may be noted here that one of the developments is 
the further extension of the experimental and ar 
de artments. There are also well-equipped chemical 
and physical laboratories. Indeed, the Wolseley Com- 
pany have ever attached great importance to organised 
experimental research, ard on the visit on Wednesday 
there was evidence of this. Amongst other newly-de- 
signed motors was an 8-cylinder 160-horse-power engine, 
with cylinders inclined (Y-wise) for an airship. It 
was undergoing a prolonged endurance trial. Iota, 
not only are car-motors tested separately, but trials 
are made of motors in their chassis to determine the 
power developed at the motor and that delivered to 
the rearaxle. Thus it may be possible to improve the 
—s of transmission. 

_ 4018 not proposed here to give a len descrip- 
tion of the machine-shops. Cousistent wie the eral 
Principles of management there are separate om 
ments for work on motors, gear-boxes, axles, 





and machine, and the sides of the webs planed to size in 


Ns ON CraNK-SHaArFT. 


running snug, the whole of the outside is finished. 
The next operation is broaching. This is performed 
in a Lapointe broaching-machine, and altogether six 
splined broaches are passed through the hole. The 
broaches are 18 in. long, and each enters in the hole 
the previous one has made. The serrations on the out- 
side, on which the detachable wheel seats itself, next 
receive attention. These are hobbed on a Schuc! t 
and Schutte hobbing - machine, which trues up the 
outside at the same time. The hub is now mounted 
on an Archdale thread-milling machine, and the 
threads both inside and out are milled, This is quite 
automatic, one turn of the spindle, which carries the 
work, completes the threads. After drilling the bolt- 
holes in a Pratt and Whitney multiple drilling-machine, 
the hub is sent to stores in iness for assembling. | 
The crank-shaft (Fig. 5) is a steel stamping, is 
machined to a very great extent by multiple methods. 
The first operation consists of establishing in the ends 
good substantial centres. The journals are then hed 
out to within +, in. of size on a Lodge and Shiple 
manufacturing lathe. This machine is provided wit 
a copy-bar, which gives definite stops for the engi, 
making it impossible for the operator to go beyond the 
necessary cut. The shafts are now taken to a planing- 


brass and other alloys | mach 


fixture which holds fifteen cranks. Alongside of this 

ine is a similar one, which holds a fixture con- 
taining thirty-six shafts. In this operation the chesks 
of the webs are planed, two tool-boxes being in opera- 
tion at the same time and operating four simultaneous 
cuts. From the planers the shafte are transferred to 
a Gardner crank-shaft turning-machine for turning the 
pins. Located and driven by the sides of the webs, 
which have been previously planed correct to width, 
the whole width of the pin is formed out at one cut. 
This tool also puts in the radius; Fig. 5 shows this 
operation. The pins are not finished in this operation, 
vy in. of stock being left for grinding. The grinding 
of the pins is done in a is crank grinding- 
machine, in a fixture which correctly locates the pin 
with relation to the journals. A wheel 1 in. wide is 
used, and a very fine limit of accuracy insisted upon. 
There is really no allowance at all, the shafte having 
to be either exactly to size or kept exactly —0.001 in. 
under. The keyway for the timing-wheel is now milled 
in. The shaft is held in a jig which accurately locates 
the position of the keyway in relation to the o— 
pin, thus ensuring that the timing shall always be the 
same. 

The cam-shaft (Fig. 6) is made from a length of mild 
steel bright bar, and is first centred for tu: The 
turning is done in ‘‘ a Lo’swing” manufacturing lathe, 
on which as many as six or eight cuts are operating 
at once. The cam-shaft is roughed out to within 
?« in. of size in this operation, and is then annealed 
and straightened for finish turning. The shaft is 
finished turned in the same class of machine, and 
turned all over to within 0.010 iv., which is left for 
—— After rough milling the castellation for the 
gear, the piece is sent to a cam-milling machine. 

he cams are rough and finish milled, as shown in 
the illustration (Fig. 6). The roughing is by an 
end-mill, which removes the bulk of the stock, and 
the finishing by a spirally-cut milling cutter. These 
tools are controlled by a countershaft, carrying 
forming cams which are set at the same angles as 








those on the cam-shaft. It is not considered advisable 
te harden between the cams. The shaft is therefore 





Fic. 6. Macning Operations on Cam-Suart. 


cop’ A pa over, and only those required to 
be have the r-plating polished off. After 
carbonising, the drilling and tapping take place. The 
shafts are then hardened, the castellated end and the 

iral gear being clayed up, and left as soft as possible. 
Atter straightening, the spiral poene is milled, it 
being necessary to have the teeth soft. castellations 
are now finished, milled, and then comes the ——s 
operations. The three bearings are true wi 

e castellated end, on a plain grinder, The shafts 
are then mounted in an indexing fixture on s surface- 
grinding machine, and the flate and cylindrical part of 
the cams ground on the face of a saucer-shaped wheel. 

The new foundry, which is illustrated in Fig. 9, on 
page 120, demonstrates by ite size the extent of the 
work done in the whole factory. The high-tensile 
and nickel steel required for cars is got from Vickers 
works at Sheffield, and much of it is stamped. A fine 
example of such work was afforded by the six-crank 
shafts in one piece, seen in the works on Wednesday. 
The iron-work is done, for the most part, in plate 
and machine moulding-machines, and there is in use 
a conveniently-sized converter. In a separate area 
the aluminium work is carried on. 

The second of the large new enumerated in 
our introduction, and shown in Fig. 2, is a three- 
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storey building, 330 ft. long and 50 ft. wide, for | 
finishing bodies. A view of the interior is given in | 
Fig. 10, on page 120. In this there is now concentrated 
all the upholstering, painting, varnishing and other 
finishing operations. A feature of this paint and 
varnishing-shop is the care taken in the construction 
of it to ensure that it shall be dust-proof. All such 
coach-building work has been carried out for years by 
the Wolseley Company, but now there is concentration 
here as elsewhere. There are separate shops for the 
light sheet-iron, aluminium , wood-work, and 
coach smithy-work, along with great timber-storing 
sheds, so t the company are entirely inde- 
pendent of outside co-operation. There is thus 
possible standardisation analogous to that in the 
motor and chassis departments. The raw timber is 
machined in the mill to gauge and into store, 
whence it is drawn as required by the body-builders ; 
contempora ly the upholstering work is done to 
template, and the hoods and screens and similar 
appurtenances to gauge also, and all stored until 
required. Thus the final assembling is simplified, as 
there is not any need for adjustments to ensure true 
fit, as otherwise might be the case. 

All this involved very extensive storage accommo- 
dation ; but it is most conducive not only toa higher 
de of accuracy, and therefore to interchangeability 
and reliability, but to rapidity and economy in the 
completion of all cars. Thus it has been possible, by 
reason of the continuous effort towards improved 
metals and towards greater acouracy in machine work 
whereby wear is reduced, and standardising 
machining operations and workshop practice, to main- 
tain that degree of reliability for which the Wolseley 
car is noted, and otherwise to improve its qualities, 
without advancing the selling price. 








ITALIAN AIRSHIPS FOR THE British Navy.—It is re- 
— that the British Admiralty has ordered three 

orlanini airships, the first of which will be built in 
Italy, and the others by an important British firm. The 
Citt& di Milano, which was built in eighteen months by 
Signor Forlanini, and has been presented to the Italian 
Army, the cost having been defrayed out of the national 
fund of 128,000/., subscribed for aeronautics, of which a 


large proportion came from Milan, many remark- | lis 
and its car, 


able features. It is semi-rigid, which is com- 
pletely enclosed and has windows in front for navigation 
Perposes, forms part of the actual keel, which is a girder 

raced by a cable running fore and aft through the gas-bag 
from end to end. re are two envelo inner being 
divided into fourteen compartments. The envelopes meet 
at the top, and are otherwise kept apart by inflated 
ballonets. The frame is square in section, and is built up 


of triangular girders. The ship, ing to the Times, 
has a displacement of about 12 tons, or 34 tons more than 
the Parseval, acquired last year by the Admiralty. The 


length is 72 m. (about 235 ft.) and diameter 18 m. (about 
584 ft.). The two Isotta Fraschini engines, of 85 to 100 
horse-power, drive two three-bladed propellers, 4.20 m. 
in diameter (about 13} ft.), which are calculated to give 
a speed of 44 miles an hour. Three guns are to be carried. 





Vessets Lost, Conpemnep, &c.—From the statistics 
a itly ee ony ‘by Lloyd’s Lm y Fr _—— and 
ore} ipping, it appears % duri © quarter 
ended September 30 Te thirteen Britesh steamers, 
totalling 36,263 groas tons, were , lost, or other- 
wise removed from the Register, while the Colonies lost 
only two small vessels, making 515 tons ther. In the 
case of the Mother Country, the loss is 0.2 per cent. of 
iho total Sonmage omrund, endef the eotenial the 
loas is only 0. cent. Italy comes next on the list, 
having lost, during the period under consideration, three 
vessels having an aggregate tonnage of 8093, which is 0.64 
per cent. of the tonnage owned by that country. This per- 
centage is the highest recorded for steamships during the 
quarter, but Spain follows closely with a loss of 0.59 per 
cent. com in three vessels totalling 4887 tons. Only 
three other countries have suffered losses of over 1000 
and J on Got eee pa Sone 
apan, ir losses are, tively, 
oa i a ane. Sew Se iling” . 
of course the percentages lost are y muc 
higher than is the case with steamers, owing to the 
ater risks to which the former are exposed. The 
nited States, as would be expected, heads the list, 
basting lost ten vessels, i ich i 


). Next on 
ist comes Norway, which country has lost 1.14 
cent. of its total tonnage in seven i 


Germany, the figures in case vessels, 
making together 4956 tons, which is 1.46 of that country’s 
shi ve losses of 


i 
vessels ; also the statistics do not include steamers of less 
than 100 gross tons, or sailing ships of less than 100 net 
tons. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 8. 

Tae output last year of structural-steel shops was 
31 per cent. less than in 1912, the figures bein 
1,840,000 tons. Railroad orders for bridges oa 
other structural work decreased 23 per cent. Prices 
of rolled-steel products declined from 5 dols. to 9 dols. 
a ton during the year, as compared with an advance 
of from 4 dols. to 10 dols. a ton during 1912. Pig- 
iron production last year was estimated at 31,100, 
tons—an increase of 4 per cent. over 1912 The 
general tone of the market has improved within the 
past week. Orders, however, are slack and scat- 
tered. The increasing inquiry is based upon actual 
necessities, which will soon become urgent. The 
consumption of iron and steel during the past 
year has been heavily cut. The recent passoge 
of the new Currency Bill is almost eatvecudiier 
expected to result in increasing confidence and 
in preparation for heavy expenditures by railroad 
and all other interests. Already pig iron shown 
some improvement, but furnace interests show an un- 
willin to book heavy orders for future delivery 
at present abnormally low prices. The most active 
is foundry iron, but all other grades are under favour- 
able inquiry. Cast-iron-pipe makers are in the market 
for very large lots. Prices are very low, and big 
dealings are pending. Western railroads have just 
placed orders during the past week for 170,000 tone 
of rails. Inquiries are pending from the railroads of 
that district for 300,000 tons. Eastern railroads are 
still holding back their orders, but action may be taken 
at any time. There is a general disinclination to con- 
tract far ahead for rolling billets, or, in fact, any 
other kind of semi-finished products. The present 
surface indications are satisfactory to manufacturing 
interests, and a further improvement is in sight. 





NewspParPER SvuBscripTion Rates. — Messrs. Wm. 
Dawson and Sons, Limited, of Cannon _——, Bream’s 
Buildings, E.C., have issued a booklet in which sub- 
scription rates for British, Colonial, and foreign news- 
papers, magazines, and other publications, for which 
oe, will undertake to supply any of the pvblications 





Tue Iron “‘ Famine” In Rossia.—A conference is 
about to be held in St. Petersburg for the purpose of 
— remedies for the prevailing scarcity 
of iron. mtatives both of producers and con- 
sumers have 
War, the Navy, and Communications have all stated that 
their orders are only being supplied with extreme slow- 
ness. Should the conference prove that something like an 
iron famine actually exists, the Government is understood 
to be prepared to take steps in order to facilitate the 
import of pig iron and other kinds of iron. 





Tue INstiruTiIoN oF AUTOMOBILE ENGINEERS.—A 
recommendation was made at the fourth ordinary meet- 
ing of this Institution, held on the 14th inst., that a prize, 
the value of which would be announced later, should be 
offered for the paper, before the Institution, which 
might be idered to be of the greatest value to the 
designer, constructor, or user of automobiles. Ib was 
also decided that the prize offered annually for the best 

read before any of the Graduates’ Sections of the 
nstitution, should be awarded to Mr. T. E. B. Chalmers, 
B.Sc., for his paper on **Carburation,” read before the 
Coventry branch. Further details of the summer visit 
to Detgam were command, and it has now been definitely 
decided that this will take place in July, the visitors 
leaving London on the evening of Saturday, July 11, for 
Antwerp. Among the works visited will be the Minerva 
Company, the Derihon Company, Cockerills, Dyle et 
Bacalan, and one or two others in the neighbourhood of 

he 





Contracts.—The Parsons Motor Company, Limited, 
Southampton, have on order several — are- 
— sets, including two for the North-East Coast just 
being delivered, and one for the North-West Coast about 
to be put into work. Several repeat orders have been lately 
received, both for self-contained welding sets and for sets 
to be fitted on lorries or on barges, &c.—The Isherwood 
system of ship construction is being adopted by the 

nion Iron Works yey oy Ae San Francisco for a vessel 
which is being built for the Standard Oil Company. This 
will be a tank-steamer, 420 ft. long by 54 ft. beam 
31 ft. 6 in, depth, to carry 9000 tons deadweight, and wi 
be a duplicate of the 8.S. Richmond, already built for the 
same owners. The same system has been adopted by the 
Gulf Refining Company, of New York, for a vessel for 
which they have contracted with the New York Shi 

ildi Com Camden, N.J., and for two oil- 


for 79 of their various stokers and furnaces for this 
country, the ies and the Continent, most of these 
re 


for installation st collieriee. “Tike lovtor fact stows that 


with the object about economies in the 
| to the automatic feed of 
machine-stokers by means of suitable elevators and con- 


veyors is also increasing. 


tank | Clyde, 69s. 6d.; Calder 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
market was quiet and the tone was a little easier. The 
turnover consisted of 1500 tons of Cleveland warrants at 
50s. 44d. and 50s. 4d. cash, and closing sellers quoted 
50s. . cash, 50s. 74d. one month, and 5ls. three 
months. In the afternoon Cleveland warrants became 
stronger, and 1000 tons were done at 5ls. and 51s. 0}d. 
three months, and the session closed with sellers at 
503. 6d. cash, 50s. one month, and 5ls. 1d. three 
months. A steady tone prevailed on Friday morning, 
and a good business of 5000 tons of Cleveland war- 
rants was put through at 50s. 6d. cash and 50s. 9d. 
one month. The closing quotations were 50s. 64d. cash, 
50s. 9d. one month, and 51s. 14d. three months sellers. 
The afternoon session was quite idle, but prices of Cleve- 
land warrants remained steady at 50s. 7d. cash, 50s. 9d. 
one month, and 51s. 1}d. three months sellers. On 
Monday morning the market gained in strength, but 
dealing was confined to one Cleveland warrant at 51s. 
March 10. Av the close sellers quoted 50s. 8d. cash, 
50s. 11d. one month, and 51s. 444 three months. 
In the afternoon there was nothing doing, but prices 
remained firm and cash iron was 1d. dearer. The closing 
quotations for Cleveland warrants were called 50s. 9d. 
cash, 50s. 11d. one month, and 5is. 44d. three months 
sellers. On Tuesday morning, although there was little 
buying, the good tone was well maintained. The turn- 
over only amounted to 1000 tons of Cleveland warrants 
at 50s. 114d. one month, and closing sellers named 50s. 9d. 
cash, 51s. one month, and 5ls. 4d. three months. The 
afternoon session saw no change in the demand for 
Cleveland warrants, and business was once again con- 
fined to one Cleveland warrant at 51s. February 27, with 
one month sellers over at that figure. The other closing 

rices were 50s. 9d. cash and 5is. 44d. three months. 
When the market opened to-day (Wednesday) a little 
more activity was manifest, and quotations were higher. 
The dealings totalled 4000 tons of Cleveland warrants at 
50s. 9d. and 50s. 10d. cash, 50<. 114d. twelve days, 5ls. 
and 5ls. = one month, and 51s. . and 51s. 6d. three 
months. Closing sellers quoted 50s. 104d. cash, 51s. 1d. 
one month, and 5l1s. 6d. three months. In the afternoon 
the tone kept firm, and 2000 tons of Olev _ Warrants 
changed hands at 51s. one month, and the session closed 
with sellers quoting 50s. 94d. cash, 51s. 04d. one month, 
and 5is. 6d. mon 


Sulphate of Ammonia.—A decided weakness has come 
over the market for sulphate of ammonia and prices 
have marked a substantial fall of about 10s. ton. 
alg 4 has been somewhat . ~ Re 

, but the spring inquiries may have a strengthening 
tendency, although the Pg for prompt lots is now 
called from 12/. 7s. 6d. to 12/. 83. 94. per ton, Glasgow or 
ith. 


r since the year 


m invited to attend. The Ministries of | Leith 


Scotch Steel Trade.—Conditions in the Scotch steel 
trade show signs of improvement, but specifications are 
still coming to hand very yy bay with the result 
that managements continue to have some difficulty in 
keeping plant fully employed. A fair amount of booking 
ios teas done lately both on home and export account, 
and despite the fact that merchants are inclined to offer 
inducements to secure business, makers are holding firm 
to the official price-list. Where material is not controlled 
by the Association, there is a good deal of keen compe- 
tition for the tonn on offer. The local shipbuilding 
trade is now in full swing once more, and inquiries 
are out for immediate and near-date requirements. 
One of the brightest branches of the steel trade 
at t is undoubtedly that of structural material. 
Makers are head over ears in work, and orders on hand 
ensure much activity for some time to come, as there is a 
heavy demand for the home as well as for the export 
market. For sections there is a better inquiry and a 
little more doing, but black-sheet makers do not seem to 
have turned the corner yet, although Pann seem to have 
a hardening meas The export demand generally is 
exceedingly a heavy tonnage is being oot 
weekly to the usual markets, the chief being India, 
Australia, and the Argentine Republic. 


Malleable-Iron Trade. — The state of affairs in the 
West of Scotland malleable-iron trade does not give an 
cause for enthusiasm, as broken time is very general, an 
in the Coatbridge district at present there is a fair amount 
of distress. Some fresh bookings are oes but a 
large tonnage will be required before the different estab- 
lishments can be called busy. Prices are still based on 
6. 17s. 6d. per ton, less 5 per cent. for ‘‘ Crown” bars. 


Scotch Pig-Iron Trade.—In the Scotch pig-iron trade 
the position has not changed v much owing to local 
consumers not having got into full working order yet, but 
the deliveries are, ne less, very satisfactory. New 

i is scarce and bookings are not very heavy, but 
inquiries point to a healthy turn of trade in the near 
future. Erices are nominally steady, and the following 
are the market quotations for makers’ (No. 1) iron :— 

> oe = i _—— ~ 
Langloan, 70s. (all shi at Glasgow); Glengarnoc 
at Ardrossan), 71s.; S) = (at Leith), 70s.; and Oarron 
at Grangemouth), 70s. 





British Coat Exports.—The shi ts of coal from 
the United Kingdom nearly reached a 100,000,000-tons 
level last year, the exports of coal, coke, and patent fuel 
having amounted for the twelve months to 76,687,241 
tons, increased to Ba insite tons by the addition of 


coal—that is, coal shipped for 
the use of steamers engaged in foreign trade. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Exports of Steel.—So far the revised American tariff 
has very little beneficial effect upon the impor- 
tant connection of the Sheffield steel trade with the 
United States. The report of the United States Consul 
for Sheffield and district for the quarter ended December 31 
last reveals an all-round shrinkage in steel-trade exports. 
As compared with the corresponding period of 1912, 
business in steel (sheets, bars, wire, &c.) declined by 
13,1922. to 165,012/.; in and other tools it declined 
by 567/. to 322/.; in saw-plates it declined by 2926/. to 
42401. ; and in shears it declined by 14137. to 2109/. ; while 
in machinery it declined by to 10987. The total 
value of classes of exports was 225,373/., against 
233,939/. in the concluding quarter of 1912; but on the 
year business was 107,415/. larger in 1913 than in 1912. 
‘The respective figures were 855,615/. and 748,200/. 


wow tape tuum imgermah Sortimmmanis Soumeeiiag 
last few days important developments ig 
steam-coal contracts. It is now officially stated that 
South Yorkshire owners have abandoned their uncom- 
promising attitude, and have contracted with the Hull 
trawler companies to supply & year’s requirements at 
a figure which is larger than the quotation of last year, 
but which is also substantially the owners 
originally demanded. Further, the majority of the 
railway companies have succeeded in securing renewals 
of contracts for six months’ supply at the same price as 
last year, on the basis of 11s. 6d. per ton for best hards, 
which is 1s. per ton less than the coalowners originally 
demanded. In house coal the greater part of the output 
is going to London and the South, where a higher price is 
obtainable. Provincial merchants would be tly in- 
convenienced by the sudden shrinkage in supplies were it 
not for the stocks which they accumulated in the milder 


weather. A general increase of 6d. per ton for best sorts scal 


has resulted. Industrial requirements show no decline. 
A good tonnage of gas-fuels is going away on contract 
account. A brisker demand is being experienced for 
slacks. There is a larger supply of coking smalls, and 
prices are firmer. Quotations:—Best branch hand-picked, 
17s.; Barnsley best Silkstone, 14s. to15s.; Derbyshire house, 
lls. 6d. to 12s. 6d. ; Derbyshire best brights, 12s. to 136.; 
best large nuts, 11s. 6d. to 12s.; small nuts, 9s. to10s.; York- 
shire hards, 1Js. to 12s.; Derbyshire hards, 10s. 3d. to 
lls. 3d.; rough slacks, 7s. to 8s.; seconds, 5s. to 6s.; 
smalls, 3s. to 4s. per ton. : 


Tron and Steel.—Improved conditions in the local raw- 
material market are well maintained, and though there 
is still plenty of room for improvement, the present posi- 
tion is much more satisf than the position of a 
month ago. Deliveries have improved, contrac’ is 
being done at higher rates, and the general demand is 
quite equal to the output. The majority of users have 
covered their requirements for several months ahead. 
The current quotations are :—East hematite, 
683. 6d.; West Coast hematite, 75s.; Lincolnshire 
coats. 54s. 8d.; Lincolnshire forge, 52s. 6d. ; Derby- 
shire ry 55s. 3d.; Derbyshire forge, 52s.—de- 
livered at Sheffield and Rotherham. Though bar-iron 
mills are still short of work and Continental dumping 
continues, an improved demand is being experienced for 
local products. he iron foundries are fairly well sup- 
plied with orders. Despite the American set-back, an 
optimistic tone prevails in the steel trades. The heavy 
departments are uninfluenced by outside depression. 
Armour-plate making and the manufacture of castings 
and forgings for the shipbuilding centres continues at 
high pressure. Some of the big works find their plant 
insufficient to produce the output required, and are 
making important extensions. Contracts have been 
renewed with the railway de ts for annual supplies 
of stores and materials, these departments present 
an appearance of activity. Material for wagon 


builders is in wider request, particularly on colonial R 


account. Railway spri are being made for Calcutta, 
and the East by = is taking big of 
axles and back-plates. Special-steel makers could do 
much bigger business but for the shortage of molybdenum. 
The demand for constructional steel for engineering pur- 
poses continues to increase, while makers of mining 
machinery report a further accession of substantial orders. 
Those engaged in the lighter sections of the steel trade 
perhaps occupy the best position so far as new i 

is concerned. The demand for edge tools is world-wide. 
High-speed twist-drills are a subject of increased inquiry. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade. Satisfactory — 


cou s : aad Sans 
conenfand scoounts are ven of the iron trade. Very | and 


nsiderable sales have made of and there are 
still inquiries in the market for substantial quantities. 
Values of Cleveland and hematite pig show an upward 
movement, and there are several legitimate reasons for 
don Cece be —— healthy statistical situa- 

growing ter, and prospects generall 

are undoubtedly much brighter than they were a Tittle 
while ago. Production of pig is well taken up, and it is 
possible that an additional furnace or two will be put 
into blast before long. At their Clarence Ironworks, 
Mesars. Bell Brothers are changing a furnace from Cleve- 
land to « special kind of iron. There are now in opera- 
tion on the north-east coast 77 blast-furnaces, 40 of which 


ae Clgveland pig iron, 25 hematite, and 12 other | fitted 


iron. Messrs. Bolckow, Vaughan and Co. 
the largest number of furnaces in blast, having no i 


than 15 blowing, 12 of which are running on Cleveland, 





and two on special kindsof iron. No. 3 g.m.b. Cleveland 
pig is firm at 51s. 3d. f.0.b.; No. 1 is “2, 53s. 9d. ; 

0. 4 foundry, 50s. 9d.; No. 4 forge, 6d.; and 
mottled and white iron, each 50s. 3d.—all for early de- 
livery, 6d. above these rates being named on forward 
account. East-Coast hematite pig is steady. Nos, 1, 2, 
and 3 are selling at 62s. for early delivery, and contracts 
to the end of June are reported to have been made up at 
62s. 6d. There is little or nothing passing in foreign ore, 
and it is difficult so ascertain on what terms business 
could be done. Several sellers are inclined to adhere to 
rates that have ruled for some time past. and nominally 
market quotations are still based on 18s. 6d. ex-ship Tees 
for best Rubio. Consumers, however, report that they 
would have no difficulty in fixi 


of 18s., and perhaps even less. Freights Bilbao-Middles- 
stand at 4s. 3d. Coke is more plentiful than it 
has There are sellers of average blast-furnace 


kinds at 18s. delivered at Tees-side works. 


Ferro-Manganese.—The manufacture of ferro-man- 
is about to be commenced at the Carlton Iron 


ganese 
Works. The firm is understood to have contracted for | ¢ 


their manganese ore and to have already sold a good deal 
of ferro-manganese iron. Hitherto the only firms in the 
eg a a district to produce this iron have been 
Messrs. Bolckow, Vaughan and Co., and the Linthorpe 
Dinsdale Smelting Company. ice of ferro-man- 
pete Page has recently been reduced by 

l. per ton, and the market quotation now stands at 9/., 
less 24 per cent. The export quotation is 9/. 5s. net f.o.b. 


Stocks and Shipments.—The stock of Cleveland pig iron 
in the public warrant stores now stands at 134,254 tons, 
of which 134,211 tons is No. 3 quality, and 43 tons iron 
deliverable as standard. Since the beginning of the 
month the stock has been reduced by 5128 tons. Ship- 
ments of pig-iron from the Tees are on only a moderate 

le. To date this month they average 2725 tons per 
wong um, the total despatches amounting to 48,035 
tons. To the same date last month the loadings of pi 
were returned at 61,305 tons, or a daily average of 
tons, and for the corresponding _-_ of January, a year 
ago, the clearances reached 55, tons, or an average of 
3463 tons per working day. 


Manu Iron and Steel.—In the manufactured 
iron and steel industries a few orders are coming in and 
producers generally are busy. Prices for some descrip- 
tions show rather an upward tendency, but no alterations 
at present have been made. The following are the princi- 

market quotations :—Common iron bars, 7/. 10s. ; best 

71. 178. 6d. ; best best bars, 8/. 5s. ; ing iron, 6/.; 
iron ship-plates, 6/. 15s.; iron ship-angles, 7/. 10s. ; iron 
ship-rivets, 8/. 10s. ; iron girder-plates, 71. 5s. ; steel bars 
(basic), 62. 15s. ; steel bars (Siemens), 6/. 15s. ; steel ship- 
plates, 6/. 10s. ; steel ship-angles, 6/. 2s. 6d. ; steel boiler- 
tes, 7i. Se; steel joiste Gl. 198. Gd.; steel otrip, 

. 158. ; steel hoops, 7/.—all less the customary 24 per 
cent. discount; cast-iron columns, 7/. 7s. 6d.; cast-iron 
a chairs, 4. 5s. ; light iron rails, 7/.; heavy steel 
rails, 62. 10s. ; steel railway sleepers, 7/. 5s.—all net at 
works ; galvanised corrugated sheets, 24-gauge, in bundles, 
11/. 5s. f.0.b.—less 4 per cent. 





25,000-Horsz-Power Rouune-Mitt Eneing.—We had 
an opportunity, on the 19th inst., of inspecti 
unusually large rolling-mill ry together with a 
—- plate-shears, and a ton metal-mixer, at t 
iddlesbrough works of Messrs. om, Se 
and Co., Limited. The engine has been built to 
the order of the South Durham Steel and Iron Company, 
Limited, to their designs and under the superintendence 
of their chief engineer, Mr. Edward Crowe. It will be 
used for driving a plate-mill at the yy 4 malleable 
works, Stockton-on-Tees. The engine is the third and 
Rider's sets which have been supplied by Messrs. 
ic Westgarth. It is of the three-crank vertical 
type, and has three cylinders, each 54 in. in diameter b 
60-in. stroke. Steam at 160 1b. pressure is supplied to 
three a and the engine 1s non-condensing. This 
naturally results in a very simple and robust construction, 
well suited for the heavy work of driving rolls. The 
maximum working speed is 80 revolutions per minute, 
but all of the engine are designed for a run-awa: 
240 revolutions per minute. The engine, whic 
can develop 25,000 horse-power, is connec 
the mill wi t the intervention of i It is fitted 
with Joy’s oe, and the whole control is carried 
out by a single lever actuating a Crowe-Davy starting 


and reversing gear. At the time of our inspection the 
engine, which i 


presents a very fine appearance, was under 
steam running light. The -shears, which have also 
been constructed for the South Durham Steel and Iron 
Company, are a duplicate of two others already supplied. 
They are capable of dealing with plates 11 ft. 6 in. wide 
in. thick. The framing is built up of steel castings, 
and construction is naturally very massive. The main 
lever is actuated by four hydraulic cylinders so 
any) either one, = three, or + ~ pte age be hg used 
‘or its operation, depending on the work w! 1s 
carried out. The seabeiion, which we also menti 
at the beginning of this paragraph, was built for Messrs. 
Sa pag wer ey i - It oa 
size, bei esigned to ho! tons of metal. rolling- 
paths Pony of wrought steel, and work on four cast-steel 
rollers carried by cast-steel housings. The operating 
gear is of the hydraulic type, and consists of two double- 
acting cylinders, either of which is capable of tilting the 
mixer. The port ends are of the movable by ee are 
with water-seals. They are operated by hydraulic 
. We hope in the future to have an opportunity of 
ealing with some of these three interesting plants in 
greater detail. 


contracts on the basis | 1 


an|more than 50 persons, 


direct to | i 





NOTES FROM THE SOUTH-WEST. 


a steam-coal trade has ruled semgosstivdy 
—. ost colliery owners have ample supplies, while 
demand has shown no — activity. Two inquiries 
have been received from bay from consumers who 
had an apprehension that supplies of Nata] coal would be 
small in consequence of the threatened labour troubles ; 
but the t of business affairs in South Africa having 
ealtedhy chanend, th's Bombay inquiry has become a 
matter of little moment. The best Admiralty large 
Gualiticn és, 3d.'80. Ie 2a, other scoondary Be ty 
ties, . to ; jescrip- 

q' . 1 


avigorous . 

have been erected on the island, . 
attached to them enables Portsmouth to communicate 
with Malta. It is pow proposed to erect two more aerials, 
Scligl plaktel obtiteagl ponae'y te bn peoviiel and Go 
tri t iti power is to be provi an 
radius area will be much extended. 

Fishguard.—The cost of additional harbour works con- 
templated by the Great Western Railway Company, at 
Fishguard, and which are to be brought under the con- 
sideration of Parliament next Session. is officially esti- 
mated at 430,319/. aa bey and extension of the 

ier or breakwater will cost » ® proposed quay or 
otiagemes near the northern end of the existing 
landing-stage 63,012/., and a proposed embankment for 

iming portions of the foreshore 11,8032. The total 
length of the pier extension is given as 49 chains from the 
electric power-station. The whole of the capital required 
for the works will be vided by the Great Western 
Railway Company, which has undertaken not to sell or 
SS a ne ee ee 
Rosslare Railways and Harbour Company. 





Sarety or Lire at Sea.—The International Con- 
ference on the Safety of Life at Sea, which has just con- 
cluded its meeti has agreed toa number of important 
regulations, which it is intended shall be international in 
character. In the first place, the duty of patrolling the 
Atlantic and sepertiog ice and derelicts is being under- 
— by a — -—_ «i All ships of more | 

nots 8 and carrying or more passengers, 

making voyages of more than 500 miles between port and 
port, must not only be fitted for wireless telegrapby, but 
must maintain a continuous watch throughout the 24 hours. 
A similar regulation will apply to vessels carrying only 
25 passengers when making voyages more than 500 
miles from land. Vessels not coreying pesmengere are also 
to be fitted with a wireless system if they have on board 
must keep a continuous 
watch in the signal-room when more 1000 miles 
from land. Provisions as to the subdivision of vessels 
have also been agreed to, but no details are as yet avail- 
able. Boat accommodation is to be provided for 75 per 
cent. of the total number of persons on board, plus raft 
accommodation sufficient for the remainder, and provi- 
sion must be made for adequate manning of these boats. 





Canapian Raitway Ferry-Sreamern.—The Canadian 
car-ferry and ice. breaki steamer, built by Meesrs. 
Cam Laird, of Bir ead, for the Trans-Continental 
Railway Company of Canada, was on Saturday 
last, the 17th inst. She is intended for service on the 
River St. Lawrence, between M4 and Levis. Her 
inci i Bi : th, 326 ft.; 


principal dimensions are ft.; beam, 65 ft. ; 
with ST deeghes of about 15 tithe propelling machinery 
consists of two sets of triple. i densi i 





le-exp g engines. 
An ice propeller of nickel steel, driven by a compound- 


condensing is fitted lg pwn he ghee 
is arranged for carriage reight 
trains at all seasons of the year. Phe trains ont 


taking 
&c., on or off the vessel. Above the hi t position of 
carriages on the tidal deck, a is 
round vessel, with a navigating bridge f . The 
boiler-rooms in wing ts amid 
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ENGINEERING, January 





23, 1914. PLATE XI. 


THE PANAMA CANAL. 


(For Description, see Page 105.) 























Fic. 181. Generat View or Suipes at CuLepra, Lookine Sours. 
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Fic. 182. View Looxine Soutn at Gotp Hitt, sHowrne Toe or Cucaracua Sipe. 





(To Face Page 106.) 














PLATE XII. ENGINEERING, January 23, 1914. 





THE PANAMA CANAL. 


(For Description, see Page 105.) 











Fie. 183. Tae Cocaracna Siipe on tHE East Sipe or THE CanaL; AREA, 50 Acres. 




















Fic. 184. Tae Cutesra Cot at Gotp Hitt. 
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PLATE XIII. 


THE PANAMA CANAL 


(For Description, see Page 105.) 

















Fig. 185. View sHowine Tne CucaracHa Siipe BLockinc THE CANAL. 











Fic. 186. Drepcers at Work In THE CANAL ON THE CUCARACHA AND THE CULEBRA SLIDES. 

















PLATE XIV. ENGINEERING, January 23. 1914 





THE PANAMA CANAL 


(For Description, see Page 105.) 
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Fic. 187. Terracinc THe West Bank at CULEBRA. 


























Fie. 188. SHovets ar Work on Cucaracua SLIDE. Fie. 189. Curring Water-CHanNEL THROUGH CUCARACHA SLIDE. 








(To Face Page 107.) 
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NOTICES OF MEETINGS. 


Tue Brirish FounpRyYMsn’s AssociaTiON : BIRMINGHAM BRANCH.— 
Saturday, p Sanuaey 24, s 7 V; > a] _ edie fam yr ms Suffolk- 
street, ngham. mith, Bradf ve @ paper 
on * Loam Moulding.” e 

Tue Surveyors’ InstrruTion.—Monday, January 
A r will be ready Mr. George Corderoy (Mera (Meuber of Council), 
enti ‘* Measuring and Quantity Surveyin; 

Tue InstirvTs oF MARINE ENGINEERS. ~ wee January 26, 
at 8 p.m. Discussion on Mr. mpeg Ma on ihe Working 
Arrang ite for the Combusti: il-Fuel in Marine Boilers.” 

Tux Royal Socrery or pone Toh oe January 26, at 8 p.m. 
Cantor lecture. ‘* The Relation of Industry to Art,” by Sir Charles 
Waldstein, Litt.D., Ph.D., late Director of the Fitzwilliam 
Museum, and Slade "professor of Fine Art. (Lecture II.) Wednes- 
day, January 28, at 8 p.m. “Japanese Colour Prints,” y 7-=4 Mr. 
Edward F. ‘Strange, a, Rig we of the Victoria and 
Museum. His E y dor will pie 

Tus InstiTuTION OF One Re ar January 27, at 
8 p.m. Paper to be further discussed : e~ ey Steam 
in Locomotives,” by Mr. Henry ayy Assoc. nst. C. 
Students’ cneerings, Fridays, January 28 and 30, te 8 L. Lec- 
tures on :—** The Testing of Mater for Use in Ne wet 
Construction,” by Mr. E. W. Monkhouse, M.A., Inst. O.E. 
Mr. Alexander Ross, Vice-President, will occu Wt ke chair on 
January 23, and Mr. Walter Hunter, M. Inst. C. on January 30. 
Members of all classes of the Institution are invited to attend 
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THE CLASSIFICATION OF MERCHANT 
SHIPPING. 

A PATHETIC interest attaches to the James Watt 
Anniversary Lecture of this year. The late Dr. 
S. J. P. Thearle, chief ship-surveyor to Lloyd’s 

ter, had some months ago accepted the invi- 
tation of the Greenock Philosophical Society to 
deliver this year’s lecture, but he died on Nov- 
ember 13 last. He had, however, already written 
the lecture, and it fell to "the lot of the President of 
the Society, Mr. V. C. Myer, to read Dr. Thearle’s 
posthumous work. The subject—the classification 
of mer t shipping—was peculiarly appropriate 
because of it having intimate association with the 
author’s labours. For thirty-seven years he had been 
a surveyor for Lloyd’s, and therefore was in close 
contact with the subject of classification. He 
26| therefore felt, and that rightly, that it would be 
quite in accordance with the aim in founding the 
James Watt lecture to investigate the influence 
which the classification of merchant shipping had 





2g | had on the development of the mercantile ship and 


on the attainment of economy in ship production 
and maintenance, since Watt's beventine genius had 


129 | imprinted itself so clearly on the world’s merchant 


shipping. 

In our memoir of Dr. Thearle, published. in 
our issue of November 21 last, we stated that his 
business was “in the interest of — mend 
and shippers, to see that every ship was _— 
to withstand the stresses of the sea, and o 
wise was as strong as she should be,” and that 
‘“*he brought to bear upon the consideration 
of all such matters soun ~~ ractical knowledge, 
a sympathetic interest in all developments, and 
a clear conception of what was essential to 


the main idea,” so that few men have “‘had a 
greater influence on the development of the mer- 
chant ship as we know it to-day.” Ample justifi- 
cation for our estimate of his personal work is now 
to be found in Dr. Thearle’s a issued 
justification of the plea that the ship classification 
societies have ever exerted beneficent influence 
on the of shipbuilding, and particularly in 
establishing public confidence in new inventions and 

roposals as — as careful experiment and test 

ad encouraged the adoption of these. He was 
able, from his own personal knowledge, to go 
back to the work in connection with wooden 
ships, and rightly claimed for Lloyd’s Register 
credit for establishing the recognised superiority 


% | Of the British wooden ship. This was the result 


the work done by the surveyors of those days 

the tabulation of wood materials suitable or 4 aif. 
ferent parts of the vessel, in assigning a period of 
years to each, in the preparation of scantlings 
according to tonnage, and the size of fastenings. 
Although the advent later of the iron ship involved 
building work more or less experimental, the 
periodical survey of ships in service enabled a 


A. | great amount of data to be accumulated, and such 


evidence regarding the quality and durability of 
material, workmanship, and the form of the fasten- 
ings of earlier iron vessels resulted in the Classifica- 
tion Committee, in 1884, establishing the ‘‘A1” 
standard. Dr. Thearle, in his lecture, pointed to the 
advantage of a certain measure of latitude for those 
vessels ; it was not until 1854 that any hard and 
fast line was laid down. Even then the system of 
grading the ships by terms of years, which had 

m a survival of the wooden-ship era, was not 
discarded until 1863. Thus throughout the evolu- 
tion of the iron ship, and later of the steel ship, 
5 it must be conceded that the work of Lioyd’s 
Register not only assisted the shipbuilder, but won 
the confidence of the shipowner, the underwriter, 
and the general public. 

The one great outstanding feature in connec- 
tion with the classification of ships is its volun- 
tary character. The fact that the work is not 
done for profit, and that ships are built under 
independent survey, so that the ma ment 
of the shipbuilding establishment has the co- 
operation of men of special knowledge, has led 
to the improvement of ships, and, to a great 
extent, to the reduction of cost. Dr. Thearle did 
well to bring into clear view the advan which 
accrue from the periodical inspection of ships after 
they have left the shipbuilding works. As he 
pointed out, the shipbuilder himself has only very 
rare opportunities of studying the influences of 
storm and time on his work —of its durability 
and of the effects of such changes as may 
have been made in scantlings the better to 
withstand the stresses of the sea. Lloyd's sur- 
veyors, on the other hand, gain this advantage 
in their — survey ‘of ships, and, conse- 
— * ere is accumulated at the Register in 

ndon, very appropriately termed ‘‘ The British 
Museum of Shipping,” records which give testi- 
mony, one way or another, as to the effect in 
service of old and new building methods. Dr. 
Thearle laid it down that it was the duty of the 
classification society to criticise rather than to create, 
but to be valuable the criticism must be based 
upon wide experience. Surveys must be carefully 
made, and the reasonings deduced therefrom must 
be sound and scientific if they are to command 
respect. Without tending in any way to check 
enterprise or mechanical advance, the register 
society must proceed cautiously, submit new mate- 
rials to crucial test, and make careful observations 
of the influence of new developments when tenta- 
tively applied. At the same time, with the principle 
of sta isation adopted in such cases as plates, 
lain angles, bulb-angles, channels, Z sections, 
Bulb-plates, &c., there must be, as there un- 
doubtedly is, a recognition of the demands of pro- 
gress, so that rules made, and even many details 
of scantlings classified, must never be regarded as 
sereotyped 

Dr. Thearle dealt broadly with the subject, 
but naturally his examples to enforce his general 
argument were taken from the experience of Lloyd’s 
Register. For instance, it was’ brought out that 
the Committee of 72 members includes ship- 
owners, underwriters, merchant shippers and 
engineers, ensuring a re tation of all the 
interests concerned in maritime enterprise. A 
the Technical Advi Committee includes fi 





members, all shipbuilders, engineers, steel-manu- 
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facturers, or forge- masters. The composition 
of these Committees justifies the belief that, 
while there must always be extreme care in sanc- 
tioning departures from well-tried practice, there 
will at the same time be sympathetic interest in 
developments which combine efficiency with im- 
proved economy. Perhaps, however, the best 
proof of the advantage of such classification of 
merchant shipping as is carried out by Lloyd’s is 
to be found in the fact that, although other similar 
institutions exist here and in other countries, 
22? million of the world’s total tonnage of 47 mil- 
lion tons are classed at Lloyd’s, and that during 
the past four years the plans for about 7? million 
tons of new shipping were submitted for classifica- 
tion. In other words, as Dr. Thearle, in the con- 
cluding part of his lecture, stated, classification was 
both essential and good; not a hindrance to pro- 
gress, but a safeguard to evolution. The desire 
of the manufacturer to add to the profits arising 
from his work was a natural one, and economies 
in manufacture had resulted from this desire ; but 
inventions were not always improvements, and 
economy of production might not necessarily be 
attended with efficiency of result. The existence 
therefore of a representative institution of a volun- 
tary character, working with the aid of a highly- 
trained and skilled staff of men of integrity, 
must, he submitted, be a source of strength and 
stability to any industry which commanded its 
service. 





THE COMPULSORY WORKING OF 
PATENTS. 

Tue Patents Act, 1907, consolidated and 
amended the Statute law as embodied in the 
Patents and Designs Acts of the years 1883, 1885, 
1886, 1888, 1901, and 1902. The Act considerably 
altered the law as to the rights and duties of 
patentees and the machinery for dealing with 
questions arising in connection with patents. We 
are not concerned at this time with an examina- 
tion of all the alterations and amendments in the 
law as embodied in the Act, for we have in the past 
made such an examination. When the Act came 
into force, the public were surfeited, both in the 
lay and in the technical Press, with essays on 
Patent Law, and nearly every author considered 
it his duty to act as a = and forecast the 
important and beneficial results that were to 
accrue from the Act, or rather from the o tion 
of one particular section. The public were told that 
this section was to cause an impetusin the building 
trade, in the development of land and in the 
demand for workmen, and was generally to stimu- 
late trade in a manner this country had never before 
known. We ventured to disagree with the prog- 
nostications, and to express the opinion that the 
great improvements to be effected in trade as the 
result of the operation of this one section would 
prove to be illusory The excitement was all due, 
as we have said, to one section. That section is 
No. 27, and is often referred to as the compulsory 
working section It reads as follows :— 

**1. At any time not less than four years after the 
date of a patent, and not less than one year after 
the passing of this Act, any person may apply to the 
Comptroller for the revocation of the patent on the 
ground that the patented article or process is 
manufactured or carried on exclusively or mainly 
outside the United Kingdom. 

**2. The Comptroller shall consider the applica- 
tion, and if, after inquiry, he is satisfied that the 
allegations contained therein are correct, then, 
subject to the provisions of this section, and unless 
the patentee proves that the patented article or 
process is manufactured or carried on to an 
adequate extent in the United Kingdom, or gives 
satisfactory reasons why the article or process is 
not so manufactured or carried on, the Comp- 
troller may make an order revoking the patent 
either— 

‘*(a) Forthwith ; or 

**(b) After such reasonable interval as may be 
— in the order, unless in the meantime it is 
shown to his satisfaction that the patented article 
or process is manuf or carried on within 
the United Kingdom to an adequate extent ; 

** Provided that no such order shall be made 
which is at variance with any treaty, convention, 
arrangement, or engagement with any foreign 
country or British ion. 

‘**3. If within the time limited in the order the 
patented article or prccess is not manufactured or 





carried on within the United Kingdom to an 
adequate extent, but the patentee gives satisfac- 
tory reasons why it is not so manufactured or 
carried on, the Comptroller may extend the period 
mentioned in the previous order,for such period 
not exceeding twelve months as may be specified 
in the su uent order. 

**4, Any decision of the Comptroller under this 
section shall be subject to appeal to the Court, 
and on any such appeal the Law Officer, or euch other 
counsel as he may appoint, shall be entitled to 
— and be heard.” 

tion 27 introduced an absolutely new feature 
into British patent law, and it and the Patent Rules 
which governed the procedure before the Comp- 
troller also introduced a feature absvulutely con- 
trary to the first principles of English law. Accord- 
ing to the language employed in Section 27 and the 
Patent Rules, the patentee was put on his defence 
before the Comptroller had been satisfied by the 
applicant for revocation that the state of affairs 
contemplated by Sub-Section 1 had arisen. Such a 
procedure was most unfair to the patentee, and was 
obviously open to very serious abuse. It was the 
equivalent of placing a prisoner in the dock with- 
out a single scrap of proof inst him, and 
then asking him to prove that he was innocent of 
some offence concerning which not a scrap of 
evidence had been put in against him. Yet under 
Section 27 and the Patent Rules the patentee 
was placed in this invidious position. Luckily 
at the time we had a very strong judge, Mr. 
Justice Parker, now Lord Parker, and when a 
case (in re Hatschek) came before him on appeal 
from the Comptroller, he seized the opportunity 
of laying down the procedure that should be 
adopted in the future, and of pointing out the 
danger of putting into the hands of a common 
informer the power of coming before the Comp- 
troller and saying, without any proof whatever, and 
without any primd facie case, ‘‘ This man is not 
working his —-* adequately in this country ; he 
is doing it abroad.” Mr. Justice Parker said that 
the applicant for revocation, who might even be a 
common informer or a trade rival seeking to gain 
secret information for his own benefit, the dis- 
closure of which would damage the business of the 
patentee, ought to be required to prove whateven a 
common informer has to show—namely, that he has 
some case requiring an answer. As the result of 
Mr. Justiee Parker’s criticisms and comments, the 
procedure under Section 27 was amended, and an 
applicant for revocation has now to prove that he 
has a primd facie case before the application is 
allowed to proceed, and the patentee is put to the 
trouble of preparing his defence and refuting, if he 
can, the case presented by the applicant. We think 
that this amended procedure is right, and is wholly 
in accordance with British ideas of justice and 
fair play. 

Evidently, however, these views do not com- 
mend themselves to the Patents, Trade-Marks, 
and Designs Section of the Manchester Chamber 
of Commerce. The members ask for the old pro- 
cedure to be revived. They want the Comptroller 
to be provided, in effect, with powers analogous to 
those of the old Star Chamber. The Manchester 
Chamber of Commerce has been working to this 
end for some time past, and at the meeting of the 
Associated Chambers of Commerce held in Antwerp 
in September, 1913, the following resolution was 
proposed by it :— 

‘*That in view of the fact that Mr. Justice 
Parker’s comments in the Hatschek case in the year 
1909, as to the extent of the onus devolving upon 
any applicant who seeks revocation of a patent 
for non-working under Section 27 of the Patents 
and Designs Act, 1907, have deprived that section 
of its effectiveness, this Association urges upon 
His Majesty’s Government to amend the Act in 
such terms as will place the burden of proof on the 
patentee, an effect which was the object of those 
who drafted the Act in 1907.” 

This resolution, we are glad to say, was not 
adopted. It gave rise to a great diversity of opinion. 
An amendment deferring further consideration of 
the resolution until the March meeting was pro- 
posed and carried, and an understanding was arrived 
at that in the meantime additional information 
should be forthcoming in support of the resolution, 
so that the Chambers of Commerce should be in 
possession of the full facts of the case before they 
came to a definite conclusion. The time for the 
March meeting is rapidly drawing near, and we 
think that a warning-note should be suunded so 





that all patentees and all manufacturers and others 
interested in patent property may be placed on 
their guard and in a position to oppose as strenu- 
ously as possible the action of the Manchester 
Chamber of Commerce. 

The attitude taken up by the Manchester 
Chambers of Commerce has not in the past com- 
mended itself to the members of the International 
Association for the Protection of Industrial Pro- 
perty, many, if not most, of whom have made a life 
study of the many questions affecting patent law 
and property. Let us see what have been their 
conclusions in the past. In 1897, at Vienna, the 
Association expressed the opinion that it would be 
necessary to abandon in the future the principle of 
compulsory working. Again, in 1904, at the Berlin 
Congress, the Association recommended that com- 
pulsory working should be abolished in _inter- 
national agreements, and in 1907, at the Nancy 
Congress, a resolution was passed to the effect that 
omission to work a patented invention should not 
lead to the revocation of a patent, but to the 
granting of compulsory licenses, and this resolution 
was confirmed at the London Congress in 1912. 

Compulsory working also did not commend itself 
to the Committee of the Board of Trade in 1901, on 
whose recom dations the official examination as 
to novelty was instituted in this country. The 
Committee consisted of the following gentlemen :— 
Sir E. Fry, Lord Alverstone, Sir W. Houldsworth, 
Sir Francis Hopwood, Mr. 8. E. Spring Rice, Lord 
Moulton, Colonel T. W. Harding, Mr. E. Carpmael, 
and Colonel H. Hughes, all well acquainted with 
patent matters, and fully competent to express an 
opinion thereon. Clause 25 of their report, dated 
January 10, 1901, is as follows :— 

‘** A suggestion has been made that some plan for 
the defeasance of a patent in the event of its not 
being worked in this country would be preferable 
to the compulsory granting of licenses. We are 
not able to accede to this request.” 

We are somewhat surprised that in face of this 
strongly-expressed view in 1901 of those fully 

ualified to judge the matter, the Chambers of 

ommerce, mainly at the instigations of the Man- 
chester Chamber of Commerce, should have suc- 
ceeded in getting the incorporation of the compul- 
sory working section into the Act of 1907. 

e Chambers of Commerce have not been 
consistent in their treatment of this question of 
compulsory working. When Federal Australia, 
New Zealand, and India attempted to assimilate 
their laws to that of the Mother-Country, the same 
Chambers of Commerce, along with others, used 
their utmost endeavours to have this working clause 
deleted or modified, recognising the hardships it 
would place on British manufacturers and inventors, 
and fortunately they succeeded in their endeavours. 
Now the same Chambers of Commerce propose to 
go again to the English Government to make com- 
— _working more drastic, not only against 
oreign countries, but against our own Colonies. 
If the Chambers of Commerce adopt the resolution 
of the Manchester Chamber of Commerce, how 
will they explain their new attitude to the Com- 
missioners and Agents-General? They have already 
asked them to restrict their Acts to the advantage 
of British patentees, and now it is suggested that 
this country should enforce much more severe 
measures against the Colonies. 

We admit that to the general public com- 
pulsory working appears to be an ideal measure, 
as enforcing manufacture and the employment 
of labour in our own country. But one must 
not overlook the fact that what is likely to be 
gained by enforcing manufacture in this country 
is almost certain to be lost by retaliatory measures 
enforcing manufacture by British subjects in 
foreign countries and in the Colonies. If our 
Government makes the compulsory working of 
— more drastic, d the 





other countries an 

lonies will retaliate and stiffen up their pro- 
visions, as some have already done. ese retalia- 
tory measures raise a very much more serious 
uestion. Australia, New Zealand, India, and 
ermany have amended their laws so that the 
question of compulsory working is more or less 
assimilated to the compulsory working sections of 
this country, and other countries will probably 
follow suit. What will be the result? If the 


invention be ‘‘ mainly” carried on in this country, 
the patentee will lose his rights in the other 
countries. If ‘‘ mainly” carried on in one of the 
other countries, or ‘‘ mainly” carried on in two or 
more countries, he will lose his British and other 
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foreign rights. Consequently, if all foreign coun- 
tries adopt the compulsory working clause of this 
country, it will practically amount to an estoppel to 
the obtaining or maintenance of foreign patent 
rights, the probabl» effect being the maintenance 
and exploitation of the patent in that country in 
which the manufacture can be most economically 
conducted, and which grants the longest protection 
on the most reasonable terms. There is another 
point which must be borne in mind. If the British 
patentee does not secure foreign rights, he has no 
control whatever over the manufacture in foreign 
countries, and therefore, quite independently of the 
patentee, the ‘‘ patented article or process may be ” 
(and in the case of a successful invention will 
doubtless be) ‘‘ manufactured or carried on exclu- 
sively or mainly outside the United Kingdom” by 
foreign manufacturers, and this would enable any 
person interested to obtain revocation of the patent 
granted in this country. 

We could say much more than we have done on 
this subject, but we think the facts we have stated 
will open the eyes of every patentee, and even 
every manufacturer, to the ¢ danger which lies 
before them if they allow the Manchester Chamber 
cf Commerce to put its own pet and particularly 
narrow-minded point of view before the Govern- 
ment. It behoves, therefore, every patentee to 
diffuse a correct knowledge on this point, and 
te maintain the existing condition of affairs. 
Revenge is sweet, and the devising and employ- 
ment of retaliatory measures often appears to be 
the best and simplest way out of a difficulty ; but 
retaliatory measures have a nasty habit of doing 
more harm to the person who puts them in opera- 
tion than to the person to be injured. We are 
certain that if the law be amended in the way the 
Manchester Chamber of Commerce desire, the 
position of British patentees and manufacturers 
will not be improved, but, on the contrary, it will 
be seriously compromised. 





THE ECONOMICS OF DESIGN IN 
MOTOR-CARS. 

A paper of considerable interest was read by 
Mr. Clayden at the Institute of Automobile Engi- 
neers on Wednesday, the 14th inst., entitled ‘‘ The 
Economics of Design: The Market and the Design 
for a Low-Priced Four-Seated Car.”’ The import- 
ance of considering cost in the design of a car is a 
matter to which we have referred on many occa- 
sions, yet this is one of the first, if not the first, 
paper read before the above Institution dealing 
directly with the subject. Much has been written, 
and many papers read, on various matters affecting 
design, but the question of cost has too often been 
completely ignored. Now all practical engineering 
is a matter of cost, for the simple reason that there 
is a distinct limit to the price which can be obtained 
for any article, and practically the only reason why 
anyone invests money in a factory is to obtain 
dividends. In all trades, if two articles give equally 
good results to the purchaser, a very small differ- 
ence in price in favour of one of them will generally 
give it very much the larger sale; while, on the 
other hand, a very small reduction in the cost will 
make the difference between paying a dividend and 
passing it. In all the older engineering trades 
this is, of course, well recognised, and not only is 
the greatest care taken both in the designs and 
manufacturing processes to keep the cost as low as 
say eng in proportion to the value of the result, 

ut the question of cost comes into all discussions 
on design. 

That the same facts are true of the automobile 
trade is evident. No one would sell cars for 
15001. if he could sell an equal number at 1600/., 
and equally no one would price a car at 1001. if 
he could get 1101. Whatever the type of car made, 
therefore, the question of cost must be one of the 
important deciding factors in the design. The 
author, towards the end of his paper, states that 
“the design must be a joint production of a car- 
designer and an expert works manager; where- 
fore if the machinist should suggest an improvement 
from his point of view, that improvement must be 
made, unless it involves too great a sacrifice in 
some other direction.” This is obviously sound, 
and shows an appreciation of the necessities of the 
case, which is not always met. 

Obviously, if the above suggestion is to be carried 
out, not only must the general design be settled 
by discussion between the designer and the works 
manager, but the design of every detail must be 


settled in the same way. To deal with the ques- 
tion of the design of a cheap car in its entirety 
would therefore involve a whole treatise on car 
construction, and be beyond the scope of a paper 
such as the above. The author therefore limits 
himself to the consideration of some of the prin- 
cipal differences between low-priced American and 
European cars, and to some suggestions as to the 
construction of a European car to meet the American 
competition. 

e most salient points in the American de- 
signs which are dealt with are the placing of 
the gear on the back axle in some American 
cars, and the fact that American designers use 
a much larger engine than Europeans, and run it 
at a much more moderate speed. On the whole 
the author appears to be inclined to the view that, 
while the Kuropean engines are often too small 
and are run too hard, the American engines, on 
the other hand, are unnecessarily large. He 
further favours an engine with a moderate propor- 
tion of stroke to diameter rather than one of the 
excessive proportion often adopted by European 
designers, the proportions he considers most favour- 
able being a stroke bore ratio of 1.33. That the 
long-stroke, high-speed engine has been very much 
overdone in Europe is fairly obvious from the very 
simple fact that it is never used except where some 
purely artificial reason, such as the present rating 
rule, renders it desirable. It is necessarily an expen- 
sive type to build and to render anything like quiet, 
and even then often only remains so when new. 
While the author gives many practical reasons for 
the use of the moderate-s American engine, 
he claims that the high-speed European engine is 
lighter per unit of power. It seems very doubtful 
me he is correct in this. Theoretical con- 
siderations show that above a speed of from 1200 
to 1500 revolutions per minute, according to the 
size, &c., the stresses and bearing pressures of the 
small, high-speed engine should be — than those 
of the moderate-speed one of equal power, while 
the greater running — means bearings 
for a given pressure. e valve area will, of course, 
be practically the same whatever the engine speed. 
Hence one would expect that the moderate-speed 
engine would be lighter per horse-power. The 
very large majority of successful designers of 
engines which have actually worked to ntees of 
weight per horse-power, such as aeroplane engines, 
are agreed that in practice the moderate-speed 
engine running under 1500 revolutions per minute 
is the lightest, and the author does not show any 
reason to justify his assumption that they are 
wrong. Further, in the days when racing motor- 
cars were built under a weight limit only a moderate- 
eae engine was preferred, and there is little doubt 

t the average American car of moderate price is 
lighter per horse-power than the average European 
car, and this is one of the principal reasons for its 
sale. 

With regard to the placing of the change-speed 
gear on the back axle, the author mentions the diffi- 
culties of making a cheap job of this, in view of the 
fact that both brakes have to be on the back hubs, 
and therefore a great number of controls have to be 
taken to the axle. He therefore favours the incor- 
poration of the gear-box as a unit with the engine, 
a view for which there is a great deal to be said. 
Incidentally it may be pointed out that the incor- 
poration of the gear-box with the back axle is by no 
means universal in America; in fact, there is little 
doubt that it is only a small proportion of the cars 
manufactured in the States which are thus con- 
structed. The author advocates the change-speed 
levers being placed in the middle of the car, as this 
allows of their being carried on the top of the gear- 
box, and also permits of an easy entrance on the 
driving side. tie also favours the placing of the fly- 
wheel at the forward end of the crank-shaft, so as 
to allow of a neat arrangement of combined clutch 
and gear-box. 

A considerable part of the paper is oo with 
a suggested outline for a cheap car and a discussion 
of the details of construction. The main require- 
ments are :—Power enough to pull its load and 
surmount a gradient of 1 in 30 on its top speed, 
while making at least 45 miles per hour on the 
level ; to carry five people and to sell at 2501. com- 
=e Many very valuable suggestions are made, 

ut it is impossible here to go into a discussion as 
to the various details of construction. 

The whole paper gives evidence of a great deal of 
thought, but there are several points which seem to 





be, at all events, matters on which there may be a 





great deal of difference of opinion. Thus there isa 
tacit assumption, in the sentence we quoted at the 
———s of this article, that any alteration in 
a —_- which reduces its cost must necessarily 
‘*involve some sacrifice.” This appears to be a 
very unnecessary assumption, as there are many 
cases where the most ex ive method of con- 
struction is by no means the best. In fact, we have 
only to look back a little at the history of the 
motor-car to see that very expensive designs were 
often used which did not by any means give as good 
results as later and cheaper ones. It should, there- 
fore, be the endeavour of every designer both to 
give better results and to cheapen the cost. 

Another assumption is that American cars are 
necessarily inaccurately made and not durable. 
There does not appear to be any proof of this 
being the case. As evidence that American car- 
work is often quite accurate, it need only be men- 
tioned that three cars of one pattern have been 
taken completely to pieces, their various parts 
mixed up and sorted out again by independent 
people into three sets, and three cars erected out 
of these parte, and driven straight away. This is 
a test of interchangeability and accuracy which, 
so far, has not been beaten by any European car. 
As to durability, there is no doubt that there are 
some European cars whose durability is very greatly 
in excess of that of the cheaper class of American 
cars. A reference to the columns where second- 
hand cars are advertised will, however, show that 
in most cases American cars lose quite as little of 
their value in a year or two as do Euro cars of 
anything like the same price. Further, many old 
American cars are running well, and one which ran 
in the 1000-mile trial of 1903 was run over the 
same course in a week ten years later. 

The author states that the two-bearing crank- 
shaft is not considered, because it introduces 
almost insurmountable difficulties with vibration. 
Why it should do so is not clear. Of course, if the 
middle bearing of a three-bearing shaft is removed 
without the shaft being in any way stiffened, the 
latter will be too light and will vibrate ; but given 
that the shaft is large enough for its work, there 
does not ap to be any reason why the two- 
bearing shaft should suffer from vibration any more 
than the three-bearing. In fact, it appears that 
for a given engine weight it can have a larger 
margin of stiffness, and therefore should vibrate 
less. The fact that De Dion, who has probably had 
more experience of high-speed petrol-engines than 
anyone else, uses it even for eight-cylinder engines 
appears to show that this contention is borne out by 
practical results. In cheapness of construction the 
two-bearing shaft has such advantages that, unless 
it can be shown that well-designed engines, such as 
the above, really fail in some way, it will probably 
come into considerable use. 

An important point in the author’s suggested car 
is the gradient to be climbed on the top specd. 
It appears probable that, except in the flatter por- 
tions of this country, a car will have to ascend 
gradients a good deal steeper than 1 in 30, with 
full load, if it is seriously to compete with the 
American cars. The latter will usually take gradients 
1 in 20 to 1 in 15, and the comfort of being able to 
keep on the direct drive with the engine at a 
moderate s » in place of changing down and 
running both engine and gear very fast, is enor- 
mous. This raises the question of weight, a 
matter hardly referred to in the comparison of 
American and Euro cars. 

One statement of the author which is open to 
question is that ‘‘there has been an inclination 
among motor manufacturers to re the low- 
priced car as well within the capabilities of the low- 
priced engineer, whereas the very best brains 
in the country are required to produce a satis- 
factory inexpensive car.” With the latter part of 
the statement we are in perfect agreement, but 
the first part appears somewhat an exaggeration. A 
careful examination of the designs of many of the 
successful makers of moderate - priced cars will 
disclose evidence of —_ great skill, and many are 
obviously designed wi reat consideration for 
manufacturing conveniently—though, doubtless, 
like all human productions, they are still capable 
of improvement. 

Here the question arises whether the American 
designs, on the whole, show greater consideration 
for manufacturing convenience than those of 
European origin. On the whole, except for the 
fact that the American uses a moderate- 
engine, it does not appear, either from the author’s 
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paper, or from an examination of such American 
cars as we see here, that American designs are in 
any way better in this respect than European ones. 
It is no doubt true that there are American designs 
which are very carefully worked out in this respect, 
but even then they appear to be no better than 
the best European designs. On the other hand, 
there are some American cars being sold at very 
moderate prices whose design ap distinctly 
inferior, from the point of view of manufacturing 
convenience, to the average European design. 

It therefore seems clear that such cars do not 
depend for their low price on the skill of the 
designer, but simply on the fact that the American 
manufacturer has secured a market for enormous 
quantities, and can therefore manufacture b 
methods not possible when comparatively small 
quantities are dealt with. Design is, however, a very 
important point to consider, for there is little doubt 
that in the end good manufacturing designs will 
have to be produced. not only here, but also in 
America, and it appears, therefore, that in the 
latter country there is still a considerable margin 
for a reduction in price by improvement of design. 
The motor trade at the present moment is extremely 
prosperous here, and in spite of the very consider- 
able number of American cars which are sold, many 
English firms are doing excellently, very largely by 
selling covered cars, which the Americans have made 
little effort tosupply. It is, however, evident that 
American competition may be a serious factor in 
the future, and to meet it more must be done than 
simply to build a car which will compete with the 
American car of to-day, for there is obviously room 
in the design alone for great improvement in value 
for the money in the next few years. 

To those interested jn the matter this paper is 
therefore very well worthy of study. 





THE ADVANCE OF CANADA. 

Tue general impression which people have of the 
progress of Canada is of a flood of immigration, 
prosperous farms, and wonderful wheat harvests, 
and railway-lines gradually stretching their tendrils 
further and further towards the north and 
west. The ordinary man seldom realises that 
concurrently with these more prominent features 
of the expansion the development of the mineral 
industry is actually no less striking. In 1892 
the mineral production in Canada was placed at 
16,623,415 dois. Ten years later it was four 
times that amount, while in the last ten years 
it has been more than doubled again, standi 
in 1912 at 135,048,296 dols. As transport a 
facilities for communic ition improve, development 
in this direction promises to be very substantial. 
The resources of the Dominion fall into four geo- 
logical areas. These have been described in an 
interesting manner in a paper on ‘‘ The Mineral 
Industry of Canada,” on January 15 by Mr. 
J. M. Bell before the Institution of Mining and 
Metallurgy. Although the coal deposits of Nova 
Scotia and those of the west are important, the 
latter particularly promising to be of immense value 
in the future, the most interesting part of the in- 
dustry is that connected with the enormous tracts 
of Pre-Cambrian rocks present in the North Cen- 
tral portion, and embracing Labrador and most 
of Ontario, Quebec, Manitoba, Saskatchewan, and 
the larger tracts to the north. This area contains 
formations akin to those of the Calumet, Hecla, 
and Mesabi districts of the Lake Superior region, 
and there are indications that in these areas in 
Canada only improved transport is needed to make 
profitable development possible. 

The Pre-Cambrian strata so far prospected in 
Canada consist really of a comparatively small 
portion of the whole, and lie between the Lakes 
and the Hudson Bay. Here are the Sudbury nickel 
camp, the a gold camp, and the Cobalt 
silver camp. Probably everyone has heard some- 
thing of these districts. In the Sudbury dis- 
_— ~~ — ores contain not only nickel, 

ut, in ition, important proportions of copper, 
platinum and palladium. This famous district 
produces more than 60 per cent. of the world’s 
supply of nickel, the most important mine furnish- 
ing half the output of the world. Immense quan- 
tities of ore have been disclosed by drilling, and 
the output for many years to come promises to be 
very considerable. 

The Cobalt district, the discovery of which 
caused so much excitement ten years ago, is one 
of vhe chief producers of silver in the world, and 


the third most important producing district in the 
world of nickel, while it is the chief source in the 
world for cobalt. The silver produced in 1904 was 
valued at 111,887 dols.; in 1912 it was valued at 
17,455,000 dols. Excluding important privately- 
owned mines, the dividends distributed have 
amounted to upwards of 30 million dols. between 
1904-1911 inclusive, the value of the production of 
silver, arsenic, cobalt and nickel amounting to 
65,379,871 dols. In 1912 over 9.3 million dols. 
were distributed in dividends. The silver is most}, 
in narrow veins of rich ore, some of it being’so ric 
that it has been shipped direct without smelting. 
The cobalt-silver area is only partially explo 

It is believed that the future for the Cobalt district 
will be one of great expansion. 

The Porcupine district has seen an equally 
interesting development as regards gold. The 
output in 1912 of gold in Ontario was valued at 
1,745,292 dols., four times the amount of any 

revious year, and nearly all of it coming from the 

orcupine area. The gold is found in inclusions 
and quartz. The enterprise appears to be somewhat 
speculative in character. One mine at a point 
where payable ore was not found at the surface, has 
produced very good ore at lower depths. It is 
now being worked at a depth of 450 ft., and the 
average value of the ore is 25 dols. per ton, while 
in places rich ore, valued at 100 dols. per ton, has 
been encountered. Another mine which started 
excvedingly well with rich ore shows a steady fall- 
ing off in the value of ore turned out. In a district 
50 miles east of Porcupine, narrow veins and rich 
ore, with appreciable quantities of free gold, are 
found, some of the ore having a value of 500 dols. per 
ton, though the average is much less. These finds are, 
of course, more sensational than the location of 
important coal-beds, &c., but do not contribute, 
perhaps, in the same way to the general development 
of thecountry. At present, in places, railroad con- 
struction cannot keep with the advance of the 
population. With coal in both the east and west, 
and large areas of mineral-bearing formation as yet 
unexplored, the prospects of Canada are good, in 
spite of climatic handicaps in some of the northern 
tracts. By recent developments the value of the 
mineral production of the country per head of 
population has expanded to a figure six times as 
great as it was in 1892. 





RADIOTELEGRAPHY. 

Meg. Avan A. Campsett Swinton described his 

idential address to the Wireless Society of 
c don, which he delivered on Wednesday, 
January 21, in the lecture-hall of the Institution of 
Electrical Engineers, as largely experimental. It 
was certainly a most successful demonstration of 
the ways by which signals coming from the Eiffel 
Tower, the Admiralty and other 8, simulta- 
neously in several instances, could be made visible 
and audible to a crowded audience, which did not 
heed the lecturer’s appeal not to upset the adjust- 
ment of the instruments by applause. The ad 
was also a very clear exposition of the prineiples 
of the auxiliary apparatus required for such 
purposes, and Mr. pbell Swinton’s introduc- 
tion contained some historical notes of consider- 
able interest, to which we will refer in the first 
instance. 

The remarks were made in connection with the 
announcement that the Society had elected Sir 
William Crookes and Sir Oliver Lodge honorary 
members. It had been intended, . Swinton 
said, to include the late Sir William Preece among 
the first honorary members, and he took this 
opportunity of offering some tribute to his 
memory. 

When Mr. Marconi came over to England in 
1896, and presented an introduction from Mrs. 
Frances Coltman to the lecturer, he introduced 
Mr. Marconi to Mr. Preece, and Preece, havin 
just then come to the conclusion that his (Breece’s) 
methods of inductive and conductive telegraphy— 
to which we referred in our obituary notice 
of Sir William Preece — were unworkable, set 
the Post Office to work with Mr. Marconi, Sir 
John Gavey taking charge of these experiments. 
It might appear strange, as Professor 8S. P. 
Thompson had pointed out in Nuture, that Preece 
had missed the opportunities of Lodge’s Hertzian 
wave experiments; but Mr. Preece had alwa 
been particularly s etic to the young, and 
Professor Lodge not approached Preece 
jdirectly. Quoting then from an article which 








Mr. Crookes contributed to the Fortnightly Review 
in 1892, Mr. Swinton showed that Crookes had 
in those days fully recognised the ibilities 
of telegraphy by Hertzian waves. e referred 
to apparatus tuned to special gt py ranging 
from millimetres up to miles, and to some 
experiments by Professor Hughes on wireless 
communication within a few hundred yards, which 
he had witnessed in 1879. Hughes, Mr. Swinton 
stated, had undoubtedly discovered Hertzian waves ; 
but as Sir George Stokes, one of the scientists 
present on that occasion, expressed the opinion 
that all they had seen could be explained by known 
induction effects, Hughes became discouraged and 
never published anything on the matter. The 
lecturer proceeded that he would always consider 
Sir Oliver Lodge as the original inventor of wire- 
less telegraphy, if such a science could actually be 
said to have a first inventor, because Professor 
Lodge, in his Royal Institution lecture of 1894, and 
later at the Oxford British Association meeting of 
the same year, had first publicly sent signals, run 
bells, and deflected galvanometers by means 0’ 
Hertzian waves. It had been said that Professor 
Lodge did not then make clear the telegraphic 
application of his experiments. He (the lecturer) 
himself had, however, so much been impressed 
with the lecture and the telegraphic capabilities it 
suggested that he had discussed with his then 
assistant, Mr. J. Stanton, the possibility of set- 
ting up communication between his chambers in 
Jermyn-street and his office in Victoria-street by 
these means; they had thought that too many 
houses intervened, but they made success- 
ful ——s in his office two years before 
Mr. Marconi arrived in England. By making 
these statements, Mr. Swinton did not, a added, 
wish in any way to belittle the work of Mr. 
Marconi. 

Passing to his experiments, the lecturer stated 
that, as wireless messages were often difficult to 
read by ear, he had devoted his attention to record- 
ing apparatus. Simple manometric flames were 
suitable. When the chamber from which the 
flame issued was closed by a paper diap . 
and the receiving telephone put close to the 
diaphragm, the apparatus responded to low notes 
in particular, the flame shortening and roaring 
as soon as sound waves reached it. When the 
gas issued from a minute orifice in a drawn-out 
glass tube, and was lighted on the side of a piece 
of wire gauze remote from the orifice, the most 
sensitive spot for placing the telephone was close 
to the orifice. The first-mentioned chamber could 
be tuned by providing a piston for altering the 
capacity of the chamber, and if a screen were placed 
in front of the chamber, hiding the short flame, 
photographic records of Morse signals were easily 
obtainable. The jumping flame could also be used 
to actuate ordinary telegraphic recorders by heat- 
ing a very minute thermo-couple or by altering 
the resistance of wire. It was still simpler to 
make the flame record its own movements on paper 
impregnated with so-called sympathetic ink which 
darkened with the heat. Different flames would 
discriminate between signals of different acoustical 
pitch even of the same electric periodicity ; with 
the telephone one could listen to several simulta- 
neous m even of slightly different acoustical 
pitch, but with the siphon recorder the resultant 
curves were difficult to discriminate. 

Having mentioned the method of recording 
signals by quick-period galvanometers, Mr. Camp- 
bell Swinton remarked that the Eiffel Tower 
aerial gave out loud- sounds when messages were 
transmitted, probably due to the air particles be- 
coming electrified and repelled, as in brush dis- 
c ; Commandant Ferrié (in charge of the 
Eiffel Tower Station) had not observed such brush 
discharges, however, though the aerial had been 
photographed with prolonged exposures by the light 
of its own radiation ; on ships the lecturer had 
never heard sounds from the aerial. The receiving- 
station in his own house consisted of three parallel 
wires, 20 ft. long and 6 ft. apart, on bamboo masts, 
30 ft. long, attached to chimneys. Such stations 
required oe for strengthening the signals. One 
of the suitable relays was that of Heurtley; a 
moving coil caused a straight wire of considerable 
resistance(slightly heated by a local current) to move 
in and out of a narrow blast of air proceeding from a 


ys | narrow slot; thus the resistance of the wire : 
In the remarkable relay of Ortling the suspended 
coil was provided with a small finger, which just 
touched a minute jet of acidylated water; this jet 
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was itself moved when the coil was deflected,‘and 
bridged over the space between two contacts. 

The relays which the lecturer was using were 
those of Mr.S. G. Brown. There were three types 
of these relays. The ‘‘ A” type comprised an electro- 
magnet polarised by a permanent vn ee and 
wound with two coi me for the | current, 
the other for the current to be magnified. The 
magnet attracted a small reed ing a contact- 
piece just bearing against a fixed contact; the 
two contacts (adjustable by screws) were of 
iridium, and there was a film of oil between them. 
In the ‘‘G” type the reed was connected to the dia- 
phragm of a small microphone containing carbon 
Si this relay could carry heavy currents. 

n the ‘‘W” type the polarised relay had only one 
winding, for the signals to be magnified ; the second 
contact of the reed was mounted on ‘a balanced 
rocker, adjustable directly by a counter-weight, and 
further electrically by the aid of two small solenoids, 
into which the forked end of the rocker passed ; a 
variable current was sent through the solenoids. 
This was the most sensitive Brown relay, and had 
therefore specially to be suspended by means of 
india-rubber bands or to be placed within a double- 
walled sound-proof box. 

Mr. Swinton also made the working of the 
Kelvin siphon recorder visible to the audience 
with the aid of an epidiascope lent by Messrs. 
Leitz and Co. ; this was probably the first demon- 
stration of the kind. e audience could see and 
hear at the same time the arrival of the ting 
which Commandant Ferrié sent over from the Eiffel 
Tower ; the dashes and dots were very distinct 
and very clearly audible, although the Admiralty 
was accidentally sending radiotelegraph signals at 
the same time, which were likewise quite distinctly 
given by the loud-speaking telephone. The mes- 
sage from Paris, consisting of thirty-eight words, 
occupied seven minutes. The London Telegraph 
Training College also sent a congratulatory mes- 
sage. All the three Brown relays were used in 
connection with the siphon recorder ; the A instru- 
ment was connected with the oscillation transformer 
first receiving the message ; the G was joined to 
a telephone in order that what was going on might 
he heard, and the telephone relay was coupled to 
the W, which was so adjusted that the contact was 
actually broken by the small, quick hops of the 
rocker. 

With the aid of the three Brown relaysand afourth 
Post Office relay, Mr. Swinton even received by 
means of an ordi Morse inker. The difficulty, 
he explained, was at first that the breaking of the 
inker circuit sent a wireless signal back into the 
whole apparatus. This was because the inker 
circuit was broken at a moment when no signal was 
received ; by reversing matters, and by arranging 
that the inker-wheel was normally kept on the 
paper and released when receiving a signal, and 

nally by turning the instrument upside down 
(putting the magnets above instead of below the 
armature), Mr. Swinton could produce signals, 
represented by blank spaces in the dark lines. 

he phonograph could also be utilised for pro- 
ducing loud signals, and fast signals cout be 
reduced in speed by slowing down the phonograph 
in reproducing ; this was only ible with signals 
of high pitch ; low-pitch signals, as those from the 
Kiffel Tower, would be resolved up into a succession 
of dots. The phonograph had first been applied 
by the Marconi Company for teaching operators to 
read, and this might be taken up by gramophone 
companies for popularising the Morse alphabet. 
Mr. Swinton, in his demonstration, used an Edison 

——- coupled with a microphone and the 
relays. He then explained the Poulsen-Pedersen 
telegraphone and the Einthoven string galvano- 
meter, whose motion became perceptible with a 
current of ten-millionth of an ampere, or a total 
energy of one-billionth of a watt. Assuming that 
a 12-candle light of one watt was visible at a dis- 
tance of 5 miles, and that the aperture of the eye was 

4 sq. in., about }th of one-billionth of the watt would 
be received by the eye, so that the sensitiveness of 
natural detectors(theeye) andartificial detectors was 
of about the same order, and they were more sensi- 
tive, of course, than photographic processes ; the 
latter weresuperior, however, ina way, because cumu- 
lative effects could be realised by long exposures. 

With the assistance ot Mr. F. Hope-Jones, Mr. 
Swinton, having dwelt on the importance of time 
signals for nautical observations, i 
the method of sending the signals by clocks and 
bells, or the method of the “acoustic vernier.” 


_ 









sufficient current. 
transmitting 





against the 
advocates of a traffic monopoly. In spite of the 


We referred to this method in our notice of the 
visit of the Institution of Electrical Engineers to 
Paris last summer. At 11.30 ev 
short ‘‘ dots” are sent out from the Eiffel Tower, 
8 at intervals of (1 — ») second; the 

,» 120th, 180th, and 240th dots are sup- 
pressed in each series to facilitate counting. The 
observer listens to the dots, and also to the 
beats of his clock which he wishes tocheck. In the 


demonstration two electric bells were started ; the 
one beat the true seconds of a regulator clock, 
the other represented the rhythmic beats of a perio- 
dicity of (1— 45) second ; the second bell would 
hence catch 
This was very clearly audible; the observer had 
to note the number of the beat at which a coinci- 
dence occurred, and the time of the clock which he 
wished to correct. The actual calculations were as 
follow ’:—Shortly after the despatch of the ordi- 
nary time-signals from 11.44 p.m. to 11.49 P.m., 
that is, shortly after midnight, the Eiffel Tower 
transmitted two groups of six figures (repeated 
three times); these figures, e.g., 45, 08, 15 and 
50. 01, 17, signifying minutes, seconds, and hun- 
dredths of a second, gave the exact moments at 


e first up at every fiftieth beat. 


which the first and last beats were sent out. 


The observer had to deduct the first figure from 
the second, and divide by 299, to get the pate 
dicity of the beats (usually 0.98 second). king 
the series number of the beat at which coincidence 
occurred, he had to multiply it by the 
and to add the result to th 


riodicity 
e time at which the first 
was sent out. The difference between that figure 


and the time which the clock indicated at the co- 


incidence was the error of the clock. 

In his concluding remarks Mr. Campbell Swinton 
speculated on the future of radiotelegraphy and 
radiotelephony. The difficulty with the latter was 
to obtain transmitters or microphones to carry 
Changing from receiving to 
uired the use of switches ; that was 


troublesome. Yet wireless by wirelessly operated 


column-printing telegraphs might bring the latest 


news to all the nations and also to newspapers, 
‘should any of these survive the more rapid method 
of disseminating intelligence.” If we ever were to 
have trans-Atlantic telephony, it would be wireless. 
Mr. Tesla and Mr. Pedersen even believed in wireless 
transmission of power, and considering that all the 


power on our planet practically came from the sun 
in the form of electro-magnetic waves, amounting 
on a clear day to no less than 7000 horse-power per 
acre, this did not look im 
difficult to imagine how efficiency could be obtained. 


ible, though it was 
Mr. Swinton acknowledged his indebtedness to 


Messrs, Gamage, who had set up the aerial on the 
roof of the building for these ex 
Post Office had licensed the use of t the apparatus 
for one week. 


riments ; the 





NOTES. 
Lonpon Moror TrRarFric. 


THE recommendations as to the regulation of 
London traffic by the recent Royal Commission 


came tinder réview at the meeting of the London 


County Council last Tuesday. The members of the 
Commission, it will be remembered, had been selected 
with great care by the powers that be so as to guard 
ibility of a report adverse to the 


vices of its constitution, the committee undoubtedly 
collected much valuable evidence, though the 
proceedings suffered from the absence of competent 
cross-examination of witnesses such as Sir John 
Benn and Sir Laurence Gomme, whilst, on the 
other hand, impartial police witnesses were severely 
heckled. Amongst the recommendations made in 
the report of this Commission was one giving the 
London County Council powers to regulate the 
motor-bus traffic in the interest of their tramway 
undertaking. The sole safeguard left the companies 
was an appeal to a Government department, which 
would, of course, be effective only in cases of an 
excessive abuse of power, and of which the success 
would depend largely upon what particular political 
party happened to be in power. The inequity of 
this recommendation has been sufficiently apparent 
to the majority of the Council, and London may 


therefore continue for some time to come to benefit 


from competitive road services. No one objects to 
the large powers of traffic regulation granted to 
the City of London, which have admittedl 
been exercised with a single eye to the e 
and effective conduct of the street traffic. De- 


night 300| had 


and the 


drogen. The B,H,, was obtained 
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servedly res though the City tion 
is, few wou'd agree to grant it powers of kind 


it a pecuni intérest in o ing the 
natural development of road locomotion. ecog- 
nising this, the Council decided at Tuesday's meet- 
ing to dissent from this section of the report, 
whilst concurring in the view that, as regards 
Metropolitan traffic, Parliament should be advised 
by one department instead of by three, as at 
present—-viz., the Home (Office, the of Trade, 
Local Government Board. They also 

to accept a new Traffic Branch of the Board 
of Trade as the suitable authority, provided that it 


consists of a small number of specially qualified 


rts, selected solely for their competence, and 


ex 
holding office for considerable periods. 


Compounps or Boron anp HypRocen. 


While chemists have so far classed boron with 
nitrogen, because both these elements seem to be 
trivalent or pentavalent, rather than with carbon, 
which boron resembles in many respects, metallur- 


gists have felt inclined to group boron with carbon, 


and it would appear now that boron, in the ordinary 
sense, so far as hydrogen is concerned, has really 
four free valencies like carbon. The matter has more 
than theoretical interest. In lecturing upon new 
boron-hy: nm compounds at the recent annual 
meeting of the Bunsen-Gesellschaft, Professor A. 
Stock, of Breslau, remarked that the researches, in 
which he is still engaged with his pupils, demon- 
strated that the chemistry of boron was far more 
complicated than had been assumed, and that the 
boron compounds with hydrogen had many features 
in common with hydrogen compounds of silicon and 
carbon, whilst offering one probably unique feature. 
On the strength of some incomplete investigations, 
the latest of which were published by Ramsay and 
Hatfield in 1901, it was believed that magnesium 
boride yielded, when treated with hydrochloric 
acid, a hydride of the formula BH,. The composi- 
tion was not really proved, but rather assumed, the 
yield of this gas being very small. By workin 
with an excess of magnesium, cooling the libera 

in baths of liquid air, carbon disulphide, carbon 
Sioxide, &e., and — other reagents, Stock found 
that the was — 7, hydrogen, and that SiH,, 
Si,H,, CO,, further B,H,, and B,Hj,, in addition 
to other gases of boron and silicon, were present ; the 


silicon is due to impurities in the magnesium boride, 


of eourse. All these boron hydrides had a very 
unpleasant smell, and some of them caught fire 
when exposed to the air, like phosphoretted hy- 
in a pure state ; 
it is a colourless substance, melts at —112 deg. 
Cent., and boils at 16 deg. Cent.; it is decomposed 
by water into boric acid and some hypo-acids, and 
hydrogen is liberated. Heated to 100 deg. Cent. 
it yields the gas B,H, in addition to liquid and 
solid substances. This B,H, melts at — 140 deg. 
Cent., and boils at — 87 deg. Cent.; it can be ke 

for weeks, whilst the B,H,, is unstable. One of the 


solid productsseemsto have the formula B,,H,,; there 
are evidently several more hydrides, one coloured 


ellow, but the assumed B H, does not seem to exist. 
ery peculiar is the behaviour of the compounds 
which these hydrides form with caustic alkalis. They 


unite to a kind of hypo-borates while hydrogen is 
liberated. When the resulting compound BH,OK 
is heated up to 500 deg. Cent., some potassium 


(about one-third of the metal present) distils over 
in the metallic state ; “this behaviour is unique. 
The whole subject is, however, too chemical for our 


columns. But boron has evidently been neglected, 


and metallurgists will have to study it more closely ; 
boron certainly has an influence upon iron, and it has 
successfully been introduced into carbon and also 
into metals, for modifying their resistance and tem- 
perature coefficient. e crystallised boron is 
almost as hard as diamond, and hardly oxidisable 
—less so than diamond. ‘The few compounds of 
silicon and boron with hydrogen, which have so 
far been isolated, offer a distinct parallelity to the 
hydrocarbons and the paraflins ; many compounds 
have already been prepared in which silicon replaces 
carbon, and a kind of ‘‘ organic boron” chemistry 
might be built up. 


German RapDIOTELEGRAPHIC STATIONS IN THE 
Paciric. 


The first German radiotelegraph station in the 
Pacific was opened in November, 1909, on Yap (or 
Uap) Island, in the Carolines, situated about 
10 deg. N. and to the north of New Guinea. The 
station was built by the Telefunken Gesellschaft 
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on behalf of the Deutsche Siidsee Phosphat 
Gesellschaft, which has phosphate mines there, and 
about 500 km. west on Angaur, which belongs to 
the Palau Archipelago. Yap is connected with 
the cable system of the Deutsch-Niederlindische 
Telegraphen-Gesellschaft (of Cologne) by three 
cables to Shanghai, in China, to Guam (in the 
Marianne Islands, belonging to the United 
States), and to Menado (on Celebes, Dutch East 
India). For this reason Yap was selected as a 
radiotelegraphic centre, and further stations have 
now been erected at Rabaul (seat of the Governor 
of German New Guinea, who is also Governor of 
the large Bismarck Archipelago), at Nauru (in the 
w 


Marshall Archipelago, ich extends far to the 
north of the uator, while Nauru itself is on 
the Equator), and at Apia, in Samoa (14 deg. south); 


a station on the already-mentioned Angaur Island 
had been built at the same time as that on Yap. 
The distances worked are considerable. Yap- 
Rabaul is 2200 km., Yap-Nauru 3400 km., Nauru- 
Samoa 2700 km., and New Guinea-Samoa 4000 km. 
The distance be tee os in Shantung, also 
known under the name of Kiaochow ; but Kiaochow 
itself is Chinese, while Tsingtau is German, and 
possesses a —_oor station and an observa- 
tory, and is joined to the Asiatic railway and tele- 
graph system) is 3650 km., almost exactly as far 
as from Clifden, in the West of Ireland, to Glace 
Bay, in Newfoundland. The station at Apia is 
to be opened this spring, the other stations are 
already working. e stations are equipped with 
60-horse-power oil-engines, and with umbrella 
antennze 120 m. in height, to work with an energy 
of 25 kw. or 30 kw., and with waves ranging from 
300 m. up to 2000 m. ; the ordinary wave-length 
for signalling to ships is 600 m. Smaller coastal 
stations for T antennz and energy of 5 kw. are 
being added. The German Telegraph Department 
has not proceeded directly in this enterprise. A 
concession has been granted to the two companies 
already referred to, the Telefunken-Gesellschaft 
and Deutsch-Niederliindische Telegraphen-Gesells- 
chaft, which, for building and working these 
stations, have combined with the Deutsch Siidsee- 
Gesellschaft fiir Drahtlose Telegraphie. The com- 
bination was effected in August, 1912, and the 
service is under the control of an Imperial com- 
missioner. The co-operation of a cable compan 
with a radiotelegraphy company will forestall 
rivalry between these two telegraph systems. We 
may supplement this note by a few statements on 
other radiotelegraphy stations in German colonies, 
almost all of which are now equipped. In German 
East Africa there is a coastal station at Dar-es- 
Salaam, and two stations are at Nuansa and Bukoba, 
on the Victoria Nyanza. Cameroon has a station 
at Duala; Togo, one at Toblekohve, near Lome 
(not yet open); and German South-West Africa, 
stations at Swakopmund and Liideritz Bay. Further 
stations are contemplated, and an agreement will 
probably be made with the Netherlands Govern- 
ment as to the question of a station at Sumatra, in 
the East Indies, to serve as intermediate station 
between East Africa (Dar-es-Salaam) and the Pacific 
islands (Yap). The distance between East Africa 
and Sumatra would be 8000 km., whilst the furthest 
distance, so far covered experimentally at night- 
time, is Nauen-New York, 6500 km. Nauen and 
Togo, 5500 km., have communicated with one 
another at day-time. 


Tue Stapiuity oF ABROPLANES. 


In these days of aerial gymnastics, or ‘‘ stunts” 
as they would be termed in America, the question 
of the righting possibilities of an aeroplane has 
additional interest over that which it 
when pilots were less venturesome. In the early 
days of modern aeronautics the idea that many of 
the simpler phenomena were capable of logical ex- 
planation was laughed to scorn. The new develop- 
ment, with a few exceptions, had got into the 
wrong hands. At that time Professor Bryan was 
working these matters out mathematically. He 
was severely criticised by men whe represented 
the actual aviators, and who refused to believe 
that the complications met with in practice were 
capable of rational analysis. Professor Bryan 
started with the simpler problems, but subse- 
quent work has carried the matter much further, 
and Mr. L. Bairstow, in a paper read on Wednes- 
day last, before the Aeronautical a of Great 
Britain, gave a demonstration of the value of this 
kind of work in practical aeronautics. r. 
Bairstow's paper was entitled ‘‘The Stability of 





Aeroplanes,” and he stated that by means of 
analytical treatment, on Professor Bryan’s or Mr. 
Lanchester’s methods, aeroplanes can be produced 
either inherently stable or having unstable cha- 
racteristics of any particular kind. The author 
described a stable aeroplane as one capable of 
recovering its correct flying position and speed 
when the pilot left it to choose its own course, pro- 
vided sufficient height from the ground were avail- 
able. The question of self-correction might be 
divided into two parte—namely, that dealing with 
machines of inherently stable design and that of 
machines provided with some mechanism pro- 
viding automatic stability. It was then demon- 
strated that a properly-designed aeroplane, pro- 
vided, in addition to the supporting surfaces, with 
vertical fins above the planes, would recover its 
normal flying position whether launched upside 
down or sideways. It was possible to take into 
account, in the mathematical treatment, the ques- 
tion of gusts, which was merely analogous to side- 
slipping, which the analysis allowed for. A stable 
machine must turn into the wind, and as the 
stability increased this movement would become 
rapid, perhaps to the discomfort of the pilot. 
Longitudinal stability was of three kinds. The 
first, ‘‘ catastrophic instability,” had been treated 
by Mr. Lanchester in his paper before the last 
meeting of the British Association. The second 
was due to rapid oscillations, in which the tail and 
head tilted alternately up and down. These usually 
died down, but in extreme cases might cause the 
aeroplane to turn over and over. The third class, 
known as phugoid oscillations, caused the aeroplane 
to move in a vertically wavy path of oscillations of 
long periods—about 30 seconds. This effect could 
be reduced by using a sufficiently large tail-plane 
and elevator. If the tail were not large enough, the 
amplitude of the wave would increase andend ina too 
sharp descent. These points were well illustrated 
by mica models of planes with and without tails 
and fins. Longitudinal stability could be easily 
attained by alteration of the tail-plane. It was 
associated with the principle of the upward vee, in 
which the forward plane was more heavily loaded 
than the rear. Lateral stability was more difficult 
tosecure. If a model with a vertical tail fin rolled, 
the tail turned the machine into the wind. Rolling 
might also be set up which might result in a 
progressive increase of the tilt until the aeroplane 
took a steep spiral path, from which it could not 
recover. Such instability arose from the use of 
too large a rudder. The proportioning of the 
rudder and vertical fin system was one of the most 
difficult problems. If a machine were spirally 
unstable, it might be remedied by —— the 
hody forward of the centre of gravity or by increas- 
ing the dihedral angle with other corresponding 
changes. The author suggested that a machine 
heal be made partly inherently stable, the rest 
being neg by control, with the ability to cut 
the inherent stability out when n —as, for 
instance, in flying in gusty weather or landing in a 
confined area. 





H.M. Canapian Customs Cruiser ‘‘ MARGARET.”— 
The Revenue cruiser t, built vo the order of the 
Canadian Customs Department for patrol service on the 
Atlantic coast, Messrs. John I. ycroft and Co., 
Limited, at Sou pton, was launched on Wednesday, 
January 14. The vessel was almost ready for trial when 
launched. The ogg dimensions are as follows :— 
Length over all, ft. ; —_ between iculars, 
185 ft. ; breadth, moulded, 32 ft.; depth, moulded, 16 ft.; 
and the draught is limited to 10 ft. 3 in. wi carrying 
a load of 175 tons. The vessel has a ram stem and cruiser 
stern. A double bottom is fitted under the engines 
and the hold forward, and the hull is stiffened to resist 
ice, the propeller-shafting being also housed in the hull 
for the whole of its length to prevent damage by ice. 
The bunkers have a capacity of 200 tons, giving a radius 
of action of nearly miles at full speed, and about 
4000 miles at economical speed. The vessel is rigged as 
a fore-and-aft schconer, and has an outfit of boate con- 
sisting of a 30-ft. Thornycroft motor-launch, a 26-ft. 
lifeboat, a 22-ft. captain’s cutter, and a 16-ft. dinghy. For 
armament the carries, mounted on the forecastle 
deck, two 6-pounder quick-firing with telescopic 
sights. The vessel carries a wireless telegraphy outfit, 
is electrically lighted, and has a 24-in. projector search- 
light of 25,000 candle-power, fitted in the crow’s nest on 
the foremast. A ting plant is installed, and a 
complete cold-store below contains separate rooms for 
meat, vegetables and other visions. The vessel is 
heated by steam throughout. The propelling machinery 
consists of two sets of vertical reciprocating engines, 


running at 180 revolutions minute, and having com- 

bined an — horse-power of ~~. The condenser 
centrifugal team is sty 
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THE THEORY OF THE SURFACE 
CONDENSER. 


In a letter which we publish on page 128 cf the 
present issue, Dr. Stanton, of the National Physical 
Laboratory, criticises the articles on the above sub- 
ject which appeared on pages 1 and 37 ante, and 
calls attention to an error in the formula taken for 
the viscosity of water. We are obliged to Dr. 
Stanton for pointing out this error, which arose in 
a somewhat si way. 

The equation referred to, viz. :— 


1 
~ 1 + 0.038387 T + 0.00221 12 


was copied correctly from Osborne Reynolds’s 
Scientific Papers, Vol. II., page 60. A further 
search in later pages of Reynolds’s paper, how- 
ever, shows that the correct value is 


1 
1 + 0.0336 T + 0.000221 T?* 


which is the form quoted by Dr. Stanton. 
discrepancy between the two statements of the 
formula does not arise from a typographical error 
in the reprinting of Reynolds’s paper, as we find on 
examination that the same discrepancy occurs in the 

per as originally printed in the Philosophical 

'ransactions of the Royal Society in 1883.* 

In 999 cases out of 1000 a misprint of this kind 
would be detected automatically in any attempt to 
apply an erroneous formula to the reduction of 
experiments. It is a most extraordinary coinci- 
dence, probably unparalleled, that the wrong 
form of the formula should lead to substantially 
accurate values of R,. That it does do. so is 
obvious on reference to Fig. 6, e 3 ante, which, 
pany Raye correction and ae ditions, we reprint 
on the opposite page. is, ninety-eight experi- 
ments es ny independently by Messrs. Allen, Stith, 
Nicol, Newton and Callendar were plotted, and are 
in excellent concord. Not a single observation has 
been rejected from the plot because it failed to 
fit, but each observer’s results were taken as he 
gave them. The conditions varied most widely, 
the sole features common to all being the two 
essentials that the air pressure inside the condenser 
was small and the tubes clean. Further, since 
Fig. 6 was drawn the results of experiments 
made with four large modern condensers by three 
different makers have been received. In three of 
these cases the tubes were ? in. in diameter, and 
the water velocity attained 7 ft. second. In 
the fourth case, marked x in the diagram, the tubes 
were § in., and the water velocity was 5.6 ft. per 
second. A vacuum augmenter, or its equivalent, 
was employed in three of these cases, and as a con- 
sequence the air pressure inside the condensers was 
woe hen These additional observations, reduced 
by Table I., page 2 ante, plot down, it will be seen, 
in absolute harmony with the other experiments. 

Of this samedeiie result two explanations are 
possible ; one may be based on Reynolds’s remark 
quoted by Dr. Stanton, to the effect that the varia- 
tion of R,,, with the viscosity, is a matter to be settled 
solely by experiment. The view that the rate of 
heat transfer should vary inversely with the viscosity 
was arrived at, originally, from the consideration 
that critical speeds are corresponding speeds, and 
such critical speeds do vary in the way assumed. 
If, however, the rate of heat transfer may depend 
on any power of the viscosity, the extraordinary 
accuracy with which the incorrect formula represents 
the experiments could be accounted for. The mean 
temperatures covered in Fig. 6 ranged from rather 
over 65 deg. Fahr. up to very nearly 120 deg. 
Fahr. Throughout this range the value of P taken 
from Reynolds's incorrect equation is almost exactly 
proportional to (P) '”', where (P) denotes the true 
value of P. Thus, on this hypothesis, the rate of 
heat transfer would vary inversely nearly as the 
square of the viscosity. In fact, for ordinary work- 
ing ranges of temperature, in condenser practice, 
the value of OC, Table I., page 2 ante, agrees closely 
with the formula 


P 





P= 





The 


C = 11.26 (P) 1 





* Curiously enough, in Lea’s “‘ Hydraulics” the formula 
referred to is given on page 128 as 


Sie a ee 
P= eT TUE PE’ 
and on page 151 as ; 
= 1 
P= TORT + OORT I 
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= as before, (P) is the true value of the vis- a: & Cc Sits eusenites end Guinaiientes eo0 tee 
Whilst this explanation of the coincidence is a | pi, the 


ibl it a a ogy eaten one defect may just about balance the 
Lares om : In plotting { “yr + | other. This is appsrently what has happened ; the 


e original dingre m it 
was recognised that the index of v might differ from | true value of R,, thus becomes (P) k where k is a 


unity, but it was decided to try the simpler form ‘ : — : : 
first, and avoid fractional powers unless driven to | constant for any given diameter of pipe, and (P) is 
them by the experimental figures. Since practically | viscosity divided by the density. 

perfect harmony was attained, it was naturally! The observations plotted in Fig. 6 have been 
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result that the resistance increased less quickly 
than the viscosity when heat was pessing to the 
water. It is, however, quite impossible to reconcile 
the slow variation of heat-flow, with changes in P, 
as found in this set of Dr. Stanton’s experiments, 
with observations on actual condensers, and it may 
be noted that, as he states, he found subsequently 
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that the resistance was nearly proportional to the 
viscosity when he reversed the direction of the heat- 
flow. A rule, it is true, will not always work both 
ways, but when it will not an adequate explanation 
of the discrepancy is necessary. It is not easy to 
see why the motion of the water should be more 
turbulent when it is losing heat than when it is 
picking it up. If, therefore, Dr. Stanton’s first 
series of results are rejected in favour of his second 
series, a satisfactory concord with condenser experi- 
ments is established, which otherwise becomes im- 
possible. 

In the concluding paragraph of his letter Dr. 
Stanton refers to his paper on ‘‘ The Efficiency and 





Design of Surface Condensers.”” The conclusions 
arrived at in this paper and the 
rece dations made are at 

09 1q Variance with the known essen- 
a » tials to successful condenser 
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inside the condenser was not 
es: observed. Dirty tubes and the 
presence of large and unmea- 
sured amounts of air practically 
as reclude the attainment of use- 
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—— THE SCHILOWSKY 














MONO-RAIL CAR. 


Mr. ScurLowsky gave on Mon- 
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day last a private demonstration 
by means of a model of a new 
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College of Science and Techno- 
logy, South Kensington. Mr. 
Schilowsky’s mono - rail car is 
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using the gyroscopic reaction 
( Yo) generated by a force ge toa 


constructed upon the principle 
already familiar, in connection 
with the Brennan system, of 
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thought useless to proceed further, and it must be replotted in Fig. 6a on this basis, and though the 
admitted that Table I., page 2 ante, does give the | agreement is not quite so good as before, it may be 
value of R,, with substantial accuracy throughout | considered satisfactory. ; 
the range covered in condenser practice. The resistance of a standard #-in. tube will be 
It has, however, to be observed that in condenser | about 0.75 that of a standard §-in. tube, whilst that 
experiments a temperature rise is generally | of a {-in. tube will be 0.60 that of the §-in. tube. 
associated with a low water velocity, and vice ok. The resistance of the latter with water at 60 deg. 
The misprint in the formula for P tends to make | can be scaled from Fig. 6a, and at any other tem- 


; : : Cc : rature the resistance is given by multiplying the 
the numerator in the equation Rw = vv too high at Sealed value by a coefficient taken from Table la, 


low temperatures ; but. as these low temperatures are which gives values of (P) 
commonly associated-with high velocities, this error (Pheo 

would be at least partially compensated for if the 
effect of the velocity in diminishing the resistance | rate of heat transfer is inversely portional to 
were over-estimated ; that is tosay, if inthe formula | the viscosity. Against this we have Dr. Stanton’s 





In the foregoing it has been assumed that the | free 


09 70 of an over-balanced car. The 
principle, as is well known, is 

this: A gyroscope is moun in the car with ite 
| axis of spin at right angles to the length of the car, 
and so that it is at liberty to execute precession in 
a fore-and-aft plane. In such a gyroscope preces- 
sion is set up by s moment of force tending to 
overturn the car sideways. The reaction of the 
against the force which thus tends to —- 

Both it and the car serves to ~_ | the car to 
delay ite fall for a few seconds. e instantaneous 
stability thus secured affords an opportunity for the 
finery = the redressing —~ — wey ag 
applied to the gyroscope so as to accelerate ite free 
om ion. The force so applied elicits a further 
reaction directed against the force which produced the 
| precession to with. In this way the car at 
the very instant of to fall receives « righting 
‘impulse, which, in fact, is an over-righting impulse, 
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and tends to make the car fall upon the other side. 
This reversed overbalancing moment sets up a coun- 
teractive force which restores the gyroscope to its 
initial position and calls for correction in its turn by 
the application of a reversed force to accelerate the 
reversed free precession of the gyroscope. The sta- 
bility of the whole system is maintained by the 
balancing against one another of these two mutually 
counteractive moments of the gyroscope and the car. 

The system, if it comprised no damping mechanism, 
would be only imperfectly stable, and in respect of the 
method of damping Mr. Schilowsky departs from the 
Brennan model. He arranges his gyroscope so that 
the axis of spin shall be approximately vertical instead 
of being horizontal, as on the Brennan system. 
this respect he improves upon the Brennan type of car 
and proclaims himself a follower of Scherl. From Scher! 
also he adopts the expedient of securing a damping 
moment by supporting the controlling pyroscope upon 
trunnions arranged below the centre of gravity of the 
gyroscope mechanism. In short, the paw is 
mounted like a metronome pendulum. far we are 
dealing only with known mechanism. The particular 
problem to which Mr. Schilowsky has devoted his 
attention is that of securing automatic control for the 
mechanism which pute the gyroscope in action. 

The Schilowsky mechanism consists essentially of 
two members :— (1) A motor to set the gyroscope 
aswing in the required direction; and (2) a pen- 
dulum for producing driving connection between 
the motor and the gees gyroscope. It is to be 
understood that when nothing is happening which 
calls for gyroscopic control, when, for example, 
the car is standing at rest in a station, suppo on 
feet placed for this “—— in ition, the driving 
motor will run free. nder these conditions the 
pendulum hangs free, but if the feet be raised from 
the ground, and the car, thereby becoming unstable, 
inclines to one side or the other, the pendulum starts 
a train of mechanism which lifts a quadrant into 
engagement with the freely-running motor. The gyro- 
scope, already caused to precess by the oscillation of 
the car, has its precession accelerated by the motor, 
thereby throwing the car over to the other side of the 
vertical. Trip mechanism allows the quadrant to retire 
from engagement with the motor as soon as this has 
been accomplished, and thue the car is kept moving 
in small oscillations about its position of equilibrium. 
When at rest, or running on a straight rail, the model 
appeared to be perfectly steady. The track which 
Me Schilowsky was using did not, however, admit 
of experiment either with high —_ or with deep 
curves. The model, moreover, which bore a picturesque 
resemblance to a passenger train, was not adapted to be 
loaded, and the gyroscopic mechanism in use was heavy 
out of all proportion to the weight of the car by which it 
was carried. In fact, the gyroscope and its actuating 
mechanism constituted the greatest part of the load. 
Experiments therefore on quite a different scale would 
be necessary to establish the efficiency of the mecha- 
nism which Mr. Schilowsky was exhibiting. Theore- 
tical considerations suggest a doubt as to whether this 
mechanism would get over the practical difficulties 
of mono-rail traction. In the first place, the amplitude 
of the precessional movement is very restricted, the 
gyroscope being limited to a total angular movement of 
about 40 deg. Half of this angle is taken on either side of 
the vertieal, and, consequently, the over-balancing 
weight of the gyroscope itself, which serves to damp 
the oscillations of the pe, causes the effective 
force available for counterbalancing the car to be very 
appreciably less than the angular momentum corre- 
sponding to the precessional movement of the gyro- 
scope. St would be interesting from this point of 
view to see the results of quantitative tests made 
under conditions of actual working with Mr. Schi- 
lowsky’s apparatus. 


“THE THEORY OF THE SURFACE 
CONDENSER.” 
To THe Eprror or ENGINEERING. 

Sir,—In the articles on ‘‘The Theory of the Surface 
Condenser,” which were published in your issues of 
January 2 and 9, I notice that frequent reference is made 
to the Reyneite Law of Heat Transmission, but nowhere, 
apparently, is any precise statement of the law laid down, 
and I am inclined to think that many of your readers 
who are not familiar with the work of Osborne Reynolds 
are likely to rise from the study of ‘hese articles with a 
quite mistaken im ion of what the law in question is. 
As the author of the theory is, unhappily, no longer with 
us, and he was good enough to consider that my experi- 
ments on heat transmission constituted a complete check 
on the theory, I should be glad if you would allow me to 
make a few remarks on the subject. - 

In the first place it is important to realise that this 
theory deals solely with the convection of heat to the mass 
of a fluid moving in @ parallel channel from the relatively 
hotter walls of that channel, or from the fluid to the 
walls if the reverse is the case. As tothe precise mecha- 
nism by which this heat passed into or from the material 
of the walls, Osborne Reynolds laid dewn no theory. As 
far as I am aware, the only complete statement of the 
law of transmission which he made was that given to the 








present writer for insertion in his paper on ‘‘ Heat Trans- 
mission,” in 1897,* and in that statement all that he said 
on this point was that ‘‘asit is ultimately by conductivity 
that My eet pape & EY the pipe to the 
water, there will be a coefficient depending on the con- 
ductivity and viscosity to be experimentally determined.” 
_ Now, as convection of heat, the Reynolds theory 
is that in the case of fluid passing through a pipe whose 
surface is at a hi tem ture than the fluid, the ratio 
of the momentum lost skin friction to the total 
momentum of the fluid is same as the ratio of the heat 
actually carried by convection from the walls to the heat 
corresponding to complete convection of all the particles 
to the walls. 

Putting this into symbols, and assuming that this heat 


In | Passes by conduction through the layer of fluid in contact 


with the walls, if 


F = frictional resistance of pipe per unit area. 
H = heat transmitted per unit area. 
T. = temperature of surface of walls. 


¢ = temperature of fluid. 
v = velocity of fluid. 
Then 
H= -— be - t) (1) 


v 


and k is the coefficient referred to by Osborne Reynolds 
as requiring experimental determination. 

_As is well known, in the case of fairly smooth brass 
pipes, such as condenser tubes, F varies as a power of the 
speed appreciably less than 2, and, in a smaller d 
with the diameter of the pipe and the viscosity of the 
water ; but, following the writer of the article and neg- 
lecting these comparatively small effects on the skin 
friction by assuming that F varies as v? and substituting 
in (1), it will be seen that the value of the resistance to 
heat transmission (Rw of the article) is proportional to 


1 
iv Comparing this with the expression for Rw given 


in the article (page 2), it appears that the writer of the 
article has satisfied himself that the valueof k is inversely 
eee to the viscosity of the water, and one would 
ike to know the theoretical or experimental basis of 
this assumption. In the present writer’s ul in 
the Whitworth Laboratory of Owens College in 1896 
definite evidence was found that the heat transmission 
was appreciably increased with reduction of viscosity, but 
to nothing like the extent of being inversely proportional 
to it, as will be seen from the results given in the follow- 
ing table for a pipe 0.29 in. in diameter :— 


Temperature in deg. Fahr. Rise of Velocity | Mean Value of 





pe Tem- of Flow, Viscosity 
| Cooling Water. pera- Feet per | Density 

Surface.| ———_————_| ture. Second. | for Cooling 
| Initial. | Final. Water. 


EES ec xc! tee ee 
125.0 | 995 | 107.3 7.8 9.7 —5 
108.6 | 8830 | 9.4 74 97 | 086) x 10 
828 | 57.3 64.0 6.7 9.7 6 





From this it will be seen that for the same range of 
temperature and velocity of flow, the heat transmitted at 
103.6° was 16 per cent. greater than at 60.6° ; whereas, if it 

_— . viscosity . 
had varied inversely proportionally tothe dennty it would 


have been 63 per cent. greater. 

On the other hand, it may be mentioned that when the 
heat was passing from the water to the pipe the heat 
transmitted was approximately inversely proportional to 
the viscosity of the water, but that is, of course, not the 
case of surface condensers. But even if the assumption 
is justified, it is difficult to account for the remarkable 
statement on page 2, that the rate of transmisson of 
heat from the walls of a hot pipe to water flowing 
through it, when Gomme temperature between surface 
and water is 10 deg. Fahr., is five times greater when 
the temperature of water is 105 deg. Fahr. than when it 
is 40 deg. Fahr., the velocity of the water being the same 


in the two cases. Now, the values of . uty in foot- 


density 
pound-second units for water at these temperatures are 
respectively 0.707 x 10-° and 1.66 x 10-5 ; so that, even 
assuming that the transmission is inversely propor- 
tional to the viscosity, the heat in the case of the water 
at 105 deg. would only be 2.35 times greater than that 
transmitted at 40deg. Fahr. If, however, the erroneous 
. viscosity 
value of the temperature coefficient of the density’ 
given in the article as 


instead of , 


1 + 0.0337 ‘I + 0.000221 ‘I?’ 


as it should be, is used, the ratio of the calculated heats 
would be somewhat greater than 5; and it would seem 
that the use of this erroneous value of the coefficient is 
responsible for the statement, and for the whole of the 
figures in Table I. also. The main point, however, which 
I wish to make clear is that Sogn I have 
discussed forms no part of the Reynolds theory of heat 
transmission, but must stand or fall by experimental 





in 

I notice that in his introduction on page 1 of the article 
the writer states that this theory, ‘simple and compre. 
hensive as it has proved to be, has been almost wholly 


neglected both here and on the Continent.” The present 
writer’s own experience does not incline him to take such a 
pessimistic view of the intelligence of the great body of de- 
3 either here or on the Continent. In his paper on the 
“‘ Efficiency and Design of Surface Condensers,” i 
in 1899,* were stated, according to the Re olds theory, 
the conditions for maximum efficiency as affected by the 
—— and diameter of the tubes and the velocity of flow, 
and these conclusions were verified by experiments on 
the surface condenser in the Walker Engineering Labo- 
ratories of University College, Liverpool. I believe that 
these conditions are sufficient for the essential purposes 
of surface condenser design, and that they have been 
familiar since their publication, 14 years ago, to the 
majority of designers of all countries. 


Yours faithfully, 
January 12, 1914. y 2 K STANTON. 
(This letter is dealt with in an article on page 126 of the 
present issue.—Ep. E.] 





“GEODETIC ACCURACY—OLD AND NEW.” 
To THE Epitor or ENGINEERING. 

S1n,—I was very glad to see in your issue of January 2, 
page 20, an article on the me gr oy into the accuracy 
of the gw triangulation of the United Kingdom, 
which, I think, will give your readers a clear idea as to 
how the matter now stands. I should like, with your per- 
mission, to correct two small inaccuracies in the article. 
First, the discrepancy between the measured and com- 
puted values of the Salisbury Plain base-line was not 
20 in., but only 5.01 in., the length of the base being about 
6.93 miles. And secondiy, though it is correctly stated 
that the probable error of a single le of the old trian- 
gulation of the United Kingdom is 1.2 seconds, it is not 
the fact that the probable error of a - angle on the 
Continent does not exceed 0.25 second. © mean value 
for this latter quantit a by Ferrero in 1895 is 0.8 
second. In Sir David Gill’s ‘‘ Account of the Geodetic 
Survey of South Africa,” Vol. I., 1896, the list of probable 
errors for European countries shows various values from 
0.37 to 1.00 second. In very modern work, in favourable 
conditions, we may get a value as low as 0.25, but the 
Continental work is not, as a whole, very modern, and it 
will be best to assume that on the Continent the angular 
precision is not very greatly better than our own, and 
that this superior accuracy is largely counter-balanced 
by the complexity of our network. 


Yours sruly, 
C. F. Crosse, Colonel, 
Director-General, Ordnance Survey. 
Southampton, January 19, 1914. 


[We regret the two errors in our article referred to 
above, and we are obliged to Colonel Close for correcting 
them. Colonel Close’s further remarks on the accuracy 
obtained in modern angular measures are of much in- 
terest. — Ep. E.] 





THE CORROSION OF BALL-BEARINGS. 

_ To THE Eprtor oF ENGINEERING. 

Si1n,—With reference to photographs of two corroded 
steel balls in your issue of January 16, 81, they appear 
to represent two sent from this company’s laboratory, and 
in fairness to yarious manufacturers of castor-oil products, 
I would like to suggest that the real cause of this peculiar 
corrosion cannot be al ther ascribed to castor oil. 

In fact, since October last, a complete ball-race, as well 
as two separate steel balls, have been immersed in castor 
oil at a temperature of about 100 deg. Fabr., and no appa- 
rent corrosion has taken place, the acidity of the oil being 
1.01 per cent. calculated as oleic acid. In another experi- 
ment during the same period a steel ball was corroded 
while lying on steel plus brass in the same quality castor 
oil. In regard to two samples of gear grease, and one well- 
known brand of lubricating oil containing a small per- 
centage of fatty oil, the surfaces were very badly 
corroded. Whether the main trouble lies in the compo- 
sition of the steel, such as small quantities of copper, 
aluminium, &c., or acidity in the oil, the point is as 
unsolved as the general inconsistency is pronounced. It 
would be interesting to see photographs of Mr. Duckham’s 
own results, together with a definite explanation as to why 
castor oil is the chief cause of corrosion. 

Yours truly, 
CHEMIST TO THE AUSTIN Moror Co., LimITED. 

Longbridge, Birmingham, January 20, 1914. 





Tue ‘“‘Kéniegin Luise” wrra Firrincer Trans- 
FORMERS.—In Table B in Sir John Biles’s report on 
the trials of this v on page 793 of our issue of 
December 12 last, the breadth moulded of the 
= by a typographical error, given as 29 ft. instead of 

b. 





PERSONAL. — Messrs. Sutcliffe Brothers (makers of 
asbestos coverings and composition), Globe Works, 
Godley, near Manchester, have opened a London office 
at 31, Old Queen-street, Westminster, S.W., with a 
view to dealing more expeditiously with their London 





INSTITUTION OF MounicrPAL AND County ENGINEERS.— 
The date for the annual conference of the Institution of 
Municipal and eee Engineers, to be held in Chelten- 
ham, has been fixed definitely for June 24, 25, 26, and 
27 next. It has been decided to make a ial feature 
c—_— and also of roads, and, if possible, to 
arrange for an exhibition of town plans. 





* Philosophical Transactions of the Royal Society. 
vol. cxc., page 82. 





* Proceedings of the Institution of Civil Engineers, 
vol. cxxxvi. 
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THE RHENANIA STEAM-METER. 


CONSTRUCTED BY THE CHEMISCHE FABRIK RHENANIA A.-G., AIX-LA-CHAPELLE. 
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THE steam-meter of the Chemische Fabrik Rhenania 
A.-G., Aachen, which we illustrate in Figs. 1 to 6, 
above, has been tested by the steam-boilers super- 
vision society of the district, and recommended as o 
reliable direct-reading and recording instrument and 
& decided improvement upon similar meters. The 
principle of the instrument is the following :—The 
steam to be measured in the meter through two 
ports of rectan; r section, the dimensions of which 
are varied by the conditions of the supply. The flow- 
ing steam depresses the counterbalanced disc of a 
valve, and the height or length of the rectangular 





ay _ 


port thus depends upon the quantity or weight of the 
steam to be measured ; the steam pressure further acts 
on a piston which is guided by a cam-groove, and as this 

iston is depressed, the width or base of the rectangle 
is automatically altered. This is the chief feature of 
the instrument. The weight of steam flowing through 
the meter in kilogrammes per hour is G = F vy, where 
F is the combined area of the two rectangles, v the 
velocity, and 7 the density of the steam, and the — 
of the meter is such that, if } is the base of the 
rectangle, the product 6 v y will remain constant for 
different steam pressures. One style may therefore 





register the steam weights though the pressures vary, 
and the actual steam coaemnetien can be read off at 
any moment, and the total steam consumption easily be 
determined from the curve drawn on the squared card. 

The engravings will explain the construction. The 
steam entering at a (Fig. 1) into the steam-chest 6 
depresses the valve-disc d of the cylinder c; the wire e, 
attached to the disc d, passes over the pulley / and is 
loaded at g; the style is connected with the wire e. 
When the steam forces downward the disc d, and hence 
the style, the two retangular ports i and i, of the 
cylinder ¢ are opened to increasing heights ; the 
steam then leaves the meter through the chamber 
k and the flanged pipe 7. The width of the rectan- 
gular ports laid open depends upon the position 
of the ring-sleeve m, which is rotated by the aid of 
the devices illustrated in Figs. 3 to 5. The steam 
pressure urges the piston » downward against the 
pressure of the spiral spring 0. When descends, the 
ro q engages with its pinsr and r, in the cam- 
groove of the drum ¢, which is rigidly connected with 
the ring-sleeve m; thus the sleeve is turned, and the 
width of the rectangular ports isnarrowed. The shape 
of the cam- ve was determined by experiments. 
Some adjustment is required for the balancing load g 
of the valve disc d to keep the velocity of the steam 
constant, as long as the steam-pressure does not vary, 
though the quantity of os as through the 


meter increases as d descends the a rts be- 
come longer. For this pu the pulley Pai 1) 
has been pivoted eccentrically; the leverage at which 


the load g acts hence changes with the open length 
of the — Fig. 7 shows part of a record obtained 
at the Shamrock I. and II. colliery of the Hibernia 
Company, near Herne, Westphalia, with a double- 
cylinder shaft-sinking machine. Fig. 6 is a photograph 
of the instrument, which is now made in eight sizes, 
for steam-pipe connections from 25 mm. up to 200 mm. 
in diameter, aud for steam consumptions from 300 kg. 
to 20,000 kg. per hour, 

In the tests to which the instruments were sub- 
mitted by the society above-mentioned, the differences 
between the recorded consumptions and the weights of 
condensed steam fluctuated between the limits + 1 and 
— 2.9 per cent. The experiments were made at pres- 
sures ranging up to 12 atmospheres, and the report 
pointed out that even very small consumption values 
registered were fairly accurate. Priming water does 
not affect the records. The apparatus can also be 
used with superheated steam ; in such cases the tem- 

rature has to be measured, and a correction may 

ve to be made, since the density of steam depends 
upon its pressure and temperature. When the tem- 
perature is fairly ea however, the calibration of 
the card can be adapted to that temperature. 





COMMERCIAL TESTS OF INTERNAL- 
COMBUSTION ENGINES.* 
By W. A. Tooxry, Member, of London. 


THE circumstances under which gas and oil-engines are 
operated, when installed in factories, usually preclude an 
engineer from carrying out any desired tests upon the exact 
lines which have been suggested by committees of engineer- 
ing institutions in England, Germany, and America, and 
which have been formulated with the object of effecting 
a standardisation of results by means of which per 
compari can be made. In the laboratories of tech- 
nical colleges tests can be conducted according to schedule, 
and on makers’ test-beds—very occasionally—records of 
desirable observations are sometimes heard of as bei 
more or less complete in connection with engines of nov 
characteristics. But the conditions applying in the case 
of industrial works, in which gas or oil-engines have 
been installed for driving the machinery, are usually not 
such as will allow the application of any form of dynamo- 
meter. No direct measurements can be taken of the 
quantity of heat absorbed by the cooling water or rejected 
in exhaust. No direct measurement of the air ad- 
mitted into the cylinder is practicable. In fact, it is 
rarely possible to do more than to measure the gas con- 
sumed or to weigh the liquid fuel, and to indicate the 
engine with due care. From these two operations all 
information must necessarily be obtained. 

During the past few years the author has been called 
upon to make tests of over 700 gas-engines, of various 
sizes and types, working with town gas, within the 
London area, and os per describes the method 
adopted by him to reliable comparisons to be made 
respecting the performanees of these widely differing 
engines. An extensive series of tests was undertaken on 
behalf of the Gas — and Coke Company, and also, and 
in greater numbers, for the South Metropolitan Gas Com- 
pany. The objects in view were to note the perform- 
ances of the engines in their condition ‘‘as found,” to 
improve such performances, when it was possible to do 
so, by adjustments of mechanical details, and to report 
whether still further improvements be expected if 
proper attention were paid to necessary repairs or 
renewals of worn parts. , 

The two London companies concerned realised the 
fact that many of thousands of engines used by their 
consumers were expected to work year in and year out 
with the very minimum of attention beyond starting, 


* Paper read before the Institution of Mechanical 
Engineers, January 16, 1914. 
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stopping, and lubricating, and therefore it was to their 
interests, although indirectly, to ensure that the utmost 
work could be obtained from the least volume of 
whole cost of thesurvey was y them, and that the 
consumers have benefited very considerably will be evident 
from the following statement. 
Up to the time of writing—October, 1913—the number of 
ines inspected and reported upon is 763. A consider- 
able proportion were found to be well looked after and 
maintained in such good order that very little prove 
ment was possible. On the other hand, some been 
so neglected that no improvement could be effected with- 
out previous overhauling, more or less extensive. Quite 
a number of tape ide-valve engines are still doing 
good work with such moderate gas consumption that, for 
the amount of horse-power hours developed, the savings 
in the cost of gas obtainable by utilising modern gas- 
engines, despite the greater efficiency of the latter, would 
be insufficient to recoup the interest on capital outlay 
involved in their replacement. Examples of gas-engines 
have been met with the mechanical details of which neces- 
sitated reference to early editions of standard gas-engine 
books, especi in the case of two-cycle engines with 
displacer cylinders, six-cycle par pe | engines, and 
others working upon the four-stroke cycle but with com- 
licated valve-gear that demanded some little study 
fore one could appreciate their peculiarities. 


Tasie I. 


Date : February 13, 1913 
2 Meters : 300 1t. No. 906089 
300 It. No. 37388 


Test No. 595a. 
Name: 8. and Oo. 
Address : Bermondsey, 8. E. 
Assistant’s Initials: A. R. P. 
Machinery driven : Dynamo and cocoa-grinding plant. 
24 in. by 30 in. ( ) Gas Engine No. 10,84). 


Revolutions per minute { oe 


A. x 8. 
1728 





Specific piston displacement )- 7.854 cub, ft. per 


stroke. 
Governor, hit-and-miss. 


Indicated horse-power constant (3s bd 


396,000 
Ignition, two magnetos (low-tension). 


Piston positions from edge of liner—in-centre, 23.375 in. in ; 
out-centre, 6.625 in. out = 30-in. stroke. 


In. In. 
Exhaust -valve f open ; piston, 1 out; crank (J; lead 5.625 
setting - | close ; piston, 14.5 in; crank ©; leg 8.875 


) = 0.03427, 


Mixture- valve 
setting .. 


open ; piston, 22.75 in; crank ©) ; lead 0.625 
close ; piston, 3.875 out ; crank Qi lag 2.75 


Gas-valve set- { OPE ; piston, 20.5 in; crank 0) ; lag =. 2.875 
ting.. .. | close ; piston, 6.25 out ; crank Cm early 0.875 


Compression pressure : 120 Ib. 
O.P. +15 
Compression pressure ratio ( ib )- 9.0. 


Volumetric efficiency : 0 $76. 
Effective piston displacement : (Spec. P.D. x V.E.) =6.88. 


Clearance volume ratio (2/0. P. ratio) = 5.4, 
E.P.D. 
C.V.R. - 1 
Oharge volume : 8.448 cub. ft. 


Improvements obtained : power per impulse, 9 per cent. ; 
consumption, 10 per cent. 


Clearance volume ( ) = 1.568 cub. ft. 


| | 














: _ ot 
> |e ; ro sia |e he 
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s = es = |= 
3 is 5 eg 83 | * = — 
}S © Oo) soi golg |. re 
— - . 
lee, Els | 2) St) 78) Ga SIS 5 
Bé et " =" Am st 
#53 8 f ee ies ar 
Bla 2 52 Ee \ a5 § (35 ke 
a 84) | 6° | et ae) ek | Be lg oe 
Load, as | | | | 
found .|67.5'46.2 1.46 12.82 | 40.55 | 87.5 2.158 202.4 13.7 
heed as | 


| } 
ef -- 64.7 43.6 1.48 12.49 40.0 95.5 2388 2118 12.36 
F ' 


Observations.— Diagrams, “load, as found,” showed late firing, 
which was corrected by advancing ignition of both magnetos, one 
by one notch and the other by two notches. Anti-pulsator valves 
in both gas-bags were not working freely, and diaphragms were 
flabby. The exhaust-valve was opening early and closing very 
late. Instructions were left with Rttendant to correct this. 


It was found to be possible to improve the working of 
66 per cent. of all the engines vested, merely by adjust- 
ment to gas or air regulation or by correction of ignition- 
any Bey valve-setting. A greate- proportion could 
have been improved had new parts been fitted and had 
attention been given to matters which would involve 
stopps¢s for periods varying from a few hours to a few 
days. In cases where renewals or overhauling 
appeared to be imperative, recommendations were made 
to the user to call in the makers, or a firm of expert gas- 
cnaiee repairers, to put matters right. In some instances 
such improvements as could be made at the time in- 
creased the power developed per impulse as well as 
reduced the consumption of gas; in others, either the 
output or the efficiency, but not both, was increased. 
The average improvement as increase of power 
- impulse was 27 per cent. For example, an i 
‘ou 


engine 
nd to be giving a mean re of, say, 60 lb. 
8q. in. would be left, giving 76 Ib. Wis Ghee, or ores 





a ae gas consumption, under the same load and 
— he ave reduction in gas consumption was 
13.3 per cent. on indicated horse-power-hour basis. 
It was essential that all tests 
such a manner that no stoppage of the work of the factory 
in which the engine was fixed was involved, and, further, 
that the adjustments made should be such as would bring 
about: improvements in working, not so much under 
Wg or “ maximum ” ~, but a os accorded 
with the average output in work. owing w 
a preliminary i tion, at which was oq 
type, and make of engine, arrangements were made to fit 
up the indicating-gear and to check over the valve-settings 
—which gave apes for close examination of all 
mechanical details—during the mid-day meal-hour. As 
may be imagined, sometimes considerable difficulty was 
experienced in no all the necessary observations as 
well as in fitting up the reducing-gear within the space of 
one a ee erent provisions Lo mye A by 
various ers e it necessary to uip a 
considerable number of adaptors to suit different sizes of 
Whitworth and gas-threads for the erection of a pillar or 
standard on the cylinder or engine-frame, and also for 
the link to connect the - with the ordinary pen- 
dulum reducing-gear, which was mainly The great 
range of cylinder sizes and strokes for which the re- 
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ducing-gear had to be equally suitable, and the uliar 
position of indicator-plugs called for considerable in- 
genuity in obtaining reliable di ms. 

While the indicator-gear was being fixed and the valve- 
settings were being checked, the opportunity was taken of 
noting whether the gas-meter index remained stationary, 
while the bag was kept fully distended and with the 
ignition-tube burner turned ‘‘off.” Any variation noted 
in the interval gave the rate of leakage, if any, in the 
supply Pipes. ‘ 

After indicator-gear had been properly fitted and 
the valve-settings taken, the engine was started up, and 
very shortly after, as soon as a trial card had been taken 
and examined, other diagrams were obtained, and, at the 
same time, the impulses per minute and number of revo- 
lutions per minute were counted, and the gas consumption 
per minute was noted while the engine was running without 
any load except that due to the main driving-belt running 
on the loose pulley. This trial was known as “‘light, as 
found.” The shop load having been put on, a similar 
series of observations were taken and noted as “load, as 
found.” The diagrams —— to the latter were then 
worked out on the spot, and calculations were made, as 
explained later, to note the mean pressure obtained with 
respect to the mixture s \. 

rom the previous checking of the valve-settings and 
the information afforded by the ‘load, as found” cards, 

ether ao ss of the curves recorded — 
a diagram taken with a light spring, it was then possi 
to decide which, if any, adjustments should be made to 
bring about improved ormances. Several diagrams 
were thereupon taken under different conditions until it 
was determined, by of temporary adjustments, 

Occasional] 


means 
exactly how to achieve the desired result. y 
the improvement could be effected within a short space of 


time, but frequently several hours were spent, according 
to the condition of the engine, before a sa! result 
peaks r engi tiefactory 

The desired goal having been more or less nearly 
approached, the inspection was concluded with a final 


conducted in | had been 


consumption test under normal shop-load, and the com- 
parison then made of the initial and final (‘‘as found” 
and ‘‘as left”) results showed exactly what improvement 
effected. A record or tes t was then made 
out in the form shown in Table I., and from this a report 
was drawn up and sent to the gas company for the infor- 
mation of the consumer. Such report was not so detailed 
as was the test-sheet, as the engine proprietor could not 
be expected to a iate the value of all the figures 
upon the latter. report therefore merely gave the 
com tive ‘“‘as found” and ‘‘as left” figures, with a 
brief statement of the condition of the engine, with 
8 tions as to repairs, &c., required to obtain still 
further improvements. ; 

To engineers much -of the information recorded on 
the test-sheet (Table I.) will be self-explanatory, but 
in order to show clearly the method by which proper 
comparison between the performance of each of the 
engines was made possible some explanation is neces- 
sary. The author’s experience with internal-combustion 
engines has indica’ that, while the en of 
mixture taking part in combustion has rarely, if ever, 

taken into account in authoritative trials, yet this is 
one of the most important matters which should be deter- 
mined in all tests. In ENGINEERING, of October 15, 1909, 
the author contributed to the correspondence columns of 
that journal a lengthy analysis of the figures given in the 
Third Report* of the Gas-Engine Research Committee 
of this Institution, which analysis showed that the 
influence of mixture strength upon the thermal efficienc 
of internal-combustion engines was of, at least, eq 
im ce as was the compression ratio. In that con- 
tribution he described how the mixture strength could be 
comemees and from the comparisons then possible gave 
the following conclusions :— 

1. Equal thermal efficiencies can be obtained through- 
out a wide range of compression pressures. 

2. Equal thermal efficiencies can be obtained from 
ep mixture strengths, provided that ignition is pro- 
Pe By toon ing the mi gth and delaying th 

y increasing the mixture strength an ying the 
firing-point, higher mean pressures can be obtained with 
little, if any, loss of efficiency, within certain limits. 

Since the date of that contribution (1909) the author 

many opportunities of putting the above conclu- 
sions to the test of practical work, and is more than ever 
convinced of their soundness. Throughout the extensive 
series of commercial tests alluded to in this paper, the 
mixture strength of the charges taken in by the various 
engines has been computed in terms of total cylinder 
contents—that is to say, gas, air, and residuals, and then 
compared with the mean pressure (positive loop) calculated 


from indicatordiagrams. The factor, ©®2 Pressure — 
mixture strength 
thus obtained has been an invaluable aid in deciding what 
steps to take to obtain better performances from all the 
ines inspected. 

n order to ex the mixture strength in terms of 
total cylinder volume, however, it is necessary to know 
the clearance volume as well as the piston displacement. 
The latter can be calculated at once from the cylinder 
dimensions of an ine, but the former, in commercial 
tests, cannot be definitely measured. close approxima- 
tion can nevertheless be obtained by observing the com- 
pression Fe emg attained, and also by noting the volu- 
metric efficiency of the engine. 

Fig. 1 shows a light card taken from the engine 
referred to in Table I., and the method of determining 
the volumetric efficiency is there indicated. It will be 
seen that the point along the atmospheric line at which 
the compression curve crosses the latter is alone taken 
into account, for, at this point, it is clear that the 
whole of the cylinder is fi with a mixture of gas, air, 
and residuals at atmospheric pressure and at some inde- 
terminate temperature. In this engine the specific piston 
displacement was 7.85 cub. ft., and the effective piston 
displacement was therefore 7.85 x 0.876 = 6.88 cub. ft. 
The compression pressure attained was 120 lb. above 
atmosphere, or, in round figures, 135 lb. absolute. Taking 
the atmospheric pressure as 15 lb. per sq. in., the com- 
pression pressure ratio was 9, and assuming the exponent 
of the compression curve to be 1.30, the total cylinder 
volume must have been 5.4 times that of the compression 
volume. Therefore it can be computed that the effective 
piston displacement 6.88 divided by 5.4-—1, or 4.4, will 
give the content of the clearance space with fairly close 
approximation to accuracy. Thus the figure 1.56 cub. ft. 
is arrived at for clearance space, and that of 8.44 
cub. ft. for the effective cylinder volume. 

The number of impulses being noted for the various 
tests, as also the amount of gas registered by the meter 
in cubic feet, both exp on a similar time basis, the 
division of the latter into the former will give the 
number of impulses obtained per cubic foot of gas. In 
Table I., for the ‘‘load, as found ” count it will be seen 
that the figure 1:46 is thus obtained. Therefore 1.46 
multiplied by the effective cylinder volume, 8.44, gives 
the number of cubic feet of stuff with which 1 cub. ft. of 
gas is mixed—namely, 12.32. If, then, the calorific value 
of the gas be known—in this case, 500 B.Th.U. per 
cub. ft.t—it can be computed that the calorific value of 
1 cub. ft. of stuff in the effective cylinder volume is 
me = 40.55 B.Th.U. The diagram, Fig. 2, shows 
that, upon ignition, this strength of mixture gave 


* Proceedings of the Institution of Mechanical Engi- 
1908, pages 34-35. 
t The average calorific value of gas distributed by the 


“ring” mains of the South Metropolitan Gas Company, 
into which all their stations feed, is i 











B.Th.U. per cub. ft., and practically constant at that 
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& mean pressure of 87.5 lb. per sq. in., or 2.158 lb. for | with known clearance-volume ratios for many different | for 13.25 cub. ft. of effective cylinder volume, and the 
each B.Th.U. in 1 cub. ft. of the mixture. To one who | types of gas, ag and oil-engines, and, as the Diesel | >... _ mean pressure to 2.41. So that. in thi 
is in the habit of checking the performances of internal- | engine tested by Mr. H. Ade Clark, running at 160 revolu- ‘ hen aoe? ‘ a, in this 


combustion engines in this way, the value obtained for 
mean pressure cane 

the factor, miztere strength’ at once indicates that the 

engine is doing well in respect of economy, and that, 

usually, no betterment can expected under ordinary 

working conditions by adjustment. 

From the diagram, Fig. 2, however, it will be seen that 
the ignition was somewhat late. An attempt was made 
to correct this by accelerating the low-tension spark from 
both magnetos with which the cylinder was equi i, 
each lever being moved one notch forward. The result is 
shown in Fig. 3. Even with this acceleration, while 
improved, the ignition was still somewhat late, and con- 

uently that magneto which was situated at the back 

of the combustion-chamber was further adjusted by 
moving the control lever one notch further in advance. 
The diagram then obtained, Fig. 4, was satisfactory, the 
slight variations in successive cycles noticeable at the 
top of the card being attributable to the irregular move- 
ments of the anti-pulsator valves in the two gas-bags 


provided. ’ lai 

The next step was to determine what effect these ‘_ 
tion adjustments had upon the gas consumption. e 
**load, as left” count was therefore taken, with the result 
shown by the series of figures in the lower line of Table I., 

‘ » mean pressure . 
page 130. “*factor,” ————"————_, is there found 
130. The “‘ factor ieeas cml 
to be 2.388—a most satisfactory value. i . 

Naturally, the assumptions necessary for obtaining this 
factor in commercial tests will nob permit a of 
the figures as being absolutely accurate, but, being re- 
cognised as but an approximate standard of comparison, 
the “‘ factor” will, for test-bed work and for general pur- 
poses, be found particularly useful. It shows very clearly 
whether any engine is or is not — whether the 
mixture employed is too strong, and what influence 
ignition-timing, prevailing skin-temperature of the cylin- 
Sor anil, and deliberate adjustments have upon the per- 
formance of any engine under o ation. 

In many cases published results of tests have not 
hitherto included volumetric efficiency of the engines, 
nor has any standard been authoritatively approved of 
the measurement of volumetric efficiency. Usually, how- 
ever, the latter has been determined by referring the 
length of atmospheric line between the two points where 
the suction onl comaeetiion lines cross the yo 
as @ percentage of the total length of the icator- 
diagram. This is incorrect for the purpose of computing 
clearance volume and mixture st h on the lines indi- 
cated in the present paper. The importance of tak 
volumetric efficiency into account is very marked, an 
particularly in connection with e es governed by 
throttling the mixture, as, with the same clearance 
volume, lower compression pressures are then attained. 

In one test made by the author, a vertical gas-engine, 
which was designed to work at 100 Ib. (say 115 lb. abso- 
lute) compression pressure, attained at maximum normal 
full load, three-quarter load, and half load, 96 lb., 92 Ib., 
78 Ib., and 731b. per sq. in. respectively. The volu- 
metric efficiencies at each compression pressure were 
respectively 88.2, 83, 80, and 76.5 per cent. Assuming 


the exponent 7 in P = (* y" was 1.30, the clearance 
ra 


Pp 
volume at 100 per cent. volumetric efficiency for a piston 
displacement of 0.55 cub. ft. (cylinder 11 in. diameter by 
10 in. stroke) would be 0.145 cub. ft., and the total cylinder 
volume 0.695 ; the clearance ratio—total cylinder volume 
(piston displacement plus clearance) divided by clearance 
volume—being 4.8. At 96 1b., 92 1b., 781b., and 73 Ib. 
compression pressure, the clearance ratios would be re- 
oy 4.7, 4.5, 4.05, and 3.9 (7 = 1.30), and with the 
clearance volume common to all at 0.145 cub. ft. as before, 
the effective piston displacement for each ratio would be 
0.535, 0.5065, 0.4410, and 0.4193—each of which is equiva- 
lent, in respect of the specific piston displacement of 0.55 
cub. ft., to the volumetric efficiency determined by the 
indicator. For the pur of computing total cylinder 
capacities, therefore, as long as the compression pressure 
and volumetric efficiency are known, the compression 
ratio can be determined, and the clearance volume ascer- 
tained therefrom with reasonable accuracy for commercial 
testing, as exemplified in connection with Table I. 

The compression curve exponent 1.30 appears to hold 
good for engines widely varying in design, within close 
limits. For instance, in Mr. H. Ade Olark’s paper* on 
“The Diesel Engine,” read before this Institution in 
1903, it was mentioned that the compression Base and 
ratio was 35 for a Diesel engine baving 41.1 mm. clearance 
volume and 600 mm. stroke volume—that is tosay, a clear- 
ance volume ratio of 15.6 (641.1 + 41.1). From these 
figures it is evident that the exponent would be 1.294. 
Again, as already stated, the 11-in. by 10-in. engine, 
respecting which figures for volumetric efficiency at 
various compression pressures due to throttling have been 
given, gave the exponent as 1.30, while in Professor 
Burstall’s testst for the Gas-Engine Research Committee, 
assuming 100 per cent. volumetric efficiency, the terminal 
compression pressures attained for various clearance 
ratios gave a value for the exponent varying from 1.24 to 
1.35, with an average of 1.30 (Professor Burstall’s remarks 
upon the determination of the compression-curve expo- 
nents in these tests should, however, be referred to). 

Other instances could be cited confirming the exponent 
1.39 being in accord with compression pressures obtained 





* Proceedin 
neers, 1103, page 395. 
+ Proceedings of the Institution of Mechanical Engi- 


gs oe Institution of Mechanical Engi- 


tions per minute, the ‘‘ Premier” engine used by Pro r 
Burstall, running at 170 revolutions per minute, and the 
Browett-Lindley vertical gas-engine tested by the author 
running at 450 revolutions per minute, may be acce 

as widely varying examples, it does seem probable that 
computations upon the exponent of 1.30 will give suffi- 
ciently accurate data for ordinary commercial testing 


pu 

The author has frequently been impressed by the fact 
that, in the majority of scientific investigations reported 
to neering societies, all references to mixture s 
have omitted. In saying this he is, of course, aware 
that some exceedingly ingenious methods have, on rare 
occasions, been adopted to determine the volume or 
weight both of air and gas, or air and petrol, &c., that 
have been drawn into engine cylinders, in order to state 
the ratio of one ingredient to the other. But, in practi: 
the combustible forms part of a mixture of air, gas, 
residuals, and it is probably because of the ay in 
measuring the latter that the hitherto existing lack of 
information is due. 
Dr. Dugald Clerk, in his book, *‘ The Gas, Petrol, and 
Oil-Engine, Part I., 1909,” refers to this in connection 
with Dr. Slaby’s well-known experiments, and suggests 
that the inclusion of hot residuals makes the actual 
weight of mixture practically indeterminate. Yet the 
internal-combustion engineer, for commercial purposes, 
does not need to know the weight of the mixture. It 
will suffice if he can obtain information as to the rela- 
tive mixture strength in British thermal units per cubic 
foot of effective cylinder volume. Knowing this, he can, 
by taking into account the mean effective pressure ob- 


Fig.5. 


“LOAD, AS FOUND” RAPID IGNITION DUE 
TO EARLY FIRING ANO RICH MIXTURE. 
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Fug.6 
‘LOAD, AS LEFT” REOUCED SUPPLY OF GAS, 
CURTAILMENT OF EXHAUST PERIOD, 
AND RETARDED IGNITION. 
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tained, get all the information that is of practical use to 
him, for with this common basis of comparison experience 
will soon teach him how to apply such knowledge to the 
best advantage. In the absence of knowledge as to the 
mixture —* used he is absolutely in the dark, and is 
daily conf in that with one engine of a certain size 
2oming on to the test-bed, the rated power—or consump- 
tion—may be readily obtained, while with = 
another engine of the same or a different batch oy finds 
it extremely difficult to obtain the “list” figures for 
output or for efficiency. Without a knowledge of the 
mixture strength with which the engine is working—and 
also the mixture strength at which the engine works best 
—he cannot even be certain that the test-bed adjust- 
ments are final; for if, for example, when the engine is 
put into regular operation, an undue increase of cylinder- 
wall temperature occurs, the performance of the engine 
will be likely to cause trouble, and especially so should 
richer mixtures be admitted than those for which the 
ignition timing has been “‘ set.” 

The large number of tests systematically made during 
the survey already referred to provides much valuable 
data which cannot be presented in a complete form in 
the present paper, but a selection of test results, taken 
almost at random from a number of engines of varying 
cylinder dimensions and compression ratios, may be pre- 
sented and discussed. A 

Table II. reproduces a portion of the test-sheet of a 
small gas-engine. Here it was found that for ‘‘ load, as 


found” the factor, _™©#" Pressure » was 1.83. The 


mixture strength 

diagrams, Fig. 5, showed that ‘‘as found” ignitions 
were extremely rapid. The effective cylinder volume 
per cubic foot of gas was somewhat low—namely, 9.90 
cub. ft. Therefore the adjustments made were to retard 
the oy “> J nn, va st i —_ -_ to diminish ay gas 
supply. 0 point that the light spring cards drew 
attention to was the ill-effect pnacn. by the exhaust-valve 
opening too early and closing too late ; ye was 

ore made to curtail the exhaust period. The effect 
of these slight alterations is shown in the ‘‘as left” dia- 





neers, 1908, page 5. 





Fig. 6, and in the “load, as left” line of Table | work 


small engine of 0.1365 cub. ft. specific piston displace- 
ment per stroke, almost equivalent efficiency was ob- 
tained as in the larger — Table I 

nearly sixty times the cylinder capacity. It is interesting 
to notice the relative figures in this test when the engine 
was running “‘light, as found.” With no variation due 
to deliberate adjustments, but consequent merely upon 
additional load and less frequent internal cooling by 
means of consecutive idle strokes or scavenging cycles, 
ae Se — sane to 1.83. It yy 
noticed that, although the mean pressure was hi 

at “light, as found,” yet this was obtained Ope me 
what weaker mixture than “load, as found.” t still 


Tas II. 
5 in. by 12 in. Gas Engine No. 53,610. 
Revolutions per minute ~ 
. . 
Specific piston nee = 0.1365 cub. ft. 
Governor : hi -miss. 
Indicated horse-power constant = 0.000596. 
ition : low-tension — 
mpression pressure : 11! 
Volumetric efhciency: 0.92. 
Effective piston displacement : 0.1255 cub. ft. 
Clearance volume ratio: 6.1. 
Charge volume : 0.1562 cub. ft. 


Horse- 


Charge Volume per 
Horse-Power | 


Impulses per Minute. 
Impulses per Cub. Ft. 
Cub, Ft. of Gas. 
ndicated 


2,138 |2.92| 14.75 


| 1.88 [6.26 17.16 
| | 
241 (6.05) 18.0 


| 


Gub. Ft. per Indi- 


| 


| I 


‘ght, as 
ound... 47.6 0.718 66.4) 10.26 | 48.25 
-. 0.7 16 63. 4| 9.90 | 50.25 
Load, as | 

left .. 111,8) 1.31 85.4) 13.25 | 87.76 











Observations.—Engine had been recently overhauled. 
found,” the mixture was too rich, involving heavy bum 
on ignition. The exhaust valve was open very earl 
re after valve opened. The ignition too meek 

was re 


“As 
rand 
lead 


Tasie III. 


>. by 18 in. Gas Engine No. 36,553. 
Specific piston eat = 1.08 cub. ft. 
Governor : Hit-and-miss. 
Indicated horse-power constant = 0.00471. 
Ignition : Low-tension magneto. 

pression re : 160 Ib. 
Volumetric efficiency : 0.935. 
Effective piston displacement : 1.01 cub. ft. 
Clearance volume ratio : 6.6. 
Oharge volume : 1.19 cub. ft. 
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5 |* et gis | ie ii 
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mela Eee meme le 
63 es) ee). Seige. 
| so] | & | oa 
Hale B a la 
As found jonas | 445 10.15 |12.08 ald 100.5 “gas. 12.5 
Observations.— Engine practically new. Tem adjustments 


to mixture regulation and ignition timing resulted in no improve- 
ment, and engine was left “ as found.” ™ 


further reduction of mixture strength was advisable to 
obtain higher efficiencies under the prevailing conditions 
is clearly shown from the ‘‘as left” factor. Incidentally 
it may here be pointed out that the factor as used by the 
author enables an experimenter to observe, with great 
practical benefit, the actual variations of mixture s 
uent u normal variations of conditions lar 
to all internal-combustion engines, and their effect upon 
a xr ry, &c. 
Table IIT. is an abstract from the test-sheet relating to 
a gas-engine of about the average size in use in 
London factories. In this instance it was found that the 
engine was working so well that no improvements could 
be effected. Itis interesting to note that the value of the 
factor, _™een Pressure is slightly higher than that 
mixture streng’ 
noted in Table I. (page 130), although the cylinder dimen- 
sions of the latter were more than seven times as great. 
Similarly, the factor is comparable also with the small 
ine in Table II., although the latter was but one-eighth 
the size in terms of cylinder capacity. 
Very efficient cooling and careful adjustment of igni- 


tion-timing devices are required when engines are called 
upon to deal with loads necessitating « continuity of 
explosions producing mean pressures of the order of 90 Ib. 


per sq. in. As will be sufficiently clear from the examples 
aon referred to, such high pressures are not at all 
uncommon in everyday work (the author has obtained as 
much as 118 lb. per sq. in. from an engine lightly loaded 
and taking a poy yy after each power cycle), 
and there is little dou pay rated by the 
makers upon the basis of 80 Ib. sq. in. for continuous 

" a reserve of vower ; 





ft 


t will be seen that 1 cub. ft. of gas then sufficed 








possess 
but, unfortanately, the manner in which engines can be 


ee 
) 





132 


ENGINEERING. 





[JAN. 23, 1914. 








run at such overloads is very rarely understood by men 

in whose charge they are placed, w until recent years, 

no facilities were provided by means of which the neces- 

song ocpentnent could be made to achieve this much-to- 
end. 

The only limit to an engine’s capacity for overload 
within the range above mentioned is the hability of pre- 
ignition of the charge during the final portion of the 
poem ompapen stroke. The more aoa the temperature 

es a certain critical point, either by heat generated 
during compression, or by cylinder-wall radiation, 
practice seems to promise higher efficiencies. The out- 
put of power depends upon the mixture strength—the 
richer the mixture the more powerful the a. in 
terms of mean pressure. But if the load demands a mix- 
ture so rich that the combustion, when once started, 
proceeds with extreme rapidity under the temperature 
due to compression and wall radiation, then pre-ignitions 
are set up spontaneously, which announce their existence 
by violent bumping, and quickly bring the engine to a 
standstill if allowed to continue. 

It is for this reason that engines governed on the “‘hit- 
and-miss” system can work continuously at high mean 
pressures without giving trouble. Even if but one miss 
occurs at intervals of, say, twenty cycles, the engine will 
work quite satisfactorily under such conditions, probably 
due to the fact that the air, admitted during the 
‘*governing cycle” or ‘‘ miss” in a state of turbulence, 
very effectively cools the skin of the internal wall 
below the critical temperature, which water circulation 
alone is unable to reduce. 

Pre-ignitions are much more likely to give trouble 
when engines are throttle - governed, for, under heavy 
loads, the compression pressures and temperatures are 
higher and more heat is given to the walls; but, even 
then, with copious water-circulation and with properly- 
retarded ignition suitable to the load, pnd ae ny re- 
quiring upwards of 90 lb. to 95 lb. mean pressure can be 
carried for quite considerable periods. 

The author is of opinion that, judging by his own ex- 
perience, internal-combustion engine makers will find 
that the factor-value suggested in this paper will be most 
useful to them in tuning up their engines. Tables can 
be prepared for the use of the test-bed staff, which will 
give definite figures without calculation for effective 
cylinder volumes corresponding with actual volumetric 
efficiencies. Then, with diagrams obtained by means of 
correctly-set reducing-gear and with instruments of fair 
accuracy, the factor value can be calculated from the 
following formule :— 


(l)H x F+IxV=S. 
(2) P +8 = factor ; 
in which— 


H = ——- calorific value of fuel per pound or cubic 
‘00b ; 

F = poundsor cubic feet of fuel consumed per minute ; 

I = impulses per minute ; 

V = effective volume of cylinder in cubic feet ; 

P = mean pressure pounds per square inch ; 

S = mixture strength in British thermal units per 
cubic foot. 


The term S will be a direct guide to the relative mixture 
strengths admitted to every engine, and, this being 
known, many phenomena hitherto held to be inexplicable 
will be e clear to those engaged on the test-bed. 
With a certain setting of the gas-regulating valve or its 
equivalent, the standard mixture strength for which the 
rated powers apply can be readily obtained, and the 
air-adjustment can then be regulated so that proper 
combustion ensues. With a mixture strength of, say, 
40 B.Th.U. per cub. ft., mean pressures of 80 1b. per 
sq. in. can be definitely relied upon; and, given guf- 
ficiently close adjustment of ignition timing, even 90 lb. 
or more can be secured without risk of pre-ignition, 
provided that the compression Rng is not too high 
and the internal cylinder walls, &c., are efficiently 
cooled. 

When it is realised, as various test-sheets in the 
author’s ion show, that mixture strengths of 
50 and B.Th.U, per cub. ft. of effective cylinder 
volume can be efficiently burnt in gas-engine cylinders, 
which will give proportionately greater power without 
loss of efficiency, it will be recognised that gas-engines 
rated on 80 lb. mean effective pressure possess a capacity 
for overload far greater than has usually been conceded 
to them. To obtain this overload capacity, however, 
it is essential that means of control of ignition and com- 
bustion of mixture should be provided by makers. 
Ignition-tubes with timing-valves must be abandoned in 
favour of some form of electric samen device that shall 
be adjustable. When utmost efficiency must be main- 
tained, gas-engine drivers should be encouraged to take 
indicator diagrams from time to time when noting the 
consumption of gas, and thus to obtain the factor value. 
For this — the supply of gus to each and every 
engine, whether town or producer-gas, should be passed 
through meters. The arithmetical problems are of the 
simplest description, and can be done expeditiously. 








A Swepisx State Rattway Commission.—On account 
of some very serious landslips, which occurred during last 
joer more especially the one on Jonsered-Lerum 

ne, which entailed extensive and ex ive work, the 
mp State Rega —_ decided & appoint a 
8 commission which is to report u ical 
conditions of five railway lines. Should the —,. 
arrive at the conclusion that special precautions are 
advisable, schemes in this connection will be drawn up. 


BRITISH PRACTICE IN THE CONSTRUC- 
TION OF HIGH-TENSION OVERHEAD 
TRANSMISSION LINES.* 

By B. WEtpourn. 
(Concluded from page 98.) 
INSULATORS. 
THE pin type of insulator is most in favour in this 
country, and is likely to continue so while pressures 


























industrial districts, all main lines should be designed so 
that they may ultimately be worked at a higher pressure 
than that at which they are first operated. For instance, 
6000 and 11,000-volt lines might be designed for a pressure 
of 20,000 volts, and 20,000-volt lines for 40,000 or 50,000 
volts. There can be no doubt that the time is approaching 
when there must be a further raising of working pressures 
on main alternating-current high-tension- circuits, similar 
to the big change which was made in passing from 11,000 
to 20,000 volts on underground cables eight years ago. 
The only commercially possible alternative would appear 
to be the Thury high-tension conti trent system, 
which has been described before this Institution by Mr. 
J. 8. Highfield on three occasions.* 





Fig.ts. SHOWING A METHOD OF TRANSPOSITION 
OF TELEPHONE WIRES 
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remain at 20,000 volts; indeed, it is quite reliable up to 
66,000 volts. The suspension type of insulator is more 
suitable for really high pressures, such as 100,000 volts, 
and is then the only practicable means of insulating the 
conductors. We have seen already that the working 
voltage has scarcely any influence on the first cost of a 
line, and the author would like to put forward the sug- 
gestion that in view of the rapidly-increasing loads in 


* Paper read before the Institution of Electrical Engi- 
neers, in London, on the #th inst. 








6S. WG. Strand Ke, 
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_ There is no difficulty in yr excellent pin-type 
insulators, but unfortunately many of those in use have 
not been of British manufacture. It must be placed to 
the credit of one British firm of porcelain-makers that it 
has taken up this question vi noe ! in the last few 
years. Late deliveries of insulators by foreign makers 
are very frequent, and several months sometimes elapse 


oe of the eo re of Electrical i 
vol. xxxviii., page 471, 1907; vol. xlix., page 1912 ; 
and vol. li., page 450, 1913. , 
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before an order for a few gross of 20,000-volt insulators | secure permanent results. One way which the author 


is completed. 


Whether insulators are made in two parts or not, it is | 8-in. centres, and to drift into these the terminals of a 
of the utmost importance to insist on the parts being put | standard copper tramway bond, to which is bound and 
together in such a way that no air cavity can exist. In| soldered the conductor from above. 
two-part insulators this can readily be done by putting in | should be liberally painted as before. The earth-plate 
the filling cement rather liquid and very slowly. The | itself should be 18 in. square, and of cast iron, not less 


cement must also be guaranteed to be such that it will 
not swell or deveriorate on prolonged exposure to damp 


air. 

The colour of the insulators is of importance. Most 
rn my prefer brown, green, or neutral-tinted insulators 
as being less conspicuous than white, and therefore less 
likely to attract the attention of stone-throwers, &c. 
White insulators have the advantage of more readily dis- 
closing where a breakdown has occurred. On lines com- 
prising two or more circuits it is sometimes advantageous 
to use insulators of different colour for each circuit in 
order to prevent mistakes and danger tolinesmen. All 
insulators should be made of the --9 goe porcelain 
which has been vitrified throughout and is absolutely 
non-absorbent of moisture and free from flaws, cracks, or 
foreign matter. The colouring of insulators is given by 
the glaze, which must cover the entire surface, except 
the area where joints are made, and must be free from 
crazing, bubbles, cracks, &c. On completion, insulators 
should be tested both electrically and mechanically. 





prefers is to have two cast on the earth-plate with 


There connections 


than 4 in. thick, and should be buried in small coke. 
Experiments have shown that this is the most effi- 
cient size of plate to use. Earth-plates may consist 
of a number of stakes driven into the ground and 
cross-connected, or of a 9-ft. cast-iron pipe buried in 
coke after cleaning off the Angus Smith solution. 
The author wishes to lay special stress on the neces- 
sity of great care being taken with the installation 
of the earthing system and its subsequent maintenance, 
as human life may be dependent on it for safety. Some 
high-tension lines are in existence on which each pole has 
a separate earth-wire coiled up below the base of the pole, 
and not protected so as to make it impossible for people 
or animals to come in contact with it above ground. The 
author believes this arrangement to be really dangerous, 
and would suggest the need for reconstruction. 


PROTECTION AGAINST ATMOSPHERIC DISTURBANCES. 


When the continuous earth-wire is run above the 
power-wires it is usually placed there with the intention 
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Suspension-type insulators can be very usefully em- 
ployed at terminal poles for insulating the line-wires in 
place of shackle-insulators or insulators on pins or swan- 
necks (see Fig. 7, page 97 ante). Such an arrangement 
materially reduces the cost of a terminal pole on a heavy 
line. The practice of using shackle-insulators on high- 
tension lines at terminal and corner poles is now almost 
extinct, and is to be condemned because of the 
of the insulator from the electrical point of view. All 
telephone circuit insulators should be of the double-petti- 
coat type when used under power wires. 

Insulator-Pins and Fizxing.—It is important that all 
pins should be galvanised, and should be stiff enough to 
withstand every normal strain. They may be fastened to 
the insulator by a cement which will not swell on pro- 
— exposure to damp air or by packing the free space 
with hemp or twine soaked in linseed oil in such a wa 
as to ensure that the insulator cannot work loose. Bo 
methods have their advocates. The former is to be — 
ferred where skilled labour is not readily obtainable. 
The latter method requires considerable skill to ensure 
satisfactory work, but, when properly done, the author 


prefers it, because of the cushioning effect which is 
obtained. 


EARTHING ARRANGEMENTS. 


_ On all the best work a continuous earth-wire, varying 
in size according to the conditions, is run from end to 
end of the line either above or below the power wires, 
and all metal-work on the poles, including a lightning 
spike, is substantially connected to it. The earth-wire 
itself should be connected to an earth-plate at every fifth 
pole by means of a conductor (of ample section for carry- 
ing the possible leakage current), which is pro 
from mechanical damage above ground by a creosoted 
wood strip or other means, and below ground from 
corrosion by being buried in pitch or being painted with 
& high-class paint such as P and B. 

© connection to the earth-plate must be well made to 
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of also affording some relief from atmospheric disturb- 
ances, but not from direct lightning strokes. en 
placed above the power-lines the earth-wire should 
undoubtedly be of the same metal as the power-lines, and 
not of galvanised steel, which has a shorter life than 
copper or aluminium, and will, on bresking, foul the 
power-wires and interrupt the supply. This view has 
reviously been put before this Institution by Mr. J. 8. 

ighfield and the author,* who believes that no necessity 


more frequent than are mechanical faults on underground 
cables. 

The following are the most im 
are in use for protection against lightning effects :— 

1. Air-core choking-coils, consisting of not less than 
twelve turns of line wire, are install i 


of the coil can spark over. 


rtant methods which | is required 


sary that the pressure in the line cannot be re- 
lieved by a spark-gap by more than 20 per cent. if the 
series-resistance is designed correctly to prevent surging 
at the frequency of the supply. The author is strongly 
of opinion that any form of arrester which involves a 
spark-gap is wrong in principle because of the high- 
frequency oscillatory disturbances caused 4% spark in 
the circuit. Serious damage to plant may be caused by 
these disturbances unless means are also provided to 
limit the disturbances to the line itself. 

2. Electrolytic aluminium arresters combined with a 
horn arrester have been used on a small scale, but 
their extensive use is limited by the fact that they need 
recharging every day from the line, and this cannot 
be done without considerable expense from locked-up 
static sub-stations. Full particulars of these arresters 
have been given to this Institution by Mr. J. 8S. 
Peck.+ 

3. Moscicki condensers are coming into favour slowly, 
possibly because of their high first cost. They have been 
used by the North Wales Power and Traction Company 
for some years with excellent results, and they are always 
installed as a matter of course on new lines. They have 
also been adopted recently by Messrs. Kennedy and 
Jenkin for the War Office lines from Tidworth to Bulford. 
The neat arrangement of this arrester on the terminal 
pole at Tidworth is shown in Fig. 13. The condenser 














arrester is attractive from the fact that it is automatic in 
action and able to discharge rapidly high-frequency dis- 
turbances in the line, while it only needs occasional in- 
spevtion for the replacement of any blown fuses. It may 
be well to add that these condensers have not sufficient 
capacity to afford any improvement in the power factor 
of a line 

4. After much trouble with horn arresters, Messrs. 
Merz and McLellan have discarded arresters on all lines 
which are connected to the system through step-up and 


exists in this country for earth-wire protection above the | step-down transformers, and instead they deal with the 
power-lines, as experience of operating high-tension lines | problem in a novel way. About 10 per cent. of the end 
shows that lightning troubles are very few, and are no | turns on the line side of the transformers are insulated 


with special materials to a thickness of 300 to 400 per 
cent. of the insulation on the remaining turns, and what 
i is now well understood by tranformer manu- 
facturers. Atmospheric disturbances on the line are 
reflected back by the end-turns of the transformers, and 


in series with each | the oscillations are damped out by the ohmic resistance of 
line wire to hold back the high-frequency oscillations | the line. As th h 
until a horn-type air-gap arrester placed on the line side | insulators, it will be seen that only a very high pressure 
In series with the arrester”a | on the line—e.g., a direct lightning stroke—will break 


As the line wires are erected on high-quality 


non-inductive resistance is employed to limit the flow of | down the insulation, and in practice it is found that 
current to earth to, say, 10 amperes, and for this purpose | the outdoor insulators are punctured and the station 


a carbon-rod resistance may be employed. 


The author does not place anv faith in horn arresters i 


erected in the open air, yo in industrial districts, 
as the air-gap varies in lengt i 





* Journal of the Institution of Electrical Engineers, 
vol. xlvi., page 489, 1911, and vol, li., page 35, 1913. 








due to corrosion and 
deposits of coal and other dust, and, therefore, requires 


apparatus is unaffected. The arrangement adopted is 


* This was written before Mr. Duddell delivered his 
Presidential Address. Thesection on ‘‘ Arcs and Sparks ” 


A : : contains several which confirm this opinion. 
too much attention. Also it has been shown by various So i of the Gectitetion Sf Hloctrinal ices 
vol. lii., No. 


1. 
+ Journal of the Institution of Electrical Engineers, 
vol. xl., page 498, 1908, 





weet hieitinsitanntinsniimemee 
S Se = 











134 


ENGINEERING. 


[JAN. 23, 1914. 








effective and cheap and is easily worked in with the 
general design. 

Probably some of the good results on all Messrs. Merz 
and MeLellan’s lines are due to their practice of connect- 
ing up their lines at both ends through paper-insulated 
cables, which have a very high resistance to breakdown 
when momentarily subjected to abnormal pressures. 
These cables have a low capacity and afford a permanent 
pth to earth for high-frequency oscillations, and thus 
they are similar in action to the Moscicki condensers. 


TELEPHONE AND Pi.or Crrcvits. 


Many lines are provided with private telephone circuits 
and with circuits for the operation of the well-known 
Merz-Price protective gear. These circuits may be com- 
bined in one pe oe ye cable protected by a lead 
sheath, to which is added antimony, or not less than 
24 per cent. of tin, for the purpose of hardening the 
sbeath. Where two or more telephone circuits re- 
quired the cible may be of the multiple-twin type 
arranged to allow of superimposed working. In any ‘ 
for mechanical reasons, the insulation on the telephone 
conductors should be of the dry, solid type, as its capacity, 
while being higher than that of the air-spaced type, is 
not important on lines up to 40 miles long. 

The suspension of the sheathed cable is usually done 
from the steel-stranded continuous earth-wire when it is 
run below the power wires. In this case the steel strand 
should be of 40-ton quality, and the sag given to it and 
the suspended cable should be such that, on completion, 
the combination runs parallel to the line wires if possible. 

There have been several failures of plain lead-sheathed 
cables due to the omission of the tin in the sheath and 
to a oe my suspension. The difficulties have been very 
thoroughly investigated with the result that an entirely 
satisfactory solution of the difficulty has been found and 
patented by Mr. C. E. Elder. About 110 miles of lead- 
sheathed cable on transmission lines have been erected 
in the Newcastledistrict under the Elder system during the 
past two years with such uniformly excellent results that 
it cannot be made too widely known. Briefly, the system 
consists of very short chrome-leather which sup- 

rt the cableat every foot and which are prevented from 
et he longitudinal movement by —— wire clips 
sprung on the suspension strand. level routes —— 
tenth hanger is also clamped to the cable by a galvan 
flat spring clip, but on steep hills every hanger should be 
clamped. Fig. 14, 132, shows the form of the Elder 
hanger usually employed. s 

In suspending lead-covered cables on spans exceeding 
50 yards measures should be taken to secure that the cable 
has no severe bends in the vertical plane ; and so it is thus 
suspended as shown in Fig. 7, page 97 ante. At horizontal 
bends the cable must be carefully led round the curve by 
pull-offs on the suspension strand. At terminal poles 
provision must also be made to carry the cable round an 
easy bend from the horizontal to the vertical plane in 
such a way that no movement can take place which would 
erystallise the lead sheath. The lead sheath should be 
definitely bonded at every fifth pole to the supporting 
earth-wire in order to carry away any charges which may 
be induced in it by the power wires. 

On lines which are not protected with automatic 
which requires a pilot cable for its operation, and on 
which one metallic telephone circuit only is required, it 
is usual to run two No. 148.W.G. phosphor-bronze or 
hard-drawn copper wires, and of these copper is to be 
preferred. They may be rotated so as to make one com- 
plete revolution at every fifth pole, and in this case it is 
also advisable to transpose the power wires twice on each 
route at regular intervals. The rotating arrangement of 
telephone wires is very unsymmetrical relative to the line 
wires, but it gives fair results in practice. The author 
prefers the simpler plan of not transposing the power 
wires and of not rotating the telephone wires but of run- 
ning the latter parallel to one another and eo 
them at such regular intervals as may be required. Fig. 1 
shows a simple arrangement for effecting the transposition. 
The author thinks that the cheapness of bare telephone- 
wire circuits is the only consideration which justifies them. 
The telephones are most needed at times of down on 
the overhead line, and then if a power wire is broken the 
telephone wires may be either ‘‘ alive ” or burnt through, 
if not already broken by a heavier wire falling on them. 
Failing these, the telephone circuit may be useless through 
a broken wire coiling round and short-circuiting it, or 
vice versa, 

TELEPHONES. 


When bare telephone wires are used the only instru- 
ments which are permissible are those known as high- 
tension telephones, which are specially insulated in order 
to make it impossible for the telephone user to get a shock 
due to the considerable voltage which is induced on these 
wires under normal — conditions, or to contact 
between the telephone and power wires. A much- 
favoured high-tension telephone apparatus is that made 
by Messrs. Siemens Brothers and C»., Limited. It is of 
the remote-operated pattern, the transmitting and re- 
ceiving being mounted on the back of a marble 
panel. 1b is connected to the line through a transformer, 
and the sound is transmitted by age hearing-tubes, 
so that the user is -— broug’ t into ome with any 
current-carrying part o apparatus. protective 
devices pom fe of a combination of high-tension fuses and 
a patent combined vacuum and spark-gap protector. The 
arrangement described is primarily intended for use at 
the power-house and sub-stations, but there is also a con- 
venient portable equipment for attachment to the tele- 
phone wires anywhere on the route or at water-tight pro- 
tected plugs fixed at definite points. The system is de- 
signed to work in = to a transmission line, with 
the load balanced between the phases. Should the load 





be an unbalanced one, it is necessary to fit drainage coils 
at stated intervals along the line to remove the inductive 
disturbances. 

When paper-insulated lead-sheathed cables are used for 
the tglepbone circuits, then the much cheaper low-tension 
telephones of any good make may be a but it is 
advisable to protect them by heat coils, fuses, and spark- 
gaps. It is found that, under fault conditions on the line, 
the fault current ly travels through the lead sheath 
and sometimes induces current in the cores of the cables 
of sufficient magnitude to give severe shocks if the 
apparatus is not thus protected. 


GuARDING OF ConpDuUCcTORS. 


. bean: the shnetion of bd public ne to the mapoeg of over- 
ead wires, the me’ s of guarding lines crossing railways 
and roads are becoming much simplified, resulting c 
reduced cost of construction and enormous _ in appear- 
ance. One important 20,000-volt line which crosses a few 
roads and ceveral miles of mountain moorland much used 
by tourists, has been equipped throughout with earthed 
extension pieces of galvani wrought iron under each 
insulator. The metal projects for 12 in. on each side of 
the insulator, and the curved portion is nearly semi- 
circular, with a radius of 8 in. 

The suspension-guard shown in Fig. 16 finds consider- 
able favour for road and railway crossings, and is exten- 
sively used by the Newcastle Electric Supply Company. 

The suspender should be of the same sectional area and 
material as the line wire, but in the case of heavy ae 
line wire it is sometimes advantageous to use a stranded 
aap nay ery suspender to secure lightness. It will 

seen that the suspender is anchored to the line-wire at 
the extreme ends, and is also attached to it at inter- 
mediate points; it seems nearly impossible with this 
combination for a live wire to fall within reach from the 
we Asa further protection, however, an earthed- 
ight cradle may be employed, as shown in Fig. 16, but 
it does not seem to be absolutely necessary. 

The triangular guard, shown in Figs. 17 and 18, is a 
new arrangement, which is due to Mr. A. P. Trotter, 
and has been used on the Ham line of the Twickenham 
and | rey Electric Supply Company and by the 
Fife Power Company. It has the merits of simplicity, 
low cost, and ease of erection, and is likely to find con- 
siderable favour in future work. 

In cases where important G.P.O. lines are met with, 
the department requires that bare wires working at a 
pressure of 3000 volts and above shall not cross its wires, 
except by special arrangement, thus involving serious 
expense in extra termi poles and underground high- 
tension cables. In some cases, the department’s require- 
ments have been met by using a joint-pole for both sets 
of wires. A good example of this by the Cornwall 
Power Company is shown in Fig. 19, in which the earthed 
metal screen between the wires and the caging round the 
high-tension wires will be noticed. For pressures below 
3000 volts the high-tension conductors may be erected 
above the department’s wires by observing certain 
requirements, of which particulars can be obtained from 
the Engineer-in-Chief. In the case of parallel telegraph 
and power-lines, the department requires a separating 
distance not less than one and one-half times the height 
of the highest power wire or telegraph-wire, whichever is 

ter. 

With the great attention now given to the details of 
of line construction, and with the equipment of lines with 
automatic protective apparatus, it is becoming exceed- 
ingly doubtful whether any guarding at all is justifiable 
on such lines. There is reason to believe that the line 
wires become ‘‘ dead” within 1/80 sec. after the occur- 
rence of a fault or short-circuit or the of a wire 
when the Merz-Hunter split-conductor system* is em- 
plore? The Merz-Price systemt will cut out the line 
within 1/20 sec. when an earth fault or short-circuit 
occurs, but it will not deal with the case of the opening 
of a circuit by a wire breaking until the wire becomes 
earthed, which may not occur until the wire has reached 
the ground. Considering these facts, it would seem that 
the time is approaching when it will be justifiable to ask 
for the Board of Trade’s consent to run high-tension lines 
along public roads where the conditions are suitable, and 
so save the enormous amount of trouble that is involved 
in obtaining numerous private wayleaves. 


CaBLEs AND TERMINAL Boxes ror Ourpoor Usk. 


Where overhead lines cannot be connected directly to 
switch-gear or transformers by bare conductors, the best 
practice is to connect up by means of paper-insulated lead- 
sheathed cables, built, when possible, to the Engineer- 
ing Standards Committee’s Specification. These cables 
are usually armoured with galvanised wire for mechanical 
protection, and to form an additional earthed metallic 
shield round the cable. The armouring should be pro- 
tected against corrosion, preferably by compounded 
tapes. Such cables are also used for bridging across gape 
in a line. Experience shows that even at 20,000 volts 
three-phase there is no need to make provision for pro- 
tection against lightning where the cable and the Tins 
meet; and, further, that cables can be “‘ teed” off an 
overhead line with safety. 

A cast-iron box fitted with insulators is employed on a 
terminal pole for sealing off the connecting cable at its 
junction with the line wires. Terminal-boxes were 
fruitful sources of breakdown until the introduction about 
three years ago of the inverted box in which the porcelain 
insulator is considerably protected from wet, snow, dirt, 
and mechanical damage. The author bas never heard of 
a breakdown occurring at one of these boxes, which are 


* British patents, No. 4004 and 26,857 of 1911. 
+ Ibid., Ns. 2896-15,796 and 11,364 of 1904, 





obtainable for all pressures up to 20,000 volts alternating 
current. A patented* special form of the box for use 
with Merz-Hunter split conductor 20,000-volt cable is 
shown in Fig. 20, and is also to be seen in actual use in 
Fig. 7 on the terminal pole. Boxes for connecting over- 
head lines to cables —— special design owing to the 
sudden change in the elactrical characteristics of the cir- 
cuit at the junction. The factor of safety on such a box 
must be at least 24, when tested under heavy rain con- 
ditions, in order to fulfil all requirements. 

The very greatest care should be taken to ensure that all 
terminal boxes used out of doors should be thoroughly 
filled with high-grade flexible water-proof compound 
— will not soften appreciably under the direct rays of 
the sun. ; 

It would be interesting to digress and consider for what 
ng cables could be built for use with overhead lines. 

t can, however, be said with certainty that no pressure 
is likely to be one in this country for several years 
to come which will not find the cable manufacturer equal 
to the occasion. 


EXamPLes or Spectra, Work. 


1. Fig. 21 shows the design of a four-pole structure 
which is in use for carrying a 20,000-volt line over a 6000- 
volt line. The essential feature in it is the earthed metal 
platform between the two sets of conductors. Such a 
platform should be strong enough to permit of two men 
standing on it simultaneously. 

2. Fig. 22 illustrates a neat method of leading-in bare 
conductors to a station without employing insulated 


Fiigq.22. METHOD OF LEADING-IN BARE 
CONDUCTORS TO STATION. 





cables. The three horizontal insulators are made in two 
parts, and these are mounted, as shown, on a vertical 
slate panel, which is built into the wall. 

3. Attention may be called to the fact that the Board 
of Trade allows a supply to be given from an overhead 
line through a transformer fixed overhead on a pole, 
subject to compliance with recently issued regulations. 
This concession will probably be of much use when nego- 
tiations are on foot for obtaining wayleaves. 


Sunpry Detalts. 


(a) To ee the climbing of poles, each separate 
= should be equipped with about ten turns of four- 
arbed wire, about 8 ft. above ground-level, and the wire 
should be securely stapled to it. Ina few cases chevaux 
de frise have been ok. 

(b) Each pole should have a zinc number-plate (G.P.O. 
pattern) attached to it by zinc nails at a height of 5 ft. 
above the ground. 

(c) Danger notices must be fixed on at least one pole in 
five, and on each pole at a road-crossing. 

(d) During erection some engineers prefer that wiremen 
shall use ladders and not climbing-irons for going up the 
= This is a wise precaution, but it must with 

iscretion. Usually it is sufficient to use ladders at ter- 
minal and corner poles. In very hilly country the use of 
ladders may make the cost of erection altogether dis- 
proportionate to the benefit derived. 

(e) Some engineers stipulate that the tops of poles are 
to be coated with a mixture of coal-tar and creosote before 
the pole roof is fitted. 

(f) Where game-guards are required to give warning 
to flying birds, it is better not to use metal guards, as 
their swinging has been found to cavse cutting of the 
line wires It is equally efficient to split and fix on each 
Wire in a span two corks 3 in. long and 1} in. in diameter. 
The fixing can be done by binding the two halves of the 
cork with binding wire. 

(g) During erection and ryt bey work line wires 
should always be *‘ earthed.” Where this precaution has 
been neglected some bad cases of shock to linesmen have 
been experienced, due to electrostatic charges on the 


wires. 

(h) On completion of erection of a line, it is advisable 
to subject it to a pressure-test at twice the working - 
sure for half an hour, or else to make it alive at working 
pressure for, say, two days before commencing the supply 
of power. 

STANDARDISATION. 


Transmission-line designs have passed through several 
stages, and it would seem that lines employing wooden 
poles are apprcaching finality of design in several dis- 
tricts. In their reliability of operation, good mechanical 
construction, and general appearance, they will 
a favourable comparison with any other lines in the 
world, The author suggests that the Council of this In- 
stitution might now usefully consider the appointment of 
a permanent Transmission Lines Committee, with a view 





* Patent No. 29,783 of 1912, 
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to evolving standard specifications of materials, watching 
and reporting on important modifications of the Reguls- 
tions and practice affecting overhead lines in this and 
other countries, advising the Council on representations 
to be made to the Board of Trade, other Government 
De mts, the Engineering Standards Committee, Ac. 

n conclusion, the author wishes to express his thanks 
to Messrs. Merz and McLellan, Messrs. Kennedy and 
Jenkin, Mr. J. S. Highfield, Mr. G. K. Paton, Mr. 
Geo. V. Twiss, the Newcastle upon-Tyne Electric Supply 
Company, Limited, and British Insulated and Helsby 
Cables, Limited, for information furnished and permis- 
sion given for its publication, and to his col 
Messrs. J. A. Morton and James Nelson, for valuable 
assistance in the pre tion of data and illustrations. 

The paper was followed by a bibliography and twelve 
eppendices, which we have net space to reproduce. 

ese 


are :— 

I. Specification for Masts. 
IL. ey Wires. 

III. Ratio of Reactance to Resistance for Certain 
Distances between Wires and at in 
Periodicities. 

IV. Voltage Loss in Alternating-Current Overhead 
Circaits. 

V. Electrostatic Capacity in Overhead Bare Copper 
ductors. 

VI. Electrostatic Capacity in Overhead Bare Alu- 


minium Conductors. 

Table of Safe Currents for Overhead Wires. 

Comparison of the Physical, Mechanical, and 
— Properties of Aluminium and 

pper. 

Strands: Recommended for Hard-Drawn Copper 
and Aluminium Conductors for Overhead 
Lines. 

Formule for Finding Safe Dip of Line Wires, 
taking into account Wind Pressure. 

XI. Maximum Angle of Swing of Overhead Con- 

ductors for 17 lb. and 25 lb. Wind Pressure. 
XII. Specification for Insulators. 

Since the paper was read the author has made addi- 
tions to Appendices III. and IV. The appendices have 
also been renumbe: e above numbering agrees with 
the references we have published. 


VII. 
VIII. 


IX. 


X. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and 
— engineering projects taken from the Board of 
Journal. Further particulars concerning these 
pean be obtained from the Commercial Intelli 
— Board of Trade, 73, Basinghall-street, London, 

Canada : The Imperial Trade Correspondent at Toronto 
reports that an agent in that city wishes to get into touch 
with United —— manufacturers of sluice-gates, with 
a view to undertaking their representation. e Toronto 
City Council has extended until January 30 the date for 
receiving tenders for the installation of a complete mecha- 
nical filtration plant, boilers, steam turbo-generator plant, 
and all accessories, at Toronto Island. The filtration 
ay is to be capable of satisfactorily pes = egy ne = | 

000,000 imperial gaHons of water every 24 hours. Sealed 
tenders, on the Lay form, marked ‘‘ Tender for Filtra- 
tion Plant,” must be sent by registered post, and will be 
received, up to noon on January 30, by the Mayor and 
Board of Control, City Hall, Toronto. A cash deposit, 
or a marked cheque for 24 per cent. of the value of the 
offer, made payable to the order of the City Treasurer, 
must accompany each tender. 

Norway: H.M. Consul at Christiania ~~ that, 
accordin to the local Press, the authorities of a town in 
Norway have voted the sum of 172,000 kr. (about 9555/.) as 
a first instalment towards the construction of new water 
works about 8 km. (5 miles) outside the town. It is stated 
that it will be easy to extend the water works later on by 
& pumping-station connected with the pressure-station. 

Roumania : With reference to the Roumanian Bill for 
new railways, &c., it is now stated in the Bérsen Zeitung, 
Berlin, that, of the credit of 428,615,481 lei voted by the 

umanian Parliament, the following are the chief 
allotments :—195,600,000 lei are to be expended on the 
construction of new lines, of which 68,000,000 lei are for 
the double - track — Bucharest-Karakal-Craiova ; 
36,750,000 lei on the Tandarei-Hirschowa-Constanza 
railway ; 20,000,000 lei on the Kobadin - Dobritach- 
Baltschik line; 9,000,000 lei on the line from Kobadin 
to Silistria ; and 13,700,000 lei on the Dorohoi-Grenze 
Railway. 10,000,000 lei have been set aside for the pur- 
areing of rolling-stock od the above lines ; nr 

mprovements in the existing railway system ; an 

68,640,000 lei for the completion of the pe he me lines :— 
Medschidia - Tultscha - Faurei - Tecutsch, Buhaeschti- 
Roman - Sinaia - Moreni - Petroschitza, Krasna - Husch, 
Obor-Pantelimon, Constanza-Techirgiol ; 4,661,981 lei 
for the completion and putting into working order of the 
fo'lowing lines :—Bucharest- ltenitza, Ploiest-Slobozia, 
Guorgiu-Blegescht, Tandarei, Slobozia, Iloiaia-Harlau, 
Tunnel Bereschti ; and 5,500,000 lei for the construction 
petroleum pipe-line. The expenditure, which is to 
t over & period of seven years, is to be distributed 
in the following manner :—80,000,000 lei are to be ex- 
pended during the first year, and 60,000,000 lei at the 
most during each of the remaining six years. Lei=9.6d 

Uruguay: The Diario Oficial, Montevideo, contains a 
he of an S. He? Peng | me entered into between 

Secre of State ruguayan Department of 
Public Works and the Uruguay Railwa, Com: 
whereby the company, in = with the State, 
undertakes to construct the following railway lines :—A 
-ine from Montevideo, joining the State railways at the 


y, | tothe outlet by two exactly similar 

















































































port of Carmen and the Midland Railway at the nearest | valve-guides which takes place with the latter valves is 
point, a line from Olmos to link up with the Monte- | avoided; erosion of the valve surfaces is claimed to 
video and Carmen line, and a line San Carlos to | be reduced toa minimum. The “‘ compound ” equilibrium 


Rocha. 

Argentina: With reference to irrigation schemes in 
Argentina, H.M. Consul-General at Buenos Aires reports 
that a project is under consideration to make a storage- 
dam in the valley of the River Marapa, in the Province of 
Tucuman, to hold 22,000,000,000 gallons of water, which 
would increase the dry-season flow of the river to 1694 
gallons per second, and would irrigate 37,500 acres. A 
high-level canal has also been designed to take its water 
from the Cadillal dam, for irrigating the area lying to the 


valves are made to a new design. In these valves, 
which have mild-steel bodies, two concentric seatings of 
solid nickel are employed, both seatings forming Face of 
the same conical surface. A conical plug of nickel steel 
fits into these seatings, closing both of them simulta- 
neously. Among other advantages claimed for this design 
it is mentioned that the valve is approximately balanced 
so that it can be opened easily against the highest - 
sures. It is also pointed out when fully opened, the 
valve-plug is quite clear of both seats, so that the steam 


north-west of Tucuman. This canal would also give | has a perfectly free passage equal in area to the bore of 
4500 horse-power at a low cost. Dams have also been | the pipe. as is frequently the oo the 
projected on the Rivers Calera and San Ignacio. All the | valve is only half opened, the plug is rai right away 


water of the River Sali, as it flows past Tucuman, is taken 
at that town for the —y =y- of the surrounding district, 
but there is a copious flow lower down the river, and a 
large canal is ee designed to irrigate the 
lower portion of the partment of Leales. Several 
surveys are in progress with a view to the drainage 
of ‘‘salinas,” or salt marshes, in the neighbourhood of 
the — and the drainage work will shortly be com- 
menced. 


from the lower seat, so that most of the steam passes 
through this circular opening instead of all flowing 
through an annular s between the valve and seating, 
as it must do in a valve of ordinary construction. 18 
feature greatly reduces wear of the valve-plug and seats, 
and also prevents the noise which often occurs in partly- 
—_ stop-valves. Another feature mentioned is that 
changes temperature or pressure do not affect the 
tightness of the valve. The remainder of the catalogue 
is devoted to gun-metal valves, check and feed-valves, 
ea | and three-way stop-valves, exhaust - valves, 
blow-off valves, and emergency stop-valves. Expansion- 
joints and swivel-joints for steam-pipes, and cast-steel 
flanged tees, crosses, and bends are also listed. 


Motor-Converters.—The latest publication from Messrs. 
Bruce Peebles and Co., Limited, of Edinburgh, deals 
with the Peebles - La r motor - converters. These 
machines, it will be remembered, consist of an induction- 
motor, the stator of which is directly connected to the 
high-tension alternating-current supply, while the rotor 
is connected electrically at numerous points to the 
armature of a rotary converter. The machines are also 
coupled ther mechanically, and when both have the 
same number of poles they run at half the synchronous 
speed corresponding to the supply. In this case half the 
energy received by the motor is transmitted to the rotary- 
converter armature through the electrical connections, 
the other half being transmitted mechanically through 
the shaft. The pamphlet points out many of the 
advantages which arise from this method of construction, 
comparing the motor-converter with motor- rator 
sets and rotary converters. The former machines are 





CATALOGUES. 

Engineers Sundries. — Messrs. Frederick Mountford 
(Birmingham), Limited, of Fremo Works, Granville- 
street, Birmingham, have sent us a price-list of wrought- 
iron wheel-barrows, taper-pins, set-screws, studs, nuts, 
split cotter-pins, tool-stands, adjustable shelves, fire- 
extinguishers, and other sundries for engineers. 


Botler-Feed Water-Re .—An attractive booklet 
illustrating and describing the ‘“‘ Thermofeed ” regulator 
for boiler-feed water has reached us from the makers, 
Messrs. Ronald Trist and Co., Limited, Coronation 
House, 4, Lloyd’s-avenue, E.C. The construction and 
working of the apparatus were illustrated and fully 
described in our issue of December 22, 1911, on page 841, 
so that we need make no further reference to it here. 
The pamphlet points out the many advanta of the 
regulator, and gives instructions for installing and 
operating it. 

Anti-Corrosive Enamels.—Messrs. Wailes, Dove and 
Co., Limited, of Newcastle-on-Tyne, have sent us a re- 
_— of an article in the Live Journal of Commerce, 
y Mr. Henry Williams, Naval Constructor of the United 


claimed to embody all the advan of the other systems 
States Navy, dealing with the corrosion of ships’ — without their disadvantages. otor-converters, it is 
under the boiler-rooms and machinery s " | mentioned, require no transformers, and th 


ey can be 
started almost as easily as induction motors. They are 
also said to be more efficient at full load than motor- 
generators, and almost as efficient as rotary converters 
with transformers, while at light loads motor-converters 
are more efficient than either of the other systems. 
Voltage, it is stated, can be regulated up to 40 per 
cent. on the continuous-current side. The machines 
are suitable for supplying either traction, lighting, 
or combined traction and lighting loads, and they 
have an important advantage, when used to supply 
a three-wire system, of acting as their own balancers. 
The balancing is effected by connecting the middle 
wire of the direct-current system to the star point of the 
rotor of the induction motor. It is stated that with an 
out-of-balance current as great as 50 per cent. of the 
full-load current the variation of voltage between the 
two halves of the three-wire system does not usually 
exceed 1 cent. of the voltage between the outers. 
The p let contains a great deal of interesting infor- 
mation about these machines, and also illustrates some 
sub-stations in which they bave been installed. yg 
machines with capacities ranging from 250 to 1 kw. 
are also illustrated, and in conclusion a list of users is 
given. 


causes of the corrosion, and the usual methods of pre- 
venting it, are briefly discussed. Red-lead paints, it is 
stated, are quite ineffective, but excellent results have 
been obtained on American liners and warships with 
Bitumastic compounds manufactured by the above- 
mentioned firm. 


Electric Cables.—A booklet giving prices and particu- 
lars of electric cables sheathed with rubber of the quality 
used for cab tyres has been ot Callender’s Cable 
and Construction Company, Limited, Hamilton House, 
Victoria Embankment, . These cables are intended 
for use where will be exposed to severe weather 
conditions, or rough wear, and are especially suitable for 
collieries, shipbuilding yards, and engineering works. 
Prices are stated for single, twin, three and four-core 
cables, both flexible and inflexible, in 600-megohm, 2500- 
—, and 600-volt grades; small flexible cords are 

isted. 


Milling-Machines.—We have received from Messrs. 
Midgley and Sutcliffe, of West-End Tool Works, Rich- 
mond-road, Bradford, a copy of their new catalogue 
section relating to milling-machines and accessories, e 
catalogue first gives a specification of the tools 
and then illustrates a number of plain and universal 
machines in which the working surface of the table ranges 
from 23 in. by 8 in. to 48 in. by 134 in. A special 
machine with travelling-head suitable for long, heavy 
work is also dealt with. Prices and full particulars are 
given of all these machines and also of dividing heads, 
circular milling attachments, cutters, and other acces- 
sories. 


Electric Water - Heater.—Mr. George Wilkinson, 
M.1.E.E., M.1.M.E., of Beech Mount, Harrogate, bas 
issued a small pamphlet giving particulars of the ‘‘ Losles” 
automatic electric water-beater for domestic use. The 
standard heater consists of a carefully-lagged cylindrical 
tank having a capacity of 12 gallons, and having two 
heating elements at the bottom, each consuming 500 watts. 
The supply of current to the heating elements is controlled 
by means of a thermostat, so that when the water reaches 
the desired temperature (usually 160 deg. to 180 deg. 
Fabr.) the current is cut off. These heaters are claimed 
to be highly efficient, and among many other advantages 
it is mentioned that they require no flue as gas geysers 
do. We understand that larger heaters having capacitice 
up to 40 gallons have been made on this system. 


Valves, &-c.—Messrs. Schiffer and Budenberg, Limited. 
of Whitworth-street, Manchester, have sent us a copy of 
an illustrated catalogue section giving prices and parti- 
culars of valves with iron, steel, and gun-metal bodies. 
Iron and steel-bodied stop-valves are first dealt with, and 
among them are included valves with nickel seats for high 

res superheated steam ; “‘ biflux ” valves and 

* compound ” equilibrium valves are also included in this 
section. In the “ biflux” valves the steam, or other 
fluid, after passing upwards through the valve seat, flows 
c passages, one on each 
side of the seat. The effect of this design is that the 
flow is much more uniformly distributed than is case 
in valves of ordinary design, and the uneven wear of the 








L.C.C. ScHoLarsHips AND EXHIBITIONS IN SorgNcE 
AND TrcHNno1oey, 1914.—The Council will be prepared 
to award in 19!4—(a) 15 Scholarships for full-time day 
instruction and (b) 180 Exhibitions (Classes A and B 
for evening instruction. Class A exhibitions are reserv 
for students in attendance at evening institutes. Class 
B exhibitions are for competition. (a) The 
scholarships will be tenable for one, two, or three years, 
at recognised polytechnics, technical institutes, or in- 
stitutions of university rank. The Council’s intention 
in offering these echolarships is to provide a means 
whereby intelligent artisans who have already taken up 
a skilled trade as their life’s work, and who are prepared 
to devote themselves to study for a certain period with a 
view to their advancement in that trade, may be given 
facilities for relinquishing their occupation for a time in 
order to follow a course or courses of advanced scientific 
instruction. (b) The exhibitions will be tenable at poly- 
technics, technical institutes, &c., for two years, with a 
— extension for a third year. Exhibitioners will 

required to attend classes in science or technology on 
at least two evenings a week for a total of not less than 
four hours weekly. In addition to free tuition, success- 
ful candidates for the scholarships will be entitled to :— 
(a) A oalatentiee geane in cases where the Council 
thinks fit, not ex ing 50/1. a year. (b) The supply of 
books and apparatus where neceseary, provided that the 
cost does not exceed 7/. 10s. a year. {°) Payment, sub- 
ject to certain conditions, of the fees for the Matricula- 
tion, Intermediate, and Final Degree examinations of 
the University of London. Successful candidates for the 
exhibitions will be entitled to free tuition and a main- 
tenance grant of 3. a year. Segleation forms may be 
obtai from the Education Offiver. L.C.C. Education 
Offices, Victoria Embankment, W.C., and must be re- 
turned not later than February 14, 1914. 
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EMPLOYMENT, WAGES, PRICES, AND 
DISPUTES IN 1913. 


THERE have now been, says the Board of Trade 
Labour Gazette, three years of good employment. The 
first half of 1913 was the maximum period, and in the 
later months various industries showed symptoms of 
some contraction. On the whole, however, employ- 
ment at the end of 1913 was still distinctly good. 
During these three years of an exceptionally active 
demand for labour, rates of wages have improved in 
most industries, so that the workers have benefited 
both by a greater volume of employment and by higher 
rates of pay. Against this, however, has to set a 
rise during the same period in the shop prices of food. 
This rise was very marked as between 1911 and 1912; 
but it is satisfactory to note that the further advance 
in 1913 was, on balance, of a fractional character only. 
The time lost owing to labour disputes in 1913 was 
greater than in 1911, and much above that of an average 
year, but a great deal less than in 1912—the year of 
the national coal strike. 

The first half of the year 1913 was one of t 
activity in the princi trades, and su the 
corres i riod of 1912, even after making allow- 
ance for the disturbance caused by the national coal 
strike in March and April, 1912. In the second half 
there was some decline, especially in the pig iron and 
textile industries. On the whole, however, employ- 
ment at the close of the year was still good, and in 
some important industries—notably coal-mining and 
shipbuilding —it was very good, and showed little or 
no decline from the maximum period. 

Coal-Mining.—Employment in this industry kept 
at a high level throughout the year. Returns received 
from pits employing nearly 700,000 workpeople show 
that the average number of days per week worked in 
1913 was 5.58, the highest yearly average recorded. 
While there was a steady demand for most classes of 
coal throughout the greater part of the year, the 
demand for steam coal was particularly strong, the 
effect of which is shown in the high average number 
of days worked in South Wales and Monmouthshire 
(5.92 per week), and in South Yorkshire, another 
steam coal district (5.82). Northumberland and 
Durham also report great activity. Although the 
industry was free from a national a e of work 
such as occurred in 1912, the number of local disputes 
causing stoppages of work was considerable, ially 
in the South Wales district. Great activity was 
shown in the sinking of new pits, especially in South 
Wales and South Yorkshire. The exports of coal 
amounted to 73,400,000 tons, or 8,956, tons more 
than in 1912(when the production was reduced by the 
national coal strike), and 8,801,000 tons more than in 
1911. 

Pig Iron.—Employment was good generally for the 
first six months, the output being considerably higher 
than in the second half of 1912. By the end of June, 
however, the number of furnaces in blast began to be 
reduced ; in the Cleveland district the good conditions 
were maintained until the end of August. In Sept- 
ember there was a considerable uction in the 
number of furnaces at work, and the number con- 
tinued to fall up to the end of the year, when the 
furnaces in blast numbered 273, compared with 334 
at the beginning of the year. The total exports of 
pig iron during the year amounted to 1,125,000 tons, 
Ohich was 138,000 tons, or 10.9 per cent., less than 
in 1912. 

Tron and Steel.—For the first six months employment 
was good, but in the second half of the year there was 


some decline, especially in Scotland. At Sheffield | y' 


employment continued throughout the year, 
especially with makers of steel for tools and motors, 
and for shipbuilding purposes. In the Midlands 
employment was seriously affected during June and 
July by the general strike in the metal trades. At the 
end of the year employment generally was not so good 
as at the end of 1912. The exports of iron and steel 
in 1913 (excluding pig and puddled iron and tin-plates 
and black plates) amounted to 3,239,000 tons, an in- 
crease of 246,000 tons, or 8.2 per cent., over 1912. The 
increase, however, occurred entirely in the first seven 
months of the year, the remaining months showing a 
decline. Imports of foreign iron and steel amounted 
to 2,220,000 tons, an increase of 11.2 per cent. over 
1912. 

Tinplate Trade.—Employment at the beginning of 
1913 was good, but showed a slight decline in January, 
followed by a sharp decline in Feb » March, and 
April, & number of mills being sto In May a 
large nufnber of mills were re-s , but a further 
decline took place in June. Since then the number of 
mills working has increased, hut in December it was still 
much below the number in operation at the ae 
of the year. The export® of tinplates for the year 
reached, however, a record figure, due largely to a 
marked recovery in the exports to the United States. 
There were also considerable increases in the exports 
to the Argentine and to the British East Indies, China, 
and Japan. ; 

Engineering.—The year was one of exceptional 





activity in practically all branches of the trade and at 
nearly all centres, though there was a decline on the 
whole towards the end of the year. The mean per- 
centage of trade-union members unemployed durin 
1913 was only’ 1.9. The percentage unemploy 
among ‘‘ insured” workpeople in the engineering and 
ironfounding trades was peaghen ie year at a 
very low level, varying from 2.0 in April to 3.0 in 
December. wo were more numerous in 
1912, and at Sheffield and Southampton, in par- 
ticular, employment was seriously affected thereby. 

The exports of machinery amounted to 747,000 tons, 
valued at 37,028,000/., showing increases of 6.1 and 
11.7 per cent. respectively, as compared with 1912. 
There were large increases in locomotives and in tex- 
tile machinery. 

Shipbuilding.—Employment in the en in- 
dustry was even better in 1913 than in 1911 and 1912, 
and it showed little abatement in activity at the end 
of the year. The tonnage of vessels launched during 
the year was the greatest recorded. The mean per- 
centage of trade-union members unemployed in this 
industry in 1913 was only 3.1, the lowest since 1900. 
The percentages of ‘‘ insured ” workpeople in the ship- 
building industry returned as unemployed were also 
very low (ranging from 2.9 in June to 4.3 in Septem- 
ber), and for a considerable portion of the year there 
was a scarcity of skilled labour. While there was 
great pressure all round on new work, the repairing 
centres were, on the whole, fairly busy, except in 
September and October. According to Lloyd’s 
Register, the gross ton: of merchant vessels under 
construction at the end of December, 1913, was 
1,956,606, or 13,459 tons (gross) less than in Decem- 
ber, 1912. 

Other Metal Trades,—Employment with brass- 
workers was throughout the year, but in the 
metal-beds trade it was slack. Makers of nuts 
and bolts were fairly well employed, and the wire 
trade was busy until the autumn, when it was rather 
quieter. In the lock and latch trade, and in the 
hollow-ware trade, employment was fair, but showed 
a slight decline towards the oe eee of the year, 
when some short time was repo in the lock and 
latch trade. In the stove and grate trade it was fair 
on the whole in England, though it declined somewhat 
as the year advanced ; in Scotland it was slack for the 
first five months, but it then improved, and was 
at the end of the year. The cutlery and tool trades at 
Sheffield had a busy year, but the tool trades at Bir- 
cep pe and Wednesbury were only fairly employed ; 
at the end of the year they were rather quiet. Apart 
from the dispute in May and June the tube trade in 
South Staffordshire was very active; but bedstead- 
tube makers at Birmingham reported employment 
quiet. In the chain trades at Cradley employment 
was good till August, when it declined somewhat, but 
it was still fair at the close of the year. Sheet-metal, 
tin-plate, and iron-plate workers had a very year. 


Cotton Trade.—In the spinning branch of the trade y 


ee continued good throughout the year, and 
a shortage of labour was reported. 

Building.—In the building trades employment was 
fairly good on the whole, reaching a higher standard 
of activity than had been shown for several years. 

Other Trades.—In the boot and shoe, printing, and 

per trades employment was fairly , and rather 
Color than in 1912. Employment was good on the 
whole in the woodworking and furnishing trades, the 
coach-building branch being very busy during the first 
half of the year. The glass and pottery trades were 
active, and showed an improvement on the previous 


ear. 
Wages.—During the first nine months of 1913 wages 
showed a mashed upward tendeney; but in the last 
quarter of the year the rise was inconsiderable, largely 
owing to a fall in selling prices in those metal i - 
tries in which wages are more or less directly a 
lated by prices. In the remaining groups of es 
the outstanding feature was the increase in wages in 
the building trades, which exceeded the largest 
recorded for any previous year. 

The total amount of the net increase per week in 
all trades* in each quarter of the year was as 
follows :— January - March, 68,583/.; April - June, 
59,044/. ; July - September, 34,101/.; and October- 
December, 2450/. Altogether, the total number of 
workpeople whose rates of wages were reported to 
have been changed in 1913 was, 1,770,072. Of these, 
1,730,872 received a net increase of 165,944/. per 
week, and 36,135 sustained a net decrease of 17660. 
per week, whilst the remaining 3065 had upward 
and downward changes which left their wages at 
the same level at the end as at the beginning of the 
year. The net result of all the changes was thus 
an increase of 164,178/. per week. 

In the total of 1,770,072 workpeople were included 
many large bodies, of which a few may be mentioned. 
In the building trades there was an increase for certain 
classes of operatives in London, including, amongst 





* Exclusive of ccnmsen, railway servants, agricultural 
labourers, police, and Government employees. 





others, bricklayers, carpenters and and 
labourers. Galbeteene in every district received 
increases, ranging from 2} per cent. in South Wales 
to yb yp cent. in Scotland. In the pig iron and 
iron steel groups the tt body affected were 
the ironworkers in the Midlands, who sustained a net 
decrease of 3d. ton, or 24 per cent. Time workers 
in the federated shipyards received an increase of }d. 
per hour, or ls. per week in August ; whilst in the 
textile trades the most important chan were 
increases to linen and jute workers in the North of 
Ireland and in the Dundee district, and to certain 
— of woollen and worsted operatives in the West 
iding. 

In every group of trades the changes in 1913 resulted 
in a net increase, and, as in 1912, -mining accounted 
for over half the total amount. The next most im- 
portant ups—building, engineering, shipbuilding, 
and textile—together accounted for nearly 44,000/., or 
over 26 per cent. of the total. 

Changes in Hours of Labour.—The changes in hours 
of labour taking effect in 1913 affected 111,258 work- 
people. Of these, 7621 had their hours increased by 
4783 per week, and 103,637 had an aggregate reduction 
of 274,897 hours week. The increases were almost 
entirely confined to the building trades, and were due 
to extensions of the summer period, or to rearrange- 
ments in the winter period. The most important of 
such omen affected 4000 carpenters and joiners at 
Liverpooo Birkenhead. 

Trade .—One of the outstanding features 
of the year 1913 was the large number of disputes, 
amounting to more than double the average (628) of 
the — twenty years. The number of work- 
people involved was about twice as many as the 
average (345,482) of the same period. The aggregate 
duration in working days (11,491,000) of all disputes 
in progress in 1913 was greater than in any year 
except 1893 and 1912, both years in which great coal 
disputes were in progress. Two important disputes 
materially contributed towards this total :—(1) The 
strike of metal-workers in the Midlands, which began 
in April and ended in July, ting about 
1,400,000 working days ; and (2) the Sapets at Dublin, 
which, beginning with a tramwaymen’s strike in 
August, developed in September into a general dis- 
pute involving numerous trades. At the date of 


good | publication this dispute is still in progress, and it is 


estimated that Bs to December 31 the aggregate 
duration amounted to 1,780,000 working days. 

The majority of the disputes of the; year arose on 
demands for increased wages, the proportion of such 
disputes to the total being considerably higher than in 
recent years. Although the greater number of dis- 
putes were settled by compromises, the number of 
those settled in favour of the workpeople exceeded 
those settled in favour of the employers, and the pro- 
portion of such completely successful disputes to the 
total was higher than in any of the previous five 


ears. 

The proportion of the total number of persons 
en in industrial occupations who were involved 
in disputes in 1913 was about 5.6 per cent., and the 
amount of working time lost by disputes at the works 
immediately affected was equivalent to about one day 
r head if spread over the whole industrial popu- 
tion. 





BRIQUETTE MANUFACTURE IN Russ1a.— At the Charkow 
station of the Southern Railway, plant for the manufac- 
ture of briquettes has been erected. The briquettes are 
two sizes and shapes, square and some smaller lens- 
sha, Coal-pitch is used as cementing medium, and 
this is being —— ,by @ firm in the Donetz basin, 
subject to the m _— point being fixed during experi- 
ments carried on for the purpose. 





“Tue Locomotive Encinger’s Pocket - Book AND 
Diary, 1914.” London : The Locomotive Publishing Com- 
yy, Limited, 3, Amen-corner, Paternoster-row, E.C. 
Prive 2s. 6d. net. }—This pocket-book becomes yearly more 
and more interesting, and is gradually developing into 
a useful ae of many points of practice and design on 
which information has hitherto been of sv scattered a 
character as to be available to very a among 
younger men who are keen on making their position 
in the ession. In fact, in many respects this pocket- 
book gives a much better idea of the principles under- 
lying the selection of type and the power required to 
meet any given traffic conditions, than do the majority 
of the more elaborate works on locomotive engineering. 
In one or two books emanating from America, road and 
power requirements are adequately dealt with, but there 
is no modern English work on the locomotive of which 
this can be truly said. The pocket-book before us is 
from its nature concise almost to scrappiness, but it 
contains the gist of recent research and critical investi- 
— into locomotive problems, and as such will un- 
joubtedly prove of value. We venture to think that a 
more ambitious work on similar but extended lines would 
be welcomed by scores of locomotive men in this country, 
and elsewhere, who at present have a difficulty in finding 
a reasonable treatise on the rw. underlying the 
determining of proportions of locomotives, as distinct 
from the design of details. 
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*‘ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOCIFI- 
OATIONS UNDER THE AOT OF 1907. 
The number of views given in the Specification Drawings is stated 
— amhenes where eons @ mentioned the Specification is not 
Where inventions are communicated from abroad, the Names, é&c., 
= Ange P apeipeationn oa pele ry the Patent Office, Sales 
my 25, Sout aie Buildings, Chancery-lane, W.C., at 
the ae gary tye of 
The date of advertisement of the 
ijieation is, in each case, given after 
‘atent has been sealed, when the date of sealing is given. 
See Sa two months from the date of 


ao anal te totes Sopuiien to the grant of a 
Patent on ony of the grow mentioned in the Act. 


AGRICULTURAL APPLIANCES. 


26,055/12. Cagpen and Shu Limited, 
Lincoln, and J. Warburton, Congleton. I - 
Machines. [4 Figs.) November 13, 1912.—This invention re- 
‘ates to thrashing-machines, and more particularly to mechanism 
for removing awn from grains, such as oats and barley, and com- 
prises improvements in machines for this purpose usually known 
as “scrubbers.” According to this invention, the applicants 
employ a scrubbing-drum, which is formed with the main portion 
of its body cylindrical or slightly tapered, and at the nose is pro- 
vided with a portion of sharply conical formation for the purpose 
of directing the grain to be treated into the space between the 
drum and the grooved or fluted barrel. In the construction 
shown, the grain is fed through the mouth a to the worm b of 
the wet ome A awn-removing apparatus. The rotation of the worm 
or archimedean screw b in the right direction forces the grain 
into a cylinder ¢ in which a number of knives d are revolved upon 
the same spindle as that on which the worm is mounted. These 
knives are advantageously so arran; as to force the grain 
forward as they revolve. At the end of this cylinder is provid 
a further cylinde. or barrel f, with a lining dofa b 
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(26055) 


of removable plates f2, the inner surface of which is formed 
with a number of studs or other projections /1 of diamond 
formation. Within this barrel f is mounted a drum g, the ex- 
terior face of which is formed or provided with a number of 
blades, vanes, or projections g!. The grain is foreed by means 
ot the worm b and the knives d into the clearance space between 
the drum g and interior of the barrel /, and is there subjected by 
the vanes g! and studs f! to a thorough scrubbing action, finally 
leaving the apparatus through the end of the barrel f. The out- 
let end of the 1 is cl “7 a plate or wall h in which is pro- 
vided a hinged door h!, which is normally closed by a spring or 
weight h2, but is opened against the action of this opring or 
weight by the pressure of the grain within the barrel /. end 
portion of the drum towards the mouth a is formed as a trun- 
cated conical member g2, the outer barrel or cylindrical member 
being also of conical formation at the corresponding extremity, 
so that the grain to be operated gravitates down the slope 
thereof into the clearance between the parallel portion of 
the drum g and that of the barrel f. (Accepted November 19, 
1913.) 


ELECTRICAL APPARATUS. 


aeeise. W. Hamilton, and Ferranti, Limited, 
Hollinwood. Electricity-Meters. (5 Figs.) Novem- 
ber 16, 1912.—This invention relates to direct-current electricity- 
meters of the mercury motor type, and more particularly to 
those provided with a disc rotor and to those provided with a 
mercury bath, part of which is detachable. The invention con- 
sists in a mercury motor meter, in which, by removing a portion 
of the bath in a direction substantially normal to the axis of the 





Fig.1. 
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rotor, a segment of the rotor is exposed. In the form illustrated, 
the mercury bath is, as it were, built up around the magnet a by 
forming it of two parts, / and m, constructed, for instance, of 
wood or moulded material with reinforcement n. The two parte 
are normally held together by screws 0, but when these are re- 
leased, the part J can readily be removed, thereby exposing part 
of the rotor and enabling it easily to be removed. (Accepted 
November 12, 1913.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


3487/13. W. H. Moore,and Ambrose Shardlow and 
Co, Limited, 5 In’ - bustion 
Engines. {4 Figs.) February 11, 1913.—This invention relates 
to the ignition mechanism of those internal-com ion engines 
that use a low-tension type of magneto-machine for generating 
the spark that is required oh wo wy the explosive charge in the 
cylinder, and consists part of mechanism for actuating 
the movable electrode of the ignition-plug, and for giving the 
“*make-and-break ” that is necessary to cause the spark to take 


place. The ignition-gear is placed in position on the breech-end 
of a gas-engine, and is actuated by means of suitable trip-gear 
fixed at some enient position, the y ien 
between the ignition-plug and the magneto trip-gear being made 
by a reciprocating- hereinafter described. On the outer end 
of the striking-spindle a is fixed a short lever ), which is held in 
its ition on the —_ by means of a screwed pin c, the lower 
end of the lever being split to allow for the necessary pinching 
action. The upper end ef the lever is made with one nua, or, by 
preference, with two holes, one at right angles to the other, as 
shown, though a different construction may be used if desired. 
A pin d passes through one of the holes in the lever b, and is held 
in position by means of a suitable coiled spring,the pind being made 
with asmall shoulder, against which the spring rests when the = 
is in its working position. The rod / connecting the ignition-plug 
with the magneto trip-gear is screwed at one end, and engages 
with threads formed in the shank of an eye-piece g, a nut A 
being used to lock the rod in position. The other end of the red 
is uced in diameter for a certain length, and is also screwed 
for a short distance. A coiled spring ¢ is passed over the end of 
the rod, and by turning it round along the thread the spring is 
securely fixed to the rod, the pitch of the thread being prefer- 
ably rather greater than the pitch of the spring coils, in order to 
te a locking action between the coils and the thread. A short 
iength of the thread is cut away to prevent the coils from mount- 
ing the plain part of the rod, and to give a suitable shoulder, up 
to which one end of the epring can be forced. The other end of 
the spring i is preferably made with a loop, and through this is 
passed the pind. The end of the spring i comes into contact 








with the pin d on one side of the latter, and exerts a pushin 
action on pin at certain interv en once the pin 
has been through the loop, the spring is locked to 
the lever b, as the sides of the hole in the lever prevent the 
spring from moving in a lateral direction. The action of the device 
is as follows:—As soon as the tri comes into operation, 
the armature spindle of the magneto is drawn through a certain 
number of degrees, and carries with it the eye-piece g, and also 
the rod f, which is made to move in a slightly curved but more 
or less horizontal path. The rod in moving forward causes 
the spring i to stretch, and at the same time sets up a pulling 
action on the lever b, and ensures that the striking-spindle a is 
brought round to such a pas that its head a! makes contact 
with the head a? of the binding post on the ignition-plug. The 
spring tis then for the time being held at one end and stretches 
the necessary amount to allow the rod f to move forward. When 
the trip-gear is released, the spring on the eto brings the 
armature spindle back again, and the og ece g and rod /, 
the reaction of the magneto spring and the momentum of the 
moving parts tending to the rod f backwards and to force 
the spring é on to the pin d. e spring ¢ tends to increase the 
force of the return movement on account of its own reaction, and 
in addition to this, it helps materially to increase the return of 
the armature, and so adds to the strength of the current gene- 
rated in the armature. By the time the end of the spring i is 
beginning to exert a pressure on the pin d, the coils of the spring 
are in contact, one with the other, and any further movement of 
the rod f causes the pin d and the lever b to turn yon 
certain number of degrees, and so results in the positive ing 
of the electrical cirouit between the two electrodes. (Accepted 
November 19, 1913.) 


744/13. A. H. Lymn, London. Gas-Washer. (3 Figs.) 
Jan 9, 1913.—The present invention relates to an apparatus 
for ing gases or vapours with liquid in a vessel or tower of 
the kind wherein the washing-liquid downwards while the 
gases or vapours upwards, and in which the requisite con- 
tact between the liquid and the gases (which term is also intended 
to include vapours) is obtained by leading the liquid by means of 
fixed inve: truneated cones or funnels (or the like guiding 
means) and central discs, whereby the liquid is thrown about an: 
broken up. It has been proposed to provide a gas-washer with 


Ss 





circular inclined water shelves arranged centrally within the 
vessel, and with surrounding inclined side shelves alternating there- 
with, the circular inclined water shelves being of width sufficient 
to project inward beyond the edges of the circular side shelves. 
It has also been proposed to pass gases downwardly through an ap- 
paratus having funnel-shaped baffles arranged alternately with 
central conical bell-s baffles, the washing-water being 
passed downward with the gases. The present invention, how- 
ever, is a modification or improvement of the invention described 
in Specification No. 11,452 of 1912, in which (as also according to 





the present invention) the central discs are mounted on a central 





support, and moe are passed upwards in opposition to the 
direction of flow of the water. According to the present inven- 
tion, the central distributing devices or discs are non-rotary. In 
the drawings, a represents outer vessel or tower, b are the 
funnels therein, and ¢c is the central support which carries diecs 
¢, ¢ at suitable intervals. The centra’ ee may be of any 
convenient form and kind, and obviously n not, seeing that the 
discs ¢ are non-rotary, be in the form of a or stem. 
In the form shown, the discs ¢ are solid and are secured to the 
support ¢ by means of bossesc!. The rest of the tus may 
be as described in the specification of the principal patent ; for 
instance, k represents the gas-inlet pipe, / the gas-outlet pipe, o 
represents rings or annular ribs over which the liquid flows to break 
it up more thoroughly, p represents a serrated or scolloped lower 
an bo 3 any of the funnels meg Be eee 8 yy reer 

iquid-supply pipe, and ¢ the liquid-waste pipe. (Accepted 
November 19, 1913. 


GUNS AND EXPLOSIVES. 
24,989/12. Vick Limited, and G. T. Buckham, 
un- (9 Figs.) October 81, 1912.— 
This invention relates to gun-carriages of the kind in which the 
trail is composed of two longitudinal members or beams which 
are — of being swung laterally to a suitable distance apart 
in ler to enable a large —_ of traverse to be obtained, and 
also to enable the gun to be fired at high angles of elevation in 
any position of traverse between its extreme training angles. 
According to this invention, the longitudinal members or trail 
beams are hinged by oy vertical pivots to a frame 
connected by an approximately horizontal pivot to the axle-tree, 
which is so constructed as to sweeers the upper carriage and 
permit the latter to be. moved relatively thereto during the 
traversing of the gun. A, A are the two longitudinal members or 
beams constituting the trail, and Bis the frame to which the 
members A, A are connected by means of pivots a,a. C is the 
axle-tree, Cl, CO! are the carriage-wheels, and ©? is the horizontal 
pivot that serves as the connection between the axle OC and the 





























(24.989) 


frame B. D is the upper carstoge, which in Fig. 2 has been 
removed. The horizontal pivot O02, upon which the frame B is 
mounted, projects ly from the axle-tree O. The frame B 
is in the form of a vertical plate, whose front surface is, in the 
example shown, formed with curved recesses adapted to co-operate 
with corresponding flanges or collars on the rear side of the axle- 
tree. These curved recesses and flanges —— may be inter- 
rupted or otherwise arranged for convenience of assembling) 
constitute guides for permitting relative movement about the 
axis of the horizontal pivot O2 to take place between the axle-tree 
and the frame. Furthermore, the recesses and flanges prevent 
any movement (relatively to the frame) of the axle-tree about the 
axis of the carriage-wheels or about a vertical axis. The curved 
recesses and flanges may be dispensed with, in which case 
relative movement between the axle-tree and the frame is resisted 
by the horizontal pivot C2 alone. The vertical training-pivot D! 
of the upper carriage D, in which the cradle is trunnioned, is 
carried in a socket forming part of the axle-tree ©, and situated 
in a position preferably in front of the horizontal pivot ©. 
(Accepted November 12, 1913.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


/12. A.A, Jones and Ghipmnn. jimitea. pes 
. ry '. = le 8, 
November 20, 1912.—This invention relates to drilling, boring, and 
like machines of the vertical or horizontal-spindle type. e in- 
vention relates to drilling, boring, or like machines wherein 
motion is transmitted to the drill or tool spindle from a driving 
shaft by belt, by means of variable-speed gearing enclosed within 
a pulley on the drill-epindle, means being provided for putting 
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such gearing into and out of action, and consists in the use of 
gearing comprising a pinion fast with the pulley, a pair of pinions 
mounted on a stud ona carrier plate, the pinions gearing reepec- 
tively with the ose J pinion and a pinion on the drill or tool 
ndle, means for allowing and pone rotation of the carrier 

, and means for renderi @ pulley fast with or free from 

the spindle. The pulley 1, which is made hollow to enclose the 
ing, has fast. therewith a pinion 3, and fast with the drill- 
spindle 2 is a pinion 4, the spindle being dab through this 
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pinion. atitl eptedie ) plated 4 is drivén from the pulley pinion 
jaueat dati tad suit pc's enter 
y the ey pinion 3; nioti 6 ng 
Feo eatadle we edgy tite = of pinioris tales fast together and 
rotating ori a pin or atud 7 niounted in a plate 8 at one dide of the 
pulley 1, This plate 8 is arranged so t it may either rotate 
with the pulley 1 or it may be anchored—i ¢., prevented from rota- 
tion. A suitable device for locking the plate consists of a bolt 9, 
which may be slid into a hole 10 in the plate when the latter is to 
be held from rotation, the bolt being movably mounted in a fixed 
part 11 of the machine-frame. A suitable clutch, such asa dog: 
clutch of which the collar 12 is the movable member, is provided, 
whereby,the pulley 1 may be connected to—i.¢., rendered fast with 
—the spindle 2, for driving the latter direct. When the pulley is 
connected to the drill-spindle in this manner, the 8, on whi 
the intermediate pinions 5, 6 are mounted, is wed to rotate 
with the pulley, but when the plate is locked by the pin 9 the 
pulley is disconnected from the spindle, so that the latter will be 
driven through the medium of the gearing 8, 4, 5, 6 at a slower 
n ordet to the gearing, and distribute the drive 
pee f on opposite sides of the spindle, a second pair of pinions, 
and 64, arranged on the plate 8, and operating in the same 
ttiariner as the pinion 5; 6, may be located at a point diametrically 
opposite the pinions 5, 6. (Accepted November 12, 1913.) 


MINING, METALLURGY; & METAL-WOREING. 


6627/13. Béckétt and Ariderson and R. C. Ander- 
son, ow. Céal-Ciitting Machines. (3 Figs.) 
March 18, 1913.—This itiventidn relatés to machines for cutting 
coal and other niinerals; atid is specially adapted to the under- 
dutting of coal on the longwall system. In machines intended 
for this latter purpose; the cutting el t (or el ts) is (or 
are) usually driven by a geat-wheel motinted on a vertical shaft, 
and driven by bevel gearing from a hori#ontal spindle, which is 
rotated by an electric or other motor. The present invention 

iste in a di ting device involving the construction of the 
horigontal shaft in two parts, which can be connected by a clutch, 
one part of the shaft being adapteti to be driven by the motor, 
while the other part carties a bevel-pinion which is in constant 
connection with the ctitting element through the ncy of 








suitably-arranged gears, the part carrying the bevel-pinion bein 
supported in a single bearing (preferably of considerable axia 
length), which bearing is loca’ 
the clutch. 
¢ the armature-shaft of the driving-motor. 


between the bevel-pinion and 
In Fig. 1, 4 is a part of the frame of the machine and 
This shaft c is sup- 


say, the cylinder 9 is provided with a chamber 13 which is con- 
nected to the storage tank 14 
pressure side of the appetite = the piston 10; but should the 
piston 10 be ttioved suffitiently far against the influence of the 
spring 12, the chantiber 13 forjtis a Connection or by-pass between 
the pressure and suctiin sijjes of the appdratis, ahd thus the 
ewe my 1 he tion of the apparatus’ is as 
follows :—The d-lever controlling the engine speed is con- 
nected by a spring 15 to one arm of the bell-crank lever1. The 
running of the cages causes the centrifugal governor to rotate, 
which, if the speed does not remain constant, will operate to 
move the ng-controlled bell-crank lever 1, and impart stroke to 
the variable-stroke pump 5. The pump 5 will thus discharge 
liquid into the cylinder 9 containing the throttle-control piston 
10, and thus the will operate to close the throttle-valve 
nst the influence of the spring 12, which tends to open it, 
and it will be readily seen the engine will be effectively governed. 
In order to prevent any danger of the cylinder containing the 
throttle-control piston bursting if the e e should overrun—as 
might occur in the case of the engine of a motor vehicle when the 
latter is runnitig down hill—the applicants provide that when the 
iston 10 has — ” a certain : a Bae atnber 15 forms a 
y to permit the free passiige of the liqu’ k to a st0rage- 
oh oe previously explained: Furthet, should the engine run 
for any considerable period below its normal speed, the falling of 
the balls consequent upon the diminution of speed will cause the 
bell-crank lever 1 to drop; and the control member 4 of the pump 
5 will adopt an eccentric position on the Other sitle of the centre. 
The fiow of liquid to and froin the pump 5 will thiis be reversed, 
and the liqtiid in the thtottle-cOntro Siinder 9 will be it connec- 
tion with the stiction side of the pump: and in order to prevent 
the liquid —— entirely exha frotti this cylinder 4 btanch- 
Pipe 16 is provided leading ifito the storage tank; and provided 
with a non-return valve 17: By this means a small local ¢ircuit is 
set up in the tank, and the liquid can — circtilate to and ftom 
the pump without exhausting the liquid in the throttle-control 
cylinder 9. (Accepted November 12, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


15,536/13. G. and J. Weir, Limitéd, and J. Peter- 
moller, Glasgow. Ro’ Feea-Pumps (2 Figs.) 
| 5, 1913.—This invention relates to the control of boiler- 
f pumps of the rotary type, and consists in throttling the 
water discharge from the pump by means of a float gear in the 








ported in bearings b, b. 


The armature f and the t 9» 
































of the electric-motor are situated between the bearings b, b. 
Located at one end of the armature-shaft c is a worm e, which 
transmits the power of the motor when this is employed for 
propelling the machine. Located at the other end of the shaft 
cis the part d of the dog-clutch d,d!. Mounted in axial align- 
ment with the shaft c is another shaft 2, which is supported in a 
single bearing j, which is preferably of considerable axial length, 
and may with advantage support the shaft h practically along its 
entire length. At its end, adjacent to the armature shaft, the 
shaft A carries the other portion d! of the dog-clutch d, d!. This 
portion d! is adapted to slide axially on the s h, relative rota- 
tion being, however, prevented by a feather or other device. At 
the other end of the shaft h is mounted a bevel-pinion k, which 
meshes with the bevel-wheel « employed for driving the cutting 
element. When the clutch d, d! is engaged, the shafts c and / 
drive as one, the peeies and cutting going on simultaneously. 
When the clutch is disengaged, the cutting element stops, but the 
motor continues to propel the machine. To take up axial thrust, 
in one or both directions, thrust-washers may be arranged on 


the shaft A at one or both ends of the bearing j. (Accepted 
November 19, 1913.) 
MOTOR ROAD VEHICLES. 
28,062/12. H. 8S. Hele-Shaw, F. L. Martineau, 
and T. E. Beacham, London. Speed -Governo 


rs. 
{1 Fig.| December 5, 1912.—The invention consists in the provi- 
sion of a continuously-driven variable-stroke or delivery pump for 
controlling the throttle or expansion-gear of the engine to be 
governed, the stroke or delivery of this pump being controlled 
by the ball-governor. 1 designates a spring-controlled bell-crank 
lever which is connected at one end to the sleeve 2 of any form 
of centrifugal governor. This lever 1 is also connected at 3 to 
the stroke-varying member 4 of a variable delivery pump 5, pre- 
ferably of the type described in the Specification Nos. 12,574, of 
1909, and 9402, of 1910, and it will thus be clear that the move- 





ments of the sleeve 2 under the influence of the governor will 

te to vary the stroke of the pump 5. The pump 5 is con- 
tinuously driven from the engine. instance, by a belt passing 
over the puiley 6, and sim larly the cen governor is 
driven from the , a convenient arrangement be'ng to drive 
the governor by means of bevel ng 7 from the shaft 8 


driving the pump. In circuit with the pump a cylinder 9 is 

. a 10 ing in this cylinder is con- 
nected up to the tle by means of the rod U1, and a spring 12 
is provided to the throttle. By-passi ~ 


if the piston controlling the ld adopt extreme 
positions in its cylinder under abnormal conditions—that is to 





tion-tank, and at the same time maintaining the speed of 
the pump pm ng constant, or within desired limits, by 
controlling the supply of energy to the motor which drives the 
pump. @ isthe rotary pump, and ¢ the steam-turbine which is 
directly coupled to it. ¢ is the suction feed-tank which is con- 
nected to the suction of the pump by the pipe d. e is the dis- 
charge-pipe from the pump, and f is a throttle-valve adapted to 
control the discharge and connected by mechanism g, h, k with 
a float located in the tank c. The float, meclianism, and valve 








































































are so arranged that a fall in the water-level in the tank below a 
certain point acts to close the valve /—i.e., to progressively 
reduce the area of discharge from a maximum to zero—and a rise 
in the water-level has an opposite effect on the valve. wu, v is the 
is to the turbinet. A pipe m establishes com- 
munication between the interior of the discharge-pipe ¢ and the 
interior of a cylinder o. In this cylinder works a piston p, which 
is connected by a rod with a valve w, which is adapted to throttle 
the steam supply tothe turbine. The of the turbine and 
pump with the throttle-valve / completely closed can thus be pre- 
vented from exceeding by more than a very small amount the 
speed with the throttle-valve full open. If. however, a variation 
in ~ is desired, thiscan be arranged. (4 ccepted November 12, 
1913. 


7940/13. A. G. Wild, Sheffield. Thermostatic Valves. 
{11 Figs.) April 4, 1918.—This invention relates to thermo- 
static valves for high-pressure steam-heating apparatus, and it 
relates to ap tus of the type in which a capsule containing a 
readily volatile liquid is placed in the path of the spent steam 
as it leaves the heating coils or the like, and the movement of 
whieh is transmitted through a one or two-part member toa 
valve controlling the admission of the high-pressure steam. 
According to the present invention, the applicant employs a 
piston-like body connected to the steam-valve and provided on 
one side with a facing for the purpose of closing the high- 
pressure steam ofeiatm, and on the other side a facing adapted 
to engage a second seating around the aperture through which 
the stem of the high-pressure valve passes, so that when the 
valve is open thesecond shall be in contact with its seating and 
so prevent any chances of escape of steam around the valve 
spindle. land 2 indicate the P t bers of the valve 
casing, of which 1 is provided with a conical hollow extension 3 
terminating in a flange 4, whereby the part 1 is connected to a 
second flange 5 on the part 2. The part 1 is vided with 
screwed connections 7. 8, for the attachment of pipes, whereby 
the spent steam from the heater is admitted to, and escapes le 
thec ber 9, in which is placed the ca) 10, and against the 
—_ inner and outer walls of which bear the ends of a pin 
11, having a head 12, and the stud 12a passing through a d 
boss on hinged cover 14 of chamber 9. A perforation 16 is 
formed in the inner wall of the chamber 9 communicating with 
the hollow ——— 8, so that the same conditions yy A tem- 

















is norinally cut off from the | wu 


of which is to come into contact with a seating 19 formed 
the partition 16. In order to avoid unnecessary friction 

e en ion 17a is reduced in diameter for ——_ of 
its length. en portion 17a is also provided upon its 
opposite side with & second plug 18a, which is adapted to come 
into contact with a stating 20 upona body 21, perforated for the 
passage of the part 17, ahd peered with a tengo 22, whereby 
t may be clamped between the adjacent faces of the flanges 4and 
5. The opposite end of the body 17 is provided with ocdtias, agutnnt 
which bears one end of the helical spting 24 cofitained wi the 
chamber formed in the plug 25, and surroutiding which spring is 
a perforated case, 2a, 2b indicate the connections fot the atimis- 
sion and escape of the high-pressure steam. The general Goii- 
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struction of the part 9 is stihstantially that tisually employed for 
valves of this type. The body 21 ic provided with an nba ned 
in whith slides the inner end of the capsule-engaging tember of 
pin 11, the extteme inner end of which comes into contact with 
the end of the part 17, so that upon the expansion of the capsule 
the _ 11 will act to move the body 17 against the action of spring 
24, the tendency of which is to keep the valve open for the pas- 
sage of the high-pressure steam. The end of the part 17 may be 
oer me with flattened stirfaces upon its periphery, whereby the 
riction at the end of the body is reduced. Upon the ning of 
the valve just referred to, the plug 18a will be brought into con- 
tact with its seating 20, and any escape of steam from the casing 
2 will be effectually prevented. (Accepted November 2, 1913.) 


TEXTILE MACHINERY. 
J. B. d Butterw: 
/12. Roy - Ry worth and 


5 y- arp: Machines. 
[3 Figs.) December 9, 1912.—This invention relates to expanding 
zig-zag reeds, stich, for example, as are used in beaming or warp- 
ing-machines and slasher sizing-machines for separating the 
threads, and also for contracting the same to the proper th for 
the weavers’ beam. ing to this invention, the expanding 
zig-zag reed is mounted on “ lazy-tongs,” levers connected by 
pivots having pins projecting coaxially therewith between the 
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zig-zag sete of levers, the space between each such pin and the 
next adjacent pins at opposite sides thereof being equal to the 

between any two adjacent pins of the zig zag set, with 
the result that the spaces between the pins are all relatively equal 
in all adjusted tions of the . Aindicates the pin that is 
situated coaxially with the pivot @ of each pair of jointed levers 
al, a2. Any suitable arrangement may be provided for connect- 
ing the pins centrally with the lever pivots; for example, they 
may be formed in a piece therewith. or be screwed or otherwise 
fixed thereto. (Accepted November 12, 1913.) 


MISCELLANEOUS. 


19,465/13. F. W. Mellowes, Sheffield. Glazing. 
{1 Fig.) August 28, 1913.—This invention relates to glazing of 
that type in which sheathed glazing bars are employed which are 
provided with gutters or the like on the edge of which the glass is 
supported, flanges of the sheath being used to hold the glass in 
place, and to make the necessary weather-tight joints. The object 
of the present invention is to provide means for cushioning the 
glass on the gutter edges, and for ensuring a sound joint between 
the under or inner side of the glass and the glazing Accord- 
ing to this invention, a longitudinal flange is attached to the 
sheath inside the gutter, and bent over between the sheathed 
gutter edge and the glass. The drawing is a transverse section of 
a glazing to which the invention is applied. The bar A is pro- 





vided with a sheath B of com 
material, such as lead, which is formed with flanges B! and B2 to 
be rubbed down as usual upon the outer surface of the glass. The 
bar is shaped to provide gutters C. According to the present in- 
vention, the sheath B is provided with flanges D springing from 
the inside of the gutters and bent over their edges, so that when 
the glass is placed in position these flanges D will be situated 
between it and the sheathed gutter edges, thus providing two 
thicknesses of sheathing material between the glass and the gutter 
edges, and thereby forming an additional cushioning for the glass, 
which enables it to take a better and more continuous seati 
edges, for the flange being a soft and 


ively incorrodible and flexible 





the gutter 
flexible will fill in and level up any irregulari or hollows in 
the gutter edge. (Accepted November 19, 1913.) 
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THE RESISTANCE OF BARS, STRUTS, 
AND WIRES IN A CURRENT OF ATR. 
By A. P. Tuurston, B.Sc., A.F.Aé.S. 

AN investigation into the resistance of bars, 
struts, and wires in a current of air,* suggested by 
the author to the Laboratory Committee of the 
Aeronautical Society of Great Britain, has been 
carried out by him at East London College (Univer- 
sity of London), partly with the aid of a grant 
kindly made by the said Committee. 

In these experiments the specimens were sus- 
pended from a delicate balance in a vertical wind 
tunnel, specially designed by the author, in which 
the current of air was drawn downwards, and could 
be varied from 0 to 40 miles per hour. A diagram 
illustrating the arrangement of the tunnel, which 
is, in the main, similar to that described by Dr. 
T. E. Stanton in his classic paper,t has already 
been published in these columns. { 

It consists of a vertical rectangular test-tunnel, 
4 ft. by 1 ft., terminating in a chamber from which 
the air is drawn by a 25-in. Keith fan, driven by a 
6}-horse-power electric-motor. The velocity of the 
air was measured by a Pitot tube in conjunction 
with a tilting water-gauge, also illustrated in the 
before-mentioned article in these columns. 

The first series of experiments were undertake 
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Speceme & Fixed Endfiece. Velocityin MPH: 
to investigate the relation between the length of a 
rod or bar and its resistance, the velocity being 
constant. The bars had sections of widely different 
shapes as shown in Fig. 1. 

ese bars, each 36 in. long by 0.85 in. thick, 
were in turn mounted horizontally in the tunnel 
at right angles to the current. The resistance was 
then measured in an air current of from 17 to 23 
miles per hour, after which equal lengths of 1 in. 
were cut off from each end and the resistance 
measured afresh. This was repeated until the bars 
were entirely cut away. The readings so obtained 
were corrected to a standard velocity of 20 miles 
per hour, on the assumption that the resistance 
varies as the square of the velocity. The results 
are shown plotted in Fig. 2. 

The observations ap to be satisfactorily 
represented by straight lines for all lengths of the 
square rod above 8 in., of the circular rod above 
10 in., of the circular-ended rectangle above 18 in., 
and of the pointed oval above 22 in. It therefore 
follows that the loss of resistance due to ‘‘end 
effect” or the leaking away of air over the sides of 
the specimen is felt for a r length of a bar 
with a long and narrow section than fora bar having 
a short and wide cross-section. 

It also follows, since all the straight lines met at 
acommon point on the vertical axis, that the loss 
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due to end effect is approximately the same for bars 
of any cross-section providing the thickness is the 
same, and the length is greater than a certain 
amount depending upon the cross-section of the 
bar. It further follows, since the straight lines 
meet the vertical axis below the origin, that the 
head resistance per unit subtended area of a short 
rod is less than the resistance of the same area of a 
long rod. Hence, in all cases where it is desired 
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to reduce the head resistance as much as possible, 
the bars or struts should be ‘‘ broken up ” into as 


many short lengths as possible, separated by gaps 
- order to obtain the maximum loss due to ‘“‘ end 
effect.” 

Assuming that the resistance of a bar varies as 
the —_ of the velocity, the equations of the 
straight lines representing the resistance of these 
bars are of the form :— 

R=K/t V?— 0.0073 @ V2. 
Where 
V = velocity in miles hour. 
t = thickness in foot. 
= length in feet. 
= resistance in pounds, 
If the air has a density of 0.00127 :— 
K for circular rod ‘ i 0.00282. 
K ,, square rod ie vial ... = 0,00438. 
K ,, circular-ended rectangular rod = 0.0017. 
K ,, pointed oval rectangular rod = 0.000905. 

The itude of the loss due to ‘‘end effect ”’ 
was also illustrated in the following way: A 6-in. 
length of round rod, 0.85-in. in diameter, was sus- 
pended in the tunnel in exact axial alignment with 
two fixed end-pieces or Page of the same dia- 
meter and 10 in. long. e air-gap between the 

imen and the ‘‘end ” was varied between 

in. and 11 in., and the resistance of the i- 
men was m with the various widths of air- 
gap. The resistance is shown plotted in Fig. 3 
against the width of the air-gap. 

The resistance of the 6-in. length was less than 
the resistance of a 6-in. length in the centre of an 





infinitely long rod by the amounts shown below :— 





139 

Percen Deficienc 

Gap. on 6-In. Length. ” 
in. el . 4 
” eos : 7 
ee san : 12 
- si . 18 
= * ; 234 
| a ois , 25 
7 ,, andupwards . 28 


From the curve, Fig. 3, it would appear that it 
is necessary to reduce the gap to ,, in. to secure 
1 _ cent. accuracy without using the method of 
differences previously described. 

The variation of the resistance with the length 
of a specimen and the loss due to end effect having 
been determined, a series of experiments were 
made with a view to determining the relation of 
the resistance to the velocity for objects of widely 
different sections. For this purpose a circular rod 
0.532 in. in diameter and 18 in. long, and a thin 
glass plate, 10 in. wide, 36 in. deep, and 0.136 in. 
thick, were taken, and very numerous readings of 
the resistance of each were made at velocities 

ing from 0 to 40 miles per hour. A length of 
34 in. was afterwards cut off the depth of the 
glass plate, and the resistance of the remaining 
strip of 10 in. width and 2 in. depth was redeter- 
mined. The results of these experiments are 
shown in Fig. 4, with the resistance plotted against 
the square of the velocity. A few readings only 
red indicated out of the very numerous readings 

en. 

The 5 3 curve is for the circular rod. The 
readings between 20 and 40 miles hour are 
satisfactorily represented by a straight line which 
passes through the horizontal axis at a point cor- 
responding to the square of a velocity of 6 miles 
‘ocd hour, and through the vertical axis at a point 

low the oigs corresponding with a resistance 
of — 0.00692 Ib. 

The equation of resistance for a circular rod 18 in. 





long by 0.532 in. in diameter for velocities between 


D Seconds. 


20 and 40 miles per hour may therefore be repre- 
sented by the following equations :— 
R = 0.000192 V2 — 0.00692 . » 
or 
R = 0.000192 (V2 — 6) . . - (2) 
where 
R = resistance in pounds. 
V = velocity in miles per hour. 

If the equation is assumed to be of the form 
R = K V* it is found that the equation of the 
curve passing through the origin and through the 
points corresponding with velocities of 25.5 and 34 
miles per hour is :— 

R = 0.000138 V2" . ° + (3) 


the air density being 0.00127. That is, the resist- 
ance of a circular rod in effect varies at a slightly 
greater rate than the square of the velocity, An 
equation of the form given in equation @ is pre- 
ferable, and more accurately re ts the actual 
results at velocities above 20 miles per hour. From 
equation (1) it is seen that the resistance, plus a 
small constant, varies as the square of the velocity. 

The middle curve in Fig. 4 represents the read- 
ings for the fae plate 5 in. deep. This plate 
was suspended from the balance with the depth in 
line with the direction of the current of air and 
the width at right angles to the direction of the 
current. The straight line which satisfactorily 
represents the resistance at the higher velocities 
cuts the vertical through the origin at a point 
above the horizontal axis. 

The equation of resistance is :-— 





R = 0.0000738 V2 + 0.00158, 
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It follows from this equation that the resistance, 
minus a small quantity, varies as the square of the 
velocity. In other words, the resistance, in effect, 
varies at a slightly less rate than the square of the 
velocity. 

The resistance of the strip of glass 2 in. deep by 
10 in. wide is shown plotted in the lower curve of 
Fig. 4. The readings are satisfactorily represented 
by a straight line passing through the origin. 

The equation of resistance is :— 


R = 0,0000212 V2. 


In this case, therefore, it may be taken that the 
resistance varies strictly with the velocity. 

From the above and other experiments made by 
the author it appears to follow, for velocities up to 
40 miles per hour, that the value of n in the 
equation of resistance R = K V™ is greater than 2 
with bodies having sections which are short in the 
direction of motion, such as a circular rod or a 
normal plane. As the depth of the section in 
the direction of motion is increased—i.e., as the 





body more nearly approaches that of a stream- 
$2 


subtended area of the obstructing wires. According 
to Lord Rayleigh’s* ‘‘Principle of Dynamical 


Similarity ”— 
n= re *) 
Where 


R is the pressure at either of two similarly situated 
points on two ies. 

p is the density of the fluid. 

v is the velocity of the body. 

1 is a linear quantity depending on the linear dimen- 
sions of the body. 

7 is the coefficient a kinematic viscosity. 

¢ is some unknown coefficient. 

Since p and y are constants, and | may be replaced 
by D, this equation may be written :— 

R = Die ¢ (D>). 

Comparing this equation with the usual equation 
of resistance K=K | D v’, it is seen that K equals 
¢ (D v), i.e. K itself appears to be a direct func- 
tion of the diameter i ihe velocity. The value 
of K has therefore been plotted against the product 
D V, and the resulting curve is shown in Fig. 6. 


Fig.9. 
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be written :— 
R = 0.00264 7D V2. 


The value of K or the ‘“‘ form factor” was then 
determined for a large number of bars of various 
sections, butall of the same width, of  in., and the 
results are shown plotted in the subjoined diagrams, 
Fige. 7, 8, 9, and 10. 

ig. 7 shows graphically the values of the form 
factor K for triangular sections, with either the base 
or the apex to the wind plotted against the depth of 
the section. It will be noticed that the resistance 
of all the triangular bars is much greater with the 
base to the wind than with the apex to the wind. 

The value of the form factor for diamond-shaped 
bars 1} in. deep by § in. thick are shown plotted 
in Fig. 8, the distance of the maximum thickness 
from the front edge being varied from the limiting 
case of a triangle with the base to the wind to 
the other limiting case of a triangle with the apex 
to the wind. 

The values of the form factor K are shown in 
Fig. 9 for diamond-shaped bars, circular centre 


























<> 
~ 
Ss 


o Saf 
g 


= 












































1%" % Ze 


of Specimen —> 


o 
G260.0) 


my 
Width ion 


Resistance tm Lbs. 


0 
(3260.4) Distance between Specimens tvinches. 


line section—the value of n decreases. With a 
rectangular section having a depth of 14.7 times 
the width, the value of nis 2. As the depth of 
the section is further increased the value of n 
further decreases until it becomes less than 2. 

It would appear, however, with strut sections of 
the shape usually used on flying-machines, that no 
great error is introduced by assuming the value 
of n to be 2. 

The relation between the length and the resist- 
ance having been determined, as also the relation 
between the velocity and resistance, the next point 
to be investigated was the relation between the 
diameter of a specimen and its resistance. 

For this purpose the value of K in the equation 
for infinitely long bars, 

R = Kid V%, 
was determined for rods of the diameter of 0.85 in., 
0.61 in., 0.42 in., 0.202 in., 0.102 in., 0.0475 in., 
0.0325 in., 0.0185 in., and 0.014in. The results 
are shown plotted in Fig. 5. 

Between diameters of 0.1 in. and 0.85 in. the 
value of K varies between 0.00235 and 0.0028. 
For diameters below 0.1 in. the value of K rapidly 
increases. This would account for the high resist- 
ance offered by a thin wire netting, which is much 
greater than would be expected from the total 
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This curve is similar to that shown in Fig. 5. 
The value of K is a minimum for a certain value of 
the product D V. 

It would appear to follow that for every shape of 
bar there is a certain value of D V giving a minimum 
value of K. If, therefore, the velocity at which a 
bar is to travel be known, the value of the thick- 
ness to give the minimum value of the function K 
could be determined. It further ap to follow 
that a strut section which gives the minimum resist- 
ance per unit subtended area at one velocity is not 
necessarily the section giving the minimum value 
at another velocity. 

A large amount of experimental research must 
clearly be made before the best section of struts 
for various velocities can be determined. 

In order to obtain a good average value of K for 
the circular rods or wires experimented with, the 
value K D* V*, which is proportional to the resist- 
ance R, was plotted against the values of D* V®. 
The best straight line representing the observa- 
tions gives the value K = 0.00264, the density of 
the air being 0.00127. 

The resistance of a long circular rod or wire, within 
certain limits of the product D V, may therefore 





* Report to the Advisory Committee for Aeronautics, 
1909-10, page 38, 1910-11, page 43. 
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diamond-shaped bars, and pointed bars made up of 
two arcs of circles. The depth of all the sections 
were varied, but the thickness was kept a constant 
8 in. The upper curve gives the value of K for 
diamond-shaped bars formed of straight lines with 
sharp angles and symmetrical about the maximum 
thickness, and the lower and approximately parallel 
curve shows the value of K for the pointed sections, 
made up of ares of circles struck from points on the 
line passing through the centre of the section and at 
right angles to the wind. The limiting case is the 
circle 8 in. in diameter. The intermediate curve 
shows the values of K forthe circular centre diamond- 
shaped sections obtained by drawing tangents from 
the extremities of the major axis to a central circle 
-in. diameter. The limiting case is again the 
circle. The resistance in all the above cases 
clearly decreases as the depth of the section is 
increased. 

The values of K for fish-shaped sections are 
shown in Fig. 10. The upper curve represents 
the values for bars each § in. thick and 1{ in. deep, 
the section being formed by a circle § in. in dia- 
meter at a certain distance from the front edge 
touched by concave arcs which are tangents to the 
major axis. The limiting case is a section having 
a circular end. 

The lower curve shows the values for bars § in. 
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thick by 24 in. deep, the section being formed by 
arcs of circles passing through one extremity of the 
major axis and by tangents to these arcs from the 
other extremity of the major axis. The limiting 
case is a circular-ended triangle. The bar No. 35 
in the lower curve is the one having the least re- 
sistance of any tested. The maximum thickness 
of this section is one-fourth the depth from the 
front edge 
Its equation of resistance is :-- 


R = 0.000874 7 ¢ V2 — 0.0073 2 V2. 


Referring to Figs. 7 and 8, it will be seen that 
the resistance of all the bars used therewith is less 
with the thin end to the wind than with the thick 
end. 

In the lower curve in Fig. 10 for fish-sha 
sections the resistance of the bars is less with the 
blunt end to the wind. 

As the result of these experiments and of many 
others it may be stated, as a general rule, that the 
resistance of most bars is less with the thin end to 
the wind than with the thick end, except for a few 
shapes, which are the forms for minimum resist- 
ance. This fact, which appears to be contrary to 
the usually accepted belief, should apparently be of 
interest to engineers for other purposes, such as 
the design of motor-car bodies. 

The shielding effect of one bar mounted in the 
direct path of another bar of identical length, 
shape, and size was next investigated. 

In these experiments one bar was suspended from 
the fork of the balance at two points 6 in. apart, 
and the other identical bar was suspended from the 
first bar by two parallel wires 6 in. apart. Means 
were provided to allow the lower bar to be gradually 
lowered away from the upper bar. The axes of the 
bars were kept parallel, and the ends of the two 
bars were kept exactly beneath one another 
throughout the experiments. The bars were 24 in. 
long and § in. thick. The total resistance of two 
square rods of -in. side is shown in Fig. 11. 

The total resistance of the combination when the 
two bars are in contact is only about three-quarters 
the resistance of one of the rodsalone. As the gap 
is increased there is at first a slight decrease in the 
resistance. When the gap is § in. (i.e., the thick- 
ness of the bars) the total resistance is the same 
as when the bars are in contact. The resistance 
rapidly increases with further increase of the gap. 
When the gap is 1} in. wide (i.e., twice the thick- 
ness of the bars) the resistance of the combination 
equals the resistance of the single bar. When the 
bars are 10 in. apart (i.e., sixteen times the thick- 
ness) the total resistance of the combination is only 
about 5 cent. less than double the resistance of 
the single bar. 

It would appear that the resistance of the com- 
bination may be assumed to be double the resist- 
ance of the single bar when the distance between 
the bars is not less than 20 in.—i.e., the gap is not 
less than 32 times the thickness. Thus, as an 
illustration, it would appear that the head resistance 
of, say, two persons on a tandem bicycle may be 
actually less than the resistance of a single person, 
The head resistance would be aminimum when they 
are at a certain distance apart. 

Fig. 12 shows the resistance of two bars, 1{ in. 
deep by %in. thick, having sections formed by two 
arcs of circles. The resistance of the combination 
when in contact is slightly less than the resistance 
of the single bar. As the gap is increased the 
resistance increases, aud when the bars are 14 in. 
apart—i.e., nearly 224 times the thickness apart— 
the resistance of the combination is only about 
5 per cent. less than twice the resistance of the 
single bar. 

ig. 13 shows the resistance of two bars having 
sections 1f in. deep by §@ in. thick, formed by 
drawing tangents from the extremity of the major 
axis to the circumference of a circle gin. in 
diameter. 

The upper curve shows the resistance of the bars 
when both have the blunt end to the wind, and 
the lower curve when the thin ends are to the 
wind. The resistance of the bars, thin end to the 
wind, is less than the resistance of the same bars 
thick end to the wind. When the bars in 
blunt end disposition are 20 in. _— (i.e., thirty- 
two times the thickness apart) the resistance of 


combination is only about 5 per cent. less than 
double the resistance of the single bar. On the 
other hand, when the bars are the same distance 


of the combination is only about 1 per cent. less 
than double the resistance of the single bar. 

As the result of these experiments and of many 
others on shielding, which it is not thought neces- 
sary to describe, it may be assumed to within an 
error not greater than 5 per cent., and for most 
sections generally much less, that the total resist- 
ance of struts following in the same run of air and 
more than thirty times the thickness apart is the 
same as the total resistance of the separate struts in 
a clear run of air. 





THE RJUKAN HYDRO-ELECTRIC 
POWER-STATION, NORWAY. 

Asout one-and-a-half conturies a wanderer 

found his way to the upper part of Vesttjorddalen, 


ped | a then uninhabited part of Telemarken, in Southern 


Norway. He afterwards related that he had there 
seen a huge waterfall. No particular notice was 
taken of this discovery at the time, but in the year 
1810 the rumour came to the hearing of Prince 
Frederick of Hesse, then the Vice-Regent, and he, 
through the chief mine officer, Mr. Esmarck, in- 
quired into the matter. The rumour was found to 
be true, the great fall being that which has for the 
last ey hp been famed as the Rjukan Fos, and 
which during that time attracted many thou- 
sands of visitors. 

In the beginning of the present century a 
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syndicate, under the direction of the well-known 
civil engineer, Dr. Eyde, obtained by purchase the 
water rights and properties in Vestfjorddalen, 
which were connected with the Rjukan Fos and 
the neighbouring rapids. It was felt that it would 
be necessary, coeieen, before these could be 
utilised, to go to great expense with a view of 
transport. Otherwise the conditions for a power- 
station were nearly ideal, there being directly above 
the waterfall a large lake, the Mésvand, admirably 
suited for a storage regulation reservoir. The 
situation is shown in the map, Fig. 1, annexed. 
The surface of Lake Mésvand lies about 900 m. 
(2952 ft.) above the level of the sea, its drainage 
area being about 1475 sq. km. (564 square miles). 
From Lake Mésvand the River Maana descends in a 
distance of 30 km. (19 miles) down to Lake Tinnsjé, 
the surface of which is about 190 m. (623 ft 
above the sea level. The entire fall from Mésvan 
to Tinnsjé is thus about 710 m. (2328 ft.), of 
which the Rjukanfos itself represents a vertical fall 
of about 105 m. (344 ft.), and the rapids and water- 
falls utilised in a length of about 10 km. ¢ miles) 
by the Rjukan Power Works, a total height of 
fall of about 570 m. (1870 ft.), the level of water 
in the basin of the intake at Skarsfos lying at a 
height of 2804 ft., and the tail-race of the Saaheim 
Power-Station at a level of 284 m. (931 ft.). This 
height of fall has been utilised by two power- 
stations : one at Vemork and the other at Saaheim, 
see Fig. 1. The average eon of water running 
per annum from Lake Mésvand amounts to about 
1,600,000,000 cub. m. (53,000,000,000 cub. ft.). 
The flow in the River Maana is very variable. At 





apart, but in thin end disposition, the resistance 


the time of the high flood in the summer, when the 


snow is melting in the mountains, it may amount 
to 300 cub. m. (10,000 cub. ft.) per second, whereas 
during the winter, when snow is falling, it may go 
down to about 4 cub. m. (44 cub. ft.) per second. 
In order to utilise the water power existing in the 
falls of the River Maana, it was therefore n 

to retain in the Lake Mésvand part of the water of 
the freshets and make use of these as a reserve 
during the period of low water. 

The saw- mills and wood-pulp manufactories 
in the town of Skien formed, in 1881, a union of 
mill-owners, for the pur of looking after the 
common interests of the works relative to the 
supply of water. In the year 1903 this union took 
action for a regulation of the Lake Mésvand. The 
works were commenced in the autumn of 1904 and 
were completed at the yo of 1906. The 
joint - stock company, A/ Rjukan Fos, com- 
menced in the year 1907 the construction of the 
Rjukan Power Works, and decided at the same time 
to undertake a further regulation of the Mésvand, 
and during the years 1907-1909 the dam was rebuilt 
and heightened. On the completion of these works 
the regulated water-flow in the River Maana 
amounted to 47 cub. m. (1692 cub. ft.) per second. 


Tue Reouration or Lake Mésvanp. 


The original level of the Lake Mésvand was 
903 m. ( ft.) or thereabout above sea-level, 
and the area of the water at this level was about 
42.5 sq. km. (110 sq. miles). The first regulation 
was executed between the levels 902 m. (2957 ft.) 
and 912 m. (2990 ft.). By the enlargement of the 
dam the maximum water-level was raised, and is 
now 914.5 m. (3000 ft.), and by means of some 
blasting executed at the outlet of the Mésvand, it 
became ible to lower the level of the water from 
902 m. (2957 ft.) to 900m. (2952 ft.). The lation 
completed, the difference of level between low and 
high water is 14.5 m. (474 ft.), and the basin contains 
about 770 million cub. m. (26,720,000,000 cub. ft.). 

The dam, Figs. 2 and 3, page 142, is built of con- 
crete, the mixture being 1:3:5. The maximum 
height of this dam is 20 m. (65.6 ft.). The top of the 
dam lies at a level 915 m. (3001 ft.) above sea-level. 
It has been constructed with a weir 44.80 m. 
(147 ft.) wide, the sill of which is at a height of 
912.30 m. (2992 ft.) above sea-level. The outlet is 
controlled by needles. The discharging of the 
reservoir for the upper 7 m. (23 ft.) is effected 
through three sluices built in the dam, and for the 
lower 7 m. (23 ft.) through six bottom sluices placed 
in front of two tunnels excavated in the cliff on the 
north side of the dam. 

The Rjukan Power Works commence about 8 km. 
(5 miles) below the Mésvand dam, where a dam is 
being built across the River Maana on the top of 
Skarsfos, by which means there is formed an intake 
reservoir of about 2 r” km. (? sq. mile) area. 

The Skarsfos dam (Fig. 4, page 142) has a maxi- 
mum height of 14.5 m, (47.5 ft.). In the deepest 

t it has a discharging sluice, and also an outlet 
or ice 5 m. (164 ft.) broad, controlled by hori- 
zontal beams, and two outlets, respectively 52.2 m. 
(171 ft.) and 30 m. (984 ft.) broad, controlled by 
vertical needles. The water is conducted from 
the Skarsfos reservoir to the power-station of 
Vemork by a tunnel excavated in the rock. In 
front of the tunnel there has been a 
screen for stopping objectionable material. Each 
opening is 4 m. (13 ft.) broad, and can be regu- 
lated by horizontal beams placed in slides in con- 
crete —— The tunnel iteelf can be closed by a 
large Stoney sluice-gate. The tunnel has an egg- 
shaped transverse section with a superficial area 
of 26 sq. m. (280 sq. ft.), a length of 4240 m., 
(12,907 ft.), and a fall of 8.8 m. (29 ft.), corre- 
— to an average fall of 1: 480. In order 
to complete the tunnel as soon as possible, it was 
worked from each end, and also from nine cross-cuts 
as well. From the tunnel the water is conducted 
into the oe basin, shown in plan in Figs. 8 
and 10, Plate XV,, cut entirely in the rock, the 
sides being lined with concrete. A vertical section 
is shown in Fig. 15, Plate XV. A plan of the 
overflow channel from the distributing basin is 
shown in Fig. 10, and vertical sestioun Gnenehs the 
same in Figs. 11 and 14. 

The water-tower has an area of about 1000 
sq. m. (10,764 sq. ft.), and is covered over, as 
will be seen by our illustrations. In order to 
Sincted 6. opentll diechanging neal, leading tee 

a i i tunnel, leading the 
water out. From the distributing basin the water 





is conveyed to the power-station in ten large steel 
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pipes, the total height of the fall of these pipes 
being 287 m. (941 ft.). Each pipe is 700 m. 
(2296 ft.) long, and the diameter decreases from 
2 m. (79 in.) at the top to 1.25 m. (49 in.) at the 
bottom. The upper 210 m. (689 ft.) of the line are 
of riveted pipes ; the remaining 490 m. (1600 ft.) 
are of welded pipes. In the upper part the pipes 
are conveyed by twos through five tunnels, passing 
from the distributing basin to the house containing 
the throttle-valves. The interior of the valve-house 
is shown in Fig. 22. The arrangement is clearly 
shown at the right-hand side of the general plan, 
Fig. 8, Plate XV. 

In order to reduce the danger of injuries arising 
from breakage of the pipes, there have been fixed in 
the pipe-line, directly below the distributing basin, 
automatic valves, by means of which the pipe-line 
can be closed automatically in case the speed of 
water in the pipes is at any time too great. These 
valves can i be manipulated from the power- 
station electrically. The pipes are fitted with the 
necessary number of expansion pieces. In order 
to facilitate the placing of the pipes, a railway 
was built beside the pipe-line, as shown in Fig. 6, 
page 142. In addition to the original ten pipes, 
there is now under construction an eleventh pipe, 











INTERIOR OF THE VEMORK PoweR-StaTION. 





INTERIOR OF THE THROTTLE-VALVE House. 


through which the water is to be conducted to two 
reserve units. A general view of the pipe-line is 
given in Fig. 5, page 142, and the upper ends of the 
pipes are shown in Fig. 6. 

The power-station itself is shown in plan and 
transverse section in Figs. 16 and 17 respectively, 
on Plate XV., and in perspective in Fig. 21, above. 
It is built of cut stone; the interior length of the 
building is 110 m. (360 ft.), and the free breadth 
20.5 m. (67 ft.). In the power-station are ten main 
turbines. There is in course of construction an 
annexed building for the two previously mentioned 
spare units. P 

Five of the turbines have been supplied by the 
firm of Messrs. Escher Wyss et Cie., Zurich, and 
five by Messrs. J. M. Voith, Heidenheim. They 
are constructed as double Pelton turbines, each 
driving-wheel being fitted with two nozzles. Each 
turbine develops 14,500 horse-power at 250 revolu- 
tions per minute. The water running from the 
turbines is collected in a common lower race, from 
which it is led back to the river at a point about 
100 m. (328 ft.) below the power-statien. The 
water will eventually be led from this lower race 
directly into the tunnel leading to the power works 
of Saaheim now under construction (see map, Fig. 1). 


The turbines are directly coupled to three-phase 
alternating-current generators of a normal output 
of 17,000 k.v.a. each. Nine of these are con- 
structed as double generators, consisting of two 
generators of 8500 k.v.a. each, built together on a 
common shaft; whereas the tenth generator is 
built as asingle machine, and probably ranks among 
the — units in the world. The normal work- 
ing voltage is 10,500, power factor = 0.6. The 
exciter is placed on the main shaft, and the gene- 
rators are entirely covered and self-ventilating. 
The air is drawn in from a common ventilating 
shaft, which passes under the floor of the power- 
station for its entire length, and the heated air is 
discharged into the open on the rear side of the 
power-station through a separate canal from each 
generator. 

From the generators, cables in separate trenches 
are led into the instrument-room in a separate 
annexed building (see Figs. 16and17). All the 
necessary high and low-tension apparatus for the 
regulation, &c., are there installed, the apparatus 
being controlled from a switchboard placed on a 
balcony in the turbine-room, from which the tur- 
bines may easily be seen (Fig. 17). Through open- 
ings in the wall the power mains, which are 
stranded copper cables, are conducted out of the 
instrument-room, each unit consisting of six cables 
of 150 sq. mm. each. In all there are thus sixty 
copper cables leaving the building. 

© power sien have been carried overhead on 
long spans, as shown in Fig. 7, page 142. The 
supports on which they are carried are constructed 
of iron, and are erected on concrete foundations, 
there being five masts at each supporting point, as 
shown in Fig. 18, Plate XV., detail views of the 
supports being shown in Figs. 19 and 20, Each of 
these masts carries cables large enough for two units. 
The average span is 100 m. (328 ft.), but in order 
to reach across the large ravine it has been neces- 
sary in some places to go to a span of more than 
250 m. (820 ft.). 

Copper cables have been used on the aa 
part of the line for a distance of about 1 m. 
(5250 ft.), while for the rest, 3000 m. (9840 ft.), 
aluminium cables have been used having a section 
of 300sq.mm. The energy developed in the power- 
station of Vemork amounts to 145,000 electric horse- 
power, which is utilised in the Rjukan nitrate 
factories. 

The situation of the entire power-works may be 
seen in Fig. 5, page 142. e Sasheim Power 
Works, now in process of construction, is to be 
finished in the spring of 1916. It will develop in 
all 135,000 electrie horse-power, which will also 
be utilised for the manufacturing of nitrogen pro- 
ducts on the Birkeland-Eyde system. 

The Rjvkan nitrate factories form a part of the 
Norsk Hydro-Elektrisk Kvaelstofaktieselskab, of 
which company Dr. 8S. Eyde is the president, and 
to whom also belong the large works at Notodden, 
situated on the eame river. This company has 
during the last ten years developed the atmospheric 
nitrogen industry from its experimental phase 
to works in which a capital of about 6,000,000/. 
has been invested, and which will be increased to 
8,000,000. by works under construction. The 
following annual quantities of products are turned 
out at the present time :—-80,000 to 100,000 tons of 
nitrate of lime, about 13 per cent. nitrogen ; 10,000 
to 12,000 tons of nitrate of soda ; 12, to 15,000 
tons of nitrate of ammonia, about 35 per cent. 
nitrogen. 

When the extensions of the works now being 
made are completed, during this and next year, 
the present annual output will be increased by a 
further 30.000 to 40,000 tons of concentrated pure 
nitric acid; 5000 to 10,000 tons of nitrate of 
ammonia ; 6000 tons of refined nitrate of soda, 
With farther planned extensions and new buildin 
the above will, within a few years, be again largely 
extended, and abundant possibilities for develop- 
ments are in the hands of this Norwegian company. 

It is of very great importance to the. Norwegian 
company that they are able to manufacture con- 
centrated nitric acid at the relatively lowest cost 
per unit of nitrogen. As indicated in the afore- 
mentioned figures of production, the Norwegian 
company is turning out also very large quantities 
of nitrate of ammonia, which is at the present 
time obtained by mixing the weak nitric acid, as 
obtained by their direct process from the air, with- 
out concentrating it, with ammonia as now sup- 
plied to the Norwegian firm from England. e 





nitrate of ammonia as produced at the present 
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is supplied to the manufacturers of explosives 
in all parts of the universe, and it is estimated 
that the company at the present time supplies 
about three-fourths of the total requirements of 
the explosive-manufacturing firms in Europe. As 
far as the United Kingdom is concerned, such 
well-known firms as Messrs. Curtis and Harvey, 
Limited, Messrs. Nobel’s Explosives Company, 
Limited, Messrs. Kynock, Limited, the Cotton 
Powder Company, Limited, the Roburite and Am- 
monal, Limited, the Miners’ Safety Explosives 
Company, Limited, the L.neashire Explosives 
Company, Limited, and the British Westfalite, 
Limited, all take their supplies from the Norwegian 
company. 

Schemes have also been planned for producing 
large quantities of nitrate of ammonia specially 
prepared and suitable for fertiliser purposes, to be 
sold at a price which will compete with that of 
nitrate of soda and sulphate of ammonia, and for 
this purpose the Norwegian company have secured 
methods whereby the ammonia employed will be 
produced synthetically at their own works by which- 
ever of the patents now at their disposal should 
prove most economical, be it from cyanamide or 
another substance or method whereby ammonia is 
derived from atmospheric nitrogen. 

Other works of the company at Notodden have 
been previously described by us on page 591 of our 
ninety-first volume. The sole representative of the 
firm in the United Kingdom is Mr. J. J. Beer, 
4, Cullum-street, London, E.O. 





FOUNDRY PLANT AND MAOHINERY. 
No. LXVII. 


By JoserH Horner. 


THe moulds for die-castings are permanent 
moulds, but they belong to a wholly different class 
of work, and the methods employed in each are 
dissimilar. For die-casting, alloys only are used 
which are cast under pressure, a ram being employed 
to force the metal when in 4 pasty condition into 
the finest intricacies of the mould. The classes of 
work for which die-casting is adopted are those 
where parts are intricate, costly if cast in sand- 
moulds, too expensive or intricate to stamp in dies, 
and expensive to machine. Many such parts are 
present in typewriting-machines, in gas-meters, 
adding-machines, phonographs, telephones, c., 
parts which must be interchangeable and possess a 
reasonable capacity for wear. Many of these 
parts have letters raised, or sunk sharply, and 
ornamental devices. Some have screw-threads, 
or one portion even may be of one metal cast into 
another, as a steel screw ora boss. None of these 
things present any difficulties to the die-caster, 
though they often would to the sand-moulder or to 
the die-smith. Yet all small pieces taken indis- 
criminately are not economically suitable for die- 
casting. A piece which requires only a trifle of 
machining of a plain character, or none at all, would 
usually be more He cast in sand or stamped in 
dies. Numbers off also count, because the expense 
of the dies, which is often heavy, has to be set 
against and divided between the numbers of pieces 
required. The problem is identical with that 
which has to be computed by the smith using 
stamps, and the founder utilising machines—that, 
namely, of relative cost. The larger the numbers of 
similar pieces the greater is the economy of the 
dies. e larger the amount of tooling the higher 
is the economy of die-casting. The more intricate 
the articles the greater also is the economy, so that 
it will often pay to make dies for a relatively small 
number of pieces of some shapes. The metal or 
alloy which can be cast in dies must also be readily 
compressible. Iron, steel, and brass are not 
employed, but alloys of lead, tin, zinc, aluminium, 
copper, antimony, in numerous proportions to 
yield harder or softer materials, mostly coming 
under the general grouping of the white brasses. 

ing the last two or three years this process 
has @ numerous advances. Many firms in 
England and America now manufacture die- 
castings. It may be ed as a direct develop- 
ment of the type-casting and of the lino 
casting process, but marked by almost infinite 
variations in the details. Very many casting- 
machines have been designed. Each mould is the 
outcome of a study of adaptation to the casting 
required, and the A Lge forms of ings number 
many hundreds. The temperature at which casting 
is done is important. Metal either too cold or too 





hot is productive of faults in the castings. Metal 
too cold will not fill the thinner sections properly. 
If too hot it will throw out long fins, and will 


check the rate of casting by overheating the dies, 
which must be maintained cool. The speed of 
casting varies very much with the sizes of the 
castings. Forty per hour is stated as an average, 
but it will range from ten to sixty in extreme cases. 
As in ordinary founding, a number of small pieces 
may be cast at one pouring from a common ingate. 
The dies require fabrication, which is done by 
rubbing beeswax over them from time to time, the 
warmth of the die being sufficient to ensure the 
melting and adherence of the wax. 

As in the permanent moulds already described, 
so in the die moulds, many preconceived ideas 
gathered in the practice of sand-casting must be 
dismissed. Yet the principles of construction of 
the dies must obviously resemble, in many 
respects, those which govern the construction of 
sand-moulds. We may profitably consider briefly 
these resemblances and differences on very general 
lines, since the limits of an article will not admit 
of detailed accounts of the numerous forms of dies 
which are required for different kinds of castings. 

In the first place, all dies must be jointed for 
parting. This is simple enough in the case of 
plain castings, but it involves some thought in 
more intricate articles. If the joints can be 
arranged to show no marks or trace of fin, so much 
the better. This may be often done by jointing 
along a top or bottom edge, as in the case of ordi- 
nary sand-moulding. But the fin should never 
amount to much in dies well made and using metal 

ured not too hot. But in most cases the joint 

as to be arranged in one locality rather than in 
another in order to permit of withdrawal of the 
pattern parts without undercut, and when possible 
with the avoidance of loose pieces—represented by 
inserted sliding-pieces in the case of these dies. 
As a rule the joints in dies are arranged sim‘l.1°y 
to those in sand-moulds. 

No taper need be imparted to dies to faciiitate 
ejection—the equivalent of withdrawal in sand- 
moulds—provided that the dies are made absolutely 
smooth and parallel. The castings loosen by virtue 
of the slight shrinkage which they undergo. The 
amount of this varies with the alloys used, and it 
is not always easy to estimate the amount when 
alloys of variable composition are employed. It 
varies from 0.002 in. to 0.007 in. per inch. Pro- 
vision is made for the escape of air in the mould 
by means of vent channels cut in the joint-faces of 
the mould, These are usually wide and shallow. 

Two elements are present in die-casting moulds 
which are never present in sand-moulds. These 
are the ejector mechanism for pushing the castings 
out of the mould, and the knife for severing the 
runner from the casting. The first is obviously 
borrowed from the drawing dies and from some 
forging dies. It comprises pins in contact with 
one side or face of the casting, which pins being 
pushed by a lever eject the casting from its die 
mould. Prateus to this the ingate cutter severs 
the ingate from the casting by a shearing action. 
Whenever the ingate happens to be brought in side- 
ways the cutter is arranged to operate at right 
angles with its course. And the cutter must be 
shaped to leave nothing in the way of fettling to be 
done on the cut surface. If the surface is a plane 
one, that will be the shape of the cutter ; if a curved 
one, the cutter will be curved. It operates close to 
the casting, and it is guided in slots in the dies. 
Sometimes the ingate is brought in from above. 
When that is the case there is frequent necessity to 
make a lateral sprue cutter. Or the ingate will be 
brought through the top opposite a hole, which is 
usually present in the centre of most castings, and 
the pin which cores that hole is utilised to sever 
the ingate by pushing it up to obliterate the 
metal thickness through which the mould was 
poured. 

The loose pieces of the sand-caster have no place 
as such in metal meulds, but their place is occu- 
pied by the slides of the sliding type of dies ; that 
is, the loose parts which would skewered-on 

tterns for the sand-moulds, or in some cases 

ovetailed to them, are attached to metallic slides, 
by means of which they are withdrawn. Each pro- 
jecting ‘‘loose” piece has its own separate dide 
cut solidly with it. Varying in details with dif- 
ferent jobs, the slides are fitted into corresponding 
oo milled out in the body of the die. The 

tting is exact to ensure freedom of movement and 
the precise amount of projection of the parts to be 





cast. Provision for withdrawal by the movement 
of a lever has tobe made. When there are several 
slides they may be connected, to be moved in 
unison. ‘Thus a number of slides disposed radially 
can be operated simultaneously by means of a 
circular cam ring with cam slots, moving pins 
which operate the radial slides in a way that is 
familiar. The bodies of these dies are made of 
machine steel, unhardened. Parts subjected to 
extra wear are of tool steel. 

Casting pieces into die castings is often practised 
for two reasons, one being to obtain some required 
strength with reduced weight, another to secure 
better wear than the casting metal would afford. 
A piece of sheet steel is an example of the first 
kind, a screw bolt or gear teeth of the second. 
In such cases provisions have to be made for 
locating the inserted piece correctly, and for 
securing the inserted ag or pieces to the casting 
metal, and also to enable the inserted piece to be 
ejected easily along with the casting. A pin or 
pins passing through the dies and the inserted 
piece will serve for location pu Union of 
metal to metal is helped by making holes in the 
inserted piece, which the molten metal in the 
casting fills like a stud or studs. Ready ejection 
is secured by the same methods as in other dies, 
according to the shapes of the castings. 

Holes are not produced by sand cores, but by 
cores of metal which are = inserted in the dies, 
and made to withdraw from the main die when 
necessary. A core of this kind is often utilised, 
as already stated, for cutting the ingates before 
the ejection of the casting. The pin is made to 
move endwise by means of a lever, and is drawn 
down or back previous to pouring to allow the 
metal to flow beyond its free end, and is then 
pushed through into the ingate, severing it. 

The limitations to the application of die-casting 
are numerous. Only the aikoenial alloys can be 
dealt with. Neither iron, steel, the bronzes, nor 
brass can be successfully cast, nor any alloy which 
las a melting temperature much above 1200 deg. 
Fahr. The moulds are made of steel, and at high 
temperatures the surfaces become oxidised by the 
contact of the molten metal, and soon lose their 
shape and size. Zinc is the principal element which 
enters into most die-casting alloys. Its amount will 
range from about 80 per cent. in the softer cast- 
ings to 50 per cent.in the harder. After this comes 
tin, 5 to 30 per cent.; copper, 2 to 20 per cent. ; 
aluminium, 2 to 6 per cent.; and antimony, 1 to 5 

r cent. Aluminium acts as a purifier, and 
renders the alloy more fluid. But the aluminium 
can never be the principal element or be used in 
large proportions. It will not take the mould 
shape properly, or fill thin details, and it has a 
tendency to cause disintegration and weakening in 
the course of two or three years. Zinc and tin, 
if alloyed alone, produce the same results, but if 
copper is added ductility is secured. Antimony 
and bismuth confer hardness, but they are elements 
of weakness. Type metals are com chiefly of 
lead with amounts of antimony and tin, but they 
are too weak for average die-castings. Large per- 
centages of zinc, with rather large quantities of 
copper, produce brittle castings with little ductility 
or strength. The usual effect of casting in metal 
moulds is to make the castings harder than they 
would be if made from the same metal in sand- 
moulds. The range of products obtainable by the 
judicious mixtures of these metals is very large. 

ough the strength is never so great as that of 
the bronzes or of cast iron, it is sufficient for the 
— for which these castings are used. 

rominence can be given by judicious mixture to 
any single property required. Either tensile or 
compressive strengths, hardness or ductility, or 
wearing qualities, can be obtained. And if any 
part or — must have properties which cannot be 
secured by these alloys it can usually be cast in, 
and a large number of articles are so treated. 

The following are analyses of die-casting metals 
that have given good results. The first two are 
for ordinary work to take the place of average 
brass. The others are harder, the last being the 
hardest :— 





Per Cent. 
Zinc ... 73.75 
co 14.75 
Copper - ae ne ee es 5.25 
Aluminium ... ote eee ots a 6 25 
Zinc ... 72.7 
Copper * Me ods Sed a. 5.0 
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Per Cent. 

Alominiun ... ot < ve ms 1.0 
Antimony ... wi ¥ ¥ i 0.3 
Zinc ... _ is a ms ae 73.8 
ee sn = wai ~ iF “s 12.0 
Copper m i = i = 10.6 
Aluminium... ve a i = 3.4 
Zinc ... Bi tat ode ia et 46.2 
, ae pen mie We ai 30.8 
Copper oi ee Ree sha as 20.4 
Aluminium ... : she abe ot 2.6 

The accuracy of die-castings is equal to that of 

ordinary machined work. oles can be cast as 


accurately as though reamed. Threads are cast, 
external and internal, and so that a tight or a loose 
fit can be secured. Teeth are cast truly and letiers 
and corners are sharp. Although there is some 
shrinkage, it is less than that of ordinary sand 
castings, because the metal is compressed and close 
in grain. The spacings of holes and parts are as 
true as though produced by jigs. The intricacy of 
castings does not add to their cost, as in sand- 
moulded work. It increases the cost of dies, but 
the relative expense is the true test—that, namely, 
of the ratio which the cost of the dies bears to the 
number of pieces cast in them. And what is true 
of the casting is true of the tooling also. The 
number of working parts which would require to 
be tooled, if done by ordinary methods, means 
nothing additional in the casting, but only in the 
first production of the dies. 

The furnaces used for melting the white alloys 
for die-casting may serve also to attach the die- 
moulds to. There are many of these furnaces now 
built. One of the gas furnaces manufactured in 
large numbers is suitable. By means of the gas- 
jets the heat is under control, and can be directed 
to any part of the melting pot, and it can be 
increased or diminished to suit the different melting 
points of the various alloys used. 

In the white-metal alloys the risk of oxidation 
with resulting waste of metal and injurious effect 
on the casting is specially guarded against by 
covering the pot of metal, and so protecting it 
from the air. The metal is forced through a tube 
and nozzle into the mould, and does not come into 
contact with the air except at the nozzle through 
which it enters the mould. Pressure is exercised 
on it, variable in amount, depending on the 
nature of the alloy and the character of the 
casting. This may vary from 80 lb. to 120 lb. 
per sq. in., 100 lb. being a fair average. The pres- 
sure is put on by a hand-lever. e moulds are 
attached in various ways to the top of the frame- 
work of the furnace. Provision is made to receive 
different moulds by means of plates fitted to the 
furnaces and the mechanism attached to it, and to 
operate the top or cope, closing and opening it for 
each cast. he operating lever for the ingate 
cutter may be also included in the permanent 
mechanism. An air-hose is often included both 
for chilling the casting for a moment just before 
its ejection and for cleaning the die-mould. 

The soundness of the castings largely depends on 
the way in which the metal is prepared. It must 
flow easily and it must be homogeneous. Itis usual 
to melt the metal in a furnace distinct from the die- 
casting furnace. If the latter were used the inser- 
tion of fresh cold lumps would cause chill and delay 
the work of casting besides producing non-homo- 
geneous material. Melting must be done slowly to 
be thorough. Much depends on the caster. Uni- 
formity in the control of the injection of the metal 
is necessary if the product is to be uniform. This 
is often ensured in the larger work by making one 
man responsible for the actual casting, leavin 
another to attend to the preparation of the meta 
and the closing and opening of the mould. Blow- 
holes will form under unfavourable conditions of 
work. Before casting commences the dies are 
warmed slightly. 





THE GREEN AEROPLANE ENGINE. 

Ir will be remembered that a short while Mr. 
Hawker attempted to make a circuit of the British 
Isles on a hydro-aeroplane. Although the flight was 
not successfully accomplished, owing to an accident to 
the machine, the performance was in some respecte 
interesting. The general ment of the engine 
on board the machine accounted for some of the delays 
in the early s of the flight, but as these had 
merely to do with the disposition of the exhaust, engi- 
neers will readily understand that they were in no 
sense engine failures. The engine proper, however, 





ran well throughout, and al.hough it was submerged 
in the sea for thirty hours, and then had a five days’ 
journey home, on being taken down subsequently 
it showed no signs of having suffered except for a little 
superficial rust, either from wear or exposure. 

‘The engine on Mr. Hawker’s machine was supplied 
by the Green Engine Company, Limited, Twickenham, 
and was constructed by the Aster Engineering Com- 
pany, Limited, who manufacture for them. It was 
nominally of 100 horse-power, but actually deliver- 
ing 118 horse-power. It will doubtless be remem- 
bered that the Green engine won the Alexander prize 
in 1912, while it has other good performances to 
its credit. It is an engine full of carefully thought- 
out features, and as it holds an excellent position 
among engines of its class, both for lowness of fuel 
consumption and of weight, we have no doubt that 
the drawings of the engine fitted to Mr. Hawker’s 
machine will be studied with interest by our readers. 
It is, as will be seen from the illustrations given on 

es 146 and 147, of the 6-cylinder vertical type, the 
ph being all separate. The cylinders are 
140 mm. in diameter, with a stroke of 152 mm. 
In Fig. 1, page 146, is shown a longitudinal drawing 
of the engine, an end drawing of the crank being 
given in Fig. 2. Fig. 3 gives a vertical cross-section 
through one of the cylinders, and Fig. 4 part of the 
end in outside elevation. Figs. 5 to 25 refer to 
details, which we shall consider in turn. 

The six cylinders are fixed to a very stiff aluminium 


frame or base-plate. There is no crank-case in the 


ordinary sense of the term, the bottom of the base- 
plate being simply enclosed by a light sheet-aluminium 
caeut-chvediion tray, held in Fg oe by three straps, as 
shown in Figs. 1 and 2. e frame has outside ribs 
and a heavy bottom flange, as well as five cross- 
stiffeners, the latter, together with the two ends, 

roviding seven bearings for the crank. The cylin- 
oa are of cast steel, turned down to a thickness of 
about 4 in. A section of a cylinder is shown in 
Fig. 7, page 147. Fig. 8 shows the cylinder-head in 
outside view, acd Fig. 9 givesa plan. The cylinders 
are bolted to the base-frame by five bolts, four of 
which pass right down through the cros3-stiffeners, 
the extension serving to hold down the bearing-caps. 
The fifth boit is really a stud fixed in the top of the 
base-frame. The two valves are arranged side by 
side in the cylinder-head, the latter being finished 
flat inside. The valve arrangement adopted allows 
of an excellent system of cooling being provided for 
the valves and head. On the cylinder casting are 


The pistons are of castiron. They are illustrated 
in Figs. 10 and 11. They are fitted with three snap- 
rings. The head is slightly concave, with the object 
of collecting in the hollow any dirt or loose scale 
which may form on or drop off the cylinder head, or 
otherwise become present in the cylinder. In this 
way the walls themselves are kept cleaner and freer 
from wear than they would be if such dirt found its way 
to the edge of the piston and was ground up with the 
lubricating oil. The gudgeon-pin is held in the con- 
necting-rod, and works in the piston in brass bushes. 
The connecting-rod is shown in Figs. 14 and 15. 
These rods are nickel-chrome steel stampings, milled 
all over, and drilled out in the web to reduce 
weight. The big ends are lined with white metal, as 
are also the main shaft bearings, the caps for which 
are as shown in Fig. 16. 

The cam-shaft runs along the top of the cylinders, 
being enclosed in an aluminium case in three lengths, 
each length being carried in two supports. One 
length of this case is shown in Figs. 23 to 25. 
It is split into two parts longitudinally, and carries 
a series of long brass bearings, in which the cam- 
shaft runs. The case is fixed in supports, of which 
the last, towards one end of the engine, is integral 
with an aluminium casting forming the casing 
for the bevel-gear cam-shaft drive, seen in Fig. 1. 
At intervals the cam-shaft case has hollow arms, 
inside which the roller-levers work. These levers 
are pivoted on a pin supported in sockets on 
either side of the hollow arms. This will be clear 
from Figs. 3, 23, and 25. The two halves of the 
shaft-casing are held together by vertical set-screws 
passing through the + x to the lower half in 
the arms, as shown in Fig. 3, the holes for the set- 
screw also appearing in Figs. 23 and 24. The arms 
extend over the valve-casing units in which are 
enclosed the valve - , the latter being, by the 
special arrangement o ‘ahvotaan, altogether shielded 
from hot gases and in contact with the outside air. 
Figs. 1 and 3 show the way in which the cam-shaft 
case is fixed over these large hollow nuts. The arms 
are held down in position by six yokes or cross-pieces, 
each covering the two valves of one cylinder. These 

okes are held by a central bolt as indicated in Fig. 1. 

e is shown in detail in Fig. 22. At one end it is 
shaped to form a — cap over the inlet-valve arm. 
At the other end, however, it contains a quick-pitch 
screw to which is attached a lever. These levers for 
the six cylinders are coupled together and form the 
exhaust-valve lifter gear, being under control of the 





to be seen in Figs. 7 to 9 two cylindrical extensions. 
One of these is for the inlet-valve and the other 
for the exhaust. Inside each fits a valve-cage, 
of the type shown in Figs. 12 and 13. These 
cages are carefully ground and provide the neces- 
sary seat for the valve, and form an elbow - joint 
through which the gases pass between the inlet or 
exhaust-pipe, as-the case may be, and the cylinder. 
They are fitted with feathers in order to ensure 
proper a ey the casting. Each cage is held in 

lace by a large hollow aluminium nut, to be seen in 
Figs. land 3, and a gas-tight metal-to-metal joint is 
ensured between the cage and its seating in the 
cylinder head. These parts are all interchangeable 
for all cylinders. It will thus be clear that water 
circulation is possible over the cylinder head and 
round the valves. 

The jackets are of thin spun copper. They form 
metal-to-metal joints at the top, but are not fixed 
at the bottom, and are quite free to expand or con- 
tract. The bottom joint is made with a rubber rin 
of square section, and placed in the ve form 
of the two flanges, to be seen in Fig. 7, about «4 
third up the height of the casting. he ring is a 
loose fit in the ve, and is of slightly larger 
diameter than the flanges. The jacket, belled slightly 
at the mouth, is made a good fit to the flanges, and is 
simply pressed over the rubber ring. The effective- 
ness of this simple joint is surprising, and it is 
interesting to notice that, after a time, the rubber 
actually makes a small bulge in the copper jacket, 
from which it is evident that it is maintained under a 
considerable degree of compression. At the inlet and 
outlet and other points where connection has to be 
made through the jacket to the cylinder, the joints 
are formed by fine-thread — These port- 
nipples are provided with internal-cut notches, into 
which a square bar is inserted for tightening up. The 
water-tight joint between the port-nipple and the 
cylinder is made by means of a washer faced to the 
exact diameter of the water-jacket, the latter forming a 
copper joint. One of the standard valves, of nickel- 
chrome steel, is shown in Figs. 17 and 18. It will be 
noticed in Figs. 7 and 9 that the vertical alignment of 
the valves makes the valve-heads overlap the cylinder 
bore. This results in the formation of two slight 
pockets or recesses at the upper end of the cylinder, 
and if a valve-spindle should break, the valve would 
simply drop on to the lower ledge of this pocket, and 
not right into the cylinder. Risk of damage to the 
piston and cylinder is thus avoided. The valves in 
position in Fig. 1 show this clearly. 





ilot. 

' The arrangement of cam-shaft case adopted pro- 
vides an oil bath for the cams. They dip down 
each time they come round into the oil, and contact 
with the roller is thus continuously lubricated. The 
rocker lever does not strike direct on to the end 
of the valve-stem, but on to an intermediate pin, 
provision being made for the necessary adjust- 
ments. By removing the yokes or cross - pieces 
above referred to, the cam-case and all the 
rocker gear can be turned up and clear of the valves, 
when any particular valve can at once be got at by 
removing the large hollow nut. On unscrewing this, 
the valve and cage can be withdrawn and replaced by 
another, if a duplicate is kept in reserve, and the time 
of grinding in thus saved. Since the valves and cages 
are all interchangeable, one or two reserves would 
meet all ordinary requirements. 

The bevel-gear drive from the vertical shaft to the 
cam-shaft is enclosed in the casing, of which drawin 
are given in Figs. 19, 20, and 21, which, as al y 
explained, also carries one of the cam-shaft case- 
bearings. It is fastened to the cylinder top, fitting 
over the upper ends of the two valve pockets, over 
which two ring-nute are screwed to keep it in 

lace. The other supports for the cam-shaft case are 
eld in a similar manner. The base-plate of this 
casting has a pillar stiffened by a rib. Into 
this pillar the set-screw —s down the yoke 
(Fig. 22) is screwed. At the lower end of the 
vertical shaft the gears are also enclosed. Fig. 4 shows 
the front end of the engine, and Figs. 5 and 6 two draw- 
ings of the aluminium front-cover supporting the mag- 
neto and enclosing the gears. On the end of the 
crank-shaft isa worm-wheel keyed, but not more than 
a good fit. This worm-wheel fits up against a shoulder, 
and immediately on the other side is a square groove, 
into which are sli two half rings of rectangular 
section ; the next length of the shaft is screwed, and 
over this part is run a nut, the imside end of which 
caps the half rings, thus preventing them from slip- 
ping apart. The half rings thus take up all the thrust 
on worm-wheel. The worm-wheel just referred to 
is for the cam-shaft drive. Outside it is another 
driving a horizontal shaft, at one end of which is the 
water-circulating pump, and at the other the magneto 
standing on the rectangular plate-bracket shown in 

lan in Fig. 6. This worm-wheel is keyed, and is held 

a collar and nut, which screw one into the other 

rough a hole in the casing. It should be mentioned 
that vertical shaft carries an extension at its lower 
end, by which the oil-pump is worked. The grouping 
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ive the leasttrouble. The car- 
ttor supplies two branch- 
pipes, each connected with 
three cylinders. The exhauste 
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of these two drives, with one worm horizontal and one 
vertical, is very compact indeed. 

At the other end of the engine there is a long shaft 
bearing with a double ball-and-thrust ee the 
two ball-races running on a central cone. e fly- 
wheel is attached to a long sleeve fitting on the end 
of the shaft and provided with a long key. The sleeve 
is held in place by a nut screwed over the end of the 
shaft. Thecrank-shaft, which is of chrome-vanadium 
steel, is drilled throughout for lubrication. The oil- 
pump liberally supplies under pressure run- 
ning the length of the base-frame, on the inside and 
near the upper edge, as may be seen in Fig. 3. From 
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over 7000 miles with no more 
sa &@ new piston- 
i repairs to an oil-pipe. 

e excellence of the Anteh 








this longitudinal passage the oil 


through the 
escen-aitinasns to the bolt-holes, down which it flows 
to the bearings, and thence inside the shaft to the 
cranks. — lubrication is not relied on at all, 


and the only purpose of the bottom casing is to serve 
as a sump, from which the oil may again be pumped 
to the bearings. The wearing of the cylinder 
aud the gud are lubricated by oil thrown from 
the webs of the a en —— and 
thence to the -pins through tu grooves. 
The intron of this system is evident from the 
condition in which the cylinders, &c., are in after 





ri 
Of 
and the ness of the 
case-hard , &c., no doubt 
can be left in the minds of anyone who has had the 
rtunity of examining an engine of this type 
after use, while, as we have shown, the design is one 
which has been carefully thought out from start to 
finish. We have referred above to the fact that the 
Green engine won the Alexander International Com- 
petition, in which it was put to a twenty-four hour 
non-stop test. No less than seven Michelin competi- 
tions have also been carried off by machines fitted with 
these engines, while the Green engine also had the 
distinction of being the first serial motor to win any 
competition in Great Britain. Its success in ordinary 





prolonged use, and the fact that the gudgeons never 


aviation work is therefore well merited. 
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THE WORLD’S NAVAL AND MERCHANT 
SHIPBUILDING. 

Lioyp's Register of Shipping are to be congratu- 
lated again on the promptitude and fulness with which 
they deal statistically with the world’s shipbuilding 
during the past year, and it may be accepted that the 
figures are as accurate as it is possible to make them, 
because the tion have officers iu every ship- 
building centre of the world, the great majority of 
them being exclusively the servants of the Rogister. 
Thus they are able not only to give the accurate 
measurement of ships, but to eliminate such craft 
as may not come strictly within the definition of 
a ship. In reviewing the shipbuilding trade of 
the past year, so far as the United Kingdom is 
concerned (page 28 ante), we stated that we had to rely 
upon the information supplied us by builders, con- 
scious as we were that, in many cases, the basis u 
which the eae output was calculated depended 
upon the view of builders as to what should be in- 
cluded. Also we knew that in some returns struc- 
tural steelwork, which was not quite shipbuilding, was 
included. This, in addition to the fact that Lloyd’s 
do not include vessels of less than 100 tons gross, 
accounts for the fact that they give the merchant 
shipping tonnage launched in 1913 in the United 
Kingdom as 1,932,153, whereas in ENGINEERING it is 
given as 2,042,760 tons. Although there is thus a 
difference of about 5 per cent., Liloyd’s figures may be 
taken as confirmation of those published in our issue 
of January 2. Lioyd’s further agree with our figures 
to the effect that over 99 per cent. of the tonnage was 

wer-propelled, the total number of merchant steamers 

unched being 641, of 1,919,578 tons. The 12,575 
tons of sailing craft included only barges and similar 
craft. Lloyd’s give the increase in the output of mer- 
cantile tonnage in the United Kingdom over that of 
1912 as 193,639 tons, the total exceeding the former 
previous record (in 1906) by 104,000 tons. 

With reference to the influence on the tonnage 
afloat, Lloyd’s state that 784 per cent. of the total 
output of this country during the year was for regis- 
tration in the United Kingdom. In other words, 
there were drafted into our mercantile fleet new vessels 
aggregating just over 14 million tons. On the other 
hand, there were removed from the fleet during the 
same period, either through misadventure or breaking 
up, & total tonnage of only 241,000 tons, while the 
sales to other countries reached a record total of 
780,000 tons. In addition to the new tonnage built in 
this coun ship-owners bought new from 
firms outside the United Kingdom to the extent of 
9104 tons, all steamers, while of old shipping, 81,000 
tons were purchased. The net result of these various 
transactions is that in the balance-sheet of British 
shipping there was an increase of 637,000 tons in the 
steam tonnage, and a decrease of 55,000 tons in the 
sailing tonnage. Our mercantile fleet has thus a 
tonnage 582,000 tons greater than that of a year ago, 
whereas the average net increase per annum durin 
the past quinquennial period was only 218, 
tons. It will S understood, of course, thet con- 
temporaneously with this increase there has also 
been a very considerable addition to the merchant 
shipping fleets of other nations. The total output of 
merchant ships for the world was 1750 vessels, of 
3,332,882 tons, of which 3,188,578 tons were steamers. 
This is 431,000 tons more than in the previous year. 
The was in the world’s shipping—that is, including 
all vessels lost, broken up, &c.—was during the twelve 
months 682,000 tons, so that there is a net increase in 
the world’s merchant of 2,651,000 tons. The 
steam tonnage has ine’ by about 2,690,000 tons, 
while the sailing tonnage has nm reduced by 39,000 
tons. The efficiency of the steam tonnage being so 
much greater than sail tonnage, the carrying capacity 
of the fleet is greater than is indica by this net 
inorease of 2,651,000 tons. It remains to be seen 
whether the carrying trade of the world will continue to 
expand sufficiently to keep in employment all of these 
vesszis. On this contingency there depends the pro- 
spect of the continuance of activity in the shipbuilding 
industries throughout the world. 

Lloyd’s further agree with us in their reference to 
the increased number of 5 vessels launched. It 
is stated that during the five years 1908-12, 205 
vessels of 6000 tons and upwards were launched 
in the United Kingdom, shwwing a yearly aver- 
“ge of 41 vessels, and of the total 57 were of over 
10,000 tons, giving a yearly average of 11. In 1913 
the number of vessels over 6000 tons launched was 
84, and 21 of these were over 10,000 tons. Excluding 
the vessels of 500 tons and less, the average tonn 
of steamers was 4292 tons, which is a considerable 
advance on the mean of the aver of the previous 


five years. Only 16 of the vessels, however, were 
capable of a speed of 16 knots and above, the fastest 
being the Cunard liner Aquitania and two other tur- 
bine steamers for the Irish Sea and English Channel 

tively. These three vessels are designed 
of over 20 knots. Lioyd’s give further 
regarding the vessels fitted with turbines 


service 
for a s 


particu 





and a combination of turbines and reciprocating 
engines, as well as with internal-combustion engines. 
These entirely with what was published in this 
relation in our issue of January 2. It is further re- 
corded that there are in p s nine steamers, 
totalling 77,360 tons, to be fitted with steam-turbines, 
the t being an Orient liner of 15,000 tons and a 
Cu liner of 14,500 tous. There are eleven steamers, 
of 227,980 tons, fitted with low-pressure turbines to 
take the exhaust from reciprocating engi including 
the White Star liner Britannic, of 48. tons, to be 
launched on werys. 1 4: from the Belfast yard of 
Messrs. Harland and Wolff, and four other great ships 
from the same company’s works. Eleven vessels of 
over 3000 tons each, with a total of 51,975 tons, 


countries combined onl 


cent. 





1750 vessels, of 3,332,882 tons. 


large increase—over 431,000 to 
the previous year, and constitutes a record. It will 
be seen that, after the United Kingdom, the leadi 

places are held by Germany, the United States, France, 
and Holland, in the order named; but even those 
produce about one-half the 
output of the United Kingdom. Our proportion of 
the total merchant tonnage for the year is 58 per 
cent. This is considerably less than in the two pre- 
ceding years, when the proportion was 60 and 68 per 
respectively. But in 1907, the last year of great 
activity, the ratio was also 58 per cent.; and in 1906, 
when the world’s aggregate nearly reached 3,000,000 
tons, it was 63 per cent.; but in years of depression 


eompared wit 


TABLE I.—Tasie SHowinc THE NuMBER AND TONNAGE OF VESSELS oF 100 Tons Gross AND UPpwarps 
(EXCLUDING WARSHIPS) LAUNCHED IN THE VARIOUS COUNTRIES OF THE WORLD DURING THE YEARS 1897-1913. 

















United  Austria- | British Den. Ger- | United| Other 

Year. Kingdom. Hungary. Colonies. | mark. France. many. Holland) Italy. | Japan| Norway| States. Countries. | Totals. 

tons tons tons tons tons tons tons tons | tons tons tons | tons | No.| tons 
1897 952,486 | 6,601 12,431 | 13,539 49,341 | 139,728 | 20,351 |12,910| 6,740| 17,248 | 86,888/| 13,711 | 990) 1,331,924 
1998 1,367,570 5,482 | 25,021 | 12,703 67,160 153,147] 19,468 |26,530|11,424| 22,670 | 173,250} 8,968 /1290) 1,893,343 
1899 1,416,791 9,248 | 8,464 26,613 89,794 211,684 | 34,384 49,472) 6,775| 27,853 | 224,278 | 16,382 {1269| 2,121,738 
1900 1,442,471, 14,889 9,563 11,060 116,858 | 204,731 | 45,074 67,522| 4,543| 32,751 | 333,527 | 21,174 \ 2,304, 
1901 | 1,524,7: 20,013 28,134 22,856 177,543 | 217,593 | 29,927 60,526/|37,208| 36,875 | 433,235 28,890 (1538) 2,617,539 
1902 | 1,427,558, 15,192 28,819 27,148 192,196 213,961 | 69,101 |46,270/27,181| 37,878 | 379,174 | 38,277 (1650) 2,502,755 
1903 | 1,190,618 11,328 34,690 | 28,609 92,768 | 184,494 | 59,174 50,089 /34,514| 41,599 | 381,820 | 35,928 1650) 2,145,631 
1904 | 1,205,162, 16,645 | 30,965 15,859 81,245 ol 55,636 30,016 |32,969 | 469 | 238,518 | 28,254 1643) 1,987,935 
1905 1,623,168, 16,402 10,798 17,557 = 73,124 255,423 | 44,135 |61,629/31,725 | 52,580 | 302,827 | 25,554 (1576) 2,514,922 
1906 1,828,343 | 18,590 26,042 24,712 35,214 | 318,230 | 66,809 |30,560|42,489| 60,774 | 441,087 | 26,913 1836) 2,919,763 
1907 1,607,890 8,717 46,443 28,819 1, 275,003 | 68,623 |44,666 |66,254| 57,556 | 474,675 37,807 1788) 2,778,088 
1908 | 929,669| 23,502 34,181 | 19,172 | 83,429 | 207,777 | 58,604 |26,864 |59,725| 52,839 | 304,548 32,981 1405! 1,833,286 
1909 991,066 | 25,006 7,461 7,508 | 42,197 | 128,696 | 59,106 31,217 |52,319| 28,601 | 209,604 | 19,276 1063) 1,602,057 
1910 | 1,143,169} 14,304 26,343 12,154 80,751 159,303 | 70,945 |23,019/30,215 | 36,931 | 331,318} 29,401 1277) 1,957,853 
1911 | 1,803,844, 87,836 19,662 18,689 125,472 532 | 93,050 |17,401/44,359 35,435 | 171,569 | 27,291 99) 2,650,140 
1912 | 1,738,514 38,821 | 34,790 | 26,103 110,734 | 375,317 | 99,489 /25,196|57,755| 60,255 | 284,223 | 60,622 (1719, 2,901,769 
1913 | 1,93 A | 61,757 | 48,339 40,932 176,095 465,226 | 104,296 |50,356 |64,664| 50,637 276,448 | 61,979 (1750) 3,332,882 

«ft { | 























TABLE II.—Tasiz SHowine THE NuMBER AND DISPLACEMENT OF WARSHIPS OF 100 Tons AND UPwaRps 
LAUNCHED FOR THE VARIOUS NAVIES DURING THE YEARS 1897 To 1913. 























' 

| | 

| American | 

. : Austro- : : | Other 
Yea:. British. (United French. | German. Italian. Japanese. Russian. Total. - 
States). | Hungarian. i | Flags. 
tons tons tons tons tons tons tons | tons | tons No. | tons 

1897 | 66,740 3,000 2,250 | 15,185 | 44,214 35,906 18,070 | 2,200 | 41,835 90 | 228,900 
1898 140,120 57,900 6,380 25,096 10,648 2,836 45,275 | 28,650 (| 49,968 91 | 366,873 
1899 121,140 6,400 2,580 52,912 29,240 18,120 61,656 | $7,230 {| 15,482 |} Ol 344,760 
1900 35,050 12,330 10,600 40,730 45,330 1,280 26,210 61,840 27,094 99 260,464 
1901 200,774 47,903 7,400 40,663 59,400 27,833 1,125 54,680 18,769 123 467,547 
1902 840 20,449 8,169 44,139 32,324 8,724 | 8,350 48,485 14,626 | 102 278,106 
1908 147,813 66,140 17,520 30,760 60,590 | _ | 13,917 38,430 15,930 119 391,100 
1904, 126,375 170,185 11,480 43, 44,970 25,982 608 1,750 10,106 102 435,006 
1906 | 505 98,200 11,020 28,611 36,487 14,490 50,633 15,721 11,544 118 363,211 
1906 85,700 45,443 2,760 15,183 62,678 3,039 41,277 82,204 24,688 148 | 362,972 
1907 =: 133,405 11,590 1,594 33,504 14,800 25,154 57,200 | 365,317 8,557 142 321,21 Ly 
1908 | 49,560 52,850 16,153 | 21,600 | 97,660 29,400 2,245 8,800 31,421 127 689 
1909 98,790 48,639 22,217 95,740 99,116 2,088 375 1,246 36,264 161 404,475 
1910 | 183,525 30,287 14,993 24,063 49,024 19,374 23,100 ae | 16,488 122 310,854 
1911 221,430 57,526 , 269 53,995 | 128,340 75,018 37,071 93,260 81,960 169 768,869 
1912 | 163, 62,673 49,361 55,965 810 14,939 56,035 | 492 | 82,267 174 534,629 
1913 187,566 10,752 9,922 75,401 | 148,100 52,628 55,490 27,564 | 109,486 180 676,999 
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TaBLe III.— Warships Launched in the United Kingdom 
and Other Countries, Respectively. 


United Kingdom. Other Countries. 


TaBLE IV.—Showing Merchant and War Vessels (over 
100 Tons) Built in the World during 1913. 














— 1910. | 1911. 1912. | 1918. 
7 “a a Austria-Hungary ..| 20207 | san05 | ea,702 | on,288 
} ustria-Hungary , } i 742 | t 

ae, ‘Tens. | He. Tons. B Igiun long | 6,226 | 7,563 | 18,642 | 30,181 
lee? 3 95,465 a 133,435 | British Colonies 26,343 | 19,662 | 34,790| 48,339 
1908 | 41 191,555 50 175,318 |China ..  .. | 30) 218) S681| 1,698 
1899 . 85 168,590 56 176,170 Denmark 12,371 | 19,651 , 263 41,682 
1900 9 68 386 70 192100 _| France ... 105,114 | 184,184 | 169,889 | 251,986 
1901 | 4 211.969 | 2 255,578 Germany 210,367 387,477 477,742 618,673 
1908 | 3 “uo | 7 183966 | Holland 71,761 | 98,670 | 101,642 | 107,371 
1908 41 151,899 | 78 239,210 © | Italy .. 52,073 | 92,719) 40, 104,166 
1904 37 127,175 65 307,831 | Japan Ss | S| 6h | anes 
1908 pf 120'801 | 90 233-419 | Norway | 87,481 | 35,535 | 50,358 | 51,157 
1908 39 108,450 119 254,522 | Russia .. 4,395 | 96,264 | 15,663 | 30,864 
1907 .. 36 134,475 106 186,736 Spain oe 3,234 | 6,598 21,580 | 25,199 
1908 bod 74186 21 935'503 —«| Sweden | 9,869) 9,852 | 18,968 18,524 
1909 3 42 126,230 | 109 278,245 United States ‘ es 361,605 | 287,550 349,493 288,042 
1910 | 45 134,645 77 176,209 | Othercountries ..| 150) 12) — | 6% 
1911 . 60 230,786 119 638,083 oh Ande “del 
1912 . 191, | 144 342, 
i ro a71376 | 18h 205 688 colonial .. _—_..| 990,893 | 1,884,379 | 1,506,147 | 1,806,262 

| . Total for the United 
ere. © es sia! Kingdom .. — ..| 1,277,814 | 2,034,680 1,980,251 | 2,208,529 


besides a number of small craft, are being fitted 
with internal-combustion engines. A further note- 
worthy fact is that there are thirty-one vessels still 
in to carry oil in bulk, the tonnage of 
these being 196,000 tons. 

The proportion of foreign-owned merchant ton 
to the total is given by Lloyd’s as 214 per cent., and in 
our review of the trade for the year the proportion was 
22 per cent., but this included warships. This com 
with 24 per cent. in 1912, 234 per cent. in 1911, 194 per 
cent. in 1910, 24% per cent. in 1909, 40 per cent. in 
1908, and 34 per cent. in 1907. Holland has taken 
the largest amount of work—13 vessels, of 89,992 tons, 
nearly 5 per cent. of the total. Norway comes 
second, with 54,111 tons; Greece third, with 39,999 
tons ; the British Colonies fourth, with 37,118 tons ; 
and Russia fifth, with 31,217 tons. 

Lloyd’s Return is the only source from which official 
figures are obtainable re; ing the output in foreign 
countries, and in Table I. there is set out the total 


tonnage produced in each country over a period of | still slightly less than in the three precedi 
years, but merchant vessels of over 100 tons io It will 
of 


included. This gives 9 total output for the wor 














Total for world .., 2,268,707 | 3,419,009 





3,436,398 | 4,009,791 


our percentage has only been about 50 per cent. 
Germany’s roportion in 1913 was about 14 per cent., 


as com 
and 9.7 per cent. in 1911. 


with 13 per cent. in the previous year, 
Germany has been steadily 


improving its contribution to the world’s shipping 
tonnage, due in large measure to the activities of the 


ship-owning com 


panies of the ‘‘ Fatherland.” 


In the 


case of the United States the proportion is for the 
past year about 8.3 per cent., whereas in the previous 
year it was 9.8 per cent.; in 1911 it was only 6.5, 
and in 1910, 17 og cent. The French total, which is 


not quite so hi 


as in the early years of the century, 


8 
is equal to 5.3 per cent., whereas in the three pre- 
ceding years it was 3.8, 4.75, and 4.13 per cent. 
Holland has moved rapidly intoa relatively prominent 
position, but this year the proportion is only 3.1 per 
cent. of the world’s total merchant output, which is 


although 


years. 


us be recognised that the position of Britain, 
it is keenly contested, is pre-eminently 
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satisfactory, since we produce about 6 tons of merchant 
ships for every 4 tons by all the nations in the world 
combined. 

In Table II. there is given the displacement —- 
of warships, exceeding 100 tons, launched for the 
various navies. It does not follow, of course, that 
the ships built for the respective navies were con- 
preaches within the countries whose flag they fly. It 
will be seen that the abnormal output of 1911 has 
not been equalled even by 1913, notwithstanding the 
kn»wn desire of most Powers to add to their fleets. 
The total number of warships launched throughout 
the world is 180 vessels, of 676,909 tons displacement. 
This exceeds the tonnage launched in the previous year 
by about 142,000 tons, and is the largest reached 
with the exception of 1911. The output for that 

ear was 92,000 tons greater than in 1913. The totals 
‘or the most important Powers are set out in the 
table, and before referring to these it may be remarked 
that in the vessels for ‘‘ other navies” are included 
two Turkish vessels, of 50,500 tons displacement, a 
Chilian ship of 28,000 tone, and a Spanish battleship 
of 15,452 tons, besides smaller craft. A notable 
feature of the total is that while the British output in 
1913 was exceeded in at least two previous years, the 
German total is the highest recorded. Thus the 
British tonnage is 42 vessels, of 187,566 tons, in 1913, 
or 33,864 tons less than in 1911, while the German 
total is 25 vessels, of 148,100 tons, or nearly 50,000 
tons more than in 1912, and nearly 20,000 tons 
more than in 1911. In the five years 1909-19)3 the 
British production per annum averaged 160,879 tons, 
as compared with 98,309 tons in the previous quin- 
queasiah ported 1904.8, showing an increase of 62,570 
tons, equal to about 63 per cent., while the German 
output in the past quinquennial period averaged per 
annum 104,878 tons, and in the previous five years 
51,319 tons, an increase of 53,559 tons, or 105 per 
cent. In other words, while in 1904-8 there was 
launched on an average each year for the British Navy 
1.9 ton for each ton floated for the German navy, the 

roportion decreased to 1.5 ton for Britain to each ton 
ne Germany during the past five years. The next 
largest contribution to the fighting fleets of the world 
is by France, her total being 75,401 tons, the col- 
lective displacement of 12 vessels. This is the highest 
total recorded by Lloyd’s for the French nation, with 
the exception of 1909, when the total was 20,339 
tons higher. Last year’s total is, however, 19,436 
tons more than that of 1912. Austria launched 11 
vessels, of 9922 tons, as compared with seven, of 49,361 
tons, in 1912; but here the result does not quite indicate 
the true state of the case, as there are in course 
of construction several very large units which will 
bring next year’s total up to as great a figure as that 
of 1912. The figures for Italy suggest considerable 
activity, as twenty-two vessels, of 52,628 tons, were 
launched, which is very much above the average. 
Japan has moved steadily forward, and this year’s 
tonnage, including only three vessels, is 55,490 tons, 
which is practically equal to the previous year, and 
very much greater than any other year since 1907. The 
effect of the new Russian programme has now begun 
to be felt in her output, the total being 27,564 tons, 
the displacement of seven vessels launched in the past 
year. On the other hand, the United States has a 
smaller total than in any previous year since 1899, 
the 15 vessels launched aggregating only 10,752 tone. 
The figures in some cases necessarily fluctuate from 
year to year, and therefore there must be considered 
the facts cver a period of years, as set out in Table IT. 

We have indicated that the figures in Table II. do 
not represent the warship outputs of the respective 
nations. In Table III. the number and tonnage of 
warships launched in the United Kingdom and abroad 
respectively are given, and the interesting point here 
is the proportion of our output to that of other 
countries combined. In 1913 the ratio of British war- 
ship production to the output of fighting ships in all 
foreign countries was as 1: 1.50. In other words, all 
countries combined only launched 50 per cent. more 
of warship tonnage than did this country, the 
explanation lying in the large number of vessels we 
constructed for foreign Powers. This ratio, however, 
is less favourable than in the two preceding years, 
the proportion in 1912 having been 1: 1.80. In 1911 
it was 1 : 2.32, and in 1910, 1 : 1.31. 

In Table IV. there is given the tonnage output of 
merchant and war vessels combined in the various 
countries. The total for the whole world is 1930 
vessels, of 4,009,791 tone. Of this total, the United 
Kingdom contributed 55 per cent., while in respect 
of ownership the United Kingdom is credited with 
45.7 percent. If, however, only sea-going merchant 
steamers of 3000 tons and upwards be taken into 
account, the United Kingdom ched 64.75 per cent. 
of the world’s output. : 

Germany has the largest output of any of the foreign 
countries, the number of vessels of cver 100 tons, in- 
cluding merchant and war ships, being 201, while the 
tonnage is 618,673 tons. In this there is included 
39 warships, of 153,447 tons, five torpedo-boat de- 





stroyers for the Austro-Hungarian navy, in addition 


to German ships. The merchant tonnage, as we have 
already indicated, is 465,226 tons. This is easily the 
highest output on record, and the total does not include 
the river craft, of which a large number are produced 
in the upper rivers. There were 36 steamers of 
5000 tons and under 10,000 tons; while over the 
latter figure there were five, the largest being 
the Ham arg - Amerika liner Vaterland, of about 
56,000 tons, Jaunched at Hamburg, and the bi t 
vessel now afloat. There is also included the Nord- 
deutscher Lloyd liner Columbus, of 35,000 tons, 
launched at Danzig, and the turbine steamer Admiral 
von Tirpitz, of 21,600 tons, launched at Stettin. Four 
— totalling = tons, — fitted with internal. 
combustion engines, the largest being the oil-carryin 

steamer Wilhelm A. Riedemann, at 9800 tons. I 
addition there was a number of small vessels with oil 
engines. There remain in course of construction in 
Germany a turbine steamer, of about 56,000 tons, a 
sister-ship to the Vaterland ; three of bstween 18,000 
and 20,000 tons, to be fitted with a combination of 
reciprocating and turbine engines; one of 15,200 tons, 
and 23 other vessels of between 5000 and 10,000 tons. 
There is therefore a prospect of a fair amount of 
activity for some months to come. 

In the case of the United States the total is kss 
than in the previous year, the merchant tonnage being 
8000 tons down, while the warship tonnage totals only 
11,594, including two vessels of 842 tons, for Chili. 
Indeed, America is the — country that shows any 
decrease, which is accounted for by the diminution of 
shipbuilding on the Great Lakes, where there is a 
decrease of 42,000 tons as compared with the previous 
year. This is partly counterbalanced by the additions] 
work done on the seaboard, where twelve vessels of 
between 5000 and 8000 tons were launched, in addi- 
tion to the largest vessel of the year—the Matsonia— 
of 9729 tons, and a collier of about 10,000 tons for 
the United States Navy. Only four large ships were 
launched in 1912. here are building now ten 
steamers of between 5000 and 7000 tons, two turbine- 
steamers for passenger service of about 9000 tons, and 
two oil-carrying steamers of 10,000 tons each. 

The French total is the highest for eleven years, 
and includes 75,891 tons of warships, counting one 
of 490 tons for Japan. The merchant total, 176,095 
tons, shows an increase of over 65,000 tons. There 


are included two steamers of close upon 15,000 tons, | large 


the Gallia and the Lutetia, laurched respectively at 
La Seyne and St. Nazaire, and both fitted with a com- 
bination of low-pressure turbines and reciprocating 
engines. There were two other vessels between 12,000 
om 13,000 tons, and twelve between 5000 tons 
and 8600 tons. There are in pi ss merchant ships 
aggregating 229,000 tons, including eight vessels of 
from 5000 to 9000 tons, five between 12,000 and 
13,000 tons, one of which will be fitted with combina- 
tion machinery, as will also one of 15,000 tone, while 
yet another vessel of 30,000 tons will be driven 
entirely by turbines. 

The Holland total is the largest ever recorded for 
that country in Lloyd’s Returns, as, in addition to 
3075 tons of Dutch warships, there were built 104,296 
tons of merchant ships, exclusive of river craft. Of 
the latter, including steamboats, barges, and other 
vessels, 126,000 tons were launched, so that the total 
merchant output of Holland seems to have been 
about 230,000 tons—a very satisfactory aggregate. 
The largest vessels launched were three of about 
9000 tons each. Internal-combustion engines were 
fitted to three ships of a combined tonnage of 10,800 
tons, as well as to a number of small craft. There are 
six vessels building of between 7000 and 11,000 tons. 

The total for y in addition to the two large 
“capital” ships for the navy, is 64,664 tons of 
merchantmen, and includes two vessels of about 
10,500 tons with combination machinery, and one of 
9534 tons. The principal work now in hand is three 
vessels, of 12,000 tons each. 

Austria-Hungary has also a record return ; the war- 
ship work totals seven vessels, of 6501 tons, including 
one vessel of 204 tons for Denmark, while the merchant 
work totals 61,757 tons, and beats the previous record 
total of 1912 by 23,000 tons. The merchant ships 
launched are almost entirely vessels of between 5000 
tons and 8000 tons, and at the present time there are six 
such ships in progress, and one of nearly 15,000 tons. 

The Norway total, which is about the same as the 
previous year, is com almost entirely of small 
vessels, the largest being only of 1900 tons, and the 


warship work poe only one vessel, of 520 tons. aad I 


Italy, in her 53,810 tons of warships, includes three 
small vessels, of 1182 tons, for Brazil. The output of 
Denmark marks & aye y ng in her os the interest- 
i int is that two of the largest two smaller 
po Bm are fitted with Diesel ines. 

The British Colonies have enjoyed a record 


year, and the output of 48,339 tons includes two large 
vessels built in the North American lakes, one of 6900 
tons and the other of 7862 tons. This last, which is 
the | vessel ever built in Canada, was lost during 
the violent storm which struck the Great Lakes in 
Nov: mber, 1913. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, January 14. 

STEKL prices are stronger than a week ago, and 
advances were made yesterday of 1 dol. a ton on wire 
and wire nails, with a stronger tone in sheets, bars, 
and plates. Many suspended mills have resumed 
operations. Inquiries are incre: in number, and 
among recent orders is one for 25,000 tons of plates 
for a Chicago concern, taken by the Illinois Steel 
Company. An order for 4000 tons of plates and shapes 
for a tank-steamer. Underframes have been ordered 
for 5000 cars for the Union Pacific Company, and 
negotiations are near their termination 19,000 
freight-cars. Mills are now operating to about 60 per 
cent. of capacity. Yesterday’s report of the Steel 

tion notes a decrease of unfilled tonnage of 
114,239 tons. On December 31, 1912, the Corporation’s 
orders on their books amounted to 7.932,164 tons, and 
on December, 31, 1913, the unfilled tonnage had 
declined to 4,282,108 tons. 

Firmoess characterises all quotations to-day. Sheet- 
mills are now taking orders for delivery during the 
second quarter at 1 dol. advance. Mills are more 
anxious for t business than deferred deliveries. 
For the first time since September, 1911, pig-iron pro- 
duction has fallen below 2,000,000 tons a month. 
Total for year is 30,724,581 tons, against 31,383,490 
tons for 1912. A marked improvement in the steel 
industry is shown by « heavy demand during the past 
week for Connellsville furnace coke, ,000 tons 
having been taken for delivery during the next few 
months. The og mye in activity extends to all 
lines of mill and furnace products. The Lyn 
factor remaining to give a booming tone to the market 
is the railroad demand, concerning which it is too soon 
to speak in @ positive way. The railroad necessities 
are increasing, and it is only a question of time when 
this demand will present itself. Rail orders are 
— encouraging, but general railroad equipment is 


January 22. 

A widespread and unanticipated improvement of 
the pig-iron situation has developed within the pant 
week resulting in large sales, in one district 
(Buffalo) amounting to over 100,000 tons ; in Alabama, 
60,000 tons, with as much more business pending and 
sales in other centres. ‘Large transactions in 
pipe-making iron are » mostly at Southern 
furnaces. These large were made possible 
by cuts in quotations, and have been followed by a 
nom‘nal advance ; but it is believed further large sales 
will be closed in a few days, wry | at the recent 
cuts, The turning-point in the steel industry has been 
passed. Output reached 60 per cent. of capa- 
city, and this with very moderate railroad buying. 
Rail inquiries sgaregating 50,000 tons will soon 
become orders. astern mills are doing a better 
business in steel plate than for weeks. oar 
orders are in sight. Measures are before Congress 
demanding the substitution of steel for wooden cars, 
the cost of which is roughly estimated at 300,000,000 
dols. There is no further light on the pending 5 per 
cent. freight advance decision. The entire country 
awaits it, even the railroad patrons. Structural steel 
awards for the past week were 77,700 tons, car 
orders 8500 tons. Inquiries are in for 15,000 cars. 
The Union Pacific order will be for 12,500 cars—same 
as last year. The strong tone of the market is due to 
the fact that railroad needs still withheld would drive 
furnace and mill activities up to at least 90 per cent. 
of capacity. 





Nortu-East Coast INstIruTion OF ENGINEERS AND 
Surpsuitpers: ScHotarsurp.—A scholarship will be 
offered for competition among graduates of North- 
East Coast Institution of ene and Shipbuilders in 
September next. The scho! hip is for two 
years, and is of the annual value of 50/. The scholarship 
will be awarded on the results of an examination held in 
Newcastle during the month of ber, simultane- 
ously with the matriculation examination of Durham 
University, in the following subjects :—English, mathe- 
matics, and experimental science. Free information may 
be had on application to the Secretary, North-East Coast 
Institution of Engineers and Shipbuilders, Bolbec Hall, 
Newcastle-on-Tyne. 





His Mavzsty’s Torrzpo-Boat Dxstrorer “ Lynx.” 
—H.M.S. Lynx, one of three o-boat destroyers 
being built by the London and yd Engireering 

ron -Ship Buildirg Company, Limited, for the 
British Navy, proceeded on the py Sig ay her ~_ 
acceptance which proved to very successfu 
and the shi subsequently proceeded to Portsmouth to 
be iestoned The 


over 25,000 shaft horse-power, and 
fired boilers of the Yarrow type, the 
London ond Gears Cometay, The second of the 
destroyers, built by the and Glasgow Company, 
the Midge, which recently completed her programme of 
steam trials with sati«factory results, establishing a speed 
record for her class, will be delivered in February. 
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BALANCED LUFFING-GEAR CRANES WITH FOLDING 


JIBS. 


CONSTRUCTED BY MESSRS. BABCOCK AND WILCOX, LIMITED, ENGINEERS, GLASGOW. 





A Tl 


Apove and on the nent page we give one 
showing # new and highly-ingenioue type of luffing 
crane, St which Messrs. Baboook and Wilcox. Limited, 
of Oriel House, Farringdon-street, London, have 
recently effected a number of important installations. 
Those represented in our illustrations have been 
supplied to the Hibernia Wharf, London Bridge. Of 
the two cranes represented in Fig. 1, that nearer the 
spectator is at its maximum radius, whilst the one 
behind it is shown with the load at a shorter radius. 
The positions of maximum and minimum radius are also 
represented in Fig. 2, on the opposite i 

As will be seen from our engravings, the distinctive 
feature of these cranes lies in the fact that the jib is 
constructed in sections, the outermost of which is 
folded in towards the other automatically as the load 
is luffed inwards, and vice versé. During the opera- 
tion of luffing, therefore, as the lower section of the 
jib is raised at a steeper and steeper angle the outer 
end folds down, the relative motions being such that 
the pulley at the extreme end of the jib travels along 
a path which is nearly horizontal, and the load acoord- 
ingly follows an equally level path in passing from the 
ship to the shore. This is an im t desideratum, 
as it facilitates the handling of a load and reduces the 
expenditure of power. At the same time, however, 
the device illustrated has further advantages. 

If reference be made to Fig. 2, which represents a 
wharf crane of 3 tons capacity fitted with this lever- 
balanced luffing-gear, it will be seen that the jib is 
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y 





Fie. 1. 


shown in full lines in a position near the maximum 
radius, and in dotted lines in a position near the mini- 
mum radius. In this figure B is the head of the lower 
jib section J, which is pivoted to the crane-frame 
at O, and carries on its outer point the extension jib 
or lever L, pivoted to it at B. On the outer point of 
this extension L the sheave Q is journalled, over which 
the hoisting-rope to the load. The lever L is 
anchored back to the crane-frame by guy-ropes G, 
which are fixed to the lever and anchored to the frame 
at X. When the jib rises, B approaches X, so that 
the guy-ropes permit the lever to rotate downwards, 
causing the guys to bend round the curved end M of the 
lever. This curved end is made of a special form, so 
that the point Q is constrained to move in a predeter- 
mined path. In some cases the hoisting- 1 is 
arranged near O, and the hoisting-rope guide-sheave at 
B is made of a large diameter, so that the hoisting-rope 
does not pay out over the sheave Q during luffing, and 
in this case the predetermined path of Qis a horizontal 
line. This arrangement is adopted where the hoisting- 
rope is used alternatively on single and double pur- 
chase, the return end being suspended from B, so that 
the load is carried horizontally in both cases. Gene- 
rally, however, the arrangement is such that a little 
rope pays out over Q while the jib is luffing, and in 
this case the point Q is made to move in s path which 
rises just enough to compensate for this effect. 

Since the load sus ed on the crane-hook neither 
rises nor falls when the jib is moved in and out, it 











follows that the imposition of such a load does not 
disturb the ‘‘ balance” of the jib ; or, in other words, 
has no tendency to make the outer end L fold in upon 
J. The explanation of this lies in the fact that when 
load is lifted by the crane a pull is developed in the 
back guys; the amount of this pull depends on the dis- 
tance of the line of the guys from the pivot B. Now 
if the curve M has been determined to give a truly 
horizontal load-path, the distance from B to the line of 
the guys in each position of the jib is exactly such 
that it holds the jib balanced against the force of the 
load pulling it outwards. 

The deed entae of the jib, lever, &c., is balanced 
by the crane ballast W, which is connected to cranks 
on the shaft X, as shown in Fig. 2. On the same shaft 
are also cranks represented by C, which actuate the 
jib through the medium of the rigid links shown at E. 

The shaft X is driven from a motor by spur-gearing, 
and as it rotates, the jib is luffed in or out, the bal- 
ance-weight W being simultaneously moved in the 
gage direction, so that the weight of the moving 
jibs is always nearly in balance. If the luffing motor 
be run at any constant speed, the cranks C will rotate 
at a constant speed also, and the load will be moved at 
a speed which will vary very little except just at the 
ends of its range, where the speed will drop, owing to 
the cranks and links approaching to dead centres, a 
feature which is obviously advantageous. When the 
cranks have rotated out until they are in line with the 
links, the jib is in the furthest out position it can 
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reach, so that this arrangement provides absolute 
security against the maximum radius of the crane 
being exceeded. It may be further noticed that since 
the links E are rigid, the jib is safe-guarded against the 
possibility of being thrown back inst the crane- 
frame, even when brought to a small radius with 
great rapidity. In cases where there is not sufficient 
tail-space for the crane to project some distance 
out at the back, the back ballast W, instead 
of being arranged to move radially, is arranged 
to move in vertical guides. It is obvious that the 
method first described is preferable, in that it secures 
increased stability of the crane by causing the ballast 
to be projected well back when the jib is at a large 
radius ; while it obviates any tendency that the crane 
might have to tip back s when the jib is without 
load and at a small radius, by ensuring that the ballast 
shall be close in to the crane centre under this condi- 
tion. This arrangement has accordingly been adopted 
for the fifty-five cranes now under construction to the 
order of the Port of London Authority for the Albert 
and Tilbury Docks. 

_ It has to be observed that the folding form of 
jib, in causing the sheave, from which the | 
to move at more or less constant height, avoids a 
defect which is sometimes a serious one in the case 
of a straight-jib luffing-crane. Such a crane when the 
range of luffing is t must have a long jib, and 
the sheave at the point of it is relatively very high 
when at a small radius, and the load may then hang 
on @ long free length of rope. There is thus a lia- 
bility for it to swing excessively, making it difficult 
to handle, especially in a high wind. A from its 
Meg, in this respect, however, the Babcock and 
Wilcox luffing-gear makes it liarly easy to start 
and stop high-speed luffing without causing the load to 
swing. Where | is effected with the usual form 


of straight jib there is a great variation of the luffing 
from maximum to minimum radius. The reason 
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will be apparent on reference to Fig. 3, in which the 
circular arc represents the path of the jib-point sheave, 
and the horizontal lines A, B, &c., are spaced at equal 
heightsapart. The between any two represents, 
therefore, the vertical rise of the jib-head while the 
motor makes, say, 50 revolutions. Thus, starting 
from the maximum radius, the first 50 revolutions 
of the motor takes the jib-head from A to B, and 
the load from a to 6b, and the last 50 revolutions 
of the motor takes the jib-point from G to H, and 
the load from g to fh, a distance nearly ten times 
as great as that from a to b. Hence, if the motor 
were permitted to run at a uniform speed from 
start to finish, the speed near minimum radius would 
be about ten times the speed at maximum radius; or if 
the speed were 60 ft. a minute at maximum radius, 
it would approach ft. per minute at minimum 
radius. Now most luffing is done near maximum 
radius, where the speed is, say, 60 ft. minute, 
which is pee peg or cupeureness while the — 
sponding s' of, say, t. r minute near the 
nacre radius is far too fast for safety, especially 
since the load is then hanging on a long free | of 


oad hangs, persis ve pe emamtapely merece i ee 
es the | 30004. 


to swing against the crane and do 
obvious disadvantages — 
luffing speed, afurther disa 


from this inequality in 


vantage is that a rela- 
tively a 

from the fact that the motor must be capable of exert- 
ing sufficient force on the load to control it at the 
minimum radius, where the load speed corresponding to 
normal motor speed is relatively very prest, and hence 
the force exerted by the motor on the is relatively 
very low. On account of this inequality in the speed 
of luffing very little was gained by using —— 

the 


and against the little gained 


Friction and wear on the ares, and other | t 


disadvantages, had to be consid 
The new luffing-gear, on the other hand, yields not 





motor is rendered necessary. This follows | The 


only a horizontal load-path and a balanced jib, but it 
ensures the minimum of wear on the hoisting- » 
because this is led directly from the barrel or Gs 
jib-head sheaves, and is bent through no greater angle 
than in the case of a fixed-radius crane. Moreover, 
the vege fo the crane used with it can be of any usual 
form. e working friction is very small, and there 
is thus very little wear, whilst any wear that may 
occur does not endanger the safety of the crane, since 
the guys are s ing ropes, and the luffing cranks and 
links are solid s members. As: already — 

i i uffing, 


eavy loads, and is at present being 
100-ton sheer in a shipyard in the north, the outreach 
of which will be increased by means of the extension 
= to the extent of 60 per cent. beyond its present 
ue. 

The makers have, it may be added, an extensive 
order from the South-Eastern and Chatham Railway 
Company for cranes arranged on this ——— 
for the equipment of the new quay at Dover Harbour. 





Quin’s Meta, Hanp-Boox anp Statistics, 1914.— 
This hand-book, which is published at 3s. 6d. net, 
free, L. H. Qui QP East India Avenue, C., 
i i the industrial metals, the out- 
suusens of ager. &o. It is carefully 

handy office companion for mer- 
chants, metallurgists, and statisticians. 
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NSTITUTION.—The Council of this 
=e s oo in with representations 
they have recei rom mining surveyors in 
different partsof Great Britain in favour of an additional 


g. 


i their wi 
Users’ Association (Inc.), and that they no 


nee Bp rfes way res ble 
for its proceedings or management. They add that they 


have accepted the appointment of surveyors to 
Slamsdaahane? hasdatan, Limited, which has recently 


been formed for the of ad users of machi- 
Sy eg a gain gomedia 
tenante’ machine- and 





o Saarers, Recwemnine a by sear ee nel 
LYMPIA, 4.—A meeting onorary mi! : 
of rn gy ow oe connate with ny was held 
o Connaught Rooms, Great Queen-street, London, 
W.0. on the 2and inst. Mr. Charles H. Luke, A.M.S.E., 
joint managing directs of the Exhibition, who was in 
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THE PRUDHON COMBINED CYLINDRICAL 
AND WATER-TUBE BOILER. 


Wr illustrate on this page and on page 154 a boiler 
which combines the features of the usual cylindrical 
return-flame tube boiler with those of the water-tube 
boiler, the drawings reproduced being illustrative of one 
of a set of nine boilers fitted in the Patria, a 15,000-ton 
vessel built by the Forges et Chantiers de la Mediter- 
ranée for the Com ie Cyp. Fabre. The boiler was 
patented by Mr. . Prudhon, and is manufactured 
by Messrs. Prudhon, Capus Durand et Cie. , Marseilles, 
whose consulting —— and agents here are Messra. 
Douglas and Adair, 1, Fenchurch-avenue, E.C. 

The general features of the boiler are well shown in 
the perspective view below and in drawings repro- 


of results have been supplied to us by the makers. 
The pressure in the boiler was 170 lb. 


Steam temperature ... : 375 deg. Fabr. 
Feed-water temperature ... ee 
Water consumption — tons 


Pounds of water from 64 deg. and 
at 375 deg. per pound of coal ... 9.52 Ib. 
Water evaporated per square foot 
of heating surface... oe ini 8.14 lb. 

The next order was for five large boilers of the same 
type, each with 275 sq. m. (2960 sq. ft.) of heating 
surface for the Germania, belonging to the Fabre 
Line, and of 9000 tons. These boilers were fitted in 
substitution for six ordinary cylindrical boilers of the 
same diameter, and it may be interesting to give in 





Wivreeiite 








Fic. 1. 


duced on page 154. To the back of the ordinary 
cylindrical boiler is added a section of a water-tube 
boiler, having waterand steam drums in freecommunica- 
tion with the interior of the main cylindrical body, one 


set being at the bottom and the other at the normal | 


water level in the cylindrical boiler, and with water- 


tubes connecting the rums and forming side walls in the | number of boilers 
mh +3 h 





co . To separate the combustion- 
chambers of the furnac2s there are, as shown in 
Fig. 2, walls of firebrick between the tubes, while at 
the rear there is also firebrick solidly fixed on the ex- 
ternal shell-platese, which are covered externally with 
non - conducting insulation. There are soot - doors, 
and the tubes can be swept by steam jet. The only 
other manufacturing feature which need be mentioned 
is the connection between the back plate of the cylin- 
drical boiler and the drums of the water-tube boiler ; 
this is well shown in detail in Figs. 4 to6. The drum 
is inserted through a hole in the back iste, the edge 
of the hole being turned back to form a flange, and into 
this the drum is expanded and riveted, while the end 
of the drum projecting into the water and steam space 
in the cylindrical boiler is secured to a forked piece, to 
which is secured, by bolts in eye-pieces, the stays ex- 
tending to the front plate of the boiler. This allows 
for expansion and contraction. The steam-drum shown 
in Figs. 2 and 7 is in accordance with French mercan- 
tile marine-boiler practice, and has no reference to the 
special features of the boiler. 

The aim of the inventor was to increase the propor- 
tion of direct to indirect heating surface, and to 
stimulate circulation by the ascension of steam bubbles 
liberated through the drums into the water-s: of the 
cylindrical boiler. After experiments had been made 
with a trial boiler having glass sap and tubes, in 
order that the circulation might be watched, a boiler 
was constructed for a tugboat. This boiler had a 
heating surface of 1184 sq. ft., and was worked under 
the Howden forced -draught system. At the full- 
power trial of this ship the engine could not develop 
more than 350 horse-power, a the boiler produced a 
quantity of steam above what the engine could do with, 
although the fires had been urged moderately. The air 

ressures recorded were as follow :—Fan, 1,‘ in. to 
if in. ; furnaces, { in. to ,’, in. ; ashpit, 4 in. to ,‘, in. 

On another tugboat, sister to the former, with an 
engine built by the same builder, but with an ordinary 
return-flame boiler of 1184 sq. ft. of heating surface, 
the engine could not develop more than 300 to 310 horse- 

wer maximum, The other tugboats for the same 

rm, built this year, are fitted with the new boiler. 
An evaporation trial of six hours’ duration was made 
on one of these boats, and the following figures 


| tabular form the makers’ eomparison of the sizes and 
| weights of the two types :— 





Ordinary Prudhon | Prudhon 
oe Boilers for | Boilers for | Boilers for 


‘Germania.” “Germania.” ‘* Patria.” 
es 6 5 9 
Length of each .. . 10 ft. 10in. | 12 ft. 4in. | 11 ft. 11 in. 
Diameter of each --| 15%. 7 in. 15 ft. 7in. | 15 ft. 11 in. 
| Total heating surface ir 
all boilers, including : 
Flame -tube surfa-e 
Water - tube surface 
Combustion - cham- 
ber surface .. 15,823 sq. ft. | 14,747 sq. ft. | 22,834 sq. ft. 
Total grate area .. 482 sq. ft. 325 sq. ft. 590 sq. ft. 
Total weight of boilers. 
including fittings .. 330 tons 270 tons 486 tons 
Total space occupied by 
boilers .. e .. 45,417 cub. ft. 40,402 cub. ft. 95,178 cub. ft. 
Eva tive output of 
all boilers per hour .. 78,240 Ib. 99,670 Ib. 154,525 Ib. 
Pounds of water evapo- | 
rated per pound of 
coal . - an 8 Ib. 9.52 Tb. 9.52 Ib. 


The Germania has completed her last guaranteed 
voyage, working at an average of 5000 horse-power, a 
power which was in excess to the extent of horse- 
power of that obtained by the cylindrical boilers. 

Following upon the results got with the Germania, 
the same owners ordered boilers for the new steamship 
Patria, of 15,000 tons. The only difference between 
them and the Germania boilers is that the latter had 
flat-plate stays, whereas the Patria boilers had round 
stays. The Patria is a vessel of 15,000 tons, the 
length being 485.57 ft., the breadth 58.07 ft., and the 
draught 43.47 ft. There are nine boilers in the 
Patria, each having 2540.3 sq. ft. of heating surface, 
of which 516.6 sq. ft. are provided by the water-tubes, 
while the grate area is 65.5 sq. ft. The two rows 
of fire-tubes in the centre of each group over the 
furnace are 164 mm. (6.45 in.) apart ins of 99 mm. 
(3.90 in.). In addition to the Germania, Patria, and a 
third vessel, the Breton, there is being built another 
vessel of 15,000 tons, to be fitted with nine Prudhon 
boilers, by the Forges et Chantiers de la Mediterranée 
for the Scciété Commereaile et d’ A ffrétements. 





DurHam CoAt-Figtp Mar.—We have received from 
the Business Statistics Company, Limited, 20, Victoria- 
peck y 7 saqaen, a. a coloured map of the a 

-field wing the mineral takings, tion 
pits, the avers: serving the — the railway a. 

e os or firms working t' c. 

snes) ts ont in tale of 1 fe. to the el eiteds 6 weews 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
there was little doing in the pig-iron market, but Cleve- 
warrants were y. The turnover consisted 
of 1000 tons at 503. 114d. twenty-two days and 5ls. 
February 24, with closing sellers at 50s. 10d. cash, 5s. 
one month, and 51s. 6d. three months. The afternoon 
sessiun was also quiet, and only one lot of Cleveland 
warrants changed hands at 50s. 10d. twenty days. Sellers’ 
a prices were 50s. 10d. , 51s. 1d. one month, and 
51s. 5d. three months. On Friday morning the tone was 
stronger, and prices were 3d. up. Business was confined to 
2000 tons of Cleveland warrants at 51s. 1d. and 51s. 3d. one 
month, witb buyers over at the latter figure, and sellers 
at 5is. 4d. For the other positions sellers named 51s. 1d. 
cash and 51s. 9d. three mont In the afternoon the 
market was dead idle, and quotations for Cleveland war- 
rants were easier at 51s. cash, 51s. 3d. one month, 51s. 7d. 
three months sellers. On Monday morning the market was 
—_ idle, and the quotations were practically unchanged. 
he closing prices for Cleveland warrants were called 
51s. cash, 51s. 2d. one month, and 51s. 7d. three months 
sellers. In the afternoon Cleveland warrants were very 
weak, and 4000 tons were put through at 50s. 8d. cash, 
503. 84d. ten days, 51s. pol 59s. 1ld. one month, and at 
51s. 44d. and 51s. 34d. three months. At the close sellers 
named 50s. 84d. cash, 50s. 114d. one month, and 5ls. 44d. 
three months. On Tuesday morning another idle session 
was recorded and Cleveland warrants showed little 
change, sellers quoting 50s. 9d. cash, 51s. one month, 
and 51s. 44d. three months. In the afternoon the 
tone of the market was good, and Cleveland warrants 
ined 2d. A small business of 2000 tons was done at 
1s. 54d. and 51s. 6d. three months, with closing sellers 
at 50s. 1ld. cash, 51s. 24. one month, and Bis. 64d. 
three months. When the market opened to-day (Wednes- 
day) Cleveland warrants were steady, but no business of 
any kind was done. Buyers prices showed a decline, but 
sellers were firm at 51s. cash, 51s. 24d. one month, and 
51s. 7d. three months. The afternoon session was dull, 
and the turnover consisted of one lot of Cleveland 
warrants at 51s. 54d. three months. At the close the 
quotations were weak, and sellers named 503. 104d. cash, 

bjs. 14d. one month, and 51s. 6d. three months. 


Sulphate of Ammonia.—Another fall in the price of 
sulphate of ammonia has to be recoréed this week, and 
the —— for prompt lots are now 12/. 3s. 9d. per 
ton Glasgow, and 12/. 5s. per ton Leith. That reduc- 
tion is not due to want of demand, but rather to 
the position of the market in poe « Stocks in 
that country are fairly heavy just now, but there are 
almost no stocks on hand here, and this latter fact 
almost ensures a firmness coming over local prices 
very soon. The figures dealing with ned eure and 
export for the year are now available, and the 
amount produ in Scotland during 1913 totals 420,000 
tons, compared with 388,000 tons in 1912. There was 
an increase in home consumption last year, and whereas 
75 per cent. was exported, the remaining 25 per cent. 
was used at home. The exports in 1913 totalled 325,000 
tons, com with 287,000 tons in 1912, but the coal 
strike during the latter year affected the output con- 
siderably. 


Scotch Steel Trade.—The movement towards better con- 
ditions in the Scotch steel trade is very slow, but the 
general feeling is rather better this work and inquiries 
are more numerous. It is considered that the present 
prices for heavy material are now just about rock bottom, 
and in consequence of this home consumers seem more 
inclined to book up forward supplies. The demand for 
— is not very heavy, but makers of sections report a 

ealthier ~ a for that class of material, more particu- 
larly forangles. For structural material the demand is as 
pressing as ever, and machinery is running full ; but sheet- 
makers are not overburdened with orders at the moment. 
Galvanised qualities are firmer in price. The export 
trade is fairly good, and inquiries point to the fact that 
buyers seem more inclined to fix up forward lots than 
they have been for some time. Official prices are un- 
changed 


Malleable-Iron Trade.—The malieable-iron trade of the 
West of Scotland shows little change, and although a 
certain amount of fresh business has been booked 
recently, there is still a great slackness at the works. 
The export demand is poor, but prices show no altera- 
tion. 

Scotch Pig-Iron Trade.—In the Scotch Pa My trade 
there is quite a fair amount doing, and the mt 
demand for the ordinary qualities is such that there is 
very little being stocked. The production is restricted, 
as there are only some 66 furnaces in blast, com 
with 92 at this time last year, and with the outlook a 
little brighter a few more may be rekindled before long. 
Prices are steadier, and the following are the market 
<mge for makers’ (No. 1) iron: —Clyde, 69s. ; 

der, Gartsherrie, Summerlee, and loan, 70s. (all 
shipped at G ww); Glengarnock (at Ardrossan), 71s. ; 
Shotts (at Leith), 70s. ; and Carron (at Grangemouth), 
70s. Hematite is a little more active, and the price is 
the turn firmer. 





INSTITUTION OF ELECTRICAL ENGINEERS: MANCHESTER 
Looat Sgcrion.—The thirteenth annual dinner of this 
section will be held in the large Banqueting Hall of the 


Midland Hotel, Manchester, on Friday, Fe 27, ab 
7 p.m. for 7.15. Tickets may be obtained from hon. 
secretary, Mr. Julius Frith, or from the assistant secre- 
tary, Mr. A. L. Green, whose address is 8, Westminster 
Avenue, Manley Park, Manchester. 




















JAN. 30, 1914. ] 


ENGINEERING. 





153 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—For several weeks London 
has been taking big tonnages of house coal from the 
South Yorkshire pits at rates that have a 1s. 
more the prices obtainable in Sheffield and district, 
and there is relief at the settlement of the dispute. 
The market for hard steams is less buoyant. A con- 
siderably decreased shipping tonnage, together with weak- 
ness in certain sections of industrial ene, 

deflating prices, and as the output rather increases 
grows smaller, stocks are making an appearance. The 
slight depression that has resulted, appears to have spread 
to contract business. Gas fuels are not going away so 
freely on contract account, but business in outside sales 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MippiEesBroucH, Wednesday. 
The Cleveland Iron Trade.—The pig-iron market is 
steady, with a fair amount of business passing, and pros- 
pects are regarded as rather bright. Buyers are prepared 
$0 make arrangements for both carly and forward require- 
ments, and are willing to pay more for delivery chact 
than for early delivery. Some sales have been recorded 
this week at 51s. 6d. for early f.o.b. delivery of No. 3 
.m.b. Cleveland pig, and many sellers still adhered to 
t figure, but others are now prepared to accept 51s. 3d. 
which is revarded as the market quotation, and 
at which figure sales have occurred, whilst No. 1 is 


f ontra 53s. 9d. ; No. 4 foundry, 50s. 9d.; No. 4 f , 50s. 6d. ; 
is well maintained. Slacks fluctuate. Movements are/and mot white iron each 50s. . Rather 
mostly in an upward direction. Coke is i lar. The} above the foregoing quotations are named for forward 
chief weakness is in foundry sorts. Prices :—Best branch | deli Firmness characterises the hematite branch 


hand-picked, 17s. ; Barnsley best Silkstone, 14s. to 15s. ; 
Derbyshire house, lls. 6d. to 12s.; Derbyshire best 
brights, 12s. to 13s. ; best large nuts, Ils. 6d. to 12s. ; 
small nuts, 9s. to 103.; Yorkshire hards, 1Js. to 12s.; 
Derbyshire hards, 10s. 3d. to lls. 3d.; rough 

7s. to 8s.; seconds, 5s. to 6s.; smalls, 3s. to 4s. per ton. 


Iron and Steel.—The raw-material market has under- 
gone a further improvement, and the general position will 
now compare very favourably with that in other districts. 
Despite the restricted output of all classes of iron, con- 
sumers are faring fairly satisfactorily. Further contract 
business has been entered into by steel-makers. Hema- 
tite and foundry sorts are in better request, and a smaller 
improvement is marked in forge iron. Continental com- 
petition is less pronounced. Further expansion will have 
to be made, however, if deliveries are to reach last year’s 
volume. In hematites, West Coast is quoted at 73s. 6d., and 
East Coast at 68s. 9d., delivered in Sheffield or Rother- 
ham. Lincolnshire foundry has moved to 54s. 8d., and 
Derbyshire foundry to 55s. 6d. In forgeiron Lincolnshire 
stands at 53s. 8d., and Derbyshire at 52s. Bars and sheets 
are not quotably different. The heavy steel trades are 
busily engaged. Makers of railway steel report a further 
big accessiun of orders from the East. Tramway-steel 
makers are labouring under the adverse influence of in- 
c competition. The m-building trade has 
suffered a slum oe u earlier > ma of rail- 
way Ww under the new urrage regulations. Agri- 
cultural engineers report a decreased overseas trade in 
heavy inery. he demand for steel billets shows 
a slight falling off. Hard basic billets have been reduced 
from 61. to 5l. 10s. 





Tue Minine Institute or Scortanp.—The second 
annual dinner will be held in the North British Station 
Hotel, Edinburgh, on Saturday, February 14, at 4.45 p.m. 





Tue INstTITUTION OF HEATING AND VENTILATING 
ENGINEERS.—The annual general meeting will take place 
on Tuesday, February 3 next, at P: i’s Restaurant 
(Alexandra Room), 44, Great Portland Street, London, 
W., at3 p.m. In addition to routine business, there will 
be a presidential address by Mr. Kenneth Gray, and a 
report re research work at the University College, 
London. The following topical subjects for discussion 
will be brought forward :—(a) What is the formula, 
stated as briefly as possible, for calculating the friction 
in the pipes of a hot-water heating apparatus ? Submitted 
by Mr. H. J. Hunt. (6b) What ha when the fire is 
lighted? Submitted by Mr. E. ing. There will 
also be a paper by Mr. A. H. Barker, B.A., B.Sc., enti- 
tled ‘‘Investigation of Physical Conditions of Room 
Air,” followed by a discussion, There will be a dinner 
at Pagani’s Restaurant, 6.30 for 7 o’clock. 





Srzam-Tvuc ror Mavritius.—Mr. Edward Hayes, 
Watling Works, Stony Stratford, has just completed a 


single-screw steam-tug for delivery to Mauritius. Her 
principal dimensions are :— 
Length over all .. is . 56 ft. 0 in. 
Breadth .. - = on _ 12 2 6» 
Depth —. moulded at side .. 6,95, 
Depth amidships,to pilot-deck 8 Ow 
Extreme draught a an i * 6 Ow 
Mean speed, running light with and against 
tide os wt o es bs ee 11.6 miles. 
Speed, towing 420 tons in two barges, low 
tide an os = ee Rt 4.59 ,, 
Mean vacuum during the run 27 in. 


Average number of revolutions per minute 


The tug, which had steamed from the works, via Brent- 
ford, started from Charing Cross Pier at about 11.30 a.m. 
on Monday, the 19th inst., and ran down the Thames for 
her speed trials, after which she was taken into dock, 
whence she will be shipped on board an export ship to 
Mauritius. The results of the trials are tabulated above. 
The contracted speed, running light, was 10 miles. The 
skin-plating of the hull is of t iron, with frames 
of angle-steel extending from gunwale to gunwale, and 
spaced 18 in. centre to centre. The hull is divided into 
four compertments by three bulkheads. A coal-bunker is 
located on each side of the engine-room ; together they 
hee Sous ag + for a two-days’ service. vani 
oiler- tank, having a ity of 150 gallons, is 
ae — ca gl Admired pattern—are ewo in 
mer, having 12-in. downtakes. The engine is compound 
surface-condensing, having cylinders 8 in. and 16 in. in 
diameter with a stroke of 10in. The boiler is of the marine 
return-tube type, 6 ft. 3 in. in diameter and 7 ft. 2 in. in 
length, and is to burn wood or coal. The engine- 
controls are ex ed on to the deck. The approximate 


shipping weights are as follows:—Hull, 15 tons; engine, 


tons 15 cwt.; and boiler, 6 tons. 








very. 

of the staple industry. This week large Sheffield 
consumers have visited this market, but so far as 
can be ascertained they have not purchased. Values 
show an upward movement. Nos. 1, 2, and 3 East-Coast 
brands are now fully 62s. 6d. for early delivery, and 
forward contracts have been made at 63s. Foreign ore 
prices are a little easier, sellers having given way on 
genuine inquiries coming along. Rubio, of 50 per cent. 
quality, is now quoted 18s. 3d. ex-ship Tees. There 
are firm offers to buy on the basis of 18s. for best Rubio. 
Coke is easier. Average blast-furnace kinds are round 
about 17s. 6d. delivered at Tees-side works, and possibly 
contracts could be made at below that figure. 


Stocks and Shipments of Pig Iron —The stock of Cleve- 
land pig iron in the public warrant-stores now stands at 
135,277 tons, all of which is No. 3 iron, with the excep- 
tion of 43 tons of iron deliverable as standard. Since the 
beginning of the month the stock has been reduced by 4105 
tons. Shipments of pig iron from the Tees are on a fairly 
satisfactory scale. 


Manufactured Iron and Steel.—There is very little new 
to report regarding manufactured iron and steel. Pro- 
ducers are fairly busy, and a few orders are coming in. 
Prices show an upward tendency, but are not quotably 
altered. The principal market quotations stand :—Com- 
mon iron bars, 7/. 10s. ; best bars, 7/. 17s. 6d. ; best best 
bars, 8/. 5s.; ing iron, 6/.; iron ship-plates, 6/. 15s. ; 
iron ship-ang’ 71. 10s. ; iron ship-rivets, 8/. 10s. ; iron 

rder-plates, 7. 5s.; steel bars (basic), 6/. 15s. ; steel bars 
Siemens), 6/. 15s. ; steel ship-plates, 62. 10s. ; steel ship- 
angles, 6/. 2s. 6d.; steel boiler-plates, 7/. 15s.; steel joists, 
61. 12s. 6d.; steel strip, 62. 15s.; steel hoops, 71. less 
the customary 24 per cent. discount; cast-iron columns, 
71. 7s. 6d.; cast-iron railway chairs, 4/. 5s.; lightiron rails, 
7l.; heavy steel rails, 67. 10s.; steel railway sleepers, 
7l. 5s. net at works; galvanised corrugated sheets, 
24-gauge, in bundles, 11/. 5s. f.0.b.—less 4 per cent. 


Cleveland Miners’ Wages.—Sir Hugh Bell, Bart., pre- 
sided at a meeting between the representatives of the 
Cleveland Ironstone Mine-Owners and the Cleveland 
Miners’ Association, held at Middlesbrough this week, 
to further consider the w to be paid to the men 
art at the Cleveland mines. By arrangement wages 
will be reduced 3 per cent. for the ensuing quarter. 


Ironworker?’ ee the sliding-scale arrangement, 
the wages for February and March, 1914, will be the 
same as prevailed during the ing two months. 
The average net selling price per ton of manufactured 
iron is certified to have been 7/. 2s. 10.87d., as against 
7l. 6s. 7.77d. per ton fur the previous two months. The 
average net selling price for the year 1913 was 7/. 8s. 6.08d., 
as compared with 6/. 14s. 5.2d. for 1912. The sales of 
manufactured iron during the two months past totalled 
7382 tons, against 8156 tons for September and October. 
For the year 1913 the sales amounted to 59,961 tons, or a 
decrease of 6431 tons as compared with the previous 
year. 


Cleveland Ir sters’ A jation.—Mr. W. W. Storr 
has been elected President of the Cleveland Ironmasters’ 
Association, and Mr. W. Hawdon, of Messrs. Sir Bernard 
Samuelson, Limited, Middlesbrough, Vice-President. 











Tue Corprer Market.—In their report, dated the 16th 
inst., Messrs. James Lewis and Son state that Standard 
copper had been subject to a fall of 21. 12s. 6d. per ton 
for cash since the 3ist ult.—from 66. 2s. 6d. to 627. 10s. 
onthe 14th inst. On the 15th inst., on the report of a 
fresh strike at Rio Tinto, was a recovery to 63/. 10s. 
and closing values on the 16th were 64/. 2s. 6d. cash an 
641. 7s. 6d, three months prompt. Sales amounted to 
about 15,000 tons. The very increase in both 
European and American stocks—together 22,907 tons—for 
the month of December, and the prospect of further 
increase this montb, offered no encouragement to con- 
sumers to make unnecessary purchases, and uentl 
the demand for refined cop had been very limited. 
Electrolytic was quoted Tt t to 143 cents per pound, 
and 66/. 10s. per ton c.i.f. American exports to date this 
month were 16,395 tons. The American refiners’ returns 
for December showed the extraordinary increase in their 
stocks of 19,424 tons, or i 
January 1, 1913, the home consumption having fallen 
from 30,434 tons in October and 21,722 tons in November 
9794 tons—the lowest on record. iveri 





40,821 tons against 47,014 tons on | exam 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has been rather unset 
tled. Tonnage arrivals over the week end were about an 
average, and some of the colliery owners had sufficient 
steamers to meet their immediate requirements. 
small amount of fresh business was however done, and only 
moderate inquiries received for best Admiralty and other 
qualities of steam-coal ; while, on the other band, suppli 
were abundant. Leading firms have, accordingly, 

a slight tendency to make concessions to buyers in a posi- 
tion to take prompt delivery. House coal has shown 
little change. The best Admiralty large has been  _ 
at 18s. 6d. to 198.; best — 18s. to 
18s. 6d. ; other descriptions, 17s. 6d. to 18s. ; best bunker 
smalls, 11s. to 11s. 3d. ; and cargo smalls, 7s. 6d. to 8s. 3d 

ton. Best household has 


iron 

9d. per ton, upon a basis of 50 
cent. of iron, and charges, including freight, ind 
ance, &c., to Cardiff, Newport, Penarth, ur Barry. 
More Welsh Coal.—Important developments are antici- 

ted in the Cribbwr Fawr colliery, four valuable seams 
Goring recently been discovered. The Oribbwr, an 8-ft. 
seam, will provide the best house coal. The Liatog, a 
4-ft. seam, and the Five-quarter, a 4-ft. 3-in. seam, are 
also valuable, and have good roofs. 


Bristol Oil Trade.—Four tank-steamers, laden with 
14,000 tons of oil in bulk from North American ee 
have arrived at Avonmouth: Good progress is being 
made with the Anglo- Mexican storage tanks. 

Newport.—The new works at Newport of the British 
Mannesmann Tube Company are expected to be com- 
pleted within three Peg The working staff will com- 
— Whitehead Iron and Steel Works 

mpany is also negotiating for a 19-acre site at Newport, 
as it has some idea of removing its works to Newport 
from Tred . The site under consideration lies on the 
west side of the Usk, not far from the west end of the 
Alexandra Docks, and close to the dock company’s rail- 
way, as well as to the lines of the Great Western Rail way 
Company. 





Tue InstrTruTION oF MECHANICAL ENGINEERS : 
Erratoum.—Mr. E. J. Davis, who on at the meeting 
of the Institution of Mechani Engineers on the 
16th inst., draws our attention to the fact that his 
surname is written without an “‘e,” and nob as we gave 
iv on page 109 of our last issue. 





Op CENTRALIANS.—Ibt has been arranged to hold the 
sixteenth annual dinner of the Old Centralians (the Old 
Students’ Association of the City and Guilds Engineering 
College) at the Trocadero Restaurant, Piccadilly-circus, 
W.C., on Saturday, February 21, at 7.30 p.m. e chair 
will be taken by the President, Mr. G. T. Moody, D.Se., 
F.C.8., and tickets ean be obtained from Mr. G. W. 
Tripp, 4, Fairfield-road, Old Charlton, 8.E. 





Tripte-Screw. Wuire Star Lingk “ Brirannic.”— 
In connection with the launch of the new White Star 
triple-screw steamer Britannic, at the yard of Mesers. 
Harland and Wolff, Limited, Belfast, on Thursday, 
February the record of the first famous White Star 
steamer of the name is interesting. The new steamer 
will be of about 50,000 tons gross register, and be nearly 
900 ft. in len while the old Britannic was only 5004 
tons and 455ft. She was a single-screw steamer, built in 
1874, sailed from Liverpool on maiden voyage to New 
York on June 25 of that year, and made the large number 
of 271 round voyages to New York. This historic vessel 
steamed 2,032,500 statute miles, rig! 560,407 tons 
of coal in doing so. She carried 112,711 first-class and 
282,685 third-class passengers across the Atlantic. In- 
cluding su uent service in all, the Britannic covered 
no less than 2,232,999 statute miles, and consumed 626,000 
tons of coal during her career. 





Tue tate Mr. Wii11am Crush.—We regret to have 
to record the death on Sunday, the 18th inst., of Mr. 
William Crush, of the firm of Messrs. Yarrow and Oo., 
of Glasgow, with which Mr. Orush was associated since 
the year 1872. He always took # very active part in 
the various developments of its busi especially in 
connection with the Yarrow water-tube er and the 
construction of high-speed and shallow-draught vessels. 
In the early days of the Yarrow boiler, Mr. Crush, being 
eminently a thoroughly practical man, was one of the 
strongest advocates 7 straight a. as he ~~ om gee 
engineering instinct the great advantage whic iop- 
tion of straight tubes would have, both as 8 the 
manufacture and su uent maintenance of boiler. 
He ever strove for reliable work. Some of the most 
notable high-speed vessels were constructed under his 
personal ———- at the Yarrow yard in Poplar. One 
is the Russian destroyer Sokol, which was the first 

vessel to attain 30 knots. Since the removal of the firm tq 
Mr. Crush had again been most successful in 

the construction of H.M.S. Lurcher and similar vessele. 
Mr. Crush was endowed with a clear i t into the 
character of men, and this, combined with the possession 
of tact in the highest d made his opinion on labour 
questions of extreme value. Mr. Orush died at Bourne- 
mouth after a very brief illness following an operation, 
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NOTICES OF MEETINGS. 


Tue Norru-East Coast InstirvTion or ENGINEERS —S: Suirp- 
oye og” eng Fa at 7.30 Leg in the Lecture 
Theatre o e Literary Philosophical Soci: bbga ot 

» Newcastle-on-Tyne. A ee = entitled “ The Bitec the 
Detonation of Gun-Cotton,” Hopkinson, M. Inst. O.E., 
F.R.S., Professor of Engineering, Cambelige University, will be 
read and discussed. 


Tus Srarrorpsaie Iron AND Sree. Instirvrs.—Saturday, 
January 31, at 7.15 Bm. at the Institute, Wolverhampton-strect, 
Dudley, Mr. Frank nslow (Glasgow) will read a paper on ‘‘ Power 
in Iron Works.” 

Tae Instirvre or Marine Enoineers.—Monday, omy 2, 

at 8 p.m. ‘The Manufacture of Wood Charcoal and its Uses,” 
by Mr. W. D. Ashton Bost (Companion). 

Tus Roya. Soctrty or Arts.—Monday, February 2, at 8 p.m. 
Cantor lecture. “* The Relation of industry to Art,” by ’ Sir Charles 
Waldstein, Litt.D., Ph.D., late Director of the ” Fitewilliam 
Museum, and Slade Professor of Fine Art, eee (Lecture III.) 
Tuesday, Febi 3, 2° .m. Colonial Section. ‘‘ The Mon- 


treal, Ottawa, y Canal.” by Sir Robert W. Perks, 
Bart. Wedne yo —~ 4, at 8 p.m. ‘Alcohol. by meeting. 
** Motor Fuels, th al Reference to Mr. Wil- 
liam Reginald D.Se., ros. M. Inst. Automobile 


Engineers. Sir Sovertes Redwood, Bart., D.Se., F.R.8.E., 
sident of the Institution of Petroleum Technologists, will le. 
Tue Society or ENcingeRs.—Monday, February 2, at 7.30 p.m., 
at the Institution of - a ag eers, Victoria Embankment 
W.C. Mr. Arthur Valon, M C.E. —. 1913), will 
t oe Premiums Samal for a published in the 
* Journal ” 1913. Mr. H. ton, the President 
for 1914, veil then deliver his  cechdcouial address. 

Tae in iON OF ELxorRicaL Enomngers: Scorrisn Loca. 
Secrion.—Tuesday, February 3, at 810 p.n., at the Princes- 
street Station Hotel, Edinburgh. Paper on ‘“ British Practice in 
the Construction of High-Tension Overhead Transmission Lines,” 
by Mr. B. Welbourn, Member. 

Tus Rénxtesn Sociery.—Tuesday, February 3, at 5.15 p.m., at 
the London Hospital, Whitechapel. Dr. Gilbert Scott will con- 
duct visitors over the X-ray and electro-therapeutic departments 
of the hospital, and give a demonstration of the Wilson portable 
coil apparatus, and will show a number of iNesaare i 

Tas Instirurion or Orvi, Enoinsers.—Tuesda: 
at 8 A nag Paper to be read :—‘‘ The Problem ot the > Then, 

Bearing, by Mr. Henry Thornton Newbigin, Assoc. M. Inst. O.E.; 
and ot for new members. 

Tur AspronavuticaL Socrsty or Great Brirain.— Wednesday, 
February 4, at 8.30 p.m., at the Royal United — Institution, 
Whitehall, 8.W. Lecture (followed by discussi on “ 4 
Developments of Military Aviation,” by Lieut. lionel F. 
Sykes, A.F. Aé. 8., Royal Fiying Corps. The Right Hon. Lord 
Sydenham, F.R.S8., ‘will preside. 

® ROYAL INSTITUTION OF ne. re. —Friday Jaw 6, 
at 9 o'clock. Discourse by Mr. Hele Shaw. 1 LL. D., D.8¢c., 
F.R.S., M. Inst. O.E., M.R.L, one Mechenies of Masouler 
Effort.” Afternoon lectures next week at 3 o’clock. Tuesday, 
February 3. Professor William om, 
Fullerian Professor of 7“ siology, R.L, 
under Domestication.” ture IIL) “Thu » ea 5, 
Professor Sir Thomas i Holland, K.C.LE., D. 
“ Types and Causes of Earth Crust Folds.” (Lecture I. Satur- 
day, eeeaty 7. Professor Frederick ow on ** Neglected 

Musical Pp (3) * Raff.” (With musica) illus- 





joer mo 








ENGINEERING. 


FRIDAY, JANUARY 30, 1914. 











INTERNATIONAL CONFERENCE ON 
SAFETY OF LIFE AT SEA. 


Tue International Conference on Safety of 
Human Life at Sea has completed its work. Its 


be | first meeting was held on November 12, 1913, and 


its last on January 29, 1914. Under the presi- 
dency of Lord Mersey, it was divided into five com- 
mittees :—Safety of Navigation, Safety of Construc- 
tion, Wireless Telegraphy, Life-Saving Appliances, 
and Certificates. “Whe work of these committees 
was supplemented by that of a committee presided 
over by Lord Mersey, and consisting of the chair- 
men of the above-named committees (respectively 


Sir Norman Hill, Admiral Capps, Mr. Moggridge, | Rul 


Sir John Biles and Dr. von Koerner), M. Guernier 
and Judge Alexander. This committee devised 
what may be called the external relations of the 
Conference, to what ships the Conference should 


= app and how its findings should be given effect to. 


he work of all these committees was redacted by 
M. Guernier and a committee over which he pre- 
sided, consisting of one member of each delegation. 


Currest of Air! ells) “ 139| i eafety Ha pa 155 | The reports of the various committees were made 
The Rjukan Hydro-Electric || The Production of Power.. 156| in answer to specific questions put to them by the 
(een ee oe! ew ete! ‘the 157| Conference, and from these answers a Convention 
Fo oundry Plant and | Ma- Unem loyment insurance had to be framed. Sucha Wg at oe necessarily 
S a 6 Dg Disputes must be self-explanatory, and must contain precise | to 
hy code 145 ™ on, rE * aii, 158 regulations which the various Governments can 
= World’s Naval and Mer- | Aerts 59 embody in the legislation which must necessarily 
Newnes mt Boats for His | follow in order to give effect to the Conve: 
Balanced | Laffin a, | Navy Iibestrated) eens 108 tion. Out by: veer a Bcc and mero 
I | coon ateecen af thes eel nag sions embodied in the mmittee’s repo: 
The. "Prudhon” Gomibined ad pt een _ ei a 161 | M. Guernier and his ye seme oR ees | had 
ynattoal aed Water. || The of Ball-Bear to produce a Convention whic e plenipo- 
Notes from the Nort nn oe ee tte ias's 05 | tentiaries could sign. The committees sat till 
from South York. Foreign gg | Christmas, and, after short recess, the work of 
Notes ‘trom Cleveland and pncering Projects - sccord | Fedaction commenced, and was finished on 





- 153|| ° (1Uustrated) ............ 
Withe sSeaPees Plate of the RJUKAN HYDRO-ELECTRIC 
POWER-STATION, NORWAY. 





169|the 20th inst. Lord Mersey and Mr. Sydney 


Buxton, in the remarks they each made in the 
closing proceedings, spoke age on the value 


,| changes difficult, if not dan 





of the work done. Without stint or rest for two 
months the proceedings were conducted with a 
slnghe- busted desire to arrive at the best result. 
They ne te been marked by good feeling, _— will, 
and good “ The spirit of co and con- 
Silialos: disn yed throughout the deliberations 
has coutsiveled greatly to the increase of mutual 

and confidence among the nations, and 
thereby to the peace and happiness of the world at 


ntil the full Convention is published it is not 
possible to form any final opinion on the work of 
the Conference. The summary , ree by Lord 
Mersey in his closing speech affords but an outline 
of what is attempted. Until we get the details 
of the methods to be adopted in giving effect to 
the work of the Conference judgment must be 
reserved. For safety of navigation patrols are to 


Pre. | be kept by the United States Government in the 


Atlantic, and are to be paid for internationally. 
These will destroy de rdlicts, and observe the 
velocity, set, and variations of currents, so as to 
determine the fundamental conditions which govern 
the movements of the ice, and thereby enable 
us to predict them before they have me & 

il. Derelicts and ice must be reported by 
masters of ships by wireless to other ships and land 
stations for further transmission. Prudent sea- 
manship in the vicinity of ice is to be enforced on 
all nations by reduction of speed at night in the 
vicinity of ice. Compulsory routes for steamships 
have not been establish The International 
Collision Regulations have not been revised, but 
action is to be taken to modify these regulations in 
the matter of lights and si 

In the matter of Safety of Navigation, the Con- 


H. | ference does not seem to have done as much as 


—_ of its members would have liked and as was 

by many not of the Conference. The 
subject is dificult to deal with adequately. Long 
years of acknowledged rule are apt to make 
gerous. The subject 
is the most important with which the Confer- 
ence had to d since as long as navigation is 
effected with safety, provisions for minimising the 
effects of accidents are superfluous. Only when safe 
navigation has not been maintained is safety of 
construction, so far as bulkheads, &&., are con- 
cerned, of value. This latter subject. has been 
dealt with ve a by the Conference. Existing 
vessels are to to the tender mercies of the 
administration of the country to which each vessel 
belongs. If an administration thinks that increased 
safety is practicable and reasonable, it may do as 
it pleases as to enforcing changes. For all new 
ships the practice will be uniform in all nations. 
The advertisement value of a safety certificate 
under the new regulations will be a temptation to 
shipowners to publish the fact that new vessels are 
safer than old ones in this respect, unless owners 
realise that even in existing vessels a Certificate of 
Safe Construction may be of sufficient value to 


ustify the ex of obtaining it. Numerous regu- 
tions as to fire bulkheads, escape from compart- 
ments, ytd of bulkheads, number and character 


of water-tight doors and the means of controllin 
them, number and character of openings onthe ship's 
side, extent of double bottoms, &c., are framed 
es are laid down for the inspection of all 
these and for the drilling of the crews. They 
are mostly as now adopted a apd best prac- 
tice, but making them —— m all will 
add to the general safety ut a ese details 
are only subsidiary to the main condo’ of sub- 
division. This problem is difficult to solve in a 
ractical way. A naval architect can work out the 
ireught at which a ship will float with bulkheads 
in a defined position, and compartments occupied 
ina known manner. The practical problem is to 
place the bulkheads in the plans, so that when the 
he built, and loaded in such a way as she is likely 
she shall have a reasonable degree of safety. 
It is cemparatively to construct curves which 
will enable a naval M architect, or even & i naval 
architect, to say how much of a ship’s length may 
be flooded, with her holds laden with coal, before 
she will sink below some chosen dra\ ht. But to 
say for all practicable lengths of ship, and for 
all probable Rc ome of spaces, what shall 
be the ee Se of bulkheads to give a reason- 
able degree , is a problem which must 
have taxed the skil of the naval architects 
in the international conference. The solution 
does not yet seem to be complete, for provision is 
made for further study and for exchange of the 
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results of such study. We shall await with interest 
the full report of the Conference on this subject. 

The report on wireless telegraphy provides for 
carrying observers and instruments on all vessels, 
passenger-carrying or otherwise, that have more 
than fifty persons on board. Vessels are classed in 
accordance with the number of passengers carried 
and the speed and distance steamed. e extent 
of watching for signals varies with the class. The 
master of a vessel in distress may select from 
among the vessels which are in wireless communi- 
cation with him ‘the vessels which he wants to come 
to his aid. 

The report of the Life-Saving Appliances Com- 
mittee seems to have followed very closely the Boats 
and Davits Committee Report ; but as both these 
Committees were presided over by Sir John Biles, 
this coincidence is not remarkable. It is to be 
remarked, however, that the 50-ft. decked lifeboats, 
to carry 250 people, do not ap in the summary 
of the report given by Lord Mersey, while the 
rafts proposed by the Boats and Davits Committee 
are to be allowed in ships where a Jarge number of 
lifeboats have to be carried. As already stated, 
we shall read with interest the full text of the 
Convention, which is ex to be published on 
February 15. The Oonvention is to be ratified 
by December 31, 1914, and to come into force on 
July 1, 1915. 








THE PRODUCTION OF POWER. 

Tue world had no experience of the production 
of power on a large scale until the introduction of 
an eff ctive form of the gre which cannot 
be dated back further than Watt’s invention of 
the separate condenser in 1765. Since then nearl 
a century and a half have elapsed, during whic 
the importance of the part played by power in our 
civilisation has steadily increased. Even now, 
however, its rdéle in creating wealth is smaller 
than might perhaps be expected from a casual 
review of the subject. In the first census of 
production - ha United ye om are 
aggregate full- capacity of the power plan 
at work was estimated at 10,578,475 horse-power. 
Large as this figure is, it would appear from 


an estimate made by Mr. E. G. Hiller, M. Inst. | has beco 


C.E., ina paper recently read before the Manchester 
Association of Engineers, that the cost of this power 
represents only about 2 or 3 per cent. of the value 
of the goods produced by its aid. In all probability, 
as years go on, this propertion will increase. 
Electro-chemical industries are daily acquiring more 
and more importance, and in these the cost of the 
wer forms a main element in that of the product. 
bs this country we are naturally dependent mainly 
on coal, and though it is true that on the Tyneside 
wer is supplied more cheaply than at certain 
Lpdro-clestris stations, it is probable that the prin- 
cipal development of the electro-chemical industries 
will take p in regions where water-power can 
be cheaply generated. In this country water-power 
forms, of course, a very insignificant fraction of the 
total, being credited with but 177,907 horse-power 
out of the aforesaid aggregate of over 10 millions. 
There are, however, very considerable amounts of 
wer available here, in the form of what have 
itherto been regarded as mainly waste products. 
On the North-East Coast good deal has been done 
to utilise for power development the waste heat 
at various collieries and iron works, the current 
generated being fed into the great network of 
mains which reticulates the district between 
Morpeth, in Northumberland, and Skinningrove 
and Guisboro’, in North-East Yorkshire. 

One great advantage of the system here adopted 
lies in the fact that even small supplies of heat 
can be profitably utilised. Some of the waste- 
a coupled to the mains, develop, it is 
stated, less than 200 horse-power, though at one 
waste-heat station no less than 8000 horse-power is 
supplied in this way. The figure in question, 

as it is, in no way represents the ible 
limit at such stations. In a paper read before the 
Institution of Mining Engineers, Mr. T. C. Wild 
gives some interesting figures showing what has 
already been accomplished at the works of the 
Hematite Steel Company, Barrow. Here there are 
four furnaces in blast, making 1200 tons of iron per 
week, and in the process 826 million cubic feet 
of are obtained as a by-product. Of this 
, 500 million cubic feet are available for 
power production, and if used in gas - engines 
would be capable of furnishing continuously 30,000 





horse- power. At present the company have 

eight gas-engines installed which are rated at an 

te of 9000 horse-power. The remainder 
of the gas is used in boilers, and a saving of 

1000 tons of coal per week is effected. Plant of 

this character has developed but slowly in this 

country, though it is here that the idea of using 
these waste for the production of power 
originated. ere were, however, many difficulties 
to be solved before a vague idea of this kind could 
be rendered a commercial proposition, and the 
credit for solving the many complicated problems 
involved must undoubtedly be credited to Conti- 
nental engineers. Now, however, waste-heat plants 
are becoming increasingly popular, and Mr. Wild’s 
paper contains some very interesting data as to 
what is now being done. Iron works have their 
gas a to hand, though to fit it for use in 
engines the provision of somewhat expensive clean- 
ing plant is essential. At many collieries, on the 
eH hand, the waste available is not gaseous, 
but solid fuel. The latter works badly in boilers, 
but excellent results have been obtained by 
utilising it in gas-producers. At the Birchenwood 

Colliery, Staffordehire, for instance, a Mond gas 
lant has been put in to work with a mixture of 
lt pickings, washer refuse, and ‘‘ burgy,” the 

latter being added because the wastes above 
enumerated contained too much ash, which must 
not exceed 40 
into the producers. The “‘ burgy” is worth 6s. 9d. 
per ton, and the scheme adopted involves the 
consumption per annum of 67,000 tons of this, 
plus 49,500 tons of colliery wastes. The ammonia 
sulphate recovered leaves a balance, estimated 
at 7181. per year upon the working costs, 
inclusive of fuel, stores, establishment charges, 
and labour ; and after allowing 7} per cent. on 
the 50,0001. capital outlay, there remains, Mr. 
Wild states, a profit of 17,0681. on the pre- 
vious working costs, taking the value of the sul- 
phate at 10/. per ton. At present prices the profit 
is 10,0001. per annum more. The gas produced was, 
in the first instance, used for boiler-firing, but gas- 
engines have since been installed, and more are on 
order. 

As experience has accumulated the gas-engine 
me more and more reliable. Whether the 
large unit of the future will have a few large cylin- 
ders or a greater number of smaller ones remains 
to be proved. With large cylinders it is essential 
to water-cool certain of the moving parts, whilst 
with the small cylinders, favoured by the National 
Gas-Engine Company, this is unnecessary. Theory 
shows, moreover, that on this system the weight 

r horse-power of the engine should be materially 
ess, and the ease with which the smaller parts 

rtaining to the small cylinder are handled goes 

ar to discount their greater number. Engines 
with large cylinders must, in short, be built; 
whilst engines with small cylinders may, to a con- 
siderable extent, be ‘‘ manufactured.” 

Some interesting figures as to the relative 
reliability and working costs of different types of 

rime mover are included in Mr. Hiller’s paper. 
is table showing the liability to breakdown 
of the different types is reproduced below. 

TaB.e I.—Reliability of Different Types as Indicated by 
N, Number of Breakdowns. R, Number of Breakdowns 
x Cost of Repair per Breakdown. In cach case Steam- 
Engines taken as 1. 


| 
N R. 
Number of 


| Steam-Engmes | Breakdown. 
Taken as 1}. 8 





I. Steam-engines .. 1 

IL. Steam-turbines .. <a 3.36 
III. Gas-engines up to 14 in. 0.6 | 0.24 
IV. Gas-engines 15 in. to 24 in. 2.82 

V. Dieselengines .. oa 3 





It is noteworthy that the small gas-engine 
appears to give decidedly less trouble even than 
e steam-engine. On the other hand, the steam- 
turbine makes a relatively poor show ; but it may 
be suggested that the method of comparison is not 
wholly fair to the type. Turbines have on the 
average much larger individual outputs than their 
rivals, and a fairer basis of comparison, were it 
practicable, would be the av cost of i 
vad horse-power per annum. uch, moreover, 
epends upon the class of workmanship and on the 
details of design. Some large builders have, at 


per cent. of the total weight fed 





times, been unduly rash, and adopted on a large 
scale methods of construction unsanctioned by 
long experience. On the other hand, one 

firm asserts that the strips per annum of their 
machines do not amount to 2 per cent. of the plant 
they have installed. 

It cannot, however, be denied that there is still 
much to learn on this head, since strips originate 
from the most unexpected causes. At sea, for 
example, the silting up of a bend in a drain-pipe 
has been responsible for three recent strips, and it 
is now ised that provision must be made to 
keep these drains clear in the future. In other cases 
the vibration of the blading has given rise to strips. 
In the first really large turbine built, the low-pres- 
sure blades failed, apparently because their natural 
period of vibration coincided with the half period 
of revolution and resonance ensued. This was 
stopped nently by soft soldering an addi- 
tional lacing wire to the blades at half height. 

The relative fuel costs of different types of plant 
are estimated by Mr. Hiller as indicated in 
Table II. Here, it will be seen, the steam-turbine 
compares very favourably with the best of its com- 
petitors, and for large outputs it would seem to be 
without a rival when all the factors are taken into 
consideration. 

TaBLe Il.—Approximite Fuel Costs of Different 
Prime Movers. 
Stcam-Engine, Boiler, Superherter. 




















& § 2 Fuel Costs in Pence 
a . 
Size LH.P. |2 2% - : Remarks. 
$520 Per I.H.P.| Per B.H.P. 
Z2-- Hour. Hour. 
250 13.3 0.123 | 0.137 Evaporation, 7} Ib. 
1000 11.97 0.111 | 0.128 water per lb. coal. 
| Coal, 13s. per ton. 
The steam figures 
are those actually 
obtained on test. 
| The mechanical effi- 
} ciency of the engine 
is assumed to be 
90 per cent. 
Steam-Turbine, Boiler, Superheater. 
S85 | Fuel Costs in Pence 
Os ae 
Size. é £ . a ee Remarks. 
3 2s =) Per Kw. | Per B.H.P. 
@ 2) Hour. Hour. 
1000 LH.P., 15.1 0.140 0.111 Evaporation and 
say rice of coal as 
670 kw. | fore. Steam-con 


} | sumption res 
2000 L.H.P.,, 13.85 ; 'r 




















0.129 | 0.102 are obtained from 
Pay | paper by Baumann 
1350 kw. Ty before Inst. 
E. in January, 
6000 LH.P., 13.6 0.126 v.100 1912. Efficiency of 
~~ | nerator assumed 
3500 kw. } be 94 per cent. 
ing Fm ot cabin - 
| Fuel 4 A yay ny 
| sumption, Lb.| ence 
Size. =| ‘per B.H-P. | per B.H.P. Remarks. 
Hour. | Hour. 
| 
120 B.H.P. up- 0.44 | 0.212 Oil, 42. 10s. per ton. 
wards This ice fluctuates 


considerably. 





Gas- Engines. 
Fuel Costs | 
|_ Fuel Con- | ‘in Pence | Remarks. 


Type. sumption per 
B.H.P. Hour. = 


| | 





| 


Town f° 14.9 cub. ft. 0.313 Costof gas, Is. 9d. 
B.T.U. 1000 cub. 


p~ a A~ At 4 

ic value | ches ion 

jane ye ped 

apply to engines o 

| about 60 BECP. 

Suction gas 1 Ib. 0.193 (Anthracite, 36s. per 
(anthracite) ton. 

Bituminous 1.3 Ib. | 0.084 ‘Slack coal, 12s. per ton. 

producer Fuel included stand- 


by 





Where blast-furnace gas is available, the only 
disadvantages of the gas-engine lie in the limited 
size of each unit, and in the necessity for very 
careful cleansing of the gas. Where producers are 
used, however, the higher cost of non-bituminous 
fuels more than offsets the thermodynamic advan- 
tages appertaining to the internal-combustion 
engine ; whilst if bituminous coal be employed, the 
cost of the gas plant has hitherto been high. Where 
the output is large, however, this may be more than 
made good by the value of the residuals recovered, 
but the relatively small size of unit possible with 
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the internal-combustion mien has i a 
tages correspondingly em ised. Possibly the 
cost of using bitantinoes uel may be reduced in 
the future. In a paper read before the Institute of 


Mining Engineers, Mr. A. T. Cocking gave a brief | i 


description of the ‘‘ Cambridge” bituminous suc- 
tion producer, made by Messrs. Kynoch, with 
which it is claimed very satisfactory results have 
been realised in practice. In spite of all drawbacks 
the persentage of power developed by engines of 
this type is steadily increasing. Out of the ten 


million odd horse-pewer used in the United King- | dro 


dom, Mr. Hiller states that internal-combustion 
engines are responsible for 680,177 horse-power. 
Large as this aggregate is, it amounts to only about 
7 per cent. of the total, and for many years to come 
steam promises to maintain its present supremacy 
but little impaired. 

In this country oil fuel can never supplant coal, 
and in view of the enormous output of the latter 
and its inevitable exhaustion at some future date, 
it is well to take stock as to where economies are 
possible. Some interesting data on this h ad are 
given by Mr. Hiller. Of the 272 million tons of coal 
raised, about 185 million tons constitute the home 
consumption. Over one-sixth of this is used on 
the domestic hearth, probably the least efficient 
way of utilising fuel which has yet been devised. 
In transport services 15.2 million tonsa are con- 
sumed, and in this connection it is gratifying to 
note that the railway companies are burning less 
now than in 1903, in spite of the large increase in 
the tonnage handled. At the earlier date the rail- 
way consumption was estimated at 13 million tons 
per annum, as against 12.8 million tons now. The 
iron and steel industries consume 32.1 million 
tons per annum, of which a considerable fraction 
has in the past been wasted ; but, as already noted, 
much is now being done to reduce these losses. 
Mines take 204 million tons, gas works 15.4 million 
tons, and factories 60.7 million tons. 

The latter is certainly not used in the most 
economical way possible, partly because proprietors 
do not know what is practicable in the way of fuel 
consumption, but mainly because the saving possible 
with even the most efficient engines is insuflicient 
to compensate for the cost of scrapping the old 
plant and installing new. Nevertheless, there is 
steady progress in the more economical use of 
fuel. . Hiller, for example, notes that the 
standard pressure for Lancashire boilers is now 
160 lb. per sq. in., whilst their size has increased 
from a diameter of 7 ft. in 1880-1890 up to 9 ft. 
at the present day, giving an increase of about 
33 per cent. in the capacity. Here, however, the 
type seems to have reached its limit, and it is 
accordingly being gradually displaced by the water- 
tube boiler. This type has not yet made its way 
into general use for factories, but has become 
the standard for electric power-stations. It can 
be constructed without difficulty for pressures up 
to 250 lb. per sq. in. and to produce 25,000 lb. to 
30,000 lb. of steam per hour, or from four to five 
times as much as a Lancashire boiler. 

Where steam must be used, the ideal method of 
generating it is undoubtedly by means of gas, so 
as to save the valuable by-producte recoverable 
from the coal. In practice, however, very little 
has so far been accomplished in this direction, but 
it can hardly be doubted that the system may take 
a considerable extension as time goes on. 





THE ELECTRIFICATION OF THE 
ATMOSPHERE. 

Tue fifth Kelvin lecture to the Institution of 
Electrical Engineers was delivered on Thursday, 
the 22nd inst., by Sir Oliver Lodge. He intro- 
duced his discourse by two remarks. In the first 
instance he stated that he had not yet written out his 
lecture, and that he would add to the report details 
over which he would have to — that evening. 
Secondly, he remarked that Mr. Duddell, the 
President of the Institution, had informed him that 
the subject of his discourse need not necessarily be 
connected with Lord Kelvin. But it was impossible 
to keep clear of Kelvin in dealing with any branch 
of physics. 

e subject which the lecturer had selected, ‘The 
Electrification of the Atmosphere, Natural and Arti- 
ficial,” had occupied William Thomson, as he then 
was named, in the ‘forties and early ’fifties, before 
the problems of telegraphy had withdrawn him from 
his highest mathematical work and his theoretical 
researches. In those days the atmospheric potential 





was measured by placing an earthed sphere in a 
given spot, and taking it indoors afterwards, with 
the aid of an insulated handle, in order to determine 
its Drew Kelvin had preferred to take an 
insulated body, and to bring it up to the potential 
of the place by making it grow and by breaking off 
bits of it. This was the method of the portable 
smoke-match and of the water-dropper ; the former 
was more convenient for making ote cy the 
latter for recording the measurements. The 
breaking off—the smoke particles or the water- 
a charge opposite to that of the air, 
and thereby the body itself gradually acquired the 
right charge of the atmosphere about it. Showin 
curves of atmospheric potential, Sir Oliver poin 
out that with steady, fair weather the potential 
of the upper air was almost always positive ; when 
rainy weather was setting in the potential crossed 
the zero line into the negative region. The earth 
seemed to be always negatively charged, the up 
atmosphere positively ; the one was — ly 
the cause of the other, but it was difficult to say 
which was which. In the lecturer’s opinion, how- 
ever, the positive electrification was the cause of 
the negative charge of the earth; but there was a 
possibility that any given planet might itself be 
negatively charged. e atmosphere and the earth 
formed the coatings of a Leyden jar, and the lines 
of force probably did not penetrate to any great 
extent into space, and terminated, as they must 
terminate, in the sun or some other planet. 

The electric gradient in the atmosphere was 
usually positive, but there might be a reversal, as 
mentioned, before rain with dust and mist. That 
might be due to friction ; but he (Sir Oliver) had 
not particularly followed up the recent researches 
on this problem, and he would rather read some 
notes of Kelvin, of 1853, on observations taken by 
Dellmann on behalf of the Prussian Government. 
These Kelvin had confirmed on the Island of Arran, 
where he found, 9 ft. above ground, a potential of 
from 200 to 400 volts, or rather Daniell cells—for 
electromotive forces were then expressed in units 
of the Daniell cell. With east wind, Sir Oliver 
continued, the potential of the upper atmosphere 
might go up to 4000 volts ; that of the air close 
to the ground was often negative by contact with 
the earth. Positive air potential and fair weather 
appeared to be connected with one another; but 

in one could not say ‘“‘ which was cause and 
which effect ; the two broke up together ;” and if the 
potential were high, fair weather was likely to con- 
tinue. He hoped—though it was wrong to hope in 
science—we might look forward to the obtaining of 
some control over atmospheric electricity and thus 
over the weather. Sir Oliver reverted to this point 
later on. 

Passing to the origin of the electrification, he 
remarked that there used to be incredulity about 
the possibility of electrifying molecules at all. 
Kelvin himself, for some short time, had doubted this 
possibility ; it was only the dust in the air, he had 
thought, which could be electrified. Ultimately 
Kelvin had satisfied himself by an argument like that 
adduced by Elihu Thomson. Imagine, he said, a 
charged spherical rain-drop slowly evaporating ; the 
evaporation did not carry off part of the charge— 
this was certainly proved—and the vapour mole- 
cules, therefore, aid. not act like proof planes ; but, 
finally, the whole drop disappeared, and the charge 
must remain somewhere in the vapour or in the 
air. This ment was not conclusive, because 
Aitken had shown that a dust nucleus was neces- 

when vapour was to condense to drops, and 
C. T. R. Wilson had demonstrated that the ions 
could serve as nuclei to which the charges might 
adhere. Such nuclei were called forth by Réntgen 
rays, ultra-violet light, &c. Nowcondensation clouds 
formed more aoa round negative, than round posi- 
tive, ions,and under the action of gravity a separation 
of the two electricities might take in the falli 
drops, leaving the air itself positive, as establish 
by J. J. Thomeon and C. T. R. Wilson. The earth 
exposed to ultra-violet radiation would assume a 
negative charge, and the air near the surface like- 
wise ; this was seen in the so-called St. Elmo’s fire, 
and if the negative column rose and mixed with the 
positive, the conditions for a thunderstorm were 
iven. The leaves of trees and plants, Sir Oliver 

d found, contributed to this electrification ; they 
were mostly pointed and serrated, and thus suitably 
shaped for discharging electricity, possibly to their 
own good, so as to stimulate plant-growth. 


The lecturer then showed some slides to illus- | disc’ 


trate these features. That ultra-violet light falling 





upon a bright zine surface emitted electrons he 
usually demonstrated with the aid of a quartz prism 
and lens ; when a zinc plate joined to an electro- 
scope was moved into the visible, refracted beam, 
no deflection of the electroscope was observed, but 
in the region of the invisible ultra-violet beam a 
deflection was noticed. The exhibited photographs 
of lightning flashes proved that the flash, and hence 
the discharge, was multiple and strangely ramified. 

One photograph showed a dense crowd, under 
and near a shed supported by iron stanchions, 
watching a football match ; one man was leanin 
against the iron when a return stroke (not visible) 
— ay ver ao into the we ——— 

im. In another photograph a iar 
flash—looking like a ribbon lon itudinall stri 
in shades of the same colour and crossed by trans- 
verse bright lines—resembled an aurora of the 
curtain type; Sir Oliver thought that the wind, 
carrying the particles away from the discharge path, 
might be concerned in the banded lightning. 

Many suggestions, he proceeded, had been made 
as to the real cause of the electrification of the 
atmosphere, amongst them rain, evaporation, and 
water splashes ; but they all failed to afford ade- 
quate explanation. Sir Oliver favoured a cosmic 
cause. e sun gave off electrically - charged 
particles which caused magnetic whirls on the sun 
and magnetic storme on the earth; hot bodies 
also emitted electrons; this latter subject had 
been studied by Professor O. W. Richardson, who, 
in his inaugural leeture at King’s College the 
other day, had spoken of ‘“‘ electric evaporation.” 
The 8 rays from the sun were entangled the 
lines of magnetic force and deflected tow the 
neighbourhood of the magnetic poles. The a rays, 
less easily deflected in the opposite sense, came 
down in the tropics. There was thus chiefly a posi- 
tive charge near the equator, and a negative near 
the poles, and the ordinary atmospheric circulation 
accounted for a mixing of the two charges and the 

itive charge of the upper atmosphere, the rain 
ringing the negative charge down withit. There 
were further y rays of high penetrating power ; 
they ionised the air, and there was, with the usual 
positive atmospheric gradient of 1 volt per cm., a 
downward current, very small, however—only of 


the order of 1 micro-am r sq. km. 

It had been objected that the eA if it were to 
be a conductor of electricity, ought to be opaque ; 
this problem he had discussed in the Phi ical 
Magazine some time ago. Opacity did not hold 
for short waves, however. A liquid screen (sul- 
phuric acid) would be fairly opaque to Hertz 
waves, but transparent to light. ectrolytes need 
not be opaque to light ; but with long waves, and 
with steady currents which approached long waves, 
the transference of electricity depended upon con- 
ductivity, and the ionic carriers of electricity were 
comparatively large molecular particles. The 
carriers of electricity in metals were the electrons, 
and metals were opaque to all kinds of waves. 

Our knowledge of the air, the lecturer continued, 
was practically limited to the lower 5 miles, and 
the knowledge of the earth to a depth of 1 mile; 
further exploration up and down was wanted, but 
was difficult. Kites and balloons and ballons sondes 
had given useful help; Hertz waves might hel 
us still further. Radiotelegraphic waves travell 
further than had been expected ; the pro tion 
might be facilitated in the upper meet ionised 
atmosphere (Eccles), in which the ions were more 
mobile (Langevin), and the waves might be re- 
flected and refracted to curve round the earth. 
That subject was now taken up by a British 
Association Committee, which compiled information 
from radiotelegra hic records. Sir Oliver then 
threw Wegener's diagram of the atmosphere on the 
screen ; the diagram extended up to miles, but 
it was speculative in its estimates of the limite of 
height at which luminous clouds, shooting stars, 
auroree of various types, &c., occurred ; in Wegener’s 
higher strata hydrogen and coronium were sup- 
posed to be the constituents of the atmosphere. 

Passing to the artificial electrification of the 
atmosphere, Sir Oliver mentioned that he had 
shown at the Montreal meeting of the British 
Association in 1884 that the electric discharge 
from points caused not only solid particles, but 
also steam, to and coalesce and to come 
down as dust or rain. If we, therefore, wanted 
to produce rain, we might ascend a mountain 
and fly a kite into the clouds for the purpose of 
i i electricity into the cloud. Most 
countries, after all, euffered more from drought 
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than from rain. The energy question of such an 
experiment was grave ; yet it might be attempted, 
and his lecture was more intended as a pro- 

mme of agenda than as a theoretical discourse ; 
Foltz and Wimshurst machines, batteries, and 
even dynamos, would not be directly efficient, and 
the insulation difficulties would be serious. 

Turning to the question of aiding the growth of 
plants by electric discharges, Sir Oliver said that 
something might and could be achieved by a 
system of transformers and electric valves which 
transmitted only positive or only negative impulses. 
He exhibited diagrams of several ways in which 
transformers and series of his valves could be 
coupled for this purpose ; the general idea of the 
valve was that one electrode was very small and 
the other large. By such apparatus systems of 
thin wires, supported by heavier cross-wires, and 
stretched sufficiently high above the field not to 
interfere with the agricultural operations, had been 
electrified since 1906 by himself and Mr. Newman. 
At Bevington, in Worcester, an increase in the 
yield of wheat, &c., of about 30 per cent. had been 
realised in every year, except in the dry, hot summer 
of 1911. The electric treatment seemed to supple- 
ment the sunshine effect, and was hence mostly 
wanted on overcast days. The wires were made 
positive, and the natural atmospheric downward 
current was increased 10,000 times ; yet it was very 
weak. The potential difference employed ranged 
from 60,000 to 100,000 volts ; cotton-covered wires 
answered, except in wet weather, when the insula- 
tion difficulties, even with oil-cup insulators on 
the poles, were very great ; point discharges were 
not used. 

The results were sometimes doubtful, because the 
screening of the control-plots was difficult ; if the 
fieldandcontrol-plots were near one another, the wind 
carried the discharge into the latter, and occasionally 
they seemed to have profited from this cause. Elec- 
trified air, Sir Oliver had convinced himself, could 
be blown through wire-gauze without losing its 
charge. The real effect of the electric treatment 
on the plant was still obscure ; it was now being 
studied at Leeds by Mr. Priestley. The effect was 
certainly very complicated ; the circulation, transpi- 
ration, assimilation, &c., might be affected, and 
ozone might play a part. What the plant wanted 
exactly was unknown ; the progress of growth in 
the field in which the experiment was tried was 
slow, and the farmer, who had seen some benefit 
from positive currents, could not be induced to try 
negatively-charged wires, though leguminosze seemed 
to prefer negative currents. On the other hand, 
the results of an accidentally negative electrification 
of the field were not favourable. Sir Oliver added 
that he supplied only the high-tension apparatus ; 
Mr. Newman, of Gloucester, did the rest, and had 
also experimented largely in green-houses, takin 
care to let the current be automatically interrup 
by opening the door. Further experiments were 
made by Miss Dudgeon, in Dumfries, and by others, 
as well as by observers on the Continent. Yet more 
experimenting on a large scale was required. We 
should refer our readers to a Note on ‘‘ Electro- 
culture,” published on page 500, of our issue of 
October 10, 1913; we stated there that the 
Continental opinion rather favoured laboratory 
experiments in order to settle the obscure physio- 
logical problems in the first instance. 

ir Oliver also expressed a desire for scientific 
experiments by chemists and botanists. But he went 
further ; he desired to experiment on changing the 
weather, and that meant experimenting on a very 
large scale, If the weather were conditioned by the 
electrification of the air, we ought to try artificial 
electrification. It would, of course, be expensive 
and difficult. But something was bound to happen 
if a trial were made ; it might be a thunderstorm 
bringing down rain. There were large tracts of 
the earth which would be better off for some con- 
trol of the weather, and he ventured to offer one, 
ibly absurd, suggestion. The negative particles 
rom the sun went to the poles on account of the 
terrestrial etic field. Supposing we interfered 
with that field by placing a large section co’ con- 
ductor for heavy currents like a girdle round the earth 
somewhere near the poles, not to require too much 
copper. If the earth’s interior were mainly iron, 
and its temperature not above the critical point, 
the permeabili 
able, and a million amperes should do something. 
If there were no iron, or the temperature above 
the critical point, the million amperes would not do 
anything But we might ascertain the facts by trying 


of the earth should be consider- | Ha 





to magnetise the earth. There were some 400 metal 
bars, or lines of railway, laid down in the United 
Kingdom ; so things could be done for commercial 


purposes. 

In proposing the vote of thanks, Dr. K. T. 
Glazebrook, who delivered the fourth Kelvin 
lecture last year, said that their President had 
meant to leave the lecturer a free hand in not re- 
stricting him to Kelvin’s work ; otherwise the 
lectures could not be continued. One of the innova- 
tions of Mr. Duddell’s Mec megs J was a Research 
Committee ; Sir Oliver Lodge had given that com- 
mittee material for future work. Dr. 8S. P. 
Thompson, who seconded the vote, mentioned that 
he possessed an engraving, a hundred years old 
probably, of an electric greenhouse. If the elec- 
trification by wires really improved the crops, did 
the electric power transmission lines at 100,000 
volts existing abroad do any good in this respect ? 
Sir Oliver Lodge replied that the hedges under 
their wires benefi against the Boece pe 
will; and he had been told by Mr. Duddell that 
the grass grew better under aerials than further 
off. But alternating currents, he was informed, had 
not done well on the land. This field of research 
and its application were open to everybody. 





UNEMPLOYMENT INSURANCE 
DURING TRADE DISPUTES. 

THe payment of unemployment insurance is a 
matter which has become very interesting within the 
last few weeks. As our readers are aware, the bene- 
fits conferred by the National Insurance Act, in so 
far asit relates to unemployment, are not payable to 
every workman engaged in a scheduled trade who 
— to be out of work. The _ of a 
weekly allowance is restricted to those who are 
unemployed in the sense that, being able and 
willing to work, they cannot find work todo. The 
Act cannot be used asa means of providing a strike 
fund. The Insurance Act provides, by Section 87, 
Sub-Section 1, as follows :-— 

A workman who has lost employment by reason 
of a stoppage of work, which was due to a trade 
dispute at the factory, workshop, or other premises 
at which he was employed, shall be disqualified for 
receiving unemployment benefit so long as the 
stoppage of work continues. This is subject to the 
proviso that where separate branches of work, which 
are commonly carried on as separate businesses in 
separate premises, are in any case carried on in 
separate departments on the same premises, each 
of those — shall, for the purposes of this 
provision, be deemed to be a separate factory or 
workshop, or separate premises, as the case may 
be. Sub-Section 2 of the same clause says :—A 
workman who... . voluntarily leaves his em- 
ployment without just cause shall be disqualified 
for receiving en benefit for a period 
of six weeks from the date when he so lost employ- 
ment. For the purposes of the Acta trade dispute 
is defined by law as follows :— 

The expression ‘‘ trade dispute” means any 
dispute between employers and workmen, or 
between workmen and workmen, which is con- 
nected with the employment or non-employment, 
or the terms of employment, or with the condi- 
tions of labour, of any persons, whether workmen 
in the employment of the employer with whom the 
dispute arises, or not. 

un nice questions arise upon these provi- 
sions. us it is apparent that the man who is 
indirectly thrown out of work bya strike is not 
entitled to claim. Sup , for instance, operations 
have to be suspended in the carrying out of a 
contract owing to a strike or lock-out of bricklayers. 
The workmen employed by the sub-contractor or 
specialist supplying the steel girders would neces- 
sarily be suspended, and they would clearly have 
**lost employment by reason of a stoppage of work 
which was due to a trade dispute.” It is possible, 
however, that they might be protected by the 
proviso to Section 87 (1) supra. 

Another problem which arises in Sub-Section 2 
is: What is the meaning of the words ‘‘ just cause”? 
Sup an or, who had been paying 30s. a 
week were suddenly to announce his intention to 
reduce wages to ll. a week, and the worker were 
to leave in consequence, would this be ‘‘ just cause ” ? 

ving regard to certain other provisions in the 
Act, it would seem that this might be regarded as a 
just cause, because by Section 66, 4 mb workman 
is not deemed to have failed to fulfil the statutory 
conditiuns by reason only that he has declined. . . 





(b) an offer of employment in the district where he 
was last ordinarily employed at a rate of wage lower, 
or on conditions less favourable, than those which 
he habitually obtained in his usual employment in 
that district, or would have obtained had he con- 
tinued to be so employed.” It would seem, there- 
fore, that a lowering of wages far below the regula- 
tion standard would be regarded as a just cause for 
throwing up his job. 

We now pass to the more important question. 
What is a trade dispute? The definition above set 
out is apparently taken from the Trades Dispute 
Act, 1906. That Act provides that trade dispute 
means ‘‘any dispute between employers and work- 
men (that is, all persons employed in trade or 
industry, whether or not in the employment of 
the employer with whom a trade dispute arises), 
or between workmen and workmen, which is con- 
nected with the employment or a 
or the terms of the employment, or with the con- 
ditions of labour of - person.” 

When they are seeking the protection of this 
Act, it is probable that members of trade unions 
would gatly see the meaning of the term ‘trade 
dispute” extended as far as possible. Their 
views will be different when it is a question 
of obtaining benefits under the Act of 1911. In 
Conway v. Wade, (1909) A.C. 506, at p. 508, 
Lord Loreburn said that to constitute a ‘trade 
dispute’ a mere personal quarrel, or grumbling, or 
an agitation, will not suffice. It must be something 
fairly definite, and of real substance. Lord Atkin- 
son in the same case said that in order that a dis- 
_ may be a trade dispute at all, a workman must 

@ party to it on each side, or a workman on ors 
side and an employer on the other. The term 
** trade dispute ” does not necessarily include every 
case of personal difference between any one workman 
and one or more of his fellows. It is true that 
after a certain stage even such a dispute, although 
originally grounded, it may be, upon personal 
animosity, may come to be « subject in which sides 
are taken, and may develop into a situation of a 
general aspect containing the characteristics of 
a trade dispute ; but until it reaches that stage a 
** trade dispute ” does not necessarily exist. 

It is easy to say offhand whether a trade dispute 
exists or not, but it is not so easy to define it with 
legal precision. If one man is discharged for 
all incompetence, or for breach of a rule, 
there is no trade dispute between him and his 
late employer. But suppose that his fellow work- 
men, taking exception to his discharge on the 

und that it is unfair or unreasonable, come out 
in sympathy, it would seem that a trade dispute 
springs into being. Applying this principle on a 
larger scale, it is submitted that every sympathetic 
strike turns what would otherwise be an ordi 
dispute into a trade dispute, with the result that 
workmen affected by it are not entitled to un- 
employment benefit. 





THE LATE SIR DAVID GILL, 
K.C.B., F.R.S. 

Ir is with great regret we record the death, on 
Saturday last, in his seventy-first year, of Sir 
David Gill. An enthusiastic astronomer, ripe in 
experience and skilful in judgment, whose labours, 
moreover, were not confined to the great field of 
astronomy alone, has passed from the scene of his 
work and of his triumphs. This is not the place to 
deal in detail with his career, but his claims to our 
gratitude, as to our admiration, rest on grounds 
which are worth consideration. He proved a 
successful astronomer without any special mathe- 
matical training, and this dissociation is not a 
little surprising. We have been accustomed to 
hold in reverence the masters of subtle analysis 
rather than the devotees of observational astro- 
nomy. The reason of this attitude is, of course, 
obvious. The problems bequeathed to the nine- 
teenth century were those in which mathematicians 
had failed to reconcile observation with the rigorous 
theory of gravitation, pointing to the need of 
ae theory. Reputations were won by the 
skill with which some outstanding discrepancy was 
removed, and the universality of the application of 
the Newtonian theory justified. As a consequence, 
the adaptation of mathematics to celestial mechanics 
came to be regarded as the only avenue to success. 

Gill, on the other hand, was rather of the school 
of Argelander and Bessel than of Laplace or 
Adams. He approached astronomy from the mecha- 
nical and engineering side ; he sought to solve 
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problems rather by mechanical than by analytical 
methods. His early training had been in the 
workshop rather than the study. His skill as a 
delves and practical mechanician stood him 
in good stead throughout his career, but probably 
his success was due mainly to the fact that he 
approached astronomy by a new and untrodden 
track. He was not the slave of traditional 
methods ; he did not feel it necessary to follow the 
stereotyped rules that led to a particular goal ; he 
was never in leading strings; he escaped the numb- 
ing tendency to imitation, that almost inevitable 
consequence of a systematic training in science. 
He took his own untrammelled by custom and 
uninfluenced by authority. If he did not know 
the refinements and full value of the mathematical 
engine, he knew what could be effected by instru- 
mental devices and unbounded energy, and herein 


lay the secret of his success. The problems that 
he attacked were such as could solved by 
instrumental means. He fully comprehended what 
was necessary, and assured himself that he was 


roperly equi . His plans once completed, 
por sea Pitowed aati on conception. He 
probably never found it necessary to alter the plan 
of his work. 

Happy combination of circumstances is ever an 
element in successful progress. It was fortunate for 
Gill and for science that he was able in his earliest 
days to be connected with Lord Lindsay in the 
construction of the Dunecht Observatory. His 
mechanical skill had ample play, and his inventive 
capacity was turned to the hoe! em of instrumental 

uipment. The times, too, were ripe for the 
alent of an unconventional astronomer. Extra- 
meridional observation was in a backward state in 
this country. Airy was a devotee to meridian 
observations. Dawes had set the fashion in 
accuracy of minute measurement and long in- 
fluenced the amateur astronomer. Herschel’s 
work at the Oape had been descriptive rather than 
accurate. Johnson, at Oxford, had not grasped 
the peculiar merit of the heliometer. An able 
practical astronomer was needed to broaden the 
possibility of observation and to break away from 
approved routine. Gill found his opportunity with 
the heliometer. He saw, as a mechanician would 
see, that by the arrangement of the Kénigsberg 
instrument and in those modelled on this classical 
pattern, where the divided lenses are mounted in 
plain slides, that distortion of the images would in- 
evitably result when large angles were measured. 
It may seem a slight thing now, but it offers a clue 
to much of Gill’s work, that he should not only make 
each half object-glass move in the arc of a circle 
whose centre was the focus of the object-glass, but 
that he should make each segment of the divided 
objective move in equal and opposite directions by 
a single movement, thus doubling the extent of the 
angle which could be measured. To an optician 
trained in the old school, the possibility of measur- 
ing an arc of 5000 or 6000 seconds by the optical 
means of the heliometer would seem absurd. Gill, 
as undeterred by traditional authority as by etymo- 
logical considerations, boldly undertook the ex- 
periment, and, as we know, by his application of 
the improved instrument to the measurement of 
the apparent displacement of small planets on the 
background of the stars, determined the solar 
parallax with an accuracy not less than that attach- 
ing to more imposing schemes into which inter- 
national collaboration entered. 

Not for a moment is it to be doubted that 
Gill’s enthusiasm and mechanical genius would have 
found adequate outlets wherever he had been placed, 
but he had special opportunities for his inventive 
talents in the enlargement and refitting of the 
Cape Observatory, which had become necessary by 
the lapse of time, and in some measure by the want 
of enterprise in his predecessors. He was fortu- 
nate in his position and his task. He found an 
establishment encumbered, rather than furnished, 
with obsolete instruments. He lived to see these 
disappear, and be replaced by others that will serve 
as models for a new departure in the near future. 
The reversible transit circle at the Cape Observa- 
tory realises all that is possible in modern con- 
struction. Sir David has himself recently de- 


scribed this instrument very fully, and just as at| P&* 


the beginning of his career he had looked for 
instruction and inspiration from Struve’s description 
of the Pulkova Observatory and its equipment, so 
we imagine for some years to comé none will 
design a transit circle without considering the 
mechanism and subsidiary apparatus connected 





As evidence of 
sui construction and mounting, we may 
mention that the meridian marks have proved so 
stable and efficient that it is possible to detect 
the movement of the Pole in azimuth, as it travels 
in ite — curve about its mean position. The 
7-in. heliometer,* the as' phic telescope of inter- 
national pattern, and the Victoria twin equatorial 
for photographic and spectroscopic work—a magni- 
ficent instrument, pra. with its equipment, to 
Sir David Gill by the late Mr. Frank McClean—are 
all characterised by careful adaptation of means to 
ends, and in the hands of able colleagues and suc- 
cessors, will justify the care and thought lavished 
on their construction. 

The last service that Sir David Gill rendered 
astronomy was to give a history and description of 
the observatory at the Cape. It was the work of 
his leisure and was published but a short time 
before his oa It will vga cig to recall his 
enterprise an rseverance. From its pages can 
be inferred ag magnificent scale on which he 
planned, the resource with which he was endowed, 
and the untiring energy with which he pursued the 
many schemes that progressed simultaneously. As 
examples, it will be sufficient to refer here to the 
work on the Southern Photographic Durchmuste- 
rung, a complete survey of the Southern Hemi- 
sphere, giving the means for determining the 
approximate positions and magnitude of nearly half 
a million of stars scattered over the southern sky. 
And in connection with this work let it be remem- 
bered that Gill not only accomplished much, but he 
had the art, or the magnetism, to attract and in- 
spire others to complete the work which he inaugu- 
rated. Himself an untiring and most enthusiastic 
worker, he gathered round him a school of able, 
willing, and devoted astronomers, who shared his 
pride in the tasks he had undertaken.. Kapteyn 
collaborated in the work of the Durchmusterung ; 
Elkin in the inquiries into the pee of ‘the 
brighter stars ; Bryan Cookson in the measurement 
of the satellites of Jupiter ; and others might be 
mentioned who have benefited by the encouragement 
and profited by the experience of His Majesty’s late 
Astronomer. ; 

A second widely extended scheme, which far 
outran the modest geodetical plans of Lacaille and 
Maclear, was to measure an arc of the meridian 
which, starting in the latitude of the Cape, should 
cross the entire African Continent, and be joined 
to the European arc in approximately the thirtieth 
degree of east longitude. This work, attended 
with unusual difficulties in unexplored and unset- 
tled country, has been pushed forward with great 
alacrity, and now embraces some 22 deg. of 
meridian. The obstacles that would have dis- 
mayed most men only served to stimulate Sir 
David and his assistants. We may well hope that 
this great work will go on to, completion, consti- 
tuting as it will a lasting monument to the foresight 
and judgment of one of the ablest of His Majesty's 
astronomers at the Cape of Good Hope. 


with the Cape instruments. 





NOTES. 
THe WixpHavusen Cycie ror CO, 
ReEFRIGERATING-MACHINES. 

Wuizst carbon dioxide has some very considerable 
advantages as the refrigerating agent for use on 
shipboard, it has, as is well known, suffered from the 
drawback that the efficiency of the plant falls off 
materially when relatively warm water has to be 
used in the condensers. Ina paper read before the 
Cold Storage and Ice Association on Tuesday last 
Mr. F. A. Willcox, B.Sc., and Mr. G. C. Hodsdon 
gave very full particulars of an extensive experi- 
mental investigation into the advantages of another 
working cycle, by which the drawback aforesaid may 
be surmounted. The plan, which is stated to have 
been foreshadowed ty inde in 1890, and subse- 
quently patented by Windhausen in 1901, consists in 
using a part of the liquefied gas to cool down, by its 
evaporation, the remainder before the latter is 

into the evaporator. The compressor delivers 
its whole charge of gas to the condenser, which is 
traversed by cooling water in the usual way. On 
leaving this condenser, however, the does not 
direct into the evaporator, but is split into 
two currents, both being into a receiver or 
interchanger. In this one of the two portions of 
the gas is allowed to evaporate, and passes away 
directly to the pump, to be recompressed. 

* A full account of the Cape heliometer was given in 
ENGINEERING, vol. xlix., pages 2 and 29, 





evaporating it cools down the second portion of 
the much below the Senpoeeers at which this 
was delivered from the enser, and this cooled 
gas then passes on to the evaporator, where it 
absorbs heat from the brine, and passes on to the 
compressor again. The pressure at which this 
second ion evaporates is lower than that of the 
gas which evaporated in the receiver, and the 

mp of the compressor is arranged so that it 

ws in the receiver ie after that coming to it 
from the evaporator. e@ experiments showed an 
economy for the new cycle, under all conditions of 
working, but the gain was most marked when the 
cooling water temperature was high. With cooling 
water at 55, the Windhausen system showed an 
increase of about 18 per cent. in the output of the 
plant, as compared with the ordinary cycle. This 
was, however, accompanied by an increase in the 
expenditure of power, so that the net gain was not 
large. With water at 95 deg. Fahr., however, the 
net gain amounted to about 25 per cent., and 
with water at 79 deg. Fahr. the gain was from 11 
to 12 per cent. The authors, in concluding their 
paper, appear to express some doubt as to whether 
the economies above set forth will, in ordinary sea 
service, be sufficient to offset the additional 
complication involved. 


INDUSTRIAL PossIBILiTigs OF THE ScoTTIsH 
HIGHLANDS. 


An admirable oe is made by Mr. A. 
Newlands, M. Inst. C.E., the chief engineer of the 
Highland Railway, to the effect that a Royal Com- 
mission should be appointed to investigate and 
report on the industriel possibilities of the Scottish 
Highlands, in view particularly of the extent of 
water-power available for such industries. The 
suggestion is made in an article which he contrib- 
utes to Chambers’s Journal for the current month, in 
which he also reviews the steps taken at successive 
emer the depopulation of the Highlands. 

e points out that as many as 3000 persons have been 
known to leave Scotland in one day, and that there 
is a steady stream of emigration. The county of 
Inverness, the largest in Scotland, had, for in- 
stance, a population, according to the 1911 census, 
of only 87,273, which was 2832 less than in 1901, 
and the lowest since 1811. Reviewing the measures 
that have been taken in order to check this 
depopulation, and referring to the general exodus 
from the land to already over-populated centres, 
Mr. Newlands pleads for a statesmanlike grasp of 
the advantages of developing industries in the 
rural districts. The growing supersession by elec- 
tricity of steam in the driving of factories, he 
points out, has had a considerable effect on the 
—— situation, and he states that nowhere in 

reat Britain are the possibilities of electricity 
from water-power sv great as in the Highlands, 
where 1,000,000 horse-power awaits development. 
Even if only half this ~~ were utilised, a com- 

rison of the cost of an equal amount of power 

m coal, on a basis of 10s. per ton, would yield 
an annual value of 1,750,000/. Italy, Bavaria 
(which has a State office for the development of 
water-power and the supply of electricity), Switzer- 
land, Canada, and the United States, are instanced 
as examples where good has accrued from an 
intelligent effort to encourage the utilisation of 
electric power and the organisation of factories for 
utilising that power in rural districts. On the one 
hand, as has n established by land courts and 
crofter commissions, the land in the Scottish 
Highlands is very poor. It is difficult for the 
inhabitants to pay even the greatly - reduced 
rents which have now been fixed, without the help 
of their sons and daughters who prosper in the 
cities of the south or have migrated to the 
Colonies. On the other hand, there is a fine 
indented seaboard (no part of the country being 
more than 20 miles from the sea or the line of 
the Caledonian Canal), an efficient railway system, 
and good roads, while on the hill-tops are large 
lakes, forming natural reservoirs, bountifully sup- 
plied by copious rainfall. The Government, he 
urges, might with great advantage institute such 
a Commission of Inquiry and perhaps also provide 
Government funds for the development of these 
natural power sources; or, if preferred, give grants, 
free of interest, say, for twenty years, in order to 
encourage the first steps in the development of 
water-power schemes. is assistance would serve 
to tide over the lean period until the power demand 
grew sufficiently to ensure full interest on the capital 
involved. Mr. Newlands finds, in the acceptance 
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of the responsibility by the Government in con- 
nection with croft and land administration gene- 
rally, some precedent for such national assistance 
towards the institution of an industrial develop- 
ment in the Highlands. 


Yarrow’s New Works 1n BaitisH CoLumstia. 


Advices by mail give full details of the fact, 
already received by cable, that Mr. A. F. Yarrow 
has purchased an existing shipbuilding and repair- 
ing works in British Columbia. The works are 
those of the British Columbia Marine Railway 
Company, and are situated at Esquimalt, in Vic- 
toria. is company was founded in 1893 by 
Messrs. Bullen Brothers, who have since achieved 
a large measure of success. The extent of the 
establishment at present is 8 acres, and there 
is included a slipway—or, as it is known in Canada, 
a marine railway—capable of taking vessels 300 ft. 
in length, ship-platers’ and boiler works, forge, 
machine and joiner-shops. The price paid, it 
is sid, although not officially, is 200, For 
some time after being founded, the establishment 
was confined to repair work, several British war- 
ships being overhauled. The reconstruction 
almost entirely of the double bottom of H.M.S. 
Flora suggested the suitability of the plant for 
shipbuilding, and since then quite a number of 
vessels have been built, including vessels for the 
Canadian Pacific Railway’s coastal service, and for 
the Dominion Government marine survey. Only 
continuity of orders seemed to be required to 
ensure full success. As many as 600 men have 
been employed at busy times. Mr. Yarrow, who 
went to the Pacific Coast with the view of choos- 
ing a site for new works, in the belief that the 
opening of the Panama Canal would eonsiderably 
improve the potentialities of success in shipbuild- 
ing in British Columbia, was influenced in his 
decision to purchase the works by the fact that the 
Government at Ottawa had decided to construct, on 
a site adjoining the works, a graving dock 1150 ft. 
long, 120 ft. width of entrance, and 40 ft. depth 
of water on sill, at a cost of 200,000/. Mr. 
Yarrow has been expressing his views as to his 
future arrangements. ae the parent company 
at Scotstoun on the Clyde will be in close touch with 
the new concern, which will be managed by Mr. 
Yarrow’s second son, Mr. Norman Yarrow, the two 
firms will be separate affairs. For the present, Mr. 
Keay, a member of the Scotstoun staff, is to remain 
at Esquimalt until Mr. Norman Yarrow takes over 
control. Continuing, Mr. Yarrow ssid the present 
idea of the firm is to undertake repairs to vessels 
and their machinery, and to be on the spot ready to 
build for the Canadian Navy vessels of the class 
with which the firm are familiar, and for which they 
have a reputation, ‘‘if the laws in Canada are 
altered so that shipbuilding can be carried on 

rofitably.” On this point, Mr. Yarrow said 
oS had come to the conclusion that a bounty of not 
less than 30 per cent. of the value of the vessel 
would be necessary for the first five years ; for the 
next five years 25 per cent., for the next five years 
20 per cent., and for the next five years 15 per 
cent. ; after that time the needs of the ship- 
building industry would depend upon the develop- 
ment of the natural resources of the country. 
Of course, no industry like shipbuilding could 
be developed quickly. As a finance minister 
did not want to be faced with an unlimited lia- 
bility, he suggested that the hounty payable should 
be limited to a suitable total amount. As it 
was now, the duty upon imported material 
for shipbuilding seemed to be of no possible 
use. It brought no revenue to the country, 
because little or no shipbuilding was carried on. 
Elaborating his argument for the development of 
an industry in Canada Mr. Yarrow said that in the 
event of the Canadian Government ordering, say, 
ten destroyers in six years, the first two should be 
completely built in the Old Country and sent over 
in pieces ; but the others would be laid down in 
Esquimalt in pairs, and a steadily decreasing amount 
of work would be done on each in the Mother 
Country until the last two, which could be built at 
Esquimalt exactly as they were on the Clyde, in 
which case even there were certain parts which the 
firm had to get from special makers. 


Tue Work or Provincial TECHNICAL 
INSTITUTIONS. 


That 279 members and guests attended the dinner 
on Friday last of the North-East Coast Institution of 
Engineers and Shipbuilders in the King’s Hall of the 








Armstrong College, Newcastle-on-Tyne—a larger 
number than had ever before dined in the hall—and 
that 74 applicants had to be denied admission, is 
satisfactory proof of the vitality of this institution. 
But there is further evidence of the success of 
the organisation in the worth of the papers read 
and in the earnestness and practical value of the dis- 
cussions, which have led to a very wide demand for 
the Proceedings. Sir Charles Parsons, the president, 
referred to some of the reasons for this increasing 
influence of provincial institutions. There is the 
frequency of the meetings, the absence of limit in 
res of time to the discussions, and the fact 
that, as the meetings are held in the manu- 
facturing district, the environment affects the 
practical nature of the discussions. At the same 
time the North-East Coast Institution has been 
fortunate in the authors of and lectures, 
among the recent contributors being Dr. Stead, the 
late Sir David Gill, and Dr. B. Hopkinson, who 
reads a paper to-night. Better even than the 
Metropolitan organisations it affords a debating- 
ground for the producer and user. In the Trans- 
actions are found many instances of representatives 
of both interests in various departments of indus- 
trial activity expressing opinions on their respective, 
and sometimes conflicting, points of view, with 
immense advantage to each. Youth, too, is served 
as commendably as it seeks to be. A scholarship 
of 501. per annum is given from the — of 
advertisements in the Proceedings. he young 
engineer is considered also in the selection and 
treatment of the subjects of contributions, and, 
what is even more important, encouraged more 
than in the London Institutions to speak and 
to read papers. It is thus important in the 
highest degree that such provincial institutions 
should be strengthened. By reason of their fre- 
quent meetings and close association with the indus- 
tries of the district, they offer great advantages 
to members. And yet they work under financial 
disadvantages. Sir Charles gave some illuminative 
figures on this point. According to the latest 
available reports of technical institutions, the 
North-East t Institution has the lowest rate of 
total income per member, &c , of any organisation 
of corresponding standing. In their case it is only 
1.461. per member, &c.; whereas in the case of the 
Institution of Engineers and Shipbuilders in Scot- 
land it is 1.61 ; Institution of Electrical Engineers, 
2.31.; Institution of Mechanical Engineers, 2.71.; 
Institution of Naval Architects, 31.; Lron and Steel 
Institute, 3.1/1. ; and Institution of Civil Engi- 
neers, 3.21. A greater approach to equality is desir- 
able. In the first. place there should, in our 
opinion, be a fuller recognition on the part of the 
orth-East Coast shipbuilders and engineers of the 
worth and needs of their own institution. There 
are far too many associate-members who are eligible 
for membership, and their advance, voluntarily or 
by amendment of the rules, would help the revenue 
atly, and with little individual financial sacrifice. 

n the North-East Coast Institution the percentage 
of associate-members to total membership is 48.6 
per cent. ; in the kindred Scottish Institution, 
17.5 per cent.; and in the Institution of Naval Archi- 
tects, 10 per cent. We are glad to note that in 
the past year the first percentage given has been 
reduced from 56 per cent. to 48.6 percent. This 
might be accelerated by the adoption of the 
practice of ‘‘ starring” associate members who 
are eligible for membership but continue in the 
lower scale. Another commendable proceeding is to 
strengthen the endowment fund. Good progress 
has been made, but the increase is not commen- 
surate with the degree of prosperity which has 
been experienced in the district. A record tonnage 
output was achieved last year. This is due insome 
measure to improvements in design and manu- 
facturing methods, and to better educated and more 
skilful staffs, and to these ends the Institution con- 
tributes in marked degree. As Sir John H. Biles 
said at the dinner, ‘‘See to quality, and quantity 
will take care of itself.” The Institution is assisting 
in the best sense towards the former, and surely 
the employers might mark their appreciation 
in a very appropriate way by contributing to 
the endowment fund, which is a most essen- 
tial undertaking for such organisations. Apart 
altogether from trade prosperity, the present is 
an opportune time, as the Institution of Naval 
Architects and the Institution of Engineers and 
Shipbuilders in Scotland are to combine with the 
North-East Coast Institution in a joint meet- 
ing at Newcastle in the second week of July. 


Moreover, Sir Andrew Noble is to succeed Sir 
Charles Parsons in the presidéncy, and we doubt 
not he will see to it that the usefulness of the 
Institution in all its ramifications is still further 
augmented. 





SUBMARINE BOATS FOR HIS MAJESTY’S 
““ Paap ig meg~-4 NAVY. 
E reproduce on 162 a photograph taken b 

Mr. Stephen Cribb, of Southsea, of th arrival at 
Portsmouth of the first of two submarine boats built 
by Messrs. Vickers, Limited, of Barrow-in-Furness, 
for H.M. Australian Navy. The view is interestin 

because of the bow wave due to the peculiar form o 
the ship forward, which has been designed to make the 
vessel ‘‘dryer” than some of the earlier submarine 
boats when proceeding awash, a condition which is 
particularly desirable in the Australian boats, as next 
month they will leave this country for their long voyage 
tothe Commonwealth. The two vessels, the second of 
which will be delivered in a few days, are of the ‘‘ E” 
class. The length is 176 ft., the beam 224 ft., and 
each vessel displaces, when submerged, 800 tons. 
They are propelled by twin-screws driven, when 
awash, by heavy-oil engines of the Vickers type, each 
of which is of 800 brake horse-power, so that the 
combined brake horse-power is 1600, sufficient to 
give the vessel a surface speed of 15 knots. When 
submerged the propellers are worked by electric motors 
taking current from batteries charged by a dynamo, 
which can be coupled up to the main propelling 
engines. The two Australian boats, it may be added, 
have passed through all their trials with thoroughly 
satisfactory results, and may be said to represent the 
latest practice iu submarine-boat construction. 





INDUSTRIAL NOTES. 

Tuer French have a very concise way of describing 
@ phase in their country’s industrial situation. They 
say: Quand le bdtiment va, tout va. From this, the natural 
conclusion would be that when their building trade is 
ino way, every other trade follows suit. If the 
saying, and its natural converse, be applicable to this 
country, we are entering a period of disorganisation 
in all our trades, owing to the cessation of work in 
the London building trade. As is wcll known, the 
London Masters Builders’ Association had drawn up 
an agreement which reads as follows, and which the 
requested all the men to sign, on Saturday last, the 24t 
inst. :—‘‘ I agree, if employed by you, fully to 
work with my fellow-employees, engaged either in your 
direct employment or in that of any sub-contractor, 
whether they are members of a trade society or not, and 
Iagree that I will not quit your employment becauseany 
of my fellow-employees is or is not a member of any 
trade society ; and I also agree that if I commit any 
breach of this agreement I shall be subject to a fine 
of 20s., and the amount of such fine may be deducted 
from any wages which may be due to me.” The 
masters wish, and very naturally so, to retain the 
right of employing any suitable man for any par- 
ticular work ; ey engage their men without 
inquiring whether they are members of a trade 
union or not. They find the work, they have 
the sole responsibility for its execution, and it would 
appear that the least that could be granted 
them would be to allow them to carry it out in 
their own way. They complain that trade-union 
men have repeatedly left them in the lurch by their 
refusal to continue working with ‘‘free ” labourers ; 
they want this state of matters to cease, and require 
that all their men, whether trade unignists or not, 
should work ably together. Hence the above 
agreement which the men have refused to sign. 

atters culminated in a lock-out on Monday last, the 
men affected numberingsome 50,000. Theircase is being 
dealt with by the London Building Industries’ Fede- 
ration, which combines nineteen trade unions. We 
have used here the term “lock-out,” but the dispute 
savours more of the strike than of the lock-out, since 
the masters, when putting forward the agreement 
reproduced above, added that ‘‘ any workmen failing 
to sign it will be deemed to have given an hour’s 
notice to terminate his engagement at twelve o’clock 
noon on that day (Saturday).” The masteis remain 
firm in their determination, and the London Master 
Builders’ Association are being well supported by firms 
outside the association. At the time ot gunn to press 
we hear that the men have decided in large numbers 
to sign the above agreement ; if this movement con- 
tinues, the dispute may come to an early termination. 
The question of the absence of unemployment benefit 
for the men who had ceased work—a disputed point, 
it is true—will, no doubt, play a part in influencing 
the men to go back on the masters’ terms. 





The London coal strike, a brief announcement of 
which we gave in our last issue, contanued down to 
last Wednesday, when it suddenly collapsed. One 
firm had from the beginning promised the 1d. rise, 
and the men had been led to believe that all the firms 
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would grant it also. As this was not the case, the 
men decided to resume work. At first the men 
refused to deliver coal to the hospitals, a most 
tactless action on their part, seeing the good work 
these institutions have invariably carried out without 
respect to situation in life. Thereupon a number of 
students undertook to coal their hospitals, not ‘‘in the 
endeavour to defeat the strikers,” as was falsely alleged 
in the case of the Leeds municipal strike, but simply 
with a view to the comfort of the patients who are 
partly under their charge. On Monday, however, the 
trade union officials granted permits for the supply of 
coal to the hospitals, not of their free will, but following 
upon representations made to them by deputations 
from several cf the London hospitals. On Monday 
also, Sir George Askwith, Chief ustrial Commis- 
sioner of the Board of Trade, and the Labour Con- 
ciliation and Arbitration Board of the London Chamber 
of Commerce, offered their services as arbitrators on 
the points in dispute between the masters and men ; 
but the strike came to a close before any intervention 
from the outside was needed. 


Matters are still unsettled at Blackburn. The men 
met on Thursday, the 22nd inst., to receive the report 
of their representatives at the conference with the 
Corporation representatives referred to in our note on 
page 115 ante, and on a vote by ballot they decided to 
resume work if the Corporation would agree to 
arbitration by the Board of Trade. The town clerk, 
however, announced later that such members of the 
special committee as he had seen were not prepared to 
recommend acceptance of arbitration. The men then 
held a further meeting, and unanimously agreed not 
to resume work until a more favourable reply was 
received from the Corporation. The strikers held a 
further meeting on Monday last, when they adopted 
a resolution to refuse to resume work until their 
demands were reasonably met by the Municipality. 


Notwithstanding this, a small number of men applied | 


for reinstatement on the same day. No street-sweepers, 
apart from very few men who have remained in, will, it 
is stated, find re-employment at Blackburn, as their 
work is now to be carried out by sweeping-machines. 





The chair and furniture makers at High Wycombe, 
to the number of about 3000, have been out of 
work since the middle of November on the question of 
wages. On Saturday last, the employers, through the 
masters’ federation, submitted rates of pay, and the 
men and women were requested to decide on these 
rates by ballot. The results showed that 1347 votes 
were against the employers’ terms, whilst 42 only 
were in favour, which means a continuance of the 
strike. 


We are informed that the Hull and Barnsle 
wa Compony 


Rail- 
have dealt with the question of hours 
and wages of their employees. The — of sigual- 
men and pointsmen have been advan by 2s. per 
week, and their hours have been reduced from 10 to 8 
Other eervants are ted an advance of ls. per week 
in wages, and, in the case of porters, collectors, and 
gangers, there will be a further advance of 6d. per 
week in 12 months. There is also a reduction in the 
working hours of porters from 114 hours to 10 hours ; 
of noulertehun, rom 10 to 9 hours ; lampmen, 12 to 
10 hours ; ticket-collectors, 12to 10 hours ; and guards, 
10 to9 hours. It has also been decided, with regard to 
amen that they ehall not have less than 10 hours’ rest 
tween two turns of duty, and that if called out within 
that pericd they shall be paid at the rate of time and a 
half. The arrangement is to come into operation on 
February 9, and to last until December 31, 1916. 





In a recent speech at Dublin, Mr. Tom Mann is 
reported to have stated that there would be a general 
strike in England, ——e in March next, which 
would involve engineers, boilermakers, whitesmiths, 
and blacksmiths. The number of strikers would be 
about 750,000, in which the engineers would enter for 
150,000. 





The members of the Barrow-in-Furness branches of 
the Amalgamated Society of Engineers, Steam- 
Engine Makers’, United Machine Workers’, and Tool- 
Makers’ Societies, met on Saturday last representa- 
tives of Messrs. Vickers’ Naval Construction Works. 
The men asked for an all-round increase of 6s. _ 
week upon the termination in March next of the five 
years’ agreement. They refused by a lacge majority, 
stated below, to accept the offer made by Messrs. 
Vickers of a 23. advance per week. In making this 
offer Messrs. Vickers added a proviso to the effect 
that if the men’s societies consented to the terms and 
entered into a three years’ agreement, and if, further, 
an eight-hcur day was adopted in the future in other 
shipyards, with a reduction of wages in proportion, 
Messrs. Vickers would guarantee that no reduction 
would take place in theengineering tradesin their works. 
At Saturday’s meeting in question, members of the 
executives and organisers of the joint societies com- 
mented critically upon the offer, and advised its 





refusal. A ballot was taken of the members present, 
and the result was 1160 against acceptance of the offer 
and five in favour. The general feeling gathered was 
that if the firm were pre to submit a further 
increase, it would be favourably considered. A 
further conference with the firm is, we are told, to be 
held shortly. 





An —— has been made to the shipowners on 
behalf of the Amalgamated Society of ineers, the 
Steam-Engine Makers’ Society, and the Marine Engi- 
neers’ Association, for increased wages for all sea- 
going —— serving on all tramp steamers. The 
chie second-engineers ask for an advance of 40s. 
per month, and the third and fourth-engineers an 
advance of 30s. per month. They also ask that the 
question of excessive overtime be considered. The 
matter was referred to the Executive Council of the 
Shipping Federation for consideration, and the secre- 
taries of the Engineers’ Societies were afterwards 
informed that, in the opinion of the Council, the state 
of trade in shipping was not favourable for an advance. 
The Shipping Federation was then asked to reconsider 
the point, and also to receive a deputation to discuss 
the question. The Executive Council of the Federa- 
tion having declined to consider the matter until-their 
May meeting, it may become n the men’s 
delegates den, to convince the shipowners that their 
demands are e in earnest. The members are 
— requested to fix a date upon which the men are 
to refuse to sign articles at the rates now in force. 

The South African Government have deported, 
under martial law, ten of the principal labour leadere, 
who had been arrested in connection with the lute 
labour troubles in the Transvaal. These men are Mr. 
Watson, president of the Trades Federation ; Mr. 
Poutsma, secretary of the Railwaymen’s Society ; W. 
Bain, general secretary of the Trades Federation ; and 
essrs. Crawford, Kendall, Livingstone, Mason, 
McKerrel, Mo , and Waterston, the latter secretary 
of the South African Labour Party. Tnese men are on 
board the steamer Umgeni, which will travel to England 
direct, and will reach this country in about one month 
from now. Measures are to be taken to prevent the 
men’s return to any part of South Airica. 





The Labour conference now being held at Glasgow 
opened on Monday last with a meeting of the Women’s 
Labour League, when a number of resolutions were 
passed dealing with women and insurance, with the 
Labour Party and woman suffrage, the housing 

uestion, &c. On Tuesday there was a special Labour 

arty conference on Parliamentary policy, when 
several speakers urged the adoption by the Labour 
Party in Parliament of a more militant attitude. On 
Wednesday practically the whole of the sitting was 
taken up in discussing the new situation created by the 
deportation from South Africa to this country of the 
ten labour leaders whose names are given above. The 


following resolution was carried :—‘‘ That this con- | th 


ference emphatically protests against the suppression 
of trade-union action in South Africa by armed force, 
and the proclamation of martia' law, as violating the 
most elementary rights of British citizenship, the 
vindication of which the country was recently 
told was the justification for the South African 
War. It expresses its sympathies with the trade- 
union leaders who have been arrested, imprisoned, 
and deported under a suspension of the ordinary law, 
and congratulates them on their refusal to surrender 
voluntarily the right of meeting, of public speech, and 
of labour combination, and requests the party to press 
for a full inquiry into all the facte of the case, 
especially the responsibility of Lord Gladstone, and 
how best a repetition of the situation can be prevented 
in any part of the Empire.” There was added to ita 
roviso to secure, if necessary, the recall of Lord 
ladstone. 





‘“*THE THEORY OF THE SORFACE 
CONDENSER.” 
To THe Eprror or ENGINEERING. 

Sir,—In my letter, published in your issue of the 
23rd inst., with reference to tho articles which have 
lately appeared in ENGINEERING on “‘ The Theory of the 
Surface Condenser,” I called attention to what I con- 
sidered was a remarkable statement, made by the writer 
of the articles, as to the effect of the viscosity of water on 
the transmission of heat to it when flowing through a 
condenser tube. The statement was that for a given 
velocity of flow of the water, and the same difference of 
temperature between the surface of the tude and the 
water, the heat transmitted, when the temporature of 
the water was 105 deg. Fahr., was five times greater than 
when it was 40 deg. Fahr., this difference being due to 
=! relatively ler viscosity of the water at 105 deg. 


I notice that, in his reply to my criticiams in the same 
issue, the writer of the article apparently still holds this 
view, for he states that, as a matter of fact, in condenser 
practice this viscosity effect variesas P!!, where P is the 
temperature coefficient of the viscosity of water. This 
assumption is so completely opposed to my own experi- 





ence, and, in my opinion, the my peter <1 
So » datlanen alia bo 00 apsieun, tha | ceed toe if 
you will allow me to revert to the matter. 


As a statement of the results of my own experiments 
has failed to be convincing, I will consider the results of 


out. 
For this I have extracted from Mr. Allen’s* 
tables the ts of thirteen experiments which were 


made with the greatest differences between the initial 
temperatures oi the cooling water (those at 65 deg. Fabr. 
eS ee ge 

ve arranged these in groups, in whi velocity 
of flow is the same for each group, and have then calcu- 
lated the heat transmitted per degree difference of tem- 
perature between the exhaust steam and the water, and 
the values of the mean viscosity for the cooling water, 
which are given in columns 7 and 8 of the table. 


Tasix.—Results of Mr. Allen’s Experiments. 
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494 | 8.75 | 65.1 | 73.0! 90.5 (89,000) 1850 | 1.066x10-5 
494 | 3.75 | 85.1 | 92.7) 107.7 (87,584 2088 | 0.883x10—5 
$81 | 251 | 65.0 | 76.0) 92.2 (36,410) 1732 | 1045x10-5 
831 | 2.61 84.75 | 96.8| 118.5 (89,885) 1822 | 0.817x10—5 
250 | 1.90| 65.0 | 86.4) 111.6 58,500! 1564 | 0.966x10—5 
250 1.90 | 85.6 | 95.2) 107.7 |24,000) 1444 | 0.822x10—5 
250 | 1.90] 84.6 | 100.8) 119.0 |40,600| 1622 | 0.802x10—5 
200 1.51 65.0 | 82.7) 108.5 (35,400) 1250 | 0.998x10—5 
200 | 1.51] 85.5 | 98.0! 110.5 26,000 1418 | 0 808x10—5 
131 | 0.99/| 65.0  90.7| 114.0 20,300 867 | 0.949x10—5 
126 | 0.95 | 64.2 | 86.7) 111.9 /28,350! 818 | 0.980x10-5 
126 | 0.95 | 85.0 | 107.0| 121.0 (27,700) 1285 | 0.778x10—-5 
126 | 0.95 | 70.0 | 92.7) 118.3 (28,600 957 | 0.910x 10-5 
100 | 0.76 | 65.06 | 91.8) 116.5 |26,740| 772 | 0.948x10-5 
100 0.76 | 74.97 | 101.4) 119.6 26,480) 928 | 0.840x10—8 


Now if the results of the experiments at 200, 250, 331, 
and 494 gallons per minute are examined, it wi seen 
that there is a comparatively small, but well-marked, 
viscosity effect. Broadly stated, the heat transmitted at 
the high temperatures of the cooling water is of the order 
of 10 per cent. greater than that transmitted at the lower 
temperatures, at which the viscosity is about 20 per cent. 
greater. Further, in all of these groups but one the heat 


transmitted is greater in the case the cooler water, 
which will correspond toa ter range of tem ture in 
the metal of the tubes, and thus the advantage of the hotter 


water is, if anything, overstated. These results are quite 
in agreement with those of my own experiments quoted 
in my letter of last week. hen, however, we ider 
the results at 126 ay minute, there isa much more 
pronounced effect. At this speed the heat transmitted 
to the hotter water is 42 per cent. ter than that to 
e cooler water, the viscosity of which is only 26 per 
cent. greater; and it would ap that it is upon such 
evidence that the writer of the article has based his 
theory that the heat transmitted is inversely proportional 
to the square of the viscosity. 

To anyone, however, who was familiar with experi- 
ments on the heat taken up by water flowing through hot 
pipes at comparatively low — a change in the 
character of the motion of the water w uld suggest 
itself as an explanation ; and on examination there is 
perfectly definite evidence that the water in the case of 
experiment No. 11 of the table was in a condition of flow 
for such a change to take — for the fol:owing reasons. 
The velocity at which the motion of water at 65 deg. 
Fahr., flowing through a pipe 0.53 in. in diameter, changes 
from eddying flow to laminar fiow is known to be a i- 
mately 0.7 ft. per second, and it was found by Gavome 
Reynolds that complete turbulence was not reached until 
this value had been exceeded by 30 or 40 per cent. I 
have myself observed, and placed on record,t the 
breakdown in the motion, in an almost identical 
case, of water at 64 deg. Fabr. flowing through a hot 
pipe 0.55 in. in diameter, which occurred at a speed 
of 0.94 ft. per second. Now the mean velocity in the 
tubes of Mr. Allen’s condenser in the experiment referred 
to was 0.95 ft. per second, and as there were 229 tubes in 
each nest through which the water passed, it appears to 
me practically certain that there was a certain amount of 
laminar flow in the tubes, which accounts for the low 
values of the heat transmission. It is unfortunate that 
no experiments were made with the cooling water at 
65 deg., and still lower when the effect would be 
much more marked. consider, however, that the 
evidence is sufficiently good to afford a true explanation 
of Mr. Allen’s results, and that an assumption that the 
heat transmission varies inversely as the square of the 
viscosity is unwarranted. 

As the writer of the article has criticised the results 
which I obtained on the surface condenser in the Walker 

Laboratories in Liverpool University, on 
the ground that the tubes’ surfaces were not clean and the 
steam not free from air, I would point out, in the first 


* Proceedings of the Institution of Civil Engineers, 
vol. clxi., page 205. 

+ Philosophical Transactions of the Royal Society, 
vol, 190, page 71, 
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place, that the effect of a deposit in the tube is simply 
to alter the value of the experimentally determined con- 
stants, and could not affect the theory, which was, in its 
important characteristics, satisfactorily checked. The 
further fact that the steam was in the ordinary condition 
in which it is disc’ & marine engine will not, I 
imagine, diminish the value of the experiments in the 
eyes of designers. 
Yours faithfully, 
T. E. Sranton. 


Dr. Stanton’s letter gives hardly a fair representation 
of the views expressed in the article he criticises, where 
it is distinctly stated that though a resistance to heat 
transfer varying with the 1.91 power of the viscosity best 
represents the experimental data plotted in Fig. 6, page 127 
ante, yet this hypothesis is less probable than the alterna- 
tive set forth later. By making a suitable selection from 
Mr. Allen’s experiments it is possible to find evidence in 
favour of any law whatever for the value of Rw. As Mr. 
Allen mentioned in his paper, it was impossible to keep 
the conditions absolutely constant. Accepting, however, 
for the purpose of argument, Dr. Stanton’s selec 
figures, his argument is vitiated hy two errors: one an 
omission, and the other a serious and fundamental mis- 
take. Taking the latter first, it has been never sugges’ 
that the total resistance to heat transfer between steam and 
water varied as the viscosity of the latter. The resistance 
on the steam side is, of course, absolutely independent 
of the viscosity of the water, and hence a 10 per cent. 
increase in the total resistance means very much more in 
the water resistance. This error is, of course, basic, and 
invalidates Dr. Stanton’s whole argument. The omission 
referred to consists in neglecting the effect of the air 
pressure. This was higher in the experiments with steam 
at 85 deg., and on the average would add about 5 to 7 per 
cent. to the “apparent” water resistance at this tempera- 
ture. Hence Rw» was really less than it a to 
in these cases. It turns out, therefore, that Dr. Stanton’s 
specially selected figures actually support the view that 
the rate of heat transfer ‘rom tube to water does vary 
nearly inversely as the viscosity. 

In his concluding paragraph, it is true, Dr. Stanton pro- 
fesses to disbelieve in the importance of air pressure ; 
but this attitude is unquestionably assumed for polemical 
purposes only. It is impossible to believe that, were he 
to make further experiments on condensers, he would 

in neglect this factor. It was, there is little doubt, 
is neglect which led him to express the view (Minutes of 
the Proceedings of the Institution of Civil Engi 
vol. cxxxvi., page 327) that the rate of heat transfer 
per ogee of temperature difference varied enormously 
with the density of the steam, a view which is un- 
tenable, either in theory or in practice. As to his new 
contention that the flow of water in Mr. Allen’s experi- 
ments was inclined to be laminar at a velocity of 0.95 ft. 
per second, the most effective answer is perhaps a 
quotation from 334 of his paper already cited. 
“Experiments made by the author show that when 
of temperature are taking place, the 
motion is ‘turbulent’ at velocities considerably below 
the critical, so that it may be assumed that in a 
surface condenser the motion is always turbulent.” 
It may be added that this conclusion ——— in @ paper 
describing experiments in which the velocity of flow in 
§-in. tubes ranged from a little over 0.4 ft. up to 1.8 ft. 
per second (Fig. 2, page 329 loc cit supra). Hence at that 
time Dr. Stanton considered that a velocity of less than 
half the lowest observed in Mr. Allen’s experiments 


rapid c 








ted | three elements, two of which, R; and R:, were both large 


ted | largel 


be | conclusions arrived at in this popes and the recommenda- 


sufficed to give a turbulent flow. As already stated, it 
was found impossible to maintain the conditions abso- 
lutely constant in Mr. Allen’s experiments. Fortunately 
the observations made were very numerous, and takin 

the whole of them into account, an average result o' 
considerable weight may be deduced, the value of which 
is enhanced by its eral ment with the results 
obtained by many other careful experimenters, as plotted 
in Fig. 6a, page 127 anté. 

Tt is thus a question whether thesé many observations 
are to be discarded in favour of certain experiments of 
Dr. Stanton, which it is impossible to reconcile with his 
further experiments with a reversed flow of heat. In the 
absence of any explanation of his discordant results, it 
seems legitimate to accept those in accord with over 100 
other careful experiments made by different observers, 
rather than those in disagreement therewith. 

Dr. Stanton’s contention in the last paragraph of his 
letter, that his Liverpool experiments provided a satis- 
factory check on the theory, is not merely inadmissible, 
but is wholly indefensible. What he measured was the 
total resistance to heat-flow. This total is the sum of 


and unknown, and experience with condensers attached 
to reciprocating engines makes it certain that R, varied 
from day today. The variations in this element 
must have completely masked the variations in Rw which 
he was attempting to establish, and totally precluded the 
possibility of theexperiments eitherconfirming orconfuting 
theories as to thelatter. From thisconclusion no loophole 
of evasion is possible, and it is not without its significance 
that not a single complete series of observations can be 
found in his paper. Smoothed-out curvesalone are ee 
which are totally devoid of evidential value. These 
experiments of Dr. Stanton were accordingly worthless 
as a test of theory, whilst as regards their practical 
bearing he does not challenge the observation that ‘‘ The 
tions made are at variance with the known essentials to 
successful condenser design.” 
Tue WRITER OF THE ARTICLE. 








THE CORROSION OF BALL-BEARINGS. 
To THE Eprror oF ENGINEERING. 

Srr,—I was ——e interested in the letter from a 
“Chemist to the Austin Motor Company” which 
appeared in your issue of the 23rd inst., use his 
mention therein of the fact that he got corrosion when a 
ball was lying on “‘ steel plus brass” would point perhaps 
to some electrolytic action. 

In January, 1911, I published a memorandum on 
“*Corrosion of Ball Bearings,” and suggested that electro- 
ory action might be the cause; but I would point out 
that the circumstances of the test were not the same, 

in that instance the steel race was tested with 
balls and cage in situ, the being made of a gun- 
metal, and the steel of which the race was composed was 
not identical with that of which the balls were made, and 
this difference in the metals might, with some reason, be 
presumed to cause an electrolytic action. 

However, in the tests which I have lately conducted, 
the balls were not in a race, but were lying immersed in 
the oil in a porcelain vessel. Moreover, the types of 
corrosion are quite different. In the earlier case where 
I attributed the result to electrolytic action, the corrosion 
did not appear in the centre of the mark, but as a 
a as is shown in the photograph of the race 
whi 





ch I enclose; whilst in the later experiments, the 

















corrosion has been most severe in the centre, and 
gradually diminishes with the distance from that point. 

It will be interesting to investigate why this corrosion 
commences at one point and spreads therefrom, and does 
not appear in the first instanee universally over the sur- 
face of the ball. It would appear that the point at which 
corrosion commences is the point of contact between the 
ball and the porcelain vessel, and it has occurred to me 
that the inception of the action at such a point may be 
attributable to the fact that it is just there that a small 
amount of atmospheric dust, &c., would accumulate. 

My experiments were confirmed by a duplicate set, and 
the evidence so afforded is that castor oil is the worst 
offender amongst all the oils, and that it is only exceeded 
by its own pure fatty acids, which in turn are far more 
corrosive than the fatty acids of any of the other oils 
which we have so far tested. Further, up to the present, 





with a perfectly pure mineral oil I have been unable to 
get corrosion, and in this connection I would venture to 
—_ out to your correspondent ne § a = mineral oil 

do not mean the ordinary mineral lubricating oil as 
generally supplied in the trade under the name “‘ pure 
mineral oil,” but one of the highest grade, from which 
sulphur and other foreign matter and, in addition, the 
unsaturated compounds, have removed. 

I hope at some future date to submit to you a series of 
photographs as a result of the systematic tests that I am 
now making, and with luck it may be possible at the 
same time to make some —— as to why one oil has 
4 ter corrosive effect than another. 

'o distinguish the present research from that of 
January, 1911, it would perhaps be advisable to call it 
**Corrosion of Balls” rather of ball- i be- 
cause in this work I am dealing with the balls only, and 
so am doing away with the factor that is introduced b 
the presence of other metals in contact with the ball, 
that factor having been present in the earlier work. 

Yours ae 
A. DuckHamM, 


Vanbrugh Castle, Blackheath, S.E., 
January 28, 1914. 
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PNEUMATIC TOOLS.* 
By H. I. Brackensury. 


ra nanny | Remarks.— Although chi 
i . ve been known an 
in eaeeeen, their use in English yards is still very | was 280,000,000. 


ing hammers 


limi 


riveting-hammer. 


With a few exceptions our shipyards pneumatic tools. 


could be closed each day. There are few, if any, rivets 
in a ship which cannot be closed with a matic 
jammer, and a very conservative estimate of ths rate of 
é : riveting with a pneumatic hammer would be as two to one 
ing and rivet- | driven by the handhammer. A rough estimate of the rivets 
for many years | driven in ships in the British s for the year 1913 
This figure gives some idea of the effect 


, and this remark applies more especially to the |on production which would be made by a full use of 


The question may well be esked why 


make less use of these tools than might have been ex- | the shipbuilders have not used to the full the advan 


pected from the example set by other countries and the offered them. Th 








e answer is, the difficulty of overcoming 
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Dogrtine’s Rockx-Drit1 ; 1867. 
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known excellency of the work uced by matic | natural opposition to the introduction of labour-saving | granted a 
an exceptional demand for hands for shipbuilding, and | the goose that lays the golden 

there was difficulty in finding a sufficient number of | from 


riveting- 
rivetin; uads. 
of the hin 


nee —_ hammer, 
* Paper read before the Coventry Engineering Society, | may be more than a match for our English riveter when . This device did not come into use. Dr. 
using a hand riveting-hammer. The days when physical Dennis's patent seems to have been chiehly utilised for the 


Coventry, January 23, 1914, 


aque result was that the entire output , 
e shipping trade, on which depends the bulk of our|us in the trade that means so much 
English trade, was limited by the number of rivets which 


Fic. 3. J. Bover’s Curpprnc-Macarneg ; 1883. 


year there has been | tools. But in the meantime are we not perhaps 


this boom of trade to find t 





that a Japanese riveter, armed with a pneumatic 





strength was everything have passed, both for war and 
trade, and one may look with serious concern to the 
future of our country unless full use is made of modern 
inventions to increase our powers of production. 
History.—The pneumatic hammer, reduced to its 
lowest terms, is a combination of a cylinder, reci 
cating piston, a valve controlling the flow of motive fluid 
to and from the cylinder, and a throttle-valve in the 
supply-pipe. Considered in this light, credit must be 
given to James Watt, Savary, and others, as the original 
esigned to pro- 


inventors. All the earlier engines were d 





and may we not wake | tool had a valve which 
Continental shipyards | exhaust of the compressed air to and from one end of the 
in @ position to enter into very serious —— with | cylinder only. The piston in moving outward to strike 

our country 
Japan is using the tools extensively, and it is to be feared | place, reset 
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Fie. 2. 8S. W. Dennw’s Dentat Mater; 1877. 


duce rotary motion or to work pumps, with or without 
— and ope The idea ~ | — ooee — was 
rst suggested as a good meansof rock-drilling. Amongst 
the earliest inventors in this field was George Low, an 
Englishman, who in 1865 patented a rock-drill vw 
hammering piston. He states in the specification t 
his device can be used for riveting, &c., but it was in no 

sense of the word a hand tool. Low is perhaps chiefi 
interesting as being the first to show a grasping-handle 
with manually-operated throttle-valve within the control 

of the operator’s Len men 

Low was follo two years later 2 Soe another 
lishman, with a rock-drill which shows originality of 
design (see Fig. 1). He was the first to patent a 

pressure-operated valve for this class of ine, i 
which the piston and valve are pate interdependent 
for their ive motions—that is, the valve controls 
the motion of the piston, and the piston performs the 
double function of striking the blow and acting as a valve 
to control the motion of the valve wr V7 which, 
in many forms and modifications, is in all modern 

pneumatic mers. 
A working model of ing’s machine has been made 
and a phere few years for demonstrating various 
points in patent litigation concerning pneumatic mers. 
The first to patent a hand pneumatic hammer was 
Dr. 8. W. Dennis, a San Francisco dentist, who was 
tent (see Fie 5 in 1877 for a pneumatic 
dental t (United Sta ‘atent No. 195,102). This 
controlled the admi 


?} ite blow com a spring which, after exhaust took 
piston for the next working stroke. The 


compressed air was supplied by a small foot-power com- 


’ 
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purpose of proving that some of the claims of later | 
inventors in this field were not as nearly original as they | were not J cumbersome, but the vibration was so bad 
tried to make out. : that the workmen objected to using them. Hammers of 
The first serious attempt to produce a practical metal-| this type, of small size, are still used largely for stone- 
working pneumatic hammer seems to have been made by | carving, and are considered the best for the purpose, not 
Boyer, of St. Louis, who, in 1883, patented a ‘‘ chipping- | only in principle, but on account of low cost. Boyer was 
machine” provided with a oy ae and a throttle- | followed by Keller (Fig. 48), Kimman, Richards, Meissner, 
valve controlled by hand (see Fig. 3). In principle Boyer | and other American inventors, and the p tic-h 
appears to have followed somewhat the lines of Dr. | industry quickly became an important one throughout 
nis. Instexd of using aspring for resetting the piston, | the world. It was soon found that there was a large 
Boyer used a piston of two diameters, and, under the field for pneumatic hammers for closing rivets, and that 
shoulder so provided, used constant air pressure on a 
small area for this purpose. The piston, in its working | 
stroke, therefore operated against this constant pressure, | 
tending to hold it in its rearward position. The valve in | 
B yer’s first device was thrown back and forward | 
by means of a stud projecting laterally from the piston 
aging a slotted extension of the valve-stem. The 
valve was placed in a chamber close ide the cy- | 
linder and parallel to it. Nothing came of this device, | 
and Boyer seems to have done nothing further in this | 
field for about twelve years or more. 
Now we come to the invention of Benjamin Brazelle, | 
of St, Louis, who in the early eighties obtained a patent 


These tools were not provided with handles, and they 
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Fic. 4. Brazetie’s Steam-Pump; 1883. 
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by live-air pressure admitted to the smaller of its two 
differential areas, and in the other direction by pressure 
created by the ‘‘ cushioning” of the piston on its return 
stroke. ‘The design involved “‘ throwing” the piston rear- 
ward by air pressure exerted on it through about a third 
of its stroke, the balance of the stroke being accomplished 
by itsown momentum. A full stroke was assu' how- 
ever, because the valve, being moved rearwardly by com- 
pression of air caused by the piston, would not shift until 
the full rearward stroke of the latter was accomplished. 

The Meissner invention assured the success of the 
‘*long-stroke” hammer, and the main principle of his 
invention, which he seems to have failed to protect as 
broadly as he might have done, has been adopted with 
modifications by all the makers of pneumatic tools 
throughout the world. 

Figs. 6 and 7 show the Tierney chipping and riveting- 
hammers, and, it will be noticed, although there are 
differences in +izes, the principle involved is the same for 
both classes of hammer. The design is of an exceptionally 
simple nature; the valve has but one working diameter, 
and is made in a form which gives it strength combined 
with lightness. The piston enters into the valve, so that 
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Fie. 4a. Boyver’s Preumatic Hammer; 1896. 

























































































(98386) 
Fie. 5. Boyegr’s ‘‘ Lone-Stroxe” Pyeumatic Hammer ; 1899. 


the Boyer and other ty of hammers, based more or 
less on the principle of ring and Brazelle, and which 
involved the use of a piston greater in length than the 
length of its stroke, could not be made sufficiently 
powerful to do heavy riveting without making them of 
such dimensions that they would be too heavy to be used 
by one man. 

This demand for pneumatic riveters led to the invention 
of the “‘long-stroke” hammer—.e., one in which a com- 
paratively short piston was made to travel a distance 
much in excess of its own length. This was the first 
instance in the p tic-h art which called for 
original invention. Previously nearly all the so-called 
inventions had been largely adaptations of inventions in 
other fields to this particular purpose. 

Boyer was probably the first to make a Jong-stroke 
hammer, and he — it about 1899, by employing 
a valve at each end of the cylinder, connected together 
by two rods of small diameter placed in longitudinal 
ao drilled in the walls of the cylinder (see Fig. 5). 

he valves worked simultaneously by means of air pressure 
created through ‘“‘ cushioning ” of piston as it neared 
the end of its stroke. The whole was much too intricate 
and delicate to stand hard service, however, and was soon 


al oned. 

Meissner, of St. Louis, at about the same time, ht 
out a long-stroke hammer with one valve only. is 
valve was so arranged as to be moved in one direction 


in the United States of America for a steam-pum 
Fig. 4), disclosing a differential-area piston attached 
, together with a differential-area valve, 
each of which served to control the operation of the 


(see 
toa 
pump-plu 


other. Brazelle’s device is not very different from 
Doering’s, but he used a differential-area piston in con- 
nection with a differential-area valve, and the construc- 
tion is in consequence simpler than that of Doering. 
Brazelle states in his specification that his machine may 
b3 used not only for pamping, but for ‘‘ working hammers 
or stamps, rock-drilling, and the like.” This invention 
has been successfully used in the Patent Courts, both 
here and in America, as an anticipation of the claims of 
a and others in later types of pneumatic hammers. 

_ Boyer seems to have drawn inspiration from Brazelle’s 
invention, for in 1896 he brought out a metal-working 
penats hammer involving Brazelle’s design, but modi- 

ied to suit the conditions of chipping, caulking, 

riveting (see Fig. 4a). 

About this time other inventors had placed on the 
market pneumatic hammers of the valveless type which 
were used for stone-cutting, and in a small way for 
caulking -_ and tank-plates. These hammers were 
necessarily of very short stroke, and depended for their 
effect upon extremely rapid blows, some of them i 
from 3000 to 5000 a minute. Some of the earliest 
ones were used in Cramp’s shipyard in 1894. They were 
not sold, but leased by the makers at 1 dol.‘[a day. 








Fic. 48. Ketier’s Pyeumatic Hammer; 1899. 


of hammer is obtained. The working of the hammer is 
as follows :— 

Air is admitted to port B by pressure of the lever A 
and so to C, and through a restricted passage D to the 
back of the valve. In the position shown, pressure acts 
between the piston and the front of the valve, while con- 
stant live air at the rear of the valve is open to exhaust 
through ports H, G, and E. The piston thus travels 
down the cylinder, while air that would otherwise be 
trapped between the piston and the chisel passes through 
IL to the groove M in the valve, and so to exhaust through 

The piston having now uncovered E to the live air, 
pressure is released from it and the front of the valve, 
while the constant live air at the back of the valve, 
being closed to exhaust by the piston, now drives the 
valve to its forward position. Live air now passes 
through C round the groove O in the valve to port K, 
and so to the end of the cylinder, and the piston is driven 
up towards the valve. pon uncovering port E pressure 
is released, and also the pressure on the of the valve 
is released through G, while the air trapped between the 
piston and the front of the valve forces it to its backward 
position. 

Considerations Regulating the Design. — The problems 
presented to the manufacturer of pneumatic tools differ 
considerably from those involved in the production of 
other machines actuated by a fiuid under pressure. The 
relative importance to be attached to the desirable quali- 
ties of reliability, efficiency, lightness, power, and cheap- 
ness, which so often prove to be, to some extent, mutu- 
ally antagonistic, is a matter to be decided only after long 
experience. Such experience, however, is useless, unless 
it be accompanied by a clear understanding of how these 
qualities are inter-related. It is pro . therefore, to 
undertake a slight investigation of the limitations under 
which the designer of pneumatic tools of necessity must 
labour, and then to consider the methods by which he 
may gauge the value of his product. 

Taiess proceeding further, it may be well to say that 
the type of pnermatic tool which 1s successful is neces- 
sarily that which a»peals to the purchaser, so that in the 
end it is his ex} erience and wisdom to which we must 
look for the insistent demand for improvement in these 
tools. If the author can indicate some directions in which 
such improvements may be reasonably expected, he will 
have succeeded in the purpose of this paper. E f 

The desirable qualities in a pneumatic tool in their 
order of importance appear to be :— 

1, Reliability. 

2. Power. 

3. Cheapness. : 

4. Lightness, ease of handling, and compactness. 

5. Low air consumption. 

Up to the present bably teo little importance has 
been attached to the last of these desiderata. It is no 
uncommon thing to find a large and expensive air-com- 





pressor plant eating up power and delivering enormous 




















JAN. 30, 1914.] 


ENGINEERING. 165 








volumes of air to supply the incessant drain of leaking 


pipes and hoses, and the intermittent demands of most | be 


wasteful types of tools. This fault is largely due to the 
infrequency with which the supply of air is measured. 
There are now on the market several types of instruments 
which will indicate the rate of flow of air with reasonable 
accuracy, though the price asked for them, at present, is 
rather high, owing, no doubt, to the small demand. 

The author has used for some years a form of Venturi 
tube, connected to a U-tube manometer and provided 
with a scale which corrects for pressure (see Fig. 8) A 
very similar instrument has since been pla on the 
market, and the general use of some such device should 
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supply be at 100 Ib. per sq. in. pressure, the air leak will speed, and nota high speed. The author found, without 
about 15 cub. ft. of free air pe minute, or about | going to any extreme limits, that an ordinary drilling- 
2 cub. ft. per minute of the compressed air. The power | machine required, for the same rate of penetration wi 

required to compress this will be nearly 3 horse-power. so | fast 5 and fine feed, double the power required 
that the cost of the leak will probably be about 2J. per | with slow speed and coarse feed ng ig. 8a). This 
hour. In other words, the leak would waste about | figure is taken from a paper by Mr. Dempster Smith, 
120 cub. ft. of compressed air per hour, costing about 1s. 4d. jon ‘Experiments upon the Forces Acti on Twist- 
per thousand cub. ft.—nearly as mcch as what is paid for | Drills,” read before the Institution of Mechanical Engi- 
coal-gas. An inverted Welsbach burner consumes about | neers in 1909. The curves show the torque and thrust 
4cub. ft. of gas per hour, and gives at least 50 candle- | of a 2-in. drill entering, fully entered, and the feed dis- 
power after having been used for some time. No engaged. It will be noticed what a very large proportion 
would allow the wasteful burning of thirty such burners | of the power used for the finer feeds goes in friction 
giving more than 1500 candle power, yet the equivalent | when the drill is not cutting. These experiments were 
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Fic. 8. Instrument ror INDICATING THE 
Fiow or AIR, 
2-INCH DRILL ON MEDIUM STEEL (LUBRICATED). 


THRUST. 


/ 


























(3838. 4.) 
Fae. 8a. 
do much to initiate a demand for improvements in pneu- 


matic tools. Perhaps it would be no exaggeration to say 
= quite generally the amount of air lost by leaking 


meal hours, when the pneumatic tools employed will not 
be in operation, but the leak will be unaffi 


| 


if the com- | of pneumatic drilling-machines are entirely different from 








D1raGrRaM oF Power Consumep By A Dritiine-MacHiIne. 


leak of A air often passes unnoticed and unre- | made with a drill in careful alignment with the work, and 


a leak of compressed air were unpleasant or | not, as may often be the case, with a pneumatic drilling- 


ved. I 

Seagesens, it would be more likely to be rectified. In | machine supported << springing arm and starting wit 
oses is almost equal to that used by the pneumatic tools | fact, this system of power distribution suffers from its the drill at anythin 

themselves. The leak can be easily found by testing at = safety and innocuous character. 


‘ ut right angles to the surface of the 
; work, conditions which would tend to increase the drill 
-Machines.—The factors governing the design | friction. 


The result, as will be shown by what follows, is that 


pression plant be kept running. Without doubt the | those for fixed machines. In the latter case, the machine | the best effects are obtained by running the drill at slow 


convenience and reliability of these tools fully justify | is designed to run the drill at the speeds and feeds which | speeds, and not at high speeds. 
their employment even under present conditions, but the | + oy on — penetration without undue wear to | would be reached if the 

the drill. Inti 

the governing factor, and therefore 
such as to use that py to the greatest advantage— | the drill-body or cutting- 
#.¢., to rotate the dril 

penetration is given for the power. This speed is a slow | hose 164 ft. long and 4 in. diameter bore. Initial pres- 


following cousiderations may induce those that employ 
them to exercise ter vigilance in avoiding waste : 
Suppose that are a number of leaks equivalent 
to a circular hole of about 4 in. in diameter—a case 
that would be only too easy to discover. If the air 





The limit in this respect 
, re required to feed the 
case of the pneumatic drill, the power is | drill were more than could be conveniently given by 
design must be | the feed-gear or the ue exceeded the strength of 


at the speed at which the Fig. 9 showsa curve of the drop in pressure in a flexible 
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sure, 851b. to the sq. in. I will be noticed that at a flow 
of 70 cub. ft. of free air per minute there is a drop of 
20 Ib. pecteets aero in. The flow of air was measured 
by means of a Venturi tube connected to a U-tube mano- 
meter, vided with a scale corrected for variations in 
the initial pressure of the air. 

Now it is evident that this drop in pressure has a very 
important bearing on the design of tool which may be 
employed to advantage. Let us take as an example the 
tests of a pneumatic drilling-machine connected to the 
main supply by a length of 164 ft. of hose of 4 in. internal 
diameter. As shown by Table I., page 167, if the drill 
uses 70 ft. of free air per minute and the pressure of air 
on entering the hose is 85 Ib., the pressure at the drill will 
only be 65 lb. When the air is allowed to flow into the 
drilling-machine, a high speed of rotation is set up until 


Fig. DROP OF PRESSURE ALONG 16-5 FT. OF 
FLEXIBLE ARMOURED HOSE % DIA. BORE 
INITIAL PRESSURE 85LBS.PER SQ.IN. 
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the feed is applied by the feed-screw. The more rapidly 
the feed-screw is rotated the quicker will be the pene- 
tration of the drill and the slower will the drill rotate, 
with the final limitation that if the feed is too rapid, the 


drill will stall suddenly and there will be no penetration. | bu 


This appears to be « curious paradox, for, a from con- 
siderations of wire-drawing, the indicated horse- power of 
the pneumatic engine would seem to be dependent on its 
— and the pressure of the air (see Fig. 10). But since 
e flow of air is d at the slower speed, the pres- 
sure rises and the torque increases. result arrived at 
therefore is that the maximum speed of penetration is 
iven by that speed of rotation at which the machine 
Sovclops its minimum horse power, but its maximum 
stable torque. 


Considerable experience Of running drills under test 


conditions has proved the importance of applying the 











feed with judgment. A man used to this work can get 
much better results out of a drill than can another man, 
equally intelligent and skilful, who is not so accustomed. 
It requires the test judgment in order to feed the 
drill so rapidly that it shall just—but only just—escape 
stalling. It has been found that the feed must be reduced 
ae ed just before the drill breaks through the metal. 
erhaps at this point it may be well to mention that the 
above considerations apply only to those cases where the 
power given out by the pneumatic tool is less than that 
which can be used by the twist-drill without requiring to 
be ground too frequently. With modern high-speed twist- 
drills of }-in. diameter and above this is practically 
always the case. 
The idea of a minimum speed at which the pneumatic 
drill will run without stalling is of importance, because 





probability that there will be, and should be, an increase 
in the speed of revolutions of the pneumatic motors on 
drills. The advantages obtainable by such change are 
almest self-evident. Everything is to be gained by 
obtaining increased power from the same piston by 
running it faster, provided the design still ensures reli- 
ability and good wearing qualities. However, if this 
change occur, it will necessarily involve an increase in the 
gear ratio between the drill and pneumatic motor. 
Perhaps it may bs allowable here to point out a con- 
trast between the humble *‘ Windy Drill ” and its more 
lordly cousin, the motor-car engine. In both cases the 
desire has been to get a larger output of power from a 
= size of engine. But while the motor-car engine 
I been set to drive its attached machine at ever- 
increasing speeds, the unfortunate pneumatic engine is 
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Fie. 13. Dynamometer Brake FoR TestiInc Pneumatic DRILLs. 

















Fie. 14. Apparatus ror Testing PNeumatic HAMMERS. 


it should help to fix the gear ratio to be ~ between 
the pneumatic motor and the twist-drill. As already 
shown, this critical is probably dependent not only 
on the size of the twist-drill and the material it is to cut, 
t also upon the laws connecting the torque of the 
pneumatic motor with its speed of revelution, while this 
relation in its turn depends upon the pressure of air 
supply and the length and bore of the flexible hose. 
However, let us consider for the moment that the critical 
speed is a constant and is known. Let us suppose that 
it is 200 revolutions per minute. Then, if the relation of 

-power of the pneumatic motor to its speed of 
revolution is known, the gear ratio may be designed so 
that the motor shall give out the maximum horse-power 
when the twist-drill is running at 200 revolutions per 


minute. 
The history of other prime movers would indicate the 





doomed to rotate its twist-drill at the minimum stable 
speed, as long as the man in charge takes the trouble to 
work it at its full capacity. If the bore and stroke of the 
engine be a the gear ratio should therefore be higher 
or lower ing as the maximum power is developed 
at a high or low 

It a sai om all oe drills which are 
opera: y pistons cran ts at present run at 
very low piston speeds—indeed, lower than most slow- 
speed steam-engines. As in the case with the petrol- 
engine, the difficulty is to get adequate valve area. 

e have already seen how important is the effect of 
skill in feeding a umatic drill in order to make it give 
the best results. us trust that the future has not in 
store for us both professional! racing drillers and specially 
designed racing drills. However, if such be the case, 
we must picture to ourselves a machine with enormous 





7 






























JAN. 30, 1914.] 


ENGINEERING. 


167 








Tasie I.— of Pressure in Armoured Flexible Hose, 
163 Long, 4 In. Diameter Bore. 
Initial pressure, 85 lb. per sq. in. 
. _ Drop. 
cub. ft. min. . 
of Sub oli Ib. per sq. in. 

5 1.5 
19 2.0 
15 3.0 
20 3.3 
25 40 
30 55 
35 7.5 
40 8.5 
45 100 
50 12.0 
55 14.0 
60 16.8 
65 185 
70 20.0 


valves and an abnormal gear ratio, so as to enable the 
pneumatic motor to run at an excessive rate while the 
twist-drill, fed downwards by a powerful feed motion, 
preg at the lowest possible speed at which its motion is 
stable. 

Pneumatic drills may be divided into two classes. 
The first class comprises those operated by an engine 
of the piston and crank-shaft type, the second r ooed 
which rely upon some form of rotary ine. The second 


type is attractive on account of its beautiful simplicity, 


Fic. 15. 





parable with that transmitted by the water in an hydraulic 


main. 
In most tools as designed at present, this third form of ; 


is the principal source of power. The purchaser 
has demanded the maximum Leitch torque, vabieed 
with a minimum size and 
siderations of ideal efficiency have been sacrificed. This 
has prevented the employment to any » of the 
expansive energy of the working fluid. However, it is 
ble that another difficulty, now to be considered, 
hindered the development of a more efficient thermo- 
dynamic cycle. 

The exhaust outlet of a drill, working during cold 
weather, is frequently coated with hoar-frost, and cases 
are nct very rare of some t of drills actually freezing 
up. In testing a drill in Russia, it was found that the 
exhaust playing on the inlet pi had cooled it to such 
an extent that the pipe was blocked by a cylinder of ice, 
the moisture in the incoming air having, evidently, been 
condensed and frozen. is is not due, as is often 
thought, to the lowering of the temperature of the air 
during adiabatic expansion in the cylinders. The expan- 
sion ratio is never sufficient to produce such an effect ; in 
fact, there is seldom any expansion at all. The cause of 
the trouble is that the air escaping through the exhaust 
port expands rapidly and gathers velocity up to an 
enormous figure. Now the kinetic energy, hich the air 
then possesses, due to its high speed, is produced at the 
expense of the internal energy, which it previously con- 
tained when under pressure. Ooasequently, when the 
exhaust air is rushing along its way to the atmos 
its internal energy must be much less than when it was 


V/BRATIONS OF PNEUMATIC HAMMERS. 
Each Run was of & Seconds Duration. 


ight, to gain which all con-| largely d 


if, indeed, it be worth while to expand the air at all. 
4 eee ee a ae Qe of yo 
on ——— wou Imit ratio, a rom 0 
Obviously tke pesiiae teen ficiency i 
y the possible ic is 
by this limitation. Moreover, the 
ion of the total contained in the air which 
aon forrne bole at the =, ot -* b oon 
air whole o of this subject is 
peclotiy well known siready, nad oc be found fm any 
uaieal book, such as Cotterill’s ‘* Applied Mechanics, 
but the following expression is in a form which may be 
of interest to us in connection with the present subject. 
If we assume that a pneumatic motor is supplied with 
dry air at P, ——s pressure, and that it works 
without expansion, it may be shown that the frac- 
tion of the available energy in the air which it uses is 
given by the expression 
2 P,-1 
7(pf-1) ef 
The following table has been calculated from this 
formula, and the results have been plotted in figures. 
Further, it may be shown that if cut-off takes place at 
one-ninth of the stroke, then the fraction of the available 
energy in the air which is used is given by the expression 
- (bY) - 
P, {1.4 (9) } 04Q- 


1.4P,? (P,? - 1) 
From this formula has been plotted the curve, Fig. 12, 





N° 9 Riveter. 14 Dia.+10 Stroke, 858 Strokes per Mirunte at 100 Lbs. per Sg. In. 


73 


N°8 Ieveter. 14 Dia.«8'" Stroke, 942 Strokes per Minute at 100 Lbs. per $g.{In. 
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77 


N° 6 Riveter. 14 Dia.«6"Stroke,1044 Strokes per Minute at 100Lbs. per §g.in. 
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N°9 Riveter. Defective Valve slack & Snapend large, 648 Strokes per Minute at 100 Lbs per Sg. in. 


(eases) 


but, so far, the author has not found one capable of 
iving as large a torque fcr a given air consumption as 
7 ose of the first type. — principal difficulty in pro- 
ucing even a reasonably efficient rotary pneumatic engine 
is helenae leakage, which seems almost inevitable. 
The best example of the results of this difficulty which 
has come within the experience of the author was a 
certain drill which would allow the passage of practically 
the same volume of air per minute when it was stalled 
as when it was running. Possibly this was a poor ex- 
ample of its kind, though it must be admitted that, if 
provided with a sufficient supply of air, it was capable of 
doing excellent work. The concern that rejoiced in its 
— appeared to use it alternately with a pneumatic 
mer of another make. The air-compressor was in- 
capable of driving both simultaneously. ‘ 

n — the efficiency to be expected from either 
type, we should remember that the problems to be faced 
by the manufacturer of an engine as minute as that 
required for a pneumatic drill are peculiar to the uc- 
tion of any very small device operated by a fluid under 
pressure. Since the periphery of a body is proportional 
to its linear dimensions, while its area varies as their 

uare, it follows that the leakage which occurs at a peri- 
phery assumes greater and greater relative importance as 
the size of the part decreases. : 

Thus, suppose we have two pistons, one 1 in. in dia- 
meter and the other 2 in. in diameter, each working 
(without piston rings) in a cylinder 0.001 in. Jarger in 
diameter. Their areas are respectively 0.785 sq. in. and 


3.141 sq. im., while the areas of the clearances are | d 


0.003 sq. in. and 0.006 sq. in.—i.¢., the clearance of the 
smaller area is 0.382 per cent. of its area, while that of the 
larger is only 0.191 per cent. of its area. Further, if the 
pistons are similar in shape, their lengths will be propor- 
tional to their diameter, any air 
larger piston will have to travel twice the di 
traversed by the leak 


that is 
one. Conse- 


— as compared wi 
ratio will be probably more than four times as great. 
Wesee, then, that as far as leakage is concerned, we must 
results from a small engi 
large in fact, it is found that age is the 
principal bagbear of the designer of pneumatic tools. 
Compressed air, as is well known, contains, or may con- 
tain, available energy in three forms—viz., kinetic aony 
due to the velocity of its flow ; (2) internal energy, whi 
itcan give up on expansion ; and (3) the energy due to 
16 re and volume. which it can transmit to a piston 
without expanding. The third type of energy is com- 





ing round the | haust- 





$2 


in the e*. It follows that its temperature must 
drop. is, of course, is perfectly well known to 
the most elementary student of thermodynamics, but 
it may be worth while to follow the application of the 
theory to this particular case. If the tb air could 
be brought to rest by causing its kinetic energy to be 
degraded into heat by means of friction, then its tem- 


perature would again rise until it was very nearly equal 
to what it had “been in the cylinder of the drill. (the 
slight difference is, of course, known as the Joule- 
Thomson effect). The difficulty would probably be to 
—<. this about without producing a back pressure on 
© piston. 
The exhaust of the pneumatic drill may cause the 
designer other difficulties besides freezing up. Many 
drills, as already stated, work with practically no expan- 
sion. It follows that the moment the exhaust-port is 
uncovered the cylinder must clear itself as quickly as 
possible of its contents. But the airin escaping expands, 
so that, in order to avoid all back pressure on the return 
stroke, the area of the exhaust-port would have to be 
enormous. 

If ve ny oy that ot wales sony atid a 
petrol-engine the gases are ex ing and losing heat to 
the walls of the cylinder, and yet the exhaust-valve has 
to be designed with a quick lift, and a diameter about 
one-third of that of the cylinder, we shall realise the diffi- 
culties in the case of the pneumatic drill. Unfortunately, 
the minute size of the latter—apart from other difficulties 
—renders it almost hopeless to try to take indicator 
jagrams, so that we cannot be sure exactly as to what 
goes on in the cylinder. However, it seems highly prob- 
able that in most types the back pressure increases very 
rapidly with increase of s of running. It should be 
worth while to try to e a drill with much larger ex- 

valves than are at present used, provided with a high 
eeu ratio, poy es ine, which — yao aby 
us would run at a higher speed without increasing t 
speed of the drill. Pussibly this would lead to smaller 
proportional losses, since in a given design these 
should be nearly constant, while the useful air-consum 
tion should be a ximately proportional to the speed. 

Some of the ; 
pneumatic tools have already been considered, but no 
reference has been made to the ) thermodynamic 
efficiency of these machines. depends, of courte, 
upon the cycle adopted for their operation. Now it must 
be distinctly understood that, however much im 


portance 
we may attach to efficiency in the case of these particular | of 


machines, the primary consideration is the attainment 
of large power for small weight and size. We are there- 
fore prohibited from employing a high expansion ratio, 


ifficulties inherent to the design of |i 


showing the percentage of the energy available with cut- 
off at half-stroke. 


Absolute Pressure of Air | Furesntage of Energy Aveliahte, 





aceeeemenes No Expansion. Cut-off Half Stroke. 

1.25 - - 

1.5 87.5 69.5 
2.0 79.0 94.6 
2.64 — 100.0 
3.0 70.5 98.0 
4.0 65.5 96.5 
5.0 | 62.0 92.0 
6.0 59.0 89.5 
7.0 | a 88.0 
8.0 | 66.0 86.0 

' 


The author believes that this little point in the thermo- 
dynamics of the pneumatic motor has not been clearly 
indicated previously. 
ing of Pnewmatic Drilis.—The measurement of the 

brake horse-power of a }:.eumatic dril) vfers no particular 
difficulty if great accurucy be not required. P : 

For commercial purpu: es a prony ake is quite satis- 
factory. If, however, it be ired to investigate com- 
paratively small of brake horse-power, a number 
of difficulties have to be surmounted. 

hag rye brake have been tried. The on con- 
si of a hollow copper jacket resting on a sheave, 
which was driven by the drill. The axle of the sheave 
on one side ran in a single ‘‘ Skefko” ball-bearing, while 
the other end was turned toa taper to fit into the 
drill-chuck. The back centre of the drill abutted on a 


flowing continuously through the r jacket. The 
latter une ined oh act evenly on the 
sheave. ‘0 one end of this copper j t there was 


slightly, ard the . 
Greater difficulty was caused by the wear of the 
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brake. The apparatus at present under trial is shown in 


Fig. 13. 

The brake used with it consists of a fine-quality cotton 
webbing, and the sheave has been made of larger dia- 
meter so as to minimise the rise of temperature. 
with this and the former brake elaborate precautions 
must be taken to prevent oil or water reaching the surface 
of the sheave—even contact with the hand altering the 
coefficient of friction. It is intended to substitute ball- 
bearings for the present plain bearings, and to make 
better arrangements for taking up the stretch of the belt. 
Probably, , it will be nen to introduce some 
spring control on the brake, though the running is much 
more stable than might be expected. 

The curves shown in Fig. 10, 166, were obtained 
with the earlier apparatus. They show — somewhat 
roughly—the general effect on the brake horse-power of a 
certain drill, of variations in air pressure, and of rate of 
running. We 

It will be easily understood that it is not always pos- 
sible to devote as much time as one would like to this 
class of work, and the author regrets that he cannot 
exhibit more comparative results of brake horse-power 
tests. For such work it is of afirat importance to secure 
an absolutely steady pressure of air, which is by no means 
easy, and then tho drill must be run until the bearings 
are at a steady temperature, which requires some time. 

The curves in Fig. 10 show that over the ee range 
under investigation the horse-power developed by the drill 
increases more slowly than the revolutions. This speed 
range only was considered, because it corresponded to the 
actual rate at which the drill would be run in practice. 

The most ompeene thing about testing drills is the 
accuracy attainable in the penetration test. If the same 
man always be employed in feeding the drill through the 
plate, and precautions be taken to keep all other factors 
constant, the time of drilling can certainly be found to 
within two or three seconds per minute. This has been 
repeatedly proved by submitting drills for test with 
secretly-altered reference numbers. An accuracy of 5 per 
cent. is quite as much as can be expected in most com- 
mercial testings of brake horse-power, since this involves 
reading the revolutions per minute and the net load on 
the brake, each correctly to within 24 per cent. In con- 
sequence of this most tachometers are not sufficiently 
accurate for exact work, and the speeds should always be 
obtained by means of a revolution counter. 

The practical testing of pneumatic drills is difficult, 
but the testing of pneumatic hammers for power is even 
more so. Fig. 14 shows an apparatus used by the author 
for counting the number of blows per minute. Theoretic- 
ally it should also give the power of each blow, but so 
many corrections have to be introduced in order to obtain 
this that the result is not very reliable. About six or 
seven years ago a highly-trained mathematician under- 
took this task, and produced a result. Unfortunately 
this proved to be altogether too excellent, for it appeared 
that the ene given out by one blow of the piston 
exceeded that due to the full pom of the air acting 
upon it for the full length of the stroke. The author 
does not pro therefore to give the somewhat | 
calculations involved.. However, the roy is of use 
in testing pneumatic hammers, as will seen from the 
curves, Fig. 15, page 166 

It consists of a massive cast-iron bed provided with 
T-grooves, so that a heavy block may be bolted to it in 
any desired position. Against this block is placed the 
handle of the hammer to tested, resting in a formed 
recess lined with leather, to prevent marking the polished 
surface of the handle. The snap of the hammer abuts 

inst a heavy block, which can swing about a vertical 
ae fixed to the bed. This swinging block is controlled 

y aspring, which can be adjusted by means of a screwed 
bolt passing through the fixed abutment. 

To the swinging block is fixed a light-steel arm carryin 
astumpy pencil, the point of which rests on a strip of 
paper which can reeled by hand off one drum on to 
another. As the instrument is only required to give the 
speed of the hammer, and a general idea of the type of 
oscillation produced, there is no need to employ a a! 
drive for winding the paper. 

The hammer can be reversed in its support, so as to 
show the vibrations of the handle. It will be noticed 
that the effect of a leaky valve is at once recorded in the 
smaller number of blows delivered by the hammer in a 
given time. 

Three of the curves refer to hammers of the same bore 
but of different lengths of strokes. The same handle was 
employed with each in obtaining these results. It will 
be seen that as the length of hammer increases the 
number of strokes per minute decreases. The momentum 
of the blow, however, must be roughly proportional to 
the length of stroke. This is not shown on the curves 
because the spring tension is different in the three cases. 

The average piston speeds for the double stroke of these 
hammers are as follow :— 


Piston Speed. 





Hammers. Length of Stroke. 
| in. ft. per min. 
9 | 10 1430 
8 | 8 1256 
6 | 6 1044 





The work required to be done by the light pistons used 
in some of the best-known ehipping-hammers requires 
material capable of withstanding vibration and shock to 
an exceptional degree. As an example, a piston weighing 
8 oz. now does considerably more work than a piston 
weighing 14 oz. of an older design. It will therefore be 
apparent that where no difficulty exists in finding suitable 
material for the latter, much care must be exercised for 

ial selected for the former. 


Each piston should be tested by the Brinnell ball test ; 
but before selecting any new form of material, further 
tests are required. An ordinary test for the smaller 
py is 60,000 blows from a heavy riveting-hammer ; 
or a special test 500,000 blows or more are used. The 
piston must show no signs of eee. 4 or fracture. 

Final Remarks.—Finally, although the production of a 
perfect pneumatic hammer appears to be more difficult 
than the uction of a perfect pneumatic drilling- 
machine, the author believes that the designs of hammers 
have reached a point nearer finality than the designs of 
drilling-machines. From the preceding observations on 
the points of efficiencies in the drilling-machines it will 
be gathered that there is still room for considerable im- 
provements in this direction. There can, however, be no 
doubt that the reliability of these machines has been 
immensely improved within the last few — as the 
material for each part is now chosen with the most care- 
ful analyses of the duties it has to perform, and nothing 
is left to chance. 





COLONIAL AND FOREIGN ENGINEERING 
PROJEOTS. 

We give below a few data on several colonial and 
foreign engineering projects taken from the Board of 
T Journal. Further particulars concerning these 
ag be obtained from the Commercial edttenee 
= Board of Trade, 73, Basinghall-street, London, 
Canada : H.M. Trade Commissioner for Canada reports 
that a machine shop aud foundry have been erected by a 
company at Niagara F; Ontario, and foundry plant 
will be required. A company working a natu gas 
deposit in Ontario contemplates the erection of a gas- 
purifying plant. 

New Zealand: The Imperial Trade Correspondent at 
Auckland reports that tenders are invited by the Auck- 
land Harbour Board for the supply and delivery of 1-ton 
and 2-ton truck-cranes. Sealed tenders, accompanied by 
full specifications and drawings, and marked “ Tender 
for Truck-Cranes,” will received up to noon on 
April 21, by the Chairman, Auckland Harbour Board, 
Auckland, N.Z. 

Belgium: H.M. Consul-General at pa reports 
that tenders will be received, up to February 16, by the 
Municipal Authorities of that city for the supply of four 
floating pneumatic grain-elevators, each capable of tran- 
shipping 200 tons of grain per hour. Tenders must be 
sent in sealed envelopes, | registered post, to the Burgo- 
master, Hdtel-de-Ville, Antwerp, and must be accom- 
panied by a deposit of 100,000 francs (4,000/.). 

Switzerland: The Feuille Fédérale Suisse states that a 
law has been passed authorising the Swiss Federal Rail- 
ways to extend the Oberglatt-Neiderweningen railway 
from Neiderweningen to Déttingen. The estimated cost 
of construction of the line, which is to have a gauge of 
1.435 metres, is 2,500,000 francs (100,000/.). No work, 
however, is to be commenced until the Cantons of 
Argovie and Zurich have first contributed a total sum of 
700,000 francs (28,0002. ). 

Spain : The Gaceta de Madrid states that the Royal 
Assent has been given to the proposal of the Direccién 
General de Obras Piiblicas toauthorise D. Felix Vejarano 
hae pee de Quiros to construct a floating dépé6t for 

oreign coal at the port of The concessionaire 
has to present plans to the Harbour Master of Malaga 
within three months, and the dépdét is to be installed 
within six months of the date of their approval. 

Italy: The Gazzetta Ufficiale, Rome, contains a decree 
authorising the expenditure of certain sums, in addition 
to those provided for in the previous estimates, on public 
works as follow :—(1) 2,000,000 lire (about 80 0007.) for re- 
novation, &c., of hydraulic works. (2) 1,500,000 lire (about 
60,000.) for the water works at Venice. (3) 500.000 lire 
ees 20,000.) to be expended on conduits for water in 

milia, Romagno, and Tuscany. The Gazzetta also con- 
tains a notice to the effect that tenders are invited for the 
peg pena ont ™ YA pe * aney | for a 
in municipality of Acqu the upset price being 
put at 245,808 lire (about Oe301.).” Tenders will be re- 
ceived up to February 7, and should be addressed, ‘‘ Al 
Sig. Sindaco Casa Comunale Acquappese.” Although 
the foregoing contract will doubtless be awarded to an 
Italian firm, nevertheless there may be an as for 
manufacturers in the United Kingdom to supply some of 
the material required. 

Rowmania: With reference to the credit of 428,615,481 
lei voted by the Roumanian Parli ‘or railway con- 
struction and improvements, the British Vice-Consul at 
Bucharest reports that of the sum set aside for improve- 
ments in the existing railway system, the following are 
the chief items :—Rolling-stock, 33,815,000 lei; extension 
of Letepnne 13,100,000 lei; doubling the track between 


Buzeu and 12,100,000 lei; ee railway 
stati 18,810,000 lei; weighbridges, 547,000 lei; weigh- 
ing- i 000 lei; and the construction of a central 
poy at a 33,000,000 lei. ; ee 

+ there may be a good o or United King- 
dom manufacturers to supply some | the materials re- 
quired, and be will be glad to ey further informa- 
Cae Shot ew Se coumvee (25 lei = 12.) 

Crete : H.M. Vice-Consul at Canea reports that tenders 
are invited by the Municipality of Candia for the con- 
struction of a port there, based on the project drawn up 
by a French engineer. contract is valued at 
3,588,242 francs (143,529/.), and ineludes the construction 
of a breakwater 660 metres (722 yards) long as well as 
dredging work in the new and the old harbours. Sealed 
tenders will be received up to 4 p.m. on April 28, by 
M. le Maire de Candie, ident de la ion du 
Port de Candie, from w 





Candia, further i 
gy ceed 2 caidas at tee danedt al 


165,000 francs (6600/.) with a bank in Crete must acoom- 
pany each er. i tenderer must elect domicile in 
ia. 


Moroceco: H.M. Consul-General at Soagive reports 
that tenders are invited by the Comité écial des 
Travaux Publics, for the construction and equipment of a 
harbour for small boats at Mazagan. © estimated 
value of the contract is 1,887,000 francs (75,480/.); and 
a deposit of 30,000 francs (1200/.) is required to qualify 
any tender. ers accompanied by certificates of com- 
—— , will be received by M. le Président du Comité 
pécial des Travaux Publics, Dar En-Niaba, Tangier, 
up tolla.m.on April 18. The contractor must elect 
domicile in the neighbourhood of the works. 
Chili: With reference to the competition of plans for 
the construction of railway workshops for the Chilian 
State Railways, H.M. Consul-General at Valparaiso 
reports an announcement in the Diario Oficial that the 
date of the competition has been postponed to May 1 next. 
The main workshop is to be capable of rapidly dealing 
with major and minor repairs to 500 locomotives 
per annum, and 50 passenger coaches and 400 goods 
wagons daily. In addition te being able to turn 
out cylinders, boilers, &c., required for its own repairs, 
the main workshop must be capable of meeting the 
demands of the four branch re Ay The first 
prize is to be 4000/. and the second 2000/., but the award 
of a prize does not imply any obligation on the part of 
the Government to award the contract for the construc- 
tion of the works to the winner. Further particulars may 
be obtained from the Servicio de Locomotoras i Equi 
de la Direccion Jeneral de los Ferrocarriles del Estado, 
Santiago (Estacion Mapocho). Plans and _ estimates 
accompanied by descriptive memoranda, will be received 
by the Sub-Secretaria del Ministerio de Ferrocarriles de 
bili, Santiago, up to 3p.m. on Mayl. The Diario 
Oficial, Santiago, contains a copy of a decree issued by 
the Ministerio de Industria i Obras Publicas, ting 
permission to Don Fritz Mella to construct and work a 
steam railway, having a gauge of 1 metre, from Chuqui- 
camata mine to the port of Mejillones. The work of 
construction is to be commenced within one year, and 
the line is to be completed and open to public traffic 
within four years. Within a period of three months from 
the issue of the decree, the concessionaire is to deposit a 
sum of 30,000 in the Caja de Credito Hipotecario, 
as a guarantee for the completion of the work. (Peso= 
9d., at current rate of exchange.) 





Tue InstiTuTION oF Navat ArcuiTEcTs.—The annual 
meetings of the Institution of Naval Architects will be 
held in the hall of the Royal Society of Arts, Adelphi, 
W.C., on April 1, 2, and 3; the President, the Marquis 
of Bristol, will occupy the. chair. The annual dinner 
will take place on A 1, at 7.30 p.m., in the Great Hall, 
Connaught Rooms, Great Queen-street, W.C., and on 
April 2 a reception will be held at the Royal United 
Service Museum (by permission of the Council) at 9 p.m. 





AvsTRIAN SUBMARINES.—Two submarines ordered last 
year in apr eee J for the Austro-Hungarian Government 
will arrive shortly at Pola. They are officially known at 
present as No. 7 and No. 8, and they have each a dis- 

ment of 5560 tons. Three other submarines are also 
in course of construction at Kiel for the Austro-Hungarian 
navy; they are u a larger scale, and their displace- 
ment will range from 685 tons to 860 tons each. The 
completion of the three latter submarines will carry 
the whole number of vessels of this class owned by the 
Austro-Hungarian Government to eleven. 





Tue Moror-Car Inpustry In Russta.—While Russia 
is a very large importer of a and <3 5 
is increasing at an exceedingly rapid iate, there 
so far, been no actual manufacture of motor-cars within 
the country. The Russo-Baltic Wagon Factory has cer- 
tainly built cars on a small scale for some time, but now 
the manu has taken upinearnest. New work- 
shops of considerable dimensions have been erected and 

vided with first-class plant, and numbers of cars 

ave already been delivered. t deliveries comprise 
sixty automobiles to the Russian Minister of War. 
a 


Tue Late Mr. Orro Kreiti.—The career of the late 
pened eupe wanee Gat Gn canesah ont eign engh 
proof once more that su al an iginal engi- 
neer and business man need not by any means have 
been a brilliant schoolboy. Krell was in 1838, 
at Saalfeld, in Saxe-Meiningen, where his father was a 

of good position. Learning was not at 
all easy to the boy, and it was only by conscientious 
hard work that he his examinations. Without 
technical studies he entered from school the engineering 
works of E. Ernshaw, at Nuremberg, as an apprentice. 





he arrived he found the post filled, but he was 


not di . ._ The yo <= ears became 
manager Petersburg orks, and seven years 
later es of the Petersburg Metal Works. These 
he ref thoroughly, and he improved the rolling- 


mills in Se v1 FO ay that —_ for 
certain speciali in idge- ing, heating ven- 
tilation came even from America. ithin a few years 
the Russian Government commissioned him also to 
ign and establish the new rifle works at Tula, which 
irmingham 


at 
sometimes to be called the Russian B 
He held these responsible 
years until, somewhat tardily, in 


intments for thirty 

his nationality was 

berg, the home of 
affairs. 











objected to. He then reti 
is wife, where he devoted 


to 
himself to m 
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RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 
number 

om wth pe nme prong ee 
a ear ae ns to 
Branch, Southam zmpton Buildings, Cheney tone’ W? C., at 
The” pay ry vertisement of the gongtanee Complete 
A Ba meh F after abstract, unless the 


‘atent has been , when the date of sealing is 
ae time within py from the date of 
ad i a Complete Speci, 
ive notice at the Patent O. of eppecition tothe grant of 


atent on any of the grow 
AGRICULTURAL APPLIANCES. 


18,754/13. Ransomes, Sims and Jefferies, Limited, 
T. L. Phillips, ich. Thrasbing Machines. 
{1 Fig.) August 18, Pil —This invention relates to improve- 
ments in the method of elevating corn, maize, clover seed and 
like grains and seeds from one part of a thrashing - machine, 
maize-sheller, clover-huller and like machines to another part 
of the machine or to an outlet from the machine. According to 
this invention, the applicants employ a well-known form of ele- 
vator, consisting of an endless band armed with drags or cleats, 
but so arranged that the drags or cleats are moving when 
they first come into contact with the material to be lifted 
in the same approximately horizontal direction as it. a@ is 
the first or lower cleaning shoe of the thrashing machine. 
6 is the ut along which the grain travels from the shoe; 
the arrow ows A ——- of travel of the Dn. c and ¢ are 

pulleys t is a made of leather, 
cotton, or other suitable material. ¢, ¢, e are drags or cleats 















































secured to the band. The pulleys c, c revolve in the direction 
of the arrows, thus moving the drags in the direction shown 
by the arrows, and drawing up the material, which is delivered 
in the usual way, by opening or closing suitable doors, either 
inte the awner or smutter or elsewhere. At the point j, where 
the drags first come in ccatact with the material, they are 
moving in the same direction as the material, thus the flow of 
the material is not retarded, and the method of elevating is 
very effi AN ly "made, elevators of the kind before 
described have the bottom of the casing k near to the ground, 
because it is necessary to have the cups receive the material at 
a distance below the point of delivery of the material. By this 
invention the bottom of the casing k may be raised from the 
ground more than usual, as the bottom edge of the drag e! 
may be substantially in line with the point of delivery of the 
material. Suitable means are provided for tightening the band 
d, and an adjustable plate, or other suitable means, is provided 
at | to tas) the return of the material. (Accepted Novem- 
ver 12, 1913. 


ELECTRICAL APPARATUS. 


26,953/12. F. H. Te H. M. o6, ont. a 
therton Tubes and duits, olver- 
an — Conduit-Junction Boxes. ony igs] Le os 
ber 23, 1912.—This inven‘ ion relates to electric conduit-junction 
boxes or like electric fittings, and comprises improvements par- 
ticularly applicable to the conduit-junction box or fittings de- 
scribed in the a mee oy! —_ Speci ation No. 24, 492/12, wherein 
two longitudinally-split are adap to secure 
the conduit-pipe or the ? and oes a@ nut screwed upon 
sockets in the junction-box is so arranged as to contract the 











tapered member around the La le to secure same. Accordi 

this invention, an internally- ——— or members 

are employed within the | contate it tapered member, he 
d to cut through the insu 


is or are ing — on the 
and toestablish a metal-to-metal connection therewi The rd 


yor a7 


pri the interior of the ene he 
a in mem a - 
jections al of any suitable and ar in any suitable 





ing one projection surface at right angles to the axis of the pi 
hilst the second surface is conical. When the pipes are fix 
iy screwing up the nut, the projections cut through the enamel 
or the like and make a metal-to-metal contact with the pi 
thereby establishing an electrical connection therewith. the 
projections a! extend around the ie eae, and owing to 
ae r section a very powerful mechanical connection is established 
ae copes am he -~ pipe, ~~ it very difficult or impos- 
or pe to rawn out in the one direction. (Accepted 
November 26, 1913.) 
5173/13. A. E. Spencer, B and Johnson 
Limi jhariton. e Arec- 
{2 Figs.) March 1, 1913.—This invention relates to 
magazine arc-lamps having two single magazines, from which 
the carbons are propelled in pairs by a continuously or inter- 
mittently-operating mechanism, such as an endless chain fur- 
nished with tappets to eng: the butt ends of the. carbons ) and 
Fo thi jis in jon, th Hi A os ii 4 
venti e propelling mec! 8 ar so that 
the path ofa br during the period of its engagement with a 
carbon is ata t angle with that of the burning carbon, or the 
paths of the Ne propelling tappet and burning carbon are both ata 
right le to axes cf the remaining carbons in the magazine, 
so that t - propelling tappet moves away from the carbons in 
the magazine as the burning carbon is consumed. Thus, for 
example, the burning carbon may be guided so as to assume the 
inclination referred to by suitably sloping one wall of the nozzle 
through which the carbon is fed, and within which it is yieldingly 
held. In the position of the parts shown in the drawings, - 
burning carbon a is being positively fed by one of the tappets } 
of an endless chain, which is driven by a sprocket-wheel c 
actuated by gear- -wheels d, ¢, driven by a carbon-feeding motor, 
which is not shown in the drawings. It will be seen that the 
burning carbor @ has been — out of parallelism with the 
remaining carlons a!, a2, a3, &c., stored in the ne f, by 
having been forced by ‘the feeding mechanism against an inclined 
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ay 


a 





ion g of one of the end walls of the carbon nouste , and that 
= —_ end of the next carbon for duty, nam ~ he ~~ 4 
by a second tappet ll upon the endless ‘chain. Bow 


ne ‘bareing carbon a and the extinct stump a® are frictionally 
held within the nozzle by a spring-urged arm h. When the next 
carbon for duty a! is fed forwards by the tappet b! until it en- 
gages the inclined surface g, it is displaced laterally by this sur- 
ace, 80 as to become inclined with respect to the > 
carbons a2, a3, &., in the magezine, and, — the burnin, 
carbon a and the extinct stump @° aside, the latter is brought ints 
a widened — g' of the carbon nozzle in which it is no longer 
held by the os A, and from which it therefore di ro i clear of 
the nozzle. e carbon ‘a, as it is fed forward, grad a 
the position occupied 7 the carbon a in the dra , and more 
or less simultaneously the tappet b passes clear of e butt of the 
carbon a, so that 4 latter ceases to be fed fevened the arc. 
however, being maintained between the carbon a and its fellow 
during, and usually also for some little time after, the period bo 
which they are being displaced laterally by the new carbons. 
these circumstances the arc existing between the burnin Soa 
@ and its fellow in the other magazine eith 

automatically to the new carbon a! and its fellow, as these are 
fed forward, or else it remains established until the new carbons 
have been fed forward into contact, in which case the arc is 
momentarily short-circuited by the new carbons, and the arc 
re-struck > the latter by the operation of the regulating 
mechanism. (Accepted November 26, 1913.) 


29,268/12. Sir O. J. Lodge and L. Lodge, 


Unidirectional See Scmarate. (3 Figs.) 
December 19, 1912. — Unidirectional high- al discharges, 


a as are required for the operation of a tubes, for dis- 
persing fog, desu a fume, or other 
prieer Fem th of plants, are commonly obtained either 
from an alsornater o connected with a = transformer or from a 
Ruhmkorff coil. In order that the discharges may be unidirec- 
—_ it is necessary to or reverse one-half of each wave of 
current given by the transformer, and in the case of an 
aduntion coil there is also an inverse electromotive force on the 
making of the circuit which requires to be su; or reversed. 
As a rule the desired effect is obtained b: = mtg Py into the 
y circuit of the transformer or induction-coil a vacuum- 
valve—i.e., a vacuum-tube so ned that current can pass 
through it freely only in one di ijon—or a inechanica! inter- 
rupter or commutator. er of these devices may be 
to enable both halves of the alternating-current wave to be used. 
For this purpose, in the case of the vacuum- —— four such 
|S teed ereeecee the battery and vad the henna oad 
source of supply in tion of the consu! 
device in the ; with interrupters a 
similar effect is Me obtained by taing two do two double a one 
makes connection at the moment when the other breaks, 


ve to resist. According to the t 


tion, therefore, these two the 
valve may be relieved by the interrupter from the My etn the 
verse electromotive force, and may supplement the interrupter 








in sto; backward oo C indicates an induction-coil, 


ied in the usual 


nected through a eleeied i inter- 
Supher sult vale to camer & Gee to the high-tension 
apparatus for which an unidirectional wal Giocheene is required, as, 
for example, a Rintgen tube. The mechanical interrupter 
fy a ved to be driven in synchronism with the interrupter M, and 

is indicated as a conductor R carried by the shaft 8 of the inter- 
rupter M, and adapted twice in a revolution to bridge between 


eR | 

















ex 
wie Lofajale 


the terminals K!, K2 so as substantially to complete a circuit 
between them. V is a vacuum-valve connected in series with 
this interrupter. The conductor R should be so with 
reference to the interrupter M as to bridge between the terminals 
pa K? at the moment when the current due to the 
etisation of the core of the induction-coil is passing, and 
be more or less transverse to , 80 as to interpose a 
maximum thickness of air or other insulation at the instant when 
the inverse electromotive force due to make is generated. Thus 
the valve V is relieved from withst the inverse electro- 
motive force. (Accepted November 26, Poe 


{4 Figs.) Feoranty 3 1913. — 
present invention relates to improved h the 
carbon brush-holders of ; meeee electric ignition or other 
machines. These brush holders consist of a block of ebonite or 
other suitable insulating material at one side of which the main 
ti T~ L pepe tongs Ry held and — in . 
pro. on ght angles to t! le. corresponding —s 
the wall of the casing is suitably machined for the pu 
mounting the block, and is bored out to receive pre Se bee AN 
— ny AE the present invention, the car is held 

plane surface of a casing by aspring clip, which is jour- 
nalled in a slot vided in the casi is therefore more 
especially ciate conditions in which there is no room for 
screwing on brackets or projecting guiding-pieces, and in which 


Fig. 4. 























there are no side walls in which the spring clip can be journalled. 
The casing a has a tooled surface }, at the centre of which is an 
rec to receive the sup) of the carbon brush. On one 

Mie of and close to the brush er d a slot ¢ is provided in the 
easing, and one limb of a oan Oe J is inserted in the slot and is 
voted on a pin g, of which the axis is at right angles to the 
irection of the siot. The back h of the brush-holder is rounded 
to a curve, of which the centre lies in the axis of the pin g, and on 
projection on the spring + ve When the ‘hip ‘te premea 

on ing c snaps. n Pp 

} ron by hand from son shown in Fig. 1, the projection is 
forced hey intend y and the clip slides over the back of the 
brush-holder, and releases the Rg Kt. can be at once 


removed. If the clip is again raised, -holder can be 
replaced in the reversed arr and held in by the Aw with 
the main lead downwards. (Accepted Nover 26, 1913. 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
565/13. Scotts’ Ship and eering 
» Semited, Ag ee ag, nd 

Diese! Biigines. Figs.) Jenmany ©, 1913.—This invention 
relates to in —~ Be engines of the Diesel type, and 


consists in combination with the said engine of means for 
lating and timing the injection of the liquid-fuel into the wor! ng 
cylinder such that the initial and minor of liquid fuel 
injected under high pressure against the pressure of the air 


CMAN 


aaadaaadded 
Vette 


LW) Ae 





WMLLTTST ALIS 1 














170 


ENGINEERING. 


[JAN. 30, 1914. 








group on the cylinder-head 1, one or more of the valves centrally 
, in the instance shown the central valve 2 se a 
pilot valve to deliver an initial and minor cha’ of liquid-fuel 
sufficient to impart turning movement to the e e, this 
being injected as heretofore at high re when the air wi 

the cylinder is ey at ite hi pressure and at a tem- 
perature requisite to ignite the fuel. The remaining valves 3, 3 
serve for the supply of the main charge of liquid-fuel at a later 
— ¥ or stages so timed that the piston has moved forward to 
such an extent that the internal pressure is considerably lowered, 
the fuel then being injected under comparatively low re 
obtained by the use of ordinary pumping devices. The main 
charge of fuel is injected by two or more fuel valves 3,3. These 
fuel valves may be of the type commonly used in semi-Diesel oil- 
engines, and they introduce the liquid-fuel into the working 
cylinder without the aid of com air, fine holes, or any 
elastic media. This main e of fuel on entering cylinder 
is ignited by the heat generated by the flame of the charge. 
The ignition of this main charge of fuel oil may be assisted by 
plugs or blocks of suitable metal screwed into the piston top, 
approximately underneath these main fuel-valves 3, 3. The 
material of plugs ig such that they remain comparatively 
hot throughout the working cycle. In some cases only a single 
valve 3 may be provided to admit the main charge of fuel in addi- 
tion to the pilot-valve 2 for admitting the initial or minor charge. 
(Accepted November 26, 1913.) 

5683/13, P. Burt and J.S. Matthew, Alexandria. 
nternal-Combustion Engines. (2 igs.) March 7, 1913. 
— This invention relates to internal com ion engines of the 
sleeve-valve type working on the four-stroke cycle, but wherein 
the cylinder and valve are formed with auxiliary inlet-porte, 

ich are ned when the piston is at about the end of the 

suction stroke, and it has for its object to vide in such engines 
means for ensuring admission into the cylinder without pressure 
of a full charge of combustible fuel at the proper times w the 
engine is running at a high rate of speed. To this end the 
invention provides a construction of the type referred to, wherein 
sy _ of the a eee De : ~ valve is represented 
yane , and wherein the aux nlet- or in the 
cylinder cer are, in communication with the ri inlet or 


fuel-supply pipe. Referring to the drawing, the cylinder 1 and 
the sleeve-valve 2 are each provided with an auxiliary port, or, as 
shown, porte 3, 3! dinposed adjacent to the lower or outer ends 
thereof, so that tow: the end of the suction stroke the auxi- 
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iary ports 3! in the sleeve-valve 2 are uncovered by the piston 4 
at a time when they are in register with the auxiliary porte 3 in 
the cylinder, thus permitting an additional supply of combustible 
mixture to enter the interior of the cylinder, this additional 
supply of combustible mixture being drawn into the cylinder by 
the ial vacuum created by the movement of the piston 4. The 
auxiliary ports 3 in the cylinder are connected to the inlet or fuel- 
pm epee 5 by means of the 6, or by means of 
suitable pipe connections. In the instance wn, the auxiliary 
ports in the valve and cylinder are arranged so as to be fully 
open when uncovered by the piston on the suction stroke, the 
t of port opening being approximately constant, ex 

towards the cut-off. During the firing or power stroke the 
auxiliary inlet ports in the sleeve-valve and in the cylinder are 
maintained closed, the and closing of the ports being 
regulated by the sleeve-valve, which simultaneously lates the 
opening and closing of the main ports in the sleeve-valve and the 
cylinder. 0 ’ 

ylinder. (Accepted November 26, 1913.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
13,487/13. C. E. Holliday, Caterham, and Hans 


-Gear. [2 Figs.) January 30, 1913.—This invention 


Reve 

relates to improvements in t type of change- gears in 
which parallel chains or the like are used in connection with two 
or more shafts. The invention has for its object to provide this 


type of change- gear with means whereby a reverse is 








ng 

consists in employi: 

on a shaft two 

that the chains or the like engage the two sprocket-wheels on 
opposite sides of their diameters, and each time the wheels are 


clutched together or to the shaft a reverse takes 
shaft a and a driven shaft b are arranged 

and a third or cross-over shaft c, which latter may, however, be 
d with in some cases. applicants mount on each of 
the shafte @ and b two sprocket-wheels d and e, f and g respec- 
tively. Each wheel is loose on ite shaft, but clutches / and ¢ are 
arran in conjunction therewith, so that either of the sprocket- 
wheels can be coupled to its shaft when desired. The third or 
cross-over shaft cin the 
my i and driven shafts, and carries loosely two sprocket- wheels 
k and /, ar clutchable to one another or to the shaft for the 


A driving 
el to each other 


so d that an endless chain can pass around one set of 
the sprocket-wheels d, k, f, and another endless chain n can pass 
around the other set of ket-wheels c, 1, g in the same 
manner. In the path of two chains m, n, and mounted 
apy ! Ly a short shaft 0, situated between the shafts a and b, 
is a double sprocket-wheel p, g, with clutch r between, so 

that the chain m engages the one side of the sprocket- 
whee! Pe and the chain n the other side of the wheel q, and that 
by declutching the sprockets on the shaft c and clutching either 
d and g or ¢e and f on shafts a and }, and clutching the sprocket- 
wheels p, 4 tugether or to the shaft o, a reverse takes place. 
(Accepted Bevsmber 26, 1913.) 


1 /13. F. H. Royce and eethe Rages, Limited, 
Derby. Motor Vehicles. (2 Figs.) May 8, 1913.—This in- 
vention relates to the method of mounting engines in or on the 
frames of motor vehicles, and it has for its object preventing 
undue oscillation of the engine about its longitudinal axis. The 
engine is mounted in or on the frame of a vehicle, so that it has 
free movement, within certain limits in a rotary direction about 
ite longitudinal axis, the said movement being controlled by 
means of gs or other elastic cushions, and undue oscillation 
of the engine being prevented by means of one or more frictional 
dampers.  crank-chamber a of the engine, on which are 
mounted the cylinders b, is mounted by four arms a! on four 
bell-crank levers c, one of the arms c! of each of which is pivoted 
to the side members of the frame z of the vehicle, so that it lies 
in an approximately horizontal plane, and the other arms c2 of 
each of which lie in approximately a vertical plane and are coupled 








(10.883.) 


to one another in rs by tie or coupling-rods d; and between 
collars f = d = the —- anacteanaes or of 
the brackets thereon, é are inte t> keep the engine 
in a vertical position and fmt ite movement in a rotary direc- 
tion within certain limits. To create friction at the moving joints 
any suitable form of friction-damper may be employed. A con- 
venient one is that shown in the drawing, which comprises an 
en boss a3, shown as two flanges in the drawing at 
the extremities of the arm a! of the crank-chamber, to 
the bell-crank levers c are pivoted, each of the levers being 
made in duplicate, and having en bosses c3, w are 
pivoted to the bosses a*, one on each side thereof, and are held in 
tact with suitable friction-faces on the enla bosses a3 by a 
ame mounted on the aes a and operating between the face 
one part of the bell-crank lever and a washer and nut screwed 
on one end of the pin, so that the friction between the can 
be adjusted as required. (Accepted November 19, 1913.) 


RAILWAYS AND TRAMWAYS. 


26,174/12. E. Peckham 
Axle-Trucks. [3 Figs.) 





and 8S. Thomas, London. 
November 14, 1912.—This invention 
relates to the suspension of trucks for railway vehicles and tram- 
cars, and consists in a suspension device for car-trucks com- 
prising a journal-box provided with J Ng. luge at each side 
thereof and —— oe A. my _ & pair — pivotally 
hung from the a ng p or member caj 
of inde indent veutions % movement relatively to the 
led from the said links, a universal connection 
-socket joint, between the said links and the suspended 
member, and spring posts at each end of the suspended member 
for guiding the vertical movement thereof. The improved con- 
struction consists of a truck ha a pair of side frames 1 having 
the usual yokes or offset portions 2 to receive the axles, the num- 
Gan wombiner aplian guak & cosmngel periiel ent leogiton 
jon member or D arran, an - 
nally with the side frame, is sus, below each yoke of the 
side frame, this member is incapable of any movement other 
than a vertical «ne, which movement is controlled by springs 4, 
springs being seated in pockets provided at the end of the 
member ¢ and the springs are interposed between the latter 
member and the truck frame. The truck structure is ied 
from the axle journal-boxes, which boxes are located in the 
yokes or offset portions 2 of the truck side frame, and a gap is 
allowed on each side of the journal-boxes between the same and the 
side walls of the yoke to allow freedom of it of journal- 
i Lugs 7 project laterally from the sides of 
" provide seats or pockets for ball-shaped 
of a pair of links 8, one link being located on each 
> lower ends of these links are connected to 
a half ball-joint being employed, and nuts on the 
provide means for adjustment. The brakes 11 


ble only 
le frame 
, such as a 





ism are carried directly ‘the motor 

the motor casing is connected to the o 

Pyne toe eeny hoe ae 
wardly-projecting lugs y 

14 are rigidly seated in the pockets, but the 

is allowed to move in various directions 

movement of the msion-bar 13. By means 


a 





is arrangement the motor and es follow the axle ; conse- 


or speeds, and declutchable during reverse, and | and 


quently in all positions of the axle the motor and brakes will be 
operative To obtain an effective drive of the motor the 

-bar 13 is centrally connected fixed cross-member 16 by 
means of a sliding or rolling connection ; thereby the drive and 
always effective, regardless of the position of 
to the truck. The 


present instance is situated above the | plate 


connecting links 23 are provided so as to 


adj adju: 
the mechanism to take up any slack and to compensate for 


st 
the 





























wear of the brakes 11, which are carried in brake-heads 24 sus- 
pended from the brackets 22 by means of hangers 25. The brake 
mechanism is connected in the usual manner toa centrally-located 
sway-bar 26 with connecting-rods 27, which rods are flexibly con- 
nected to the e-shaft 28, which shaft is carried by bracket 30 
secured to the motor-suspension bar 13. The member 3 is pro- 
vided with recesses or pockets to receive springs 31, which are 
carried around the a 8. By this means an additional spring- 
controlling movement is given to the member 3 over an extended 
area, and in addition the spring movement between the member 3 
and the side frame 1 ; the usual car-body springs 32 are provided 
at the top of the side frame between this member and the car- 
body. (Accepted November 19, 1913.) 


MISCELLANEOUS. 


a Societe Anonyme ee er 
Ternstrom, J use, um, 
Rolling A tus of Rota! le dicate. [4 Figs.) 


May 14, 1913.—This invention has for object to provide an 
improved rolling apparatus for the rotation of armoured 
turrets, turntables, and other similar structures, and it is in- 
tended to protect in structures of this kind the rolls or rollers 
or other rolling devices, and also their c’ trac from 
any deformation which might result from a sudden extra load 
upon the turning part. In accordance with the present inven- 
tion for the purpose of avoiding those drawbacks, the improve- 
ments consist in employing rollers, rolls, wheels, balls, or other 
rolling devices, whereof the felloe is elastic, interposed between 
the two rolling tracks in such a manner as to be capable of under- 
going deformation under the action of the extra load, and of 
resuming their original shape as soon as the extra load is 
removed. In the example shown in Fig. 1, the elastic roller 
consists of an elastic metal felloe b and an elastic central body c 
of caoutchouc, wood, or other elastic material. The roller is 
provided with a bush or hub d, by which it is mounted on its 
axle of rotation. Inthe example shown in Fig. 2, the roller is 
com) of a metal felloe b, connected to the bush or hub d 
of the axle by means of spring-metal devices ¢ formed, for 
example, wy two metal cones having thin walls, which act as 
—— in the case of pressure upon the felloe. The arrangement 
of such elastic rollers between two rolling tracks obviates, by 





4/589) 


reason of the capacity of the roller to be deformed elastically in 

the case of a en extra load, a anent deformation of the 

felloe } as well ag the formation of hollows in the rolling surfaces. 

In order, however, to prevent this deformation from becoming 

permanent, if it should exceed the elastic limit of the metal, the 

in Fig. &. In thle Sgure Ube volley eppaschasomgetnes 
n Fig. n re rol a com 

rolling track /, an upper rolling track g, anda ring of rollers h, 

the axles of which are mounted in the usual way in two 

: the rollers equidis- 

e direction of the radii 

ween which an amount of play is 

the of the diameter 


remain iy 
no le flattening is ap; t. In the case of an extra 
load, to an explosion or any other sudden application of force, 
the elastic rollers will become oval to an extent which is less than 
that corresponding tothe elastic limit of the felloe, so that the 
surface m of the upper rolling track ¢ will come into contact 
with the surface n of the lower rolling track f, and thus will 
cause the extra load to be taken by the lower rolling track 
and by the haze of the structure. When the extra load is 
removed the elastic rollers will resume their original shape. 





(Accepted November 26, 1913.) 
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— 
Researches in ~~ 5 ics. By P. Zeeman, Sc.D., 
Ph.D., D.Sc., Nobel Laureate. London: Macmillan 


and Co., Limited. [Price 6s. net.] 
Os several occasions attention has been called in 
these columns to the Macmillan Science Series, so 
a as to permit each scientific worker to 

escribe his methods and his results. Not the 
least happy addition to the series is that in which 
Professor Zeeman explains his discovery, and inter- 
prets the phenomena of the etic resolution of 
spectrum lines, adding so much of contemporary 
investigation by other physicists as to make the 
story complete and fascinating. 

Nearly seventy years have elapsed since Faraday 
demonstrated the magnetic rotation of the plane of 
polarisation. In showing that the plane in which 
the vibration of light takes place rotates when a 
ray of light is propagated parallel to the lines of 
force, he was very near a great discovery, but was 
stopped by want of instrumental means. The 
spectroscopic appliances at his disposal were quite 
inadequate to enable him to anticipate Zeeman. 
Manipulative skill and theoretical knowledge had 
to be united to perfected mechanism before the 
behaviour of a spectrum line indicated that the 
vibrations of an atom had undergone a change. 
The experiment has been often described. In 
its main features it consisted in placing the 
source of radiation between the poles of a power- 
ful electromagnet, and examining the spectrum. 
Zeeman, more a than Faraday, was 
able to perceive a ening of the spectral line, 
that with increased resolving power in the spectro- 
scope was seen to be due to the presence of dis- 
tinct and separated lines on either side of the 

rent line, that subsequent experiment proved to 

polarised in a particular way. The phenomenon 
is one that can be easily overlooked, for the dis- 
tance between the components is of the order of 
a hundredth of that which separates the well- 
known sodium lines. Since the discovery was 
due mainly to improved optical appliances, Pro- 
fessor Zeeman devotes his first chapter to a con- 
sideration of the contrivances which have so 
enormously increased the power of the spectroscope. 

In the second chapter the author records the 
history of his early experiments, and explains 
the observed effect by the Lorentz theory. Follow- 
ing Maxwell’s explanation, the oscillating electrons 
excite the electro-magnetic vibrations which con- 
stitute light, while the oscillatory periods of the 
electrons determine the position of the lines in the 
spectrum. Corsequently, with every change in 
the period of oscillation a displacement of the 
corresponding line, or a new line, is produced. 
The magnetic field in which the source of light is 
placed is capable of affecting the velocity of the 
electron, and causing a variation in the period. 
On the group of electrons vibrating parallel to 
the lines of force the magnetic field has no 
influence ; their period remains unaltered. On the 
other hand, a group moving in a circle at right 
angles to the line of force will, in consequence of 
the magnetic field, be carried towards the centre or 
away from it, depending on the direction of motion. 
It is therefore possible for an electron having a 
period T, in the absence of a magnetic field, to 
acquire a period T + 8 T, and T — 4 T, giving rise 
to a line corresponding to the new period. A 
spectroscope, having sufficient resolving power, 
shows therefore not one line, but a triplet, one on 
either side of the normal line. This is the simplest 
application of the Lorentz theory, and, as a con- 
sequence, it follows that the light emitted at right 
angles to the lines of force should be ised ; 
this has been proved experimentally ; any of the 
lines can be extinguished by rotating a nicol in the 
field of view. Anticipating a later chapter, it may 
be said that subsequent observation has shown that 
the phenomena of resolution are much more com- 
a0 than the earliest experiments indicated, the 
i 


ne system being divided into six, nine, and more | firm lan 


lines, exhibiting dissymmetry in various, but not 
lawless, ways. To explain the complicated results 
various suggestions have been made, depending 
upon the constitution of the atom or on an electro- 
magnetic modification of the paths of the electrons 
through the magnetic field. But no suggestion 
has met with universal acceptance. 

A momentous result deduced from the original 
experiment was the proof that in a luminous gas it 
is the negative electrons that give rise to all vibra- 





tions, and, further, Professor Zeeman determined 
the ratio of the charge e to the mass m of the 


electron. The value of e/m is of the order 10’ 
weg op units per gramme. This number, 
about 1500 times the corresponding number for 


hydrogen as deduced from the phenomena of 

or is in accordance with the results of 
Sir J. J. Thomson’s ree tion of the negatively 
charged corpuscle of the cathode rays. 

The author next investigates the behaviour of 
absorption lines, and shows that when a beam of 
white light traverses an absorbing flame, the dark 
lines are divided and polarised in the same way as 
emission lines. The discussion leads to the con- 
sideration of problems concerning magnetic double 
refraction and other phenomena closely allied to 
the magnetic resolution of absorption lines. In 
this connection, it is shown that sodium vapour, in 
a etic field, behaves as a double-refracting 
crystal for light close to the sodium lines. On one 
side of the absorption lines sodium vapour behaves 
like a positive crystal, and on the other side like a 
negative. Here, apparently, we get a key that should 
unlock many optical and molecular puzzles, but it 
does not seem to turn very easily. 

Possibly we get on safer, as on more interesting, 
ground when the theory of magneto optics, or the 
conclusions from experiment, are applied to the 
sun. We are provided with a new engine of 
inquiry for elucidating the facts established at 
Mount Wilson by improved methods of observa- 
tion. Professor Hale's photographs of the solar 
disc in monochromatic light have revealed, in the 
neighbourhood of ts, the presence of cyclonic 
movements, in which. matter is whirled round in 
a solar vortex of gigantic dimensions. If free 
electrons are whirled round with the vortex, they 
would produce a magnetic field, and the spectrum 
lines in a solar spot ought to be altered in appear- 
ance. The widening and reversal of lines in the 
spectrum of a solar spot, effects with which astro- 
nomers have long been familiar, resemble those 
met with in the Zeeman triplet, and Professor Hale 
resolved to examine the components of the spot 
doublets, for evidence of circular polarisation and 
other indications of magnetic resolution. Ae we 


know, Hale was successful. He detected the charac- a 


teristic and unique phenomena associated with the 
presence of a magnetic field. He showed, in further 
confirmation, that vortices rotating in opposite 
directions exhibited opposite polarities, and that 
the lines in spots near the limb were plane polarised. 

This very satisfactory result, demonstrating the 
existence of a magnetic field in sun-spots, ought 
to give support to the views of those who would 
explain the occurrence of magnetic storms on the 
earth by the presence and action of sun-spots. 
Unfortunately, this theory, plausible on some 
grounds, gets no efficient support. We are so accus- 
tomed to hear of enormous forces in the sun, due 
to its imposing mass, that it comes with something 
of a shock to be told that the intensity of the mag- 
netic field is disappointingly small. The average 
intensity is only 2900 gauss, the extreme only 4500 
gauss. Fields of 30,000 gauss have been employed 
in some of the laboratory experiments to test the 
movement of the central line, and the law of move- 
ment of the outer components. The intensity, 
therefore, may be described as feeble, and is of no 
assistance in explaining our terrestrial magnetical 
storms as a direct agent. Moreover, the behaviour 
of the lines, due to the presence of metals at a 
higher level than the spots, is very slightly 
affected, hence we must conclude that the magnetic 
force rapidly decreases with the height. The 
inference is that magnetic action will not extend 
far into space. We must look elsewhere for the 
origin of our magnetic sterms. 

e author concludes with a review of the 
literature concerning the constitution of the atom. 
Fascinating as this chapter is in the history of 
paysice, one cannot but feel that it is premature. 

ngenuity and conjecture supply the place of 
experimental proof. We feel that we have left the 
d of rigorous deduction, and are drifting 
among the unstable waters of working hypotheses. 
We are in the same povition that we should have 
been had we attempted to build on the first expe- 
rimental results of Zeeman, when very imperfect 
images rewarded his most careful researches. That 
he and others have been able to push their inquiries 
with such success and such brilliancy has been due 
to the improvement in instrumental equipment. 
The increase in the resolving power of the —— 
scope has been the key to progress. ‘o the 


mechanician, not less than to the theorist, often 
one and the same worker, the advance has been 
due. The perfect screw, the true e, the accu- 
rate measurement, have done their part, and we 
know that the demand for still more exact appli- 
ances will be met; but we must wait for further 
achievement in mechanical science to resolve diffi- 
culties. The art and ingenuity of the mechanician 
have not culminated, but must progress, and in this 
confidence it is safe to predict that the scheme of 
the ultra-microscopic universe will be laid bare, 
and the problems of subatomic structure unriddled. 
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EvexTro-Incenizur-KaLenpeR, 1914.— This is the 
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trical engineers, and gives the usual mathematical 
conversion tables, formule, and information on 
the ion, i working and cost of electrical 





construction, installation, 
machinery, and electrically-driven plants of all the dif- 
ferent types. 
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casing was affixed the columns were filled with 
cement concrete. 

Umbrella Roofing.—Coming now to the covering 
of the island platforms, these are all of the 
umbrella type, and form a considerable departure 
from the standard practice of the Great Western 
Railway Company, the general design being shown 
in Figs. 102 to 104, page 174. These platforms 
vary in width from 36 ft. to 18 ft. ; consequently, 


Parcers Yarns, sHowrnc Heavy Girper Work. 


if the standard braced trues had been persisted 
in, there would scarcely have been two oy 
alike. The columns themselves are generally 30 ft 
apart, and the bases are bedded in concrete blocks 
placed over the piers supporting the brick viaduct 
which carries the railway over this portion of Bir- 
mingham. These columns are illustrated in Figs. 47 
to 50, page 73 ante, when they were inadvertently 
stated to carry the main roof, 








These blocks are, in the case of columns carrying 
the wider —— of the platform, as large as 
10 ft. by 5 ft. by 5 ft., in order to guarantee 
stability against a 56-lb. wind pressure. The 
columns with their bases were placed in position 
before the covering work was required. Subse- 
nat double cantilever girders (Fig. 102) with 

eir brackets and covering-plates were added, the 
purlins being fixed at heights suitable to give the 
covering a — of 20 deg. It will be seen that this 
arrangement lends itself quite easily to the over- 
coming of the difficulties incidental to the variation 
in shape of the platform. The valance purlins are 
of plate construction, the others being braced 
Warren girders. These intermediate purlins are 
increased in depth as they approach their points 
of support on the cantilevers. 

A complete system of wind-bracing has been in- 
troduced, formed by 2-in. by 1}-in. by ,4-in. angle- 
bars lying parallel to and immediately under the 
roof-covering. The latter is wholly of glass, with 
the exception of the portions ajjacent to the 
gutters, this being of Taylor’s Universal sheeting. 

Steel- Work of Parcels Yard.—The portion of the 
structural steel-work of Snow Hill Station which 
partakes of a really heavy character is that which 
carries three lines of track and a portion of plat- 
form over the parcels yard. Some of the many heavy 

irders are as much as 9 ft. long by 9 ft. 6 in. 

eep and weigh 60 tons (Fig. 91, page 173). The 
columns supporting the ends of these girders are 
correspondingly heavy, one having in its cross- 
section eight 4-in. plates, eight 7. by 33-in. by 
$-in. angles, four 6-in. by 3-in. by 4-in. T's, and 
one joist 10 in. by 6 in. An illustration of this 
work will be seen in Figs. 105 to 111, annexed. 
The foundation of each of these columns is 
14 ft. 6 in. square at the base of its concrete 
support. Immediately below the steel base-plate 
a grillage is formed of two rows of rolled steel 
joists, each 16 in. by 6 in. (62 lb.). To ensure 
that the lower layer of joisting was truly horizontal, 
strips of wood were set in the concrete, and any 
irregularity of level was taken out with an adze. 
The construction of this portion of the floor is of 
jack-arching formed of Staffordshire blue bricks, 
4 in. thick, springing from rolled-steel joists, 
12 in. by 6in. On the top of the concrete a layer 
of asphalt, } in. thick, is laid, upon which was 
spread 1 in. of sand before the ballasting of the 
line was done. 

(To be continued.) 





WAVE-ACTION ON HARBOUR 
BREAKWATERS AND PIERS. 


By E. R. Marruews, Assoc. M. Inst. C.E., 
F.R.S.E., F.R.G.S., F.G.S. 

Tue collapse of a breakwater due to wave-action 
can usually be attributed to the settlement or 
giving way of the foundations of the structure, or 
the loosening or extracting of some of the face- 
blocks. Storm-waves have a considerable drawing 
force. Huge stones, weighing in some cases many 
tons, are sometimes extracted from a breakwater by 
the force of the waves. At Ymuiden, for instance, 
a header-block in the pier, weighing 7 tons and 
‘*measuring 7 ft. in length, and presenting a face 
to the waves of 4 ft. by 3 ft. 6 in., was started 
forward to the extent of 3 ft. by the stroke of a 
wave compressing the air behind it."* The top of 
this block was level with low-water of ordinary 
spring tides. 

As to the point where the maximum intensity of 
force of a wave occurs when the wave strikes, say, 
an upright surface, a good deal of discussion has 
from time to time taken piace, but the experiments 
carried out by Lieut. Gaillard, of the Corps of 
Engineers, United States Army, are enlightening. 
He came to the conclusion that the maximum 
intensity of the striking force occurred at a level 
slightly above still water, and that the force of the 
wave diminished at the crest to zero, and to one- 
half the maximum at the bottom. Though this 
conclusion may not be accepted as final, it may be 
taken as approximately correct. 

The test velocity is found in the case of long 
waves in deep water, regardless of their height. 
Tidal waves in the open sea proceed with a greater 
velocity than when they approach near the shore. 
The maximum velocity attained by a shore-wave 
occurs when an on-shore gale is blowing at excep- 








rz w. Shield, M., Inst. .E., “ Principles and Practice 
of Harbour Construction,” page 83, 
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tionally high spring tides. The velocity of the 
large tidal waves of the ocean is accelerated by the 
wind force behind ; and although their p is 
retarded by the shallow water into which they run, 
they nevertheless break with tremendous force upon 
any obstruction which they may meet. 

it is not proposed in this article to deal with 
earthquake waves, except to say that these often 
attain great proportions and extraordinary velo- 
city. For example, ‘‘in 1854, the waves caused by 
the earthquake of Simoda, in Japan, had lengths 
of from 221 to 256 miles, crest to crest, and 
velocities varying from 427 to 438 miles perhour.’”’* 
In dealing with the velocity of the waves likely to 
strike a breakwater or harbour pier, it may be 
assumed that these are always of much greater 
length than the depth of water. If this be so, 


their velocity depends only on the depth, and is 
proportional to the square root of that depth. 












































Fie. 1. 





Cuirrs at WIcK. 





Sir G. B. Airy in his ‘‘ Tides and Waves,” -_ : 
‘*It is, in fact, the same as the velocity which a 


free body would acquire by falling from rest, 
under the action of gravity, through a _— equal 
to half the depth of the water.” The well-known 


formula for accelerated motion may therefore be 
used in this connection—namely :— 
V=/298 
where 
V = Velocity of wave in feet per second. 
g = The velocity attained by a rr: body at 
the end of the first second = 32.17 ft. per 


second. 
S = Space fallen through in feet, in this case half 
the depth of the water. 

This principle does not apply to ‘‘ ground swells” 
or ‘‘ rollers,” which are often many miles in length, 
and which cause erosion of the sea-bed in great 
depths of water. Such waves as these are generated 
at some distant part of the sea, and they often 
travel at a greater rate than the gale which 
generated them. 

The pressure on the face of a breakwater due to 
the stelking of the wave rises approximately to 


V2/2q feet of water.t 


Thos. Stevenson measured these pressures by 
means of a dynamometer, and found that ‘‘as great 
a pressure as 34 tons per sq. ft. was recorded at 
Dunbar, and 3 tons per sq. ft. at the harbour works 
at Buckie, on the Banffshire coast.’’{ 

Destructive Force of Storm-Waves.—The force 
exerted on the breakwater at Wick during the 
storms of 1872 and 1877 must have been tremen- 
dous, for an enormous block, “‘ weighing no less than 
2600 tons, which, after remaining undisturbed for 
three years, was carried away bodily by the storm 
in 1877, and deposited in two pieces within the 
line of the break water.”’§ Mr. Shield, in his work 
on *‘ Harbour Construction,” states that the cliffs 
at Wick above sea-level are from 70 ft. to 80 ft. in 
height, and that storm-waves striking them fre- 
quently go over the top. On one occasion a block 
weighing 15 tons (soo Fig. 1) was displaced by the 
sea. Fig. 1 is a rough sketch of the interesting 
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illustration of this block, taken from page 79 of the 
book referred to. 

The effects of waves on the breakwater at Bilbao 
(Bay of Biscay) are interesting. This breakwater 
is shown in plan in Fig. 2, and may be briefly 
described as follows :—The original structure was 
a breakwater of the mixed type, with an inner 
core of small rubble and an outer core of 
— rubble, upon which large concrete blocks, 
each containing from 39 to 60 cubic yards and 
=e over 60 tons, had been deposited at 
random, the superstructure being of mass concrete, 
with block facings. The structure was brought up 
to just above low water of ordinary spring tides, 
the foundations being for the most mud and 
sand. In the storm of 1894 the huge blocks form- 
ing the protecting apron were carried away. This 
apron was 26 ft. wide and 16 ft. in depth. The 
foundations also gave way. A remarkable occur- 








Fig. 2. 























during a storm, itis very necessary that the joints 
above low water should be kept well pointed with 
cement, as unless this is done, a wave striking the 
outer face of the structure will compress the air in 
the open joints, and the outer blocks will be 
loosened. The air or water in the joint_may thus 
become a very destructive agent. 

On the sheltered face of the wall there should be 
numerous weep-holes to prevent the accumulation 
of water inside the structure, and to reduce the 
eo occasioned by any water that — have 

m driven in on the seaward face of the wall, and 
to act as air-vents. This is a most important 
matter. Much damage to harbour piers would 
have been avoided had these precautions been 
taken in building the wall. In fact, it is well to 
leave open joints right through the structure 
below low water to prevent the pointing work above 
low water from blowing out. 
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Fic. 3. Waves Strrixine Brpao BREAKWATER. 


rence in connection with this storm was the 
removal of a monolithic mass weighing about 
1700 tons, and the carrying of this a distance of 
105 ft. The terrific force with which waves 
strike the Bilbao breakwater may be imagined 
from the photograph (Fig. 3), which illustrates a 
large wave striking this structure during a storm 
—s a og eer on November 22, — 2 gery 
e@ wor ving been partially carried out, 
=a deen eco se upon, and this 
included the erection, outside the breakwater, of 
an apron consisting of concrete blocks, each con- 
taining from 40 to 65 cubic yards, and resting on a 
rubble base. This apron, which is about 100 ft. 
wide, is carried up to about low water of spring 
tides, and is approximately 100 ft. from the face of 
~ —_ which is built on a rubble ee 
n order to safeguard as far as possible against the 
displacement of blocks on the seaward face ofa wall 











In January, 1912, during a storm a serious breach 
occurred in the Wick Pier. The slope was built of flat 
stones set on edge and dry jointed, the joints being 
pointed up with cement mortar. During the storm, 
tirst a few of the stones shifted at the toe of the wall, 
then some of the paving above high-water blew up, 
then the large breach, nearly 100 ft. long and ex- 
tending almost through the pier, occurred, the part 
of the slope near the toe going last (see Fig. 4, 
which is a sketch of the cross-section). It took 
eight months to repair this damage, and cost about 
5000/., the weather being so bad that during that 
time operations in concrete work could only be 
carried out on one in every three days. 

In repairing the breach, the engineer wisely 
made the experiment of studding the slope with 
heavy stones, half in and half out of the concrete, 
and this has acted extremely well in breaking up 
the seas (see Figs. 4 and 5). The result of this 
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method of construction has been that only seldom 
do waves reach the parapet above the repaired 
breach, whereas on either side they run right up to 
the parapet. Then, with the object of reducing the 
scouring action at the toe of the structure, which 
was very great, the engineer decided to place four or 
five old herring-fishing boats, each about 59 ft. long 
by 18 ft. beam, at the toe of the pier. These boats 
were filled with as much concrete as they were able 
to support without sinking—about 50 tons. When 
the concrete had set they were towed out and 
sunk upright, and then filled with concrete under 
water, blocks of about 150 to 180 tons each being 
thus secured. 

It is interesting to note that the last block was 
set, by accident, about 30ft. too far northwards of 









CROSS SECTION OF BREACH 

REPAIRED IN OLD SOUTH PIER 
AT WICK (9/2. 

Scale 1 In = 28 Feet 





There is a natural obstruction of this nature at 
Peterhead, for example, and an important lesson may 
be learnt from it. Mr.W. Shield has described this in 
his work on ‘‘ Harbour Constructions.” He states 
that the quay-wall at Peterhead rests on a rock base 
about 2 ft. above low water. This rock bed sud- 
denly dips at a point a short distance seaward of 
the wall and the water increases to about 30 ft. in 
depth. Ata point 160 ft. from the wall there is a 
1 of rocks, on which the water shoals to 22 ft.; 
it then suddenly deepens to over 50 ft. When the 
tide reaches 7 ft. or 8 ft. up the wall there is no 
wave-stroke, but the undulations rise and fall 
against the wall. When, however, the water be- 
comes more shallow, the waves strike the reef, and 
the breaking wave proceeds forward until it strikes 
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the toe, but in a storm was bodily shifted back hard 
ito the toe. Another incomplete block of about 
oU tons was lifted up and carried 50 ft., and 
deposited on the top of another which was 6 ft. or 
7 ft. higher. Mr. Goulcher states that when 
repairing the breach he took the precaution of 
putting in air-vents running from the underside of 
the concrete-paved slope, through the parapet to 
the roadway side. He also provided eight 15-in. 
square holes, and during heavy weather air escapes 
through these with appreciable velocity. 

It is a very great mistake to put obstructions of 








the quay-wall, often with such force that it is flung 
upwards to a height of 100 ft. 

To invite a difficulty of this kind by forming 
such an obstruction is a serious matter. One 
or two instances could be cited where tremendous 
damage has been occasioned by the obstruction so 
formed, which, instead of being a great advantage 
to the harbour, has proved to be a serious dis- 
advantage. 

The matter stands thus :— Until a wave breaks it 
does practically no damage; it does not usually 


| break until it reaches shallow water ; therefore, to 


considerable magnitude outside a harbour wall or | put down an obstruction which will cause the 
breakwater, and running parallel with it, with a view | oscillating wave suddenly to turn into a breaking 


to causing a shoal ; by so doing oscillating waves are 
converted into breaking waves, often with serious 


results so far as the structure at the back is con- 
cerned. Natural obstructions of this kind may 
occasionally be met with, but artificial obstructions 
should not be formed. 





| wave means that the wave, which, up to that time, 
has been travelling towards the cna 

| water, and at a much greater velocity than it would 
/attain in shallow water, strikes the obstruction 
| creating the shoal and is flung forward with tre- 


water in deep 


mendous velocity against the breakwater or pier. 


Not only so, but as the seaward face of such an 
obstruction usually slopes down towards the sea- 
bed, this inclin lane assists the approaching 
wave ve pre var for the wave, approachin 
at considerable velocity, runs up this incline an 
shoots forward in the direction of the upper part 
of the harbour wall, striking the latter with great 
force, and often displacing blocks in the wall (see 
Figs. 6 and 7). 

d-Faced Breakwaters.—It is quite im- 
possible to name one type of breakwater as an 
ideal to be always followed, as every case must 
be considered on its merits. Generally speaking, 
however, the upright wall type is not to be 

ace 








favoured, whether the seaward of the wall be 
vertical, battered, or curved. A stepped - face 


Fig. 6. 














structure, similar to that erected at Sandy Bay, 
U.S.A., has many awe. 7 Fig. 8 illustrates 
rs) 


the section of breakwater of this type. It consists 
of a rubble base surmounted by a masonry struc- 
ture. The breakwater is faced with concrete blocks 
(see Fig. 9), which, on the seaward face, are each 
12 ft. long by 3 ft. in thickness by 6 ft. in width. 
Each bloek is notched into the one below it, to 
prevent sliding or extraction by 4 wave, and the 
exposed edge is chamfered 3 in. The foundation 
blocks are 15 ft. long by 4 ft. minimum thickness 
by 6 ft. in width. On the inside face of the break- 
water the blocks are 8 ft. long by 3 ft. deep by 
4 ft. wide, and are notched into one another in 
a similar manner. The foundation blocks of the 
inside face are 10 ft. 6 in. by 4 ft. minimum 
thickness by 4 ft. wide. The upper portion of 
the structure is of concrete en masse, forming one 
monolithic construction which it would be impos- 
sible for the sea to displace. The advantages of 
this construction are that the wave as it strikes 
it is broken up by the stepped face, and the 
scour at the base of the structure is consider- 
ably reduced by the og gee steps forming the 
face of the wall. It is really astonishing what 
a tremendous scour is produced by a wave at 
the foot of a smooth-faced slope; even in calm 
weather this may be observed, and occasionally 
-it is found necessary to protect the base of the 
slope strongly in order to modify the scour. At 
Wick, Mr. ulcher built a mass-concrete dwarf 
wall at the bottom of the slope (see Fig. 10), and 
this has considerably lessened the scour ; the water 
falls over it without force. With a stepped-faced 
wall the scour is largely obviated. ; 
Where there is a foundation and fairly 
shallow water, and the mound type of breakwater 
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is not necessary, but a wall is to be built, the 
design shown in Fig. 11 is recommended as suit- 
able. This type of wall will prove most efficient 
in breaking the force of the waves, and less ex- 
pensive in upkeep than the smooth-faced upright 
wall. The wall shown in Fig. 11 is a mass-con- 
crete wall, built in temporary wooden frames on a 
good rocky bed, and step-faced on the seaward side, 
having a smooth battered face on the inside. 

No blocks weighing less than 6 tons should be 
used in the walk, and the size of blocks recom- 
mended is as follows :—Length, 8 ft. ; maximum 
depth, 3 ft. 3 in. ; minimum, 2 ft. 6 in. ; width, 
5 ft. The concrete of which the blocks are made 
should be in the proportion of 6 to 1, except the 
exposed face, which should be 4 to 1, and faced 
with granite spalls, or, preferably, basalt, and the 
mass concrete should be 8 to 1, with a 6 to 1 facing 
mixture for a depth of 1 ft. All blocks should be 
laid as headers, and it is very n that each 
block should have a roughened surface in order that 





a more secure cement joint may be made. 


Fig.12. PLAN OF WALL WITH CONCAVE CURVE 








Height of Waves Governed by Depth of Water.— 
The author’s observations support the theory laid 
down by Mr. Scott Russell, and arrived at by him 
after valuable experiments, that a wave is seldom, 
if ever, higher than the depth of water. Mr. Scott 
Russell said he had ‘‘ never noticed a wave so much 
as 10 ft. high in 10 ft. of water, nor so much as 
20 ft. high in 20 ft. of water, nor 30 ft. high in 
5 fathoms of water, but he had seen waves approach 
very nearly to these limits.” Assuming the datum 
referred to is the mean level of the sea, this state- 
ment may be taken as accurate. The mean water 
level one would ee to be situated half-way 
between the crest and trough of a wave; but this is 
not so. Professor Rankine has shown that the 
mean level of the sea may be arrived at by the 
following formula :— 

Let L be the length of a wave, 
H the height of wave (trough to crest). 
Then the diameter of rolling circle 


i 
3.1416 
Radius of orbit of particle 
; & 
2 
Elevation of middle level of wave above still water 
8.1416 H? 
4L 
H2 
= 0.7854 —~ 
, L 
Consequently, crest above mean water level of sea 
=F +0704 
Trough below mean level 
H H2 
=— -@ a 
2 aw L 


On many occasions the author has seen waves 
which rise to a greater height than the depth of 
water, but these have always been caused by the 
backwash of a wave returning after it has struck the 
breakwater or sea-wall, and meeting the oncomin 
wave. A wave breaking upona shore, unobstru 
by any structure, may always be taken as being of no 
greater height than the depth of water through 
which it is yr mp: It must not, however, 
assumed that the highest waves are the most 
destructive. 

Varying Conditions Affecting Breakwater Design. 
(a) Notural Shoals.—If for some distance seaward 
of a harbour there is shallow water, the bed of the 
ocean being fairly flat, but outside this extensive 
shallow area the sea-bed suddenly dips and there 





is very deep water, the height of the waves likely 
to strike the breakwater will not then be governed 
by the depth of the sea outside the shallow area, 
but by the average depth of the shoal water. It 
must be remembered, however, that the smaller 
waves may do quite as much damage to the struc- 
ture as the larger ones. A great deal of da 

is done, in some instances, to coast protection wor 
when the waves have not been nearly so large as 
at other times. 

(b) Artificial Shoals.—Artificial shoals, while 
advocated by some marine engineers, are not to be 
recommended for reasons given above. 

(c) Deep Water near Shore, Shallow Outside.— 
A case may arise where a harbour has to be con- 
structed in a position where there is deep water 
near the shore and an extensive area of shallow 
water outside, caused either by the sea-bed being 
elevated some distance from the land, or by the 
formation of huge sand-banks several square miles 
in area. In a case of this kind, waves of great 
height cannot be generated owing to the shoal 






Fig . WAVE STROKE ON CURVED WALL 
4. WAR PROFILE WAS AMENDED. 
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referred to, but the ocean waves running into the 
shallow water are broken up into s er waves, 
which pass over the obstruction and travel onward 
towards the shore. In -designing harbour works 
under these conditions, the depth of water near 
the shore will not affect to any t extent the 
size of the waves likely to strike the structure, and 
should therefore not seriously considered. 

(d) Breakwater Construction in Deep Water.—In 
many cases the breakwater has to be constructed 
in deep water, which rapidly becomes deeper in 
the seaward direction. 
conditions is most severe, and in designing the 
breakwater the height of the waves for, say, half 
a mile seaward must be carefully considered. 

The author is indebted to the chief engineer of 
the Bilbao Harbour, V. Gorbefia, and to Mr 
G. E. B. Goulcher, resident engineer on the 
harbour extension works at Buckie, Banffshire, 
and formerly on the Wick Harbour Works, for 
much useful information a apy. the destructive 
action of the sea on the works of which they have 
or have had charge. 


EXPERIMENTS WITH Mopg1Ls. 

In order fully to satisfy himself regarding wave- 
action on breakwaters of various profile, the author 
decided to carry out a number of experiments by 
means of models. The apparatus used was very 
simple, and consisted of shallow enamelled trays 
specially adapted for the purpose ; the breakwaters 
were made in plastecine, and were to scale, as was 
also the depth of water in the tray. Wave-action 
was easily produced in the trays, and the results in 
every way verified the opinions expressed above. 

Another point of considerable interest was also 
demonstrated, and that was, the folly of building 
sea-walls curved in plan (concave curve), as shown 
in the diagram (Fig. 12). The result of doing this 
is that the wave striking the sea-wall runs along it, 
as shown by the arrows in the diagram, and when 
the two portions of the wave meet, the sea shoots 
upward and falls usually at the back of the struc- 
ture, sometimes doing considerable da The 
shape of the wall itself is of little help in a case of 
thiskind. Even with a stepped-face wall the same 
a occurred, but with slightly less serious effect. 

ave-Stroke on Vertical Wall.—The first ty 
of wall experimented on was the ‘‘ vertical” wall. 
It was found that, when a wave struck this, if 
there were no provision for throwing back the 
wave, the latter shot upwards to a considerable 
height, and if uninfluenced by the wind, about half 
of the wave fell at the back of the wall, and the 
other half at its base, causing much scour. This 





ave-action under these | gj 


: | fire-extinguishers from a constructional 


is illustrated in Fig. 13. The dotted lines indicate 
where the scour is produced. 

Vertical Wall with Heavy Projecting Cornice.— 
A projecting cornice was then added to this 
vetiheat wall. The result of the wave-stroke on the 
wall then is shown in Fig. 14. No portion of 
the wave went over the wall, but the whole of it fell 
back at the base of the wall, causing in actual 
practice considerable scour. 

Face Wall.—The action of the wave in 
this case is very apparent, and is seen in Fig. 15. 
This profile assists the wave in leaping over the wall, 
and is a profile which is not to be recommended. 

OCurved-Face Wall with Projecting Cornice.—A 
wall of this type may be considerably improved 
by the construction of a heavy projecting cornice. 
Fig. 16 illustrates this, and shows how much better 
a wave is thrown back by the addition of such a 
cornice. 

Battered. Face Wall.—A sloping-face wall, with- 
out any provision for throwing back the wave, is 
almost as bad as a curved-face wall, as the batter 


Fig.4. VERTICAL WALL WITH PROJECTING CORNICE. 
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encourages the wave. wee ae of ‘retarding 
its progress, as in the}caseSoffa stepped-face, wall. 
The experiments demonstrated the Ret that a wave 
striking a battered-face wall will leap over the 
wall, as shown in Fig. 17. 





Works Dzsicn.—A paper on ‘‘ Works Design” was 
read by Mr. H. G. Downes and Mr. J. D. Parkes before 
the es Engineering College 


ineerin 
Society on Friday, January 30. The object of this ouner 
was to discuss how a works could be designed to obtain a 


sound finished product at the lowest cost, and the con- 
tions which influence or determine certain points in 
the design. 





PortaBLe CHEMICAL Fire - ExTIncuisHEeRs. — The 
British Fire-Prevention Committee have found it neces- 
sary to formulate a standard test for portable chemical 
int of view, 

, firstly, to the several fatalities that have 
through these ma 9 bursting when being 
c _and, secondly, through the tendency of certain 
irresponsible makers or their oo to put on the market 
apphances of the ‘‘cheap-jack” type that are distinctly 
dangerous to handle. The new standard test which this 
Committee has formulated is ge in Memorandum I., 
and came into operation with the year 1914. The Com- 
mittee have also formulated a provisional specification 
for standard portable chemical fire-extinguishers from 
the constructional point of view, which should serve 
as a guide for would-be purchasers of such appliances. 
This specification is set out in Memorandum II., and 
also came into use as from January, 1914. Memorandum I. 
—Extinguishers to be tested by hydraulic pressure to 
350 Ib. per i. in. (23.8 atmos.) for 5 minutes. Note.— 
This stand test isin addition to the tests which the 
Committee has been and is using to ascertain the effici- 
oney or otherwise es fire-extinguishers in dealing 
with actual fires. emorandum II.—Suggested specifi- 
cation for standard portable chemical fire-extinguishers. 
Size to be limited—not to exceed 3 gallons (13.6 litres), 
nor to be under 1 (4.5 litres). Construction to be 
as follows :—Shell : Cylindrical in form, not exceeding 
Sin. (0.2 m.)in diameter. Ends: Dished, with riveted 
lap-jomt. The radius not to exceed the diameter of the 
end of the shell. Material: Copper or steel, well coated 
with tin on the inside and painted on the outside. Gauge: 
18 B.W.G. (1.218 mm.). Seams (side and top and bottom) : 
Soldered, lap-jointed and riveted. Rivets at 1 in. 
(0.0254 m.) pitch. Collar with Screw Cap: Brass or gun- 
metal 1 in. (0.0254 m.) in depth with safety-holes. Opening 
to be 3 in. (0.0762 m.) in diameter; interrupted threads not 
allowed. Outlet: Brass or gun-metal, 3 in. (0.0095 m.) 
bore with strainer. Nozzle: Brass or gun-metal not less 
than 4 in. (0.0031 m.). Hose: § in. bore, and sufficiently 
short to prevent nozzle touching the poet. &c. Plunger 
and Handles: Strong and conveniently placed. er : 

-in. rubber or leather. Valves or Control-Cocks: None. 


having 
occurred 
operated, 


pansion chamber to be provided. Air to be 
15 per cent. of the volume of the cylinder. Directions 
for Use: Maker’s or vendor’s name-plate, year of manu- 


facture, particulars of all the extingui 
by means of transfers. go = : Provision to be aoe 








for connections for testing purposes, 
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MICHELL THRUST BEARING. 





SBSZD re 











Fia. 10. 


WE illustrate on this page the latest form of 
Michell thrust-bearing, that represented in Figs. 1 
and 2 being designed to take relatively light loads, 
whilst Fig. 3 shows a pattern intended for somewhat 
heavier thrusts. Recent experiments have shown 
that thrust-blocks embodying the Michell idea are 
capable of carrying extraordinary loads. In one case 
this reached the remarkable figure of nearly 5} tons 
per #q. in., the mean rubbing speed being about 54 ft. 
per second. Under these conditions the bearing ran 
quite cool, but the bearing metal itself began to flow. 
As is now pretty generally known, Mr. Michell 
introduced the plan of replacing the stationary thrust- 
collars, the faces of which must necessarily remai 
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taking a thrust to the left, and the upper any 
thrust to the right. Each block is mounted in a 
housing, shown separated in Figs. 4, 5, and 6. At the 
back of this housing is a narrow rib (best seen in 
Figs. 4 and 5). aod through this rib the thrust is 
transmitted to the wall of the casing. The narrowness 
of this rib makes it easy for the housing to tilt in a 
vertical plane. At the same time the Michell block 
proper, which is represented in Figs. 7, 8, and 9, 
transfers its load to the housing through the interme- 
diary of a rib placed vertically, as indicated in Fig. 7. 
This rib allows the block to tilt in the tangential 
direction, which is that necessary to secure effective 
lubrication. The combination of the two ribs at right 





parallel to those of the running collars, by a series of 
small blocks or sectors so mounted that they can tilt 
and make a slight angle with the surface of the run- 
ning collars. As a consequence, the lubricating oil is 
automatically dragged in between the opposing sur- 
faces, which accordingly never come into physical 
contact. The load which can be carried depends on 
the viscosity of the oil and on the rubbing speed, being 
augmented if either or both of these elements is 
increased. By using heavy lubricants a slow-running 
bearing can be effectively lubricated, thus abolishing 
the very serious wear often associated with the 
ordinary type of slow - moving heavily - loaded 
pivot bearing, whilst effecting at the same time] a 
very substantial reduction in the amount of lubricant 
required. At the other extreme Michell bearings 
have been successfully run with water as a lubricant, 
in spite of its small viscosity, but there is then, of 
course, a great reduction in the maximum load it is 
possible to carry at a given speed. 

Hitherto these bearings have been specially de- 
signed as the need arose. The patterns illustrated 
above represent an attempt which is now being made 
to standardise their manufacture. The sleeve shown, 
which has, it will be seen, the thrust-collar solid with 
it, is arranged to slip over and be clamped to the shaft 
which transmits the thrust. The collar dips into an 
oil-well formed in the lower half of the casing. 
There, is, it will be seen, a corresponding recess 
in the upper half of the casing. In each recess a 
pivoted Michell block is mounted, the lower one 





angles to each other makes it possible for the block to 
adjust itself fairly to its load. A certain small freedom 
of adjustment in the radial direction is also provided for 
by the fact that the blocks are held in their housin 
by springs, which are shown in Se pew on the blocks 
in Figs. 8and 9. Views of the block and housing com- 
plete are represented in Figs. 10 and 11. 

The form of block represented in Fig. 3 differs 
from that just described merely by the fact that each 
housing carries two blocks, so that a greater load can 
be carried with the same quality of oil. 

The size and type, shown in Figs. 1 and 2, will, 
without oil-cooling, carry a load of 900 Ib., at as of 
2000 revolutions per minute. With oil-cooling the load 
can be increased indefinitely, being for practical pur- 
poses limited merely by the adequacy of the oil-cooling 
arrangement. The sizes at present standardised range 
from 1 in. up to 5 in., the latter being rated, without 
oil-cooling, at a load of 8000 Ib. 

The agent for the bearings in this country is Mr. 
H. T. Newbigin, Assoc. M. Inst. C.E., 3, St. Nicholas- 
buildings, Newcastle-on-T yne, to whom we are indebted 
for the Tnageing particulars. 





Warrant ENGINEERS IN THE Navy.—The Secretary 
of the Admiralty informs us that it has been decided that 
warrant engineers, R.N.R., on attaining ten years’ 
seniority in that rank are to wear a stripe formed of two 
waved lines of 4 in. gold braid, intersecting each other, 
so as to form bands } in. wide, the blue cloth to show 
between the curves, 
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INDUSTRIAL NOTES. 


Tue Labour Party Conference sat again at Glasgow 
on Thursday, January 29, and dealt, as on the pre- 
vious days, with a number of purely political ques- 
tions which are outside our scope. A resolution which 
was carried on that day reads as follows, leaving out 
the political portion :—‘‘ This conference . . . again 
affirms that the aim of the labour movement is to 
abolish wee d and class oppression by bringing land 
and industrial capital under the ownership and con- 
trol of the community for the collective good of all, 
believing that only by this means. . . will society 
be sheet on a true human basis, and the higher indi- 
vidual and social capacities of the race have free- 
dom to evolve.” Every thinking man would like to 
believe that the improvement herein foreshadowed is 
possible of realisation. Equitably it is not. The 
question resolves itself into establishing general 
equality ; an utterly hopeless task. The action of the 
Labour Party in these matters always reminds one of 
the colonel of French fiction who tried to prevent the 
piccolo being played by a powerful man physically, 
whilst the FE on ool was in charge of the smallest 
man inthe band. He was unable to effect the change 
he desired, for the very simple reason that the matter 
resolved itself into one of ‘‘ bent,” and there will 
always be found giants whose preference lies with 
the piccolo, and pigmies who find their greatest 
delight in the double-bass. In the illustration we 
have selected there can be no question of placing the 
two men ‘on a true human basis” and their “ higher 
individual capacity,” by compelling them to change 
over, would of a certainty have no ‘freedom to 
evolve.” It is, we repeat, a question of ‘‘ bent,” and 
to translate here a saying of a German professor, ‘‘ no 

and = man can a A aoe labour is 
not the only component of human life rogress. 
The componente are three in number > itahan, 
Capital, and Labour. Genius is an absolute necessity 
for securing the evolution referred to in the Labour 
Party’s resolution. Genius is certainly most unselfish, 
in that it has frequently found sufficient remuners- 
tion in the feeling that it had solved a problem. At 
other times it has simply been allowed to die of 
hunger, and it rarely obtains a remuneration com- 
mensurate with the benefits which it procures for 
others. If it were stifled—provided it d be—evolu- 
tion would cease. Evolution is sure to cease also should 
capital no longer be forthcoming, and it never will be 
forthcoming if it be divided up piecemeal. Capital, 
also, has frequently gone unremunerated, whilst labour 
is always sure to obtain the remuneration it has agreed 
u to receive. Labour, the third essential, has 
don , through its would-be leaders, arrogated to 
itecl? t large a share of importance by systematically 
neglecting to consider the other two. 

An illustration of a of the above remarks is 
afforded by a speech delivered on Thursday, the 29th 
ult., by Mr. D. A. Thomas, head of the Cambrian Com- 
bine, at the annual banquet of the Rhondda Chamber 
of Trade at Tonypandy. Speaking on the coal trade 
position, Mr. Thomas is reported to have stated that 
over the past five years, during which the trade had 
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been more than usually prosperous, the amount dis- 
tributed in dividends to colliery ordinary shareholders 
in South Wales was only about 8 per cent. of the 
amount paid in wages to the colliery workmen. More- 
over, the total amount paid in dividends to share- 
holders, who had risked their capital in what was 
essentially a hazardous enterprise, amounted only to 
about a seventh of the in earnings received by 
the workmen during the past twenty-seven years. The 
combine’s annual wage bill amounted to about 
1,250,000/., and since 1907 the average weekly earn- 
ings of every man and boy employed above below 

round had. increased from 37s. 8d. to 423, The 
increase in the average wage had not been accom- 
panied by ® proportionate increase in the efficioncy of 
the workman. On the contrary, and in spite of an 
additional capital expenditure of 370,000/., the _ 
duction per workman had decreased considerably. 
What had the Syndicalists done? They had engi- 
neered a strike which lasted twelve months, had cost 
the Cambrian Combine workmen nearly a million in 
~ had entirely depleted the coffers of the South 
Wales Miners’ Federation, and in the end the work- 
men had returned to work on the terms pons 
when they came out. Then came the national strike, in 
which the Cambrian Combine workmen alone had lost 
another 125,000. Mr. Thomas estimated that it would 
take the workmen ten years to recoup themselves for 
that loss out of the increases they had obtained under 
the Minimum Wage Act. 





With regard again to the “ efficiency of the work- 
man,” it is interesting to contrast the two following 
statements :—In his ron ‘‘ Pneumatic Tools,” 
read on the 23rd ult., before the Coventry Engineering 
Society (see page 163 ante), Mr. H. I. Brackenbur 
said there were few, if any, rivets in a ship whic 
could not be closed by a pneumatic hammer, and a 
very conservative estimate showed that with such a 
hammer two rivets could be driven to one driven by 
the hand hammer. Hitherto, however, shipbuilders 
had not used to the full the advantages offered them, 
owing to the difficulty of overcoming natural oppo- 
sition to the introduction of labour-saving tools. 
Mr. Brackenbury went on to say that ‘‘ one may look 
with serious concern to the future of our country unless 
full use is made of modern inventions to increase our 
pes of production.” On the other hand, in their 

anuary report, the United Society of Boiler-Makers 
and Iron and Steel Shipbuilders stated the follow- 
ing :—‘‘ In plant and equipment we are in many things 
behind Germany and behind the United States. It is uP 
to our captains of industry to put this right—to spen 
wisely, rather than hoard the surplus o times.” 
We hope our ‘‘ captains of industry” will take the 
hint, and compel their men to use the inventions they 
have provided, and are always ready to provide. In 
that they will, we hope, have the assistance of the 
United Society in question. 





The executive committee of the Labour Party 
refused to allow Mr. Larkin to address the Glasgow 
Conference on the question of the Dublin strike. The 
National Transport Workers’ Federation also decided 
finally to dissociate the Dublin strike leader from that 
body. These decisions resolve themselves into a com- 

lete withdrawal of all official support from Mr. 
Parkin. It is interesting to note, in passing, that, no 
more strike pay or f _— being forthcoming 
from England, the Dublin strike may be considered as 
having oc llapsed ; it had lasted over twenty weeks. 
The men have returned, and are returning, on the 
employers’ terms. It is interesting to note that the 
United Builders’ Labourers’ Union have put forward 
a very significant undertaking which the employers 
have accepted. Each man who is a member of the 
Union si the undertaking on applying for work 
and hande ¢ to his employer a card which states that 
he agrees to act in accordance with the undertaking. 
This reads as follows :—‘‘ We undertake, on behalf of 
the United Builders’ Labourers’ and General Workers’ 
of Dublin Trade Union, that none of our members will 
remain, or become in future, members of the Irish 
Transport and General Workers’ Union ; further, that 
our members will not take part in, or _ an 
form of sympathetic strike. They will handle all 
materials, no matter from where, or how delivered, 
and a j out all instructions _— to them in the 
course of their employment. They will also work 
amicably with all other employees, whether they be 
members of a union or not, and none of our members 
will in any way interfere with or make any objection 
to work with those who have already signed any 
agreement. Any of our members who may make an 
breach of any of these undertakings will immedi- 
ately dismissed from our Union, the employers under- 
taking to re-employ such of our members as they may 
— on the terms in foree previous to September 13 
t. > 





Since the action of the executive committee of the 
Labour Party and the National Transport Workers’ 


'Y | as a body would lose no time in asserting 


not wish to identify their policy with Syndicalism, we 
fail to see why the same party should be wrath at the 
drastic action of the Union Government of South 
Africa in ‘‘debiting” the South African States’ 
account with ten Syndicalists to the ‘“‘ credit”’ of this 
country—or vice versa. 





A phase in the vexed problem ‘‘ what to do with 
our boys” is nearing a satisfactory solution. We 
refer to the training-ship scheme, started by the 
late Marquis of Northampton, for the benefit of lads 
between 14 and 17 years of age, and e in 
‘* blind-alley ” employment. A ship, to be called the 
Northampton, has been given at a nominal rent by 
the of Admiralty, and will be moored off the 
Embankment, west of the Temple Pier; Colonel 
Lord Douglas Compton is to act as Commandant, and 
Major C. E. Dance as dép6t Commander. The estab- 
lishment will further consist of ten young officers—i.e., 
public-school men engaged in mechanical engineering 
trades in London, who have promised their services 
gratuitously ; with two naval petty-officer pensioners 
to act as instructors in guonery, drill, rowing, swim- 
ming, gymnastics, and boxing; and mechanic-instructors 
to teach the various trades. The boys will number 300 
during the first year; they will be called artificer 
apprentices, and will sign on for three ) ears’ service. 





Industrial questions bulk largely in the list of the 
subjects which are now being considered by the South 
African Union Parliament. Ties Bills are being intro- 
duced this Session: an Industrial Disputes Preven- 
tion Bill, a Trade Union Bill, a Factory Bill, a Work- 
men’s Wages Protection Bill, and an Inquests Bill. 
A sixth Bill, the Public Meetings and Disturbances 
Bill, is also to be considered. The proposed industrial 
legislation contains stringent clauses dealing with 
strikes, lock-outs, and intimidation, and it is to be 
hoped that these will be passed in their entirety. 
For example, strikes or lock-outs are to be prohibited. 
until the question involved has been made the subject 
of conciliation, investigation, or arbitration, and the 
result has been published by the Minister. The 
following is intended to cover the question of in- 
timidation :—‘‘ Any person shall be guilty of an 
offence and liable on conviction to a fine not exceed- 
ing 1007. who, in the case of a strike or a lock-out, 
directly or indirectly (a) threatens or suggests the use 
of violence towards, or restraint upon, any employee 
or relative or dependant of an employee, or threatens 
or suggests any injury to his property; or (b) uses 
undue influence towards any employee or relative 
or dependant of an employee ; or (c) hides any tools, 
clothes, or other property owned or used by an 
employee or a relative or dependant of an employee, 
or deprives him thereof or hinders him in the use 
thereof ; or (d) accompanied by two or more persons 
follows an employee or relative or dependant of an 
employee in or through any street, road, or public 
place, behaving towards him in a disorderly manner 
or interferes with him at his work, in order to induce 
or compel, or in a manner calculated to induce or 
compel, that employee (1) to go or continue on strike ; 
(2) to abstain from working or from engaging himself 
to work for any employer, or on account of that 
employee having weil or engaged himself to work 
for any employer.” 





A demonstration, at which representatives of the 
various sections of the building trade were present, 
took place in Trafalgar Square on Sunday last, when 
the following resolution was carried :—‘‘ This meeting 
of London building trade workers asserts its determi- 
nation to resist to the uttermost the attempt of the 
London Master Builders’ Association to destroy trade 
unionism in the building industry, and we consider no 
settlement can be accepted which does not remedy 
outstanding grievances, provide for improved work- 
ing conditions, and is agreed to by the whole 
of the trades concerned through the London Building 
Industries’ Federation.” To all right-minded persons 
it is absolutely evident that the London Master 
Builders’ Association have not the least intention of 
destroying trade unionism in the building industry. 
They simply want, when they find a good man, to 
able to keep him at work, and as they never inquire 
whether any man in their employ is a trade-unionist 
or not, they demand, and very rightly so, that no man 
in their emplgy should inquire either. The masters 
ask for freedom all round. Should a group of men 
arise in any particular trade union, and want to 
compel all the members of that union to adopt, say, 
any special religious or non-religious belief, the union 
its freedom. 

It has been finally decided by the Court of Referees 
that the workmen involved iu the building trade 
dispute are not entitled to unemployment benefit. 


A very characteristic resolution was passed unani- 
mously at the Labour Party Conference at Glasgow 
on the 29-hult. It ‘‘instructed the party to intro- 
duce a Bill to increase old-age pensions to 10s. per 








Federation appears to mean that the Labour Party do 





and to raise the sum necessary to meet the increased 
expenditure by a graduated income tax on those 
with incomes above 160/. a year.” Can it be that 
the members who so unanimously voted in favour 
of the resolution in question wish to further the cause 
of the “poor and dowa-trodden” by now making 
the income tax compulsory for the ‘‘ skilled workman” 
also, very many of whom have a much higher annual 
income than the ‘‘ young man in the City?” If the 
Labour Party were to introduce in Parliament a 
measure having the above effect, they would find there 
@ unanimity equal to that which was met with at 
the Glasgow Guene, for the measure would be 
one of the most equitable ever introduced. 





We regret to have to record the death, which 
occurred suddenly on Friday, the 30th ult., of Mr. 
John Burnett, formerly Chief Labour Correspondent 
of the Board of Trade, a most sympathetic man, who 
had gained general respect by his absolute fairness in 
all matters pertaining to labour. Mr. Burnett was 
born in 1842, at Alnwick, Northumberland, and was 
apprenticed to the engineering trade at the age of 
fourteen. When only twenty-two years of age he took 
an active part in the Saturday half-holiday movement. 
Ia 1871 he led a strike which was successful in securing 
the nine-hour day for engineers. Soon after, he 
joined the staff of the Newcastle Uhronicle. Later, 
in 1875, he was appointed general secretary of the 
Amalgamated Society of Engineers, a position which 
he held until 1886, when he was appointed to the 
newly-created post at the Board of Trade above re- 
ferred to. From 1896, the date of the passing of the 
Conciliation Act, until his retirement in 1907, his ser- 
vices were largely in request for the settlement of labour 
disputes under the Act, and his straight-forwardness, 
experience, and sane judgment in dealing with these 
disputes won recogaition from all parties. 


On Tuesday last a deputation of the Miners’ Fede- 
ration of Great Britain waited upon the Prime Minister 
with a view to urge the extension of the Minimum 
Wage Act to all surface workers employed in mining. 
The deputation also called the attention of the Prime 
Minister to several alleged shortcomings in thé work- 
ing of the Act, and also to other grievances which 
they sought to have remedied by legislation. The 
points they submitted were that the Act should set 
aside such of the rules in the District Awards as 
restricted the receiving of the minimum wage; that 
the minimum for colliers and all piece-workers should 
be ascertained with reference to one week’s earnings, 
disregarding the — of all previous and subse- 
quent weeks ; that in all disputed cases the onus of 
—< should be on the employer ; and that the minimum 

or each grade should be raised by at least 9d. a day. 
They further asked that it should be made illegal for 
any workman to be evicted from his house during 
a dispute; that the Government should deal with 
the deficiency of housing accommodation in mining 
districts ; and that they should take immediate action 
to provide cheaper transit facilities by the development 
of canals. In hisreply the Prime Minister said he did 
not think that a strong case had been made out for an 
extension of the Act to surface workers. With refer- 
ence to the 9d., he had been unable to gather how the 
figure was arrived at, and he did not think it was a 
proposal which it was possible to maintain from the 
point of view of legislation. The necessity for legisla- 
tion in the matter of evictions greatly depended upon 
the extent and gravity of the evictions that might be 
proved, and it was really a question as to whether 
there was a eufficiently strong and widespread case for 
the Legislature to intervene. In regard to housing, the 
Government had taken that matter in hand, whilst the 
proposal as to canals would involve the expenditure of 
something like 20,000,000/., an expenditure which the 
Government could not entertain. 


We read in the Moniteur Industriel that there were 
in France, on January 1, 1912, 5217 trade unions, with 
a total of 1,064,064 members, out ofa total of 8,000,000 
workmen in the whole of France. On January 1, 
1913, the number of unions fell to 5046, with 1,027,059 





be | members, or a decrease in one year of 171 unions and 


of over 37,000 members. In the same period the 
labour bureaus, which are a more noisy and a more 
active class of union, have decreased by 45, and have 
lost over 56,000 members. These figures demonstrate 
that Syndicalism is going begging, in France at all 
events. The phenomenon, in fact, appears to be special 
to France, since in other countries matters follow a 
reverse movement. In Germany, for example, the mem- 
bers of trade unions numbered 3,256,819, or an increase 
of 200,000 members in 1912. In Belgium the increase 
has been 34,000 ; in Holland it has been 20,000 ; and in 
the United States 240,000. In Great Britain the number 
of members of trade unions is also on the increase. 
Whilst the men’s unions in France have lost ground, 
the masters’ associations have gained some ; in 1913 
they numbered 5063, being an increase of 175 over the 
number for 1912, with an increase of 11,406 members. 





week, to make pensions payable at sixty years of age, 


Now, the agricultural labourers in France, who were 
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not in the least aimed at when the law on trade unions 
was framed, more than thirty years ago, have turned the 
law to account, whilst, as shown by the above figures, 
the industrial labourers are leaving their unions. 
From 1912 to 1913 the number of French agricultural 
unions had increased by 299, and the membership by 
41,800. In 1913 these unions had a membership of 
976,117 ; the membership is at the present time above 
one million, and continues to increase. Our contem- 
porary has two reasons for explaining the retrogres- 
sion of the French industrial trade unions—i.e., defects 
of organisation, and in the second place absence of 
programme, leading, as a natural consequence, to the 
invasion of politics within the unions. He adds the 
following :—‘‘ The French trade union must be trans- 
formed into a responsible institution, able to own 
funds like the British trade unions, and made to abide 
within the law by efficient and well-established condi- 
tions.” So far as our British trade unions are 
concerned, we may here remark that they do own funds, 
and they have a programme, but politics form a large 
portion of it, and they are getting ually out- 
side the law. The situation in to France is 
depicted in a few lines by the Moniteur, which adds 
that ‘‘the French trade unions have considered 
themselves in the light of warfare machinery to be 
used against the employers ; politics have come into 
play, and leaders have not failed, and for their own 
personal benefit, to divert the unions from their 
mission by throwing them into party conflicts. The 
economical resulte ) bon been practically nil, whilst 
another result has been the formation of employers’ 
federations to defend the positions.” 





‘““THE THEORY OF THE SORFACE 
CONDENSER.” 

To THE Epitor oF ENGINEERING. : 
S1r,—I have no wish to prolong the controversy with 
our contributor with to his extraordinary claims 
or the facility with which hot water picks up heat from a 
metal surface compared with colder water under the same 
conditions of flow and thermal gradient ; but I trust, how- 
ever, that I may be allowed to point out that he is in 
error in stating that in consid the results of Mr. 
Allen’s experiments I have neglected the resistance of the 
steam side of the tubes. In these experiments the air- 
pump speed was roughly proportional to the total quantity 
of steam conde , so that this resistance was, in the 
main, a matter of conductivity through the film of water 

on the outside of the tubes and the metal of the tubes. 
Drawing up a table of the heat transmitted per degree 
difference between steam and water, my suggestion was 
that since the total heat transmitted was greater for the 
cold tests than for the hot ones, that part of the thermal 
radient required for the conduction was greater for the 
ormer than for the latter, and thus the comparatively 
small advantage in transmission which was credited to 
the hot water was, if anything, overstated. I still think 
that this is a reasonable suggestion ; but had I known 
that, in the opinion of your contributor, it would be 
ible to find evidence in favour of any law whatever 
rom such a set of Mr. Allen’s observations as those 
quoted in my table, I would not, of course, have troubled 
you in the matter. I fully realise now, as I sus 
from his first reply to my remarks, that your contributor’s 

theory is ind.ed invulnerable. 


Yours faithfully, 
February 2, 1914. T. E. Stanton. 








THE TRANSPORT OF PASSENGERS’ 
LUGGAGE. 
To THE EpitoR oF ENGINEERING. 

Srr,—With reference to Mr. F. W. Dean’s letter on 
the above subject in your issue of December 12 last, 
pressure of work has prevented me commenting upon it 
before, but I am surprised that no reply has hitherto been 
forthcoming. 

Your correspondent complains of the crowded state of 
English railway-station platforms as compared with those 
in America. From the nature of the case this is to be 
expected, seeing that the railways of the United Kingdom 
conveyed in 1912 rs to the number of 1, 249,406,000 
on only 23,442 miles of line ; whereas the railways of the 
United. States do not handle 75 per cent. of this number 
of passengers on 220,000 miles. In addition to the above, 
British railways carried 786,000 season-ticket holders, an 
immensely greater number than exist in America. 

Although the checking of luggage may be the better 
system in theory, its introduction into England would be 
attended by many disadvantages, due to the diff in 


sed | tific m: 


obtain their share of the local traffic to and from large 
cities, as the structure of the trains and arrangement of 
“‘ platforms” militate against the rapid alighting and 
entraining of pa-sengers. I am not referring here to the 
underground railways cr “tubes” in New York and 

, which, of course, are specially designed for sub- 
urban work. 

For the past two years we have been suffering from an 
acute congestion and overcrowding of the tramways in 
Montreal, and, although there are four main-line railways 
radiating from the city, they can afford no relief, as they 
are equipped on the American system, and the service is 
consequently infrequent. On this continent the packed 
condition of the tram-cars is everywhere in marked con- 
trast to the forlorn and deserted appearance of the sub- 
urban railway stations. 

Yours faithfully, 
. C. Otprieve THomas. 
4, Phillip’s-place, Montreal, January 8, 1914. 





STRUTS AND BARS FOR FLYING- 
MACHINES. 
To THE Eprror or ENGINEERING. p 

Srm,—The sectional form uf a strut or bar that will 
give the lowest resistance in a current of air is notalways 
the best form to employ; there must be a compromise. 
With a given weight of material, a strut must possess the 
test possible stiffness and at the same time offer a 

ow head-resistance. 
With the whirling-machine which you, Sir, illustrated 
and described in your issue of May 5, 1893, numberless 





experiments were carried out in the endeavour to ascer- 
tain the best form and dimensions for biplane struts. 
The accompanying illustration shows the sectional form, 
ultimately 

With regard to material, I have always found that yellow 

ine gives the best results. After the surface has been 
Brough to a fine finish, dry plaster-of-paris in fine 
should be rubbed with considerable force into the grain of 
the wood. Then finish with several coats of shellac var- 
nish ; this will produce a smooth, hard surface, which will 
not only increase the stiffness of a strut or bar, but will 
bring the friction of the air down to a very low point. 


Yours faithfully, 
West Barnham, Sussex. Horatio PHILLIPs. 





THE EDUCATION OF THE ARTIZAN. 
To THE EpiTor Or ENGINEERING. 

Srz,—In the interesting article on ‘‘ The Education of 
the German Artizan,” which appeared in your issue of 
January 16, Mr. Rowell remarked: ‘‘ British workmen 
and employers have yet to learn that labour is not a com- 
modity, but a relation and a mutual responsibility. Most 
manufacturers in England have the humanity to contemn 
‘ scientific ment.’” 

But are the methods of management based on the work 
of F. W. Taylor (which have come to be commonly, 
though not altogether felicitously, spoken of as ‘‘scien- 
ent”) of necessity inhuman? Taylor, by his 
analytical studies of the carrying out of work of various 
kinds, indicated methods by which (1) the quickest, most 
economical, and most efficient method of carrying.out 
any given work could be ascertained ; or time it 
ought to take to do the given work could be calculated. 
It may be that in some instances these methods may 


manner, but there is nothing inhuman in the methods 
themselves. 

1. It is for the benefit of the whole of humanity that 
all work should be performed in the most efficient and 
economical manner, and as quickly as possible, so that 
the maximum amount of commodities may be produced 
with the minimum amount of labour. If the produc- 
tivity of the worker is increased, his ~ | can be 
increased and his hours of labour shortened. oreover, 
in the struggle for existence, the more efficient methods 
of production are bound to prevail, in the long run, over 
the lass efficient, on the principle of ‘ the survival of the 
fittest.” It isa necessity of our very existence that we 
should constantly strive to improve the efficiency with 
which we work. As the resources of Nature are gradually 
exhausted it becomes more and more difficult to wrest 
from this earth a living for our ever-increasing popula- 
tion. Yet we want to do more than keep pace with the 
exhaustion of natural supplies and the growth of the 
populati We want at the same time to raise con- 





habits of the two nations. The Englishman prefersto drive 
up to the station in a cab about 30 seconds before the de- 
parture of his train, and takes his ticket while his luggage 
1s being labelled. The American arrives 20 minutes 
before the train leaves, if his luggage is to be checked, 
and then sits in the “concourse” until his train is 
announced. My experience of much travel in 
both countries is that in the time it takes to get a ticket 
and have one’s luggage checked in the States, one could 
have obtained a ticket and be several miles on the 
journey with one’s luggage on an English railway. The 
proof of the pudding is in the eating. If the British 
railways convey a much greater proportion of the popu- 
lation of the country than American railways do, it is 
because they do it in a more efficient and expeditious 
manner. hen it comes to suburban work the difference 
is still more a t. 

The railways on this side have completely failed to 








tinually our standard of living ; and this can only be done 
by adopting every means which can be found for increasing 
the efficiency with which our work is done. 

2. The worker, equally with the employer, would be 
benefited by a method of calculating on a basis, not of 
empiricism, but of actual experiment and ~scertained 
data, what is a fair day’s or hour’s work for a man at any 
given kind of work. The amount of work to be expected 
of a man could then be settled on a definite basis, satis- 
factory to both parties, instead of being a matter of 
constant disagreement, as at present, and in this way one 
of the most fruitful sources of dispute and friction would 
be eliminated. : 

It is absolutely essential to the successful application of 
Taylor’s methods that both employers and wor should 


u labour in the light your contributor wep 
as & aiatien and a mutual responsibility. Taylor has 





himself pointed this out very clearly; he says that to 


have been applied, or rather misapplied, in an inhuman | L 


carry out his mevhods successfully it is necessary that 
everyone co! rinci managers, superinten- 
dents, foremen, and workmen—should acquire a sow poles 
of view ; that all should pull ther, should recognise 
that their interests are essentially the same — namely, 
that the work shall be done in the most efficient manner. 
At present it is the worker's interest to do as little 
work as he can for his money, while it is the employer's 
interest to screw as much work out of him as possible. 
Taylor’s ideal is that every man should be encouraged 
tu work his best and his hardest (which, as everyone 
knows, he is not at present), and that he should have his 
fair reward for doing so, without any fear of being 
ane . , as he too often is under ae cee 
y by giving every man encouragement to work his 
best, a doing away with any inducement to 
**ca’ canny ” or “‘ soldier,” can the work of the world be 
done in the best and most economical way. Surely such 

an ideal is not inhuman. 

Yours mae. 


. C. ALLINGHAM. 
Golder’s Green, N.W., January 27, 1914. 





ALUMINIUM DIE-CASTINGS. 

s ™ To at yy — ENGINEERING. 

1k, — Having ie a few experiments in casting 
aleminium in dies with fair snccom, 1 bed been hopin 
that, in the course of his articles on ‘‘ Foundry Plant ont 
Machinery,” Mr. Horner would im information which 
would enable perfect success to attained. In this 
sy his last contribution is rather disappointing. 

e states that an alloy with aluminium as the prin- 
cipal element cannot be successfully die-cast. e is 
mistaken. For over two years die-castings of aluminium 
have been on the market to my knowledge. They differ 
from sand-moulded castings only in density and appear- 
ance. The density is a trifle ; the ap i 
far superior. In some cases castings are extremely 
weak through being in a strained state, but greater experi- 
ence of the process will soon teach how to avoid this 
defect either by improved foundry practice or more 
suitably-desi: cas! 

The accuracy attainable is not much inferior to first- 
rate ine-work. Holes may be cored in to save drill- 
ing or boring if desired, but some small variations will be 
found to occur in the spacing if the castings are over a 


few inches in diameter or over all. Casti up to 2 ft. 
in diameter are being successfully uced. us the 
process is not restricted to the it class of work, as 


might be imagined. 
Yours truly, 
A. WHITEHEAD. 





Tue Instrrute or Cugmistry OF Great BRITAIN AND 
IRgELaAnD.—Mr. William Macnab, F.I.C., will deliver the 
first of two lectures on ** Explosives,” on Thursday, the 
26th inst., at 8 p.m., at i * College, Strand, W.C. 
Professor Raphael Meldola, D.Sc., F.R.S., President, 
will take the chair. Tickets can be obtained from Mr. 
R. B. Pilcher, Registrar and Secretary, 30, Bloomsbury- 
square, W.C. 


PersonaL.— We understand that Mr. Arthur D. 
Sturrock, sole partner of Messrs. James Sturrock and 
Co., 116, Hope-street, Glasgow, has recently joined the 
board of directors of Messrs. Luke and 8 , Limited, 
Broadheath, near Manchester, old-established British 
specialists in emery and other abrasive wheels, grinding 
and polishing machines, &c.—We are informed that Mr. 
soouge Sete, for six years Yorkshire re tative of 
the Union Electric Company, has severed his connection 
with this firm, and has taken up a similar position upon 
the staff of the Phoenix Dynamo ufacturing Company, 
imited, Thornbury Works, Bradford. 





ScHUCHARDT AND Scuutter’s Tecunicat Guipr-Boox. 
—We have received from Schuchardt and Schiitte, 
of Leng | through their London offices, 34, Victoria- 


lan {t measures 74 in. by 44 in., is bound in a 
limp cloth cover, and contains 286 pages of ineering 
data. The book opens with arithmetical tables, formule, 


tables of functions, and gives technical definitions, tables 
of weights of various products, of dimensions, sections 
and weights of various rolled sections, and very complete 
information on screw threads, riveting, gearing and power 
transmission by belts, ropes, and chains, on machine-tool 
— and on the manufacture and use of cutting 
tools, &c. The book is nicely got up. Copies may be 
obtained by Messrs. Schuc' t and Schiitte’s customers, 
and afterwards by others. 


Rarip Dritiinc aT SHeerness.—Drilling was com 
menced on November 26 last on a bore sufficiently Ja: 

to take 16 in. in diameter tubing, and by December 13 
a depth of 322 ft. 6 in. had been reached. On December 
15, 16, and 17 the drilling a were suspended for 
the purpose of overhauling the boiler and inserting 320 ft. 
of tubing, but was resumed on the night of December 17. 
By the 3ist a depth of 691 ft. had been reached with 
a 14-in. hole, and since that date up to January 29 
@ further 405 ft. had been drilled, making a total — 
of 1095 ft., the hole being still 14 in. The drilling 
from 950 ft. has been in a very difficult formation, con- 
sisting of chalk intermixed with hard flints. The work 
is being done by the Perkins Macintosh Petroleum 





Tool and Boring Company, Limited, of St. Albans, 
H for the Sheerness Council, under instructions 
from Mr. F. W. T. Stanton, A.M. inst. 0.E. The firm 


are using a rig and derrick built on the Canadian Galician 





Pole Percussion system. 
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THREE-MASTED SCHOONER “AOSTA” WITH SAVOIA DIESEL MARINE ENGINES. 


(3672.8) 


Tur Savoia marine oil-engine, illustrated on Plate 
XVL., and on 183 and 186, shows the latest 
ractice of the Societa Anonima Cantieri Officine 
Savoia, Cornigliano, Ligure, and is a good example of 
modern Italian engineering practice and ingenuity, as 
in almost all its principal features this engine is unique. 
The particular engine illustrated is of the two-stroke- 
oycle type, having four cylinders of 350 mm. (13.75 in.) 
diameter, a stroke of 500 mm. (19.7 in.), giving, at 
200 revolutions per minute, some 440 brake horse- 
power, corresponding to the comparatively high mean 
effective pressure of about 127 lb. per sq. in., assuming 
the engines to have a mechanical efficiency of about 
73 per cent. 
he engine under notice was fitted to the three- 
masted schooner Aosta, illustrated by Figs. 1 and 2, on 
the present page. The installation is the more interest- 
ing as it has been anticipated that the advent of the 
Diesel oil-engine for marine propulsion would give to 
the auxiliary sailing ship a new era of prosperity. The 


leading dimensions of the Aosta are :—Length, 56 m. P 


(184 ft.); breadth, 8.6 m. (28.2 ft.) ; depth, 14.3 ft.; 

with a displacement of 1050 tons, and a dead weight 

of 700 tons. There are three holds, each supplied 

by a steam-winch, with the engineers’ quarters and 

— for four passengers in the poop deck- 
ouse, 

Besides the main oil-engine, which we shall pre- 
sently describe in detail, there is a donkey-boiler 
for steam-heating and for driving the auxiliary com- 
— and winches. The auxiliary compressor is 

riven by a steam-engine of 25 horse-power, and the 
low-pressure diameter is 200 mm. (7.87 in.), high- 

ressure 62 mm. (2.44 in.), with a stroke of 134 mm. 
5.28 in.). This set is thus about 0.4 times the capa- 
—— one of the main-engine compressors. 

e starting air is stored at a pressure of about 
900 Ib. per sq. in., in five reservoirs, being throttled 
down toabout 100 Ib. per sq. in. before being supplied 
to the main engines for —— giving thus 70.5 
oub. ft. ity. This is low, although it is stated 
that with this storage sixty manceuvres can be effected. 





OneZbottle of 4.6 cub. ft. capacity is provided for the 


fuel-injection air sto . 

The minimum re attainable with the engine is 
50 revolutions per minute. The weight of the instal- 
lation is 42 tons. 

As shown in Fig. 3, on Plate XVI., the four cylinders 
of the main engine are arranged in two sets of two, 
with the seavenging-pumps and compressors between 
the sets. The scavenging-pump cranks are at 90 deg. 
each to each, and the two main interchangeable two- 
throw solid-forged crank-shafts are at 90 deg. also the 
one to the other. The advantages claimed for this 
arrangement are a very good balance of the rotating 
masses with a minimum de of irregularity of run- 
ning, and, further, that as the scavenging-pump cranks 
are at 90 deg. the one to the other, the main engine can 
be started by allowing compressed air to act in the two 
double-acting scavenging-pumps. As shown in Fig. 4, 
the compressors are placed on the top of the scavenging- 


um ps. 

The cylinders and columns for each set are cast in 
one piece, making for great rigidity ; the eylinder- 
liner and head is a separate casting for each cylinder. 
This form of construction undoubtedly ensures good 
cooling of the walls of the combustion . The 
cast-iron bedplate is in two interchangeable pieces, 
one right and one left hand, and is of deep section, 
unsupported in the centre, and enclosed at the bottom 
to form a well for the lubricating oil. Lubrication to 
the main bearings is not forced, as the bearing pres- 
sure between the surfaces of the main bearings is the 
comparatively low figure of 355 1b. per sq.in. A ‘‘banjo” 
feed is provided to the crank-pin bearing, where the 
pressure is 1140 lb. per sq. in. The top end of each 
connecting-rod, as will be seen from Fig. 3, has a forced 
system of lubrication from the hollow gudgeon-pin, 
and in this part the bearing pressure is 1780 lb. per 
sq. in. Owing to the system of lubrication adopted the 
ine need not be of the enclosed type. 


is engine has trunk pistons, altho from the 
heavy design of cast-iron columns, eads would 
be expected. The connecting-rods, of circular section 











and five cranks in length, are of the usual pattern 
with such engines, and are provided with adjustable 
top’ ends, as‘ishown. ‘'Kach = is provided with 
bosses to the holes drilled to lead the piston- 
cooling oil to the space in the crown enclosed by a 
removable plate. The crown of the piston is entirely 
unsupported at the centre and is consequently of a 
fair thickness. 

The scavenging- pumps, of which there are two 
double-acting, of 470 mm. (18.5 in.) diameter, 400 mm. 
(15.72 in.) stroke, have crossheads, and the ratio of 
scavenging-pump volume to main-cylinder volumes of 
1.36 is lower than the average. The scavenging air is 
controlled by a double-beat piston-valve to each pamp, 
actuated by a separate eccentric from the crank- 
shaft, and is led to a steel reservoir along the back of 
the engine, on which is fitted a large safety-valve. 
On the top of each scavenging-pump is placed a two- 
stage compressor, of which the following are the main 
dimensions :—Low-pressure cylinder diameter, 180mm. 
(7 in.); high-pressure cylinder diameter, 57 mm. 
(2.24 in.); with a stroke of 400 mm. (15.72 in.), giving, 
thus, for the two compressors, 20.2 cub. ft. of free air 
per brake horse-power per hour, which, for a two-stroke- 
cycle engine, is very low, due probably in measure to 
the means of starting adopted. The valves and inter- 
coolers for the compressor are well shown in Fig. 4. 
The cooling-water and bilge pumps, each of 80 mm. 
(3.15 in.) diameter and 200 mm. (7.78 in.) stroke, give 
7 gallons per brake horse-power per hour of cooling 
water, or slightly less then is usual, on account of 
the good cooling surface obtained with the design of 
cylinder-head adopted. 

Spiral gearing is generally adopted for driving the 
valve-gear of Diesel oil-engines, but a combination of 
spur-gear and connecting-rods, or spur-gearing alone, 
is sometimes used, more especially when the cam-shaft 
is in the mid-position vertically. For the valve-drive 
of the Savoia engine, eccentrics and eccentric rods 
alone are used, each set of two cylinders has two 
cam-shafts—one at the front and one at the back of 
the cylinder-tops—driven by one eccentric each, that 
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DETAILS OF TWO-STROKE-CYCLE SAVOIA DIESEL MARINE ENGINE. 
CONSTRUCTED BY THE SOCIETA ANONIMA CANTIERI OFFICINE SAVOIA, CORNIGLIANO, LIGURE, ITALY. 
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is, two eccentrics at the forward end and two eccen- 
trics at the aft end, giving thus to the cam-shafts 
merely an oscillating movement. The drive for the 
cylinder scavenging-valves from the cam-shaft at the 
front of the engine is by links and cam-pieces, as 
rhown in Fig. 5 at G. For the fuel-injection valve 
adjustable cam-pieces are keyed to the cam-shaft at Z, 
and operate through levers and linkage upon the fuel- 
injection valve. 

Each cylinder-head has only two scaven ging and one 
fuel-injection valve, starting being effected by means 
of the scavenging-pumps with starting air at a pressure 
of 70 to 100 lb. persq. in. This starting air is con- 
trolled by the piston-valve C, Fig. 3, actuated by the 
shaft D bon the manceuvring-wheel O through the 
rod N. The starting air is supplied to the manceuvring- 
valve C by the valve contained in the casing J, con- 
trolled also from the manceuvring-wheel O. The 
scavenging-air piston-valves, of course, distribute this 
starting air until the engine picks up on fuel. 

For the supply of fuel there are two pumps B, shown 
in detail in Figs. 8 to 12, and, as with most of the other 
features of this engine, these fuel-injection pumps do 
not follow orthodox lines. The pump itself, it will be 
seen, is controlled by a cam, and the plunger is pro- 
vided with a strong spring. Each of these pumps 
serves two cylinders. The pump-plungers have each 
a diameter of 21 mm. (0.83 in.) and a stroke of 18 mm. 
(0.71 in.). 

The suction-valve is operated by link 
plunger in the usual manner, being — e of adjust- 
ment by the fine thread at the top of the controlling- 
rod X, and the fuel supplied to the engine is regulated 
by hand from the wheel Y through the shaft K, Fig. 3, 
and the link L, Fig. 9. As is usual, there are two 
delivery-valves for each pump. Means are provided 
for altering the lift of the fuel-injection valve through 
the linkage M, Fig. 5, and the reversal of the cylinder- 
head valves is carried out through the rods E, Fig. 3, 
and the fork F, Fig. 4, for the fuel-injection valve and 
similar for the scavenging-valves. 

Cylinder lubrication is effected by the Lentz pump 
R, Fig. 3, there being two leads to each cylinder, as 
shown in Fig. 5. 

The ~—s oil is led to the ace | pipes shown in 
Figs. 13 to 16, which do not corres to those in the 
general arrangement shown at A Fig. 3, but to a later 
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2-CYCLE ENGINE. 
Scale 1%im=111 Kgs. per Gn* 
Max Pressure ~ 470Lbs. per Sq. Inv. 
R.PM.=200 





design, in which the pipes lead the oil at a pressure of 
about 30 lb. per sq. in. to the piston-head. 

An indicator diagram, taken when the ship was 
light, and when, due to incomplete immersion of the 
propeller, the main engines were not running at full 

wer, is shown in Fig. 17, giving & maximum pres- 
sure of 470 lb. per sq. in., a mean effective pressure of 
110 lb. per sq. in., or an indicated horse-power of 520 
for the four cylinders at 200 revolutions per minute. 
Thus, assuming a mechanical efficiency of 73.2—the 
figure attained at the shop trials—the brake horse- 
power will work out at 380. The fuel-injection air 
pressure was 850 lb. per sq. in. for a Texas crude oil 
of 0.965 specific gravity. 

These satisfactory results are, no doubt, partly due 
to the good scavenging obtainable with the two eege 
cylinder scavenging-air valves fitted to each cylinder. 
In the cylinder head each valve has a diameter of about 
one-third the cylinder diameter, as shown in Fig. 7, 
Plate XVI. The fuel-injection valve, as will be seen 
from Fig. 5, is ——, offset from the centre of the 
cylinder, to permit of such large scavenging-valves, 
and the depth of the exhaust - porte, 100 mm. 
(3.94 in.), or 58 deg. of revolution (see Fig. 3), on 
each side of the bottom dead centre, will be 
noted. This arc of 58 deg. is especially large when 
it is remembered that the exhaust-ports extend all 
round the cylinder, and when, as already stated, the 
capacity of the scavenging-pumps is less than the 
normal. A further contributory cause to the high 
efficiency of the engines consists in the small com- 

ressors employed, the use of such small compressors 
Ghee made possible by the system of starting 
adopted, and the good balance achieved with this 
arrangement of engine. 





Tue Fraum Anti-Roiiinc Tanx.—We learn that a 
Frahm anti-rolling tank is to be fitted to the 21,000-ton 
steamer recently ordered from Messrs. Swan, Hunter and 
Wigham Richardson, Limited, by the Societa di Na 
zione Generale Italiana. This is the sixth vessel for 
South American trade to be thus fitted, and, includir 
other trades, brings the total number of comsmereial 
ships having these anti-rolling tanks 43 to 31, having an 
aggregate tonnage of 511,000. In ition, the system 
has been, or is being, fitted to various warships, with an 
aggregate displacement of over 260,000 tons. 








(GRTET 


Tue Society or Motor MANUFACTURERS AND TRADERS, 
Liwitep.—This Society informs us that His Majesty the 
King has graciously extended his patronage to the forth. 
coming International Aero, Marine, and Stationary 
Engine Exhibition, which is to be held at Olympia from 
March 16 to 21 inclusive. 


Tue Society or Enoinggrs (INCORPORATED).—At a 
meeting of the Society of Engineers (Incorporated) held 
on Monday, February 2, the premiums awarded for 
per published during 1913 were ted, and the 

resident for 1914, Mr. H. C. H. Shenton, delivered 
his presidential address. The immediate Past-President, 
Mr. Arthur Valon, M. Inst.C.E., presented the 
miums as below:—The President’s gold medal to Dr. 
Eric K. Rideal, for his paper on ‘‘ The Corrosion and 
Rusting of Iron ;” the Bessemer premium, value 5/. 5s., 
to Mr. Bernard L. Rigden, for his paper on ‘*‘ The South- 
Eastern Coal-Field ;” the Olarke premium, value 5i. 5s., 
to Mr. Gerald O. Case, for his ve on “* Accretion at 
Estuary Harbours on the Sou Coast of England ;” a 
Society’s premium, value 3/. 36., to Mr. Wm. Yorath 
Lewis, for his pew on “ The Tram v. Bus Controversy.” 
Mr. H. C. H. Shenton was then installed as President, 
and delivered his inaugural address. 





Tue Prosiem or THE THRUST-BEARING.—On Tuesday 
evening last a oper bearing this title was read by Mr. 
Henry rnton Newbigin, Assoc. M. Inst. C.E., before 
the Institution of Civil Engineers, The inefficiency of 
thrust-bearings, as compa with journal-beari was 
em gem out, ether ee its disadvantage, expectaly in 

igh-speed inery. comparison was made between 
Coulomb’s laws of friction and the late Professor Osborne 
Reynolds’s hydrodynamic theory of lubrication, and co- 
efficients of friction in i of various forms were 
given. The pe J , which the — ina pee mary wi 
ing changes from dry or greasy friction to ‘ect lubri- 
sig she comnd ere Ce Green cad ee 

r. mp Tower's ery of liquid pressure in 
the oil-film was described. Viscosity was defined, and 
the resulti _— formula was compared with the 
results of Mr. Tower’s and Professor Goodman’s experi- 
ments. The conditions necessary for the maintenance of 
liquid pressure in an oil-film were examined and defined. 

subsequent developments of Reynolds’s hydro- 
dynamic theory of lubrication were referred to, Mr. 
A. G. M. Michell’s formule for the resistance of lubricated 
gms surfaces were cited, the concluding with 
lescriptions of thrust-bearings commructed on Michell’s 
principle, with illustrations and the results of tests. 
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NOTES FROM THE NORTH. 
Iron Mark gatieeins aoe ae 
Glasgow -Iron Market.— u y morning 

market — and sellers’ prices for Cleveland warrants 
were steady at 50s. 104d. cash and 51s. 14d. one month, 
but easier for the three months position at 51s. 4 In 
the afternoon the business was limited to one lot of Cleve- 
land warrants at 50s. 10d. cash, with sellers over at that 
figure, and at 5ls. 0}d. one month, and 5is. 6d. three 
months. On Friday morning the market was still very 
quiet, and only 1000 tons of Cleveland warrants were done 
at 50s. 104d. cash and 51s. one month. At the close sellers 
quoted 50s. 10}d. cash, 51s. 14d. one month, and 5ls. 6d. 
three months. Idleness again prevailed in the afternoon, 
when the turnover consisted of 500 tons of Cleveland war- 
rints at 51s. March 4, and closing sellers named 50:. 11d. 
cash, 51s. 14d. one month, ard 51s. 6d. three months. On 
Monday morning, although the tone was firmer, there 
was no improvement in business. The dealings amounted 
to 1000 tons of Cleveland warrants at 503. 11d. cash 


and 5ls. 74d. three months, and sellers’ closing prices 
were 51s. . cash, 51s. 3d. one month, and 5ls. 8d. three 
months. he afternoon market was strong, and a sharp 


advance took place in Cleveland warrants. The turn- 
over was 3500 tons at 51s. cash, 51s. 8d. one month, 
and 52s. three months, and the session closed with sellers 
quoting 51s. 5d. cash, 51s. 8d. one month, and 52s, 1d. 
three months. A firm tone characterised the market on 
Tuesday morning, when 4500 tons of Cleveland warrants 
were dealt in at 51s. 44d. cash, 5ls. 5d. six days, 
51s. 74d. one month, and 523. three months. At the 
close sellers’ quotations were Sls. 5d. cash, 51s. 74d. one 
month, and 62s. three months. In the afternoon “7 
one lot of Cleveland warrants changed hands at 5ls. 9d. 
March 31, but the market continued firm, and closi 
sellers named 51s. 54d. cash, 51s. 84. one month, an 
52s. three months. en the market opened to-day 
(Wednesday), firmness again prevailed, and 2000 tons of 
Cleveland warrants were put through at 5ls. 9d. one 
month, and 52s. 1d. and 52s. 14d. three months. Sellers’ 
closing quotations were 51s. 7d. cash, 51s. 10d. one month, 
and 52s. 2d. three months. The afternoon market was 
strong in tone, and the deali amounted to 3000 tons 
of Cleveland warrants at 51s. 8d. cash, 51s. 9d. five days, 
523 and 52s. O4d. one month, 51s. 114d. March 11, and 
52s. J4d. three months. The session closed with sellers 
at ~ 104d. cash, 524. 144. one month, and 52s. 6d. three 
months. 


Sulphate of Ammonia. — The sulphate of ammonia 
market has remained fairly steady during the past week, 
aod the demand has been of a moderate nature. Prices 
are unchanged, and for prompt lots sellers quote 12/. 3s. 9d. 
per ton Glasgow, and 122. 5s. per ton Leith. 

Scotch Steel Trade,—The conditions in the Scotch steel 
trade continue to be rather brighter, and there is a 
greater inclination on the part of consumers to book 
requirements, with the result that prices have a firmer 
tendency. An increased demand for plates and general 
sections has been in evidence during the past week, and 
inquiries all round are of a most encouraging nature, 
both on home and oe coy account. Makers of struc- 
tural material report that active conditions still prevail, 
and that foreign buyers are ordering forward in con- 
siderable quantities. Steady employment is assured 
for some time. In the black-sheet trade there is 
again a little more business passing, and the outlook is 
brighter, although the price is unchanged at 7/. 7s. 6d per 
ton, less 5 per cent. Glasgow ; but for galvanised sheets 
the position is distinctly firmer, and the price is 5s. up, 
at 11/. 7s. 6d. per ton, less 2} per cent, delivered Clyde 
or equal. The official prices of the as:ociation show no 
alteration, but angles are firmer, and are called 5/. 12s. 6d. 
to 5/. 15s. per ton, less 5 per cent. local delivery. Export 
departments report a healthy inquiry from pe and 
many substantial orders have been fixed up of late. 


Malleable-Iron Trade.—The most important feature in 
the malleable-iron trade of the West of Scotland at 
present is the continued competition of the foreign-made 
article ; but, be that as it may, the local producers are 
experiencing a better demand, and are more steadily 
—. Inquiries are also better. The prices are 
unchanged, and are based on 6/. 17s. 6d. per ton, less 
5 per cont., for ‘‘ Crown” bars, local delivery. 


Scotch Pig-Tron Trade.—Scotch pig-iron makers are 
fairly well employed at present, and outputs are goin 
steadily into consumption, with very little being stocked. 
The current inquiries represent a healthy business, and 
if actual dealing follows, then considerable activity will 
result. The number of furnaces in biast still remains at 
sixty-six. Scotch hematite is stronger, with the price 
now called 65s., but business is rather slow. The follow- 
ing are the market quotations for makers’ (No. 1) iron :— 
Olyde, 69s. ; Calder, Gartsherrie, Summerlee, and Lang- 
loan, 693. 6d. (all shipped at Gl w); Glengarnock (at 
Ardrossan), 71s. ; Shotts (at Leith), 69s. 6d. ; and Carron 
(at Grangemouth), 70s. 


Scotch Shipbuilding.—The year 1914 has certainly 
started very well indeed in the shipbuilding industry 
in Scotland, and although the record output of last 
year may not be equalled, there is every pane ane of 
active conditions for some months to come. number 
of new contracts reported lately makes quite a t- 
able tonnage, and when added to the 
hand, the present outlook is not so gloomy as some would 
like to make it appear. During January the output 
from the various yards amounted to 19 vessels, of 30,812 
tons, and of that total the Clyde shipbuilders launched 
11 vessels, of 22,272 tons. The latter is quite a fair aver- 
age tee Che See of January, and is a long way ahead of 
the same month last-year, when the total was 9755 


previously on | 4), 
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at t is the existing depression in the freight market 
and the consequent poor demand for tramp steamers. 
Among contracts just reported are the ty Nore 
—— William fiamitton and Co., —, ‘ort 
asgow, & superior type cargo steamer, for forei 
owners, to be fitted with twin-screws ; and the Clyde 
Shipbuilding and Engineering Company, Limited, a 
steamer for which they will also supply the engines and ma- 
c One or two orders have been booked by Tay firms, 
and work in that district is fairly satisfactory at present. 
Blastfurnacemen’s W: 
MacLeod, C.A., Glasgow, has reported to Messrs. James 
C. Bishop and James Gavin, joint secretaries of the 
Board of iliation between the owners of blastfurnaces 
in Scotland and the blastfurnacemen as to the price of 
Scotch eye warrants in the Gl w market for the 
months of November and December, 1913, and January, 
1914, as a result of which there is a fall of 5 per cent. in 
© wages of the workmen. 





INTERNATIONAL RuBBER CONGRESS AND EXHIBITION, 
Batavia.—We have received from the Committee of this 
and Exhibition, which is to be held in Batavia, 

Java, from September 8 to October 10, a guide for 
visitors, which contains information con i 





tons. One fact of importance which cannot be over 


cerning 
journey, and points out the importance of the points 
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In the accompanying diagrams each vertical line represents a market day, and Zeach horizontal line 
represents ls. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 1l. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to 801b. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per hox of T.C. cokes. 


‘ages Reduced. —Mr. John M.|4 


the|the names of upwards of 100,000 firms of 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
~ (Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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that are to be dealt with in regard to rubber cultivation, 
production, pre tion, and trade. The presitient of the 
committee for the United Kingdom is Mr. H. I. J. Maas, 
Consul-General for the Netherlands, London. A map of 
Java and plans of Batavia and of the exhibition grounds 
are given. 





Sett’s Drrecrory or RsGISTERED TELEGRAPHIC 
AppreEssEs, 1914. London: The Business Directories, 
Limited, 166, Fleet-street, E.C. [Price 25s. net.]—This 
irectory, compiled and issued by Mr. Henry Sell, gives 
the inland abbreviated telegraphic addresses of the official 
Post Office lists, and, in addition, wherever possible, gives 
also the telephone numbers. The volume is divided into 
numerous sections. The first gives entries under the 
names of firms, with their telephone number and tele- 
gre hic addresses. This is divided into two sub-sections, 
ing respectively with London and the country. The 
next section, similarly sub-divided, gives oe 
addresses, with an index number, so that the name of the 
firm may be found. A third section gives firms classified 
according to trades, while a fourth gives colonial and 
foreign addresses. At the close there is a ‘‘Too Late” 
list, giving alterations up to January 1. We may mention 
that the trade list contains 3000 classified ings and 
the United 


Kingdom, so that the value of the book is apparent. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Now that the London 
coal- ’ strike has been settled, South Yorkshire 
supplies of house coal have been released, and deliveries 
have been brought up to date. The London selling price 
is still 1s. ahead of the Sheffield figure. Sheffield is 
getting a la of the output, while a big tonnage 
1s going into consumption in the country districts. 
Steam coal occupies very much the same position as it did 
last week. It is perhaps a little weaker, but neither mer- 
chants nor producers evince anxiety. If the production 
continues to be in excess of the demand only to the 
present extent, there is no doubt that matters will assume 
a brighter aspect in the early spring. The local indus- 
trial demand is satisfactory, icularly so far as the 
heavy trades are concerned. | producers are well 

laced for new business, especially on foreign account for 

ter a Slacks are a and —_ i 
beginning to make an appearance. A good supply o! e 
meets with a fair demand. Quotations :— Best branch 
hand-picked, 16s. to 17s.; Barnsley best Silkstone, 14s. 
to 15s. ; Derbyshire house, 12s. to 13s. ; Derbyshire best 
brights, 11s. 6d. to 12s. 6d. ; best large nuts, 93. 6d. to 10s. 6d.; 
small nuts, 9s. 6d. to 10s. 6d. ; Yorkshire hards, lis. to 
12s.; Derbyshire hards, 10s. to 1ls.; rough slacks, 
7s. to 8s.; seconds, 5s. 6d. to 6s.; smalls, 3s. to 4s. 


Iron and Steel.—Producers still hold the position of 
command in the raw-material market. The shortage of 
hematite, due to the damping down of a number of 
furnaces, is making itself more seriously felt day by 
day. A few makers are putting extra furnaces into 
blast, but the output still falls short of the demand, 
and having completely exhausted stocks, many manu- 
facturers are being seriously inconvenienced. To some 
extent makers are recouping themselves for their losses 
of the preceding two months. They are fairly con- 
fident that they will shortly be in a position to secure 
the rene of contracts at figures appreciably 
than now obtain. They are therefore not offering much 
encouragement to those consumers who are willing to enter 
into forward business, and are united in their refusal to take 
anything below current prices. png consumption 
of pig-iron is satisfactory and is likely to mark a further 
expansion if the market retains its steadiness. The 
improved manufacturing demand is more than sustained. 
Local steel-makers have this week made substantial pur- 
chases. Basic iron has figured more largely in the latest 
orders. The South Yorkshire bar-iron trade Ly to 
be going from bad to worse. There is no relief from 
Continental pressure, while underselling by makers in 
other districts, and icularly in the Midlands, is con- 
spicuous. The Derbyshire pipe foundries are in for a 
run of business, and are working at full pressure. 
Steel-billet makers hold a slightly improved position. 
Quotations fluctuate, but the medium figures are 6/. 15s. 
for Siemens acid quality, 67. 103. for Bessemer acid billets, 
5l. 10s. for basic billets, and 5/. for soft basic billets. 
The armament shops are employing their full produc- 
tive capacity, but new business in railway steel is less 
plentiful, though makers have sufficient work on hand to 
ensure regular work for some time . The ship- 
building yards have placed further big orders with local 
makers of forgings and castings. n — > 
slightly more active, but is still below the normal. Big 
calls are being made upon the heavy engin trades 
by iron and steel makers for new plant. The don 
builders’ dispute has come at a particular unfortunate 
time for the local stove-grate trade, which for a lengthy 
eS has been the reverse of robust. The wide demand 
or iron work for picture palaces is one of the most cheer- 
ful features. Despite prophecies of an early slump, the 
situation in the general steel trades gives no cause for 
anxiety, and if the output is not on a record scale, it is 
larger than before the boom period. The dominant 
tone is one of quiet confidence. The saw trade is pickin 
up. For steel tools the demand has quite outstrip 
the capacity for production. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MippLEsBRouGH, Wednesday. | 
The Cleveland Iron Trade.—The pig-iron market is 
cheerful in tone, and there is a fair amount of business 
passing. Buyers are coming forward, and quotations are 
moving steadily upward. Producers of pig are now 
fairly well , and several firms are not pressing 
sales, believing that they are likely to obtain better 
terms later than those at present ruling. The ste tistical 
situation is healthy, and is likely to be better in the near 
future. Cleveland pig-iron now realises higher prices 
than have ruled since the end of October last. No. 3 
g.m.b. is fully 52s. f.o.b., and, in fact, that is rather a 
buyers’ than a sellers’ price ; No. 1 has become 54s. 6d. ; 
No. 4 foundry, 51s. 6d.; N: 
mottled and white iron 
delivery, 3d. to 6d. 2 
on forward account. East Coast hematite pig is steady 
and firm. Some sales of mixed numbers are reported 
to have been made to Sheffield customers at round 
about 70s. 6d. at Sheffield, which is just about 
equivalent to current quotation Both makers and 
merchants quote mixed numbers here at 62s. 6d. for early 
delivery, and 63s. for forward business. A fair amount 
of business has been done in foreign ore, and there are 
substantial inquiries in the market. Market quotations 


are based on 18s. ex-ship Tees for Rubio of rd red cent. | 5000 k 
been made at rate. 


uality, and several sales have 
6 freight Bilbao-Middlesbrough is down to 4s. Coke 
values are falling. Consumers consider the reduced rates 





asked too high, and are holding off in the confident 
belief chat they will be able to make contracts at below 
ruling prices. There are sellers of average blast-furnace 
coke at 17s. 6d. delivered at Tees-side works, and, as a 
matter of fact, contracts have been made at a little below 
that price. Foundry coke for shipment from 21s. 
. = har and gas-house coke is in the neighbourhood 


Shipments of Iron and Steel.—The shipments of iron 
and steel from the Tees during the month of January 
were on a fairly satisfactory scale. Those of pig iron 
averaged 3440 tons TT working-day, the total despatches 
being returned at 89,451 tons, 77,728 tons of which went 
from Middlesbrough and 11,723 tons from Skinni ve. 
For the previous month, the loadings reached 103,445 
tons, or a ew | average of 3978 tons, and for the corre- 
sponding month a year ago the despatches were given at 
86,268 tons, or an average of 3317 tons per working day. 
Of the iron cleared at Skinningrove last month, 11,183 
tons went to Scotland, and 540 tons to Holland, and of 
the iron shipped at Middlesbrough, 41,373 tons went 
abroad, and 36,355 tons coastwise. Scotland, as usual, 
was the largest buyer, taking 19,635 tons ; whilst Wales, 
received 8850 tons ; France, 8348 tons; Italy, 8233 tons ; 
Denmark, 3920 tons; Belgium, 3870 tons; Germany— 
once the largest customer—3713 tons ; — 3617 tons ; 
and Sweden, 3239 tons. The shipments o manufactured 
iron amounted to 15,769 tons, of which 8303 tons went 
abroad, and 7466 tons coastwise ; and those of steel to 
48,708 tons, 45,537 tons going abroad, and 3171 tons to 
home customers. As usual, India was the largest buyer 
of manufactured iron, taking 2891 tons; Victoria was the 
largest receiver of steel, importing 12,804 tons ; and other 

customers for steel were :—India, 8881 tons; the 
Argentine, 6139 tons ; and New South Wales, 5257 tons. 


Manufactured Iron and Steel.—The manufactured iron 
and steel works continue to be busily employed. Con- 
structional work is also busy, and fair orders are being 
received from different parts of the world. An order for 
7000 tons of rails for the Nizam’s Railway has been re- 
ceived by the Cargo Fleet Iron and Steel Company, and 
the North-Eastern Railway Company has divided an 
order for about 20,000 tons between Messrs. Bolckow, 
Vaughan and Uo., the North-Eastern Steel Company, the 
a Se Company, the Skinningrove Iron Company, 
the w Hematite Company, the Workington Steel 
Company, and Walter Scott and Co. Prices, which are 
unaltered, stand :—Common iron bars, 7/7. 10s.; best bars, 
71. 178. 6d.; best best bars, 8. 5s. ; ing iron, 6. ; 
iron ship-plates, 6/. 15s. ; iron ship-angles, 7/. 10s. ; iron 
ship-rivets, 7. 15s. ; iron girder-plates, 71. 5s. ; steel bars 
(basic), 6/. 15s. ; steel bars (Siemens), 62. 15s. ; steel ship- 
plates, 67. 10s. ; steel ship-angles, 6/. 2s. 6d.; steel boiler- 
plates, 7/. 15s.; steel joists, 6/. 12s. 6d.; steel strip, 62. 15s. ; 
steel hoops, 7/.—all less the customary 24 per cent. dis- 
count; cast-iron columns, 7/. 7s. 6d.; cast-iron railway 
chairs, 4/. 5s.; light iron rails, 7/.; heavy steel rails, 
61. 10s. ; steel railway sleepers, 7/. 5s.—all net at works ; 

vanised corrugated sheets, 24-gauge, in bundles, 11/. 5s. 
-0.b.—less 4 per cent. 


Iron Trade Statistics.—The returns of the Middles- 
brough Chamber of Commerce for the year ended 
December 31, 1913, show that at the beginning of the 
present year there were within the port of Middlesbrough 
52 blast-furnaces in operation, as compared with 61 at 
December 31, 1912. During the last quarter of the year 
the production of pig-iron in Middlesbrough was esti- 
mated to have been 6!0,000 tons, of which 350,000 tons 
were Oleveland iron and 260,000 tons hematite, spiegel, 
basic, and other special irons. For the previous quarter 
the output was 667,000 tons, 407,000 tons being Clevelend 
pig and 260,000 tons hematite, &c.; and for the last three 
months of 1912 the make was 650,000 tons, of which 
374,000 tons were Cleveland and 276,000 tons hematite, 
&c. The production of pig iron last year was estimated 
to have been 2,701,000 tons, 1,566,000 tons of which were 
Cleveland and 1,135,000 tons hematite, &c., as against 
2,180,000 tons, 1,364,000 tons being Cleveland and 816,000 
tons hematite, &c., for the previous year. The output 
for 1913 was the largest ever known in the Cleveland 
iron trade. Imports of foreign ore into Middlesbrough 
during last quarter reached 552,392 tons, as com with 
549,211 tons during the previous quarter, and 578,813 tons 
during the fourth quarter of 1912. The imports for 1913 
amounted to 2,297,586 tons, as inst 1,980,260 tons for 
1912. Last year’s imports were arecord for the Tees. 
The total value ‘— other than coal and coke ex- 

rted to foreign colonial destinations from Middles- 

gh during the last —— of 1913 was 2,616,451/., or 
150,946/. less than for vious quarter ; but for the 
year the total value of exported was a record, the 
amount being 11,630,008/., as against 10,242,263/. in 1912, 
which was the previous record for the Tees. The ship- 
ments of coal and coke from the Tees during the past 
ear amounted to 42,702 tons, which is the lowest total 
‘or @ number of years past. 





Oonrraocts.—The Bradford Corporation have peed a | mence 
ited, 


contract with the Adnil Electric Company, 
London, for a 5000-kw. turbo- tor set. 
The set is to have a continuous output of kw. at 
0.8 qo oe turbine is of the wae pases 
or steam at per sq. in. pressure, superhe: 
ib deg. Fahr., and will exhaust into a condenser with a 
vacuum of 28 in., with the barometer at 30 in. The alter- 
nator is of the three-phase type, wound for 6000-6600 
volts, 50 cycles, whilst the normal load of the turbine is 
w. tor is being so designed that it 
will safely de 7500 kw., or 9875 k.v.a., without 
angérous overhwating, and the of the combination 
1 be 1500 revolutions per minute. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—Although some steamers were delayed by 
feisty teeppngan thong laheur auihocle 

rly » top) roug t difficulties at 
two  Tireries checked the output to some extent, and 
this had a steadying influence. Some inquiry had been 
noted for large steam coal for early shipment, but there 
has been comparatively little forward business, A good 
demand has prevailed for smalls at firm prices. House 
coal has shown no alteration, and patent fuel has also re- 
mained stationary. The best Admiralty large steam coal 
has made 18s. 6d. to 19s. ; the best qualities have 
brought 18s. to 18s. 6d.; other secondary descripti 
17s. 6d. to 18s. ; best bunker smalls, 11s. to 11s. 64; and 
ae. 7s. 9d. to 8s. td. per ton. The best household 

has been quoted at 19s. 9d. to 20s. househo! 
at 17s. to 18s. ; No. 3 Rhondda 
smalls at 12s. to Sey ton. 
realised 14s. 3d. to 9d. ; 

made 8s. 3d. to 8s. 9d. 
has realised 27s. to 28s. ; 


ore, Rubio has brought 18s. to 18s. 6d ton, upon 
basis of 50 per cent. of i ree i 
freight, insurance, &c., to i 


$ 


have been supplied with molten me e Goat Mill 
has been occupied upon finished-steel rails, tin bars, 
billets, steel ingots, &c. Big Mi turned out a 


Alexandra Docks.—The directors of the Alexandra 
(Newport and South Wales) Docks and Railway Company 
announce that the balance available for dividend for the 
past year, after payment of debenture interest, is 114,286/. 
Of this sum, the directors have decided to place 3773/. to 
revenue for the cost of new works and special renewals, 
and 16,0001. to reserves, leaving a balance of 94,5130. 
Dividends at the rate of 44 per cent. and annum are pro- 
posed on the “A” and “B” preference stocks, and 
12,2761. is to be carried to the credit of 1914. The expen- 
diture on capital account for the past year amoun to 
128, 5652. capital expenditure on works in progress, 
but at present unproductive, is returned at 825,061/. The 
new expenditure of 1913 (128,565/.), included 15,9671. 
— the company’s railways, 7476/. u docks and 
wharves, 03,9597. upon the new lock entrance, &c. 
The estimated capital expenditure for the current year is 
180,0002 receipts on revenue account from all 
sources in 1913 were 357.460/., while the working expenses 
of the year were 206,921/., leaving a profit for the twelve 
months of 144,532/. 


Cardiff Railway.—The dividends declared upon the 
ordinary shares of the Cardiff Railway Company during 
the five years 7 with 1913 inclusive have been as 
follows :—1909 and 1910, 3 per cent. per annum; 1911 
2 per cent. per annum ; 1912, cent, per annum ; an 
1913, 1 per cent. perannum. The dividend for 1912 was 
reduced sharply by the serious coal-miners’ strike in that 
year. 





Gop in Russra.— According to official statistics, there 
were, in 1912, in the nr mining district 303 gold- 
washing concerns, of which, however, only 58 were in 
operation. Inthe course of 1912, 282 new claims were 
—— The during that year were 74 poods 
(36 Ib.), the bulk of which was from gold-carrying quartz. 

Tue Copper Market.—In their monthly report, dated 
the 2nd inst., Messrs. James Lewis and Son state that, 
influenced by a reduction of the Bank of England dis- 
count rate from 5 to3 per cent., and by a uction in 
the rates of seven other State banks, resulting in a won- 
derful advance in the values of all stocks and shares, 
Standard copper, after falling from 65/. 2s. 6d. to 62/. 10s, 
for cash on the 14th ult., recovered to 65/. 17s. 6d. on the 
30th ult. Closing values on the 2nd inst. were 66/. Bs. 
cash and 66/. 10s. three months prompt. Sales for the 
month amounted to about 32,000 tons. A fair business 
was done in American electrolytic copper down to 14 cents 
pe pene and 65/. per ton c.i.f. for wire bars, at which 
evel manufacturers were induced to purchase more freely. 
In sympathy with the advance in standard, values had 
since improved, with moderate buying, to 14} cents and 
681., which was but little above the relative value of 
standard. The ar ~ of = em ep ions 
were ucing about tons of ingot co 
a The devel ore reserves of the B 
Copper Company (Chile) were stated to exceed 100,000,000 
tons, which could be operated at a net profit of over 
2 dols. per ton ; and those of the Chili Cop ny 
to amount to over 200,000,000 tons, containing over 2 per 
cent. of copper. The initial mili plant of the latter com- 
pany will have a daily capacity of 10,000 tons, and the 
electrolytic plant of 60,000 tons (2000 lb.) of copper per 
annum when completed. A new smelter was abou 
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and Gotch, Limited, Melbourne; ; Brisbane; 
Turner and Henderson, Sydney, N.8.W. T. Willmett and 
Co., Ti ille, North Qu land. W. C. by, Adelaide, 
South Australia. Melville and Mullen, Melbourne, Victoria. 
Avserais-Huncarry, Vienna: Lehmann and Wentzel, Kartnerstrasee. 
Bexroium: E. F. Satchell, 45, Avenue de Terneuzen, 
Cawapa, Toronto, Ont.: Wm. Dawson and Sons, Manning Chambers. 
Montreal! : , Limited, 302, Shaugnessy Building, McGilbstreet. 
Epinsures : John Menzies and Co., 12, Hanover-street. ay ~ 
France, Paris: Boyveau and Chevillet, 22, Ruede la ue. For Pp 
and Advertisements, brairi 1, 53 Quai des Grands- 





NOTICES OF MEETINGS. 


Tue Brrrish FouNDRYMEN’S ASsOcIATION : LANCASHIRE BRANCH. — 
Saturday, February 7, at 4 p.m., at the Municipal School of 
Technology, Manchester. A paper will be given by Mr. E. L. 
Rhead, F.1.C., Manchester, entitled ‘‘ Steel versus it Iron for 
Castings,” to be followed by a discussion. 

Tas InstirvTion oF MagcuanicaL Enornesrs.—Monday, Feb- 
ruary9,at8p.m. Graduates’ lectureon “ Breakdownsof Stationary 
Engines,” by Mr. Michael Longridge, Vice-President. All classes 








ve ie B. Tigno! 
Advertisements, Agence Havas, 8, Place 
de la Bourse. 


Gunmary, Berlin: A. Asher and Co., 13, Unter den Linden. .«ipzig: F. A. 
Brockhaus. Mulhouse: H. Stuckelberger. 
Guiascow : William Love. 
Inp14, Calcutta: Thacker, Spink and Co. Bombay: Thacker and Co., Ltd. 
Iraty: U. Hoepli, Milan, and any post-office. 
Mrs. Taylor, Landing Stages. 
John Hey , 143, Deansgate. 
and Gotch Proprietary, Limited, Wellington, Auckland, 
marek. 


3 er's Boghandel, Car! Johans Gade, 4] and 43. 

Rorrzrpam: H. A. Kramer and Son. 

Sovrm Arica: Central News Agency, Limited, Head Office—Johannesburg ; 
and Pretoria, Cape Town, Port Elizabeth, Bl fi Durban, 
and their various b hb oughout South Africa. 
Also Cape Town : William Dawson and Sons,31, Long-street. 

Tasmania: Gordon and Goteh Proprietary, Limited, Ladnceston ; Hobart. 

Unsrrep Starzs, New York: W. H. Wiley, 482, Fourth Avenue. 

Chicago : H. V. Holmes, 957-958, M ck Block. 
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and 
Norway, Christi 




















The oc for advertisements is three shillings for the first four 
lines or under, and tpence for each additional line. The line 
ave seven Payment must accompany all ordere 
for single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the 
and on the inside may be obtained on tion. The 
are 12 in. deep and 9 in. ie, divisible inte cr ohemset tte. 
in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week's issue must be delivered not later than 
5 p.m.on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. 


SUBSCRIPTIONS, HOME AND FOREIGN. 





“* ENGINEERING” can be supplied direct from the Publisher 
post free, for twelve months, at the following rates, payable in 


bers are invited to attend lecture. 

Tue Surveyors’ InstiruTion. “4 February 9, at 8 =. 
A paper will be read by Mr. Frank W. Hunt (Fellow), entitled 
“* Notes on Value as Applied to Real Estate.” 

Tus IxetiTuTION OF Post Orrics ELecrricaL ENGINEERS.— Monday, 
February 9, at the Institution of Electrical En Mr. F. 
Addey will lecture upon ‘‘ A Modern Post Office Wireless Station.” 
eel paper announced for that date, by Mr. L. B. Turner, cannot 

ven. 

Tus Roya Sanitary Instrrvre.—Tuesday, February 10, at 

7.30 p.m., at the Institute, 90, Buckingham Palace-road, 
a | Edward VII. Welsh National al 
Pont-y-Wal, South Wales,” by Mr. Edwin T. Hall, F.R.LB.A., 
followed by a discussion on “‘The Cost and Construction of 
Sanatoria under the Insurance Act.” Mr. David Davies, M.P., 
in the chair. 

Tus InstirvTion or Civi, Exoinsers.—Tuesday, February 10 
at 8 p.m. r to be read :—‘*The New Harbour Works a 
Dockyard at Gibraltar,” by Mr. Adam Scott, M. Inst. O.E. 
Students’ meeting, Friday, February 6, at 8 p.m. Paper to be 


read :—‘‘ Ancient Surveying,” by Mr. R. ©. 8. Walters, Stud. 
Inst. C.E. Professor S. M. Dixon, M A., B.A.1., M. Inst. O.E., 
will occupy the chair. Students’ visit, Wednesday, February 11, 





to the motor works of Messrs. D. Napier and Son, Acton Vale, W. 

Tue InstTiTUTION oF AU zs E ednesday, 
February 11, at 8 p.m., at the Institution of Mechanical Engineers, 
Storey’s Gate, St. James’s Park, S.W. Mr. A. E. Bennett, of the 
Bosch Magneto Company, will read a paper entitled “‘ Magneto 
— 





ASSOCIATION OF ENGINEERS -IN- CHARGE. — Wednesday, | PO 


February 11, at 8 p.m., at St. Bride’s Institute, Bride-lane, 
Fleet-street, E.C. A paper will be read by Mr. T. J. * 
on “* Heating of Buildings by Low-Pressure and Exhaust Steam.” 
Mr. Kenneth Gray, M. San. I., in the chair. 

Tus Roya. Socisrror Arts.—Wednesday, February 11, at 8 p.m. 
“*The History of Colour Printing,” by Mr. R. A. Peddie, librarian 
of the St. Bride Foundation Typosts ical —y * Mr. Edgar 
L. Waterlow, M.A., will preside. ursday, February 12, at 
4.30 p.m. Indian Section. ‘‘ Khorasan: The Eastern Province 
of Persia,” by Major Percy Molesworth Sykes, O.M.G., C.LE. 
The Right Hon. Lord Newton will preside. 

Tas LystirvTion oF ELecrricaL Eneinseas.—Thursday, Feb- 
ruary 12, at 8 p.m. ‘“‘Some Railway Conditions Governing 
Electrification,” by Mr. Roger T. Smith, Member. 

Tue PuysicaL 1eTY or Lonpon.—Friday, February 13, at 
8 p.m. The annual general meeting will be held at the 
Imperial og of Science, Imperial Institute-road, South 


advance :— pe -\ ‘ — 4 p peoenteion of reports — 
A election of officers an uncil, the following papers 

wae nererece a os read :—(1) “On the Moving Coil Ballistic Galvanometer,” by Mr. 

Thin per copies &1 11 6 ($7.65 R. LL Jones, M.A. (2) “On Vibration Galvanometers of Low 

Hindle iiagiatalllibaaiasateoas £1 16 6 (38.7 Effective Resistance,” by Mr. A. Campbell, B.A. (3) ‘“‘ Vacuum- 

For all other places abroad— ar Tight Lead Seals for Sealing-in Wires in Vitreous Silica and other 
Thin r copies £116 © Glasses,” by Mr. H. J. 8. Sand, Ph. D., D.Sc. 

Thick lh Arete £2 0 6 Tus Roya. Lystirution or Great Britain.—Friday, February 13, 

ee | ee re at 9 o'clock. rse by Professor J. Norman Oollie, Ph.D., 

When f subscriptions are sent by Post-Office Orders, | LL.D., F.R.S., on “‘ Production of Neon and Helium by Electric 

advice should be sent to the Publisher. Discharge.” Afternoon lectures next week at 3 o’clock. Tuesday, 

Foreign and Colonial subscribers receiving incomplete copies | February 10. Professor William Bateson, M.A., D.Sc., F.R.8., 

thi h newsagents are requested to communicate the fact to the | Fullerian Professor of Physiology, R.I., on ‘‘ Animals and Plants 

Publisher, together with the agent’s name and address. under Domestication.” (Lecture IV.) Thursday, February 12, 
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TECHNICAL RESEARCH. 


In a recent presidential address to the American 
Chemical Society, Mr. A. D. Little emphasised the 
importance of research work in industrial opera- 
tions, and if the term be rightly interpreted, few 
The term 
‘*research” is, however, a much-abused one, and 
by chemists, at any rate, is generally made to cover 
not only investigations of fundamental importance, 
such as those of Willard Gibbs into chemical and 
aymeens equilibsium, but also mere measurements 

y some third-year student of, say, the refractive 
indices of a series of compounds, work, which, 
ibly 7 valuable, could be equally 

by a grocer’s apprentice. In 
fact, measurements as fully entitled as these to be 
classed as research are made as a part of the daily 


1} routine at every glow-lamp factory, where candle- 


powers are measured and checked by girls knowing 
about as much of optics as a cow does of the 


7 calculus. 


In common parlance, the term ‘‘ research” is 
accorded to any investigations made in a specially- 
equipped laboratory, and by a special » whilst 
it is refused to, perhaps, more fundamentally 


go | 0Tiginal and intrinsically more valuable work 


carried out in the drawing-office or in the works 
with roughly-improvised apparatus. Mr. Little 
was less eclectic than this in his own use of the 
term, and included amongst research workers those 
ingenious mechanics who have developed agri- 
cultural machinery, or such useful devices as the 


Westinghouse brake and the methods and instru- 
ments associated with the electric telegraph. With 
this view, though it is not the commonly-accepted 
one, we fully agree. A draughtsman who schemes 
a new lay-out for a machine-shop, or a mechanic 
who ‘‘ practicalises”” a machine-tool, is, in fact, 
more truly engaged in research work than a chemist 
who shows, say, that in a certain organic com- 
pound one halogen may replace another. 

If, however, theterm ‘‘research” be interpreted on 
this comprehensive basis, we think few will be pre- 
pared to concede to Germany the ae eegye <e in 
research which Mr. Little claims for her. Such a 
claim is defensible only when the term is limited, 
we might almost say degraded, to cover laboratory 


‘| work solely, often partaking largely of a routine 


character. Undoubtedly much very valuable work 
has issued from German laboratories, but it can 
hardly be claimed that any undue proportion of the 
many great advances made in various departments 
of applied science during the past few years have 
thus originated. The Diesel engine, for instance, is 
balanced by the telephone, and incandescent gas- 
lighting by the electric glow-lamp. 

It seems to us that research work of value can 
generally be divided up into two classes. In the 
first place, pioneering researches, in which the man 
is everything, and the equipment relatively unim- 

rtant. Behind these pioneers come, however, a 
whole army of other investigators, who, by patient 
and intelligent industry, develop the regions opened 
out by the men of superior genius. Research work 
of this second kind leads often to very valuable 
results. Itis, however, largely a matter of expendi- 
ture and organisation, ee can almost be bought 
in the open market, as if it were a material com- 
modity. The labour is often very prolonged and 
the expense very great, so that the credit for the 
results achieved appertains as much to those bold 
enough to finance the work as to those who make 
the actual observations and measurements. 

Mr. Carnegie was, we believe, the first steel- 
maker in America to employ a works chemist, and 
he has stated that the venture proved highly profit- 
able, since it was found that by purchasing ore by 
analysis, rather than by reputation, very large 
economies were realised. No one, however, would 
contend that great insight into chemical theories 
and physical facts is needed for the analysis of an 
iron ore. Care, industry, and average intelligence 
are the main essentials, and such qualities are not 
ew uncommon, whilst genius is seldom on 
sale, 

Though in one part of his address Mr. Little 
seems to take, as stated, a comprehensive view as 
to what constitutes research, in much of it he 
would at heart appear to have most sympathy with 
the kind that can be organised in a works labora- 
tory, and he makes a special plea for more work of 
this character. 

Much undoubtedly can be effected in this way, but 
as to how far the system should be extended depends 
very largely on the nature of the industry involved. 
We gather that chemists find that in the chemical 
trades new ideas can be completely and satisfac- 
torily tested in a works laboratory. One of our 
leading cotton-manufacturing firms has also found 
an organisation of this character to be highly profit- 
site, tates established many years ago lavishly- 
equipped experimental works in which new ideas 
are thoroughly investigated. Nothing, however, 
is published as to the results attained. If a pro- 
posed innovation pa satisfactory tests, it is 
adopted quietly and with as little publicity as pos- 
sible. As a consequence, when the daily Press 
expatiates on some remarkable improvement in 
textile methods as having been recently introduced 
abroad, it is the case, more often than not, that the 
identical device has been in commercial operation 
for years past in the factories of the firm in ques- 
tion. Other British firms pursue a similar policy, 
carrying out a very large amount of research work 
of this kind, whilst saying as little as possible about 
it. Sheep-dip makers, for instance, investigate, 
both in their laboratories and on the spot, the life- 
history and course of development of insect 
from ver part of the world, but none of them 
advertise the fact. 

The organised research laboratory is not, how- 
ever, so well adapted to the art of engineering 
as to some other industries, though even here it 
may unquestionably prove at times quite valuable. 
Ite drawbacks have a twofold origin. In the first 

engineering is an art rather than a science. 
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Ets exponents are to be classed with other creative 
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minds, and only the routine portion of their work 
can safely be delegated to others. One of our most 
progressive engineers has refused for this reason to 
establish in his works a research laboratory for the 
solution of such difficulties as may arise. The man 
who has encountered the difficulty generally knows 
more about it than he can put into writing, or transfer 
to another in any other way. He is therefore, in 
this engineer’s view, the proper man to find the 
solution, and he is accordingly encouraged to ex- 
eriment himself. The system in question has proved 
highly successful, but no doubt there are also cases 
where certain investigations can properly and con- 
veniently carried out on the lines advocated 
by Mr. Little. A striking example of highly valuable 
work conducted in a factory research laboratory is, 
in fact, afforded by the history of the tungsten- 
filament lamp. The number of cases in which 
satisfactory solutions of engineering problems can 
be found in this way is, however, limited by the 
circumstance that engineering is concerned quite as 
much with dynamics as with statics. Laboratory 
tests may quite easily show the capabilities of a 
new metallic filament lamp or the value of a new 
dye-stuff, but in more truly mechanical matters the 
test of service is often the only really reliable 
one. The original Lee-Metford rifle, for instance, 
triumphantly through the most searching 

tests that those responsible for its design could 
conceive of, but a very few months’ service showed 
that Mr. Thomas Atkins devised without difficulty 
much more trying ordeals for the weapon, and 
Mark I. was in consequence very rapidly superseded. 

Most of our e firms take v great pre- 

cautions to secure the thorough reliability of a new 

roduct before definitely placing it on the market. 
fn very many cases, however, it is absolutely neces- 
sary that the novelty shall be tested in actual service, 
me | it is not always either convenient or possible 
to effect this at the maker’s works. The machine 
is therefore tested by special arrangement with a 
customer, and is neither listed in a catalogue nor 
otherwise advertised till this, the final, test is com- 
pleted. 

Considerations of this kind greatly restrict the 
applicability of organised research work in the 
field of mechanical engineering, and, as one conse- 
quence, the openings offered to students from 
technical colleges are less promising than they are 
in many other departments of industry. Many such 
students do indeed find work on the test-beds of 
manufacturing firms, only to discover after a year or 
two that such duties offer no prospect of advance- 
ment, and add very little to their knowledge of 
engineering. In one case, after spending some 

ears at the test-bed of a firm of steam-turbine 
Puilders, an ex-student had not even learnt the 
essential differences between a reaction and an 
impulse turbine. Such matters were not included 
in the curriculum of his college at the date of his 
graduation, and he had added little or nothing to 
this ignorance by his years of testing. 

Experience in research work is often made a 
sine qua non for the holding of the professorial 
chair at certain of our universities, and if the 
word ‘‘ research” be interpreted in a sufficiently 
liberal and comprehensive manner, the condition is, 
we think, a wise one. In many cases, however, the 
conduct of a few experiments on lubrication or on 
elastic moduli will be counted as research, though 
the experimenter may have displayed no deep 
knowl of engineering and physical principles, 
and be quite incapable of giving material aid to 
the advancement of the art. He would, however, 
on the above basis, be preferred to a competitor 
who had never made a laboratory experiment in 
his life, but had been in res ible charge of, say, 
the bridge department of a firm. 

On the other hand, there are men of exceptional 
ability in really original r who have not the 
gift of commending themselves to students, and 
who fail accordingly to teach anything to any but 
a few exceptional men. At the same time they 
may do such good work in the study as to more 
than outweigh their class-room deficiencies so far 
as the world at large is concerned, unfortunate as 
matters may be for the average student. It is 
important that work of this character should be 
done, but the difticulty is to reconcile the claims of 
abstract technics with the not unnatural demands 
of the average British parent. A university should 
certainly promote the former, but as teaching is also 
one of its functions, undergraduates have a right to 
demand that their interests shall not be wholly 
sacrificed to the claims of research. 








SAFEGUARDS AGAINST ACCIDENTS 
IN FOUNDRIES. 


Tue Home Office propose to enforce new regula- 
tions with a view of preventing accidents in the 
moulding-shops of iron and steel foundries, and 
although these may in some degree conduce to the 
desirable end in view, there is always the danger 
that these regulations will tend to undue reliance 
being placed on mechanical provision, imstead of 
upon a greater measure of care on the part of 
the workers. The question of the need for 
safeguards was raised in the report of a Depart- 
mental Committee on accidents in all factories, 
and a rec¢ dation was made that certain 
general observations should be considered by 
a conference of representatives of trade unions 
associated with ironfounding and employers’ repre- 
sentatives, along with some of the inspectors of 
factories. The result of this conference has been 
agreement on many safeguards; but as these can, 
as a voluntary agreement, have no legal binding 
force, it is pro by the Home Office to promul- 
gate regulations under the Factory Act of 1901. 
An interesting point about the various negotiations 
was the marked difference of opinion, even amongst 
representatives of the moulders and ironfounders, 
due in some measure to the difference in shop- 
practice in Scotland and England, and in to 
differences in the estimates of efficacy of the pro- 
posals made by the Departmental Committee referred 
to and by factory inspectors. 

Daring 1912 accidents in foundries occurred 
to 3045 workers, according to the reports of certi- 
fying surgeons. Of those injured 1848 were 
moulders, the others being labourers generally. Of 
the total number of accidents, 1236 were due to 
escapes of molten metal from ladles, bogies, 
moulds, &c., 597 to the pouring of molten metal, 
355 to the catching of molten metal, and 107 to 
tapping furnaces. hen thus analysing the causes 
of accidents no attempt was made to determine how 
many were due to avoidable causes or to careless- 
ness ; but 183 were attributed to damp ladles and 
moulds. A rtion—more than twe- 
thirds—occur between the hours of 3 and 6 o’clock 
in the afternoon. 

The first point considered at the conferences had 
reference to the lighting of shops. It is well- 
known that in former days the foundry was, as a 
rule, the worst lighted department in an engineer- 
ing factory, due not only to deficiency in the extent 
of glazing, but to the dirtiness of the glass, and also 
to the nature of the work hindering the reflection 
of light. All this, however, is being rapidly 
changed. ess in moulding-machines and 
methods has necessitated in many cases entirely 
new foundries and moulding-shops, and these 
invariably have exceptionally favourable natural 
lighting. It is being more and more recognised 
that this is an aid 1 Fe —* — 
Regulations regarding lighting may thus ren- 
dered unnecessary. Proposals were made to fix 
as a minimum ratio of window to floor area 
1:10, but at present the actual ratio in many foun- 
dries is less ’ 1: 4, while in the new shops it is 
as high as 1:1. In some cases, indeed, with a 
roof entirely glazed and with side lighting, the 
window area even exceeds the floor area. The idea 
of keeping the windows and walls clean was 
generally accepted, but both employers and opera- 
tives objected to the proposed ny brushing 
down of walls mer . As to artificial lighting, 
Mr. D. R. Wilson made certain investigations, and 
placed a report before the Conference. His 
conclusions were that ‘‘ no foundry shall be deemed 
to be adequately lighted unless the illumination 
intensity, measured on a horizontal e 1 ft. 
above the floor-level, does not fall below 
0.3—0.4 foot-candles over any in which work 
is being carried on, or over which any person is 
liable to pass.” This is carrying ision to a 
remarkable extent ; the determination as to the 
** foot-candle unit” in any foundry can scarcely be 
said to be a matter within the range of the 
moulder’s accomplishments. There is at t 
sitting a departmental committee to consider the 

estion of artificial lighting of all workshops and 
Repesies generally. It was therefore decided to 
make no recommendation on this subject in the 
meantime, either for natural or artificial lighting. 
It is doubtful if this is at all necessary, because 
adequate lighting is such an im t factor in 
the efficiency of “ shop that the matter might 
very well be left to the employer. 








The second point put forward by the Depart- 
mental Committee on Accidents has reference to 
the habit of laying plates on the foundry floor 
between lines of rails. This, it was suggested, was 
dangerous, because hot metal falling on the plates 
splashed, and caused burning accidents. The 
splashes, too, formed into balls, and on iron plates 
such balls rolled under the feet of the workers and 
caused falls, with oe possibility of grave 
danger. The [advantage of such iron plates as 
gangways between the rails or under the furnace 
spouts was accepted, and the operatives at the Con- 
ference were in most cases not dis to to 
their being dispensed with. It was therefore decided 
that no recommendations should be made for their 
removal, but all were agreed that the practice of 
keeping the plate dry should be thoroughly enforced. 

e question of the tapping of furnaces occupied a 
considerable amount of time at the Conference, and 
opinion was divided. With reference to the use of 
hand-ladles under the furnace-spout, there was a 
proposal that this should be prohibited, but no 
agreement could be come to on the question, so that 

timately it was decided to make no regulation on 
the subject. It was decided, however, that persons 
under sixteen years of age should not be allowed 
to carry hot metal, and that where metal has to be 
carried across an open space a clear way, dry and 
covered where practicable, should be provided be- 
tween the cupola and the part where the casting took 
place. It was felt, however, that it should not be 
essential to erect a covered way in all cases, because 
in some districts the metal has to be taken across 
a thoroughfare, and in other cases across a yard 
where carting operations are going on or where 
cranes are in use, so that it would be impracticable 
to erect covered ways. Rules were proposed insti- 
tuting the testing examination, annealing and regis- 
tration of chains. These are to follow generally on 
the lines of similar rules in force in dock regula- 
tions, with the exception that 4-in. or smaller chains 
-y to be a every twelve months instead 
of every six mon as was originally proposed. 
In order to obviate the overcrowding “ia it 
was agreed that e-ways between rows of 
boxes, through which the metal has to be carried, 
should not be less than 18 in. clear. 

One of the subjects which gave rise to extensive 
discussion had reference to the protection of the 
feet of the workers from burning accidents, due to 
hot metal getting into their boots. The recom- 
mendation was made that close-fronted boots 
should be adopted by the workmen. It was 
pointed that out of 1296 hot - metal accidents 
reported during the first six months of 1912, 898 
were injuries to feet or to the lower part of the 
leg. The difficulty, however, in connection with the 
provision of sound boots is as to who should pay for 
them. As boots in any case must be worn, and as 
little extra cost is involved in ensuring that they 
shall be of such a nature as to exclude hot particles 
of metal, it would seem as if the wages of the worker 
ought to be debited with this necessary article of 
wearing apparel. An important point, however, 
was raised by three of the societies who sent repre- 
sentatives to the Conference. They opposed a new 
regulation on this point chiefly on the ground that 
members, if they did not use protection, might be 
subject to penalties and to possible loss of work- 
men’s compensation in case of injury. This latter 
point throws a peculiar side-light on the attitude 
generally of the trade-union mind. No attempt was 
made to determine who should provide the boots, 
and thus no agreement was come to, but, notwith- 
standing this, the Home Office proposed regulations 
containing a clause that ‘‘ adequate tection .or 
the feet should be provided and maintained in proper 
order and repair, for the use of all persons employed 
in any part of a foundry where molten mn | is 
caught, carried, or poured. It should consist either 
of closely-fitting boots constructed without lace- 
holes or other openings in which molten metal can 
lodge, or of spats, flaps, or other appliances fitting 
closely above the ankles, and covering all such 
openings in the boot, shoe, or clog worn by the 
worker. Every person employed in any part of a 
foundry where molten metal is caught, carried, or 
poured, should, while at work, constantly wear the 
protection for the feet specified above.” There 
was agreement as to the provision of antiseptic 
—- for wounds and burns at each factory. 

Finally, the result of the Conference was agree- 
ment on eed pews but as such agreement could 
not be enfo under existing law, the only way 








to make the terms compulsory was to embody 
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them in a set of regulations under Section 79 
of the Factory and Workshop Act, 1901. His 
Majesty’s Superintending Inspector of Factories 
for the South-Western Division, Mr. Gerald Bell- 
house, has therefore put forward recommendations 
for regulations, all of which we have already referred 
to. The only points he enforces which were not 
agreed to unanimously by the Conference have 
reference to the reannealing of smaller chains every 
twelve months instead of every six months, and 
the provision of protection for the feet. The only 
other important subject on which no agreement 
was come to had reference to lighting, and that, 
as we have said, is a condition so essential to the 
interests of employer and worker that it will itself 
work its cure satisfactorily. 





MOTOR FUELS AND ALCOHOL. 
In spite of all experiments, committee reports, 
conferences, and lectures on alcohol as motor fuel, 
the question of the use of alcohol in automobiles 
does not advance much. The question has been 
before us a long time, and when a new paper on 
‘* Motor Fuels with Special Reference to Alcohol ” 
is announced, the engineer is entitled to look for 
some novel information as to the point to which 
especial reference is made in the title. Asa rule, 
however, he finds more about natural hydrocarbon 
fuels, their dearth, and the way of obtaining hydro- 
carbons from other sources than natural oils, than 
about the actual use of alcohol, or the suitable con- 
struction of alcohol motors, in such papers. These 
remarks, we think, we may fairly say, also apply to 
a ay of the just-mentioned title which Mr. 
W. R. Ormandy, D.Sc., F.C.S., read before the 
Society of Arts, on Wednesday last. Two-thirds 
of his communication dealt with hydrocarbon fuels, 
one-third with alcohol, and most of that third was 
devoted to the production of alcohol. 

In spite of its restrictions, the paper was, how- 
ever, instructive in several respects, and matters 
were put very clearly. Some of the introductory 
statistical remarks were interesting. In 1904, the 
lecturer said, when he spoke on the same subject 
before the Royal Automobile Club, petrol was 
less than 1s. a gallon, and Lord Montagu then 
estimated that the 5 million gallons of motor- 
car fuel wanted in this country per year at that 
time might rise to 20 millions. But in 1913 this 
country alone consumed nearly 100 million gallons 
—that is, 20 million gallons more of this fuel 
than in the preceding year; the London motor- 
omnibuses consumed 15 million gallons per annum, 
and the taxi-cabs probably little less. From 
private inquiries he found that the approximate 
yearly output of motor-cars in the United States 
might now be put at 550,000 ; those engines would 
require something like 150 million gallons of petrol, 
or 5 million tons of oil per annum to meet the fuel 
demand of, say, 300 gallons per car, At that rate 
the natural oil-wells could not but become exhausted, 
and other sources of petrol had to be looked for. 
The works had been the chief other source 
for the supply of ‘‘coal spirit,” using this term 
to denote the volatile fuels produced by coal dis- 


tillation. Some 20 million gallons of benzene might | as 


possibly be gained by stripping coal-gas ; but such 
processes would probably lead to the production of 
another type of gas. 

Passing to by-product recovery coke-ovens, Dr. 
Ormandy stated that a ton of coal coked in such 
ovens would yield from one to four gallons of coal 
spirit, and the United Kingdom might gain 30 mil- 
lion gallons per annum if the whole of the metallur- 
gical coke were produced in such ovens. In Belgium, 
the average of hard coke production in these ovens 
had, since 1908, been 76.5 per cent. of the weight 
of coal used. In Germany the by-product coke-ovens 
had actually displaced municipal gas works, and 
the illuminating gas sold in the Ruhr district had 
practically doubled every year since 1908, being 
400 million cub. ft. in that year, and 5600 mil- 
lion cub. ft. in 1912 ; that gas could not be 4 
of its benzene, however, without losing its illumi- 
nating power and 2 per cent. of its worki wer. 
The Birmingham Corporation had likewise installed 
by-product recovery ovens to provide coke for metal- 
lurgical furnaces ; the gas was added to the supply 
obtained from the ordinary retorts. Water-gas 
plants did not pay at present, because the crude 
oil wanted for its carburetting was too expensive. 
Cheap slacks could be burned in Mond gas-producers, 
the gas obtained employed for heating the gas-retorta 
of coal distillation, and as much Mond gas mixed 





with the coal-gas as its low heat value would 
permit. Finally, it had been suggested that on 
the removal of the lighting standard for coal-gas 
the coal should be gasified and distilled in special 
types of producers, so that a somewhat poorer 
= of gas could be made at very low prices. 

ost of these and other suggestions, if practical, 
would, however, bring more coke on the market, 
and there was already a slump in coke prices, 
and the metallurgical demand for coke had —s 
increased in this country during recent years. 
Much work, the lecturer proceeded, had been done 
in processes for the distillation of coal at reduced 
temperatures. But these plants required enormous 
capital, and it was inconceivable that products 
from this source would keep pace with the increas- 
ing demand for liquid fuel ; none of the sources so 
far discussed would be able to do that. 

As new possibilities, Dr. Ormandy men- 
tioned in the first instance the secret process 
of making a petroleum substitute, recently brought 
before the Franklin Institute by Dr. D. T. Day, 
chief of the Geological Survey of the United 
States. He then to alcohol and to the 
experiments which he himself had conducted on 
behalf of Messrs. Iliffe, of the Autocar. These 
experiments, which we noticed on 665 of our 
issue of November 14, 1913, had demonstrated, at 
any rate, that on two types of modern petrol- 
engines as much power could be generated when 
running on mixtures of equal parts of benzene and 
alcohol, or even of two parts of alcohol to one 

rt of benzene, as when running on petrol. Assum- 
ing that methylated spirits could be burned in 
motors in admixture to benzene in the existing 
type of engine, modified slightly as to the car- 
burettor, there was at once the possibility of 
trebling the amount of fuel which could be obtained 
from coal alone. This statement brought Dr. 
Ormandy to his last subject—the production of 
alcohol. That Germany had not pushed the spirit 
motor more than it did, although it had recognised 
its possibilities years ago, was partly due to the 
circumstance that Germany exported ‘more motors 
than it made for its own markets, and that it had 
hence no special interest in perfecting motors rely- 
ing on a fuel which was only to be found with- 
in its own boundary. That this statement was not 
correct years ago, and that it certainly is far too 
general at present, Dr. Ormandy’s other remarks 
sufficiently proved. The German alcohol manu- 
facture was a question of national economical 
importance, and the industrial alcohol was twice 
bounty-fed at the cost of duties imposed on alcohol 
used for potable purposes; the price of alcohol 
over there had considerably risen of late, moreover. 
In his further remarks on sources for alcohol pro- 
duction and the general aspect of the problem, Dr. 
Ormandy referred to the deliberations of the 
Imperial Motor Transport Conference which sat 
last August, and on which we commented at 
the time. Dr. Ormandy pointed out that the 
minimum modifications required for the existing 
types of motor to render them capable of econo- 
mically consuming alcohol mixtures should be de- 
termined. He also referred to creditable rumours 
to new, inexpensive methods of producin 
methyl alcohol (for denaturing ordinary ethy 
alcohol) as a possible important development of 
the alcohol fuel problem. But it would have been 
difficult to say much of novelty on the question of 
alcohol production and its use in internal-com- 
bustion engines, and further on excise restrictions, 
without bringing up new experimental evidence or 
information about the actual use of alcohol motors 
on automobiles. Such information he had not to 
offer. Yet his emphatic assertion that coal pro- 
cesses could not provide a way out of the motor- 
fuel difficulty deserves serious attention. 

Some of the speakers who took part in the dis- 
cussion dwelt rather on the amazing development 
of the motor-car industry and the difficulties of 
meeting the fuel demand—questions which are well 
understood by this time—than upon the immediate 
subject. Sir Boverton Redwood, who occupied 
the chair, quoted some startling fi from the 
Times of February 3, 1914. By the —— of 
this year, it was there stated, over 440, motor 
vehicles were in use in the British Isles; nearly 
1700 were being added every week. The first cost 
spent upon those motor vehicles now in existence 
was about 120,000, 0001., the fuel cost 8.5 million per 

ear, and the total i cost amounted to 
74,000,000l.,and would ag y rise to 100,000, 0001. 
by the end of this year; Sir Boverton spoke hopefully 





of the cracking experiments going on, and deprecated 
gloomy forebodings. Mr. e strongly recom- 
mended the cultivation of sugar beetroot asa source 
for alcohol, as well as on account of its general 
advantages. In Norfolk, 15 tons of beetroot were 
raised per acre, at a net profit of 5l. per acre ; more 
cattle could be fattened on such land, more labour 
was wanted, and distilleries could be erected at 
much smaller cost than sugar works. 

Mr. Thomas Tyrer mentioned that a deputation 
of the Associated Chambers of Commerce was about 
to approach the Government on the alcohol excise 
question ; he deprecated taking such step now, 
before they had an unanswerable case to present. 
The authorities had not been hard upon the alcohol 
industry ; they had left the choice of a denaturant 
open ; there were many denaturants available, in 

dition to the pyridine bases used in Germany— 
e.g., bone oil, 4 per cent. of which would frighten 
even a man who had acquired a liking for 
methylated spirits. Professor Hele Shaw demon- 
strated, with the aid of two curves, that the petrol 
prices had risen even more rapidly than the petrol 
consumption. 

Mr. Walter Reid referred to Dr. Ormandy’s 
remarks on alcohol from wood-pulp ; the difficulty 
of that American process, Dr. Ormandy had stated, 
had been to construct suitable vessels in which to 
carry out the operations ; that difficulty had now 
been overcome, he believed. Why make alcohol 
first? asked Mr. Reid; why not reduce the 
wood directly to an impalpable, explosive powder ? 
In the cement industry a t saving had been 
effected by powdering the fuel. He doubted the 
advantages of beetroot cultivation for alcohol pro- 
duction ; sugar had three times the value of alcohol. 
Alcohol could, moreover, be produced from coal 
via calcium carbide and acetylene, and motors could 
be run on acetone. Dr. Ormandy had also men- 
tioned that no corrosion by alcohol had been 
observed in the German motors of 150 or 250 horse- 
power built for agricultural purposes, and that high- 
speed alcohol motors had not yet come into use there. 
Mr. Reid confirmed this; he added, however, that 
at the recent Alcohol Exhibition at Berlin he had 
heard complaints about corrosion and carbon caking 
in motors run continuously on alcohol alone. He 
considered that the Government should assist the 
experimental investigation of these problems. 

n replying to the discussion, Dr. Ormandy said 
that the beetroot cultivation for alcohol manu- 
facture was advantageous also in so far that, since 
alcohol consisted merely of carbon, hydrogen, and 
oxygen, the cultivation could, and should, so be 
conducted that the soil was not in any way 
impoverished. The law enforced that in Germany ; 
all the beetroot residue (Schlempe) had to be given 
to the cattle, and the whole manure from the cattle 
had to remain on the fields. Whether the sugar 
or the alcohol manufacture paid better was an 
industrial problem ; to run powerful motors on 
explosive wood-dust sounded a peculiar suggestion. 
In conclusion, he once more pleaded for more 
experimental research on alcohol motors. 





THE DEVELOPMENT OF THE 
VACUUM FLASK. 

Tus year’s series of Friday evening discourses 
at the Royal Institution was opened on January 28 
by Sir James Dewar, who lectured on ‘‘ The Comin 
of Age of the Vacuum Flask.” The lecture, he said, 
concerned an instrument whose invention and com- 
bination had been originated in the laboratory of 
the Institution, and which had become of world- 
wide use. 

In order to show the audience at a glance the 
changes which the vacuum flask had effected, Pro- 
fessor Dewar exhibited photographs of his lecture 
table of 1892, and of the two following years, 
when experiments with liquid oxygen had been 
shown. e apparatus of 1892 looked bulky and 
complicated with their jackets for the circulation of 
liquids and gases, and with the enormous ——_ 
of pipes ; but by 1894 the apparatus had assu rm 
simpler form. In order to prevent heat-losses and 
the influx of heat, which was a particularly serious 
source of trouble in experiments at very low tem- 
ratures, two means had been resorted to—evacua- 
on of the jackets and metallic mirror coatings for 
their inner walls. A vacuum supplied the most 

‘ect insulation against heat convection and con- 
uction, and the metallic mirrors best reflected 
heat coming from outside, and diminished radiation. 
By com these two expedients the heat leak- 
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ages had been reduced to 2 per cent. of what they 
were under ordi conditions. 

The first difficulty, Sir James explained, had 
been to obtain a suitable vacuum. The empty 
space, the Torricelli vacuum, above the mercury 
column in the barometer, had suggested a first way. 
When the upper part of the barometer-tube was 
rubbed with a cloth dipped into liquid air, the 
mercury in the Torricelli vacuum was condensed 
on the inside wall of the tube, forming a black 
mirror, which slowly vanished again when the spot 
was warmed by ordinary friction. In one demonstra- 
tion Sir James made use of a spherical vessel pro- 
vided with a small bulbular projection below and 
a cup-shaped depression above. The little bulb 
contained mercury, and the vessel mercury vapour. 
When liquid air was poured into the cup, the inside 
of the cup became coated with mercury, and the air 
boiled quietly. In the earliest applications of this 
principle, two spherical vessels were sealed into one 
another, so that a ring-sha space, or jacket, 
remained between the two spheres; this space 
contained mercury vapour, the outer sphere being 
fitted with a little mercury bulb as just mentioned. 
Comparative measurements on the efficiency of 
vacuum vessels had been made by determining 
the amount of liquid air boiling away from them. 

Later on the inner walls of the vessels were 
coated with mercury or silver; the silvering was 
done by chemical reduction and might be effected 
by various chemicals ; but it was essential to have 
a bright mirror-like surface, not too thick, and that 
was the technical difficulty. The vessels need not 
be made of glass; quartz would be better even, 
because it could suddenly be heated and cooled ; 
for ordinary purposes, however, glass was sufli- 
ciently strong. Sir James then showed, by the aid of 
slides, vessels of various shapes as used at different 
times and for different purposes. When first expe- 
rimenting with liquid hydrogen, he had added a 
small spiral extension to the bottom of the flask to 
allow of its expanding, and large spirals were also 
seen in several of the vacuum vessels. But the final 
favourite shapes were the simple double-walled 
cylinder, and the ordinary flask with a tubular 
neck. Owing specially to the difficulties of 
the silvering, the vessels were of different merits, 
and it was almost time to standardise them. In 
order to demonstrate what the silvering does, Sir 
James showed one cylindrical flask which was 
silvered on one-half and not silvered on the other. 
Liquid air was poured into it, and a thermopile was 
brought close up to the flask. When the pile was 
opposite the bare half, the galvanometer was de- 
flected, because it lost heat to the cold liquid ; 
when the pile was opposite the silvered half there 
was no deflection. Another test was made by pourin 
hot water into an unsilvered and into a silver 
flask ; in the former case the galvanometer was 
deflected (in the o ite sense now), not in the 
latter. Curves exhibited showed that a five-litre 
jar, filled with boiling water, cooled down to 
60 deg. Cent. in 34 days, and had thus roughly 
lost half its heat in that period. The amount of 
liquid air evaporated from this flask was 12.5 
grammes an hour, or 8 per cent. per day, and only 
a trace of liquid was left on the twelfth day, the 
heat exchange per minute per square cm. being 
0.007 calorie. Smaller vessels, of course, lost rela- 
tively more than large vessels. 

Reviewing very rapidly then, by the aid of 
slides, researches which the application of vacuum 
vessels had rendered possible, Sir James showed 
apparatus for weighing bodies in liquid air and in 
the vapour above it, apparatus for liquefying air 
and hydrogen, and the appiratus by which Lard 
Rayleigh and he himself had determined the amount 
of hydrogen present in the air, for which purpose 
they had required 900 litres of air. Also, the appa- 
ratus designed for low-temperature spectroscopic 
studies. Ten years ago, Sie James continued, 
a further improvement had been secured in the 
evacuation of vessels and the separation of by 
the use of charcoal tubes oy into liquid air or 
hydrogen. Since then no further essential im- 
poem had been effected, though the vacuum 

ask had become popular under the name of thermo- 
flask. Sir James did not dwell upon the ordinary 
applications at all, but stated that British firms had 
not been willing to take up the manufacture of his 
vacuum vessels. The vessels had all been made 
abroad from the beginning, and were wonderful 
pieces of glass-blowing. The most recent vessels 
exhibited—cylinders, ers, &c., the upper rims 
of which were cvated with copper—came from 





Messrs. Biirger, of Berlin, we believe. With the 
help of charcoal calorimeter tests, the determina- 
tion of the amount of heat generated by radium at 
low tem tures, and the determination of the 
production of helium by radium had been effected 
—all subjects on which Sir James had lectured on 
former occasions. 

The lecturer then turned to the wonderful 
improvement of air-pumps which Dr. Gaede had 
recently realised in his molecular air-pump ; we 
illustrated this pump in our issue of September 19, 
1913.* The pump exhibited ran at 8000 revolutions 
per minute. To demonstrate its efficiency a large 
recipient and a long glass tube, about 6 ft. long, 
2 in. in diameter, were evacuated. When the 
molecular pump was turned on, the electric dis- 
charge would not pass ; soon a faint glow ap ‘ 
the colour became pink and reddish; then the 
green phosphorescent glow set in, and the discharge 
refused to pass, all within a minute. A demonstra- 
tion of the large volume of gas which the pump can 
deal with was given by joining a test-tube, in which 
liquid air was boiling, to the pump ; the evaporation 
was so lively that the remaining liquid turned into a 
snowy solid within three minutes ; two years ago Sir 
James had shown this experiment with the aid of 
charcoal and the most perfect heat insulation. He 
stated that the speed of the pump was about a 
tenth of the rate of the molecular velocity, and that 
the vacuum realised corresponded to a few mil- 
lionths of a millimetre. 

Professor Dewar next referred to his most recent 
work, the determination of the specific heat of 
elements and compounds at low temperatures, 
between 20 and 77 deg. Cent. absolute, the boiling 
points of hydrogen and ny range of 57 deg. 
Cent. He was conducting these experiments with 
the assistance of Mr. W. J. Green, B.Sc., who was 
in charge of the demonstrations, together with Mr. 
Heath. A weighted piece of the respective material 
was cooled to the temperature of liquid nitrogen 
in a quartz vacuum vessel, charged with liquid 
nitrogen, and then dropped into the calorimeter 
below, which contained liquid hydrogen ; the calori- 
meter had a capacity of 50 cub. cm., and an inner 
diameter of 3 cm. ; special precautions were taken 
to prevent splashing. The calorimeter stood in 
liquid hydrogen surrounded by Jiquid air. The 
volume of gas liberated by the heat of the speci- 
men, together with the known latent heat of liquid 
hydrogen and the mass of the substance, gave 
the required specific heat. Some sixty metals 
and metalloids, and also organic compounds, 
frequently in the frozen condition, had been tested 
in this way. Differences of pressure in the appa- 
ratus had very carefully to be avoided, of course. 
The calorimeter alone would give off about 8 cub. cm. 
of hydrogen per minute; the hydrogen evolved 
during the test with 1 gramme of lead amounted 
to 168 cub. cm., and with 0.35 gramme of (frozen) 
acetic acid to 282 cub. cm., so that reliable 
measurements could be made. At least two or 
three specimens, as a rule of about 1 decigramme 
only, were needed. Since the liquid hydrogen was 
valuable, and could not be stored long, a series of 
experiments had to be continued far into the night 
until the actual store of hydrogen in the calorimeter 
was exhausted. 

When the results of these experiments, Sir 
James proceeded, were plotted, it was seen that 
the curve of the atomic specific heats of the ele- 
ments was similar to Lothar Meyer’s curve of the 
atomic volumes. The atomic volumes of the solid 
element (atomic weight divided by specific gravity), 
when plotted as ordinates against the atomic 
— as abscisss, yielded a periodic curve, the 
peaks of which were occupied by the alkali metals 
lithium, sodium, potassium, rubidium, caesium ; the 
atomic volumes increased in the order stated, 
caesium having the highest value. The atomic 
heat was the product of the specific heat of the 
solid element and its atomic weight. A century ago 
Dulong and Petit pointed out that this product had 
the fairly constant value of about 6 for most ele- 
ments; but there were exceptional cases, which 
would partly agree, if the specific heats were not all 
taken at the same ordinary temperature, but some- 
times at lower and sometimes at considerably 
higher temperatures. For the average low tem- 
ane of 50 deg. Cent. absolute, Sir James now 
ound that the atomic specific heats of the elements 
were a periodic function of the atomic weights, like 
the atomic volume and most other properties of the 





* See ENGINEERING, vol. xcvi., page 379. 








elements, and depended upon the atomic volume and 
the elastic constant (the velocity of sound at that 
temperature). We may mention that Nernst and 
Lindemann, who have for some years been en- 

ed in investigations of atomic specific heat at 
ow temperatures with similar results, proceed by 
an entirely different method. 

This research, Sir James continued, had led to 
other work. They had determined the actual 
amount of gases present in the air, obtained from 
various sources hly condensed and old liquid 
air, rain-water, sea-water at different depths, deep 
wells, the soil, surface chalk, &c.), in order to find 
out in what condition the air there existed, and 
how much of it was not condensable at 20 deg. 
Cent. absolute ; the uncondensable portion of the 
air would consist of hydrogen, helium, and neon. 
They had, in some instances, found much more 
hydrogen than would be expected. Some of this 
hydrogen seemed to be introduced by the reagents 
used in the analyses, and they had observed that 
living organisms, man included, exhaled quantities 
of hydrogen, which, though very small, became 
considerable, because this hydrogen evolution was 
continuous. In these tests, the experimenter had to 
exhale his breath through water, which was rather 
trying. Mr. Green, who showed how it was done, 

roduced about 250 cubic cm. of hydrogen per 24 

ours, Sir James remarked, while he himself did 
not get above 100 cubic cm. But as all animals 
seemed to respire hydrogen, the question arose, 
what became of this hydrogen? Either it escaped 
continuously from our atmosphere, as had often been 
suggested, or it was slowly oxidised in the atmos- 
phere and came down again as rain; both these 
processes occurred probably. Thus, Sir James 
Dewar concluded, vacuum-vessel research had led 
him back into the alchemystic cycle of life. 








THE STRENGTH OF STAYED 
SURFACES. 

Tue theory of the strength of flat plates has 
never been wholly satisfactory from a practical 
standpoint. Within the limits covered by its pre- 
mises the mathematical theory. is, no doubt, reason- 
ably reliable ; but long before actual failure occurs 
the primary assumptions are materially falsified. 

The theory is based on the assumption that the 
deflection is always so small that the distribution 
of stress due to the load may be taken to be 
the same as if the deflection were zero. In other 
words, the theory assumes that the plate starts 
with a negative deflection, and becomes exactly 
flat under its full load. In actual practice the 
deflection before failure is always considerable, 
so that even were there no permanent set the 
primary assumptions would cease to be true, since, 
as is well known, a very moderate amount of 
‘*dishing” makes a very considerable increase in 
the resistance of a plate. Further, such plates 
are nearly always subjected to pressure in one 
direction only, so that the plate can take with- 
out injury a very considerable amount of perma- 
nent set. The only satisfactory method of pro- 
portioning such plates is therefore to utilise the 
ordinary theory merely to give the general form of 
the formula, and to fix the constants by comparison 
with what experience shows to be safe. This is 
the plan which has been adopted by Mr. C. E. 
Stromeyer, M. Inst. C.E., in a report just issued 
to the Manchester Steam-Users’ Association. In 
this he gives the constants for the strength of 
stayed plates, based on the review of over one 
hun explosions due to the failure of stayed 
surfaces, and on an analysis of many laboratory 
experiments. 

ncidentally, Mr. Stromeyer enters a protest 
against the somewhat perfunctory character of 
the Board of Trade reports, which are compiled 
much more with an eye to satisfying the demands 
of the populace in general rather than the needs 
of the expert. It is a commonplace that much 
more useful information can commonly be acquired 
bY the study of a single serious failure than 
of a hundred successes. The latter may yield 
no information whatever as to actual margin of 
security. It is therefore of the highest import- 
ance that when a failure does occur full advantage 
should be taken of it to secure data, not only as to 
the stress on the part which failed, but also as to 
stresses in ——— The Board of Trade, how- 
ever, caters mainly to the common clamour for a 
sca, However unreasonable this may be at 
times, it must be admitted that it is not without 
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some practical advantages, as has been shown by 
the very great increase in the number of boilers 
submitted for expert examination and insurance 
since the passing of the Boilers Explosion Act. 
The drawback arises when a failure of an 
unusual character takes place. It is then much 
more important to collect very thorough and 
complete data as to the conditions under which 
the disaster occurred than to find a culprit 
to be cast in costs. Mr. Stromeyer ints 
out that in times past, when the Manchester 
Steam-Users’ Association made a point of making 
a technical inquiry into all important boiler ex- 
plosions, the work was confined to one or at 
most two engineers, who did practically —s 
else, and thus became possessed of very speci 
and expert knowledge: as to what constituted 
the most instructive features of a failure. The 
Board of Trade, on the other hand, have adopted 
the plan of giving each surveyor a turn at con- 
ducting an inquiry. This system can hardly 
be economical, and much increases the difficulty 
of collecting from the results of each accident 
the data of the greatest technical value. The 
data analysed by Mr. Stromeyer raise the ques- 
tion as to whether present practice in staying 
plates is incapable of improvement. Apparently 
it is based largely on the results of experiments 
made after the explosion on the Thunderer in 1876. 
Failure of such plates may arise from a variety of 
causes. In particular, Mr. Stromeyer points out 
that with screwed stays, the hole, into which the stay 
is screwed, tends to open on the side on which the 
pressure is applied, so that the load may be largely 
transferred to a few threads at the extreme end of 
the stay. When the stays hold, the plates often 
show remarkable resistance, and he gives particulars 
of a boiler which had carried 70 1b. pressure with 
stays spaced at 5}-in. by 44-in. centres, although 
the thickness of the plate had been reduced to 
ss in. thick. The formula he suggests for the 
proportioning of stayed plates of 30-ton steel is 
- @ 

o= 5s 
where p denotes the pressure in pounds per square 
inch, ¢ the plate thickness in sixteenths of an inch, 
and D the diameter in inches of the largest circle 
that can be drawn without cutting the stay-bolt 
holes. Where washers are used, D, is to be 
replaced by the diameter of a circle which touches 
circles drawn round the stay-holes with a diameter 
equal to 


3 bre 
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where d denotes the washer diameter, ¢,, the 
washer thickness, and ¢ the plate thickness. The 
above formula gives the pressure at which the first 
permanent set may be expected. 





JAPANESE INSTITUTION OF NAVAL 
ARCHITECTS 

Tue Japanese Institution of Naval Architects 
carried out last November a more ambitious pro- 
gramme than on any previous occasion. Their 
meetings were spread over four days, November 14 
to 17, and the programme included ten papers, a 
dinner, and excursions. Sir P. Watts was ex- 
pected to be present, both at the papers and at the 
dinner, but was recalled to England a few days 
prior to the meetings. The principal excursion 
was that made to Yokosuka, to visit and make 
careful examination of H.I.M. battle-cruiser Kongo, 
recently arrived from Vickers’ Works in England, 
| a most successful voyage by the Cape of Good 


ope. 
The full list of papers read was as follows :— 


‘On the Use of Special Steel in Warships,” by Com- 
mander Y. Hi aval Constructor at Yokosuka. 
On Some tedoeee on Mild Steel and Special 
Steel Rivets,” by Commander Hiraga and Lieutenant 
Hashiguchi. 

““On Recent Studies in Connection with Rivets, 
Riveting and Riveted Joints,” by Lieutenant Y. Taji, 


tant Naval Constructor. 
Tanks,” by Dr. 
perial Universit: 
itsu Bishi 
Works at Kobe. : : 
Bureau, Department of unications. 


“On Rolling, and Anti-Rolling . 
Suyehiro, Professor of Naval Architecture, Tokyo Im- 
On Water-Tabe Boilers for Marine Purposes,” by 
Mr. M. Miki. engine-shop manager of the 
“On the Construction of Ships with Flanged Plates,” 
by Mr. K. Ota, Surveyor to the Mercantile Marine 
._ On the vation of Timber and on Bottom Paint- 
ing,” by Dr. T. Shiga. 





**On the National Flag and its Use in Ships,” by Mr. 
N. Matsunami. eid 


**On Vibrations of Ships and Instruments to Measure 
them ;” also 


“On a Rollingless, Pitchingless, and Waveless Ship,” 
both by Dr. Y. Yokota, Professor of Naval Architecture, 
Tokyo Imperial University. 

From Professor F. P. Purvis, of the Tokyo Im- 
perial University, we have received the following 
account of the proceedings :— 


JAPANESE Naval ProcGREss. 


In the unavoidable absence of Baron Akamatsu, 
the President, the chair at all the meetings was 
taken by Dr. S. Terano, Professor of Naval Archi- 
tecture, Tokyo Imperial University. In the course 
of the President’s address, read by the chairman, 
pcan poy anes with some 
approval, to Japan’s forward policy in rd to 
both the army pe navy. Dealing Vholly with the 
latter, it pointed out that ‘“‘the battle-cruiser 
Kongo has already arrived from Vickers’ Works, 
Barrow-in-Furness, and the sister-ships Kirishima 
and Haruna are on the eve of being launched, 
while the Hiyei is approaching completion. The 
Fuso, the most pound warship in existence, is 
to take the water early next spring. The day is 
at hand when great strength will be added to the 
Imperial Navy.” In speaking of the mercantile 
marine, the address pointed with gratification to 
the work of the year completed in the home ship- 
yards, instancing the Kashima Maru and Katori 
Maru, built for the Nippon Yusen Kwaisha’s London 
service, and the Anyo Maru, built for the South 
American service of Toyo Kisen K waisha, the largest- 
geared-turbine vessel at present afloat. ‘‘ The total 
number of ships launched this year (in Japan), 
war and mercantile, is over 190 ; tonnage, 120,000 ; 
while under construction are four Fusos, and some 
twenty steamers ranging from 1000 to 12,000 
tons ; the total tonnage in hand exceeds 220,000 
tons, breaking all records. On the other hand, 
during the past three years, a number of ships 
have been imported to meet our unprecedented 
activity of sea commerce; these egate 140 
in number and 430,000 in tons, all bought 
from abroad. Of these, seventeen ships, of 70, 
tons, are newly built. Thus in spite of Govern- 
ment protection we still seek the assistance of 
foreign builders for the supply of our new ships. 
The need for this state of matters, and the causes 
leading up to it, are at present under the considera- 
tion of a committee formed in the early part of the 
year. It is much to be hoped that the outcome of 
this committee’s investigations will be favourable 
to the development cf the shipbuilding industry 
within the country.” 


Tue Use or Spectra, Street 1x WARSHIPS. 


Commander Hiraga, in his paper on ‘*The Use 
of Special Steel in Warships,” summarised a good 
deal of his experience in the building of ree 
at Yokosuka, and described some special tests made 
by him on samples of the steel used, or suggested, 
during their construction. The stee)] tested was all 
supplied by the Imperial Steel Foundry in Kiushiu. 
The Japanese Navy Department requirements for 
the steel he gave as follow :— 


Japanese Government’s Specified Requirements for Steel. 


Nickel 
Steel 





( Ultimate tensile strength 
tons 
Elastic limit, not less 
than - tons 
Elongation per cent. in 
J Sin. notlessthan ..| 20 
Cold bends to 180 deg.; 
inner radius to thick- 


28-32 | 34-38 38-40 
20 
20 


Plates and 
bars (except 
rivet-bars 
Size of test 

jieces as for 

ritish stan- 
dard teste 


20 
18 


ness ~ 
Tensile strength 
compared with 
\ that of mild steel 


2 
1.29 
1.27 


- ua s|hCUWK 
min. 1 1.21 





mean 1 1.20 








The elongation obtained with his samples worked 
out as follows :— 


Mild Steel. 
25 per cent. 


High-Tensile Steel. 
Above 22 per cent. 


Nickel Steel. 
19.5 per cent. 

In practical working he found high-tensile steel 
as good in almost every way as mild steel ; it could 
be bent and joggled practically the same. Nickel 
steel was notso good, but good enough so long as the 
use of this material was restricted to decks and bulk- 
heads as at present. Experiments on elastic limit 
he found left some uncertainty ; yield-point was 


ride and decided; —_— 





more definite, and his tests gave the following 
ratios :— 
Mild Steel. 


0.58 to 60 


High-Tensile and Nickel Steel 
0.63 to 0.64 


Yield-Point 
Ultimate Strength 
Taking the yield-point of mild steel (in tons) as 
unity, the others gave :— 


High-Tensile Steel. 
Yield-point 1.29 


Young’s modulus he found to be :— 


Nickel Steel. 
1,87 


| Mild 














High- 
nail Tensile | Nickel 
| Steel. Steel. | Steel. 
Mean value of E up to yield-point in } 
tons per squareinch .. aa ..| 18,800 | 14,800 | 14,100 





For resilience up to yield-point and to breaking 
he found the following ratios :— 








High- 
| mila | Nickel 
—_— Tensile 

| Steel. Steel. | Steel. 
a ——————————— —— | 
To yield-point .. p.c.| 1.00 1.385 | 1.40 
To breaking point .. a 1.00 1,00 1.02 





Taking, for the latter, Sir Alex. Kennedy’s formula : 
Work done = 4 x extension (yield - point + 2 
breaking strength), he found this to agree with 
actual results obtained from the area of the auto- 
graphic diagrams. 

xperimenting upon the buckling of columns, 
of lengths varying from 12 to 26 ratio to the 
diameter, he found high-tensile steel and nic!<el 
steel nearly:40 per cent. stronger than mild steel. 
No doubt this advantage ually decreases with 
the increase of length of column, and finally all the 
three materials exert practically the same resistance 
to buckling when the columns are very long. As 
shell-plates, double-bottom plates, longitudinals, 
deck-plating, combined with planking, &c., may be 
cennied as columns of moderate length in the 
matter of resistance to buckling, this extra strength 
of high-tensile steel is a point in its favour. 

The Yokosuka practice was, he said, to drill the 
rivet-holes, or countersink full — of the punched 
hole, for thin plates ; to plane all edges both longi- 
tudinal and transverse ; drill all large holes; cut 
out the butt-straps by —— not by shearing, 
and then to plane; in cases where oxy-acetylene 
cutting was employed at least 4 in. had to be subse- 
quently planed or ground off. 

Commander Hiraga advocated, in the use of high- 
tensile steel, very t reduction of scantlings ; 
he gave the allowable maximum tensile and com- 
pressive stresses of high-tensile steel, com 
with mild steel, as 1.25 to 1.30; the moment of 
inertia of the section, if high-tensile steel were 
used throughout, would thus be reduced in the 
ratio 1:1.25 to 1:1.30. Deflection was greater 
when high-tensile steel was used, but not to the full 
ratio, as in no case was this material used along the 
whole — of the vessel. 

Cost at Yokosuka was given as follows :— 


in | Per Ten 





Per Ton 
— Breaking Yield 
eight. | Strength. | Strength. 
yen. yen. yen. 
Mild steel .. ee 101 3.4 6.0 
Plates{ High-tensile steel 144 4.0 6.8 
Nickel steel be 6.0 9.5 
Mild steel .. os 92 | 3.1 54 
Bare { High tensiic steel 1% a eS 


Taking “i as here given, and assuming high- 
tensile steel to be 20 per cent. stronger than mild 
steel, Commander Hiraga made several compari- 
sons, both for the latest type of battleship, and 
for a recent protected cruiser, to justify the use of 
high-tensile steel to a very considerable extent in 
both top and bottom members of the side girder. 
His figures showed a saving of at least 300,000 yen 
in cost, and 1050 tons in displacement for a battle- 
ship ; and 78,000 yen and 190 tons for a protected 
cruiser. This was when the stronger material 
was applied to both top and bottom members ; if 
applied to one member only, the gain was less. Figs. 
1 to 4, page 192, illustrate what he had to say in con- 
nection with the above savings. In the profiles the 
shaded portions show where the high-tensile steel 
was assumed in the alternative designs ; and in the 
sections the numbers represent the greater, or 
less, thickness employed when mild steel was used 
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in ratio to the thickness when high-tensile steel 
was ‘ 

In advocating the extended use of high-tensile 
steel, he advised caution ; for instance, that mild 
steel should not be used ‘‘in parallel” with high- 
tensile steel. If, for example, it were used for the 
cover-plates to a flange of high-tensile steel, the 
addition of this cover-plate would add little to 
the moment of inertia of the section; it would 
therefore have to take the same stresses as the 
high-tensile plates. He had made experiments on 
test-pieces compounded of equal sections of mild 
steel and high-tensile steel arranged in parallel. 
After the stress exceeded the yield-point of the mild 
steel, the elongation was no longer proportional to 
the stress, showing that beyond this limit the load 
was no longer equally shared between the two. 
The mild steel underwent, in fact, a permanent 
set long before the yield-point of the high- 
tensile steel was attained, and the high-tensile 
component was, in consequence, — materially 
overloaded. Caution was also needed for the 
proper stiffening of decks and bottom on the com- 
pression side; and in the consideration of the 
stress conditions at the corners of large es 
in the upper deck, and at other discontinuities. He 





Fig.2. 
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could not understand why, in modern practice, wide | 
liners were fitted to the water-tight floors and bulk- 
heads of armoured ships only below water. In 
almost all cases the — were — to a 
hogging moment probably as great as the i 
moment ; hence compensation for closely pitched 
rivets was required not only in the bottom, but in 
the top also. With sufficient caution exercised 
throughout, Commander Hiraga considered high- 
tensile steel entirely justified all reasonable ex- | 
pectations. | 
In the joint eee of Commander Hiraga and 
Lieutenant Hashiguchi on mild steel and special 
steel rivets, a good deal of the interest attached 
to the experimental results obtained with rivet 
bars, rivets, and riveted joints (single-riveted 
laps) ; and, further, to a comparison of strength 
resulting from the three principal modes of rivet- 
ing. It was explained that all the materials used, 
mild steel, high-tensile steel, and nickel steel, 
were supplied from the Imperial Steel Foundry in | 
Kiushiu; also that no special selection was made, 
the materials being those in ordinary use, and , 
tried under ordinary conditions, without reference 
to the temperature to which they were subjected. 
The rivet bars and rivets varied in diameter from | 
}2 in. to 9} in. for the bars; gin. to 1 in. for the | 
rivets; }4 in. to 1,'y in. for the riveted joints. 








Table I. gives the summary (in tons per square | 


inch) of mean results obtained (each figure being | 
the mean value of thirty-six results) :— 


Taste I.—Megan Resutts OptTaineD FROM TFSTS 
Hieu-Tenstte Stes, anp NickeL Sreet. 


BARS. 


RIVETS. 
REQUIREMENTS OF } L | @ a » A 
IupmaiaL Navy Depart- - z 2 & ao\e 2 

MENT. A = | 8 € = ; 3 : 

+ ‘ $ g = ae ae « _ 

° | — 9 

Rcagntion = | 3 z a - | - x3 a | : ta 

Tensile Per Cent. in | 3 2 $'/3 8 & 2 $; 2 

b.| 8 Diameters (3/8 | Bilgsg| 2 3 5 Bigi| 

Notlesthn &§ 8 | & S*|8 w& Bo Z 38 | a 
Mild steel .. 26-30 25 26.4 17.6 | $1.6 184 19.9 | 266 184 23 19.6 206| 24.0 
High-tensile steel 34.38 | 20 34.6 | 21.5 | 25.1 224 | 238) 354 19.7| 21.0) 25.2/ 26.1| 318 
Nickel steel .. 36-40 20 87.4 | 25.1 | 225 244) 25.7 | 39.9 25.2) 182 262) 28] 383 





The tensile strength of rivets given in Table I. 
was obtained from specimens finished to }-in. dia- 
meter. Elongation was measured, in all cases, on 
a length 8 times the diameter. 

Comparison of Hand, Pneumatic, and Hydraulic Riveting. 





Rivets. meaneen ~ — Joints, Single 
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Lieutenant Taji’s wd on riveted joints was a | 
very ambitious one, dealing with the relative advan- 
tages of mild steel and high-tensile steel for rivets | 
(both under ordinary structural conditions,and under | 
conditions of shock due to explosions), the relative 
advantages also of hand, pneumatic, and hydraulic 
riveting ; and also with the degree to which the 
rivets should be heated, the number of blows—or 
the hydraulic pressure—with which they should be 
closed, the angle and shape of the countersink, and 
still other matters. His investigations comprehended 
the chemical composition of the materials which he 
experimented upon, and their photo-micrographical 
appearance. The paper thus aimed at — 
whole field of desirable data. Among his definite 
conclusions were the fixing of the temperature at 
which it is best to finish a rivet, either in the course 


the | 


| 





from brittleness they were, he said, entirely free, at 
least if they had had fair treatment in working. 


Anti-Rotirne Tanks. 


Dr. Suyehiro’s paper on ‘‘ Rolling of Ships and 
Anti-Rolling Tanks” was in two written the 
one in Japanese and the other in English. The 
former dealt with the general discussion of the 
subject ; the latter in detail with the mathematical 
side, aiming, as was necessarily the case, at a 

tial treatment only of so important a subject. 

e started with the usual differential equation, 
representing the case of a ship rolling amongst 
sinuous waves, and subject to resistance ; in its 
solution he arrived at a value for the angle of 
ship at any time, consisting of two terms, the first 
of these expressing the free rolling, the second the 
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of its making or in its closing ; this he found to be 
650 deg. Cent. for mild steel, and 750 deg. Cent. 
fer high-tensile steel. The temperature—in the 
case of closing a rivet—represented that at which 
the rivet had been hammered, so as just to fill the 
hole or countersink. Mr. Taji’s experiments on 
shock caused by explosion were carried out on 
riveted steel nebo, 5 ft. by 5 ft. by 6 ft., subjected 
to a destructive explosive force from within. In 
addition to gen conclusions as to angle of 
countersink and fulness of rivet desirable to resist 





7. |Single Shear ccnp 
Hand. Poeumatic. Hydraulic. 
Mild steel .. .. 22.0 25.7 25.6 25.1 
High-tensile steel 26.3 33.8 $2.8 31.8 
Nickel steel ee 25.5 34.6 31.6 


29.6 


this sort of application of force, he found that high- 
tensile steel rivets might be thoroughly relied on ; 











forced rolling. He found, as is well known, the 
first term might vanish when the series of waves 
was uniform, and the ship then followed the wave 
with a certain lag. But since uniformity of waves 
was never met with, regular and periodic rolling 
could never be expected at sea. 

Hence (1) free oscillation was never eliminated. 
Although the uency of wave changed from wave 
to wave, it might — as constant during the 
passage of one wave ; the angle of ship was therefore 
determined by the equation for each particular 
wave. The value of the constants in the equa- 
tion, and the phase difference, were determined by 
the angular velocity of rolling and the angle of 
inclination of the ship at the moment the previous 
wave Lec pe passed and the new wave had arrived. 
(2) F oscillation was dependent on the passing 
wave, and was neither eliminated nor in . Dr. 
Suyehiro had confirmed these results by some model 
experiments, using apparatus having the same prin- 
ciple as Koenig’s resonance apparatus, employed 
in acoustics—a series of horizontal torsion pendu- 
lums of various periods. When placed in irregular 
waves it was found that the pendulum having the 
natural period of the model oscillated continuously; 
the pendulum synchronising with the wave also 
oscillated, one pendulum after another thus coming 
into action as the period of the wave changed. 
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Having traced the general aspect of rolling, Pro- stays are required, and the surfaces of contact | 


fessor Suyehiro proceeded to the investigation of 
the damping action of anti-rolling tanks. In the 
English paper he put his investigation into strictly 
mathematical form, and from his equations arrived 
at the following general conclusions :—No matter 
what the period of water in the tank may be, the 
resisted motion of that water has more or less effect 
in damping the free rolling. Forced rolling can 
only be wiped out by an adjustment of the tank- 


have sufficient area to allow four or eight of 
the 4-in. tubes to pass through. In subjecting 
the experimental headers to test, they were 
filled with water, suspended, and a shock applied; 
this shock produced no undue stress on the 
material. In an appendix a comparison was made of 


| two types of boiler which could be placed in a given 
_space—viz , the stokehole of a steamer of 1500 
| tons, built by the author’s company. The two types 


water period to suit the wave period ; without this | were respectively Scotch boilers (two in number) and 





the tank may bea menace totheship. In irregular | 


seas this adjustment becomes, if not a practical 
impossibility, at least a problem that has not yet 
found its solution. Again, unless forced rolling 
can be entirely obliterated, free rolling will always 
be present. 
the anti-rolling tank still leaves much to be desired. 


Marine Water-Tuse Borers. 


Mr. Miki’s paper on water-tube boilers for 
marine purposes pointed out some of the common 
defects in various existing types of water-tube 
boilers, and suggested the means of remedying them. 
He regretted that so many foreign-built water-tube 
boilers entered into competition with the home- 
made ; but did not wish to press his countrymen 
to use some of the unsatisfactory home-made 
boilers that were offered. The difficulties that the 
Japanese boiler-maker had to encounter included 
that of the importation of all the material that he 
used ; and further, in view of the small demand, the 
impossibility both of stocking material and of making 
special appliances and arrangements for the work. 
To meet these difficulties in some measure, Mr. Miki 
had himself devised a boiler, the marine type, which 
allowed existing machinery and ordinary workmen 
to construct it, and required nothing exceptional in 
its material. This boiler is illustrated in Figs. 5 to 8 ; 
it is made up of groups of tubes, nineteen of 3} in., 
or thirty-seven of 2} in., steel-drawn, straight, and 
of uniform length; the ends are expanded into the 
tube-plates. In each header, opposite the tube-plate, 
is the man-hole, through which the tubes can be 
drawn, some straight out and some with a slight 
angling ; the headers are connected by short tu 
4in. in diameter; these headers are pe to 
have a broad surface of contact, planed, and formed 
under hydraulic pressure; neither rivets nor 





boilers of the tube type (also two). Comparison of 

the features of these was given as follows (one boiler 

of each type being the basis of comparison) :— 

Comparison of Scotch and Miki Boilers for 1500-Ton 
Steamer. 


Hence in both theory and practice | —— 


Scotch Boiler, Marine 














12 ft. 3in. x 10 ft. Boiler, 444 Tubes, 
| Two Furnaces. 7. x 2) in. 
Heating surface 1375 eq. ft. 2440 aq. ft. 
Grate area 41.2% ,, . 90 
Pressure se 180 Ib. 200 Ib. 
Weight of boiler 34.5 tons 38 tons 
water 13.0 ,, 8 » 
Total .. 47.5 vy “6, 
Cost of material 5,591 yen 6,310 yen 
» wor oe 8,550 ,, 9, ” 
Total .. a 14,141 ,, 15,810 ,, 
Indicated horse-power 600 1130 


Tue ConstRucTION oF SHIPS WITH FLANGED 
ATES. 

Mr. Ota, in his paper on this subject, dealt with 
the Isherwood system of construction, and sought 
to make one more step in advance. Impressed 
with the advantages obtained by flanging, as 
already so fully carried out in several of a 
ship’s structure, he pro to flange the shell- 

lates, the deck-plates, and the plates of the inner 
ttom, and by this means obviate the necessity 
for the longitudinal frames which are a feature of 





the Isherwood system. Foreseeing some difficulty | allotting 


of workmanship, he recommended the use of special 
mild steel for the plates worked. The 
would, of course, be limited to the midship, 
parallel, portion of the ship, construction at the 
ends being of the usual form. A calculation based 


showed that a saving of weight might be effected 
and.the same strength obtained. Economy in cost 
of construction was mentioned by the author as 
one of the ends aimed at, but no figures were given 
by him to show that this very important object 
would be achieved. 


A Non-Rottne, Non-Prronine, anpD WAVELESS 
Suir. 


Dr. Yokota’s first paper was written in English. 





rocess | part 





upon the drawing of a ship o' the proposed type 


It gave a bold conception of a ship of the future, 












































designed to have minimum resistance, and, at the 
same time, natural immunity from those move- 
ments which at present are most distressing to the 
traveller and detrimental to utility. For unlimited 
reduction of wave-making resistance he based his 
work on Lord Kelvin’s investigations into ‘‘ Deep- 
Water Ship Waves” (Mathematical and Physical 
Papers, vol. iv., - 368-390), and evolved a wave- 
less ship. Proceeding, he superimposed several 
such a suitable for the speed he required ; 
and, further, considered the other qualities that his 
investigation aimed at. Increase of breadth was one 
of the steps in the process ; but the increase was so 
marked that it seems best to wait until Dr. Yokota 
has had time to make a few promised experiments 
that will justify his general position and give con- 
fidence that the revolution in size and shape that 
he suggested rests on something more than theo- 
retical advantages. 


Visrations oF SuHrps, AND INSTRUMENTS TO 
Measure Tem. 


In‘ his second paper Dr. Yokota drew attention 
to the three methods available for the investiga- 
tion of the subject of vibration : one, the method 
of using a model; another, graphic in tion ; 
and the third, experiments upon ac ships. 
With the method of using a model, he pointed out 
difliculties, such as the choice of elastic constants 
to be made in interpreting the ship from the model ; 
with graphic integration there was the difficulty of 

ting to, say, an armour-plate or an engine- 
bed its proper duty, whether as a simple load or 
art of the elastic structure ; he therefore turned 
with preference to oa made directly on 
several types of ships. To enable this to be done with 
the aa precision he has devised and constructed 
a vibration-recorder (exhibited at the meeting) 








194 


ENGINEERING. 





[ Fes. 6, 1914. 








which gives simultaneously horizontal and vertical 
vibrations ; these are graphically recorded on a 
rotating cylinder along with a time-scale, and give 
a complete account of these — vibratory 
movements for subsequent analysis and investiga- 
tion. Another instrument exhibited by the author 
was his frequency-analyser; this has been described 
at various times, and its appearance is reproduced 
here in Fig. 9; it consists of a number of steel 
springs of various lengths and variously weighted; 
rom springs have natural frequencies of vibra- 
tion from 200 to 6000 sd minute, advancing by 
4 per cent. ~ = the frequencies are marked on 
the springs. hen placed in any position which 
is affected by vibrations of definite period, 
the spring which vibrates with the same fre- 
quency responds to the movement, and thus becomes 
a tell-tale of what it is subjected to. Should 
there be more than one set of vibrations superim- 

















Fic. 9. 


posed, having definite but different frequencies, 
then more springs than one answer to the call, each 
indicating the period which has called upon it to 
respond. The effect is very curious to observe ; 
one may be sensible of a vibration, and by 
observing the analyser, at once know its fre- 
quency or frequencies by the rapid agitation of one 
or more of the tell-tale springs. Some slight 
change of period takes place, which is unper- 
ceived by the senses, but is at once known to the 
analyser; the first spring comes to rest, and another 
takes up the tune. In discussing the model method 
sideration the effect of the water in which the ship 
of investigating vibrations, Dr. Yokota called atten- 
tion once more to the import ince of taking into con- 
is floating (discovered first by Dr. Terada, of the 
College of Science, Tokyo Imperial University). 
In one case investigated by Dr. Yokota, the vertical 
vibration of a model was changed from 60 per second 
in air to 43 per second in water, and the horizontal 
from 90 per second in air to 80 per second in water. 





Tuer ABERDEEN-AUSTRALIAN TRIPLE-ScREW STEAMER 
*‘ Evnipipes.”—This vessel, which was constructed by 
Messrs. Harland and Wolff, Limited, for Messrs. Geo. 
Thompson and Co., Limited, was launched at Belfast 
on January 29. The vessel is 569 ft. over all in 
length, 67 ft. 3in. beam, with a gross tonnage of about 
15,000, and a displacement of 25,000 tons. She has 
been constructed under Lloyd’s survey for the 100 
Al also in compliance with the requirements 
of the Admiralty Transport Department and the Board 
of Trade nger survey. The cellular double bottom 
extends the whole length of the ship, and she is s1b- 
divided into twelve water-tight compartments. The 
seven hatches will be served by nineteen winches. The 
vessel will be insulated for the carriage of frozen cargo, 
the machinery being of Messrs. J. and E. Hall’s type. 
The Euripides will pre-eminently a pee ship, 
ave wireless telegraphy and submarine signal- 


and will 
ling apparatus, and will make the between 
London and Melbourne in about 40 days. During con- 


struction the vessel has been under the supervision of 
Captain T. F. Gambell, the owners’ marine superinten- 
dent, and Mr. J. Mannell, superintendent engineer. 


LOCOMOTIVE PERFORMANCE ON THE 
ee AND NORTH-WESTERN RAIL- 
WAY. 


WE have received from Mr. C. J. Bowen Cooke, Chief 
Mechanical Engineer, particulars of two excellent runs 
made by one of the new 4-6-0 type of express pas- 
senger locomotives on the London and North-Western 
Railway. The engine in question was the Ralph 
Brocklebank, No. 1159, a four-cylindered locomotive 
with driving-wheels 6 ft. 9 in. in diameter, and the 
runs were made on November 2 and 4 of last year. The 
first was between Euston and Crewe, while the second 
was from Crewe to Carlisle over the Shap.* 

The engine has the following characteristics :— 


Cylinders (four) ... 16 in. in dia. by 
26 in. stroke 


Driving-wheels, diameter 6 ft. 9 in. 
Adhesive weight ... 59 tons 
Total weight si iad . 77 tons 15 cwb. 
- 7 of engine and 

tender ... i ae 117 tons, 
Heating surface, tubes ... 1647.2 sq. ft. 

se - fire-box 171.2 ,, 
Total water-heating surface 1818.4 ,, 
Superheating surface 413.6 ,, 
Grate area ... ae ae wae on 
Working pressure . 175 1b. per sq. in. 


In the case of the run on November 2, between Euston 
and Crewe, the train was composed of the locomotive 
and twelve vehicles. Behind the locomotive came the 
eight-wheeled dynamometer-car, followed by an eight- 
wheeled brake, three twelve-wheeled dining-cars, two 
twelve-wheeled sleepers, a twelve-wheeled first, a 
twelve-wheeled sleeper, an eight-wheeled compo, a 
twelve-wheeled dining-car, and an eight - wheeled 
brake. The total length of the train was 825 ft. 5 in., 
and its weight 551 tons 11 cwt. 3 qr. The run of 
158 miles was accomplished in 159 minutes, or at an 
average speed of 59.63 miles per hour ; or, excludin 
slacks and the stop at Rugby, at a mean speed o 
62.26 miles per hour. The mean draw-bar pull over 
the whole trip was 2.4 tons, the maximum developed, 
as will be seen from Table I., below, being about 
7 tons when pulling out of London. This is ex- 
cluding the several momentarily extreme records. 
The mean draw-bar horse-power taken from the 
dynamometer record was 855 over the whole trip. 
The records at 25 points, where indicator - cards 
were also taken, showed an average of 975 for the 
draw-bar horse-power, compared with 1358 as the 
mean indicated horse-power at those points. On 
these records, ‘therefore, the draw-bar horse-power 
amounted to 71.7 per cent. of the indicated horse- 

wer. The maximum indicated horse-power for the 
trip was 1617, reached on the bank just south of Tring, 
when the speed was 56 miles per hour. Particulars 
of the records at 25 points on the run are given in 
Table I., herewith :-— 
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§ |g fig @ | gs is g 
g |3 a |S4\s.|8 [gf 5 
=a g Gradient. gs <= | os 22a , 
36/<, £\ 8s SE | as, |Bee8s 
gg |2§ tin Bs | sa Ef \ss6 |; sees 
y, | s7 & & =- Eas gmona 
1 | %| 149(down)) 14 | 53 | 482 693 69.5 
2 | 1 | 77 (up) 21 | 61g | 870 | 1155 75.3 
3 5 Level 51 | 3 | 914 | 1383 | 60.1 
4 | 10 | 889 (up) 57 | 3 (1021 | 1853 75.4 
6 | 14 | 38 ,, 55 3 953 | 1888 68.6 
6 | 18 | 393 , 5 2} | 800 | 1130 | 708 
7 | 2 | 385 ,, 61 | 8 | 914 | 1825 68.0 
8 | 90 | 385 ,, 66 | 3, (1150 | 1617 | 71.1 
9 | 58h Level 71 | 14 | 795 | 1088 | 78.0 
10 56 326 (up) 66 23 (1084 | 1582 | 70.7 
11 | 60 | 880 ,, 604 34 1039 | 1431 | 72.6 
12 | 72 | 360 ,, 66 | 2} (1084 | 1562 | 69.4 
18 | 76 | 640 ,, 63} 2 1042.5} 1442 | 72.3 
14 | 86 Level 65 | 33 |1109 | 1511 | 73.3 
15 | 91 | 300 (up) 66 | 21} 1089 | 1448 73.2 
16 | 101 Ds 714 | 2°,| 988 | 1814 | 75.1 
17 | 110 Level 72 | 2 | 860 | 1188 | 72.7 
18 | 116 | 331 (up) 65 | 24 (1043 | 1424 | 732 
19 | 123} | 408 ,, 69} | 142 | 752.5, 1085 | 69.3 
20 | 130 | 351 ,, 40h | 4 | 968 | 1837 | 724 
21/185 | 291 ,, 54 | 3h (1048 , 1461 91.7 
22 | 140 | 509 ,, 614 3 1056 | 1524 | 69.3 
23 | 143 | 650 ,, 65 | 2 le | 1525 | 731 
24 as 398 ,, 66} | 2}3 1117 | 1548 72.1 
25 | 147} 398 65 | 2 (1116 | 1554 71.8 


| 


The run on November 4 was made with the 
1.12 p.m. Scotch Express ex Crewe, and in addition 
to the locomotive and dynamometer car, the train 
consisted in this instance of a third-class coach, a third 
brake, two third-class coaches, a brake-van, a first- 
class coach, dining-car, two thirds, and a third-class 
brake. All were eight-wheeled coaches except the 
dining-car, which was twelve-wheeled. The length of 
the train was 722 ft., and its total weight, with pas- 
sengers, 477 tons. This run of 141.1 miles between 





"A profile of the London and North-Western Railway 
from Euston to Carlisle was given in ENGINEERING, 





vol. xxxvii., page 107, 


Crewe and Carliské’'was accomplished in 1424 minutes, 
including slacks, or at a mean of 59.4 miles 
per hour. How well the s was maintained 
may be gathered from the fact that on the run 
down from the Shap the speed did not exceed 70 
miles per hour at any point, and only reached that 
figure at two points on that section. On the other 
hand, there were considerable stretches taken at 70 
and 75 miles per hour at other parts, while at the top 
of the Shap the speed only dropped to 37 miles per 
hour for a short length. The mean draw-bar pull over 
the whole trip was 1.83 tons, there being, of course, 
on this section lengths where it was necessarily low, 
as, for instance, north of the Shap and between 
Coppull and Preston on a long stretch of down gra- 
dient. The mean draw-bar horse-power was 663. The 
_ 

e 


engine was indicated at 17 points, the last being 
before the summit at the Shap was reached. 

mean of these records showed 1387 indicated horse- 
power compared with a mean draw-bar horse-power at 
the same points of 920, the draw-bar horse-power being 
thus 66.3 per cent. of the indicated horse-power. The 


maximum indicated horse-power recorded was 1669 on 
a rising grade at Tebay, when the speed was 69 miles 

















er hour. Other particulars of this run are given in 
‘able II. below -— 

Tasie II. 
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3 180} 135(up) | 70} 4 7 1222 «65.4 
4 188 473 ,, | 59 | 28] 925) 1348 68.9 
5 ; 8 104 ,, | 614 | 2%.) 895| 1855 66.0 
rt 
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6 104 366 ,, | 58 | 2} | 866] 1388 | 626 
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Preston) 
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13 20 104 ,, | 525/32 | 980| 1494 65.6 
14 24 + 47 | 34 | 996] 1596 65.2 
15 82 146 ,, | 69 | 28 | 1082| 1669 64.8 
16 34 75 4, 58 | 34 | 1082] 1606 | 67.3 
17 36 75 4, | 424 | 49; 1004 | 1598 | 68.67 
18 874 75 ,, | 37 | 58 | 1187] 1496 | 79.3 




















THE INSTITUTION OF MUNICIPAL ENGINEERS: EASTERN 
District.—A meeting of the Eastern District of the 
Institution will be held at Oundle, at 2.10 p.m., on Satur- 
day, February 21. The party will assemble at Oundle 
Railway Station and proceed to inspect the widening of 
the north brid adjoining the station) under the direc- 
tion of Mr. J. 4 son, Clerk of Works to the Northants 
County Council, who will give a brief description of the 
works. This will be followed by a visit of inspection to 
the schools of the Grocers’ Company, by kind permission 
of the head master, Mr. F. W. Sanderson, M.A., also the 
new science and engineering block in course of erection 
by Messrs. Thompson and Sons, of Peterborough. Time 
permitting, visits will also be paid to the Oundle Urban 
District Council’s sewage disposal works, water works, 
cemetery, &c., under the direction of Mr. G. Belson 
Chilvers, surveyor and water engineer to the Council. 
Later on in the afternoon a paper will be read and dis- 
cussed dealing with ‘‘ The Municipal Undertakings of 
— Urban District Council, by Mr. G. Belson 

ilvers. 





Factory aND WorksHor Act.—In pursuance of Sec- 
tion 116 of the Factory and Workshop Act, 1901, the 
said section is made to read (in abstract) as follows, so 
far as concerns the work of all persons employed as iron 
or steel-moulders :—1. The occupier or contractor shall 
(a) furnish every worker with written particulars of the 
rate of wages applicable to the work done by him at or 
before the time of his first employment on the work and 
on every subsequent occasion when the rates are fixed or 
altered ; or he shall exhibit such particulars on a placard 
or book in the factory or workshop. Provided that if the 
rates are not ascertainable before the work is given out, 
the particulars shall be furnished to the worker in writing 
when the work iscompleted. (+) Such particulars of the 
work to be done as affect the amount of payable to 
each worker shall be furnished to him in writing when the 
work is given out; or, at the oo of the poy mec such 
particulars as aforesaid of work done may be furnished in 
writing at or before the time when F my my is made for 
such work. 2. Where the work is done in commen by & 
gang of workers it shall be sufficient if the particulars are 
urnished to the member of the gang to whom the wages 
of the gang are paid by the employer ; or, when the share 


of member is paid direct to him by the employer, 
to the leader of the ; but in the last-mentioned case 
the particulars furnished of the rate of wages shall include 


particulars of the proportion according to which the 





shares of the several members of the gang are calculated, 
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MOIST-AIR TIMBER-DRYERS. 


CONSTRUCTED BY ERITH’S ENGINEERING COMPANY, LIMITED, ENGINEERS, LONDON. 
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THE simplest way of seasoning timber is to stack it in 
the open air. The method is quite effective, but takes 
a long time. This is disadvantageous in many ways. 
Of these the more obvious are the amount of space 
required and the heavy stocks which have to be carried. 
Both lead to big capital charges, particularly the latter in 
the case of hard-woods. Present-day competition prac- 
tically negatives open-air seasoning, since it seriously 
increases the cost of production. A furniture-maker, 
for instance, using expensive hard-woods, who seasons 
his material by keeping it in the open for about two 
years, is clearly gravely haniGlonmeed when in competi- 
tion with another who, by means of a timber-dryer, 
can season his wood in a fortnight. These two figures 
give quite a fair comparison between the relative 
times demanded by open-air treatment and treatment 
in & modern timber-dryer. 

The pur of this article is to give an account of the 
moist-airtimber-dryers which are constructed by Erith’s 
Engineering Company, Limited, of 70, Gracechurch- 
street, London, E.C. ‘This firm have built such plants 
for more than twenty years, and in order to give some 
idea of the improvements which have been made in 
their methods from their first design to their latest, 
we have shown characteristic examples of their three 
forms of dryers in Figs. 1 to 6, above. The three 
forms illustrated have been successively introduced, 
and one of the advances which have been made will 
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be clear when it is said that the capacity of each 
of the three appliances shown is the same, and that 
they are all drawn to the same scale. Figs. 1 to4 
show the earlier types, and Figs. 5 and 6 the most 
modern form. Apart from the saving in ground space, 
the modern design has other advantages as compared 
with the earlier ones ; but before dealing with these, 
and before describing the dryers in detail, it will be 
well to say something in a general way about the 
artificial seasoning of timber. 

The first, and also the last, condition for the suc- 
cessful drying of timber is the employment of moist air. 
Early forms of dryers were dry-heat stoves. They were 
frequently heated by coke furnaces, which radiated to 
the stove any heat which did not go up the chimney. 
One disadvantage was that every variation in firin 
was reflected in the stove. Other stoves were heat 
by steam-radiators. The great disadvantage in both 
cases, however, was that the timber was subjected 
to a dry heat. It was practically baked. The use 
of a dry heat case-hardens the wood, makes it d 
and brittle on the outside, and in the case of thic 
baulks or heavy timber does not dry it in the inside 
at all. With soft-wood boards stoving is less unsatis- 
factory than with other material, but even these are 
liable to come out of a stove in a harsh and brittle 
condition. To improve the product obtained from 
stoves, a process of steaming the wood before it was 








PARTLY LOADED 
TRUCK 


placed in the stove was introduced. This was an 
advance. The steaming sweated the wood and ed 
its pores, so that the eoaeqnentrpten was rapid; but 
unless the system was used very carefully, the final 
result was brittle wood, frequently warped or cracked. 
Furthermore, the process was uneconomical. 

The reasons for the suitability of warm moist air 
for drying timber are fairly obvious. The moisture 
keeps the wood roft and its pores open, so allowing the 
drying to proceed from the centre outward. There is no 
baking action, and in the final state the wood is perfectly 
dry, and it retains the full strength. Dry-air stoving, 
on the other hand, results in a hard, brittle surface layer 
and the imprisonment of the internal moisture. The 
three timber-dryers illustrated in Figs. 1 to6 are all of 
the moist-air t The first, which is constructed on 
what is called the apartment system, was introduced 
in 1893. As will be seen, it consists of a building with 
a loading and discharging platform the whole fength 
of one long side. In the centre of the building there 
is a compartment containing a battery of steam-heated 
radiators in a steel] casing. A fan driven by a steam- 
engine, or in any other way, is attached al ide the 

tor casing, and is placed so that the air delivered 
from the fan passes over the radiators and on to the 
timber apartments, which are placed on each side of 
the fan compartment. The heated air from the 
fan into airways carried below the timber apartments 
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DOUBLE-PORTED PISTON-VALVES FOR LOCOMOTIVES. 
CONSTRUCTED BY THE BALDWIN LOCOMOTIVE WORKS, PHILADELPHIA, U.S.A. 
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for the full ya of thestructure. Duets connect these 
airways with the apartments, and the heated air, rising 
through the ducts, 7 over and around the timber 
and down through further ducts into return airways 
which convey it back to the fan. The air is then 
reheated and again into the first asirwa, It 
is kept from becoming dry by the moisture taken u 
from the timber. hen the dryer is in use cath 
apartment is successively char, with timber and 
py and a low temperature is at first applied, being 
gradually increased until the seasoning is completed. 
In the dryer shown in Figs. 1 and 2 the timber is 
carried into the apartments from the outer platform 
and stocked in place; but if desired, trucks can be 
used, and the stacking carried out on the platform 
while the dryer is still in use on an earlier batch of 
material. In any case, however, each apartment has to 
be shut down while charging and ee and, as 
before mentioned, the temperature has to be gradually 
increased from day to day as the process proceeds. 
This apartment form of dryer does not com favour- 
ably, either in efficiency or rapidity of output, with a 
progressive dryer, in which a constant heating can be 
maintained, and in which the variation in the tem- 
perature of the air applied to any batch of timber is 
obtained by gee moving the batch through the 
dryer from the position of ence to that of greater 
heat. Progressive dryers were first introduced for 
mills producing uniform dimensions ; but as it is easy 
to dry varying dimensions together, or to arrange for 
a series of small progressive units, each for different 
dimensions, “os drying has now become almost 
wane P = -_. minim ises am but does 
away wi e day-by-day regulation of the apartment 
type, thereby enormously arnt control. Pro- 
gressive dryers are shown in Fi to6. Figs. 3 and 4 
show the type introduced in 1893, while the modern 
rogressive automatic dryer is shown in Figs. 5 and 6. 
As will be seen, the earlier dryer consists of a building 
with a loading platform at one end and a discharging 
platform atthe other. The building is divided into 
three tunnels by party walls. There may, of course, be 
more, The timber to be treated is stacked on trucks at 
the loading end, and the trucks are then graduall 
passed through the tunnels to the discharging end. 
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The trucks are fitted with roller-bearings, and the 
rails inside the tunnels are laid on a slight gradient, so 
that the loaded trucks travel forward very easily. No 

ropelling machinery is used, the whole train of trucks 

eing merely pushed forward when a new one is intro- 
duced. A truck of finished material is, of course, re- 
moved at the discharging end when a fresh one is 
introduced at the loading end. 

The fan, engine, and radiator are situated in an 
annexe in the plant shown in Figs. 3 and 4, but their 
position relative to the tunnels may be varied to suit 
the conditions of the site. The hot air is delivered 
from the fan ifito an airway formed below the dis- 
charging end of the tunnels. From here it passes w 
through ducts into the tunnels, and then travels for- 
ward over and among the timber to the loading end. 
Here it passes down further ducts into a second air- 
way, and so back to the fan. The direction of the 
air-currents is shown by the arrows in Figs. 3 and 4. 
It will be clear from these figures, together with what 
has already been said, that the timber which is almost 
completely treated is in contact with the hottest air, 
while that which is but freshly introduced into the 
dryer is acted on by air which has been largely cooled 
owing to its through the full length of the 
tunnels. The effect, as far as any batch of timber is 
concerned, is the same as that achieved by regulating 
the heat in the apartment dryer shown in age: land 2, 
while, as already stated, the output and efficiency are 
greater, while the labour costs are obviously less. To 
prevent the air becoming too moist, a ventilating stack 
is provided, which is fitted with a damper, and which 
allows such onus of the heated moist air as may be 
necessary. F air is introduced into the system by 
dampers in the engine annexe. 

As already stated, the output capacity of the dryer 
shown in Figs. 3 and 4 is the same as that of the 
dryer shown in Figs. 1 and 2. Either example is suit- 
able for a pont about 30,000/. worth a year of 
hardwood he ground space covered by the 
first example is 156 ft. by 63 ft., or 9828 sq. ft.; that 
by the second is 100 ft. by 80 ft., or 8000 sq. ft. The 
automatic dryer, shown in Figs. 5 and 6, which is 
Messrs. Erith’s latest design, has, however, the same 





capacity aseither of the previous examples, and occupies 

















Fig. 3. 
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& ground space of only 100 ft. by 374 ft., or 3750 sq. ft. 
An inspection of Fig. 5 will show that the saving in 
ground space with the automatic dryer as compared 
with the a dryer, shown in Fig. 3, has been 
tly attain emer the height of the tunnels. 
he method which is employed for circulating the moist 
air in the automatic dryer allows of this greater 
height. The automatic = re has, however, further 
advantages as — with the fan-system dryer. It 
has no engine no fan, and, in fact, no movin 
parts of any kind, unless the trucks travelling — 
the ¢vunels are looked upon as a moving part. Its 
efficiency is also much higher, and the steam consump- 


p | tion approaches very nearly the theoretical minimum, 


the heat in the steam used being only slightly more 
than the heat necessary to evaporate the moisture. 
Messrs. Erith’s automatic dryer, as will be seen 
from Figs. 5 and 6, consists of tunnel:-—ia this case 
two—with loading and discharging platforms at each 
end. The timber to be treated is stack.d on trucks 
which travel through the tunnels on rails exactly as 
in the old-style fan-system progressive dryer. The 
heating arrangements consist of a series of steam 
radiator-coils which are placed in the airway below 
the tunnels. As will be seen from Fig. 6, the steam- 
coils extend for rather more than half the length 
of the tunnels from the discharging end. The 
arrangement is perhaps more clearly shown in Fig. 7, 
which is a longitudinal section through an automatic 
dryer. The circulation of the air is entirely that 
due to convection currents. The heated air rising 
from the steam-coils passes upwards among the 
timber, then along the tunnels and downwards to the 
airway, through which it flows back to the radiators. 
The circulation is indicated by arrows in Fig. 7. There 
is no flooring in the dryer, the rails being carried on 
cross-joists. It will be ny that - e- air pro- 
gresses through the tunnels it gradually comes in con- 
tact with Sattar and wetter mano and by the 
time it has reached the charging end is chilled, so 
that it sinks, and returns to the heater to continue 
the circulation. The final drying is done by the 
hottest air. In order to prevent the air becoming 
too moist an outlet stack is provided, and an inlet 
for fresh atmospheric air. The openings to the stack 
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and to the atmosphere are shown in Fig. 7; they are 
controlled by dampers. 

There are one or two detail features in connection 
with these dryers which may be mentioned in con- 
clusion. There is the transfer arrangement, for 
instance, which is indicated in Figs. 4 and 6, and is 
well shown in Fig. 7. This allows the loaded trucks 
from the discharging end to be moved on to 4 
transfer-car, and taken to the shops for the re- 
moval of the timber. The arrangement minimises 
handling. The trucks themselves are of very simple 
construction, and are built up of a couple of joists 
with two wheels. The wheels, as before mentioned, 
have roller-bearings. There are usually three rails 
through each tunnel, and three trucks are conse- 
quently used for each stack of timber. The trucks are 
not connected together in any way, the weight of the 
timber being sufficient to hold them in position. It 
is clear that the whole of the arrangements are very 
simple, 20 much so, in fact, that there are practi- 
cally no upkeep charges in the case of the auto- 
matic dryer. A steam supply must, of course, be 
provided, but when it is available exhaust steam is 
quitesuitable. The buildings forming the dryer may 

of various materials, such as wood, brick or con- 
crete. The dryers are in very extensive use and deal 


























eS Ss 























14, 





ait"... i\’s 














' 
eos 
i] 


with all classes of timber. 
instance, in handling short lengths of wood on the 


No difficulty is found, for 
trucks, all that is necessary being the employ- 
ment of some full-length deals on which to build up 
the smaller materials. 

An example of the saving in stock achieved by an 
automatic , oti is given by a case in which heavy 
oak scantlings had to be dealt with. Previous to 
the installation of the dryer, four or five years’ stock 
had to be carried, but after it was in use it was found 
that a few months’ stock only was necessary for the 
same output. In some cases very heavy material is 
successfully treated, as, for instance, oak and maho- 
gany baulks 11 in. square, used for billiard-table legs. 





DOUBLE-PORTED LOCOMOTIVE 
SLIDE-V ALVES. 


Toucu the use of double pues valves is not by any 
means new on locomotives, the illustrations we give on 
this and the opposite page and on page 198 will probably 
prove of interest, since they represent an American 
revival of what has often been regarded as desirable 

tice. The illustrations given are of cylinders and 
ouble-ported valves used by the Baldwin Locomotive 


Fig.12. section D-D(Fig.6) 


| Fig.t6. Fig.26. 
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Works, of Philadelphia, Pa., U.S.A., to whom we are 
indebted for the drawings from which our engravings 
have been prepared. T ey represent cylinders fur- 
nished with piston and with balanced slide-valves. 
Among other locomotives, the double-ported piston- 
valves have been employed for the low-pressure cylin- 
ders of large Mallet compounds. Fig. 1, page 196, 
shows such a cylinder, having a diameter of 39 in. 
Though this is not the largest sized cylinder employed 
in such work, it is large enough to remind our selene 
of the much greater ibilities in design afforded 
under conditions existing on American 8, a8 com- 
red with those in this country. The cylinder itself 
is bushed, and the piston will be seen to consist of 
& piston-head and ring, the latter being bolted to the 
head and provided on the lower side with increased 
width, so as to reduce the unit load carried, there 
being no tail-rods in this design. The valve is a 
hollow piston, with internal cavities for the exhaust 
from the second port. Contrary to the common prac- 
tice, the valve is arranged for outside instead of the 
usual inside admission. The arrows marked on Fig. 1 
show the direction taken by the live and exhaust 
steam, the former being shown entering at the left 
hand, or front end of the cylinder, and the latter 
leaving at the right hand,or back end. The section 
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of the valve, Fig. 2, will be more clearly understood 
after reference to details below. 

In Figs. 3 to 5 we give respectively a horizontal 
half section, cross sectional elevation and longitudinal 
elevation half section of a smaller cylinder of the 
same type, showing the arrangement of the ports 
and es in a double-ported valve or cylinder 
cast with the half saddle. In this case inside admis- 
sion is arranged for, the section, Fig. 4, being taken 
through the central steam-passage. A small portion 
of the exhaust-passage is shown in section in the upper 
central part of the half saddle. Details of the valves, 
&c., for these cylinders are shown in Figs. 6 to 29, 
page 197. The valve works in two bushings pressed 
into the valve chamber from the two ends, and finished 
to the required internal diameter when in place. A 
bushing is shown in Figs, 10 and 11, while in Fig. 8 is 
shown the valve inside it. The valve proper consists 
of a main body, shown in Figs. 15 to 19, with a cap 
(shown in I’igs. 20 and 21) at each end, all held together 
by the valve spindle, which is provided with a shoulder 
at one end and a nut at the other, as shown in Figs. 7 
and 8, The circular opening in the upper part of the 
valve extends from end to end, xt each end of 
the valve are three sets of Z-shaped rings. These are 
held in place by the distance-rings shown in Figs. 22 
to 29. Beginning with the body, the rings for one end 
are assembled as follows :—A steam-ring is first placed 
over the end of the body, and pushed up to the 
shoulder, shown in Figs. 16 and 17. Next is placed in 
position the ring shown in Fig. 29, and after this another 
steam-ring. The next piece is the distance-ring, shown 
in Fig. 26. Then follow another set of steam-rings, 
made up with thering shown in Fig. 28 between them. 
Another distance-ring (Fig. 25) is then put in —. 
followed by another couple of steam-rings, with the 
ring, Fig. 23, between them. Finally, the cap shown 
in Fig. 20 is placed in position. The steam-rings are 
kept from turning round by a g-in. pin, in the manner 
shown in Figs. 15 and 14. They are all parted on the 
bottom centre line. They are turned solid to 12), in. 
diameter, cut through with a slot ,*; in. wide, and then 
clamped together and turned true to 12 in. The 
steam-rings, distance-rings, &c., are all of cast iron. 
The latter are prevented from turning by a long key 


inserted, as shown in Fig. 8, between the rings and the 
body, and prevented from working out by the cap or 
head of the valve. The cap is prevented from turnin 


by a key inserted between it and the spindle, an 
prevented from working out by the shoulder or nut on 
the spindle. The path of the steam can be traced out 
easily if it be remembered that the central portion of 
the body is in contact outside with the steam supply, 
which also fills the long-hollow space on the under side 
of the valve, while at the end and in the cylindrical 
interior passage running throughout the length of the 
valve there is exhaust steam. 

From the drawings given it will be understood that 
though most of the parts involve little else but simple 
lathe work, the number of pieces is considerable. 
With the purpose of meeting this objection the 
Baldwin Locomotive Works have adopted the valve 
arrangement of which we give details in Figs. 30 to 42, 
annexed. In this case the ordinary balanced slide- 
valve has been adapted to serve the me » wy 
30 to 33 show the cylinder and ports. The back of the 
valve is shown in Fig. 34, in which the slots may be 
seen for the balance-strips, of which drawings are 
given in Figs. 38 to 40. Fig. 35 shows the face of the 
valve ; Fig. 36 an outside elevation ; Fig. 37 a sec- 
tional elevation taken longitudinally ; and Figs. 41 
and 42 cross-sections, the former taken through the 
centre, and the latter through one of the additional 

rt a. The valve has a division running 
Lngthwiee own it. The two end openings and the 
central one in the face (Figs. 35, 36, and 37) are ia 
connection with each other and with the exhaust, 
which therefore fills the interior of the valve. The 
other two openings in Fig. 35 are steam openings to 
tho additional ports, and are in connection with the 
live steam surrounding the valve in the steam-chest, 
by the wing openings of which one is showa in Fig. 41. 

is valve therefore involves very little more work 
than the ordinary balanced slide. 





BOILER-HOUSE ALTERATIONS AT 
NEASDEN POWER-STATION. 

Tue Metropolitan Railway Company’s power- 
station at Neasden, which, as is well-known, pro- 
vides the whole of the power for operating the com- 
pany’s electrified lines, has had its capacity considerably 
increased since it was first opened. This increase has 
been attained by extending the boiler-house, so that 
it now contains twenty Babcock and Wilcox water- 
tube boilers, and by fitting new steam ends to the 
original turbine sets. The new turbines have been 
supplied by the original builders, the British Westing- 
house Electric and Manufacturing Company, Limited. 
This firm have also re-wound the alternators to make 
them suitable for the new output. The total capacity of 
the station is now 25,000 kw. The load on the station 
has grown since it was first opened owing to the 





DOUBLE-PORTED BALANCED SLIDE-VALVE. 
CONSTRUCTED BY THE BALDWIN LOCOMOTIVE WORKS, PHILADELPHIA, U.S.A. 


| Fig. 30. 
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increase in the company’s traffic, and a further 
increased load may be anticipated, not only owing to 
further natural — of traffic, but also owing to 
the taking over of the Great Northern and City Rail- 
way by the Metropolitan Company. We have no 
official information on the subject, but it may fairly 
be inferred that the existing Great Northern and City 
SS will ultimately be shut down and the 
oad transferred to Neasden. 

What we understand to be the most recent import- 
ant alteration at Neasden has been the fitting of new 
mechanical stokers to the whole of the boiler plant. 
This alteration has been carried out with the idea of 
making the boilers suitable for burning a smaller and 
cheaper class of fuel, and of decreasing the amount of 
combustible material lost in the ashes. Since the 
fitting of the new installation these two causes have, 
we believe, led to a rate of saving equivalent to 
several thousand pounds a year. The new stokers 
are of the chain-grate type, and were supplied by 
Messrs. Ed. Bennis and Cor Limited, of 28, Victoria- 
street, London, S.W., and Little Hulton, Bolton. 
There are in all forty grates fitted with the new 
stokers. Each chain grate is 5 ft. wide, and is fitted 
with change-speed continuous aa. Coal is 
delivered to the grates from overhead bunkers, which 
are supplied from a hopper placed under the railway 
siding. Coal is lifted from the hopper to the bunkers 
by a conveyor. 

The chain grates are fitted with the Bennis new 
type of links, which is specially adapted for burning 
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slack coals. The links are formed with rounded ends 
and are halved together ; that is to say, each link is 
recessed for half its thickness at each end, the recess 
being formed so that the rounded end of the next link 
fits into it. The result is that the upper surface of 
the grate remains continuous across the link-joints, 
ard no opening is left into which small coal or ash can 
fall. This applies even at the ends of the grate where 
the links pass over the revolving mechanism, since, as 
the grate bends downward, the rounded ends of each 
link rock in the recesses of its neighbours and a 
continuous surface is preserved. The links are serrated 
on each side, so that sinuous air spaces are formed 
between the chains making up the grate. This results 
in a greater air space per square foot of grate than is 
given by straight-sided links for the same width of 
air space. The air space is very evenly divided over 
the surface of the grate, so that each part of the fire 
gets its due proportion of air. 

The employment of the halved-joint round-ended 
link allows an arrangement at the rear of the grate for 
which advantages are claimed. In chain grates of the 
type in which an open space is left between suc- 
ceeding links as the grate turns over at the end of 
its travel, it is usual to fit dumping-bars, which act as 
an air-seal, and also act to prevent ash or small coal 
from entering the spaces between the links. These 
dumping-bars cover the rear portion of the grate, and 
thus diminish its effective length, while they are liable 
to burn. 

In the Bennis grate, as already explained, the round- 
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ended links present no open spaces even when the grate 
turns over at the ends. @ consequence the grate area 
can be effectively used for combustion right up to the 
rearend. No dumping-bars areused, but dumping-plates 
are fixed well below the level of the upper run of the 
grates. The dumping-plates tip the ashes and clinker 
on toa dumping-valve, whence they can be removed 
as required without stopping the stoker or interfering 
with the mechanism. The dumping-plates and valves 
are so arranged as to prevent the inlet of excess air at 
the back of the grate. The entry of such air is also 
prevented at the sides of the grate and between the 
frame and side-links by sand-seals. In conclusion we 
should say that the driving mechanism, which, as 
before mentioned, is continuous, is fitted with a safety- 
catch, which comes into operation should the grate 
jam from any cause. 





THE EFFECTS OF THE DETONATION OF 
GUN-COTTON.* 


By B. Hopxtnson, M. Inst. C.E., F.R.S. 


NeEaRLyY all capfoton now used in practice are solid or 
liquid bodies whose molecules are in an unstable con- 
dition—that is, they have a tendency when disturbed to 
break up or decompose, changing from the condensed 
solid into the gaseous form. e molecule of gun-cotton 
may be likened to a steel envelope full of water and heated 
until the envelope is near bursting. A slight additional 
heat, or a mechanical shock sufficient to rupture the 








enclosures of greater volume than the solid explosive, so 
that the resulting gases are less compressed, the pressure 
of cordite and of gun-cotton has been brought within 
the range of measurement. Thus it was found by Sir 
Andrew Noble, working with Sir F. Abel, that gun- 
cotton in an a of about twice its /<— — 
gives a pressure o tons per sq. in. ey in’ 
that the gases from this cote, 2 they pons be held 
within a bomb of the same volume as the solid, would 
give a pressure of about 120 tons per sq. in. 

The molecular agitation, called heat, is in most cases 
sufficient to upset the delicate balance of the solid explo- 
sive molecule and to convert it into the gaseous form. If 
the reaction be initiated by heating one part of a mass of 
explosive, the hot gases generated by the decomposition 
of this part warm up the wore? still solid mole- 
cules and decompose them, and thus the reaction is pro- 
pagated from point to point until the whole mass is 
changed into gas. If this be done in the open, the gas 
escapes harmlessly into the air as fast as it is generated, 
and the explosive merely burns more or less joe f with 
no effect her than the production of a good deal of flame, 
heat, and noxious gas. This is what happens when a 
train of ongentn, or of loose gun-cotton, is fired in the 
open air. The burning of cordite in a gun is essentially 
the same, only here the gas is not allowed to escape, but 
is made to exert pressure on the shot, and this pressure 
accelerates the rate of burning. 

The p of inflammation in loose gun - cotton 
depends on the conduction of heat from point to point, 
and the rate at which it goes on is limited by the rate at 
which heat can be conducted. In many explosive com- 
pounds, however, it is possible, under certain conditions, 
to cause the molecules to break up by mechanical shock, 
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To initiate detonation requires as a rule the production 
of a very high local pressure, probably of the order of 
100 tons per sq. in. Local heating does not usually cause 
ee to detonate, nor does an ordinary ical 
iow, even that of a bullet; in both cases the explosive 
merely burns. To produce sufficient pressure with cer- 
tainty ib is necessary to use another explosive of a more 
sensitive kind, which detonates either when'struck an ordi- 
nary blow or by the application of heat. Fu!minate of 
mercury is the detonator generally ——— in practice. 
A few grains are placed ~ ety which is inserted 
in a hole in the gun-cotton. The fulminate is heated 
by an electric current, or by the flame from a gunpowder 
fuse ; it detonates and hits the gun-cotton in its neighbour- 
hood a violent blow, thus initiating the detonation of the 
gun-cotton. The fact that the copper tube must be in 
close contact with cotton surrounding it shows clearly 
the purely mechanical origin of detonation. 
hen an explosive is fired in the open and the inflam- 
mation is of the ordi kind transmitted from point to 
point by conduction of heat, the rg formed can escape 
as fast as they are formed, and there is no appreciable 
rise of pressure. Butsince the gases and surrounding air 
inertia and must acquire velocity in order that 
they may get away, it is obvious that ante rapid 
inflammation would result in a rise of pressure. Indeed, 
if the whole mass of solid explosive could be converted 
into absolutely instantaneously, the gas generated 
would at the instant of its formation fill the space pre- 
viously occupied by the solid, and the pressure would for 
that moment be the same as if the explosive were confined 
in a steel bomb which it just fitted. The pressure would, 
of course, disa; with great rapidity by the ex ion 
of the but maximum reached would be the same 
as in the bomb. 

The extreme hypothetical case of instantaneous gasifi- 
cation is approached pretty closely—though, of course, 
it cannot actually reached— the explosive is 
——_ The velocity with which detonation is propa- 
ga 


® train of gun-cotton was measured many 
years y Abel. It is about 18,000 ft. per second, or 
more 200 miles per minute. wave travels 


— in all directions from the centre of a compact 
mass, the velocity will not necessarily be the same, but is 
probably of the same order of magnitude. If it were the 
same, a 1-oz. gun-cotton primer, such as I have experi- 
mented with, would be completely converted into gas in 
two or three millionths of a second. 

Before proceeding to describe the experimental methods 
which I have developed for measuring the re pro- 
duced by the detonation of explosives, it will be well to 























Fic. 3. 


envelope, results in the rapid conversion of the water into 
steam. A portion of the energy which was locked up as 
heat in the water is thus liberated in the form of the 
pressure or the rapid motion of the steam, and it is this 
which produces the destructive effects of a boiler ex- 
plosion. So the gun-cotton molecule has locked up within 
it by some sort of chemical bond a amount of 
energy, and when the bond, which is not of the firmest, 
is by suitable means broken down, this energy appears 
as the pressure or motion of the gas into which 
the explosive is then resolved. There is, however, the 
difference that whereas the water is cooled when con- 
verted into steam, the resulting from the gun-cotton 
is highly heated, and fhis increases its pressure. The 
gases into which gun cotton is converted on explosion 
would occupy, if towel to expand to atmospheric pres- 
sure and cooled down, nearly 1000 times the volume of 
the solid cotton. If the gases be prevented from ex- 
panding by confining the gun-cotton in an enclosure 
of sufficient strength, they will exert a pressure in pro- 
portion to the reduced volume which they are fo to 
occupy, and this pressure is still further increased by 
the high temperature to which they are raised. The 
smaller the volume of the enclosure the greater the pres- 
sure, which reaches a maximum when the gun-cotton 
just fits the enclosure. 

The pressure developed by explosives when confined 
depends obviously on the volume of gas developed in 
relation to the volume of the enclosure, and on the tempe- 
rature of that gas We owe to Sir Andrew Noble more 
than to any other man our knowledge of these factors 
and of the resulting pressures. For determining the 
pressures he has for the most part the well-known 
crusher-gauge, which he perfected many years ago. This 

consists of a cylinder of ~~ ich is compressed 
by a steel piston acted on by the pressure, just as an 
indicator piston compresses the spring. The amount by 
which the cylinder is crushed measures the pressure. Sir 
Andrew Noble found in this way that gun-powder con- 
fined in a bomb which it just filled gave a pressure of 
43 tons per sq. in. He did not find it possible to measure 
the pressures developed by the more powerful explosives, 
such as gun-cotton or cordite, when similarly confined ; 

, no measuring apparatus was available which could 
withstand these pressures without damage. But by using 





* Paper read before the North-Hast Coast Institution 
of Engineers and Shipbuilders, January 30, 1914. 





such as a sufficient rise of pressure, and without the com- 
munication of heat from outside. he way in which 
mechanical shock upsets the stability of the molecule is 
unknown ; it is possible that it may be partly a tempera- 
ture effect due to the heat developed in the material by 
the sudden application of mechanical stress, just as air 
is heated by rapid com ion. If now a small portion 
of the explosive within a closely compacted mass is 
ignited in | manner, the gas generated is unable to 
escape immediately, but is confined, more or less, by the 
—— explosive, on which, for an instant, it 
presses with a pressure of the same order as it would 
exert on a steel bomb. In some explosives, for instance 
in cordite, the explosive would survive the pressure 
which would be dissipated with great rapidity as the 
gases escape from their confinement. In such cases the 
explosive may simply be scattered unburnt, or if burning 
continues, it will go on by the ordinary slow process of 
heat conduction. But if the explosive be sensitive to 
shock, the pressure due to the first ignited portion, 
fleeting though it is, may suffice to fire the adjacent 
layer on which it acts. is, in its turn, fires by pres- 
sure the next layer, and so the explosion is propagated 
from point to point, not by conduction of heat, but by 
the far more rapid process of transmission of mechanical 
pressure. e slow flow of heat in substances like gun- 
cotton is a matter of common experience ; if a slab, 1 in. 
thick, be placed on a hot plate, some seconds will ela 
before the heat will be sensible on the other face. But 
pressure applied to one side is felt almost instanta- 
neously on the other side; it travels through with the 
velocity of sound, which may be several thousand feet 
per second. , 
“Detonation” is the name Py to the propagation 
of an explosion by a mechanical, as distinct from a purely 
thermal, It occurs only in explosive com- 
unds, and never in mixtures such as gunpowder. 
ot all such compounds, however, will detonate. Evi- 
dently, for detonation to take place, the explosive must 
go off under the application of a pressure which does not 
exceed that generated when the explosive is burnt in a 
confined space. In cordite, which cannot be detonated, 
this condition apparently is not fulfilled. Where an 
explosive has the necessary sensitiveness to pressure for 
detonation to occur, it is in general also necessary that 
it should be closely packed, so that the pressure may be 
transmitted without loss from point to point. un- 
cotton in the dry state may be either burnt or detonated. 
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say something of the practical effects which that pressure 
can bring about. Fig. 1 is a sketch of a plate of mild 
steel about 1 in. thick. Slab A of wet gun-cotton, of 
about the same thickness, is in firm contact with it on 
one side. A primer B of 1 oz. of dry gun-cotton fits in 
a hole, and within the primer is a fulminate detonator 
which can be fired by the fuse C. The primer is detonated 
by the fuse, and in its turn detonates the mass of wet 
gun-cotton. Thus in, perhaps, the one hundred thousandth 
part of a second the whole slab is converted into gas. The 
effect is to smash the plate. If the gun-cotton slab is 
narrow, the plate will fail by a crack in the middle D ; 
if it covers a greater width, there will be a crack at each 
edge of the slab E, E'’. In the latter case a piece 
is blown out of the middle of the te with a velocity 
of 200 ft. or 300 ft. per second. metimes this piece 
may be recovered whole, but more often it is broken into 
smaller fragments. Figs. 2 and 3 are photographs of the 
fracture of a plate of very mild steel, 1} in. thick. 
Fig. 4 is a piece of boiler-plate of about the same thick- 
ness. The gun-cotton was in each case placed on the 
underside of the plate in the figure, and was detonated 
in the open without tamping of any kind. The plate 
was hung up or placed on edge, as shown in Fig. 1, 
without other support. It is remarkable that he beee- 
tures are quite short without sensible reduction of areas, 
so that under the action of this particular type of stress 
4 highly-ductile mild steel behaves like a brittle body. 
There is usually some distortion of the broken pieces of 
the plate, but there is reason to suppose that this occurs 
after the fracture, and that the immediate effect of the 
blow is to shatter, as though it were cast iron, a material 
— in a press can be bent double without showing a 
crac 

Explosives which detonate readily are of use only as 
destructive agents. Gun-cotton, apart from its use in the 
manufacture of other explosives, is chiefly interesting to 
military engineers, who use it for demolishing rapidly 
the bri railroads, &c., which their civil brethren 
have built. But the fact that it can cause mild steel to 
break in the curious fashion which has just been described 
makes its action well worthy of further study by all 
engineers, because of the light which such study may 
throw on the properties of the material with which they 
work. It was from this point of view that I approached 
the subject and tried to devise a means of analysing the 
blow given by the detonation of gun-cotton. 

The effect of any blow is usually defined numerically as 
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the product of the average re into the time for 
which it acts, called the impu 
easily measured by causing the to act on a mov- 
able body of some kind, and measuring the momentum 
ted, which is equal to the impulse of the blow. 

us, @ 1 oz. gun-cotton primer, which isa cylinder 1} in. 

by 1} in., may be fixed by wooden splints to the end of a 
steel shaft of the same diameter (Fig. 5). The shaft is 
hung up by four threads so that it can swing parallel to 
itaelf, and is provided with a pencil, which marks on a 
sheet of paper the amplitude of the swing. When the 
gun-cotton is detonated, the shaft is given velocity im- 
ulsively as though it were struck a violent blow with a 
 Somtnnng and the distance through which it subsequently 
swings is proportional to the velocity given by the blow. 


This is the ordi principle of the ballistic ulum. 
If the shaft be 6 ft. weighing about 25 1b.), the velo- 
city given to it by the gun-cotton primer will be about 


4 ft. per second, and if s y strings 50 in. long 
it will swing through 17 in. The same shaft, if struck by 
a service rifle bullet moving 2000 ft. per second, would 
swing through about two-thirds of the distance. 

The problem is to separate the impulse so determined 
into its two factors of pressure and time. The direct 
determination of the pressure factor may perhaps be 
described as impossible, because the pressure amounts 
to many tons, and lasts only for saan second. We must 


therefore find the duration of the blow ; then, dividing 
the duration into the impulse, we get the pressure. _ 
The pressure applied at the end of the shaft rises with 
great rapidity to # maximum as the detonation travels 
through the gun-cotton, and then falls as the gases escape 
outwards. The fall of pressure is also ~~ a but 
not so rapid as the rise. The pressure may be plotted as 
a function of the time, and the curve so obtained will be 
a perfectly definite thing, though the ordinates are ex- 
ressed > — ~~ the rs cise in millionths of - quent. 
e result of applying this varying pressure to the end is 
to send along the rod a wave of pressure which travels 
without change of type. The progress of such a wave 
is illustrated diagrammatically in Fig. 6, the state of 


the shaft being shown at intervals of waa second. The 


compression of the shaft and the lateral expansion 
are, of course, much exaggerated. In D (Fig. 6) the 
pressure has ceased to act, and its effects are repre- 
sented by the shaded wave, now advanced some distance 
into the rod, the parts to right and left of which 
are unstrained and at rest. If the pressure in 
different sections of the be plotted at any 
instant (Fig. 7), then at a later time the same curve, 
shifted to the —_ by a distance proportional to the time, 
will represent the then distribution of pressure. The 
velocity with which the wave travels in steel is approxi- 
mately 17,000 ft. per second. As the wave travels over 
any section of the rod, that section successively experi- 
ences pressures represented by the successive ordinates 
of the curve as they pass over it. Thus the curve also 
represents the relation between the pressure at any point 
of the rod and the time, the scale being such that 1 in. repre- 
sents the time taken by the wave to travel that distance, 
which is very nearly aase second. In particular, the 
curve giving the distribution fe in the rod along 
its length is, assuming perfect ticity, the same as the 
curve connecting the pressure applied at the end and the 
time, the scale of time being that just given. 

The progress of the wave of stress along the rod is 
accompanied by a corresponding strain, and therefore b 
movement. Ib is easy to show that the same curve whic 
represents the distribution of pressure at any moment also 
represents the distribution of velocity in the rod, the scale 
being such that 1 ton per sq. in. of pressure corresponds 
to about 1.3 ft. per second of velocity. Until the wave 
reaches any section of the rod, that section is at rest. 
Tt is then, as the wave passes over it, accelerated 
more or less rapidly to a maximum velocity, then re- 
tarded, and finally left at rest with some forward displace- 
ment. In this manner the momentum given to the rod 
by the application of pressure at its end is transferred by 
the wave action along it, the whole of such momentum 
being at any instant concentrated in a length of the 
rod, which corresponds, on the scale above stated 


(1 in, = —!_ second), to the total duration of the blow. 
200,000 


Consider a portion of the rod to the right of any sec- 
tion A (Fig. 7) which lies within the wave at the moment 
under consideration. The pressure has been acting on 
this portion since the wave first reached it, that is for a 


time represented by the length O A and equal to - 
where V is the velocity of propagation. The momentum, 
which has been communicated to the part under con- 
sideration, is equal to the time-integral of the pressure 
which bas acted across the section A, that is, to the 
shaded area of the curve in the figure. The ion of 
the rod to the right of the section is contin ini 
momentum at the expense of the portion to the eft while 
the wave is passing, the rate of transfer at any instant 
being equal to the pressure: 

When the wave reaches the free end of the rod, it 
is refigcted as a wave of tension, which comes back 
with the same velocity as the wave, and 
the state of stress in the rod subsequently is to be 
determined by adding the effects of the direct and 

reflected waves. Now, su that the rod is 
divided at some section B near free end (Fig. 8), 
the opposed surfaces of the out being in firm contact 
and — join an wave of ae travels 
over the joint prac y_ unchanged, pressure con- 
tinues to act between the faces until the reflected tension 
wave arrives at the joint. The pressure is then reduced 


This product is quite | and 


by the amount of the tension due to the reflected wave, 

as soon as this over’ at section B the pressure 
of the direct wave, the rod being unable to withstand 
tension at the joint, parts there and the end flies off. 
With a wave of the shape shown, having a very steep 
front, this happens almost immediately on the arrival of 
the reflected wave at the joint. The end-piece has then 
acquired the quantity of momentum represented by the 
shaded area in the figure, equal approximately to the 
time-integral of the pressure curve from O to B—that is, 
over the period of time required for the wave to travel 
twice the length of the end-pieve. The piece flies 
off with this amount of momentum, so to . trapped 
within it, and the inder is left in the t. 
The amount of momentum so trapped can readily be 
measured by catching the Ps a in a box ded so 
as to form a ballistic pendulum. Dividing this by the 


Fig. 5. 
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time O B, the average pressure which has acted over 
that interval is obtained, and this is the average pres- 
sure exerted by the gun-cotton over the ——. 
ing interval of time. Yy experimenting with different 
lengths of piece the area of the pressure-time curve for 
corresponding intervals can be found, and the curve can 
thus be mapped. For practical purposes, however, only 
two lengths of piece are important. First, if the piece 
be short com: with the length of the wave, the 
pressure calculated as described is nearly the maximum 
pressure exerted ; as near an approximation as is desired 
can be obtained by maki the iece short enough. 
This is true, whatever the shape of the pressure-wave. 
Second, it is clear that if the tail of the ure-wave 
has passed the section B when the reflected wave arrives 
there, the whole momentum of the blow will have 

out of the shaft into the end-pieve, and the shaft is left 
completely at rest. This will happen if the length of the 
piece is equal to or greater than half the length of the 
pressure-wave. Thus, the duration of the blow corre- 


sponds on the scale of 1 in. = an second to twice 


that length of piece, which just stops the shaft from 
moving. The general effect of the end-piece and its 
dependence on the ess of the blow, ma 
illustrated from the behaviour of a row of billiard is 
touching one another and struck at one end. If the blow 
be a sharp one, such as is given by another 5 

remain at rest except the ball at the other end, which 
moves off with the whole momentum of the blow; 
whereas the dead blow uy ven by a cue causes all to move. 


The a tus as for measuring gun-cotton pres- 
sures is shown in Fig. 5. The shaft A is hung up by 
four end-piece B rests in contact 


equal threads. 
with the end of the shaft, its weight being taken by the 
support C, which falls out of the way when the piece is 
knocked off. Close contact is ensured by the use of a 
ce aoe >. e Senines Senos Soe, 
magnetising the shaft a little. piece is caught in 
a box D, suspended in a manner similar to the shaft. 








be | blow, leaving 


Both the box and shaft are provided with pencils which 
record on horizontal sheets of paper the amplitude of the 
swings. From these records the momentum trapped in 
the piece, and the momentum left in the shaft, can be 
calculated. 

In order to test the method, it was applied to measuring 
the pressure produced by the impact of a lead bullet. 
This can be predicted theoretically, for lead moving with 
a velocity of 2000 ft. per second Frewhen on impact, as 
though it were perfectly fluid. The bullet is fired at the 
end of a shaft, and then proceeds to deform, as shown in 
Fig. 9, the lead flowing out sideways as though it were a 
jet of water. The base of the bullet knows nothing of 
the impact of the nose, and continues to move on with 
unimpaired velocity as though nothing had happened. 

ure continues until the has arrived at the 
shaft, and then it ceases, so that the duration of the blow 














Fig. 9. 
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The pressure has ceased to act. 
Outside FF the metal is at rest and 
unstrained ; inside GG’ it ts 
unstrained but has a velocity 
of 280 feet per second. 


(3847.6) 


is equal to the time taken by the bullet to travel its own 
length. The total pressure in y en is calculated just 
Xr 


as for a jet of water; it is——— where \ is the mass of 


the bullet in pounds per foot length, and wv the 
velocity. : 

The service Mark VI. bullet is 1} in. long. At 2000 ft. 
per second the blow should therefore last 5.2 x 10-° 
seconds, and the shaft against which the bullet is fired 
should just be completely stopped by an end-piece about 
5.2 in. long. It was found that in fact a piece 5 in. 
long traps 934 per cent. of the whole momentum of the 
per cent. in the shaft, while with a piece 

res are 97} per cent. and 24 cent. 


6 in. long the 2 
measured duration of the blow isa 


tively. 
all isle 1 r than it should be according to the simple 


eory. is is due in to the fact that the bullet, in 
fact, some slight rigidity, so that the base is 
oad a little during the impact, instead of coming 
right up with unimpaired velocity. The base arrives, 
therefore, a little later than it would if the bullet were 
quite fluid. In part, also, it is due to the fact that the 
pressure is concentrated on a area in the centre of 
the end of the rod, instead of being more or less uniformly 
distributed. : 

Good results were also obtained for the maximum 
— at different velocities, as shown in the following 
ta 
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Velocity. Calculated Pressure. Observed Pressure. 
Fb. Sec. Lb. Lb. 
3000 43,500 42,600 
1240 16,700 15,700 
700 5,320 5,450 


The re fod unit area in the centre of the spot 
struck = the bullet is (at 2000 ft. per second) about 275 
tons per sq. in. : ’ 

Having demonstrated by the experiments with bullets 
that this method is capable of giving within 5 per cent. 
the duration and maximum pressure of a blow such as that 
of a rifle bullet, I turned my attention to gun-cotton. 
The shaft used in most of the experiments was of tool- 
steel, hardened at the end, 14 in. in diameter by 6 ft. long. 
The results are not yet quite ready for publication in 
detail, but are summarised in Fig. 10. The parallelogram 
marked 1 re ts the momentum given to an end- 
piece, 1 in. long, when a 1-oz. primer is detonated in 
contact with the other end of the shaft. Its base repre- 
sents the time during which pressure is applied to a piece 
of this length—viz., ;,.',, second, and its height is the 


average value of the pressure exerted by the gun-cotton 
gases during the first aman second—58 tons per sq. in. 
The area of parallelogram 2 is the excess of the momentum 
given to a piece 1} in. long over that given to a 1-in. 
piece ; its height is the average pressure over the interval 
of 7 second following the first hundred-thousandth. 
The stepped line ABCD E is a first approximation to 
the pressure-time curve of the gun-cotton. Really the 
pressure varies continuously, more or less in the manner 
shown by the dotted line. This line is drawn so as to 
give the correct average pressures, but is, of course, con- 
jectural as regards the details. 

A piece 3 in. long on the end of the shaft stops the 
shaft practically dead. This is quite a striking experi- 
ment. A similar experiment can be done ona smaller 
scale with a fulminate of mercury detonator. The shaft 
in this case may be 4 in. diameter and about 2 ft. long. 
With 10 grains of fulminate in a copper tube, the shaft is 
completely stopped by a 1-in. piece, showing that the blow 


lasts in this case for less than ana second. The average 


pressure over that period is about 55 tons per sq. in., the 
maximum at least twice as great. The study of detonators 
by this method may prove of practical value, because the 
power of a detonator probably depends mainly on the 
maximum pressure which it can exert on the surrounding 
explosive. 
urther measurements with pieces of different lengths 
will enable the details of the pressure-time curve for gun- 
cotton to be filled in, and in particular will give a closer 
approximation to the maximum pressure, as to which it 
can only be asserted at t that it exceeds 60 tons 
oy sq. in. Meanwhile, the essential points, so far, may 
expressed by saying that the pressure given by a 1-oz. 
primer lasts for about noo second—nearly 90 per cent. of 
the blow has been delivered in that time—and that its 
average value is about 55 tons persq.in. A constant 
pressure of that amount acting for sia second would 
have the same impulse, and for practical purposes the 

—_ effect, as the actual varying pressure of the gun- 
cotton. 

Probably figures of the same order of magnitude 
describe the blow given by larger slabs of the same thick- 
ness (1} in.), — the gas cannot get away quite 
so easily, it may that the pressure is more pro- 
longed. 

A more concrete idea of the meaning of these figures is 

rhaps ~ by a comparison with the pressure pro- 

uced by lead bullets. A cylindrical lead bullet, 4 in. long 
and 7 in. in diameter, striking a steel plate at 2100 ft. 
per second, gives a total pressure of about 15 tons for 
io Second. A number of such bullets distributed with 
about 4 in. spacing between the centres and striking the 
plate simultaneously would give a blow of about the same 
average intensity and duration as that delivered by a slab 
of gun-cotton about 1 in. thick, detonated in contact with 
the | oe and covering the area over which the bullets 
are distributed. 

_ The resultant effect of applying such a blow to a suffi- 
cient area of a steel plate, 1 in. thick, is, as we have 
seen, to shatter the plate by developing a crack at the 
> of the area to which the re is applied. We 

now proceed to analyse effect with the aid of 
the data which have been obtained as to the intensity 
and duration of the blow. Fig. 11 represents an edge 
view of the plate. The plate is supposed to bea long 
strip, say 8 in. wide by 1 in. thick, and the gun-cotton is 
a slab, 8 in. square, covering the width of the plate. The 
pressure of the gun-cotton gases is practically confined to 
the area EE’ covered by the slab, and the immediate 
effect of the pressure is to set this portion in motion, 
leaving the rest of the plate behind. The relative 
motion between the portions of the plate on the two sides 
of the line E gives rise to shearing stress in the neigh- 
bourhood of that line,and this is propagated by wave 
action both into the part EE’, which is subject to pres- 
sure, and into the outlying parts of the plate to the left 
of E. The wave of stress seb up in this way is rather 
complicated, but its most important part is a wave of 
pure distortion, such as is caused by a long cylindrical 
shaft if one end is suddenly twisted. rate at which 
prnpnnnn nied Seas Re chal Bon ae. 

, Secon! is, roug speaking, rate at 
which the effects of the blow given to the middle of the 
steel plate travel into the outlying parts. 

Now consider the state of the plate ose second later, 


in Fig. St which for clearness the deflections are much 


exaggerated. The waves of distortion which set out from 
E have got as far as F and G respectively. EF (and also 
E G) is the distance travelled by the wave in —*. second 


000 
—viz., about 2}in. Outside the section F F’ the metal 
has not felt the blow at all, and has not moved; within 
the section G G’ the metal has not felt the d of the 
remainder of the plate, and has moved en Pay A influ- 
ence of the pressure, just as though it had been com- 
pletely isolated by division in the planesGG’. The —_ 
sure which has been acting is 55 tons per sq. in., and the 
mass of the plate is 0.28 lb. per sq. in. The velocity 
which the part G G’ has acquired is therefore :— 


55 x 2240 1 
32 = > 
ar x x 6, 280 ft. per second 


and the distance through which it has been shifted is :— 


1 , 
x 280 x = 0.0028 ft., o in. 
4 6.000 t., orabout ,1; 
The deformation represented by a deflection of ;/, in. on 
a length of 1 ft. or more would, of course, have no serious 
effect upon a plate of mild steel if it were produced by any 
ordinary mechanical means. The steel, having plenty of 
time to flow, prefers to yield in that manner ; but under the 
pressure of the gun-cotton gases, amounting to a total of 


several thousand tons, the bend is done in —| second. 


50,000 
At this speed flowing is not the line of least resistance ; 
instead of flowing the steel prefers to crack. When a 
ductile solid is deformed, the stress set up depends, 
among other things, on the velocity of deformation, 
increasing with it. The stress will have, as a rule, a 
tensile componert tending to tear the molecules apart ; 
but if the rate of deformation is not too great, this cem- 
ponent will not be sufficient to overcome the cohesive forces 


which hold the molecules ther. Sol as this is the 
case the material will simply flow without h of con- 
tinuity. But if the rate of deformation be increased beyond 


a certain point, the tensile a of stress will surpass 
the cohesive forces. If this should happen, even for an 
excessively short time and over a comparatively small 
area, the material is there torn apart, and the crack or 
tear thus initiated spreads with great rapidity. The 
material breaks suddenly and with little expenditure of 
work, like a brittle body. A stick of sealing-wax may be 
bent slowly through a considerable angle, and the force 

uired to do so is small; but if it be attempted to bend 
is through the same ange rapidly, a much greater resist- 
ance is experienced, and it snaps. In the same way mild 
steel cannot be broken short in a testing-machine or by 
the usual kinds of shock test, because it cannot be made 
to flow fast enough to cause the stress to rise to a suffi- 
ciently high value. But under the more violent shock of 
gun-cotton it is shattered. 





‘Ture InonmonceR” Mertat-Market Y£EAR-Boox.— 
We have received from The Ironmonger a copy of 
their metal-market year-book for 1914, the eighth year of 
publication, which they publish at the ce of 2s. 6d. 
net. It gives the prices which have ruled throughout the 
months of 1913 in copper, tin, lead, spelter, pig iron, iron 
and steel, galvanised sheets, tin and tern plates, &c., and 
forms a most handy guide for reference purposes. 
INTERNATIONAL COMPETITION OF AGRICULTURAL Ma- 
CHINERY IN Beg.tcium.—We have received from the 
— —e of Colonies an illustrated of the 
ials of icultural machinery, which took place at 
Chassart, Tugien, from September 23 to 27 last. The 
report gives descriptions of the conditions for the trials and 
of the various implements which competed. The object 
of the trials in question was to encourage the use of 
mechanical ploughing in the Belgian Congo. For steam 
traction-engines the classification was the fol!owing :— 














Maximum Ruston 
— Number of | J-8P4 H- |proctor and 
MacLaren, 
Marks Leeds Co., Ltd., 
Obtainable. " In. 
a. Construction .. eal 55 } 48.5 46.5 
6. Ploughing trial .. in 150 147.5 122.5 
¢. Traction fest ; 105 87.0 103.0 
310 283.0 272.0 





The classification for the petrol traction-engines was the 
following :— 











Maximum 
—— Number of “Big4.”  ‘‘ Case.” rs Seow: 
Marks P ‘ 

Obtainable. | 

a. Construction ..| 75 69.5 57 50 

b. Ploughing trial .. 135 120.0 1% | 126 

c. Traction test .. 95 83.5 85 80 
| 305 263.0 | 266 | 256 





Tho “ Big 4” cogioe, built by the Emerson, Breling 

ham Implements Sampaay. ford, Ill., U.S.A., and 

the ‘‘ Case” engine, built by the Compagnie Case de 

France, 251, Rue du Faubourg Saint-Martin, Paris, were 
ter; 


classed first ex @quo in their series, whilst the ‘* Caterpillar” 
engine, built by the Holt Caterpillar Company, U.S.A. 


y — ploughs were of Con- 
tinental make, and those by A. + et Fils, 
Waremme, Belgium, and by Mesars. Stock, Ké icker- 
strasse, Berlin, were first ex aque, whilst the one 
by Messrs. Benedetti, Le Mesuil-Aubry (S. et 0.), France, 





when the pressure has just ceased to act. This is shown 


y 
was classed third. 


COLONIAL AND FOREIGN ENGINEERING 
PROJEOTS. 


We give below a few data on several colonial and 
Seoeign enginesst projects taken from the Board of 


information concerning these 
pas be obtained from the Commercial Tntohigenss 
co Board of Trade, 73, Basinghall-street, London, 


Australia: With reference to the proposed railway 
extension in South Australia, the Im Trade Cor- 
respondent at Adelaide reports that it has been decided 
by the South Australian Parliament to extend the rail- 
way from Yeelanna to Bay as far as Cape 
Thevenard, at which place it has been decided to con- 
struct a harbour. The correspandent adds that in a few 
years’ time Cape Thevenard, which is on the west coasb 
of the Eyre Peninsula, may become an important wheat- 


ping 
Haly : Pe Gaczetta Pry Rome, =r - a ey 
au e@ granting of a concession to the Sosie’ 
Anoaime Tramvie Elettriche Savonesi for the construe 
tion of an electric tramway from Savona to Porto Vado, 
with a route encircling the town of Savona. The same 
Gazzetta announces the granting of a concession to the 
Societa Veneta per Construzione ed Esercizio di Ferrovie 
Secondarie Italiane for the construction and working of 
— from Faenza to Russi, with a branch line from 

ranaro 


to Lu 
Morocco: With reference to the call for tenders for the 
extension of the San Francisco road at Tangier, H.M. 
Consul-General at that port now reports that the con- 
tract has been awarded, at a reduction of 12} cent. 
on the estimated cost, to Mr. J. Gatti, a French subject 
at Tangier. 
Brazil: H.M. Chargé d’Affaires at Rio de Janeiro 
reports that the concession granted by the Government 
of Parand to Senhor Manoel de Macedo for the con- 
struction of a railway connecting the interior of the State 
of Parand with the port of Antonina (Bay of Paranagua) 
has been acquired by a number of Sio Paulo capitalists, 
who have formed a compony called the Estrada de Ferro 
Curitybana with a capital of 47,000/. The plans for the 
construction of the line have already been approved by 
the Government, and work will commence shortly. The 
Diario Official, Rio de Janeiro, contains a decree autho- 
rising the t of the sum of 6,789,845 milreis (about 
452,650/.) for the construction of a railway from ife 
to the City of Pedras de Fogo, in the State of Parahyba. 
Uruguay : The Diario Oficial, Monte Video, contains a 
copy of a Bill introduced into the General Assembly for 
the purpose of authorising the t of a concession to 
Edwin Steer for the construction and working of a 
oo irrigation canal from La Picada de Almeida, 
on the Santa Lucia River, in the ent of Oane- 
lones, to the Bay of Monte Video. © cost of construc- 
tion of the Canal Zabala, as it will be called, which will 
be navigable for the whole of its course for vessels dis- 
lacing 1 ye 200 tons, is estimated at 14,500,000 dols. 
about 3,085,000/.). 





DreverR FoR Rancoon.—The Simons drag suction 
dredger Cormorant, after completing all trials with suc- 
cessful results, has left on her voyage to Rangoon. The 
Simons patent steering jets and sand-baffling 
ments are special features of this dredger. In the 
teeth of a very strong wind the dredger was put on a 
mark and kept on «4 — course for fully 15 minutes 
solely by meane of her hydraulic steering jets, without 
any assistance whatever being rendered by the steering- 
gear. With the starboard propeller running at full 
speed if... o port jet ab vs wt ge Pe d 
was t round against the er. Again, w 
all the way was off and the vensal at 8 standstill, a com- 
circuit was made by means of the opty J jets. 

sand-trappi ts with which the dredger 
was fitted were found to be very efficient in uc 
ing loss in the overflow from the hopper to minimum 
when dredging light silty material. 





Workman's ComPENSATION CasE.—An interesting com- 
pensation case was decided in the Court of Appeal 
recently. It referred to a platelayer named Lloyd, em- 
a by the Midland Railway Company, ho met 
with an accident during his employment on the railway. 
His hours with the railway were from 6 a.m. to 5.30 p.m. 
The compan to pay him, during his votal incapacity 
for work, half his average weekly wage, 21s. man, 
however, earned in the evenings 7s. yd week in taking 
checks and keeping order at the Metropole Theatre, 
Bootle, and he asked that 28s. should be the figure for 
computing his com tion. The Liverpool County 


Court decided in the man’s favour, and the Midland 
Railway Company appealed inst this decision. The 
Court of Ap dismissed the ap the compan 


put forward one of their rules to the effect, that ‘‘all 
persons employed by them must devote themselves ex- 
clusively to the company’s service.” This, the Judge 
found, meant that all persons employed by the company 
must, whilst doing the company’s work, devote them- 
selves exclusively to it. A workman, for example, could 
not try and act as an insurance agent during his hours of 
em t with the company. This latter, the qeage 
thought, had no right to interfere with the man in the 
hours when he was not doing the company’s work. Tho 
man, it was true, was supposed to himself in readi- 
ness during his whole time, to be available in case of 
emergency ; but a statement had been entered to the 
effect that he might have left the theatre at any moment 
in such an eventuality. The Ju finally upheld the 
County Court award, and dismi the company’s appeal 
as aforesaid. 
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CATALOGUES. 


Revolving Shutters, Fronts, 4&c.—Messrs. 8. W. 
Francis and Co., Limited, 64 to 70, Gray’s Inn-road, 
W.C., have sent = a copy of their a ro 
qutehogne of revolving shutters, collapsible-steel ga 
wrought-iron doors for fire protection, brass-covered sash 
bars, brass stall-board plates, facias, letters, and other 
fittings for shop fronts. Several examples of shop fronts 
constructed by the firm are illustrated. 


Portable Electric Drills.—We have received from the 
Power-Plant Company, Limited, of West Drayton, 
Middlesex, a copy A. their latest list of electric hand- 
drilling, tapping, ing hines. These ma- 
chines are pane A to run on direct-current, single-phase 
and three-phase circuits, at pressures up to 500 volts. 
Full particulars, with prices, are — of eee 
and two-s ines, capable of drilling holes up to 
2 in. in diameter in iron ; ——— magnets, drilling- 
stands, and other accessories are supplied, 

Bridges oot ps ad Aaa al _— oeees 
from the Metropolitan Carriage, Wagon, an inance 
Company, Limited, of Saltley, Birmingham, a bulletin 
illustrating examples of work recently carried out by this 
concern. examples include a rail and road bridge 
over the River Jumna at Delhi, a | rter bridge at 
Buenos Aires, saloon-cars for Brazil and Sierra Leone, a 
second-class car for Argentina, and open and closed goods- 
wagons for five different home railways. A few particu- 
lars are given of all productions. 

Electric-Light Fittings.—Messrs. John Dugdill and 
Co.,, of Failsworth, near nchester, have sent us a cate- 
logue illustrating and stating prices for their patent 
movable fittings for electric lighting and other purposes. 
These fittings are com of members connected by 
stiff joints, so that the light, when placed in any desired 
position, remains in that position. 7 are supplied in 
the form of pendants, brackets, standarde, &c., and in a 
variety of finishes suitable for industrial or do mestic 
use. We also notice adjustable telephone brackets, pen- 
dants for gas-lights, and various accessories for electric 
lighting, in turning over the pages of the catalogue. 


Buildings for Export.—Messrs. Boulton and Paul, 
Limited, of Lane Works, Norwich, have issued a 
catalogue of their steel-framed and combined steel-and- 
timber framed buildings for export. The catalogue, which 
is printed in English, French, and Spanish, first gives 
instructions for erecting steel-framed a and then 
illustrates a very | number of buildings of ali descrip. 
tions, many of which are intended for use in tropical 
climates. The buildings are illustrated by plans and per- 
spective views, and the examples include coolie-shelters, 
factory buildings, stores, market buildings, ee 
cottages, hospitals, stables, &c. ; prices are stated in 
cases. Sus ion bridges, fencing, and cranes are also 
dealt with in the catalogue. 

Roller-Bearings.—A copy of their latest list of ‘‘ Norma” 
self-aligning roller- bearings reached us from Messrs. 
Edmunds, Walker and Co., of 6, Newman - street, 
Oxford-street, W. With these bearings, which are in- 
tended for radial loads only, the rollers are cylindrical, 
and run on a cylindrical inner race, but the outer race has 
a convex surface, and this feature gives the bearing its 
self-aligning properties. Among several other advan- 
tages, it is pointed out that these bearings are capable 
of carrying safely much greater loads than ball- 
of equal p omee Bo so that they can be used to sue 
the latter in cases where loads have been increased be- 
yond those att which the me were — 
designed. ere economy of space is im 
” Norma” bearings would ~ be usefal. The ht gives 
prices and dimensions of medium and heavy types for 
shafts ranging from 25 mm. to 100 mm. in diameter. 


Shades and Reflectors for Electric Lamps. An illustrated 
rice-list of their new ‘‘ Superlux” shades and reflectors 
as come to hand from the General Electric Company, 

Limited, of 67, Queen Victoria-street, E.C. ‘‘ Superlux” 
glassware, which is first dealt with, is made in the form 
of concentrating and distributing reflectors, oo, 
hemispheres, and bowls. This glass has a pure d 

white surface, which we understand forms an efficient 
reflector, and at the same time eliminates all glare and 
specular reflections. The price-list also includes concen- 
trating and distributing reflectors of vitr led 
steel, and of aluminium. Both — are green outside, 
while the steel reflectors are white inside, and the 
aluminium ones have a specially-prepared inner surface. 
Prices are also stated for glass-mirror reflectors, which are 
made in three different shapes for shop-window lighting. 


Arc-Lamps.—From the Jandus Arc-Lamp and Electric 
Company, Limited, of Hartham-road, Holloway, N., 
we have received a —< the twenty-ninth edition of 
their catal of are- and accessories. The cata- 
logue first deals with the firm’s well-known tive 
type of flame-arc lamp, which was illustrated and de- 
scribed in ENGINEERING, of Octe ber 22, 1909, on page 559. 
Another pattern of — amp, of exceptionally 
robust construction, for use in positions ex ( 
full force of heavy winds and gales, is also dealt with. 
These lamps have, we understand, heen used successfully 
in the interiors of kilns and on the chargi tforms of 
blast-furnaces, their construction being that they 
are not injured by exposure to dense smoke or corrosive 
fumes. Among other items included in the catalogue 
may be mentioned ordinary enclosed arc-lamps, lamps 
for photo-printing and other photographic work, lamps 
for colour-matching, and various accessories, such as 
resistances, choking-coils, transformers, cut-outs, globes, 
carbons, &c.; the Jandus patent winch, which was fully 
described in our issue of June 20 last, on page 852, is also 








the | ticulars 





dealt with. The catalogue is fully illustrated, and prices 
are stated for all the articles listed. 

Milling-Cutters, Gas Furnaces, &c.—From Mr. 8. N. 
Brayshaw, of 2 and 4, Mulberry-street, Hulme, Man- 
chester, we have received a list issued to indicate the 
nature of his productions, which include all kinds of 
milling-cutters and other small - cutter 
oo -burners for furnaces, gas and oil-fired furnaces 
or lening and —— crucible melting-fur- 
ar “—— Py: and Se th furnaces, Meker gas- 
urnaces 0! types, Pierson gas-producers, pressure- 
blowers, thermometers, and pyrometers. The list, which 
contains some clearly-printed and conveniently- 
conversion tables, also mentions that the firm under 
the manufacture of light machines and machine parts, 
such as addi machines, cinematograph apparatus, 
models, and light mechanism of all descriptions. Sepa- 
= lists are issued of all of the above-mentioned manu- 
‘actures. 


Gas-Burner and Exhauster for Oil-Wells.—A circular, 
illustrating and describing the ‘‘ Hunter” gas-exhauster 
and burner, has reached us from Messrs. Joseph Stephen- 
son and Co., 46, Queen Victoria-street, E.C. This ap- 

liance is intendei to use gas from oil-wells for firi 
oilers and other work, and it bas been specially design 
to utilise low-pressure gas, enormous quantities of which 
are now wasted. The burner is provided with a steam- 
jet which draws up the gas and forces it through the 
burner, at the same time drawing in the requisite 
amount of air for combustion. The steam supply is re- 
gulated by a needle-valve, and the steam consumption is 
said not to exceed that of a well-designed oil-burner of 
ual evaporative “pee. With steam at a pressure 
of 60 Ib. per sq. in., the burners are capable of maintain- 
ing a vacuum of 27 in. of water in the pipe while 
drawing their full-rated quantity of gas. hey can thus 
be used for exhausting wells, and so inc the pro- 
duction of oil. Particulars are given of two sizes which 
consume respectively 2000 cub. ft. and 4000 cub. ft. of 
gas per hour when supplied with steam at 60 Ib. per sq. 
in.; prices are stated for these burners made in brass or 
malleable iron. 


Truing and Mounting Grinding-Wheels.—The latest 
ublication from Messrs. Charles Churchill and Co., 
imited, of 9 to 15, Leonard-street, Finsbury, E.C., 

takes the form of a — entitled ‘‘ The Truing and 
Mounting of Grinding-Wheels.” The pamphlet first 
ives some notes on Alundum and Crystolon, the materials 

m which Norton grinding-wheels are made, and these 

are followed by notes on diamonds for truing grinding- 
wheels. Several types of diamond truing-tools for hand 
and machine use are then illustrated, and prices are 
stated. Particulars are also given of Hunti and 
other dressers, with twisted and corrugated steel cutters, 
and the Metcalf dressers are also dealt with. These con- 
sist of a special abrasive wheel, mounted on a short shaft 
having heavy knobs at each end, which serve as handles 
to hold the dressing-wheel up to the grinding-wheel. By 
holding the dressing-wheel at different angles with the 
grinding-wheel, a coarse or fine surface can be produced 
on the latter at will. These dressers are also stated to be 
very effective for bringing up a sharp corner on thin and 
delicate wheels, as they are not liable to chip the fine 
edge. The pamphlet also gives hints on the selection and 
use of grinding-wheels, including tables of speeds for 
wheels of different diameters. 


Gauges, Micrometers, and Measuring-Machines.—From 
the Newall Engineering Company, of Blackhorse-lane, 
Walthamstow, E., we have received a copy of their latest 
catalogue of gauges and other Ts opanee. 
Ln A _ catalogue, aaa as 7 wi m, firm’s 
publications, is o' gen appearance and con- 
veniently arranged, first explains the Newall limit 
system, and then gives tables of limits for fits of various 
kinds. Full particulars, with prices, are then given for 
internal and external limit-gauges, limit reference-bars, 
snap-gauges, omen —P , - rods, a 

uges, taper gauges, length and depth micrometers, an 
ae ace and external cimenebens One of the latter 
illustrated is capable of measuring work from 66 in. to 
72 in. in diameter, and larger sizes can be made if neces- 
sary. The next section deals with screw-thread gauges, 
giving full particulars of these mmr together with 
tables of tolerances for bolts and nuts ; surface-plates, 
cast-iron straight-edges, and marking-off tables are also 
included in this section. The remainder of the catalogue 
is devoted to the Newall sone nation which are 
illustrated and fully described. ese machines, which 
give readings to 0.00001 in., are made in four sizes, 
capable of measuring lengths up to 12 in., 24 in., 48 in., 
and 72 in. respectively; similar machines for metric 
measurements are also li 4 


Electrical Instrwments.—Three catalogues dealing re- 
spectively with portable instruments, recording instru- 
ments, and testing sets have been issued by Messrs. 
Evershed and Vignoles, Limited, Acton Lane Works, 
Chiswick, W. The first of these deals with ble 
a | ammeters and voltmeters, and gives full par- 
— of instruments of rd a, moving-iron, 

ynamometer types. © moving-coil instruments 
are fitted with the firm’s patented form of pivots, which 
enable them to withstand shocks that would ruin ordir 
instruments. Special attention is called to the com 
ammeters and voltmeters, which enable a very wide 
range of measurements to be made with one instrument. 
i le instrument is a cell-testing voltmeter 
of extremely strong construction, and also acid-proof. 
Tt can be provided with an attachment for holding the 
ruled-paper sheets on which the condition of the cells is 
led, so that the user can. make his notes without 
laying down the instrument. Wattmeters and accessories 





among the Seine lave ments, 
and some notes on the measurement of power 
are also given. The next catalogue gives full particulars 
of ammeters, voltmeters, and wattmeters, of 
both po le and switchboard types. ir special 
feature is the Murday pen, with which all these instru- 
ments are fitted. @ form of this pen is such that the 
charts have rectangular co-ordinates, and are therefore 
easily read and easily integrated. The action of the 
pen is also entirely independent of the level of the 
instrument, and another advan is that pen 
Ee x Seo len. oiig Magner eee replace. The 
itself, which resembles an ordinary drawing-pen and is 
carried on knife-edges in a stirrup attached to the end of 
the ter, is supported in such a manner that it lies 
eee Snes 2 Se va . The poiat of the pen 
is down slightly, and, when filled with ink, the 
balance is such that the point rests lightly on the paper. 
The motion of the pen is at right angles to that of the 

so that it marks equally well in either direction. 
Three distinct patterns of recorders are listed in which 
the rts are respectively in the form of a continuous 
roll, a single-revolution drum, and a ci disc. The 
latter is a new and interesting instrument, made accord- 
ing to Binsted’s patent, its distinguishing feature being 
the uction of a true polar curve. The paper disc is 
carried on a vertical spindle rotated by clockwork, so that 
if flat the chart would rotate in a horizontal plane. 
Actually, however, only the part of the chart on which 
the pen bears is horizontal, the remaining back and front 
parts being turned down over a hemispherical support 
carried — spindle and kept in position by suitable 
guides. @ pen thus bears on a cylindrical surface the 
axis of which is parallel to the motion of the This 
arrangement, besides producing a true po 
causes the part of the chart on which the is marking 
to be very rigid, and at the same time quatien the instru- 
ment to be kept quite compact. The one remaini 
catalogue is devoted to the firm’s well-known ‘‘ Megger 
testing-sets for insulation and conductor resistance, 
illustrating and describing these sets and explaining their 
uses. Among the new matter is a motor-driven “ Bridge 
Megger” set, for use when prolonged tests are ni . 
and a high-range testing-set for resistances up to 5000 
megohms. All the catalogues are well printed and illus- 
trated, and the descriptive matter is clear and concise ; 
prices are also stated in all cases. 


curve, 





Raitway Expansion IN British Mataya.—For 1912 
the revenue of the Federated Malay States was estimated 
at 32 million dols., and the expenditure at 357 millions. 
The amount actually realised was 424 millions, whilst the 
expenditure was only 31 millions, giving a surplus of 
revenue over expenditure of 114 million dols., the revenue 
being a record for the Federation. For 1913 the revised 
estimate of revenue is 41,950,000 dols. The expendi- 
ture was estimated to amount to 43} million dols., 
but this figure included 2? million dols. towards the cost 
of H.M.S. Malaya, and 4 million dols. as the purchase 

rice of the Singapore Railway. The estimate of revenue 
or the current year is put at 39? million dols., and the 
expenditure at 57 million dols. The expenditure includes, 
however, 11} millions on railway extensions and ish 
millions on other special services. A further sum wi 
have to be — to meet the instalments due on 
account of the construction of H.M.S. Malaya, which 
will increase the total estimated expenditure for 1914 to 
69,750,000 dols. It is calculated that on December 31 
last the assets of the Federation would exceed the 
liabilities by over 62,500,000 dols. In the past the 
country has owed its steady financial prosperity largely 
to the wise policy, followed out by successive ad- 
ministrators, of opening up the territory within the 
Federation by means of capital roads and of an 
excellent railway system, which brings the remoter 
districts within comparatively easy reach of the ports of 
the Federated Malay States and Straits Settlements. 
All the railway lines in the Federated Malay States ter- 
ritory belong to the State, as well as the continuations in 
colonial territory connecting with the ports of Penang 
and Malacca; the colonial railway on the Island of 
Singapore has been purchased from the Colonial Govern- 
ment, and the connecting Johore State Railway, leased 
from the Johore Government, is managed by the Fede- 
rated Malay States Railway Administration. There is 
thus unity of management of the whole railway system 
within the boundaries of British Malaya. Considerable 
has been made with the new East Coast Rail- 
way, which will connect up with the Siamese railway 
tem, and will bring Bangkok several days nearer 
uro} Many improvements are also being effected upon 
the older lines. e railway programme for the pre- 
sent year includes the survey of tracts for a line from 
a Sane Xd ine dae — is now > centre of 
a populous planting district), and for fixing the ition 
of a duplicate line between Kuala Lumpur and Port 
Swet . The trade of the country during the past 
year shows a satisfactory increase. Statistics are not yet 
to hand for the whole year, but the increase in imports 
over 1912 for the first six months was five and - 
quarter millions of dollars (about 670,800/.), or nearly 
16 per cent., and in exports eight and-a-half million 
do! (about 991,6502.), or nearly 12 per cent. Imports 
show increases in that period of half-a-million dollars in 
the value of railway materials, one-third of a million 
dollars in rice, a quarter of a million dollars in wearing 
apparel, and another quarter of a million dollars in 
machinery. The rise in exports is explained mainly by 
large increases in the value of rubber and tin. Rubber 


—_ for the whole oo increased from 15,506 tons in 
1912 to 23,463 tons in 1913, while exports of tin increased 
from 48,250 tons in 1912 to 50,128 tons in 1913. 














Fes. 6, 1914.] 





ENGINEERING, 


203 








‘“‘ENGINEERING” ILLUSTRATED PATENT 
RECO 


ABSTRACTS OF RECENT PUBLISHED SPECIFI- 
CATIONS UNDER THE AOT OF 1907. 


The number of views given in the Specification Drawings is stated 
in each case ; none is mentioned the Specification is not 


Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are Cee in italics. 

U i y obtained at the Patent Office, Sales 

25, Buildings, Chancery-lane, W.C., at 


A at 
the advertisement 


ang’ time within two months from the date of 
‘atent 


we notice at the Office of opposition 
Fotont on any of the qrets mentioned in the Act. 


. ELECTRICAL APPARATUS. 


4514/13. Marconi’s Wireless Telegraph Company, 
Limited, and C. S. . on. Wireless 
‘Telegraphy. February 21, 1913.—The object of this inven- 
tion is to provide an improved aerial which shall have good 
directional properties as well as be an efficient radiator and 
absorber of electro-magnetic waves. It is known that an aerial 
consisting of one or more turns of wire wound in the shape of a 
rectangle or other polygon, and placed with its plane vertical 
to the earth, has gooi directional properties for transmitting 
and receiving a waves, but is a very inefficient 
radiator or absorber of these waves. It is also known that the 
radiation and absorption are greatly improved by employing one 
turn enclosing as large an area as p-ssible, and by inserting a 
small condenser in series with the aerial, so that the latter is in 
tune with the wave to be transmitted or received. Even when 
this is done the dimensions of the aerial are still small compared 
with the me and the is therefore an inefficient 
radiator and a)l-sorber of electro-magnetic waves. According to 
this invention, the applicants in uce condensers at approxi- 
mately equal distances all round the closed serial circuit, the 
—— of each condenser being so adjusted that for the parti- 
cular wave-length to be used it just compensates for the induct- 
ance of the part of the circuit joining it tothe next condenser. 
The condensers may be conveniently placed in waterproof cases 
at the tops of masts which support the aerial, and in practice 
coils of high inductance should be placed in parallel with each 
condenser to prevent electrostatic charges accumulating. The 
distance between the two extreme parts of such an aerial circuit 
amay be as great as half a wave length, and the aerial will then be 
@ very powerful radiator and absorber of electro- etic waves 
and at the same time will have the good directional properties of 
a small closed circuit. (Accepted November 19, 1913.) 


27,624/12. The British Thomson-Houston pre ore 
Limited, London. (Al/gemeine Elektricitats- ft, 
Berlin, Germany.) Electric Motors. [3 Figs.) Novem- 
ber 30, 1912.—This invention relates to the control of electric 
motors, and more particularly to motors of the type in which 
the current is supplied through a moter-generator instead of 
direct from the supply mains. The invention has for its object 
to provide means for protecting motors of the above type against 
overload, and to that end consists in locking the controlling-lever 
against movement in the direction corresponding to an increase 
in load, the operation of said locking means being dependent 
upon the load on the working motor, and also upon the load of 
the motor-generator set. Referring to the drawing, a indicates 
the starting-m chine, ) the three-p! motor driving it, and c 
the working motor supplied with current from the generator a. 
Upon the shaft z of the hand-controlling lever h are mounted 
two oppositely-cut ratchet-wheels z and z! a on opposite 
engaged by 


sides of the “off” position, and adapted to 


Fig. 1. 
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clutches y carried by an arm having its bearing at vu. These 
teeth are kept out of engagement with the ratchet-wheels by 
means of an electro-magnet ¢ so long as the latter is excited. 
The electro-magnet is excited from any suitable source of cur- 
rent, and arranged in series with it are the contacts of two 
relavs d and d‘. The relay d is fed by the current flowing 
between the starting machine a and the working motor c, for 
example, in parallel to a shunt resistance » and the relay d! is 
fed by the current flowing to the motor-generator b, for example, 
through the in iary of a current transformer ¢. When one 
-of the twocurrents mentioned rises above the permissible maximum, 
the corresponding relay d or d! is so strongly excited that it inter- 
rupts its contact. the electro-magnet ¢ thereby becomes deprived 
of current, the catch y falls and en in the ratchet-wheel z or 
z!, according to the direction in which the controlling-lever has 
been moved. The further movement of the controlling-lever is 
thereby prevented, but the tor may still pull back the con- 
trolling-lever and reduce the load. The further movement of the 
controlling-lever is not possible until the current which had 


exceeded the maximum value has again fallen to a permissible 
amount, and the corresponding relay, formerly interrupted, has 
closed its contact again. (Accepted mber 10, 1913.) 


28,86"/12. G. Marconi, London. Wireless-Tele- 

raph Transmitters. (6 Figs.) December 14, 1912.—This 
nveution consists in the uction of continuous oscillations in 
an aerial circuit by means of a circuit containing a source of 
current and an inductance, but no condenser, one or more 
rotating toothed discs so arranged that they close the circuit 
periodically and in synchronism with the oscillations of the aerial 
circuit. a isa high-tension battery in a circuit containing induct- 
ance ), and having terminals ¢, cl, between which is mounted an 
insulated metal disc d rae: tet me ry teeth or studs ¢, and 
provided with means for rapidly rotating it. fisan aerial conductor 


or antenna coupled to the first circuit. At one or both of the 


if 


Fig.1. Pig. 2. 
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terminals c, cl the applicant arranges a powerfal air-blast, a 
rectifier or quenching-gaps to facilitate the breaking or inter- 
ruption of the discharge. When employing large amounts of 
electrical power, two or more discs insulated from each other may 
be employed, and geared together so that a tooth on one disc 
passes a tooth on the other disc at the instant that teeth are 
pony! the terminals of the circuit. This arrangement is shown 
n . 2, which is similar to Fig. 1, except that three discs d, d), d2 
are shown in place of one, the ng being omitted. Air- 
blas‘'s, rectifiers or quenching-gaps are preferably arranged at 
the points g, g! between the discs, as wellas at the terminals ¢, cl, 
to stop the discharge. (4ccepted December 17, 1913.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


6379/13. L. Renault, Billanco France. Interna’. 
Combustion Engines. (3 Figs.) July 30, 1912.—It is known 
that it is difficult to construct carburettors for internal-combus- 
tion engines the overation of which should be as satisfactory for 
the starting and reduced speeds as for high speeds. Carburettors 
with a single nozzle seldom permit of obtaining a satisfactory 
solution, and it has therefore been to construct car- 
burettors with two nozzles, one of which served for starting and 

uced speeds and the other for normal It is important 
for reduced speeds to place the carburettor in the immediate 
vicinity of the cylinders in order to diminish the length of piping 
and to avoid the disturbances in the supply of the hydrocarbon 
and of the gaseous mixtures. If the carburettor is thus located, 
then it is necessary to place the fuel reservoir very high or else to 
have a reservoir under pressure. The device embodying this 
invention is intended to eliminate this drawback by providing a 
main carburettor serving for normal speeds which is located, as 
usual, sufficiently low to avoid the use of a reservoir under pres- 
sure, and an auxiliary carburettor serving for reduced speeds, 
located at the upper part of the engine and not necessitating the 
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use of a super-elevated fuel reservoir or a special fuel-supplying 
device. The carburettor 1, located at the upper part of the 
engine in the vicinity of the valves, is supplied with fuel by a 
capillary tube 2 from a fuel reservoir. As the carburettor is con- 
stantly heated, the mixture is therefore quickly ignited and 
permits of an easy start and excellent work at reduced speed. 

he tube 2, which has a small section, is made capillary so as not 
to cause delay in the supply of fuel. This oma section has no 
drawback, since the carburettor is not intended to operate at high 
speeds and thereby give a large supply. A strong suction occurs 
in this carburettor during reduced speed, but this does not incon- 
venience the working of the engine, and it enables the fuel to be 
drawn also from a lowly situated reservoir. The normal working 
+f the engine at full speed is ensured withous great suction and 
corresponding er by the main carburettor, which is located 
on the side and at the lower part of the engine. Any controlling 
system 4 acting on a valve 5 of the main carburettor permite of 
shatting off ey | the suction-pipe which leads from the 
main carburettor to the cylinders. e same system acts, by 
means of a secondary rod 8, on the valve 9 of the reduced-speed 
carburettor. (Accepted December 10, 1913.) 


28,6592. H. M. Edmunds, London. Measurement 
of the Flow of Gas in Pipes, (2 Figs.) December 12, 1912.— 
This invention has reference to the measurement of the flow of 
gas in conduits or pipes, and has for object to provide a simple 
and efficient measuring instrument, whereby an indication or a 
record of the rate of flow of the gas may be obtained. The 
invention relates to that class of measuring instrument in which 
the gas whose rate of flow is to be measured impinges on the 
blades or vans of a disc or wheel, and causes the said wheel to 
move in oppor tion to a controlling force. According to this 
invention, the tlow of the gas across the les or vanes of the 
disc is localised at one part of the periphery of the said disc or 
wheel and on a radial width small compared with that of the 
radius of the disc or wheel. 1 is the disc or wheel, the periphery 
of which is provided with a plurality of blades or vanes 18. The 
disc or wheel 1 is preferably so mounted as to rotate in a hori- 
zontal plane, and is contained within a two- 2, 3, which 
| is conne in the conduit or pipe-line, the rate of flow of gas 
through which it is desired to ascertain. The spindle upon which 
the wheel is mounted is carried in bearings secured to one or other 
of the parts of the casing. The blades or vanes 18 in the disc or 
wheel 1 extend transversely to the path of the gas, asin known 
types of measuring instruments, and the gas as it flows through 





the instrument tends to se. the disc or wheel in rotation. This 


tendency is Pape by two coiled controlling-springs 8 of the 
usual type. — are arranged to act the one in opposition 
to the other, so that the disc or wheel 1 tends always to return to 


the same initial tion. 10 is a piece of cardboard, enamelled - 
celain, or eon which io marked one or more scales. . 


) 
scales are illustrated in Fig. 1, one for low readings and the other 
for The e-board 10 is suitably su in the 
part 3 of the casing, and a window 11 ‘s vided to enable the 
scales to be seen. e scales extend over 120 deg. in the instru- 
ment illustrated in the drawing, and two pointers are provided, 
subtending 120 . at the spindle. The pointer 12 is for the 


jicates low readingr, the 

the upper scale and indicates high readings. When 
12 passes off its scale, the pointer 18 commences to 
its scale. Of course, only one scale and one pointer may 
provided if preferred, or the instrument could be provided with 








more than two. The flow of gas across the blades or vanes 18 is 
localised at one part of the periphery, and for this purpose a slot 
14 is provided in both sides of the part 2 of the casing. 15 are 
boxes secured to the casing above and below the slots 14. The 
inlet and outlet pipes 16 and 17 er! are connected to the 
boxes 15,and the boxes 15 should preferably be large in com- 
parison with the size of the elots 14, as this tends to give greater 
uniformity of flow across the blades or vanes. e slote 14 
should eeryny A have the form of part of an annulus; but if the 
total length of the slot is short in comparison wiih the radius of 
the disc or wheel, they may be rectangular in shape. It is 
important that the maximum difference between the greatest and 
smallest radius (from the disc or wheel centre) of the slote 14 
should be small in comparison with the effective radius of the 
disc or wheel. In the arrangement illustrated there is a chan 
in the direction of the flow of the as it enters and leaves ibe 
casing, but, as will be obvious, such change of direction of flow 
may avoided by suitable disposition of the pipes 16, 17. 
(Accepted December 17, 1918.) 


27,962/12. Vickers, Limited, and G. T. Buckham, 
London. stal Gun-Mountings. (3 Figs.) Decem- 
ber 4, 1912.—This invention relates to pedestal gun-mountings of 
the kind in which the elevating is performed by an hydraulic 
motor. According to the present invention, the motor comprises 
a vertically-arranged hydraulic press, the ram of which is dis- 

‘in or passes through the centre pivot, and which is 
controlled by a valve actuated by a contrivance on the centre 
pivot or on apart a’tached thereto. A is the pedestal, B the 
centre pivot, and C a lever or other contrivance that is adapted 
to actuate the control-valve of the elevating-press. The elevating 
hydraulic press comprises a ram D a cylinder D!, which is 
arranged beneath the platform on which the pedestal is mounted 
and is carried by a part which does not move in training with the 
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gun. The ram D of the press passes axially through the centre 
pivot B and is connected at its upper end to a link D* pivotally 
attached to the cradle. A vertical rod D2 passing through the 
centre pivot D is attached at its lower end to a sleeve d surround- 
ing the ram. This sleeve is connected to a collar d! (also sur- 
rounding the ram) in such manner that angular movement can 
take place between the sleeve and the collar. The collar d! is 
connected to a control-valve E and = poventes from rotating by 
suitable means, such as a pin a depending from the pedestal. The 
p omggh dan of as shown, be of the usual [)-type. In the construc- 


, the lever O, which may wre A firing-handle or 
trigger, is pivoted to one of the side cheeks B! at a point c be- 
tween the le or tri and the aforesaid vertical rod D2 con- 


nected to the lever. (Accepted December 10, 1913.) 


MINING, METALLURGY, & METAL-WORKING. 


28,116/12. J. M. Holman and J. L. Holman, Cam- 
borne. Pneumatic Stamps. (2 Figs.) December 5, 1912. 
—This invention relates to ore-stamps of the kind described in 
the Specification No. 27,273, of 1911, and wherein the stemp- 
head carries a piston working in a pneumatic cylinder provided 





with lateral holes, which, during the operation of the stamp, 
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allow of a certain proportion of the air in the cylinder to a. 
the remainder acting as a cushion for the stamp-head. The 
object of this invention is to provide for varying the blow of the 
stamp without varying the , and to this end the invention 
consists in combining valves or the like with the air-holes in the 

linder, in such a manner that the admission escape of the 

r into and from the — can be adjusted as required. a in- 
dicates the cylinder and } the nm. ¢,¢ are valves ied in 
accordance with this invention, the valves bei in con- 
junction with the holes formed in the cylinder in the manner de- 
scribed in the prior specification. The valves shown each com- 
prise a socket or casing, having a screw-threaded shank or nipple 
d, designed to be inserted into the body of the cylinder, and 
having formed through it a hole ¢, which takes the place of the 
hole heretofore formed in the cylinder for the admission and 





escape of air. This socket or casing is internally screw-threaded, 
and inserted into it a screw-valve /, the inner end of which is 
made conical, so that by screwing the valve more or less into the 
hole e, the area of the for the flow of air may be regulated 
as desired. Lateral holes or slots g, g are formed in the socket 
or casing for the entrance and escape of the air, and a lock-nut / 
is advantageously fixed upon the valve for preventing the latter 
from shifting, owing to vibration or other cause. In the draw- 
ing, the cylinder a is represented as having three valves applied 
tot. In practice, however, only two of these valves will be in 
operation at one time, the valve, which is not required for the ad- 
mission and escape of air, being screwed tightly against its seat. 
This arrangement obviates the necessity for plugging a hole in 
fo cylinder as has heretofore been necessary. (Accepted Decem- 
r 17, 1913.) 


MOTOR ROAD VEHICLES. 


020/13. F. H. Royce and Rolls-Royce, Limited, 
rby. Brake Mechanism. [1 Fig.) September 30, 1913. 
—This invention relates to brake mechanism of the external 
contracting shoe type, and has for its object to obtain equal 
brake-shoe pressure, and equal reaction due to braking effect, 
and to maintain these conditions after wear of the parts. In 
accordance with the peseens invention, the applicants provide a 
brake mechanism which will exert equal pressure on each side 
of the brake-drum, thus relieving the shaft on which the drum 
is mounted of all side thrust or bending movement. In addition, 
they arrange the brake-shoes in such a manner that the reaction 
due to braking effect is equal and opposite, thus again removing 
any tendency to side thrust on the shaft. Further, the mecha- 
nism is so arran that after wear of the shoes has taken 
place, the aforesaid conditions will not be altered, and any neces- 
sary adjustment can be made without altering the said conditions. 
Referring to the accompanying drawings, which illustrate dia- 
 yrmenee yf a brake mechan constructed in accordance with 
the present invention, the brake-shoes a and a! are pivoted on 
fixed pins ) and b!, the two pina being located diametrically 
opposite to one another. On the free ends of the brake-shoes a 
and a!, which are contiguous to the fixed pins ) and )!, are 
pivoted, by means of pins 2, bell-orank levers ¢c and c!, each of 
which has one limb longer than the other, and on the pin }! on 








which the brake-shoe a! is pivoted is mounted another bell-crank 
lever d which also has one limb 7, than the other. The 
shorter limb of the bell-crank lever c is coupled to the shorter 
limb of the bell-erank lever d by means of a link ¢, and the shorter 
limb of the bell-crank lever c! is coupled by a link ¢! to a fixed 
in i; mounted in suitable juxtaposition to the pin b on which 
the rake-shoe a is pivoted. The longer limbs of the bell-crank 
levers c! and d are coupled together Ly means of a link A, which 
rably takes the form of two plates so as to straddle the 
e-shoe a'. The rod m of the operating mechanism is con- 
nected to the free end of the longer limb of the bell-crank lever 
e. The links ¢ and e! are hi to the limbs of the levers they 
connect, and each is capable of being adjustedin length by means 
of right or left-hand nuts ¢? or ir equivalent devices. The 
brake is operated by movement of the rod m in the direc- 
tion shown by the arrow, which causes the lever c to turn 
on the pin 2, and as the shorter limb of the bell-crank lever 
e is connected to the shorter limb of the bell-crank lever d, 
which is pivoted on the fixed pin 5!, the effect is to cause the 
brake-shoe a to be thrust against the brake-drum which rotates 
in the direction of the arrow, and simultaneously to im 
movement to the lever d, » Operat through the link A, 
causes the bell-crank lever c! toturn on its pin z, and 
anchored to the fixed pin f causes the brake-shoe a! also to be 
pressed against the brake-drum. It will be seen that the adjust- 


ment required to compensate for the wear of the brake-shoes, 
which is pene by means of the right and left-hand nuts 
e®, does not alter the relative position of the bell-crank levers. 
(Accepted December 7, 1913.) 


RAILWAYS AND TRAMWAYS. 


4840/13. J. E. Anger, Preston. Tramcar Brakes. 
(5 Figs.) February 25, 1913.—This invention relates to apparatus 
for automatically taking up the slack in the brakes of tramcars 
and the like. According to the present invention, the usual pawls 
engaging ratchet teeth are dispensed with, and a ratchet feed is 
imparted by means of ratchet collars operating ratchet nuts, the 
ratchet teeth on the collars facing those on the nuts and p 
into e' ement by springs. Upon the screwed part of the brake- 
rods 1 is a nut 2 having ratchet teeth 3 cut upon its face, and 
mounted freely upon the screwed rod 1 is an opposing collar 4 
having ratchet teeth 5 also cut upon its face, the teeth on the face 
of the collar 4 engaging those on the face of the nut 2, and being 
held in mesh therewith by a spring 6. The collar teeth 5 there- 
fore are held by the spring in the interdental spaces of the teeth 
of the nut 2, thecollar 4 rising as it turns one way, and preventing 
backward motion of the nut 2, but turning the nut with it when 
turned the other way. The arrangement is such that the — 
tion of a brake-lever such as 7 will operate this collar. Ordi- 
narily the collar 4 oscillates back and forth on the toothed face of 
the nut 2 without any effect ; but should the brake-lever 7 from 
wear of the brake-blocks 8 travel further than a normal distance, 
the motion will cause the collar 4 to travel more than the length 
of a tooth, thus ensuring that the backward motion of the 
toothed collar 4 will impart a ratchet feed to the nut 2, thereby 
shortening the working length of the brake-rods 1 to the amount 
of wear that has taken = The arrangement for oscillating 
the toothed collar 4 each time the brake-lever 1 is operated, so 
that abnormal movements of the lever 1 will impart a ratchet 
feed to the nut 2, is as follows :—Journalled freely on the nut 2 is 
a tubular casing or box 9, this being hollow inside and projecting 
considerably beyond the nut 2, so as to contain compactly within 
it not only the toothed portion of the nut, but also the ratchet 
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brake-rod 1 project- 

ing at the front end of the box, and the squared end of the nut 2 
rojecting at the rearend. The collar 4 is keyed to the inside of this 

Ge 9 in such ma iner as to work solidly with it as regards rotary 

motion round the axis of the brake-rod 1 while allowing the 

collar 4 to have freedom for a mg longitudinal play. The 


collar 4 and spring 6, the screwed end of the 


front end of th's casing 9, which an inturned flange 11, screws 
on to the front end of an inner tube 12, which is sleeved freely on 
to the screwed end of the brake-rod 1, the rear end of this tube 
entering a recess 13 in the face of the ratchet-nut clear of the 
ratchet teeth 3. At the rear end the casing has a back-cap 14 
screwed on to it, this cap being provided with a flange which 
abuts against a shoulder 15 on the nut 2 and holds all in place. 
The ratchet feed is thus enclosed in an absolutely dust-proof 
manner. The ratchet-collar 4 is by preference mounted freely on 
the inner tube 12, and against the rear end of this inner tube 
12 the nut 2 bears, so that a part of the nut is held between 
the end of the tube 12 and the flange of the back-cap 14. There 
is a casing in connection with the nuts on both brake-rods 1, 
and these casings are ted together in a pair by os 
cxterler Inge 16 taid. the . ze, pl at g th y @ con- 
necting-rod 17, so as to ensure the slack being taken up equally 
at either side of the vehicle. The brake lever 7 is ——- by a 
connecting-rod 18 to an arm 19 also ecting exteriorly from 
one of the ngs. There are two e-beams, one of which 20 
carries the brake-blocks 8, while the other 21 (through which the 
brake-rods 1 pass) abuts nst the rear ends of the nut 2. The 
brake-lever 7 is so appli to these beams that in applying power 
it forces the brake- ks 8 against the wheels presses the 
other beams 21 against the nuts 2, and consequently the screwing 
up of the nuts 2 will shorten the working length of the brake- 
rods 1 to the amount of wear that has taken place. (Accepted 
November 19, 1913.) 


MISCELLANEOUS. 


1931/13. H. J. Ward and F. A. Willcox, Dartford. 
& Machines. (1 Fig.) January 23, 1913.—This 

invention relates to ye me machines of the kind in which 
liquefiable vapours are employed as the refrigerating agent, and 
is especially applicable to refrigerating machines in which com- 
ressors are driven by steam-engines, and the invention has 
lor its object to provide means for reducing the t 
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ture of the refrigerant passing from the condenser to the 
regulating valve of the refrigerating machine, and thereby in- 
creasing the efficiency of the hi A ding to this inven- 
tion, the ta use the steam after it has left the low-pres- 
sure cylinder and before it enters the condenser, for the 
of ng the liquid refrigerant as it from the condenser 
to the evaporator, and by this means obtain alarger heat abstrac- 
tion from a given s'ze of compressor, and the heat a! 
per unit of fuel is increased. In the machine illustrated, the 
compressor g is driven by a steam-engine having a high-pressure 
cylinder } and a low-pressure cylinder c, the high-pressure 
—— being supplied with steam _ the ang pen | a 
compressed v r passes from com rg to acoil m 
in the conteaur h. whore it is condensed. ‘The liquid then 
passes into the cooler k, consisting of a coil n imme in water 
and containing a steam-ejector ¢ connected by a diffuser f to the 











steam condenser d. The steam passing through the ejector ¢ 


entrains water vapour from the vessel k, causing evaporation of 
the water and cooling of the refrigerant in the coil n, the steam 
and entrained vapour discharging into the steam-condenser d. 
The level of the water in the vessel { may be maintained by means 
of a float-valve. The refrigerant, after being cooled in the vessel 
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k, passes through the regulating valve into a coil o in the evape- 
rator J, and thence to the suction of the compre:sor g to be again 
compressed. Steam can be suppl ed to the ejector e, as shown in 
the drawing, either direct from the generator a or after passing 
through the high-pressure cylinder 6 or through both cylinders 
b andc. (Accepted November 26, 1913.) 


6270/13. Sir T. Wrightson, J. M. Ringquist, and 
Head, Wrightson and Co., Limited, Thornaby-on- 
Tees. Cen al Machines. 


tritug: (4 Figs.) March 13, 1913. 
—This invention relates to centrifugal machines, and, according 
thereto, the material is gradually introduced into a concave 
trough-sha, vessel ee its concavity directed towards an 
axis about which it is rapidly revolved. e solids collect at the 
bottom of the concavity at the greatest distance from the axis. 
and are removed in any convenient manner whilst the liquid 
spreads itself in a layer over the solids and overflows when the 
vessel is as full as it will hold. a is a casing and b is a hollow 
shaft in it which is driven by a pulley b* fixed toit. care the 
vessels carried by brackets }! fixed to the shaft. Each vessel < 
is in the form of half a truncated cone, and, as shown, they are 
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constructed of solid plates, but they may be made of porous 
material. d is the pipe by which the material to be treated is 
supplied ; it passes down the hollow shaft b, and delivers inte 
passages b2 in the brackets b! by which it is led into the lower 
part of the vessels. c!, c2 are flanges at the bottom and top of 
each vessel, the flange c! being wider than the flange c®. ¢ are 
ac! rs fixed to axial shafts ¢! in the vessels. Each shaft ¢! has 
fixed to it a spur-wheel ¢? gearing with a wheel f2 fixed to the 
sleeve / which is loose on the shaft b. This sleeve has fixed to it 
a pulley f! by which it is slowly driven whilst the shaft } is 





rapidly rotated. The liquid escaping from the vessels flows over 
the flanges c? into the annular trough g and out by the pipe g*. 
The solids are removed from the vessels by the scrapers and fall 
into the casing a. (Accepted December 10, 1918.) 
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NEW WORKS AT PORTSMOUTH 
DOCK YARD. 


Durine the past three or four years very exten- 
sive works have been in progress at H.M. Dock- 
yard at Portsmouth, with a view to increasing the 
efficiency of the plant for the construction of new 
vessels and the refitting of ships in the Fleet, and 
for the better accommodation of ships in graving 
and floating docks and in basins. These works 
have involved very considerable expenditure, and 
illustrate the need for increased votes in the Navy 
Estimates, not only for the maintenance of our 
Fleet, but also for operations which are not directly 
associated with fighting strength, although indirectly 
having great influence on the efficiency of the Navy. 
The value of such works is shown, first, in the 
rapidity and economy of ship construction ; and, 
secondly, in the short time taken to effect refits 
and generally to maintain the Fleet in a satis- 
factory state. No establishment in the world 
has excelled, if, indeed, any have equalled, the 
performance of the Royal Dockyards in the short- 
ness of time required in building battleships. 
Probably never in the history of the Navy has its 





yard to about 300 acres. The upper part of Fig. 1, 
on this page, shows the arrangement of these basins 
and docks prior to the commencement of the work 
now in progress, and to be described in this article. 

Whilst no increase has taken place in the total 
area of the yard in recent years, there has been 
made a great increase in the docking accommodation 
for ships of great length, beam, and draught, and 
a considerable increase in the roofed-in area. The 
three basins completed about 1877 have been made 
into one, as shown in the lower part of Fig. 1; 
the dividing walls have been removed, with the 
exception of a part of one of them, on which 
there has been mounted a hammer-head crane, 
with a lifting capacity not exceeded by any 
other in the world. Part of the area of one of the 
basins (No. 3) has been utilised to form two new 
entrance locks, which may also be used for the 
docking of large ships ; and as regards these locks, 
it can be said that they are capable of taking a 
larger warship than any other dock in the world. 
The key plans in Fig. 1 show the basins and locks 
as they were formerly and as they exist to-day. 
Outside of the basin, to the north, there has been 
moored a floating dock, the capacity of which is 
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state of preparedness been more widely acknow- 
ledged, and the facility shown in mobilising the 
enormous Fleet engaged in the manceuvres of the 
summer of 1913 gives assurance that, in the event 
of war, such vessels as may suffer at the hands of 
the enemy will be quickly repaired and returned 
to the fighting line in the minimum of time. 

_ Portsmouth is our oldest existing dockyard, and 
it is therefore appropriate that it should be the 
most efficient. For seven centuries the Hampshire 
town has had a place in history as one of the head- 
quarters of the Navy, although as late as 1540 the 
total area embraced in the dockyard was only 
about 8 acres. Until nearly the end of the 
eighteenth century there was no basin in which 
ships could be accommodated, but at that time two 
dry docks and a small basin were built, the whole 
having an area of 90 acres. The next development 
in the size of the establishment was contempora- 
neous with the introduction of steam, and then 
also engineering shops were constructed, the area 
in 1850 being 115 acres. At that time five building- 
berths on the harbour front were in use. In 1869 
the first ironclad vessel built at Portsmouth was 
laid down ; this was the Devastation, and it took 
seven years to build her. Further extensions were 
commenced to the north of the yard in 1867, three 
basins being added, with a total area of 50 acres, 
in addition to a tidal basin of 10 acres. This latter 
was outside the two entrance-locks. These were 
also available as dry docks, while three large docks 
were constructed to the south of the series of the 
three basins. This increased the total area of the 


Pians oF PortsmoutH Dockyarp EXTENSIONS. 


greater than the displacement of any existing 
chip. It is the purpose of this and the succeeding 
articles to describe these works ; but before enter- 
ing upon such detailed description a brief refer- 
ence may be made to the great developments that 
have taken place in recent years in the construc- 
tional departments of the dockyard. 


IMPROVEMENTS IN THE SHIPBUILDING AND 
ENGINEERING FactTorigs. 


The importance of the improvements in manu- 
facturing plant within recent years is indicated 
by the great reduction in time required for the 
construction of battleships. This can most con- 
vincingly be shown by a brief tabular statement, 
indicating the size and the time occupied in 
building epoch-marking ships-of-the-line. 

Time Required to Build Epoch-Marking Ships of the Line. 














Date of Displace- Time Required to 
Name. Com- |Length.| ment Complete 
pletion. Tonnage. | for Commission 
| ft. 
Devastation ..| 1876 285 9,330 (7 years 
Inflexible --| 1881 320 8,010 (7 years 8 months 
Camperdown .. 1889 330 10,600 6 , 8 Pm 
Royal Sovereign 1892 8E0 14,150 8 , 8 te 
London .. ..| 1902 400  \) jo Dae 
Britannia 1906 425 16,350 2 , 8 * 
Orion os --| Wi 545 22,500 2 , 2 0 
King George V. 1913 555 23,000 1 , 108 ,, 





Although the rate of construction per unit of 
displacement is more or less an empirical measure, 





it is nevertheless interesting to note that the rate 


of construction in the case of the Devastation in 
1876 was equal to 110 tons of the displacement of 
the ship per month, and in the case of the Camper- 
down, of 1889, 132 tons; in the case of the later 
ships, however, it was 1000 tons displacement per 
month. The single berth for the construction 
of battleships available to-day is equal to double 
the output of all five building-berths available at 
the middle of last century. There has thus 
been very considerable saving in space occupied. 
For some years one ship per annum has m 
launched from this berth; it might be possible 
to launch three ships in two years from it should 
the demand be made. The ship, it is true, 
when launched is in a less advan stage than it 
was in olden times, but there is no loss in respect 
of economy, as, in addition to the factories, required 
for the construction of the hull, located near to the 
building-berth, there are manufacturing shops close 
to the fitting-out berth in one of the basins, and in 
this latter department is accommodated all plant 
required for the advancement of the ship from the 
launching stage to completion. 

Important elements in this rapidity of construc- 
tion are the admirable organisation of the dock- 
yards, under the Board of Admiralty, the Director 
of Dockyards, and the successive admiral-superin- 
tendents and managers of the Portsmouth yard ; the 
convenience of arrangement of the reorganised 
factories ; the adoption of the latest machine-tools 
available ; and the application in all cases where 
possible of electric, pneumatic, and hydraulic 
power. To some of the recent extensions in the 
ae departments reference may here be 

e. 
In order to enable extensions to be made to the 
shipbuilding shops, which are, of course, contiguous 
to the battleship - building slip, the old steam 
factory was removed seven years ago to a new 
building on another site. At the same time the ship- 
yard machine-shops were re-arranged, and much 
new machinery added. The overhead lifting equip- 
ment has recently been entirely re-modelled. The 
old gantries and travellers have been replaced by a 
modern steel structure, upon which run five 5-ton, 
three 3-ton, and one 2-ton electric travellers, all 
of the latest three-motor type. The machinery 
in the shop itself has also been modernised by the 
addition of several motor-driven punching, shear- 
ing, notching, capping, and splitting-machines, as 
well as by a set of motor-driven bending-rolls for 
dealing with nickel-steel plates up to 14 in. in 
thickness. The rolls are of the following dimen- 
sions, &c. :—Length of rolls, 34 ft. ; diameter of 
top roll, 19 in. ; diameter of bottom roll, 154 in. 
The rolls are operated by a 120-brake-horse-power 
motor, the adjustment being by two 20-brake-horse. 
power motors. The drilling-plant of this shop is 
also complete with the latest high-speed tools, 
whilst a compressed-air service permits of the use 
of pneumatic tools wherever ired. 

A new angle-frame-bending shop has been built 
near to the building-slip, and is equipped with 
heavy power-driven appliances. The necessity for 
increased accommodation has also affected the gun- 
mounting shop, which has been recently extended 
by the addition of a new bay, 55 ft. wide, equipped 
with rail-tracks, turntables, and two 40-ton over- 
head travellers. The whole building is now some 
270 ft. by 260 ft. Other additions to the yard 
plant include a new joiners’ shop. 

The new steam factory at the east end of the 
dockyard was completed and brought into use in 
1907, much of the tool plant having been trans- 
ferred from the old building appropriated to form 
an extension to the machinery shops of the ship 
construction department, as already stated. The 
new steam factory is a lofty building, 590 ft. by 
280 ft. Originally constructed with a view mainly 
to the repairs of reciprocating engines, and the 
auxiliary machinery usually associated with such 
engines in vessels of war, this shop now also con- 
tains the plant to enable the workers to deal with 
any large repairs to turbines which may become 
necessary, and which cannot be accomplished in the 
ship. As indicative of the equipment, we give 
pone of the three largest machines installed 
or turbine work, but utilisable for other purposes 
One is a quadruple - geared motor - driven lathe, 
8l-in. to 102-in. centres, which will take a job 
55 ft. between centres. The driving motor is of 
60 brake horse-power, and the traversing motor of 
5 brake horse-power. Another is a motor-driven 

e bcring-machine, which can bore turbine- 





casings up to 17 ft. in diameter, and can take a 
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job 45 ft. between centres, and can face up to 17 ft. |and was effected in 1911. The main building, | tically confined to three of the smaller bays, part 
in diameter. It is operated by a 40-brake-horse- | which is lofty and well lighted, now consists of a|of which also forms a ‘‘ marking-off” floor ; the 


tively, and is operated by a 50-brake-horse-power |each about 45 ft. wide by 170 ft. long. The| necessary for the construction and repair of cylin- 
motor. Overhead cranes of 80 tons capacity are | erection-bay is served by two overhead travellers |drical boilers, and for the repair of all types of 


provided for a the turbine-casings and other | of 40 and 10 tons maximum loads respectively, | water-tube boilers, and other plate and tube-work 
gear into and out o 


was erected in 1897-98, and was adapted for the|each a 5-ton traveller, all electrically operated. | machines, screwing-machines, shaping-machines, 
extension which subsequently became necessary, | The machine-tool equipment of the shop is prac-|tube-bending and testing-machines, punching and 





NEW ENTRANCE LOCKS AT PORTSMOUTH DOCKYARD. 
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wer motor. A wall-planer machines a job 30 ft. | principal erection-bay 60 ft. wide by about 280 ft. | remainder are primarily used as a boiler smithery. 
y 20 ft. in horizontal and vertical directions respec- | long, with six bays running at right angles to it,|The plant consists of all kinds of machinery 


an the machines. while three of the smaller bays have each a_| usually associated with a boiler-shop. In addition 
The original portion of the present boiler-shop | traveller of 10 tons capacity, and the three bays | to the machine-tool equipment of lathes, drilling- 
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shearing-machines, grinding-machines, plate-rolls, 
&c., the plant includes the requisite ——e and 
staving-presses, plate-heating and annealing fur- 
naces, slabs, steam-hammers, forges, light swing- 
cranes, electro-zincing apparacus, welding-gear, 
pneumatic air service for riveting and other pur- 
poses, and hydraulic pumping plant. The steam- 
engines previously for driving the shop 
machinery have been replaced by electric motors, 
but it has been necessary to retain some of the 
boilers in connection with the working of the steam- 
hammers. 


PoweERr-StTaTIONs, 


Prior to the general electrification of the yard, 
electrical energy was supplied where required by a 
number of small sub-stations and portable sets ; but 
as the demand for electric power increased, it was 
deemed desirable for purposes of economy to cen- 
tralise the supply ; as a result of this the present 
electric generating station was built and equipped. 
The station is centrally situated, and possesses the 
advantages of minimum transmission losses, shorter 
cables, and increased facilities for economical dis- 
tribution of electric energy used for lighting the 
whole of the yard and shops and ships under refit, 
and for driving the travellers and shafting of the 
various shops. Group and individual driving is 
resorted to for the shop machines as necessary for 
economy. Electrical energy is also used for operating 
the large cantilever crane, travelling tower-cranes, 
&c., fire-pump, and other purposes. 

The machinery in the generating station consists 
of five 600-kw. dynamos, driven by high-speed 
triple-expansion engines, fitted with forced lubrica- 
tion and enclosed crank-chambers with large access 
doors. Each set has its own condensing plant, with 
steam-driven air-pumps of the Allen-Edwards type. 
The circulating pumps are motor-driven. A 
300-kw. set on similar lines is installed for light- 
load purposes. Two 1200-kw. turbo-generators of 
the Parsons compound impulse reaction type have 
recently been added. These machines are capable 
of a considerable overload when necessary, and are 
each provided with separate condenser and motor- 
driven air and circulating pumps. All the engines, 
besides exhausting to their respective condensing 
plant, can, if necessary, exhaust to atmosphere. 
The supply is 460-500 volts continuous current on 
the three-wire system. Steam at a working pres- 
sure of 165 lb. per sq. in. is supplied by ten marine 
boilers of the dryback type, two large Babcock 
and Wilcox marine boilers, and six Stirling boilers 
of the five-drum type. ll the boilers are fitted 
with mechanical stokers. The boiler-house is pro- 
vided with a tip for emptying coal-trucks into a 
hopper, beneath which works a crusher. The 
crushed coal is taken to overhead bunkers by a 
travelling conveyor of the chain-and-bucket type, 
capable of handling 40 to's of coal per hour. 
Travelling hoppers, which cin be filled from the 
bunkers, run along the furnace fronts, and are used 
in filling the bins of the mechanical stokers. The 

travelling conveyor can also be used for handling 
ashes and clinker, which are discharged into rail- 
way trucks outside the building. 

Like all large shipbuilding establishments, Ports- 
mouth makes great use of pneumatic tools for 
riveting and other such purposes. This, however, 
is not the only use to which pneumatic power is 
applied at the yard, for all the sliding caissons, 
penstocks, and capstans (except those few in the 
oldest part of the works) are operated by this 
medium. Within the main dock pumping-station 
there are five steam-driven air-compressors of vary- 
ing sizes, the two largest being each capable, 
per hour, of compressing 240,000 cub. ft. of free 
air to 100 lb. pressure per sq. in. In the same 
building are eleven vertical cylindrical reservoirs 
having an aggregate capacity of 26,000 cub. ft. 
The compressed air from this installation passes 
through the cast-iron mains around the basins and 
docks and under the caisson spaces in specially- 
built subways, in which are also placed the electric 
cables and other n mains. The compressed 
air required for tool-work at the docks and boiler- 
shop is also taken from this source. A smaller 
jecont to the & oe has been erected ad- 

cent e building-slip for supplyin wer at 
pen na 2 = pat wa i mendes 

ressors, e est having a capaci 
hour, of 120,000 cub. ft. of free sir fon am to 
100 lb. pressure. In addition there are many 


portable sets of air-compressi i 
oa. pressing machinery for use 


Tue New Locks, Docks anp Basins FOR 
Batt.esHips. 


To return now to the basins and locks for the 
accommodation of ships, either in ) rye of being 
fitted out when new or of being refitted after com- 
mission, we give, in Fig. 1, a plan of the old and 
new works. These are located in that portion of 
the establishment at the extreme north end of the 
yard, beyond which is Fountain Lake, while 
further north still is Whale Island (the Naval Gun- 
nery School), which occupies land reclaimed with 
excavations from the original Portsmouth Dock- 
yard extensions. The large basin and the two 
large locks, shown in Fig. 1, occupy the site of the 
three basins completed over thirty years ago, the 
largest—No. 5, on the upper part of Fig. 1—having 
an area of 22 acres, and the two others of 14 acres 
each. At the southern end of the larger basin 
there were constructed also three new docks, and 
later two additional docks were built. The largest 
of these had an entrance 93 ft 11 in. wide, while 
the depth at high water of ordinary spring tides 
was 34 ft. 1 in., and the length of the dock itself 
was 612 ft. 11 in. This dock was found quite suit- 
able for all vessels up to and including the Orion, 
completed in 1911. There were two locks admitting 
vessels from the harbour, through an outer, a tidal, 
basin, into the largest of the three basins, and 
openings in the walls separating the three basins 
enabled vessels to be berthed in any of them. An 
additional emergency entrance was constructed in 
the north wall for the admission of ships from the 
harbour through Fountain Lake. 

With the increasing demands of the naval con- 
structor, particularly in respect to beam and length 
of ships, additional accommodation became neces- 
sary, especially in locks and graving docks, and it 
was decided four or five years ago not only to make 
the three basins into one by the removal of the 
dividing walls, so as to increase the area for the 
canting of ships within the basins, but to form two 
new entrance Sodbe larger than those existing, and 
to be usable also as graving docks, The locks have 
been constructed within the area of one, the 
westernmost, of the three basins. 

The new locks have a width at the entrance of 
110 ft., or 119 ft. between copings, a length with 
the caissons in their normal position of 850 ft., and 
a depth at entrance of 33 ft. at low water of ordi- 
nary spring tides, or 46 ft. 6 in. at high water. 

The length is quite double that of the old locks, 
and the width 50 per cent greater, while the depth of 
water over the oi hadmeth proportionately deeper, 
so that there is abundant margin for possible increase 
in the dimensions of future ships. One portion of 
the dividing walls between the old basins was left, 
as shown on the plan, Fig. 1, and on the end of 
this there has been erected the powerful cantilever 
crane already referred to. The fitting-out berth 
for new ships is in the south-western corner of the 
basin, and here there are several travelling-cranes 
capable of lifting all but the heaviest of loads into 
ships in course of completion. 

Between the old locks there exists powerful 
shearlegs, while traversing the walls of the new 
locks are several steam-cranes for lifting loads into 
and out of ships undergoing refitting in the lock. 
A new pumping-station has been constructed to 
the ml of the new locks, and the culverts are 
arranged so that the same pumps may be used for 
either of the new locks and also for one of the old 
locks. The general result of the new works is to 
afford four entrance locks into a basin having an 
area of 45 acres. Any lock may be used as a 

ving-dock, and, in addition, there are four other 
ocks having entrances direct from the basin. 
Beyond the northern wall of the basin—namely, in 
Fountain Lake—there is moored a floating dock, 
with extensive storage wharves for the reception 
of the material to be used in connection with the 
repair of ships in this dock. The civil engineerin 
part of the work, it may be added, has been design 
and carried out under the supervision of the Director 
of Works at the Admiralty, an office which, in the 
earlier stages of the undertaking, was occupied by 
Colonel Sir Edward Raban, KCB, and later and 
now by Mr. T. Sims, O.B., M. Inst. 0.E. The 
mechanical engineering of the work has been 
under the supervision of the Director of Dockyards, 
an office held since 1906 by Sir James B. Marshall, 
K.C.B. The floating dock, again, was designed and 
built under the supervision of the Director of Naval 
Construction, now Mr. E. H. Tennyson D’Eyncourt. 





The plan of the new locks is given in Fig. 2, 








with two half cross-sections in Figs. 3 and 4, on 
page 206, while further details of the entrances 
to the lock, cambers, culverts, and subways are 
given on the two-page Plate XVII. These sec- 
tional drawings, if compared with similar drawings 
of docks constructed by harbour authorities for 
the accommodation of merchant ships, will show 
that the sections are of much greater strength 
than is considered necessary in the case of com- 
mercial docks. A little reflection will show that 
this is essential. The ships which enter the 
ordinary commercial docks are usually lightened 
as far as possible, the bunkers being emptied and 
other weights removed. In the case of warships, 
on the other hand, such procedure is not adopted ; 
the designer must contemplate the probability 
of vessels entering not only with all stores on 
board, but with the ship in a water-] condi- 
tion, as a co uence of the admission of sea- 
water into several compartments due to the effect 
of the enemy’s fire on the shell of the ship. Thus 
greater stresses must be assumed and a large factor 
of safety allowed. The importance of anticipating 
the docking of ships in a water-logged condition 
is also an element calling for t depths of 
water over the entrance sill. Ge taten to 
increase beam in order to enable displacement to 
increase without the draught being abnormally 
affected must also be taken into account in deter- 
mining dimensions. As a co uence of all this, 
battleship docks are necessarily of greater sectional 
dimensions, as well as of greater cost, than those for 
mercantile ships. 

Deferring for a moment reference to the actual 
work of constructing the locks, we may describe 
the works as they stand completed. The side walls, 
as shown in Figs. 3 and 4, are formed of concrete, 
and the foundations have been carried down into 
the clay. The altars are of granite, the lower part 
of the wall below the altars being faced with grano- 
lithic concrete, and the upper between the top 
of the top altar and the coping—with blue brick. 
The bottom is cambered for drainage purposes, and 
three longitudinal ribs of granite have been laid to 
take keel and bilge-blocks. Steps are provided at 
each end and at intermediate points. Two timber 
slides on each side of each lock have been put in, 
as shown on the plan, Fig. 2. These slides are for 
drawing up timber from the water when the vessel 
has been moved out of dock rather than for 
launching down timber. The practice preferred is 
to lower the timbers by cranes when the vessel has 
entered the dock, or to place timber in the water 
prior to the entrance of the vessel, and subsequently 
to place it in position between the altars and the 
wo hyd means of the cranes running on the dock 
walls. 


The inner entrances to the locks—those to the 
east, opening into the basin—are constructed to 
take floating caissons. The outer, or western, 
entrances communicating with Portsmouth Harbour 
are built for sliding caissons. The entrances of 
both locks are precisely the same, so that the 
ship caissons are interchangeable. Figs. 5 to 14, 
on Plate X VII., fully illustrate the inner entrances. 
Figs. 15 to 21, on the same plate, show the details 
of the outer entrance and camber. Figs, 22 to 25 
are sections of the basin walls where these had 
- he rebuilt to form wharves contiguous to the 
ocks. 

The longitudinal sections of the inner entrance 
in Figs. 5 to 8, the plan in Fig. 9, and cross- 
sections in Figs. 10 to 14, render a detailed de- 
scription unn . While concrete in situ was 

as for the dock walls, the stops and coigns 
are of granite. As shown in the plan and longi- 
tudinal sections, there are, in addition to the 
normal stop, outer stops, — which the floating 
caissons may be placed, should it be desirable to 
increase the length of the interior of the lock. 
Later we shall describe the caiseons. 

The western entrances, closed by means of 
sliding caissons, are illustrated by the longitudinal 
section in Fig. 15, the plan in Fig. 16, and the main 
cross-section in Fig. 18, which shows a longitu- 
dinal section of the camber; of this latter cross- 
sections are given in Figs. 19 to 21. The stops in 
this case also are of granite. The sections show 
clearly the formation of the camber, and particu- 
larly the great strength of the walls. The camber 
is constructed of concrete in situ. The covering or 
deck over the camber is lifted by pneumatic machi- 
nery, which is also used for sap Bey caisson 
across the entrance to the dock or back into the 





camber. This will be illustrated later. Provision 





208 


ENGINEERING. 





[FeB. 13, 1914. 








is made for flushing out the camber in the event 
of any accumulation of mud in the bottom. For 
this purpose a culvert has been constructed, and 
the openings of this have been protected by grids, 
as shown by the details included in Fig. 18. 
At the rear end of the camber, where a foundation 
had to be provided for the caisson-deck-raising and 
caisson-hauling machinery, pockets were formed 
in the concrete in order to reduce the amount of 
concrete required, as shown in Figs. 18 and 19. 

Subways are provided under the entrances at 
both ends of the locks, as shown by the dotted 
lines on the plans, Figs. 9 and 16, and in the 
sections 11, 12, and 14, for the accommodation of 
water-pipes, &c. These subways are built up of 
cast-iron rings in segments bedded into the con- 
crete, and access to them is obtained through 
shafts provided with ladders from manholes at the 
surface level, as shown in the section, Fig. 12. 

The walls forming the entrance to the locks from 
the harbour and the new face of the inner basin, 
as shown on the plan, Fig. 2, are illustrated by the 
sections, Figs. of to 25. It will be seen that these 
are built for the most part of concrete in situ, the 
upper part being granolithic concrete, with a 
granite coping. A covered way has been con- 
structed, for the most part under the coping level, 
for the leads. 

The culverts for filling the locks and those in 
communication with the wells in the pumping- 
station for emptying the locks are shown in the 

lan, Fig. 2, and in several of the sections on 

late XVII. The arrangement is such that 
the main pumps may be used for either of the two 
large locks now constructed, and also for one of 
the old locks. Filling culverts are arranged at both 
entrances to each lock, although normally those 
at the outer entrance will be used for the filling 
of each lock. In addition, there are two filling 
culverts ing from the tidal basin through the 
south wall of the southern lock, as shown on the 
plan, Fig. 2. The main suction or discharge cul- 
verts at the inner or east end of each lock are shown 
in Figs. 10, 13, and 14. Fig. 13 shows the suction 
culvert passing from the northernmost lock under 
the entrance to the southern lock, whence it com- 
municates with the main pump-well. These several 
culverts are controlled by penstocks, which will be 
described later. 

In the pumping-station there are two main pump- 
wells for emptying either of the two new locks or 
one of the old locks. There are also drainage 
culverts for discharging any leakage from the floor 
of the dock; this water is drawn from a sump 
near the inner entrance. The drainage culvert is 
shown in the section, Fig. 3, on page 206. The 
suction water is discharged from the pump-wells 
into the basin, in order to keep the water-level in 
the latter as high as possible. Provision, however, 
is also made for delivering the discharge into the 
tidal basin outside, as shown in the plan, Fig. 2. 

In our next article we shall describe the con- 
struction of the locks. 


(To be continued.) 





RECENT DEVELOPMENTS IN DRIVING 
INDIAN TEXTILE MILLS. 

Tue mills of India may be divided broadly into 
two classes : I., Cotton mills, chiefly located in the 
Bombay Presidency and built on the three-storey 
design, as in England. II., Jute mills, all situated 
on the banks of the River Hooghly, within 50 miles 
of Calcutta, and practically all of the single-store 
design. The great majority of the mills in bo 
classes are driven by reciprocating engines through 
rope gearing in the usual way, and while the con- 
ditions in Class I. differ little from those prevailing 
in cotton-mill driving in this country, those in 
Class II., owing to the different lay-out of jute- 
mills, often present problems not met with in 
England. 

Some of the older jute-mills, which have been ex- 
tended from time to time, are very much scattered 
and cover a large area of ground. They are fre- 
quently driven in sections by two or more separate 
engines and boiler plants, so that the working 
costs are not low. On the other hand, most of the 
modern mills are built in a very compact manner, 
and in the majority of cases are driven by ro 
from the second-motion shaft of the engine. The 


heaviest drive is the spinning-shaft, and this is 
generally coupled direct to the second-motion shaft, 
the remaining shafts being driven by ropes in a rope- 


alley extending along one side of the mill, as shown 
in diagrammatic arrangement, Fig.1. This 

also shows the design adopted for many mills which 
were built with a view to future extension, the 
full lines showing the original part of mill driven 
by one engine Ea, generally of about 2000 indi- 
cated horse-power, whilst the dotted lines show the 
lengthened shafts, and the addition of a second 
engine Es of about 1000 indicated horse-power. 
After extension, the two engines work inde- 





pendently, Ea driving the preparing machinery 
4. TYPICAL LAY-OUT OF A JUTE MILL. 
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and EB the factory. Both engines are supplied 
with steam from the same boiler-house, and as high- 
pressure boilers with superheaters and economisers 
are now common practice, the working costs at 
these mills are extremely low. Consequently, 
though many alternative schemes have been put 
forward, there have been few departures from the 
arrangement outlined above. 

About two years ago, however, Messrs. Bird and 
Co., Calcutta, who are managing agents for several 
a mills, decided to investigate the possibility of 

ill further reducing working costs by installing a 
low-pressure turbine instead of a second engine at 
Es, the turbine to work on exhaust steam from 





engine E a, 


The figures put forward proved that if the tur- 
bine to generate electricity and transmit the 
drive to the existing shafts through motors, there 
was little or no economy possible. If, however, 
the turbine were arranged with a reducing gear and 
rope-pulley to drive the mill by ropes, the economy 
promised was quite considerable, and Messrs. Bird 
and Co. eventually decided to try the system at 
the Union Jute Mills, Calcutta. e arrangement 
of rope-drives adopted at the Union Mill is shown 
diagrammatically in Fig. 2. Before installing the 
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turbine, engines E 1 and E 2 drove the two sections 
of the mill independently, but by arranging the 
new pulleys and shafting P and S it was possible to 
shut down engine E 1 and drive the whole of the 
mill from engine E 2 and the turbine. 

The geared turbine could have been applied to 
driving the mill in two ways:—1l. By running 
independently on part of mill, while the engine 
worked separately on rest of mill. 2. By running 
in lel with engine on load of whole mill. In 
order to obtain the maximum economy with either 
of these arrangements the turbine would at all 
times have to use the whole of the exhaust steam 
received from the engine. In No. 1 scheme it 
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would have been quite possible, by a suitable 
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arrangement of rope-drives, to achieve this desired 
economy for one given set of running conditions ; 
but as neither the load nor the running conditions 
are constant, it is certain that the turbine would 
at times have had too much, and at other times 
too little, exhaust steam, and on these occasions 
maximum economy would not have been obtained. 
Further, a mixed-pressure turbine would have been 
required. With No. 2 scheme, on the other hand, 
a pure low-pressure turbine, without even a con- 
trolling governof, would be sufficient, and the tur- 
bine would always use the whole of the exhaust 
+team available from the engine to the best pos- 
sible advantage. 

After carefully considering the whole matter, 
Messrs Bird and Co. adopted No. 2 arrangement, 
and it speaks highly for their courage and enter- 
prise that they thus not only decided on a novel 
type of plant for driving their mill, but agreed to 
run this plant in parallel with their existing engine 
—a combination which had never been tried before. 
It is very satisfactory to be able to state that their 
decision has been fully justified by results, for the 
turbine runs excellently in parallel with the 
engine, and was installed and started up without 
causing one minute’s stoppage in the working of 
the mill. The figures obtained in an official trial 
under working conditions show that the combined 
plant works with a high economy. Details of this 
trial are given later on, while annexed are curves in 
Figs. 3 and 4, showing the steam consumption. 


sets will show a further gain in economy when 
compared with the plant now described. Steam 
economy is not, however, the only point in favour 
of a geared turbine drive in mills, for the even 
turning moment of the turbine gives an excep- 
tionally steady drive on the shafts, and work in 
the mill undoubtedly benefits therefrom. 
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ranging in height from 1f in. to5in. The turbine 
is bladed on the ‘‘ Rosary” or ** Threaded-Rovt ” 
were. pe in which the blades and sections are per- 
orated and assembled in suitable formers. A wire 
runs through blades and sections, and serves to 
keep the ents together previous to their being 
fixed into the grooves in the shaft and cylinder. 
The segments are secured in the grooves by caulk- 
ing in the usual way. 

e turbine is fitted with regulating and runaway 
governors of the usual Parsons type, arranged on 
a vertical spindle, driven by worm-gearing from the 
turbine-shaft. The governor-spindle is continued 
downwards, and drives a rotary oil-pump, which 
supplies the turbine bearings and xn the lubri- 
cation of the gearing and the end pedestal 
bearing. An oil-cooler is connected with this 
system. 

The gearing is machine cut, double helical, and 
with a ratio of reduction of approximately 10 : 1. 
The pinion-shaft is connec to the turbine by 
means of a flexible coupling somewhat similar to 
that illustrated in connection with the 25,000-kw. 
alternator for Chicago, which was illustrated and 
described fully in the last volume of ENGINEERING, 
page 513. he shaft is of nickel steel, and is 
carried in three bearings. There are thirty-two 
teeth on the pinion, cut at a spiral angle of about 
45 deg. on a pitch circle diameter of 57.16 in. All 
the bearings in the gear-case are white-metal lined, 
the shells being of cast iron, and very substantial. 
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The gear-wheel teeth are lubri- 
cated by a spray of oil projected 
on to them at the point of 
engagement. The second-motion 
shaft, working at 300 revolu- 





tions per minute, is in two por- 
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! the whole arrangement, that the 
turbine, with its reducing gear and second-motion 


een fitted into an extremely small space. 


tractors for the plant, and they have also installed 
two similar sets, of 1250 horse-power each, for other 
mills managed by Messrs. Bird and Co. It is 








A. Parsons and Co., Limited, of | 
Heaton Works, Newcastle-on-Tyne, were the con- | 


tions, one carrying the gear- 
wheel, and the other the rope- 
pulley. These two shafts are con- 


nected by a rigid flange-coupling, 
forged solid with the shaft. This 
method of construction was 


adopted to facilitate erection, as 
the shaft had to pass through a 
wall about 2 ft. 6 in. thick. At 
the far end the shaft is carried 
in a substantial angular plummer- 
block. The rope-pulley for the 
mill-drive has a mean diameter 














of 5 ft., giving a rope speed of 





The turbine, which is shown to a larger scale 
in Figs. 8 and 9, page 210, is of the pure 
_reaction low-pressure type, capable of developing 
/700 indica horse-power at 3000 revolutions 

r minute, and of dealing with an overload of 

per cent. when working on the by-pass valve, 
which is fitted between the first and second expan- 
sions. The turbine-spindle is a solid mild-steel 
forging, and six expansions of blading are arranged 


anticipated that the working results with these ;on two diameters, 233 in. and 22 in., the blades 





4700 ft. per minute, and carries 
fourteen ropes 1} in. in dia- 
meter. 

The surface-condensing plant 
is fitted with a vacuum augmenter and has engine- 
driven pumps. It is capable of maintaining a 
vacuum of 26.4 in., with the barometer at 30 in., 
when the plant is working under full normal load, 
and with condensing water at a temperature of 
75 deg. Fahr. 

As this turbine is the first plant of its kind in 
India, the working results have been pm watched 
ever since it was started up, and it was decided to 
carry out an accurate test on Wednesday, March 26, 
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1913, to find out exactly the quantity of steam 
used under working conditions. 

The mill, as already explained, was originally 
driven in two separate sections by two engines, 
Nos. 1 and 2. When the turbine was installed 


No. 1 engine was shut down, and the whole mill | th 


was arranged to be driven by No. 2 engine and the 
turbine working in parallel. 

Five Lancashire boilers, each 30 ft. by 8 ft., fitted 
with superheaters, supplied steam exclusively to 
the plant under test, and a tally was kept of the 
coal used throughout the day. The stop-valve 
pressure was 150 lb. per sq. in., and superheat 
110 deg. Fahr. 

The engine is a Hick Hargreaves cross-compound, 
with cylinders 27 in. and 54 in. in diameter, 5 ft. 
stroke, and with piston-rods and tail-rods on each 





, for working the jet on the augmenter condenser. The 


—_ emptying cocks, so that after filling No. 1 
tank the water from it could be run out and the 
cocks closed before No. 2 tank was full, and vice 
versa. By this means the quantity of condensed 
steam could be measured continuously throughout 


e day. 

The Belliss engine driving the condenser-pump is 
of the two-crank non-condensing type and exhausts 
into the oil-separator, so that the exhaust steam 
from it passes to the turbine and is included in the 
quantity measured. The live steam supply to the 
turbine was entirely closed except the small con- 
nection for giving steam packing to the glands and 


small amounts of steam thus used were, of course, 
included in the quantity measured in the tanks. On 
the other hand, the engine was fitted with a trap on 
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engine. It is, of course, impossible to indicate 
the turbine, but with exact data of steam pressure, 
vacuum, quantity of steam passing, and the speed, 
the horse-power delivered by the turbine to the 
shafting can be estimated very exactly from data 
obtained in a test on a water-brake dynamometer. 

The load in a jute mill is liable to constant 
small fluctuations, which make it very difficult to 
carry out a reliable test without a recording-shaft 
dynamometer. The method adopted in this case 
was to take diagrams of the engine at regular in- 
tervals throughout the period of the test, and to 
assume that the mean of the figures obtained on 
the various diagrams was actually the mean horse- 
power for that period. The error, in any event, 
cannot be large, and it is just as likely to be 
against as in favour of the plant. 
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cylinder 6 in. in diameter, The engine was designed 
for running condensing, but is now arranged to run 
non-condensing, and the jet-condenser pumps are 
disconnected. The boiler-feed pump is, however, 
still operated from the low-pressure tail-rod. 

The exhaust steam from the engine passes through 
an oil-separator to the low-pressure Parsons tur- 
bine and thence to a surface condenser. This con- 
denser is supp‘ied with circulating water from a 
ae by a centrifugal pump, coupled direct to a 

elliss engine, whilst the same engine also drives 
the two-throw Parsons air-pumps and the lift- 
vene for delivering condensed steam to the hot- 
well, 

For test purposes it was decided to measure the 
quantity of condensed steam delivered per hour, 
and the discharge from the lift pump was arranged 
to deliver to either of two tanks which were cali- 


brated by wei yy water previous to the test. 
Ib., and was provided with 


Each tank held 








the receiver between high-pressure and low-pres- | 
sure cylinders, from which there was a continuous 
discharge at the rate of 250 lb. to 300 lb. per hour. 
There was also a drain on the oil-separator running 
continuously at the rate of 600 lb. to 700 lb. per 
hour. Neither of these amounts were included in 
the quantity of condensed steam measured in the 
tanks, and in order to arrive at the total amount 
of steam used in the whole plant it will be necessary 
to increase the rate measured in the tanks by, say, 
1000 lb. per hour. 
A 5-minute log was kept of the readings of pres- | 
sures and temperatures on the engine and turbine | 
throughout the period of the test. The pressures | 
were read on the actual gauges in use, except that a | 
mercury column was fitied to read vacuum on the 
condenser, and a mercury U gauge for P1 on the 
turbine. The engine was also indicated at regular 
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The quantities of steam calculated from the dia- 
grams taken during the periods when the condensed 
steam was being measured agree so very nearly with 
the actual quantities measured that it seems safe to 
assume that calculations from the diagrams taken 
at other periods of the day, and also on other days, 
may be relied on. 

The curves in Figs. 3 and 4 have been prepared 
from various indicator diagrams, and show the steam 
and load conditions during an average day at the 
mill. Curves A and B give the loads on Nos. 2 and 1 
engines just before installing the turbirie, whilst C 
shows the total load of the whole mill at that time. 
Curves E and T show the calculated load on No. 2 
engine running non-condensing and the estimated 
load on the turbine respectively with these two plants 
running in parallel on the load of the whole mill. 
Curve M gives the total load under these conditions, 


intervals during the test, and these cards have been | and, it will be noticed, is about 50 horse-power less 
worked out to find the indicated horse-power of the| than curve C, when No. 1 engine was working. 
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This is almost exactly the difference that was 
expected, so the loads estimated for turbine may 
be accepted as correct. The curves Sc and Sm 
give the quantities of steam used before and after 
installing the turbine. 

It will be observed that during the first few 
minutes of working immediately after the start of 
the mill at 5.30 4.m. the load is heavy, and the 
efficiency of the combined engine and turbine plant 
is much lower than at periods of normal load. This 
drop in efficiency occurs in both plants; in the 
engine because it has to carry steam to nearly 
0.75 of stroke before cutting off in the high-pressure 
cylinder, and in the turbine because the by-pass 
has to be opened to pass the large amount of steam 
taken by the engine. 

During the first hour of running the load drops 
rapidly, and it is generally possible to close the by- 
pass 15 minutes from the start. This immediately 
improves the over-all efficiency, and by 7 4.M., or 
after 14 hours’ working, normal conditions have 
generally been reached. The steam consumption 
of the engine is then 17.5 lb. per indicated horse- 
power hour, and of the combined plant 10.75 Ib. 
per indicated horse-power hour, including steam 
used for Belliss engine, and also all condensation 
losses between the engine and turbine, so that 
the combined plant is highly efficient. 

The readings taken on the condenser show a 
vacuum with an equivalent temperature only 4 deg. 
Fahr. higher than the outlet temperature of the 
circulating water ; this section of the plant is thus 
also extremely efficient. 

The quantity of coal used throughout the 
11 hours of working on the day of test was given 
as averaging 61 mds., or 4182 Ib. per hour. 

The horse-power hours on 





that day were ... 1 x 2220 = 2,220 
Ditto ditto 1 x 1990 = 1,990 
Ditto ditto 9 x 1940 = 17,460 

Total 21,670 


Average load, 1970 indicated horee-power. 
Therefore the coal burned equalled 2.125 lb. per 
horse-power hour. The steam used averaged 
21,574 lb., and allowing 10 per cent. for radiation 
losses, &c., the steam generated would be 23,700 Ib. 
per hour. Evaporation in boilers was thus at the 
rate of 5.66 lb. water per 1 lb. coal. 

After several months’ running, during which the 
economy, indicated on the trials was maintained, 
the turbine, gear, &c., were opened up and care- 
fully inspected. The engineer’s report is as 
follows :—‘‘ Everything was found in most excel- 
lent condition. The turbine blades were sound and 
clean, and showed no cutting except on the last 
three rows of spindle. These are wing-blades, and 
showed a slight cutting action to be in progress 
on the back of the entering edge from the tip to 
about half-way down each blade. The damage is, 
however, extremely slight. The thrust-block did 
not require adjustment, whilst all bearings and the 
whole lubricating system were clean and in good 
order. The oil-separator is doing its work well, 
and the condenser-tubes are quite clean. The gear- 
ing was most carefully examined, and its condition 
fully bore out experience with other plants. The 
teeth of the pinion were smooth and polished over 
their whole working side, but as far as could be 
ascertained have not worn at all. This conclusion is 
based on the facts that the edges of the teeth are no 
sharper than when first put to work, and that the 
filed taper parts at the ends of each tooth are still 
as long as they were originally. The teeth on the 
large gear-wheel are only polished in places and 
not along their whole length, and it would seem 
that the life of this wheel will be considerably 
longer than that of the mill. I may mention that 
the horizontal marks across the teeth about 
1} in. apart, corresponding to the driving teeth of 
the gear-cutting table, were very noticeable when 
looking at the gear-wheel from some distance ; but 
on examining the teeth closely, the working marks 
did not seem to follow any definite sequence.” 

We give the facts without further comment than 
to say that, as stated by the engineers of the mill, 
they speak for themselves. 





AGRICULTURAL MAcHINERY.—The value of the agri- 
cultural machinery exported from the United Kingdom 
has increasing of late. In 1913 it amounted to 
1,361,195/., as compared with 1,299,9197. in 1912 and 
1,172,981/. in 1911. South America is still a good client, 
having taken such machinery in 1913 to the value of 
155,542/., tho 
chases amoun 


in the two preceding years her . 
to 296,196/. and 190, 3122. — 
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Carburation in Theory and Practice. B 
Crosby Lechweed 


Brewer. London: 

[Price 5s. net. ] 

One of the most important questions in connection 
with the petrol-engine, as applied to motor-cars, 
&c., is the perfect carburation of the air, and with 
the increasing price of petrol and the very large 
range of speed at which the modern engines run, 
this is becoming a matter of greater importance 
every day. It is comparatively easy to make a 
carburettor which will give a satisfactory mixture 
over a very small range of flow, and it is not so 
very difficult to make a carburettor which will 
work pretty well over a considerable range of flow 
if economy be neglected, but it is by no means 
easy to make one which will work both well and 
economically over a large range. Possibly the 
most perfect arrangement for this p is the 
surface-carburettor controlled by hand, but this 
type needs an amount of adjustment which the 
modern car-user will not give, and has therefore 
been generally abandoned. The spray type of 
carburettor in its primitive form gives a mixture 
which gets continuously weaker as the rate of flow 
through it gets less, and therefore requires con- 
siderable modification to make it work satisfactorily 
over a large range. This modification has taken 
the form of special-shaped jets, multiple jets, 
automatic air-valves, &c., in various shapes, many 
of which have undoubtedly arrived at their present 
form solely by trial and error. Much has been 
written about the subject, but the greater part has 
only dealt with the working of some particular 
make, and even then, seldom from a scientific 
standpoint. 

The volume now under notice, therefore, forms 
a very welcome addition to the literature on the 
subject, for the author deals with the matter from 
a scientific point of view from the very ee 
After dealing in a very general way with the con- 
struction of carburettors, Mr. Brewer discusses first 
the question of the properties of petrol and other 
volatile fuels. Following this come considerations 
of the requirements which a perfect mixture should 
fulfil, and the proportions it should contain. This 
leads to a chapter on the flow of petrol and air 
through jets and nozzles. This matter is dealt with 
at contiiantide length in such a manner that the 
construction of any carburettor can be considered 
from a really scientific point of view. The practical 
construction of the various parts is then dealt with, 
after which a considerable number of the best- 
known makes of carburettors are described. 

The matter is well treated throughout, and the 
author appears to have good ground for the con- 
clusions he draws. A point of great interest which 
he makes clear is the distinct limitation to the 
absolutely automatic carburettor. It is shown that, 
however satisfactory this may be at a constant tem- 
perature, it is impossible to make it give a con- 
stant mixture over a great range of temperature, 
owing to the very great change in the viscosity of 
the fuel. Hence, if the carburettor is so set that 
enough petrol will flow through the jet in very cold 
weather, a great excess will come through when 
the temperature rises. If real economy in all 
weather is desired therefore, a carburettor should 
have some hand adjustment. If one may criticise, 
it appears that the author is unduly severe on the 
type of carburettor which has the action controlled 
by springs. He considers these quite unreliable, 
but many machines which require far greater accu- 
racy than the extra air-valve of a carburettor 
depend on springs, and work quite satisfactorily. 
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Technische Elastizititslehre. By Professor HANs LORENz. 
—_ and Berlin: R.Oldenbourg. [Price 20 marks, 
un 
Tue ‘‘ Technische Elastizititslehre,” a title which 
may be rendered ‘* Theory of Elasticity Adapted to 


the Technical Standpoint,” forms the fourth and a 


last volume of the ‘‘Lehrbuch der Technischen 
Physik,” by Dr. Hans Lorenz, Professor of Engi- 
neering at the Technical High School of Danzig. 


It is a treatise on the reversible changes of state 
occurring in solid bodies and falling within Hooke’s 
law. e subject is dealt with in the manner in 


which the author presents it to his students, 
and modern problems concerning elasticity, into 
which complications by dynamic influences enter, 
are elucidated both by deductions and by examples. 
The first half of the book contains the matter which 





all the students are taught during a winter session. 


‘of 700 pages are devoted to 


The second half goes further into the theory, and 
contains sections, upon a selection of which the 
author lectures to his advanced students during a 
summer term. The last 50 Pages of the volume 
a historical review of 
the development of the theory of elasticity. In 
order to render the volume useful also as a book 
of reference, the author has, as far as possible, 
made the different sections complete in themselves 
and independent of one another ; he has also sup- 
lied a subject-matter index and a name index. 

e table of contents is more explicit than the 
index, however, and the volume will probably find 
more systematic students than occasional con- 
sultants. 

The object of the author is to teach how to 
understand and how to deal with problems of 
elasticity, from the technical standpoint rather 
than from the abstruse theoretical standpoint, yet 
on the scientific lines of a treatise. Thus we must 
not look for descriptions of testing-machines and 
instructions as to methods of applying tests, nor 
for tables of physical constants of bi ding materials 
(there are very few such tables) or discussions of his- 
torical accidents. The author deals—in the first half 
of the book—progressively with plane stress, stress 
in thin walls of vessels, elastic longitudinal vibrations 
of rods, elastic radial vibrations of cylindrical tubes, 
torsional elasticity, the bending of straight and of 
curved isotropic rods, and with crippling strength, 
&c. In the second approximate solutions of 
complex differential equations are arrived at b 
the method of W. Ritz, which Dr. Lorenz himse 
extended and developed quite recently. He advises 
the reader to proceed to the following section when 
he feels that he is getting out of his depth. 
We are not sure that the reader, after following 
this advice more than once, would not prefer to 
turn back to the beginning, and we certainly think 
that the examples given should really have been 
worked out. e book is very good in many re- 
spects, and the author has carried his historical 
review, which duly notices English works on the 
subject, up to the most recent days. But his 
examples will disappoint the technical student. 
They are never carried beyond the formula stage ; 
numerical solutions are not offered, nor are approxi- 
mate values indicated, and the technical standpoint 
might have been more accentuated in this respect. 
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10-FT. RADIAL 


DRILLING-MACHINE 


FOR TURBINE 


WORK. 


CONSTRUCTED BY MESSRS. WILLIAM ASQUITH, LIMITED, HALIFAX. 





rg Na . 
y 
. 


’ 





eter tA 


WE illustrate above a large radial drilling-machine 
designed primarily for work on turbine - casings. 
This type of machine, of which the spindle has a 
radius of 10 ft., is constructed by Messrs. William 
Asquith, Limited, of Halifax. It is of very rigid 
design and has several features. While ite maxi- 
mum radius is 10 ft., the spindle can be brought in to 
a minimum radius of 2 ft. 10 in., and the radial arm is 
capable of vertical adjustment, so that work varying 
between 3 ft. 9 in. and 8 ft. :n height can be taken 
under it. 

The spindle, which is 3} in. in diameter over the 
driving part, has a feed of 20 in., with sixteen speeds 
varying from 17 to 300 revolutions per minute, the 
number of feeds being 6. The spindle can be quickly 
adjusted by means of a rack-and-pinion motion. Ite 
thrust is taken up by ball-bearings. A clutch is pro- 
vided for the spindle, so that it.can be started, stopped, 
or reversed without changing the main drive, and in 
tapping the reverse can be accomplished at a quicker 
speed than the feed. Variable self-acting feed is 


provided, capable of being changed while the machine 
is in motion, vy simple lever movements. There is 








Re tam te 


also a fine hand adjustment to the feed, while a fric- 
tion feed arrangement, capable of being ~—— or 


—— instantaneously, enables the spindle to be 
adjusted up or down without knocking off the regular 
feed motion. _An automatic ae to the feed is pro- 
vided for drilling to any required depth. 

The spindle-slide can be locked in ition on the 
arm which carries it. The latter is of box section, the 
spindle working between the two sides, thus ensuring 
central thrust and absence of twist. The arm has 
vertical power adjustment of 4 ft. 3 in. It is pro- 
vided with a fine radial motion, allowing accurate 
power adjustment. This can be quickly thrown out 
of gear when the arm has to be swung through a con- 
siderable arc. The arm is attached to the pillar by 
means of a long sleeve, which has ball and roller 
bearings, so that it can be swung by hand with very 
little effort. 
desired position. The gears of the gear-box are a! 
enclosed in an oil-bath casing. 

The machine has a short traverse bed, upon which 
it can be moved so as to cover a larger range of work 
than would be possible if it were fixed. Turbine- 











It can also be rigidly locked in = be 
1 








| 
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casings, for drilling which these machines are specially 
intended, are placed in a pit in front of the The 
machine is provided with a 17-brake-horse-power con- 
stant-speed motor, and is suitable for drilling holes up 
to 4 in. in diameter, or for tapping work. Its weight 
is approximately 22} tons. 





LOCAL SURFACE-HARDENING OF HIGH- 
TENSILE STEELS. 

Tue practice of hardening the surfaces of steel and 
iron has greatly extended in recent years, notably, 
for instance, in the case of the units of motor and other 
high-speed machinery, and the case-hardening process 
has usually been adopted, as it is suitable especially 
for small articles required in quantities, where dis- 


tortion is of little significance, or when grinding can 
easily effected after hardening; or for larger 
articles where a great proportion of the surface is to 
be hardened. Experience, however, has shown that 
difficulties arise unless the material is originally com- 
paratively mild. Thus high-tensile steel has not b-en 
treated with uniform success. Moreover, the process 











~ 





FEB. 13, 1914.] 


ENGINEERING. 


213 








THE LOCAL SURFACE-HARDENING OF HIGH-TENSILE STEELS. 
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Fig. 6. 


of case-hardening is not always applicable, particu- 
—_ where only a relatively small proportion of the 
surface requires to be treated. This is especially 
the case as regards large articles, or where distortions 
are likely to G set up, and are difficult of correction 
by subsequent grinding. Any method of local harden- 
ing by only heating the surface to be hardened has 
thus great advantages. Messrs. Vickers have per- 
fected at their River Don Works at Sheffield a system 
of surface-hardening which can be = to any local 
part of any casting or forging of high-tensile steel, 
without involving distortion and without destroy- 
ing the effects of the usual heat treatment to 
which the whole casting or forging may have been 
subjected. The process is simple. As shown in 
Fig. 1, the equipment includes merely the outfit 
usually supplied for oxy-acetylene welding purposes ; 
four sizes of burners meet all general requirements. 
The work to be hardened locally is placed in a tank of 
water with adjustable overflow, so that the water-level 
can be cages, as while the portion of the surface 
being hardened is instantly heated to the required 
temperature, the whole of the remainder of the article 
is kept as cool as possible by being immersed in water. 
Should this be impossible, the part not being hardened 
must be kept cool by water flowing over the surface. 
The burner is held so that the outer portions of the 
flame flow in the direction along which the burner is 
travelling, and ths portion of steel heated should be 
cooled—when intense hardness is required—by arrang- 
ing that cooling water shall follow as closely as pos- 


Fic. 7. 


sible the travelling burner, but not so close as to 
disturb the flame, because that is.not only liable to 
put it out, but prevents rapid heating and causes 
irregular hardening. The cost for hardening each 
square inch of surface is approximately only }d. 

The flame required must be of the highest possible 
temperature, and burn close to, and even under, 
water. This is obtained by adjusting the flame as 
for welding, and then increasing the pressure of 
oxygen, so that the flame re: colour and appear- 
ance from a white cone to a bluish-streaked tongue, 
when observed through smoked glasses. 

The essential to success in this method is the speed 
of heating. In the case of a gear-wheel, for instance, 
each tooth is not heated up as a whole and then 
quenched, but the surface is traversed by the flame 
just as if with a paint-brush. The intense heat and 
the rapidity with which this heat is transferred to the 
surface of the steel instantly raises the surface to a 
hardening temperature. As the flame along, 
this surface is instantly cooled by the cold remainder 
of the forging or casting, leaving this surface of the 
maximum hardness of which the steel is capable when 
heated and quenched in cold water. To obtain a thin 
but intensely hard surface, the part to be hardened 
should be just below the surface of the water, the 
impinging me ao the film of water away. The 
normal depth of hardening is about 7, in., but a 
greater depth, up to about 4 in. ory; in., can be 
obtained by slightly prolonging the heating, a small 
wavy or rotary movement being given to the flame to 
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avoid burning the surface of the steel.” The degree 
of surface hardness can be very easily varied on the 
same article to suit any requirements, either by draw- 
ing the flame very rapidly again across the surface, so 
drawing the temper, or by arranging that the cooling 
is less rapid in. the hardening. For instance, for 
sliding gears for automobile work, it is usual to leave 
the surfaces of the teeth glass hard, but only to 
toughen the rounded ends of the teeth, which are 
liable to chip when left hard, as when case-hardened. 

In comparing the relative costs of case-hardening 
and surface - hardening, the cost of subsequent 
straightening, resetting, and grinding the case- 
hardened article should be taken into account. Case- 
hardening is chea for small articles requiring o 
large portion of the surface hard, while for larger 
articles requiring a small proportion of the surface 
hard, surface-hardening is very mich quicker and 
cheaper than case - hardening. For urgent repair 
work, surface-hardeni great advantages, 
since the machining can be finished outright, the 
subsequent surface-hardening only requiring from a 
few minutes to at most half an hour. 

While the process, as stated, is applicable to all 
high-tensile steels, Messrs. Vickers have produced 
two special steels which thus surface- ened are 
most suitable for bevel crown wheels, gears, and 
other parts of high-speed engines. This material, 





* Or, if wished, a very thin hardened skin can be just 
as easily obtained, 
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known as “B.C.T.” steel, is an exceedingly tough 
steel, giving in the annealed state the following 
average tests :—Elastic limit, 30 tons ; ultimate stress, 
45 tons ; elongation, 20 per cent. in 2 in.; and in the 
oil-hardened and tempered state :— Elastic limit, 
40 tons ; ultimate stress, 60 tons; elongation, 15 per 
cent. in 2 in.; while when surface-hardened it becomes 
extremely hard, and will easily cut glass. The forgings 
or stampings are supplied oil-hardened and tempered, 
and can easily be machined at a speed of 40 ft. to 
50 ft. a minute. They are preferably machined to 
finished dimensions, even to the most accurately 
fitting parts, before surface-hardening; and here it 
may be interpolated that Messrs. Vickers are prepared 
thus to surface-harden any parts of machined work 
sent to them if made in suita>le steel of their minu- 
facture. As only those surfaces desired to be hard 
are heated, and then only for an instant, the result is 
complete absence of distortion and a hard-wearing 
surface on an extremely tough backing. Experience 
shows that with this material there is a greatly-reduced 
risk of the chipping at the edges so usual with case- 
hardening gears. 

The other special steel, known as ‘‘ F.G.,” is usually 
annealed, and has an ultimate strength of about 
50 tons to the square inch, with an elongation of 28 
per cent. in 2in., 65 per cent. contraction of area, 
the elastic limit being relatively low—about 25 tons— 
so that it can be easily machined. The steel is ex- 
tremely tough and fibrous, and strongly resists shock. 
When surface-hardened both the ‘‘B.C.T.” and the 
‘* F.G.” steels give readings of 80 to 95 on the sclero- 
scope—i.e., equal to case-hardened surfaces. 

Contueny to what might have been expected, even 
with the hardest steels, there is no tendency for the 
hardened surface to crack or flake away from the 
unhardened portion. Ina number of cases made for 
examination, not a single instance shows any parting 
between the hardened and unhardened portions. In 
Figs. 2 to 4, on Page 213, there are illustrated tests on 
breken pieces. hese were rectangular pieces of 
“*B.C.T.” steel % in. by yy in. by 3 in., surface- 
hardened on all four sides, supported on anvils 2 in. 
apart, and subjected tu repeated blows from a weight 
ot 6 lb., with a rounded end , in. radius, falling 
freely from a height of 2 ft., the test-pieces being 
reversed after each blow. The test-pieces illustrated 
withstood 70 blows, whereas similar pieces made of 
case-hardened mild steel, and case-hardened to the 
same depth, only withstood from 1 to 3 blows under 
identically the same conditions. Fig. 5 is a section 
through a hole in a steel plate, the sides of the 
hole having been hardened. Fig. 6 is a gear-wheel, 
which, after being hardened, was deformed, as shown, 
by a falling weight before showing fracture. 

While Me:srs. Vickers are only applying the pro- 
cess to high-tensile steels, and are interested in no 
further application, it is of general engineering 
interest to note that cast-iron and ‘ Blackheart 
malleable-iron castings can be given a - hard sur- 
face by hardening in this manner. e reproduce 
in Fig. 7 a photograph of a cast-iron bar surface 
hardened on one side and fractured, and in Fig. 8 
a micro-photograph of a piece of a ‘‘ Blackheart” 
malleable.iron casting, showing the hardened surface 
in section, and the very interesting fact that Marten- 
site (the principal constituent of a hardened steel) is 
formed by the re-solution of a portion of the temper 
carbon, giving an extremely hard surface—similar 
to chilled iron. 

Since this ‘‘ chilled-iron ” surface will run with most 
steels without any tendency to seize, and malleable- 
iron castings can be cast with extreme accuracy and 
sharpness, bosides being very easy to machine, this 
application should prove useful for such articles as 
worm-wheels, chain-sprockets, and accurately cast 
helical gears, &c., when quiet running and resistance 
to wear, but no great strength, are required at a low 
cost. 





INDUSTRIAL NOTES. 

In a leader on the recent Labour Party Conference, 
held at Glasgow, the last issue of the Railway Review 
states that ‘‘ the proceedings of the Conference showed 
that the party is still sound at heart and ready for the 
fray.” most significant statement. 





The same journal contains » note from which we 
take the following paragraph :—‘‘ The fetish of so- 
called discipline on our railways has often been an 
excuse for grave injustice to honest and observing 
men, and hes often upheld the incompetence and mis- 
management of bullying and vulgar officials. These 
latter have apparently been appointed solely because 
of their amy oe ene and lack of humane con- 
sideration for those subject to them. They have been 
allowed to regard themselves as overseers of insub- 
ordinate serfs, instead of ‘ servants of the same com- 
pany,’ as expressly stated by 4 prominent official at 
the time of a recent disastrous accident...” This 
paragraph deserves to be put on record. We do not at 
all agcee with the statement of our contemporary that 


**, .. of course, the fault of the present system rests 
mainly with the directors, who have allowed too much 
power and latitude to rest with men often with no 
administrative capacity, and who have used their 
power very, unscrupulously; in the event of an 
appeal to the directors iene same Officials have 

one been oe a hearing and have said every- 
thing possible to exonerate themselves and defend 
their own positions, however weak and false they may 
have beea . ..” The ‘‘ prominent official ” cannot be 
at one and the same time, as the French would say, 
‘*both at the bakery and at the flour-mill ;” he there- 
fore appoints overseers, who are selected from among 
the men. The fact that the overseers sometimes 
lack consideration is probably due to defects of our 
common human nature. A similar situation obtains 
in many engineering works io regard to rate-fixers. 
In several instances, as soon as a workman becomes 
@ rate-fixer, he forgets his former complaints against 
the rate-fixers, whose decisions he once had to 
submit to, 





The last issue of the Revue du Travail states that 
forty-five Belgian labour bureaus supplied information 
during December last, showing that for 3289 vacan- 
cies there were 5977 men applicants, equal to 182 
applicants per 100 vacancies. In November last the 
applicants numb-red 163 per cent., and in December 
of last year they numbered 148 per cent. 


The Moniteur Industriel, Brussels, February 7, states 
that the disorganisation of the Belgian State Railways 
continues, om causes the Belgian coal market to ve 
disorganised also. The management committee of the 
said railways have discovered and are using an 
“‘heroic remedy” to improve matters; they have 
stopped provisionally the internal traffic, and they 
allow goods coming from the outside to remain at the 
Belgian frontier. ‘This, adds the Moniteur, is the last 
word in the matter of reform, aud the ‘‘ remedy” 
could not possibly be improved upon. Such a method, 
unique in the history of railways, may bring to a stand- 
still the country’s collieries and works, but this, it 
would appear, is only of secondary importance. 


The Zeitung des Vereins Deutscher Hisenbahnver- 
waltungen, Berlin, February 4, also contains a note on 
the subject of the Belgian State Railways. It says :— 
For some time there has an increase in the 
complaints made by the community owing to the 
disorganisation of railway traffic, the delays in the 
trains, missed connections, damage to goods, deficiency 
in rolling-stock, and so forth. Consigners have put 
their grievances before the Ministry of Railways ; the 
works fear they will have to restrict their activities 
owing to the non-arrival of raw material and coal, and 
the disorganisation has extended to Antwerp Harbour. 
Hitherto the Ministry had contended that the incon- 
venience would be only temporary ; now, however, 
the whole Belgian Press, including the journals 
friendly to the Government and the professional 
journals, together in their statement that serious 
irregularities in traffic have been going on for a long 
time, and earnest efforts must be made to set them 
right. Various views are expressed as to the csuses 
of the trouble. It is generally connected with an 
increased discontent among the men. It is a fact that 
many drivers absent themselves from work because, 
according to some, they are ill owing to the very cold 
weather, or because, according to others, they now 
receive, in cases of sickness, their full wage. The 
assistant drivers, who replace the regular ones, 
naturally drive more slowly and more carefully. 
Still other ‘‘ experts ” implicate the rolling-stock, and 
state that, although the engines are delivered in a 
perfect state, they very soon deteriorate owing to the 
bad treatment they receive in the service. Excessive 
wear and tear, insufficient cleaning and repair, lack of 
proportion between the draw-bar pull and the load, 
all these together ruin the best engines in a very short 
time. The railway management committee have 
promised to improve matters me so far it is 
impossible to see whether it will possible for 
them to do so or not. 

In view of the above, considering also the dissatis- 
faction that exists in France on the question of the 
French State Railways, it is interesting to note that 
last Saturday Sir J. Compton Rickett, M.P., presided 
over a conference in support of the nationalisation of 
railways, at the Memorial Hall, Farringdon-street, E.C. 
He said :—‘‘ There were uomistakable signs that the 
nationalisation of railways wascoming. . . . The com- 
petition between different companies forced economies 
bs pw them which tended to encroach upon the margin 
of safety. . . . Noone could regard the unnecessary 
trains, the wasteful handling of the goods and mineral 
traffic, the interminable shunting, the necessity for 
‘clearing’ stations and other points, without being 
drawn to the conclusion that a national system was 
the only direction in which a satisfactory solution could 





be found,” &c. After other speakers had stated their 
grievances, the following resolution was carried : 








‘* Having regard to the importance of cheap transit 
and transport to all sections of the community, this 
Conference is cf opinion that a national unified system 
would make for economy, better eervice, and public 
safety.” A clause was added to this resolution 
urging the Government to consider the question at 
the earliest possible moment. A second resolution 
was also carried expressing the opinion that a national 
system of railways was the only one by means of 
which the interests of the community could be recon- 
ciled with those of the railway workers. At the 
present time, the Belgian State Railways are safe ; 
they are practically at a standstill. But the in- 
terests of the community are at a standstill also, as 
also are those of the Belgian railwaymen, according 
to our Belgian and German contemporaries. All are 
ther. fore treated equally, well exemplifying the happy 
conditions of affairs anticipated by the movers of the 
above resolutions. Yet, in Belgium, no one seems 
satisfied ! 

At a meeting of the Employers’ Parliamentary 
Council, held at 25, Victoria-street, Westminster, on 
the 5th inst., to consider the grave industrial situation 
due to the Trades Disputes Act and to the unchecked 
conspiracy of labour uvionism against private freedom 
and public welfare, arrangements were made to holda 
mass meeting of representatives of the associations of 
employers connected with the various industries in the 
United Kingdom, with a view to urging upon the 
Government the need for an inquiry into the working 
and the effects of the Act, to determine whether the 
present unlimited area in which picketing in unlimited 
numbers may be carried on should not be restricted 
and the number of pickets regulated by Statute, 
whether combinations for disorganising trade and 
social conditions should not be made unlawful, and 
whether it is not of national interest that all unions 
should be subjected to the ordinary law of the land, 
and made responsible, like all other cla:ses, for their 
actions. 





A dispute which arose last week between the 
British Motor-Cib Company and their drivers was 
settled on Monday last. One of the principal 
grievances was that siace the above-named com- 
pany had taken over the business of the old 
General Motor-Cab Company the quality of the petrol 
had been reduced. In the days of the old company, 
it was stated, the cars used to run 18 miles to the 
gallon ; now 12 to 14 miles was a common experience. 
Under the agreement arrived at after the last taxi- 
cab strike the drivers were entitkd to a rebate 
when their cars did not run 18 miles to the gallon. 
Trouble had occurred, it was alleged, when the 
men had applied for this rebate. On Monday Mr. 
Russell, organising secretary of the men’s union, 
announced that the directors would guarantee that 
every car would run 20 miles, instead of 18, to the 
gallon. For every 2.5 miles per gallon less the driver 
would be allowed a rebate of Id. In the event of a 
dispute a representative of the union would test the 
engine under normal conditions with two passengers 
in the car. There would also be a night staff for 
repairs, so as to save time in the morning. Many 
drivers had complained that they could not carry 
luggage ; to remedy this the company announced that 
they were shortly to have four-cylinder engines fitted 
to their cars, and roof rails would also be provided. 





A different light is thrown on the taxi-cab trade by 
the report of the annual meeting of the Gamage-Bell 
Motor-Cab Company, which sat last Monday also. 
The chairman, Mir. A. W. Gamage, said they had 
anticipated a good year, but the attitude cf the men 
had altered matters. There had been a dispute about 
the price of petrol and the rebate. The mcn, contrary 
to an agreement previously entered into, insisted upon 
having a rebate. They refused to pay ‘‘ waiting 
money” at race meetings or when taking jes up 
the river. The method adopted by some of the men 
was one, he added, of disguised robbery. On last 
Derby Day there were twenty-seven of the company’s 
cabs on the course, and only eleven had their flags up. 
These men returned about 1/. 9s. per cab, whilst those 
who had the flag down made a return of 2/. lls. per 
cab. He further stated that in view of the demands 
made by the men, the yard was shut down for three 
weeks ; the strike was ultimately settled by an agree- 
ment that the company was to receive 7s. ‘‘ waiting 
money ;” the men, eaover, then refused to pay 
the 7s., and their union was unable to get them to 
abide by their agreement. 





On Monday last, Mr. McKenna received at the 
Home Office a deputation of delegates of the Parlia- 
mentary Committee of the Trades Union Congress, 
who put before him a number of resolutions passed at 
the Manchester meetings last autumn. These resolu- 
tions dealt with proposed amendments of the Work- 
men’s Compensation Act, compelling employers to pay 
com tion in cases of sickness from disease 


' contracted in the course of employment, without legal 
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proceedings being ne to establish the claim ; 
compelling employers to find the light jobs their men 
were certified as fit for, or to pay full compensation until 
they were fit for their former employment; asking 
that medical men should certify on the conditions at 
the time of examination, and not on what they think 
may exist at some future time; also that when a 
workman is injured in connection with a ship, the 
eyo should be liable for com tion, and not 
the = epee © =. often no funds; that 
employers should pay full compensation to parents in 
all cases of fatal accidents, even when the ts 
are not partially or totally ——— on the de- 
ceased at the time of death, and should not be allowed 
to deduct from the compensation payable to depen- 
dants the amountof any weekly payments that may have 
been made under the Act. On behalf of the National 
Union of Clerks, a demand was made to the effect 
that all offices be brought within the scope of the 
Factory Acts. The need was urged for State medical 
aid and referees, and also of the abolition of the 
living-in system. Government regulation of railway 
offices was also pro lo 

In the course of his reply and among other state- 
ments, Mr. McKenna said that the resolutions put 
before him would amount toa very serious amendment 
of the Act. Two or three of them touched the principle 
of the Ac‘, whilst eleven or twelve meant the amend- 
ment of its working. Personally, he disagreed with 
two only. The first was that where workmen were per- 
manently, totally, or partially disabled, they should 
have the right to secure a commutation of their com- 
pensation on the same terms as their employers, and 
the other was that employers should pay full com- 

nsation to parents in all cases of fatal accident. 

e agreed that agreements for lump-sum settlements 
before any weekly sum had been paid to the workmen 
should only be valid after having been recorded in the 
same way as agreements for lump-sum settlements 
after compensation had been paid. That was, in his 
judgment, a necessary amendment to the law. Where 
an employer was evading his liability by employing a 
man to do work he said he would do himself, that was 
an evasion of the existing law which they ought to 
take steps, if they could, to deal with. ith regard 
to the claim that the State should be solely respon- 
sible for the provision and payment of the actual 
compensation due to the workman who had been 
injurcd, and that in the event of an employer fail- 
ing or going into bankruptcy such —< should 
be the first charge upon the estate, r. McKenna 
said that some time ago he promised that a Committee 
should be appointed to inquire into the recent Work- 
men’s Compensation Act, and that they would take 
the opportunity of investigating the proper relation 
or the effect of a scheme of national insurance to the 
Workmen’s Compensation Act. When they appointed 
that Committee he thought it would be a very proper 
time to consider the questions which had been raised. 
No one was more desirous than he was of seeing 4 
referee service put upon a State basis; but there was 
8 difficulty : there was not enough work in any indi- 
vidual area for any whole-time man, and if they made 
an area large enough, it would mean that a man would 
have to spend a great deal of his time in travelling, 
and they would not get the best results for their 
money. He could not honestly hold out any hope of 
forbidding the living-in system. 





The Blackburn municipal strikers held a meeting 
last Monday, at which they decided to leave the future 
conduct of negotiations in the hands of the district 
officers and of the local strike committee. This deci- 
sion, it is hoped, will lead to an exchange of views 
between the two sides to the dispute, onl ultimately 
bring about a settlement. 





The shipbuilders of the Tyne, the Wear, and Blyth 
districts have received from the Boiler-Makers’ Society 
one month’s notice, dating from Saturday last, the 
ith inst., on behalf of the riveters and on the question 
of the revision of the price-list. The present price- 
list covers about 200 items ; the new one put for- 
ward by the society is made to cover over three times 


that number. The matter is having the consideration 
of the employers. 





Sir Edward Clarke, K.C., the independent chairman 
of the Minimum Wage Board for South Yorkshire, 
has given his award on the application made by the 
miners representatives for an increase in wages. Mr. 
J. W adsworth, M.P., general secretary of the Miners’ 
Association, who communicated the decision to the 
men, said that some of the rules concerning ccal- 
mines and ganister mines had been slightly altered. 


The new rates were the following : —Qualified coal- 


getters (hand or machine), increase from 6s. 9d. to 
is. 3d. per day ; trammers, from 5s. 9d. to 68. 3d.; 
leading bye-workmen (those in ¢ of pit bottom 


or otherwise entrusted with supervision), from 6s. to 
6s. 6d.; all other workers over twenty-one years of 
age, 5s. to 5s. 6d.; all boys’ w: were advanced 2d. 
Rates for the ganister districte—Don and Loxley 


valleys—were also increased as follows: Getters, 5s. 6d. 
to 6s. ; trammers and fillers, 4s. 6d. to 5s.; leading bye- 
workmen (those in charge of pit bottom or otherwise 
entrusted with supervision), 4s, 9d. to 53. 3d.; all ovher 
workmen over twenty-one years of age, 4s. 6d. to 5s. 
The boys all received proportionate advances. 





At the weekly meeting of the London County 
Council, held on Tuesday last, the Establishment 
Committee reported that they had considered a com- 
laint by the London District Committee of the 

iety of Operative Stonemasons that York stone 
which had not been worked in London was being used 
in connection with the construction of the super- 
structure of the new County Hall. In other words, 
York stone which had been worked in Yorkshire had 
been delivered on the site. The Establishment Com- 
mittee ‘‘accordingly at once caused the contractors to 
be informed that the working of stone outside the 
prescribed area (within 20 miles from Charing Cross) 
must be discontinued forthwith.” With reference to 
the above, we should like to know whether our ediles 
are aware that stone is more easily worked at the 
quarry than after its removal. 





On Tuesday last a deputation from the London 
Building Industries Federation discussed, with the 
Parliamentary Committee of the Trades Union Con- 
ro a@ number of questions connected with the 

ndon building trade dispute. Mr. Bowerman, M.P., 
secretary of the Parliamentary Committee, stated at 
the meeting that steps ‘vere being taken to call a 
conference of members of the unions engaged in the 
building trades to meet to-day with a view to arrange, 
if possible, a conference between the employers and 
the men. Later, it was decided that Mr. Bowerman 
should have an interview on Wednesday with Mr. 
Depree, secretary of the London Master Builders’ 
Association, to discuss the conference in question 
between masters and men. 





The unfavourable reception which the Prime 
Minister accorded to a deputation of the Miners’ 
Federation, particulars of which we gave on page 180 
ante, has caused disappointment among the men, and 
conferences are being held in the various mining dis- 
tricts to consider the situation. The men hope that 
their demands will ultimately be settled amicably ; if 
not, they would probably consider putting the matter 
to the test of a strike ballot. 





The members of the Gas-Workers and General 
Labourers’ Union have now counted the votes cast 
for and against the question of political action under 
the Trade Unions Act. The figures are as follow :— 


For political action 27,802 
Against... = 4,339 
Majority for political action 23, 463 


The fact that the union in question has a total mem- 
bership of 145,000 ehows to what extent the matter 
interests the members ; not a quarter of them took 
the trouble to record their vote ! 





A very comprehensive lock-out in Norway has been 
avoided at the eleventh hour, thanks to the mediation 
of Mr. Heftge, Director of the State Telegraphs, 
whom the Government had appointed to act in 
the matter. The lock-out was to comprise some 
40,000 men, and the industries concerned included 
the iron industry, wood, celluloid, Peper, cement 
industries, &c. "The men had deci to answer 
with an extensive sympathy strike in various other 
branches, but it would appear that this threat was 
only launched at a time when the leaders knew 
that mediation was certain, or almost certain, to lead 
to a settlement of the conflict. The opinion has also 
been openly expressed, from quarters siding with the 
masters, that the fight will have to be fought out 
sooner or later ; the men will then be able to realise 
their true position, and to gauge the value of the erratic 
and exaggerated views propounded by their leaders, 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


Wes give below a few particulars of several colonial and 
foreign engineering projects taken from the Board of 
Trade Journal. Further information ae these 
may be obtained from the Commercial Intelli ranch, 

of Trade, 73, Basinghall-street, Lon E.C. 

New Zealand : With reference to the — harbour 
improvements at Gisborne, H.M. Trade Commissioner 
has forwarded an extract from the local press to the 
effect that sanction has been given to the raising of a 
loan of 200,000/., about 107,000. of which is to be spent 
on extension of breakwaters, deepening and widening 
the harbour entrance and the channel, wharf reclama- 
tion, lighthouse, &c. By this proposal Gisborne is 
practically committed to the continued develo t of 
the “‘inner” harbour, where great progress 
made during the last two years. 

Crete : With reference to the call for tenders for con- 





cessions for the construction and working of electric 


tramwaysand the installation of a water supply in Cantu, 
the Acting British Consul-Genera] at Canea reports that 
tenders must be ac-ompanied by a receipt ving the 
deposit of 50,000 francs (2000/.) by the tenderer at the 
Bank of Crete. Tenders will be received up to March 13 
at the Bureau de la Mairie, Canea. No special form of 
tender is es 
Spain: The Gaceta de Madrid of January 27 announces 
that tenders will be opened on the sixtieth day from the 
date of the Gaceta, at the offices of the Junta de Obras 
del Puerto de Gijon Musel, for (1) the installation at the 
t of three electric portal cranes with a lifting power of 
tons, one slide-rail crane (‘‘gitia de carreton”) with a 
—a of 8 tons, a revolving platform for the latter, 
and necessary electric power to work all four cranes ; 
(2) the installation of a railway track for the transport of 
these four cranes at some distance from the zone of the 
moles at which they are to operate. A deposit of 14,670 
pesetas (about 540/.) will be needed in the case of (1), and 
of 2086 pesetas (about 77/.) in the case of (2). The esti- 
mated cost of (1) is put at 293,401 pesetas (about 10,090/.), 
and of (2) at 41,716 tas (about 1545/.). The notice 
contains a clause to the effect that the first competition 
will be confined to ucts of Spanish manufacture, but 
that in the event of no decision being satisfactorily arrived 
at, asecond competition, in which a -% uct may 
be accepted, will then take place. In the latter event 
Spanish products will have a 10 per cent. margin of pre- 


ference over forei 

Portugal : With reference to the call for tenders for the 
construction of the Portalegre Railway it is notified that 
the Diario do Governo announces that tenders for the con- 
struction of this railway will again be received in accord- 
ance with the programmeand ifications for the previous 
call fortenders. Tenders will 


received by the Conselho 
de Administracgio dos de Ferro do Estado, 
Lisbon, up to Fe 26. A visional deposit of 


50,000 escudos (about 9570/.) must 


of the Sul e Sueste or the Minho e Douro gg 
Railways, either in 


or Portuguese bonds. 
representation is 


Morocco: H.M. Constl-General at Tangier reports 
that the Moroccan Special Committee of Public Works 
intends to contract, by private arrangement after compe- 
tition, for the construction of a ferro te jetty at the 
Tangier m House. Applications from firms de- 
sirous of tendering will be received by M. le Président 
du Comité Spécial des Travaux Publics, Dar-En-Niaba, 
Tangier, up to 10. i ial and technical certi- 
—_ 7 reach the Comité Spécial not later than 

‘ebruary 20. 

Russian Far East: The following information is from 
the report by H.M. Consul at Vladivostok on the trade 
of that district in 1912, which will shortly be issued :— 
The Vladivostok Municipality, having discussed the 

uestion of electric tramways intermittently ever since 

beginning of the Russo-Japanese War, finally gave a 
ten years’ concession to a local company, retaining the 
right to redeem it after five years fora sum of 150,000 
roubles (about 15,800/.). The concessionnaires, having 
found the undertaking a most table one, have now 
applied for rights to extend the tramway system, on 
similar terms to those given in’ the first instance. The 
town is debating whether it is advisable to grant these 
rights or to exercise its power of redemption and execute 
further construction at its own cost. If the latter course 
be adopted, the Municipality will take steps with a view 
to obtaining a loan of 9,000,000 roubles (about 950,000/. ); 
this amount to cover, besides tramway redemption and con- 
struction, the cost of building a town-hall and a slaughter- 
house, making a sewerage system, building schools, in- 
creasing the hospital accommodation, and other purposes 
of public utility. A very important feature in the colonisa- 
tion of Siberia is the organisation throughout the country 
of stores for the sale of agricultural machinery to the 
peasant population. From a small beginning in 1898 the 
organisation has rapidly assumed large proportions, and 
at the end of 1912 there were, at various centres east of 
Tchelyabinsk, 67 dép6ts and 120 sub-dépdts and agencies. 
he annual turnover continually increases, and attained 
in 1912 the sum of 8,438,000 roubles. The purchases of 
machinery in the same year were for an amount of 
5,970,000 roubles, and the value of the whole stock on 
hand was estimated at 11,424,000 roubles. The machinery 
is sold on i easy terms of credit, and the amount 
due from pure rs rose from 4,554,000 roubles in 1911 
to 4,754,000 roubles in 1912. A good system of organisa- 
tion minimises the number of bad debts. As far as pos- 
sible, machinery of Russian manufacture only is sold by 
these stores, but the amount of modern machinery dealt 
with by them is very large. (Rouble = 2s. 14d.) 


made at the offices 








Txcunikum WINTERTHUR, SwITzERLAND.—With the 
beginning of next summer—+.e., April 20, 1914—the 
Technical School at Winterthur will open a special 
Tiefbauschule, in which engineers for road, water, bridge, 
and railway construction will be trained, and will receive 
special instruction in shaft-sinking, well-boring, &c. The 
training in this special course will ocoupy the ordinary 
period of six semesters, 

Tue CommerciaL Moror-Users’ Associa rion (INcoR- 
PORATED).—The eighth annual ie of commercial 
motor vehicles is to be held on Whit-Monday, June 1. 
Further information may be obtained from the secretary, 
Mr. Frederick G. Bristow, 89, Pall Mall, 8.W. The 
entries (without penalty) clored on February 1. Late 
entries will be accepted as follows :—Up to March 31, on 
payment of a fine of 10s, 6d. per vehicle; from March 31 
to May 1, on payment of a fine of 1. 1s. vehicle, 
No ion or semi-demonstration vebicles will be 
igible for the parade, except as entries for the new 





v prizes. 
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HORIZONTAL LINER BORING-MACHINE. 


CONSTRUCTED BY MESSRS. G. AND A. HARVEY, LIMITED, ENGINEERS, GLASGOW. 
(For Description, see opposite Page.) 
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vertical screws by two pair of bevel-wheels, as shown | 


in Figs. 2, 3, and 4, page 216. The head can be locked 
to the standard in any position while boring, four lock- 
bolts being provided, which bind it securely without 
distorting the standard. It has accurately-fitted ~ pS 
wedges to take up all wear. The spindle is bedded in 
large gun-metal Teton, squared on the outside, and 
is provided with ball-thrust washers at the front to 
take up feed pressure, and screwed washers at the back 
to take up wear. The chuck for the boring-bar driver 
is cast solid with the body of the spindle for rigidity, 
and is fitted with three cast-steel dogs, adjustable by 
screws, and designed to grip the bars on three corre- 
sponding flats, and hold them securely against the face 
of the chuck. The chuck is also recessed on the face 
to allow th» bars to enter and centre themselves before 
being gripped by the drivers. 

The spindle is driven through a worm and worm- 
wheel, as may be seen in Figs. 8 to 11, page 217, the 
wheel being contained in an oil-bath, eo as to ensure 
perfect and continuous lubrication between the worm 
and the wheel. Motion is obtained from a 10-horse- 

wer variable-speed motor fixed on the top of the 

riving-gear box, and, there being two —— of gear, 
ample variation in speed is provided. e work is 
secured to beams placed across the bed in whatever 
position they are required, but these are not shown in 
the illustrations. 

The boring-bars are carried on two stays fitted on 
the bed, and movable along the same by power or 
hand. The brackets in which the bars rest are adjust- 
able vertically by two screws, operated by a cross- 
shaft at the lower end. They can be locked to the 
stays after adjustment, and are made with covers, 
which, when removed, allow the bar to be easily lowered 
into position. The bars are provided with loose 
bushes, which fit the bore of the stay-brackets, and 
are clamped lightly by means of covers, the bar 
revolving in these bushes, and not in the split bearing 
of the bracket. 

The bed is 41 ft. long. The maximum speed of the 
spindle is 16 revolutions per minute, and the minimum 
speed 1.5 revolutions per minute. 





60-TON FLOATING-CRANE FOR 
NAGASAKI, JAPAN. 

On page 220 we illustrate a fine floating-crane 
recently constructed by Messrs. Stothert and Pitt, 
Limited, Bath, to the order of Messrs. Brown Macfar- 
lane and Co., for use at Nagasaki, Japan. 

The crane is designed to lift 60 tons at a maximum 
radius of 62 ft., and it is also provided with an 
auxiliary lift for lifting loads up to 15 tons. Both 
main and auxiliary lifts have change gears, by the use 
of which lighter loads can be lifted more rapidly. 
The full load of 60 tons can be lifted at 8 ft. per 
minute to a height of 80 ft. above water-level, whilst 
the load of 15 tons is lifted at 32 ft. per minute. 
The crane is operated by two sets of double-cylinder 
steam-engines, having cylinders 9 in. in diameter by 
12-in. stroke; one set operates the lifting and 
derricking motions, and the other set operates the 
slewing-gear and adjusts the ballast. he crane 
has a range of derrick from 30 ft. minimum to 
62 ft. maximum for the heavy lift. The jib—which is 
of lattice construction—is designed so as to give as 
much clearance as possible underneath. The crane is 
carried on a heavy circular roller-path constructed in 
box form, upon which is placed the ring of live steel 
rollers, which has a diameter of 25-ft. centres. 

The operator’s cabin is placed under the foot of the 
jib at the front of the crane, and in this cabin all the 
ovens for working the crane are assembled. One 
interesting feature of the crane is the adoption of the 
Peter’s automatic cut-out gear. This is a device to 

revent the load being derricked out beyond a pre- 
Setermined safe angle of careen of the boat to which the 
gear is set. As soon as the boat has careened to a 
certain point the steam is automatically cut off, thus 
preventing the load being derricked any further. As 
the careen is determined by the load and overhang 
from the side of the boat, this arrangement prevents 
an excessive overhang and enables a somewhat smaller 
pontoon to be used, whilst still retaining the necessary 
margin of safety. 





Ruopgs’s Surpping ANNUAL AND Directory or Pas- 
senceR Sreamers, 1914.— Loidon: Messrs. George 
Philip and i aes, 32, Fleet-street, E.C. [Price 
2s. net.]—This annual, which is published for the 

ietors, Messrs. Thomas Rhodesand Co., by Messrs. 
ip, contains brief particulars of all the jeading pas- 
senger steamers of the world, including those put into 
service in 1913. The directory matter isembodied in two 
lists, one of which gives the lists of vessels under the 
names of the various owning companies, while the other 
is an alphabetical list of all the ships, giving brief 
particulars in each case, including the principal features, 
size, power and > ders’ names, &c. e volume 
opens with special articles on ‘*‘ Armed Merchantmen,” 
**The Merchant Service Officer and his Training,” and 
** The Ocean Cure.” There are also numerous illustra- 
tions showing notable ships of 1913. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 5. 

Prices of steel have hardened during the past week 
under the influence of s forward-buying movement 
in several lines, which is due to two causes ; firstly, 
the pressing need of material, and, secondly, the 
poesibility of a general advance. Sheets and bars 
have advanced for second-quarter delivery. Locomo- 
tive orders for the week were 82, of which 25 were for 
the Missouri Pacific, 34 for the Pennsylvania, 14 for 
the Chesapeake and Ohio. Car orders were 10,500, 
and 93 coaches. Structural tonnage for the week, 
27,300 tons, of which 4550 tons were for railroad 
work. A smelter at Miami takes 5000 tons, a 
hotel at Omaha, Neb., 2000 tons, and the Whitney 
building at Detroit 4100 tons. Pig iron is also firmer, 
and an advance ranging from 25 cents to one dollar a 
ton is reportei. The American Car and Foundry Com- 
pany is buying 5000 tons, and the American Locomotive 
Works closed for 6000 tons for delivery at Schenectady, 
New York, on February 9 and 10. Bids will 
received at New York for 28 000 tons of structural steel 
for the extension of a New York subway to a near-by 
town. Contracts now before fabricators aud struc- 
tural mills call for 80,000 tons, which will be placed 
soon. Orders will be placed in a few days for 
3800 tons of 36-in. flexible-joint cast-iron pipe aud 
300 tons of bell and spigot cast-iron pipe for the 
Catskill Aqueduct. The tone of the market has im- 
proved, and although February is usually a slack 
month, a good volume of business is assured. Electrical 
works, steam-pump manufacturers, and large engi- 
neering plants are in the market endeavouring to con- 
tract for second and third quarter deliveries at current 
low prices, towhich there is an unwillingness manifested 
by most manufacturers of raw and semi-finished steel. 





GRINNELL SPRINKLERS ON Sutps.—In view of the atten- 
tion being devoted to securing the safety of human life at 
sea generally, and to combating outbreaks of fire on 
ships, it is interesting to record that the Grinnell auto- 
matic sprinkler and fire-alarm, as made by Messrs. 
Mather and Platt, Limited, Manchester, has been in 
successful and extensive use on land for a number of 
years, and there seems to be no good reason why it should 
not be similarly employed at sea. In fact, a number 
of ships have p Hw been fitted. As long ago as 1907 
two vessels belonging to the New England Navigation 
Company, the Pequannock and the Plymouth, were 
so fitted, and am t others the s.s. Commonwealth 
and the s.s. Seeand are equip throughout with 
the system. The last-named is the largest side-wheel 
steamer afloat, being 500 ft. in length, and having 
sleeping accommodation for 1500 passengers, while the 
Hamburg-Amerika liners the Imperator and the Vater- 
land, the two largest steamships in the world, are now 
being equipped with Grinnell installations. 





Personat.—The Actien-Gesellschaft Ferrum, Katto- 
witz, Silesia, has just opened a branch office in London 
under the style of Ferrum, Limited, at 198, Winchester 
House, Old Broad-street, London, E.C. The parent com- 
pany manufactured and erected the high-pressure pipes 
referred to in our article on 141 ante, dealing with 
the Rjukan Hydro-Electric Power-Station, Norway.— 
Messrs. David Rowell and Co., Limited, 33, Old Queen- 
street, Westminster, S.W., inform us that, for conveni- 
ence in giving an interest to certain members of the staff, 
their business has been formed into a private limited 
liability company as from January 1, 1914, the new com- 

my taking over the whole of the assets and liabilities 
em that date.—Messrs. Jacobs and Barringer, 78, 
Gracechurch.street, E.C., inform us that they have con- 
verted their business as consulting engineers into a 
private limited company, which in future will be known 
as Jacobs and Barringer, Limited. The present partners 
will still continue to take the same interest as heretofore. 
The change has enabled them to include Messrs. T. W. 
Davis, E. A. Garratt, and K. A. Barringer as directors, 
these gentlemen having been their assistants for a number 
of years. 





Tue De-Cior Fivter System. — By the De-Clor 
filter system free chlorine (hypochlorite of calcium) is 
added to the water by an automatic arrangement, known 
as the hydro-pneumatic apparatus, which proportions or 
adjusts the pwr to be used according to the flow of 
the water. thorough mixing of the chlorine with the 
water, and its proper duration of contact with the water, 
are fully provided for ; and the subsequent dechlorina- 
tion and entire removal of the free chlorine from the 
water, a matter of the greatest importance, forms an 
essential part of the process. The filtered water is 
absolutely free from B. cols and pathogenic ia, and 
is also highly es and y palatable. 
De-Clor filters have in use at the Reading Corpora- 
tion Water Works for a es “| are also em- 

toyed by the Tru:o Water Company, the Tei uth 
br n District Council, and at many places w the 
water supplies were not bacteriologically satisfactory. 
We are also informed that they have been shipped to 
various parts of the world, and in districts where typhoid 
was hitherto prevalent they have enabled municipal and 
other authorities to supply a water absolutely safe from 
water- disease. e@ Royal Sanitary Institute of 
Great Britain have given their highest award—a silver 
medal—to the makers of the filter, the Candy Filter 
Company, of Westminster, 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 

ig-iron market was quiet, and the dealings amounted to 
5500 tons of Cleveland warrants at 51s. 94d. cash, and 
52s. 14d. one month. Closing sellers quoted 51s. 10d. cash, 
52s. 1d. one month, and 52s. 6d. three months. The 
afternoon session was dull, and Cleveland warrants were 
a shade easier. The business consisted of 1000 tons 
at 52s. 5d. three months, with sellers over at that 
figure, and at 5ls. 94d. cash, and 523. one month. 
On Friday morning a weak tone prevailed, and 3000 
tons of Oleveland warrants were done at 51s. 6d. and 
Sls. 5d. cash, 51s. 7d. seventeen days, and 5ls. 8d. 
one month. At the close sellers’ quotations were down 
to 5ls. 54d. cash, 51s. 8}d. one month, and 52s. 04d. 
three months. The market continued weak in the after- 
noon, when 1500 tons of Cleveland warrants changed 
hands at 5ls. 6d. May 13, and closed with sellers at 
51s. 5d. cash, 51s. 8d. one month, and 52s. three months. 
On Monday morning Cleveland warrants were steady, 
and a revival in the amount of dealing took place, the 
turnover being 9000 tons at 5ls. fourteen days, 
and from 52s. to 52s. 1d. three mont! Closing sellers 
named 51s. 5d. cash, 51s. 8d. one month, and 52s. 1d. 
three menths. In the afternoon prices got firmer, but 
only 1000 tons 6f Cleveland warrants were done at 
52s. 14d. three months, with closing sellers at 51s. 7d. 
cash, 51s. 10d. one month, and 523. 2d. three months. 
On Tuesday morning the market was strong, and 2000 
tons of Cleveland warrents were put through at 52s. one 
month, and at the close sellers named 51s. 10d. cash, 
52s. 04d. one month, and 52s. 5d. three months. In the 
afternoon Cleveland warrants were nominally steady, and 
the turnover consis of 1000 tons at 5is. 94d. cash, 
with sellers over at that figure, and at 52s. Od. one 
month, and 52s. 44d. three months. When the market 
opened to-day (Wednesday) the tone was easier and 
Cleveland warrants amounting to 3500 tons were dealt 
in at 51s. 11d. twenty-six days, and from 523. 4d. to 
52s. 3d. three months. The closing quotations were 
51s. 8d. cash, 51s. 10}d. one month, and 52s. 34d. three 
months sellers. The afternoon session was quite idle, 


besed but Cleveland warrants were almost unchanged at 51s. 8d. 


cash, 51s. 104d. one month, and 52s. 3d. three months 
sellers. 


Sulphate of Ammonia.—The market for sulphate of 
ammonia has gained in strength during the past week, 
and, as suggested lately, that the fall in price was not 
likely to be of long duration, the quotations have now 
been advanced. For prompt lots the current price is 
called 12/. 7s. 6d. to 12/. 10s. per ton Glasgow, and 
12/. 103. per ton Leith. The demand is better, and in- 
quiries are rather more numerous. 


Scotch Steel Trade.—In the Scotch steel trade the 
brighter feeling is still very prevalent, and the demand 
for material is on an increased scale, with the result 
that producers are hopeful of soon regaining their old 
position. Buyers have been more prominent lately, and 
quite a number of good contracts have been fixed up, the 
feeling being that prices have touched bottom in the 
meantime, and that now is the time to cover require- 
ments. It cannot be said that specifications are coming 
to hand as freely as might be the case, but, all the 
same, they are more plentiful, and ne so for bars, 
angles, and general sectional material. here is also 
more doing in plates and sheets, and in the latter case, at 
any rate, prices are — firm, with an upward tendency ; 
in fact, quotations all round are inclined to harden, 
although the official rates are without change. The 
export demand shows an improvement, and in this de- 
partment the inquiries are increasing in volume, and the 
outlook for the spring shipments is much better. 


Malleable-Iron Trade.—In the West of Scotland malle- 
able-iron trade the makers are experiencing rather a 
better demand, and employment is a little more regular. 
The orders booked are perhaps not all very large, but are, 
nevertheless, very acceptable, and always ensure a certain 
amount of activity. Prices are unchanged. 


Scotch Pig-Iron Trade.—In the Scotch pig-iron trade 
there is er a healthy demand for the ordinary quali- 
ties, and if this increases there will probably be a few 
more furnaces re-lit in the near future. Prices are firm, 
and although buyers are anxious to fix up at less than the 
current rates, makers do not seem disposed to do any 
: = _" prices are ——_ pty the _— -" 
air tonnage is being ship; larly, an 
English consumers have also been ordering forward 
decent lots. The harder tendency in hematite is still in 
evidence, but business continues along moderate lines. 
The following are the market quotations for makers’ 
(No. 1) iron:—Clyde, 69s. ; Calder, Gartsherrie, Sum- 
merlee, and Langloan, 69s. 6d. (all rr at Glasgow) ; 
Glengarnock (at Ardrossan), 71s. ; otts (at Leith), 
69s. 6d. ; and Carron (at Grangemouth), 70s. 





. Tue Tower - Lomen. pe | a ~ 
istoric up of buildings is being presen 16 
London tens by Mr. J. G. Joicey, who has had it 
constructed by Mr. John B. Thorp, of 98, Gray’s Inn- 
road, W.C., to a scale of one-hundredth full size. The 
Tower at the above date was still used as a Royal resi- 
dence, and in the model the various buildings, including 
the White Tower, the Queen’s Apartments, the Jewel 
House, Menagerie, &c., are given. The most surround- 
ing the outer walls is also shown, a portion of the City 
wall with a postern-gate being on the north bank. From 
this model a most excellent idea can be gained of what 
this stroaghold appeared like in the Middle Ages, whilst 
the main portions of it remain with us to the present day. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Hull Coal Traffic.—The decline in last month’s Con- 
tinental demand for coal materially affected the majority 
of the leading pits in South Yorkshire. Hull traffic 
returns for January show that 130,000 tons were sent 
less than in the corresponding month of last year, the 
total being 510,037. The exports totalled 223,565 tons— 
a decrease of about 53,000, which shows that the 
shrinkage was not entirely due to the decreased demands of 
foreign markets. Holland took 31,000 tons less, and Ger- 
many about5000 tonsless, while trade with the Baltic ports, 
despite the abnormal length of the shipping season, was 
more than 20,000 tens behind last year’s figures. France, 
on the other hand, took nearly 14,000 tons more. en 
and Norway were also better customers. Russia took an 
average supply. 

South Yorkshire Coal Trade.—So far as house coal is 
concerned, the local position is much easier. uire- 
ments show an all-round shrinkage, due principally to 
the advent of warmer weather. Gas fuels are not 
meeting with such a big demand. Some consumers 
are working on stocks, but quotations are steady. 
Reaction is again making its appearance in slacks. 
Coke has shed some of its weakness. eee ay — 
Best branch oT 16s. to 17s. ; ley best 
Silkstone, 14s. to 15s.; Derbyshire house, 12s. to 13s. ; 
Derbyshire best brights, lls. 6d. to 12s. 6d. ; 
large nuts, 9s. 6d. to 10s. 6d.; small nuts, 9s. 6d. to 10s. 6d.; 
Yorkshire hards, 1Js. to 12s.; Derbyshire hards, 10s. 
to 1ls.; rough slacks, 7s. to 8s.; seconds, 5s. 6d. to 6s. ; 
smalls, 3s. to 4s. 


Iron and a of the scarcity of steel- 
making irons continue, despite the putting into blast of 
additional furnaces. The dominant tone of the raw- 
material market is one of firmness. The prevailing idea 
among producers is that the market will go much higher, 
and that advan is to be gained by deferring contract 
business. With the immediate consumption of the whole 
of the output, there is no prospect of surplus production 
in the near future. Foundry iron is firm, while forge iron 
is making a slow but apparently sure recovery. Finished 
iron does not show any quotable improvement. The 
decision of the South Yorkshire Bar-Iron Makers’ Asso 
ciation not to alter the basis price from 7/. 10s. per tn 
is an indication of the depressed state of the market. 
The heavy steel industries of the city continue busy, and 
prosperity in the armament departments is stable. There 
1s a brighter outlook in railway steel). 





Tue TERCENTENARY OF LocaRiTHMS.—The tercen- 
tenary of the invention of logarithms by John Napier, of 
Merchiston, is to be celebrated by a congress to held 
in Edinburgh on Friday, July 24 next, and _ the following 
days, under the auspices of the Edinburgh Royal Society. 
On the invitation of this body a general committee bas 
been formed representing the Royal Society of London, 
the Royal Astronomical Society, the Town Council of 
Edinburgh, the Faculty of Actuaries. the Royal Philo- 
sophical Society of Glasgow, and the Universities of St. 
Andrew’s, Glasgow, Aberdeen, and Edinburgh, together 
with University College, Dundee. The celebration will 
open on Friday with an address by the Lord of Appeal, 
Sir J. Fletcher Moulton, F.R.S., and there will be a re- 
ception later in the day by the Lord Mayor and Council 
of Edinburgh. During the succeeding days discussions 
will be held on the past and present practice of compu- 
tations and allied subjects. Full particulars can be 
obtained from the eral secretary, Mr. C. G. Knott, 
Royal Society, Edinburgh. 





Boarp oF TRADE APPOINTMENTS.—The survey staff of 
the Marine Department of the Board of Trade is shortly 
to be increared by a small number of additional appoint- 
ments to each of the three grades—engineer surveyors, 
ship surveyors, and nautical surveyors. The salaries com- 
mence at 200/., rising to 400/., per annum, and surveyors 
are eligible for promotion to higher posts rising to 500/. 
per annum, &c. All the ~ soe are pensionable, 
and selected candidates will be required to und a 
competitive examination in technical subjects. 
following are the main qualifications :—Engineer sur- 
veyors (limits of age, above twenty-five and under forty 
years at time of examination): an engineer candidate 
must have served an apprenticeship in an engine-shop, 
preferably where marine engines are made. He must 
possess a first-class sea-going engineer’s certificate of com- 
petency, but in the selection of candidates for examina- 
tion preference will be given to those holding extra first- 
class certificates. A candidate must also have served at 
sea as an engineer on regular watch for at least five years 
in foreign-going steamships, and somewhat longer in the 
home and coasting trade, if such service is acce » A 
knowledge of machine drawing is essential. Ship sur- 
veyors (limits of age, above twenty five and under forty 
years at time of examination): idates must have 

een trained for at least five years in the building 
and repairing of ships, and have had at least three years’ 
®xperience in such work since the completion of training. 
They must be thoroughly conversant not only with the 
practical side of their work, but also with the theoretical 


side, particularly the structural strength of ships and | the 


calculations for stability, trim, di ment, &c. Nau- 
tical surveyors (limits of age, above twenty-five and 
under forty-five years at time of examination): A candi- 
date must possess a foreign-going master’s or extra 
master’s certificate of competency, and must have been 
in command of foreign - going 

Farther information with ns of application can be 
obtained from the Assistant i 


ment, Board of Trade Whitehall Gardens Lemion SW. 








gross | duction of pig-iron has been further reduced b 


best | 2. and 3 East Coast brands are fully 6 


merchant steamships. | and, 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is a fair amount of 
business passing in pig iron. This week speculative 
operations in Middlesbrough warrants on behalf of London 
and Glasgow houses have enlivened the market, and 
brought forward genuine buyers of Cleveland pig. _ 
blowing ont of a hematite furnace at the works of 
Messrs. Whitwell and Co. The firm has intended to 
take this step for some time past. The number of fur- 
naces in blast in the North-East district is now reduced 
to 75, of which 39 are turning out Cleveland pig, 24 are 
manufacturing hematite, and 12 are making special kinds 
of iron. The old furnace at Messrs. hrane and Co.’s 
Midd!esbrough works, is to be put out shortly for repairs. 
This furnace has been running for nearly forty years, 
and is by far the oldest working furnace in the world. 
No. 3 g.m.b. Cleveland wie has this week been well 
sold at 52s. f o.b., whilst No. 1 is 54s. 6d.; No. 4 foun- 
dry, 51s. 6d. ; No. 4 forge, 51s. 3d.; and mottled and 
white iron each 5ls.—all for early delivery—3d. to 6d. 
above these rates being named on forward account. Very 
satisfactory accounts are given of the hematite branch of 
the staple industry. ucers are now fairly well 
placed, and are not particularly pressing sales. Nos. 1, 
for early de- 
livery, and inquiries on forward account elicit a quotation 
of quite 631. 6d. Foreign ore prices are not quotably 
altered, but sellers have shown inclination to be firmer, 
owing to labour troubles with seamen in Spain. Market 
quotations are still based on 18s., ex-ship Tees, for Rubio 
of 50 per cent. quality. Coke shows a marked down- 
ward tendency. ers endeavour to keep the price of 
average blast-furnace kinds at 17s. 6d., delivered at Tees- 
side works, and some firms will not name below that 
figure, but business has been done at less, and, in fact, 
the price may now be given at 17s. 


Stocks and Shipments.—The stock of Cleveland pig- 
iron in the public warrant stores now stands at 136,703 
tons, all of which, except 43 tons of iron deliverable as 
standard, is No. 3 quality. Since the beginning of the 
month the stock has been increased by 2192 tons. Shi 
ments from the Tees are on a very satisfactory scale. To 
date this month those of pig-iron average tons per 
working day, the total despatches being returned at 
35,430 tons, 31,203 tons of which have gone from Middles- 
brough and 4227 tons from Skinningrove. To the same 
date last month the loadings were given as 27,837 tons, 
or a daily average of 3093 tons, and for the correspond- 
ing partof February, a year < the clearances reached 
35,993 tons, or an average of 3999 tons per working day. 


Mmufactured Iron and Steel.—There is very little new 
to report concerning the manufac’ iron and steel 
trades. Producers are fairly busy, and a few orders are 
coming to hand. Principal market quotations stand :— 
Common iron bars, 7/. 10s.; best bars, 7/. 17s. 6d.; best 
best bars, 7/.17s.6d.; packing iron, 6/.; iron ship-plates, 
6l. 15s.; iron ship-angles, 72. 10s.; iron ship - rivets, 
71. 15s.; iron girder-plates, 7/. 53.; steel bars (basic), 
6/. 15s.; steel ship-plates, 67. 10s.; steel shi les, 
6l. 2s. 6d.; steel boiler-plates, 7/. 15s. ; joists, 
61. 2s. 6d. ; steel strip, 6/. 15s.; steel hoops, 7/. less 
the customary 24 per cent. discount; cast-iron columns, 
7l. 7s. 6d.; cast-iron railway chairs, 4/. 5s.; light iron 
rails, 71.; heavy steel rails, 6/. 10s. ; steel railway sleepers, 
71. 5s.—all net at works; galvanised corrugated sheets, 
24 gauge, in bundles, 11/. 5s. f.o.b.—less 4 per cent. 





Laxton’s Buitpers’ Price-Boox, 1914.—This price- 
book, originally compiled by William Laxton, contains 
about 73,000 — for the use of architects, builders, 
engineers, and contractors. The present issue is 
ninety-seventh edition, and it is published by Kelly’s 
Directories, Limited, 182 to 184, High Holborn, W.C., at 
the price of 4s. It opens with a very complete alphabetical 
index of fifty and gives prices of every possible 
article used in the above professions, also the cost of hiring 
plant, prices of apparatus, houses, &c. The cost of labour 
is also given for all classes of work. The London Build- 
ing Acts, regulations as to drainage, surveying, &c., also 
form part of the book, which covers over 760 pages. 


“Tue Royat Navy List anp Navat Recorper.”— 
It is now thirty-six years since the late Lieut.-Colonel 
Lean, R.M.L.I., instituted ‘“*The Royal Navy List and 
Naval Recorder.” is has been published quarterly 
hy Messys. Witherby and Co., of 326, High Hol- 
born, and 4, Newman’s-court, Cornhill, London, E.O. 
The information given extended with 
almost every successive issue, and now it has become a 
much appreciated compendium of very comprehensive 
information eneting all naval matters. Much of 
the field, it is true, has been covered by the official 
Navy List; but it records the services of offi 
active and retired, of the Navy and its colla 
branches, and thus the publication has become more 
or less indispensable. ver, there is given a re- 
view of the current development of the British and foreign 
navies, and also a record of the commission services of 
principal vessels in the fleet. These features have 
made the work unique, and the publishers, on carefully 


es the fp pone — now decided to publish the list 
early instead uarterly, giving ter prominence to 
car Getues which are more or on of a lasting char- 


acter. In future, therefore, it will be issued in July, 
under the new régime, will constitute more a ‘‘ Who's 
Who” of the Navy, a navy list. The last quarterly 
issue cogs paper is well up to the standard, and gives 
promise of a satisfactory annual periodical, 





NOTES FROM THE SOUTH-WEST. 


Cardif.—Tonnage arrivals over the week-end were 
below expectations, stormy weather having considerably 
delayed a number of steamers. was, however, no 
shortage of vessels to meet the immediate requirements 
of exporters, the loading-berths having been well occupied. 
A large number of vessels being due to arrive on the next 
tides, colliery-owners are looking forward to firm markets 
until the close of the month, if not for a longer period. 
Buyers, on the other hand, sh i ition to defer 


5 
E 


County Council decided to oppose 
Severn ne Bill, which is to be 
Parliament 1 ~ — It =e. ome that eo Gren 
must oppose the Bill, as it in proposals for closing 
the cut and lock at Marsemore, and this would destroy 
the navigation to the public and private wharves there. 
It was contended that the Bill contained other pro- 
visions which would interfere with the rights and interests 
of the inhabitants of the districts watered by the interest- 
ing western river. 


Dowlais.—The Bessemer furnaces have not been fully 
supplied, and the Goat Mil) has also been affected. The 
Goat Mill has, however, had a considerable output of 
heavy steel rails, billets, tin-bars, &. The Big Mill has 
— engaged upon sole-plates, fish-plates, curves, tram- 
ines, 





Bevoran Brast-Furnaces.—The number of furnaces 
in blast in Belgium and the Luxembourg, at the com- 
mencement of January, was 49, as com with a 
similar number at the commencement of January, 1913. 
The number of furnaces out of blast at the commencement 


of this year was 10, as com with 6 at com- 
mencement of 1913. The total of 49 representing the fur- 
naces in blast in Belgium and the Luxembourg at the 


commencement of January was made up as follows :— 
Hainaut and Brabant, 25; Liege Group, 18; Luxem- 
bourg, 6. The production of pig in Belgium and the 
Luxembourg in mber was 280 tons, as compared 
with 208,060 tons in December, 1912. The aggregate 
output for 1913 was 2,527,070 tons, as compared with 
2,314,910 tons in 1912, showing an increase of 182,160 
tons. 


Tue Apvertisers’ A B U, 1914. London: Mesers, 
T. B. Browne, Limited, 163, Queen Victoria-street, E.C. 
[Price 10s. 6d. neot.]—Messrs. Browne’s directory for 
advertisers should prove of service not only in the actual 
placing of advertisements, but also in matters of style 
and design. The volume, which now appears for the 
twenty-eighth annual issue, is much neeten a directory 
of publications. It is divided into several sections, of 
which the first consists of specimen advertisements suitable 
for different kinds of publications. Many are very striking 
and attractive, and will doubtless suggest new ideas to 
intending advertisers, who are often uncertain of the best 
means of drawing public attention to their business. Ina 

section are various articles on advertising, both 
in publications and by means of CE. &c. Subsequent 
sections deal with the trade of the British Empire, so as 
to enable advertisers to decide u fitable areas in 
which to advertise their goods, while the various sections 
devoted to publications em directory matter relating 
to newspapers, journals, and magazines in the United 
Kingdom, India, and other portions of the Empire. 





Pocket-Book FoR MINERS AND METALLURGISTS.—We 
have received from Messrs. Crosby Lockwood and Son, 
Stationers’ Hall-court, E.C., a copy of the third edition 
of the Mining and Metallurgical, Pocket-Book, com- 
piled by Mr. F. Danvers Power, F.G.S., first issued 
in 1892. In addition to an excellent selection of mathe- 
matical and physical tables, this pocket-book contains 
valuable notes on many subjects of interest to the 
mining . Amongst them may be specially 
mentioned that on mining accounts and costs, which the 
investor in mining jies will find useful and interest- 
ing, as will also more directly interested in the 
technical side of the mining industry. Another 
deals wi 10ds of computing lode assays. In 
this a is given to the I ay m3 4 
assay a the result 
eans of jimeter. The closely allied subject of 


“sampling” section 
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THE SINGLE-COACH TRAIN. 
Tue ordinary table-fork is still considered an 
admirable utensil, though in its career of a 


237 | it has undergone little change in type, but onl 
design. It may be taken as an ex rt exam: of 
the fact that the old idea is not necessarily out of date, 


and we commend the thought to the internal-com- 


Mr. | fall from the li 





bustion engineers who think that the steam e 
and train, to which we have become accustomed on 


. our railways, should be wiped away. The onlooker 
must have been im by the fact that nearl 


n 
all the recent talk about the coming of the ieternal 
combustion engine for railway service has been 
concerned with self-propelled coaches. At the 
Bi ham meeting of the British Association, the 
impression left was that abeomtes of the internal- 
——— system seemed to think that the 
ngle-coach train would be the train of the future. 
its ap to be a case of the wish being father to 
o thon ht. The internal-combustion engine is 


Coal bet suited, i in its present form at least, to single- 


unit working, and so engineers interested in it 
appear to have tried to convince themselves that 
it is really the single-coach train that is needed to 
bring about a railway millennium. 

The same idea seemed to pervade certain remarks 
at a recent meeting at the Institution of Civil 
Engineers. Colonel Crompton then said that the 


-| Trailways ought to abandon ‘their present archaic 


methods and get down to what the motor-bus 

people were doing—namely, ing about ten 
or pe to the ton of tare weight—instead of 

-empty heavy trains. Coming from a politician, 
or from an engineer with an axe to grind, such a 
remark would be allowed to pass as scarcely de- 
serving of ~~} When, however, the words 

of a respected elder of the 

fession they for some notice. If the oneey 
of the motor-bus is sound, we take it that train 
weight is to be cut down, and transport in bulk is 
condemned. Colonel Crompton recently stated that 
he intended to live till road-construction costs 
were reduced down to a certain figure. If he also 
intends to remain with us until the railways handle 
their traffic on the motor-bus principle, he will 
probably have to arrange for a lease of life on 
some altogether new basis. 

The single coach has a special field in railway 
work, for which it is *parteuary well adapted. 
That field is already wi the ken of the railway 
companies, and in some cases has proved capable 
of satisfactory development. On certain branch 
lines, or short lengths of main line between two 
more or less interdependent towns, the single coach 
may be, and is, to advantage. By its means 
a flexible service of small unit capacity can readily 
be supplied, and this may often meet the needs of 
patrons more satisfactorily than a less frequent 
_— service. In the case of large’ stretches of 

ly populated land, such as are to be found in 

e United States, the single coach may also offer 
modern neg In such countries where nger 
service is partly supplied by mixed trains, improved 
facilities may thus be provided. For work of this 
character the use of the single coach and of the 
internal-combustion engine is not new, but no one 
yet has brought the load-to-tare ratio up to that of 
motor-bus practice. 

Steam-rail motor-coaches, with | 


e accommo- 
dation, &c., run to about one and a- passengers 
per ton of "dead weight. The Lanchester-Daimler 


railway motor-coach would, as far as we can gather, 
work out at less than two per ton of 
dead weight, if provided with luggage and lavatory 
accommodation, heating, &c. This type of car has 
not yet stood the test of time in the way that the 
McKeen and the General Electric cars have in the 
United States. The McKeen car, with purely an 
internal-combustion engine drive, carries about two 
passengers per 1 ton tare. The General Electric car, 
in which the weight of the electrical generator and 
motors is additional, works out at less than two to 
1 ton tare. These two American cars carry up 
to 100 passengers, but if provision is made for 
1 , lavatory accommodation, &c., about 60 to 
65 is the limit, as is the practice here. These 
American desi utilise the sides and roof as 
~~ of the longitudinal girder-frame, and there- 

wm reg ive a more substantial car for equal 
weight e British method of independent 


frame and body. None of these weights approach 
Colonel Crom ’s ideal of 10 passengers to 1 ton 
deadweight. en we come to the main-line train 


the figures are, of course, still more adverse, for 
very good reasons. We may quote as typical of a 
main-line express make-up a recent case of a train 
of a locomotive and ten bogie vehicles carrying 
about 240 passengers. The ratio in this instance 
was 0.57 passenger to 1 ton hae three and a-half 
times the weight per passenger of the single coach, 
or fourteen times the sree rate. 


Regarded superficially, these figures might be 
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thought to agg the contention that locomotive 
engineers are altogether ‘“‘back numbers” and 
want kicking out of a rut, and that the train 
system is completely wrong and needs revision. 
But little reflection is, however, necessary to make 
it at once clear that the gibes of the would-be 
reformers are unjust. It is true that we have been 
recently treated to wonderful announcements of 
the great capabilities of the motor-bus for inter- 
urban and main-road traffic, and that in connection 
with the Royal Commission something in the nature 
of a challenge has been issued to the railway com- 
panies, the object of which was to show that their 
service generally is obsolete in character. The 
companies are not likely to take these matters 
much to heart. 

In the first place, very many of the railway 
companies run motor-omnibus services, and are 

rfectly well acquainted with their possible scops. 

n the second place, the average omnibus journey 
is, fortunately for the passenger, comparatively 
short. Transport by this method may be effected 
at a minimum cost, but it is also conducted with a 
minimum of comfort to the passenger. Under the 
conditions of Colonel Crompton’s analogy he is 
permitted little else in the way of luggage than a 
daily newspaper, and is cramped into the smallest 
possible com At least 50 per cent. of the 
paying load is unprovided with protection against 
the weather. No provision is made for warmth, 
nor, of course, for food. Any additional con- 
cessions in these respects at once brings down the 
high ratio of 10 passengers to the ton tare now 
worked to, as is well known to those companies 
running omnibuses in country districts where 
luggage has to be allowed. Clearly no one would 
be foolish enough to suggest that these discomforts 
would be accepted by the travelling public nowa- 
days on railways. The community does not want 
less accommodation and comfort as time goes on, 
but more. The gradual development of the open 
cattle-truck type of passenger train into the corridor- 
dining service of to-day has not been quite the mad 
extravagance people would have us believe. It has 
been largely in response to public demand, and 
there are people who even to-day want things 
carried further, and demand an extension of the 
sleeper services, perhaps the most uneconomical 
form of vehicle. The rapid development of the 
dining-car services in recent years is typical of 
the continual demand for greater dead weight per 
passenger carried. 

How could such services as our main-line trains 
now supply be given with the single-coach system ? 
A main-line express carries passengers, luggage, 
parcels, and mails. Passengers can feed and sleep, 
&c , on board. For 240 people now carried in one 
express train, at least four, and possibly more, 
units would have to be run crowded with pas- 
sengers even to approach remotely to Colonel 
Crompton’s theory. There are no less than 32 
dining-car services out of London to Manchester 
in a day now, but dining on the motor-bus system 
of working would be out of the question unless 
trailers were adopted or additional single-coach 
trains run. Either way, instead of one kitchen and 
waiting staff there would be at least four, while 
it might so fall out that few, if any, travellers in 
one coach wanted to dine. In any case, there 
would be Joss of efficiency from the multiplication 
of troubles pertaining to the preparation and service 
of meals. 

A four-fold or greater increase in the number 
of trains would lead to other interesting develop 
ments. Naturally all the small units could not 
leave at the same time, so that certain services, 
now convenient, would assuredly be less so if 
reformed after this manner, and would involve 
possibly too early a departure and arrival, or the 
risk of not getting accommodation at all on the 
intended train. Instead of the road being kept 
clear for one main-line train it would have to 
cleared four or more times. Even now lines are 
sufficiently congested with fast and slow nger 
traffic and goods ; what they would be like if the 
passenger trains were so greatly increased it is 
difficult to imagine, even with any conceivable 
reorganisation of the signalling system. Sections 
would have to be greatly shortened and turn-outs 
vastly more numerous, while terminal and other 
station accommodation would become much more 
complicated. Thus capital expenditure on perma- 
nent works would be enormously increased. The 
cost of the rolling-stock has also to be considered. 
The cost of the self-propelled coach in the United 





States has proved a great deal higher than that of 
a single car and small locomotive, for branch ser- 
vice. "There seems little doubt that on the main line, 
where the conditions to be faced, as regards accom- 
modation, are more onerous for equivalent service, 
which, however, we believe to be practically un- 
attainable, the capital invested in rolling - stock 
would be much greater than now, and most, if not 
all, the economies vividly pictured by the advo- 
cates of the single-coach system would probably be 
frittered away in additional standing and mainten- 
ance charges. 

Age does not condemn the train system, and the 
continual demand for greater ease and comfort in 
travelling points to it as the only practical solu- 
tion. Even on electrified roads, where conditions 
are favourable to the single-coach system, this fact 
has been accepted. It is idle therefore to taunt loco- 
motive engineers with the weight of trains which 
circumstances compel them to haul. When internal- 
combustion engineers can produce a multiple-unit 
train, so that several coaches can be run together 
some distance and then split up for several destina- 
tions, there will be something in the system. But 
if they believe that what is wanted is a single-coach 
train designed as nearly as possible on motor-bus 
lines, before indulging in more talk on the matter 
they had better get right down to facts and see 
what are the problems by which railwaymen are 
really faced. The electrical men once thought that 
their way of doing everything was the best, but 
the lapse of time has brought wisdom. May it be 
so also in the case of the motor school. 





PHYSIOGRAPHICAL FEATURES OF 
THE PANAMA CANAL ZONE. 

Tue low-lying depression forming the Panama 
Canal Zone consists centrally of a confused mass of 
hills, mountains, and plateaus, sloping downwards, 
towards the Caribbean and the Pacific, into broad, 
alluvial plains. The depression is formed, not by 
a trough of down-folded strata, nor by the fractur- 
ing and faulting of strata, but by the long-continued 
dissection and erosion of.an ancient mountain 
ridge which once stood much higher than now. 
Before the canal was constructed the drainage 
system consisted of two principal streams—the 
Chagres on the Caribbean slope, and the Rio 
Grande on the Pacific side. Both of these rivers 
had many rapidly-flowing branches near their 
sources, narrow valleys with steep, rocky hills on 
either side, and a high gradient giving to the rapid 
torrents great efficiency as wd we agents. Both 
rivers also terminated in comparatively long trunks 
with low gradients, in which they meandered 
slowly, and into which the tides extended many 
miles from the sea, thus contrasting strongly with 
their actively-eroding head-waters. 

The vate | low plains and swamps that extend 
back from Limon Bay, and which bordered the 
Chagres River nearly to Bohio, before Lake Gatun 
was formed, consisted largely of alluvium. Borings 
made by the Canal engineers have shown that this 
is a former valley, now sunk far below sea-level. 
Samples of shells, brought up from considerable 
d ths below sea-level, show that the filling of the 
old valley took place in Pleistocene times. This 
Pleistocene valley of the ( hagres has been identi- 
fied at a number of points between Gatun and 
Alajuela by means of borings made in exploring 
possible sites for dams. At Alajuela solid rock 
occurs about 30 ft. below the present stream-bed 
and 60 ft. above sea-level. In descending the river 
the depth of the Pleistocene valley increased 
gradually, until at Gatun its bottom was a little 
more than 300 ft. below sea-level. At Balboa also, 
on the Pacific side, the borings showed a former 
Pleistocene channel below the flood plain of the 
Rio Grande, like that of the Chagres at Gatun, but 
only about 70 ft. below mean tide. 

In some quarters fears have been expressed that, 
during the operation of the Canal, Gatun Lake may 
become silted up with sediment, just as this old 
Pleistocene valley was filled with this enormous 
amount of alluvium. But the Chagres River now 
ends at Alajuela, about 8 miles distant from the 
nearest portion of the Canal channel. Gamboa 
railway bridge no longer crosses the Chagres River, 
for the waters there are now those of a tranquil 
lake, and not of a flowing river. The arm of Gatun 
Lake, between Gamboa Bridge and Alajuela, is about 
} mile to 1 mile in width for the greater part of the 
aistance. Hence there will be a very slow current 
in this long bay, even when the greatest recorded 





floods of the Chagres occur. Further, the Chagres 
and its tributaries coming into this bay are clear- 
water streams of steep slope, and their valleys have 
been swept clean of fine material by the floods of 
past . The coarse sand and gravel which are 
carried down by the Upper Chagres in its floods 
will all be deposited near the upper end of the long 
bay extending from Alajuela to Gamboa Bridge. 
Practically no sediment of any consequence can 
come down as far as the Canal line, for there will 
not be suflicient velocity to transport it. 

On approaching the shores of the Canal Zone in 
an ocean steamer the tourist has an opportunity of 
noticing one or two of the principal features of the 
Caribbean coast. Later, when he visits the shores 
of the Pacific, on the other side of the isthmus, he 
will find a very different type of coast. The Carib- 
bean shore-line is characterised by the long sweep- 
ing curves which are so typical of a recently 
uplifted coast. The numerous rai hes near 
Colon prove that this uplift has taken place. Along 
the Caribbean coast the soil consists of a calcareous 
admixture resulting from the disintegration of coral 
reefs, and there the cocoa-nut palm flourishes in 
great luxuriance. But these is little or none of 
that fine silt which is to be found at many 

rts of the beach on the Pacific side of the 

thmus,and which is so great a hindrance to bathing 
at low tide. From the sandy belt of the Caribbean 
coast, as far inland as the foot-hills, the low-lying 
flats are usually covered by mangroves. On the 
other side of the Isthmus the Pacific coast exhibits 
none of these features. Instead of the long sweep- 
ing curves of the Caribbean, the Pacific coast is 
much more irregular in outline, with jutting 
headlands and island - studded bays. These 
suggest submergence instead of elevation. There 
is a succession of bold rocky headlands sepa- 
rated by curved sandy bays, in which there 
are numerous rocky islands, making the scenery 
most varied and picturesque. The scenery of 
Panama Bay, indeed, rivals that of the West 
Coast of Scotland. These picturesque headlands 
and islands are the seaward prolongation either of 
mountain ranges in the interior or of isolated peaks 
like Cocoli, Diablo, Sosa, and Ancon. That row 
of peaks is continued outwards in Panama Bay as 
the rocky islands of Naos, Flamengo, Culebra, &c. 

The mouths of the larger rivers on the Pacific 
coast belong to the type known to geographers as 
‘‘rias,” such as are seen also in North-Western 
Spain and the South-West of Ireland. They are 
the characteristic drowned valleys of non-glaciated 
regions. 

The recent downward movement of the land 
which produced those rias gave rise at places 
to coastal swamps, and permitted the encroach- 
ment of the tides far up the ancient valleys of 
slight gradient. But the effects of this submergence 
are being rapidly obliterated by the formation of 
new shore-land which is taking place all along the 
Pacific coast of the Republic. The material com- 
posing the beaches is derived from rocky promon- 
tories, like Punta Paitilla, and also from the silt 
carried down in the wet season by streams like the 
Rio Grande and Rio Bayano. At those parts of 
the coast where the shore currents and waves are 
sufficiently strong to handle all this material, no 
formation of land takes place ; but wherever the 
shore currents cannot bring this about, there are 
formed sandy beaches lying above high tide, with 
land-forming plants like Ipomcea pes-capre, &c., 
as at Truxillo beach, near Panama City. At other 

laces, ¢.g., off Old Panama, there are left bare at 
ow tide extensive flats of mud and clay mixed with 
sand. In process of time these mud flats give rise 
to mangrove swamps. The fact that vessels could 
once approach the beach at Old Panama, which is 
now rendered inaccessible by these mud flats, is 
evidence that all this silt has accumulated since the 
days of the old Conquistadores. While these mud 
flats are converted first into mangrove swamps and 
ultimately into dry land by the aid of the man- 
grove, the same function is performed for the raised 
sandy beaches by the cosmopolitan tropical creeper 
Ipomeea pes-capree, or sea-side potato, as it is 
called in English-speaking countries. This plant 
usually establishes itself a few yards from the 
upper limits of the high tide. It sends out runners 
in all directions to a distance of 10 yards or more. 
These runners take root and become new centres. 
Other creepers which help in the formation of new 
land are a stiff porcupine grass and leguminous 
creepers like canavalia. On older portions of the 
teat, lying behind the pes-capre formation 1s 
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the woody Wi gy consisting of small trees like 
hibiscus, erythrina, terminalia, morinda, &c. As 
the beach grows these plants gradually advance into 
the pes-capre zone, and eventually replace its 
vegetation ; at the same time the vegetation behind 
occupies the older portions of these tree formations. 

One other method of land formation may be 
referred to here. The ground behind the bathing- 
houses on the beach at Peja Prieta is almost 
wholly composed of materials blown inland from 
the foreshore by every sea-breeze. If this ground 
were not speedily fixed by means of such plants 
as the poisonous Manchineel tree (Manzanilla), an 
unstable shifting dune would be formed, and would 
give as much trouble here as in other countries. 
But here Nature at once steps in and claims all 
now lands, even dune lands, by afforestation. 

An account of the physiographical processes which 
take — in tropical districts like the Canal Zone 
would not be complete without some reference to 
the work of ants. These are to be found every- 
where on the Pacific slope, and afford interesting 
studies to the naturalist, more especially those 
varieties which cultivate underground small white 
bodies like miniature turnip-cabbages, on which they 
feed. Some of the trees in the Panamanian forests 
—e.g ,trumpet-trees, acacias, &c.—have adaptations 
for attracting them and supplying them with food 
and shelter. But these curious little creatures also 
afford studies to the geologist, for the action of 
ants in the tropics is as important as that of earth- 
worms aud frost in cold climates. A very common 
sight on the Pacific slope is a green stream moving 
across a path in the forest or in a field. On look- 
ing closely, this is seen to consist of moving pieces 
of leaf, each piece being carried by an ant vertically 
like a parasol—hence the name applied to them, 
parasol or leaf-cutting ants. They bite off small 
circular pieces from the leaves, o‘ten leaving the tree 
completely bare, thus killing it, and thus the pro- 
ducts of decay are added to the soil. Theants carry 
the bits of leaves underground to their nests, and 
cut them into very minute pieces, which they gather 
into spongy-looking heaps, on which they cultivate 
fungi. Sooner or later these heaps decay, and the 
products of decay are also added to the soil. In 
this way an enormous quantity of vegetable matter 
is introduced into the ground for the active bacteria 
of the tropics to work on. 

Space will not permit of a detailed discussion of 

the past physiographical history of the Panama 
Isthmus. From the fact that marine tertiary 
deposits cross the Caribbean - Pacific watershed 
between San José and Cartago in Costa Rica, and 
similar deposits also cross the Canal Zone from 
Colon to Panama, it is inferred that there was free 
inter-oceanic connection both at Costa Rica and at 
Panama during their deposition. This former 
connection between the Caribbean and the Pacific 
at those two localities—Costa Rica and Panama— 
is of considerable interest, for it is recognised 
by paleontologists who study the geological and 
geographical distribution of animals that South 
America was separated frum the northern con- 
tinent after early tertiary times. Late in the 
Miocene period South-American types appeared in 
North America, but it was not until nearly the 
close of the Pliocene that migration took place in 
the opposite direction, allowing North-American 
types to appear in South America. This has been 
explained by supposing that Panama and the 
southern portion of Costa Rica were united with 
South America, while separated from the land of 
the northern continent, and that subsequently they 
were detached from the former and united to the 
latter, but that a considerable time elapsed before 
the bridge between the two continents was com- 
plete. It has been suggested that the marine 
tract revealed by the tertiary deposits across Costa 
Rica constituted the northern boundary of that 
portion which was connected alternately with the 
two continents, while the Panama marine tract 
across the Canal Zone formed its southern limit. 





MINERS’ ELECTRIC LAMPS. 

Tue design of a miner’s electric lamp would not 
at first sight appear to afford much scope for 
originality, and the dozen or so types now in prac- 
tical use are certainly more or less alike. This 
way of lookin at the matter is, however, somewhat 
superficial. It is not in the relative positions of 
the battery, lantern, and other parts of such a lamp 
that its merits lie, nor even necessarily in these 
parts themselves. It is rather in the details of 





construction and in the methods adopted for secur- 
ing the various parts together. The conditions 
which a miner’s lamp has to meet are so onerous 
that quite a small detail feature, likely to be over- 
looked by the casual observer, may determine 
success or failure. The adequacy, or otherwise, of 
a particular design can only ultimately be deter- 
mined by practical use on a fairly large scale, and, 
without depreciating in any way the skill of the 
designers, it seems likely that many of the nine 
successful lamps in the recent Home Office com- 
petition owed their superiority over the remaining 
186 to the fact that they then were in practical use, 
and so had had weak points discovered and 
eliminated. 

Miners’ electric lamps are, of course, in use on & 
fairly large and extending scale, and have received 
ne attention, official and otherwise, during the 
— few years. The latest pronouncement g the 
subject appears to lie in a proposal carried at a 
ro sear Pn wale of the South Wales Miners’ 
Federation, held on the 2nd inst., and convened to 
deal with questions of safety regulations arising 
out of the Senghenydd disaster. The proposal 
was to the effect that ‘“‘we press for the general 
use of electric lamps in mines, provided that 
a gas-testing lamp is available for use in ever) 
working place.” This resolution has no official 
weight, but is interesting as illustrating the attitude 
of the miners of one of our most important coal- 
fields. There is no reason to suppose, that as far 
as miners are concerned, the attitude underlying the 
proposal is peculiar to South Wales, while it is 
certainly the object of sympathetic interest in 
other quarters. In these circumstances, and in the 
view of the advance which the miners’ electric lamp 
is actually making, we should like to call attention 
to a paper read by Mr. F. J. Turquand before the 
Association of Mining Electrical Engineers on the 
6th inst. 

In this paper Mr. Turquand dealt with some of 
the general features of such lamps and with the 
methods.employed in various makes for meeting 
the difficult conditions imposed. He also had 
something to say about the charging and main- 
tenance of the lamps in service. This latter 
matter appears to us such an important aspect of 
the subject that although Mr. Turquand put it at 
the end of his paper, we will take it first. We 
grant that if one wishes to make a_ successful 
installation of electric lamps in a colliery, it is 
necessary to begin with a good lamp ; but we more 
than grant that if the charging and maintenance 
arrangements are not satisfactory, the best lamp in 
the world will not make the installation a success. 
If there is trouble with batteries, if lamps run out 
at odd times, and if filaments break too frequently 
in service, the whole business will quickly be voted 
@ nuisance, and not last by the miners them- 
selves, and will probably be discarded. Yet all such 
troubles might be traceable to the maintenance 
arrangements, and not to the design of the lamp 
at all. 

We need not here go into the details of the 
equipment of a charging-station. It is sufficient 
to say that it should be large enough and con- 
veniently laid out for the work in hand, and 
should be fitted with accurate instruments for 
testing both lamps and batteries. Above all, it 
should be in charge of a trained staff. It is 
obvious that one of the conditions for success of 
the installation will be the keeping of all the 
batteries in service in a fairly uniform condition. 
Mr. Turquand points out that this is rendered 
difficult by the different resistances of the lamp 
filaments, and by the variation in the burnin 
hours of the lamps owing to their being switehed 
on and off by the miners at different times. To 
eliminate this latter cause of variability, Mr, 
Turquand recommends that the lamps should be 
handed to the workmen with the light switched 
on, and with instructions that they are not to be 
switched off except in emergency, as, for instance, 
when a number of hewers are trapped by a fall, 
in which case by switching off all but one lamp 
the time during which light will be available may be 
greatly extended. Such a uniformity of burni 
hours as would be achieved by this system woul 
do much to ensure that all lamps served out would 

ive the specified candle-power at the end of nine 
ours. 

Another advantage in keeping lamps alight 
during the whole of the time that they are in the 
hands of the miners is that the practice tends to 
prolong the life of the bulbs, the filament being 
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less fragile when alight. This is important, as the 
bulb-renewals account is heavy. r. Turquand 


states that it is one of the largest items in the list 
of renewals. It is clear that the efficiency of the 
lamp bulb must be a compromise between a high 
figure, which will mean a weak filament and fre- 
quent breakages, and a low figure, which will mean 
an excessive demand on the battery. We have no 
figure giving the efficiency in watts per candle 
usually employed, but Mr. Turquand states that in 

ractice the average life of a 2-volt bulb is 600 burn- 
ing hours, which throws some light on the matter. 
In order to maintain the lamps in uniform condition, 
Mr. Turquand suggests that batches coming in 
from ordinary shifts should be periodically tested 
for candle-power and voltage on closed circuit, and 
faulty bulbs or batteries taken out of use. This 
would do much to decrease the number of failures 
in service. If all bulbs are tested before being 
used, and only those coming within certain limits 
of efficiency allowed to go out, the maintenance of 
the batteries in a constant condition, as before 
referred to, will be rendered much simpler. Some 
working costs are given in the paper. For Gray- 
Sussmann lamps, 20,000 of which are in use, and 
which figured among the prize-winners in the Home 
Office competition, a figure of under 3}d. per Jamp 
per week is given, on the basis of 10 per cent. 
depreciation, and charging current at 14d. per 
unit. All charges are included. For the C.E A.G. 
Ee the first Home Office prize-winner, a cost 
of 3d. per shift is given, including all labour, 
— &e. 

n conclusion, we may refer briefly to some of 
the constructional details dealt with by Mr. 
Turquand. Little need be said about the case 
which carries the battery. In some successful 
examples it is made of pressed steel, which has 
obvious advantages in the way of lightness, inter- 
changeability, and strength, but has disadvantages 
in difficulty which may arise in removing a batiery 
from a dented case, and in liability to rust and 
acid corrosion. Cast aluminium has been used 
with success by many manufacturers, and has 
advantages from the point of view of rust and 
corrosion. In passing it may be noted that the 
corrosion difficulty does not arise in the same way 
if an alkaline accumulator, such as the ‘‘ Alkum,” 
is used instead of a lead-acid cell. There are 
several such alkaline accumulators either on the 
market or shortly to be so. The incandescent bulb 
is the most fragile part of any lamp. It is 
usually mounted on some sort of spring contacts, 
and is protected by an outer glass cylinder or 
dome, made as strong as possible consistent 
with not too great a loss of light. The dome 
form has the advantage that there is only one 
surface to seal against leakage. COylinders are 
said to have the advantage in that clearer glass for 
the same thickness can obtained as compared 
with domes. In any case the outer glass is held 
down on to the top of the battery-case by side 
studs and an upper cover piece, or in some more or 
_ —_ way. 

n order to prevent the ibility of bein 
fired by the breakage of the ineuniastnt bul 
following the breakage of the outer glass, it is usual 
to arrange that the breakage of the outer glass 
cute off current from the bulb. This is done in the 
C.E.A.G. lamp by holding the bulb down on ite 
contacts by a spiral spring between the inside of 
the dome glass and the top of the bulb, so that 
when the spring is dis by the moving or 
breaking of the dome, the bulb rises from its con- 
tact-springs. In the G.E.C. lamp the outer glass 
is arranged in such a way that displacement or 
breakage releases a contact-pin in a gas-tight 
chamber on the centre terminals of the ba ; 
In other cases the chamber formed by the outer 
glass is filled with compressed air or other gas, 
which will rush out when the glass is broken, 
and in doing so open the electrical circuit. This 
method has the advantage of temporarily pre- 
venting the ingress of the possibly explosive outer 
atmosphere, owing to the out-draught formed, 
and so giving a longer interval between the frac- 
ture of the glass and the inrush of air upon the 
bulb. The switch requires little mention. It may 
consist of a simple screw, a good enough fit to be 
gas-tight, and with the head outside. Alterna- 
tively the lamp-top must be made to turn upon the 
battery - case. Kither method is effective and 
simple. 

In most forms of lamp in practical use, the accu- 


mulator is of the Faure pasted type. The main 
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difficulty encountered is in connection with the 
efforts which are made so to construct it that the 
lamp may be held in any position. Some makers 
use glass-wool to separate the electrodes and to 
form a semi-dry accumulator, the liquid being held 
in suspension by the wool. Other ers use a more 
absorbent material, such as v ble fibre. Semi- 
dry batteries of this type are of somewhat less capa- 
city, bulk for bulk, than ordinary accumulators, but 
present fewer difficulties from the point of view of 
use in any position. It is clear that an ordinary 
accumulator, if suitably constructed, may be turned 
upside down if hermetically sealed, but such an 
arrangement does not allow of the escape of any 
gas during the working — The arrangement 
is, however, in use, the battery-cases being made 
strong enough to allow of the accumulation of gas. 
It is advisable, however, that the batteryshould be in 

ood condition. In one case concentric tubes rising 
Sow the bottom of the battery are used. This pre- 
vents the building up of internal pressure, and if the 
lamp is inverted, only a few drops of acid escape, 
which are caught by an absorbent substance. In 
the G.E.C. lamp fine bore tubes are employed, 
which allow gas to escape; while if the lamp is 
turned ‘over, the little liquid which makes its way 
through them is caught in a non-spilling drainage 
cham The difficulty of making the lamp suit- 
able for working in any position is less with 
alkaline accumulators, since the inappreciable 
gassing allows of hermetical sealing without danger 
of bursting. 





THE SPONTANEOUS COMBUSTION OF 
COAL. 

SronTaNngEous combustion is held responsible for 
a large number of mine fires. The coal districts 
of the kingdom vary very much in this respect. 
In Scotland the Fifeshire coal-field is particu- 
larly dangerous, and eleven out of fifteen fires 
which occurred there in the period January, 1910, 
to October, 1912, were reported from collieries 
working the Dysart Main seam, which has a thick- 
ness of 23 ft., though little or no fire-damp is 

iven off by this seam. In the Northern Division 

orthumberland, Durham, and Cumberland) fires 
are extremely rare ; in the whole history of Durham 
only one fire is known, although many of the col- 
lieries are gassy (fiery). -In some of the collieries 
of Yorkshire and the North Midlands fires are 
frequent, and these mimes are gassy, moreover. 
In cashire and Wales spontaneous combustion 
is not, on the whole, frequent, but thirteen col- 
lieries of South Wales have had gob fires, one 
causing a explosion in 1906; one such fire 
is even aid to have broken out in anthracite, and 
another in a steam-coal colliery, where such acci- 
dents are re ed as very rare. In North and 
South Staffordshire and East Worcestershire the 
cases are countless; they are numerous in Derby- 
shire, Leicestershire, a | Warwick ; in Gloucester- 
shire, fairly common. A table of the accidents 


caused by spontaneous combustion in coal-mines 
during the twenty years counts 177 persons 
killed ; this table comprises the Cadeby Main acci- 


dent of July, 1912, when an explosion, due to a gob 
fire, killed 88 miners. In many instances ordin 
suffocation, or carbon-monoxide poisoning, did the 
mischief. 

Fortunately, mines characterised by both gene- 
ration of fire-damp and liability to spontaneous com- 
bustion are not numerous. us there are — 

or fiery mines, but only in Yorkshire and No 

taffordshire are these mines liable to spontaneous 
combustion, whilst the majority of the mines in 
South Stafford, bad in this last respect, cannot be 
termed gassy. Yet it is possible that the in 
depth to which mines are being worked will 
heighten the danger consequent upon the higher 
initial natural temperature and the higher ven- 
tilating ure. 

In August, 1912, the Home Secretary appointed a 

ental Committee, consisting of Me R.A. 8. 

mayne, Chief Inspector of Mines, Sir Arthur 

B. Markham, M.P., and Messrs. C. E. Rhodes, 
Frank Rigby, and Herbert Smith, for the ee 
of inquiring into the circumstances in which spon- 
taneous combustion of coal occurs in mines, its 
causes, and the means of venting it or dealing 
with it; This Committee has now issued its first 
report, which is so far statistical and legal, not 
experimental, the members i i vi 
tions as to additions to the Coa] Mines Act of Toil. 
This Act requires the notification to the Inspector 





of Mines of all cases of fire below ground. But 
doubt prevails as to what constitutes underground 
fires. Colliery managers often cannot say definitely 
whether a fire is in existence or not, and fires have 
only been discovered hee: afterwards when driving 
through an old goaf. Considering that colli 

temperatures vary widely from colliery to col- 
liery, the Committee, after taking much evidence 
from the inspectors, managers and men, suggest 
that the ee of Mines should be notified 
(1) When gob stink or other signs of combustion 
are observed ; (2) when the air temperature in any 
accessible part of the mine is 20 deg. Fahr. above 
the no: temperature in the main return air- 
way, or when it rises to 110 deg. Fahr.; (3) when 
any flash has been observed coming from any pack 
or waste. Notification should also be made of the 
commencement of work for the purpose of discover- 
ing or combating a fire or anticipated fire. Sec- 
tion 67 of the Act quoted makes compulsory the 
withdrawal of persons, other than those engaged 
in inquiring into or removing danger, from the 
mine or any dangerous place in it. There has 
again been doubt as to the interpretation of this 
section ; some mining engineers a fire as 
not dangerous unless inflammable gas be present. 
The members of the Committee, recognising 
the importance of special conditions, propose 
that in all ‘the mines, in which safety-lamps are 
used, or in which as much as cent. of 
inflammable gas has been found in any ventilating 
district or return air-way of! the mine, on any 
one occasion :—(a) When smoke or other signs 
of a fire occur, the whole of the workmen 
should at once be withdrawn from the affected 
ventilating district, and not be re-admitted before 
the manager and two representatives of the men 
have made an inspection and have entered their 
opinion, duly signed, that the mine is safe again ; 
(b) when the actual fire has been located, or is 
known to exist, the whole of the men working on 
the seam, and on other seams worked on the same 
level, should be withdrawn from the mine, except 
those engaged in fighting the fire, unless the seam 
be naturally wet throughout, &c.; (c) in the event 


of a fire being dammed off, the whole of the men | th 


should be withdrawn until the work has been 
completed. 

So far the unanimous suggestions which the 
Committee would like to see incorporated in the 
General Regulations of the Home Office. As to 
some further questions, the members were not 
unanimous, and the respective seven additional 
memoranda by some of the members cover the com- 
ments which we should feel inclined to offer at this 
stage. The suggestions a, b, c, it will be seen, 
concern mines only in which safety-lamps are used, 
or some gas has been discovered at some time. 
Four of the members now consider that the 
rules should hold for all mines. Three members 
desire that an Inspector of Mines should always 
be — in the examination of a mine before 
its being re-opened. On the other hand, Mr. F. 
Rigby points out that this compulsory examina- 
tion ty mine inspectors would practically keep the 
inspectors fully busy, and render it impossible for 
them to do aay other work, and that in South 


ary | Stafford the inspector would not be able to per- 


form even the compulsory examination duty, as he 
might often be required in several places at the 
same time. As rule (b), four members 
would be ready to relax this rule provided incom- 
bustible dust be used on the roads; but they would 
require, in contiguous to the fire, at least 
four parts of stone-dust to one part of coal-dust ; 
that is to say, they would insist on more stone- 
dust than the Explosion in Mines Committee deems 
necessary. Four members again recommend in 
memorandum 56 that all timber should be removed 
from wastes and roads to be abandoned, as that 
timber is clearly a very fruitful source of danger. 

Finally, Mr. Herbert Smith, who had only signed 
the first two memoranda, deprecates the use of 
stone-dust, which must be injurious to the health 
of the miners. In South Africa, he points out, the 
working life of a miner is four or five years, and 
the mortality in the Yorkshire ganister-mines is also 
very high and medically ascribed to dust inhalation. 
As regards memorandum 5, to which he would other- 
wise , Mr. H. Smith argues that small pillars 
of coal in the goafs are quite as da us as timber, 
and that this question should be left for future con- 
sideration. owever, if the three unanimous re- 
commendations of the Committee be adopted, the 
danger from fires will be greatly reduced. 





ELECTRIC CURRENTS AND CONCRETE 
AND FERRO-CONCRETE. 


A GREaT deal of experimenting has been done 
in recent years on the electrolytic corrosion of 
concrete and ferro-concrete by stray electric cur- 
rents. Some bad cases have been observed, 
especially in the United States, and the growing 
= emp of ferro-concrete structures for houses, 

ridges, and harbour works has been ed with 
a certain not unjustified distrust from this point of 
view. The present opinion is probably that, with 
due care—without which all electric plants are, of 
course, rous—good concrete structures may 
be considered reasonably safe. Among the more 
recent researches not yet noticed in our columns 
are those undertaken in 1912 by Dr. Miiller at the 
Technical High School of Darmstadt, on behalf of 
the Deutsche Aiisschuss fiir Eisenbeton, and the 
similar experiments made last year by Dr. Kurt 
Lubowsky at the Technical High School of Danzig, 
and described in the Elektrotechnische Zeitschrift of 
January 1 and 8, 1914. 

Lubowsky experimented with prismatic blocks, 
12 cm. (4.7 in.) square, 25 cm. (10 in.) high, of 
various concrete mixtures, some inlaid with iron, 
which always remained within the blocks covered 
by 2.5 cm. (1 in.) of concrete. The electrodes were 
perforated sheets of iron, 7 cm. by 11 cm. by 
1 mm. thick, joined to copper lende. The con- 
tinuous currents were taken from the 220-volt 
mains, the alternating currents from generators at 
60 periods (maximum), and a transformer. The con- 
crete blocks were stored in air or in water. During 
the setting of the concrete the resistance in the 
dry increased slowly at first, then more rapidly to 
16,000 ohms and more, the rate depending upon 
the weather. Blocks lying in water Semmeeed te 
weight by absorption of water, whilst the resistance 
went quickly in eight hours down from 2200 ohms 
to about 200 ohms, and remained at that value ; 
the concrete had been allowed to set properly for 
many days before being immersed in water. When 
alternating currents were used with wet cement, 
the drying effect (produced by the heating) raised 

e resistance. We shall return to this point. 

The results of the electrolytic corrosion tests on 
the whole agreed with previous tests ; in some cases 
corrosion was observed with continuous currents of 
lower intensity than is sometimes assumed ; occa- 
sionally efflorescences of hydrates of aluminium 
and iron were noticed. he usual effect is, of 
course, that the iron is oxidised, swells and cracks 
the concrete, to which moisture thus gains access. 
With alternating current wet concrete prisms lying 
in water absorbed, at first, currents up to 1.5 am- 
peres, but the temperature rose in the course of 
days to 104 deg. Cent. within the blocks (as 
measured by embedded thermometers), while the 
water temperature did not exceed 42 deg. After 
81 days these blocks were still found in good 
and strong condition, though the bare-iron elec- 
trodes, treated with the same alternating current, 


— to corrode. 
articular interest attaches to the high-tension 
experiments, which might be continued, we think. 
The respective prism was placed on an earthed 
sae and another iron plate, joined to a trans- 
ormer, was put on top of the prism. When cur- 
rents of 11,000 volts and 0.22 ampere were applied, 
jets of steam were seen to issue from the block, 
after two hours, and the jets soon turned into arcs 
up to 6 cm. in length; some of these arcs fused 
the concrete, which finall split; there was no 
regularity about the distribution of the jets and 
of the arcs, which left greenish or blackish tracks 
in the mass of concrete. These blocks did not 
contain any iron. When another block containing 
a — core of iron wire (this wire not being 
earthed) was similarly exposed to 200,000 volts, 
the discharge did not pass through the concrete, 
but a —_ or arc would appear somewhere and 
strike through the air to the earthed plate. It is 
hence suggested that the lightning-conductors in 
ferro-concrete structures should be arranged with- 
out regard to the iron embedded in the concrete, 
which cannot well be joined to the conductor net- 
work ; this question might further be investigated. 
Some experiments were finally made on the 
insulating power of concrete. For this p 
blocks with wire spirals embedded in them were 
again used. On the block rested a bell insulator, 
supplied by the Porzellanfabrik Hermsdorf, to 
which a conductor 1 cm. in thickness was attached, 
which was connected with a 60,000-volt trans- 
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former. The concrete prism stood on an earthed 
plate, and a voltmeter was inserted between the 
upper extremity of the wire a (which pro- 
jected out of the concrete in this case) and the 
earth. The path from the conductor to the earth 
was thus: bell insulator, concrete, iron spiral, con- 
crete, metal base, and earth. Under these condi- 
tions the iron spiral would acquire a potential against 
the earth which would depend upon the capacity of 
the bell insulator and the condition and thickness 
of the conerete layer. The potential difference of 
the wire spiral rose to 300 volts. This potential 
might be dangerous to people touching the con- 
crete, provided the current intensity were sufficient. 
But assuming transformer currents of 100,000 
volts at 50 periods, the bell insulators would not 
allow more than 0.63 milliampere to pass, whilst 
currents of less than 20 milliamperes are not con- 
sidered dangerous. From this point of view 
blocks or columns of ferro-concrete might be used 
in insulating stands for high-tension insulators. 
Whether it is advisable to use the iron embedded in 
the concrete for the purpose of earthing such 
stands is another question. There might 
mechanical damage by perforation of the concrete, 
though there will hardly be any electrolytic corro- 
sion with high-tension alternating currents. 





THE INTERNATIONAL ELECTRO- 
TECHNICAL COMMISSION. 

Tue latest publicition by the International 
Electrotechnical Commission contains the report 
on ‘* International Symbols,” unanimously adopted 
by the plenary meeting of the International Electro- 
technical Commission, held at Berlin in September, 
1913. Twenty-four nations were represented at 
this meeting. The question of symbols has been 
occupying the Commission to a considerable extent 
since 1908; a special committee on symbols was 
appointed at the Turin Electrical Congress in 
1911, when Dr. E. Budde, President of the German 
Committee, submitted definite proposals in agree- 
ment with the Ausschuss fiir Einheiten und 
Formelgréssen (A.K.F.), whose useful co-operation, 
as the present report acknowledges, has been of 
material benefit. 

It has taken a long time toagree upon the thirty- 
six electrotechnical symbols enumerated in this 
publication, as to some of which alternatives are 
still permissive. But it need not be pointed out 
again that symbols that have once come into use 
are difficult to eradicate ; unless the proposals 
now made are generally adopted, confusion will 
continue to prevail. The principles which guided 
the Electrotechnical Commission in its standardisa- 
tion of symbols were based on the following considera- 
tions. It is impossible, in ordinary hand-writing, 
to make a distinction between Roman letters and 
italics, and to differentiate the latter from small 
roundhead letters ; Gothic type is objected to as 
being too troublesome to write; many Greek 
capitals are identical with the Roman capitals. 
These considerations left about a hundred symbols 
available in Roman and Greek type and in Script ; 
of these several are already used for mathematical 
purposes, though necessary also for the purposes of 
the electrician. Certain physical and mechanical 
symbols will frequently occur in electrotechnical 
deductions, especially in equations involving mass, 
moment of inertia, speed, quantity of heat, tem- 
perature, &c. The International Electrotechnical 
Commission recommends that ‘‘in such cases the 
symbol habitually used by physicists and engineers 
should be employed, if this symbol does not already 
exist in the formula as an electrotechnical symbol ; 
if, on the contrary, it already exists in the formula, 
it is desirable that it be accompanied by a 
distinctive sign, or that the notation be changed.” 
As regards quantities, the following proposals are 
made :—Instantaneous values of electrical quanti- 
ties which vary with time should be represented by 
small letters or be followed by the subscript ‘t” 
to avoid ambiguity ; virtual or constant values be 
represented by capital letters, maximum values by 
the subscript ‘* m ” ; script letters should only be 
employed for magnetic quantities, small Greek 
letters for angles and also for dimensionless and 
Special quantities wherever ible. 

On these grounds the fo owing suggestions are 
made, the symbols added in brackets being recom- 
mended for the case in which the principal symbol 
18 not suitable. Work is to be indicated by A(W), 
energy by W (U), power by P, efficiency by 7, 
number of turns per minute by n, temperature 


be | Wh, 





Ton maniod b t +, 8), T tye treme oy o 
©), period by T, 2 7/T by a, uency by f (v 

phase dis lacement by ¢, electromotive force by E, 
current by I, resistance by R, resistivity by p, 
conductance by G (for this unit the name Siemens is 
to be submitted to the San Francisco Electrical 
Congress in 1915); quantity of electricity by Q, 
electrostatic flux density by D, capacity by C, 
dielectric constant by ¢«, permeability by », sus- 
ceptibility by «. For self-inductance L, mutual 
inductance M, reactance X, impedance Z, reluct- 
ance S(R), magnetic flux , magnetic flux density 
B, magnetic field H, intensity of magnetisation J, 
script or heavy-faced special type are suggested as 
alternatives ; these letters are the same as those 


given except in the case of reluctance, as we indi- | larg 
cated 


Most of the symbols for quantities we have 
mentioned so far are alreidy in use; as regards 
some of the following units the Continental lead 
has been less generally followed ; volt V, ampere 
A, ohm © or O, coulomb C, joule J, watt W, 
farad F, henry H ; volt-coulomb V CO, watt-hour 
ampere- hour Ah, kilowatt kw; VA, 
KVA, KWH require no explanation. The sub- 
multiple or multiple milli- is to be indicated by 
m, micro- by », kilo- by K, and mega or meg- by M ; 
© is not to be used for megohm. The following 
mathematical symbols are generally recommended ; 
total differential d (8), partial differential 5, base 
of Naperian logarithmse (e), imaginary ,/—1 ¢ (j). 
The sign of multiplication is to be x, the dot 


is only to be used when there is no ible 
ambiguity; division is to be marked y the 
horizontal bar or by the colon; by the oblique 


line only when ambiguity is not possible. e 
confess we do not like the colon, which may be 
read divided into as well as divided by. Note- 
worthy is that the separation of a whole number 
and decimals is to be effected by the dot or by the 
comma (German practice), and that the comma or 
dot should not be used to separate any three 
digits constituting a whole number ; this is to be 
done by spaces only, so that one million should be 
written 1 000 000. The abbreviated weights and 
measures will not all find ready acceptance, we 
are afraid ; the square measures are to be written 
m?, dm’, cm?, mm’, km’, a (are = 100 m?), 
ha (hectare) ; the volume symbols are to be | (litre), 
hl, dl, cl, ml; and further, in cubic measure, 
m*, km*, cm*, &.; the mass is to be written 
g (gramme), kg, dg, cg, mg. Some of these 
abbreviations may be objected to as unusual in 
this country. Why many writers should prefer to 
write gr for gramme, instead of g, we have never 
been able to understand. The report, we should 
add, can be obtained from the offices of the Inter- 
national Electrotechnical Commission at 28, Vic- 
toria-street, Westminster, by sending 2s. 1d. ; and 
it is to be desired that it will be widely read. 





NOTES. 
Farture or A Rerrorcep-Concrete Dam at 
Dossin, West VIRGINIA. 

On January 15 five bays of a ferro-concrete 
dam erected across the Stony River at Dobbin, 
West Virginia, failed, causing considerable material 
damage, but fortunately no loss of life. From a 
description of the wreck which is given in a recent 
issue of the Engineering Record, it appears that the 
failure was in no way attributable to the reinforced 
concrete, but arose almost wholly from the fact 
that insufficient care had been taken to prevent the 
seepage under the dam. The dam, which had a total 
length of 1065 ft., and a maximum height above 
ground level of 51 ft., retained, when full, 3000 million 
gallons of water. In general character it resembled 
one type of timber Its upstream face con- 
sisted of a sloping slab of reinforced concrete, sup- 
ported by buttresses of the same material, 18 in. 
thick and spaced at 15 ft. centres. These buttresses 
rested themselves on a reinforced floor, 1 ft. thick. 
To prevent leakage under the dam a curtain wall 
was sunk, on the upstream face, to what was con- 
sidered to be impervious material. At the point of 
failure this material was ‘‘ hard pan,” and not rock, 
and an examination made since the accident shows 
that 8 in. below the depth reached there was 
a pervious bed. Leakage in the neighbourhood of 
the ultimate failure was observed 20 hours before 
the actual catastrophe, and in time sufficient to 
permit the reservoir being drained had it been pos- 
sible to open the escape-valves. These, however, 
were in no way protected from the weather, and the 





was frozen up and im ble to operate. The 
flood consequent on the fellas washed away a 100-ft. 


span railway bridge 12 miles down stream, and 
later on ea breach of 30 ft. ina railway embank- 
ment, another bank being breached still further on. 
Other damage done was the washing away of the 
floors of a number of small suspension bri 
crossing the Potomac. 


Cost or THE ** Danton” Crass BatTLesHips. 


A recent issue of the French Journal Officiel 
contains a very extensive report by the Uom- 
mittee appointed for are: the accounts of 
French Naval Construction. e report deals ex- 
tensively with the cost of construction under a 
e number of headings of the six battleships of 
18,000 tons displacement, which formed ‘part of 
the 1906 programme, these ships being the Danton, 
built at Brest Dockyard, the Mirabeau, built at 
Lorient Dockyard, and thé Condorcet, Diderot, 
Vergniaud, and Voltaire, built at the same time in 
the French private yards. According to the report 
in question, the mean cost of the dockyard battle- 
ships Danton and Mirabeau works out at 
54,900,000 francs, whilst the mean cost of the four 
others built in the private yards is only 54,328,000 
francs, or a difference in fayour of the latter equal 
to a saving per battleship of 572,000 francs 
(22,8801. ). thee the numerous data given in the 
committee’s report, we gather that the net mean 
cost of the Danton and Mirabeau was 54,085,000 
francs, to which sum is added 815,000 francs, 
giving the above total of 54,900,000 francs, the 
815,000 francs being : premium for the insurance of 
each ship whilst in course of construction, 600,000 
francs ; sinking fund, 100,000 francs ; interest due 
to the Treasury for advance of funds to the dock- 
yard, 200,000 francs ; contribution to the general 
expenses of the harbour, 75,000 francs; less 
16,000 francs, being the payment, at the rate of 
50 centimes per 100 francs (4 per cent.) made to 
the French gailors’ Fund, and based upon the con- 
tracts for material entered into by the Navy. On 
the other hand, the net mean cost of the four 
private-built ships was 54,788,000 francs, from 
which sum is deducted 460,000 francs, leaving the 
above figure of 54,328,000 francs, the 460,000 francs 
being 265,000 francs payments to the French Sailors’ 
Fund, 105,000 francs registration fees, and 90,000 
francs a proportion of various imposts paid by the 

rivate until the ship has left for her bean 
Saco French journals have compared together the 
net mean cost in each case, or 54,085,000 francs for 
the dockyard ships, and 54,788,000 for the private- 
built ships, thus making the difference 703,000 
francs (28,1201.) in favour of the former. On the 
Committee’s own showing, however—and outsiders 
have no — aan but te accept the Com- 
mittee’s figures in to the —_— ing of 
the various outlays, the calculation of the sinking 
fund and general ex in both cases, &c.—the 
comparison on this latter basis is incomplete, and 
the ships built in the private yards, from the figures 
in the report, really cost the French Treasury less 
by 572,000 francs (22,8801.) per ship. The mean 
time for delivery was 5 years 2 months for the 
dockyard-built ships, and 4 years 84 months for 
those built in the private yards. 


“THe Japan YEAR-Book.” 


For some years past we have noticed the excel- 
lent and well a ed and very complete Financial 
Annual issued by the Finance Department of the 
Japanese Government, which is one of the best pub- 
lications of its kind issued by any Government. It 
is, however, mainly statistical, and presupposes a 
certain amount of general knowledge of Japan which 
we are afraid is not always possessed by those who 
read it. ‘‘The Japan Year-Book,” which is a complete 

clopedia of general information and statistics in 
oon for the year, is a very useful supplement to 
the official Financial Ann It is edited by Pro- 
fessor Y. Takenob, of the Waseda University, who 
is also an experienced journalist, and Mr. K. 
Kawakami, who is well known as an author of 
books and papers dealing with the international 
relations of Japan. It is published in Tokyo, but 
may easily be obtained through any London book- 
seller. Afteradiary of the chief events of the pre- 
ceding year, an outline is given of the geography of 
the country, ite P aprons 1 conditions, and details of 
its population. The chapter on the —— Court, 
and various matters relating to rank and decorations, 
will be read with interest, as it explains some pecu- 
liarities of Japanese thought and methods. A very 
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interesting account is given of the national system of 
education ; but as we have, from time to time, pub- 
lished some account of that system, it is not now 
necessary to enter on it. Attention may, however, 
be drawn to the private educational institutions of 
various kinds, many of which have exercised great 
influence on the life of the country. A number of 
rich men have founded or endowed institutions, as 
the opinion prevails that it is not good for the nation 
to have all its students under the same régime and 
subjected to the same influences. Particulars are 
given of the Press and publications, which show a 
wonderful intellectual activity. Religion, charity, 
and relief are all described, and no doubt this 
information will appeal to many readers. A large 
part of the book is given to a description of the arts 
and crafts of the country, and especially to the deve- 
lopments which have taken place in recent years. 
The national games, sports, and amusements are 
described, and these also reveal some of the special 
characteristics of the Japanese. Details are given of 
agriculture, of mines and mining, fishery, forestry, 
and the modern developments of industry. The 
means of communication are described, including all 
the branches of the post-office, the telegraphs, the 
telephones, the mercantile marine, shipbuilding, 
railways, and public works of a great variety of kinds. 
Social problems and labour politics are discussed at 
some length, as the labour unrest has extended to 
Japan, as the result of the development of Western 
methods of manufacture. Banks and banking 
business and economic corporations, foreign trade, 
diplomacy, politics, local administration, finance, 
the army and navy, all receive attention. On the 
army and navy, the information which is given is 
the most complete which we have seen in any pub- 
lication printed in English. There are special 
chapters on Taiwan (formosa), Korea, and South 
Manchuria, showing what developments have taken 
place there in recent years. The interest and value 
of the book is increased by a ‘‘ Who’s Who in 
Japan ” and by a business directory, which will be 
most useful to all who are doing business with 
Japan. The only criticism which we have to offer 
on the book is about the paper on which it is 
printed, which is of poor quality. The contents of 
the book, however, are excellent. 


ELecTRIFICATION OF SwepisH State Rariways. 


The Board of the Swedish State Railways have 
now prepared and just laid before the Government 
a complete and comprehensive plan for the electrifi- 
cation of certain sections of the State railways 
and other work, entailing an aggregate outlay of 
16,800,000/. As regards further electrification of 
the State railways, first on the list stands the eastern 
section of the Lapland railway from Kirunavaare 
to Gellivare, Lulea, and Svartéw. The n 
power can easily be obtained through an extension 
of the Porjus State hydro-electric power-station, 
now approaching completion. Further, it is pro- 
posed to extend the electric working of the 
Stockholm - Mirsta section of the North Trunk 
line (proposed some time ago) to Upsala and 
Krylbo. Of railway lines south of Gothenburg it 
is proposed to electrify the Stockholm-Gothenburg 
line with power from the State power-stations at 
Trollhittan and Ljung; the Katrineholm-Norr- 
k6ping section with power from the Ljung station ; 
the Piirna-Nykiping-Malmé-Trelleborg sections 
with power from the Lene power-station, and the 
Karsefors station and the Gothenburg-Malmé line 
with power from the Trollhittan and the Karsefors 
power-stations. For the provision and transmission 
of power to these railway sections, two systems of 
transmission, — of each other, are to be 
constructed. Both these systems are to start from 
Trollhattan. The one system is to extend towards 
Stockholm and have the Ljung power - station 
coupled to it as an equalising station. The other 
system of lines is to proceed in a southern direction 
to Malmé and Trelleborg, and “or this system the 
Karsefors power-station is to serve as an equalising 
medium. The two systems of lines, which are to 
transmit electric energy at a voltage of 80,000 to 
100,000 volts, are to follow the railways as far as 
possible, and at about every 25 miles transformer 
stations are to be built for the purpose of transform- 
ing the energy down to 15,000 volts, at which voltage 
the electric current is to be transmitted to the loco- 
motives through the contact lines. The transformer 
stations are also intended to be equipped with the 
necessary transformers to supply current of a suit- 
able voltage to sell for lighti 


and motor purposes. 
The cost of the above ectelboation is cilonlated 





to amount to about 2,650,0001., of which 415,000I. 
will be spent upon the Kirunavaare-Lulea line. 
With regard to the electrification of the above- 
mentioned railway sections in Southern and Central 
Sweden, the Board of the State Railways have 
calculated that, even with the traffic of 1910, the 


cost of electric traction will be about the same as ph 


that of steam, with a price of 88s. 6d. per kilowatt 
year. This price is rather more than 40 per cent. 
In excess of the price the city of Gothenburg pays 
for its electrical current from the Trollhattan 
station, and 48 per cent. higher than what the town 
of Norrképing pays for its supply of energy from 
the Orebro power-station. The electrification of the 
various railway sections with which we have dealt 
above forms, however, only a portion, and from the 
matter of outlay only a small portion, of the works 
in connection with the Swedish State Railways 
which the Board propose. Provided the increase in 
the railway traffic goes on in the same proportion 
during the next decade as during the last ten years, 
the number of axle-kilometres in the year 1923 
would be 34.5 per cent. higher than during 1913. 
If this increase be divided between the iron-ore 
traffic and other traffic, an increase of 46 per 
cent. refers to the former and one of 32 per 
cent. to the latter. Based upon these calcu- 
lations, the cost of new rolling-stock and 
alterations during the period of the forthcoming 
ten years, for the whole of which period the plans 
are prepared, will amount to an aggregate of 
4,500,000/. New signal and safety arrangements are 
to be provided for all stations where they are not 
found at present, except some lines with a very small 
traffic, and the present installations are to be 
improved ; the line-block system is to be introduced 
on all main lines with much trattic, the total cost of 
these installations amounting to 810,000/. New 
double lines are wanted on several sections, and 
will cost 1,400,000/.; two new steam-ferry har- 
bours, 100,000/.; and two new steam-ferries, 
240,0001. This is exclusive of the new Trelleborg- 
Sassnitz ferry. 





Tue Institution or Civit Eneingers: StTupeEnts’ 
Mretinc.—At the students’ meeting held at the Institu- 
tion on Friday, February 6, at 8 p.m., Mr. R. C. S 
Walters, Stud. Inst. C.E., read a paper entitled 
‘*Ancient Surveying.” The chair was taken by Pro- 
fessor 8. Dixon, M.A., B.A.I., M.Inst.C.E. The 
paper, an extremely interesting one, dealt with the 
various instruments used and methods employed in sur- 
veying by the Greeks and Romans, so far as can be 
gathered from existing records. The author quoted 
various authorities, more especially Schéne, who has re- 
constructed a number of instruments. The paper was 
accompanied by lantern-slides of the various instruments 
reconstructed and of ancient engineering works probably 
set out by their aid. In the course of his remarks, the 
chairman referred to the similarity between ancient and 
modern ee instruments and to the knowledge and 

roficiency of the ancient Chinese. The author replied 
Eriefly to various questions raised, and the meeting 
adjourned with the customary vote of thanks to the 
chairman. 





AERONAUTICAL Progress. — Lieut.-Colonel F. H. 
Sykes, in the course of a lecture he delivered on the 
4th inst. at the United Services Institution, on ‘‘ Further 
Developments of Military Aviation,” stated that the 
first improvement carried out in 1913 was undoubtedly 
that of general air-worthiness; the limitation at first 
caused by wind was fast disappearing. Another marked 
improvement was in the climbing ability of the aver 
aeroplane. service machine must able to hft 
and climb well with a full load in windy weather, and 
400 ft. a minute was now quite an ordinary achievement. 
The notable advances in variable speed had helped greatly 
in the matter of landing in restricted areas ; but a really 
reliable, good, and silent engine of sufficient power was 
much wanted, and this remark applied equally to British 
and foreign makes. He laid stress upon the advisability 
of flaps as opposed to warping, and advocated a better 
landing-gear to sustain the shock of landing. In rd to 
actual flying and the taking of observations, Colonel Sykes 
said that much practice was an essential condition, and he 
expressed the opinion that the climate of the theatre of 
war would one way or another much affect the amount 
of air reconnaissance possible ; the height flown during 
reconnaissance work had to be — largely by the 
state of the atmosphere and the consequent ease of 
observation. Questions of immunity from bullets must 
not affect this, and such immunity as we had in imme- 
diate sight was quite mising. A very solid all-round 
advance had been e in day-work ; night-work, how- 
ever, in so far as the aeroplane was con " shown 
no tangible result. The — of communicating infor- 
mation by the most rapid and safe method possible was a 
difficult one, and considerable time 
he — ag! for the solution on sound lines of the problems 
involved. Wireless telegraphy was used with success by the 
Arwy airships on lasi year’s manceuvres, and the results 

i were, he believed, in advance of anything which 

hitherto been done either in England or abroad. 


experience would 


; | tractors 





THE NEW HARBOUR WORKS AND DOCK- 
YARD AT GIBRALTAR.* 
By Avam Scort, M. Inst. C.E. 


TuIs paper deals with the new works up to the end of 
1905, an the author’s connection with them ceased, and 
ag the principal portions of the work were com- 

le 


After some introductory remarks on Gibraltar, and 
reference to the harbour as it was before the new works 
were undertaken, a general description is given of the 
comprehensive project which has been carried out for the 
enclosure and defence of the harbour and the extension 
of the dockyard. The scheme included :— 

The extension of the south mole by 2700 ft. 

The construction of a detached breakwater, 2720 ft. in 


A large northern mole with coaling jetties. 
he extension of the naval yard, includ the con- 
struction of three large graving-docks, wharf-walls, 
slipways, pump-house, workshops, storehouses, offices, 
railways, &c. 

The deepening of the harbour. 

The works were carried on for some time department- 
ally, and afterwards under contract, by Messrs. Topham, 
Jones and Railton. , 

Brief reference is made to the winds, waves, and 
weather in the bay. Some particulars are - regard- 
ing the Portland cement, the concrete, and the mortar 
used, after which the paper deals with the various sec- 
tions of the works. The south mole is of the rubble- 
mound type, with a quay-wall on the harbour side. The 
head of this mole is of concrete blockwork and ashlar 
masonry, with a hearting of rubble. The detached break- 
water is of the compound type—a rubble-mound base, and 
a vertical-wall superstructure of blockwork, masonry, and 
mass concrete. The caisson which was adopted for start- 
ing the blockwork of this mole is described. The northern 
mole is formed by two main sheltering arms—a north 
arm, which imeludes a viaduct 3€0 ft. in length, and a 
western arm—and embraces five interior jetties. The 
viaduct is also described. 

The docks, the dockyard extension, and the works 
appertaining thereto, are then dealt with. Details are 
given of the three graving-docks and particulars of their 
construction. The wharf-walls of the docky are 
formed of interlocking blockwork below water, and of 
limestone ashlar facing and mass-concrete backing above 
water. Particulars are given of the construction of the 
various dockyard buildings, of the caissons for the docks, 
and of the pumping machinery. The dredging of the 
harbour extended over a large area and involved exten- 
sive blasting. After reference to the railways, surface- 
water drains, sewers, and ejector.stations, the system of 
water supply for the dockyards is described. he con- 
n work in December, 1898, and the last con- 
crete block in the detached mole was set in the North 
Head on March 20, 1901, by T.R.H. the Duke and 
Duchess of Cornwall and York (their present Majesties 
the King and Queen). The first large vessel to enter the 
docks was the battleship King Edward VII., on March 1, 
1905. 

The civil engineer-in-chief for the works was Major Sir 
Henry Pilkington, K.C.B., R.E., and the aw civil 
engineer-in-chief was Mr. Charles Colson, C.B., M. Inst. 
C.E. ; Mr. D. C. Leitch, M. Inst. C.E., was superintend- 
ing civil engineer from 1894 to the end of March, 1899, 
and laid out the temporary works. The author was con- 
nected with the works from October, 1896, first as assistant 
and afterwards as the resident superintending civil 
engineer, from April 1, 1899, to December 31, 1905, when 
all the main works were practically completed. He was 
assisted by Mr. J. R. Settle, M. Inst. C.E., and others. 
Mr. R. H. Taylor was the contractor’s agent and manager 
on the spot, and Mr. H. A. Reed, M. Inst. C.E., was 
their chief engineer. 








Contraocts.—Messrs. Mitchells, Ashworth, Stansfield 
and Co., Limited, 23-24, Old Bailey, London, E.C., have 
received an order for 2500 ‘‘Maxcolite” pads in their 
special 8.8.S.P. quality, 1l-in. thick, from the London 
and South-Western Railway Company. These pads 
are to be used in the electrification of their suburban 
lines for supporting the electric-power cables when 

assing over bridges, viaducts, &c., to —_——_ their 
yn Fe vibration. —The Government of Bombay have 
notified the Vibrocel Company, Limited, Eldon-street 
House, E.C., that their system of vibrated cellular rein- 
forced concrete for floatable monolithic sections of sea- 
walls has been adopted for the construction of the 
sea-walls required for the reclamation works in Back 
Bay, and that work is to be commenced on March 1. 





Tue InstiTuTION oF ExxcrricaL Encingers.—The 
annual dinner of the Institution of Electrical Engineers, 
held at the Hotel Cecil, on the 5th inst., was, as usual, 
a marked success. The large attendance—something 
over 400—was evidence of the enthusiasm and =e 
which the members direct towards the affairs of the 
Institution. The function was planned rather as 4 
reunion and social gathering than as an op nity for 
the display of oratory, the toasts demanding speeches 
being cut down to two, and the time-table so arranged 
that there was but little time even for these. Sir James 
Crichton-Browne, however, made an amusin speech in 

- posing the oy Neg * Sir Cones — 4 
elicitously in replying for the_ visitors. e fo 
toast was replied to briefly by the President, Mr. Duddell, 
while the latter was proposed by Dr. Ferranti. 


* Abstract of a paper read before the Institution of 
Civil Engineers, February 10, 1914. 
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CAUSES OF ACCIDENTS WITH AIRSHIPS.* 
By Ing. Enrico For.anini. 


In investigating the causes of accidents to airships 
losses due to mistakes in design and faults of construction 
may first be reviewed. These include the accidents to 
the Bradsky airship, 1902, the Republic, 1908, and Erbsléh, 
1910. In the Bradsky the gondolas, suspended by steel 
wires from the gas-bag, fell, when the ship was at a 
height of 100 metres, and the crew were killed. Owing 
to defects of propeller de ign a blade of the Republic’s 
screw flew off, struck and burst the envelope, bringing 
the airship to the ground, and killing the crew. In the 
case of the Erbsléh the gas-bag burst, due to the expan- 
sion of the gas when the airship ‘‘came from the shadow 
of clouds into the sun during a rapid rise.” With this 
design there is no doubt the safety-valves on the envelope 
were much too small. 

Defective manceuvring on the ground, and insufficient 
means for carrying out such manceuvring, have been the 
cause of many losses. Imprudence and too great daring 
on the part of the aeronauts have been the cause of 
several disasters, owing in a measure to an excessively 
zealous —— "= of the requirements of military 
discipline. he Ze in L1 was shipwrecked on 
September 9, 1913, at Heligoland. Captain Hane, in com- 
mand, risked dangers in es nearly all his ballast. 

The two principal causes of accident with airships are, 
firstly, fire; and, secondly, gusty and violent winds 
accompanied by snow, rain, or hail. A whirling and 
severe wind is exceedingly d: rous, and cannot be 
altogether avoided. So long as there are airships there 
will Le wrecks, and the analogy of the ship on the sea 
may be drawn; with the latter the cumulative experi- 
ence of many years has not succeeded in eliminating, 
although it has greatly diminished, the risks of shipwreck. 
Airships, however, ought not to catch fire if the lessons 
of experience have been well assimilated, and the condi- 
tions should be made to approximate to those on board 
ordinary ships with exactly the same chance of fire. 
Yet 5 per cent. of all airships constructed have perished 
by fire—half of the total have been burned in the air, 
with the loss of all on board. In 1897 the Deutschland, 
commanded by Woelfert, was lost in this way. This 
airship bad a bamboo gondola, in which was an 8 horse- 
power Daimler petrol-engine close to the gas-bag. This 
was the first application of the petrol-engine to airshi 
Before uations. flames were noticed to come from the 
engine, but Woelfert was quite confident, and the air- 
ship rose rapidly. When in the air the steering-gear 
broke and the airship revolved at a height of 100 metres ; 
an explosion took place, and the airship crashed to earth 
in flames. In 1902 the Brazilian ship Pax, provided with 
two petrol-engines, giving a total of 400 horse-power, in 

ondolas very near to the gas-bag, made a rapid rise to a 

eight of 400 or 500 metres, when aflame was seen, followed 
by a violent explosion, and the crew of two were killed. 
Owing to the rapid rise and the sun’s rays the = 
issued from the safety-valves, with which this airship 
was provided, in the bottom of the gas-bag. 

Three Zeppelins have been burned, but the Zeppelin 
L 2—the most recent ship destroyed—is the only one 
which was burned in the air. In connection with the 
Zeppelins and their disastrous history it is only fair to 
state that less than 20 Zeppelins have carried out 2000 
flights, many of great distances, carrying a total number 
of 40,000 persons; they thus surpass in performance all 
other airships. On October 17, 1913, the Zeppelin air- 
ship L2 rose rapidly to a height of 200 metres, when 
flames were seen to issue from the forward part of the 
forward gondola, the forward part of the airship caught 
fire, and shortly afterwards the after part of the wrapping, 
disclosing to view the gas- inside the structure. Two 
seconds afterwards, a terrible explosion took place, 
shaking the aeroplanes flying in the neighbourhood. 

Daring the airship’s fall several explosions were heard, 
and the crew of 28 were killed. The official explanation 
of this disaster cites three causes pre-eminently contribu- 
tory :—1, The wind-screen fitted on the forward end of the 
bow-cabin was an innovation, and differed from previous 
Practice with Zeppelins, and is stated to have caused a 

sack suction in the gondola. This suction would have 
drawn —— from the safety-valves fitted on the 
lower part of the gas bag into the engine space. (2) The 
corridor of communication between the gondolas, pre- 
viously fitted externally to the main structure, was placed 
in the framework of the airship. (3) The gondolas were 
fitted nearer to the body of the ship. It is interesting to 
record that the three modifications just cited caused 
considerable dissensions between Count Zeppelin and his 

visers and the naval authorities in Germany. Zep- 
pelin doubted the safety of this new type, L 2, and did 
not consider it as good as previous types, and although 
conscious of the advan of compactness and efficiency 
on by the design, he had an instinctive distrust 
. The long list of airships which have been burned is 
indicative of the lines upon which future progress must 
take place. An analysis of these accidents reveals the 
Same defects in all the designs :—(1) The gondolas near 
or adhering to the gas-bag. (2) The escape-valves placed 
in the lower part of the envelope. With valves placed 
on the side or on the top of the gas-bag, no cases of 
burning, so far as is known, have been recorded. The 
theory of the variation of volume of gas, due to height 
and temperature, may be explained as follows :—W 
the gas is warmed, due to the sun’s rays or other causes, 
and is increased in volume accordingly, gas escapes by the 
safety-valve. When the airship increases in altitude the 
8as expands, due to the decreased atmospheri 


* Translated from the Itali - Lettu 
December, 1913. 2 oe 





and so also escapes by the safety-valve, and escapes more 
rapidly the quicker the ascent of the airship, especially 
in sunny weather. The s of escape is primarily 
governed by the velocity of ascent. Conversely, when 
the airship descends, the gas contracts, due to compres- 
sion, and the envelope becomes flabby, and ets and 
folds are formed in the surface. The latter increase the 
external resistance, so that means must be taken of keep- 
ing the surface symmetrical ; this is attained in two ways : 

1. Ballonets or air-pockets are generally epieres for 
compensation, and are permitted to become flabby. The 
air is kept ata slight pressure by means of a fan or in some 
other suitable way, and the pressure is transmitted through 
the flabby walls of the onet to the gas in the balloon, 
and keeps the whole main envelope stretched from end to 
end andofaconstantform. If the volume of gas bedimi- 
nisbed, the volume of the ballonet is augmented by the 
fan, and so makes up for the diminution of volume from 

If, on the other hand, the volume of the gas increases, 

e ballonet air escap:s through the same piping as served 
for the supply of air from the fan or through suitable 
air-valves. Tne Parseval type of airship is constructed 
on this prinzip!e, with compensating ehambers of two 
ballonets inside the gas oon, but more frequently the 
same cy essentially is applied, though slightly 
altered in form, by having, inside the main gas-bag, 
instead of ballonets, a flabby diaphragm as near as pos- 
sible horizontal in position, dividing the capacity of the 
envelope into two unequal parts, the upper or larger one 
for gas, and the lower one for air. The lower serves the 
purpose of the air-pocket. 

2. The second system of compensation is that used in 
Zeppelin ships, where a metallic framework is covered 
by stretched fabric. Within this envelope a certain 
number of ballonets for gas are fitted. These may 
freely contract or dilate without altering the external 
form of the envelope. With this design, kets of air 
are replaced by the space between the onets and the 
exterior envelo which space, of course, or 
contracts in volume as the ballonets contract or en- 
large. As already stated, the gas expands due to the 
causes mentioned, and when the space in the main 
ee been filled, the gas escapes by valves fitted 

or this ao. In addition, besides escaping owing to 

excess of pressure, the gas may escape from these valves 
at the will of the aeronaut who controls these valves, open- 
ing them to prevent the airship from going too high or for 
bringing it to the ground. The position of the escape- 
valves is fixed by the constructor. 

It would seem obvious that valves through which such 
highly inflammable gas will pass should be fitted far 
ye ye epee Almost always they are placed 
at the highest part of the envelope. Since the gas rises 
rapidly by virtue of its exceeding lightness and its velocity, 
it cannot then come into contact with the main motors. 
This need of fitting the valves in the highest part of the 
envelope is not always remem , and some airships, in 
fact, have had valves in the lowest part—e.g., the Deutsch- 
land, the Pax, and, even at the present time, the Zeppelin. 

In these airships the valves, instead of allowing the gas 
to escape to the stmosphere, permit it to pass to the space 
for the compensating air—?.e., between the diapbragm 
and the lower part of the envelope in the Deutschland 
and the Pax, and in the Zeppelin into the space between 
the main gas-bags and the exterior envelope. 

It is well known that hydrogen and air mixed in suit- 
able proportion forms an exceedingly explosive mixture, 
and this is the cau-e of the explosions mentioned. The 
Simple burning of the hydrogen, not a mixture of hydrogen 
and air, means, of course, a total loss of the airship, buat 
gives a possibility of escape to the crew, since the com- 
bustion is gradual and not of the instantaneous nature of 
an explosion. More especially is this so with airshi 
subdivided into various compartments. Burning would 
probably take place very rapidly, and the airship would 
descend almost } owe ay ey but not necessarily in such 
a way as to be fatal to those on 

The circumstances which give rise to the greatest 
danger of fire are :—(1) Where the gondolas are near the 
envelope they aggravate the danger, but are not in them- 
selves a grave danger. (2) Danger arises when the close- 
ness of the gondola is associated with a wrong position of 
the escape-valves—t.e¢., in the bottom of the envelope— 
and still more is it dangerous when the escaping gas does 
not go immediately to the atmosphere, but mixes with 
air in a compensating air-chamber, when it may form an 
explosive mixture. (3) Rapid expansion of the gas, due 
to a rapid ascent of tho airship. As already mentioned, 


petrol, electric conductors, leads, and magnetos of the 
engines. (2) The highly inflammable nature of the gondola 
material. (3) The lubricating oil in the various parts of 
the mechanism. Proximity of the engines to the petrol 
tanks is exceedingly dangerous, due to the extreme 
volatility and nature of the fuel, even at low tempera- 
tures. advent of the heavy-oil, or even Go ges 
engine for airship propulsion is eaguly awaited as the 
—- contribution to progress in the solution of the 

ifficulties encountered in avoiding dangers of fire. It 
can confidently be stated that the dangers of fire would 
be decreased by the use of such motive power by at 
least 90 per cent. 

The a # Hebtaing are "~~ negligible 5 the 
experience of ordinary oons during thunderstorms 
proves this. Only one case is panne 8 in Rome, in 
1908, where a oon struck by lightning was “fired.” 
An airship is less exposed to such danger than a balloon, 
because it can remain at will at a distance from the storm. 
To avoid such a danger completely descent is necessary, 
unless the conditions of the ground or high wind are 
more us than those of lightning. 

In conclusion, a few particu are given of the air- 
ship Citta di Milano,* designed by the author, explaining 
how the dangers of fire have been guarded against :— 

(a) Esoupe - valves for the gas are provided in the 
highest part of the envelope. The general structure 
bears a slight reremblance to that of the Zeppelin in 
that the gas envelope is surrounded entirely by a second 
envelope, forming thus an annulus of air round the gas 


envelope. The resem ce cvases here. At the escape- 
valves the two envelopes are joined ther, thus allow- 
ing the gas to escape, not into the annular space, but into 


the openatmosphere. This precludes the gas escaping at 
the top of the envelope from reaching the main engines. 
Since the gas escapes into the open air instead of into the 
air space inside the envelope, the formation of an explosive 
mixture is prevented ; in extreme cases it is possible, but 
not in “| way. probable, that an explosive mixture 
might be formed by some damage to the gas envelope, 
causing the to mix with tke air in the annulus. In 
such cases this mixture would be immediately expelled 
from the annulus through vents in the highest part of 
the envelope by a ventilating fan which is always kept 


running. 

(b) ‘tthe two engines, each of 80 horse-power, are en- 
closed in a rectangular casing, the walls of which are 
made rartly removable. The fixed walls are of aluminium, 
and the portable doors of wire-woven asbestos cloth. The 
interior of this casing is well ventilated by the fan that 
serves to draw air through the cooling-water radiator, 
and in this way the accumulaticn of explosive vapours of 
p-trol and air inside the casing is precluded. 

(c) The exhaust-pipes of these =sae generally run 
red hot, but in this case they are enclosed in a sleeve of 
aluminium, suitably ventilated to cause the passage of a 
current of cold air at a speed of 20 metres per second. 
In this way the exhaust-pipes are kept cool, and the 
aluminium sleev« ‘~ ** such a temperature that the hand 
can always be appiied thereto. 

(d) In this way there are two currents of air, that in 
the casing and that for the exhaust-pipe, both of which 
are deflected into the exhaust-pipe to mix with the pro- 
ducts of combustion of the main engine, and considerably 
lower their température before they leave the engine 
casing. The engine exhaust is arranged to pass away 
under the flooring of the gondola ; and to prevent danger 
from any incandescent sparks of soot which might remain 
in the products of combustion, the lower of the 
gondola are sheathed externally with aluminium for an 
area of 10 square metres around the mouth of the engine 
exhaust-pipe. : 

(e) The engines have two carburettors, which are a 
source of danger, due to the liquid petrol contained 
therein, and to the possibility of a back-fire from the 
cylinders. These carburettors are enclosed within 
metallic boxes, to which the air for combustion is led in 
long pipes from the atmosphere at a point remote from 
the engines. In this way the momentum of the incoming 
air smothers any back-fire. ’ 

(f) Within the motor casings, at a height of 1 metre, 
is provided a roof of 10 — metres of corrugated alu- 
minium sheet, covered by sheet asbestos on its upper 
side. The efficiency of this roofing was tested by a petrol 
lamp, which was owed to play on the aluminium sheet 
until it melted, and it was noted that this was insufficient 
to burn material p above the asbestos sheet, such 
material only becoming blackened and partly car- 


5per cent. of all airships constructed have =— by | bonised 
per cent. 


fire, and an analysis of accidents shows that 

of those which have the gondolas adhering to the gas- 
bag, and the escape-valves in the lower part of the 
envelope, have burned. This type is exceedingly dan- 
gerous, even when the large number of long flights and 
the great number of passengers carried by ppelin 
are remembered. The Zeppelins, of course, belong to this 


category. 

In the Press it is often stated that the dangers of fire 
are mainly due to the adoption of the rigid form of con- 
struction; but this argument is far from conclusive, 
although it is true that rigid construction permits of a 
gondola close to or attached to the envelope—in fact, the 
gondola may even be placed right inside. It is tobe under- 
stood that the rigid construction permits of this closeness 
of the ola, but in no way necessitates it, and there 
is no difficulty in —— with the rigid type a ola, 
at a distance from gas-bags, as is frequently done, 
and is necessarily the case with non-rigid airships. An 
advan’ of course, of placing the gondola as close to 
he guy on pais & that the air resistance is de- 
creased, the horse-power requi for a given speed 
reduced, and the radius of action ted. ‘ 

Other dangers of fire are:—(1) The main engines, 





(g) The materials which cover the gondolas are made 
non-inflammable by immersion in salts of ammonia, and 
only carbonise, without flame. 

(h) The petrol-tanks are placed at a distance of some 
10 metres from the main engines, and are connected 
together on the vertical line passing through the centre 
of gravity of the airship, and are in an atmosphere which 
is continu ventilated by the air which escapes from 
the air-chamber, and is separated from the engine-room 
by means of a diaphragm of non-inflammable and water- 
proof material. : 

(2) The pipe for the petrol from the reservoirs to the 
engines is etrong, and is not rigidly a, The 
various shut-offs are made by means of valves, with an 
rete S dead shut ee - tallow-packed oe. F 

™m) @ pressure which it is necessary to maintain in 
the petrol reservoirs is obtained from a bottle of carbon 
dioxide, instead of the more usual compressed air, 80 as 
to obviate the formation of any explosive mixture in any 


of the | ena wager indy’ 
(n) Two fire-extinguishers are always carried in the 





* Of this type of airship four have been ordered for the 
British Navy. 
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gondola, as well as sheets of asbestos, in order to put 
out any — which from any unforeseen cause might be 
ted. 

No absolute guarantee, of course, can be given of 
immunity from fire, as all the ingenuity and provision 
made by those working with the most sincere and 
intentions may at any time be completely nullified by 
fate ; but the intenseness and earnestnesr of these inten- 
tions are always tending towards the remoteness of the 
dangers arisi from. fire. Although in the Citta di 
Milano much been done in this direction, still more 
radical systems are being applied to airships now under 
construction. 





POWER PRODUCTION IN THE UNITED 
KINGDOM. 
To THe Epitor or ENGINEERING. 

Sir,—The on the above subject, read oy 
Edward G. Hiller, on Saturday, January 24 last, before 
the Manchester Association of Engineers, and referred 
to in your issue of January 30, page 156, will, I am sure, 
largely influence many in power-users as to the 
choice of the most suitable plant to put down; but I 
think there are man _— in the paper which are very 
misleading, although they may prove accurate from the 
author's pointof view, as the comparison is made between 
prime movers now running, old and new, and not modern 
plant alone, which is the only point of interest to an in- 
tending power-user. ss Bhd 

The interesting Table C, giving the reliability of 
different types of prime movers, we are told, is obtained 
from the experience of National Boiler and General 
Insurance pany up to date; unfortunately, the 
number of engines or horse-power of each type is not 
given, but it is to be noted the proportion of horse-power 
in 1907 out of the total capacity of engines was :— 


Reciprocating engines ... 86.2 per cent. 
Steam turbines... fee ie os 
Internal-combustion engines 6.5 me 


We must therefore conclude that even now the insur- 
ance company’s experience with modern steam-turbines 
and internal-combustion engines is very limited, and the 
above-mentioned Table UC prejudices the intending power- 
user against any modern plants. It must also be remem- 
bered that many internal-combustion engines and steam- 
turbines now running were designed during the experi- 
mental stages ; but the weaknesses found have now 
overcome, and it is a pity that 6 per cent. of steam- 
turbines—many of which are running above the critical 
speed—shall be compared with 86.2 percent. steam-engines, 
which Jong ago have passed the experimental stage and 
defective engines removed. 

It would be interesting to know the total horse- 
power number of modern uniflow steam-engines, 
steam-turbines of the impulse type, and the vertical 
tandem type of multi-cylinder gas-engines (where the 
reciprocating parts are cushioned for both up stroke and 
down stroke) which the insurance company in question 
have on their books, and the reliability of these types of 
prime movers. It must also be remembered that many of 
these modern prime movers are working day and night, 
week after week, without a stop, which for the internal- 
combustion type of engine has required great forethought. 
There is A ps firm of manufacturers in this country 
now that is not prepared under the most exacting 
penalties to guarantee their engines for continuous run- 
ning for two or three months with no stop, or a stop 
of a couple of hours every other week-end, provided the 
gas is sufficiently clean. Mr. Herbert A. Humphrey 
states in bis paper wee = Institution of Mechanical 
Engineers, January, , that a ne was running 
at ‘Seon. Brunner, Mond and &0."s works from Dec- 
ember 14, 1899, to April 25, 1900, or 131 days or 
3144 hours, without a stop, and six other runs with an 
average of 1960 hours. @ author’s experience that a 
quick-running gas-engine is not able to run safely for 
seven days, or more, without attention must have been 
gained on an engine of a low standard. How often are 
the connecting-rod bolts tightened up on a modern motor- 
car engine? ; Ap sigh 

The author states the highest degree of reliability and 
economy is by the standard factory engine for 
textile mills, but it must be remembered that this engine 
stops three trmes a day and only works 56 hours per week. 
The economy is not compared with other prime 
movers, but the over-all efficiency is improved, due to the 
well-considered rope drive to the various shafts. 

With reference to the multi-cylinder internal-com- 
bustion engine, and the r of the engine being 

due to ig - seizing and the others pro- 
ducing maximum load, what is the difference between 
this and a single-cylinder engine with the enormous 


heavy fly-wheel d ing the seized piston along? The 
mores clearances with the tandem type of vertienl enainn 
can be enormously increased, s the danger from this 
source is entirely overcome. ’ 

The author favours wale apeed, pene, with their 
leaky water connections and great risks in the case of the 
water supply failing for a few minutes. This is rather 
strange. 

There is one cause of breakdowns which the insurance 
companies do not seem to erstand ae to 
internal bustion engines, but which they watch most 
carefully with regard to steam-boilers, and that is, the 
quality of the ng water supplied. Spare steam-boilers 
are put in, and periodical examimation and takes 
place, but internal-combustion er have to until 
the water-pipes are choked up with scale }in. or even $ in. 
thick. Oracked cylinders are even then said to be due to 


the ages. ‘ 
In the list (Table B) for the approximate fuel cost of 











the different prime movers, the particulars for steam seem 
to suit average modern conditions as to superheat and 
vacuum, but better results than those quoted can be 
obtained. For the mgine with a bituminous pro- 


ducer, 1 lb. per brake- -power hour can easily be main- 


best | tained imatend. of the 1.3 lb. given. The cost of 0.084d. 


per brake-horse-power hour does not include the re- 
cov of any by-products, in which case the cost 
will be reduced to 0.025d. per brake-horse-power hour 
(80 Ib. of sulphate of ammonia r ton of coa’ 
gasifiei—sale price, 11/. per ton ; 1.1 1b. coal per brake 
horse-power hour). It seems also very misleading to 
compare only modern plant with regard to fuel cost, 
but all classes of engines now running for reliability, for 
during the discussion it was stated that the figure of 6 Ib. 
coal per indicated horse-power hour for steam-engines 
now running was far too small, ‘ 
It is to be noted in the paper that the coal consumption 
for domestic purposes bas from 1903 to 1911 increased 
about 7 per cent., and is now equal to about # ton per 
annum per head of a. ‘This latter figure seems 
very high indeed, and it would be interesting to know 
how this compares with that of other countries. To my 
mind this shows that the education of the oo is 
not thorough, and it is deplorable that coal should be used 
so inefficiently. (The efficiency of the open grate is, 
according to the Tsmes Fuel Number of December 1, 1913, 
19 per cent.) A large amount of hot circulating water 
from the power-stations is sent into or over cooling- 
towers, instead of being used for heating the surrounding 
buildings. 
T am, yours truly, 
Manchester, February 3, 1914. T. Moun. 





REFRIGERATING MACHINES. 
To THe Enrtor oF ENGINEERING. 

Sir,—Referring to the ‘‘Notes” in your issue of 
January 30, will you allow us to say that the arrangement 
of fore-cooling the refrigerating liquid before its admis- 
sion to the low-temperature evaporator by the evaporation 
of some of the liquid at comparatively high temperature, 
was not only ‘‘ foreshadowed by Professor Linde in 1890,” 
but the arrangement was actually patented and illustrated 
by Professor Linde in that year. Since 1890, very many 
refrigerating and ice-making machines on this system 

have been supplied, principally for use in the tropics. 

Yours truly, 
For the Linde British Refrigeration Co., Limited, 


T. B. Lieutroor, 
February 7, 1914. Managing Director. 





INTERNATIONAL RUBBER CONGRESS. 
To THe Eprror or ENGINEERING. 

Srr,—At the International Rubber Exhibitions of 1908 
and 1911 papers were read by planters, chemists, and 
manufacturers on everything connected with the pro- 
duction of rubber, and discussions followed that elicited 
the experience of “— from every rubber-growing 
country in the world. Those papers and discussions were 
fully reported, and reproduced in two books that remain 
valuable works of reference on every —— connected 


with the industry, in which is e so many millions 
of British - e 

As the Fourth Rubber Exhibition and International 
Rubber openson June 24, I shall be glad if any 


person who desires to read a paper on any subject con- 
nected with the growing, curing, or manufacture of 
rubber, or the possible expansion of its uses, or to take 
part in the discussions, will kindly communicate and 
register his name as early as possible with the Honorary 
Secretaries of the International Rubber Co Exhibi- 
tion Offices, 75, Chancery-lane, London, W.C. 
I am, your obedient servant, 
Henry A. Biaxg, G.C.M.G., President. 
Myrtle Grove, Youghal, Ireland, February 4, 1914. 





THE SAVOIA MARINE DIESEL ENGINES. 
To THE Eprror oF ENGINEERING. 

Srr,—With reference to the interesting description and 
drawings of the Savoia marine Diesel engine in the 
current issue of ENGINEERING, may I be allowed to inquire 
into a few points which do not appear quite clear? 

In the first place, the met of reversing the fue'- 
valve timing is quite clear from the drawi but it 
seems quite evident that the same means could not be 
applied to the scavenger-valves, owing to the latter being 
operated by oscillating links instead of cams. An inspec- 
tion of the drawings, and also of the photograph, would 
seem to indicate that the scavenger-valve setting is not 
reversed at ali. Also, am I not correct in believing that 
the rod M is used to bring the fuel-valve roller clear of its 
cam each time the engine passes the bottom dead centre? 
This would appear to be its function, as the rear end of 
the rod is evidently attached to the lever which works 
the scavenger-valves. J 

The means by which the scavenger-valve gear is re- 
versed is not described, but is presumably effected by 
changing over suction and delivery by means of the 
central valve. 

If information on the above points is available, it 
would, I am sure, be of considerable interest to many 


Yours faithfully, 
Herpert F. P. Purnay. 
17, Fonnereau-road, Ipswich, February 7, 1914. 
——— as can be seen from the drawings the scavenging- 
ves in the cylinder-head are not reversed, so that as 
regards time of opening and‘shutting they act in the same 





way as single-port scavenging. The large exhaust-ports 
are provided to increase the efficiency of this method. 
The writer of the letter is correct in that the function of 
the rod M is to lift the fuel-injection valve-lever clear of 
the cam when the engine is at the bottom dead centre, 
and nob, as was stated in our article, to vary the lift of 
this valve. The piston-valve of the scavenging-pump will 
be reversed, but this only affects its‘own functions, and 
does not reverse the scavenging-valves in the cylinder- 


1| head.—Ep. E.] 





InsTITUTE OF Manine Encingers.—We are informed 
by this Institute, whose offices are at 58, Romford-road, 
Stratford, London, E., that opgmentom for Lloyd’s 

Scholarships and Essay Competitions ‘pull he 

e by intending candidates not later than May 1, in 

order that arrangements may be made for the examina- 

tion, which will be held during June or July. The 

examination will take p simultaneously in various 
centres selected to suit the convenience of candidates. 





Fire Prevention: BiytH Firk.—An outbreak of fire 
occurred at a confectionery works at Blyth on the 19th 
ult. The old building, in which fireproof materials had 
not been employed, was completely gutted. The new 
building, adjoining and communicating with the old 
building by two openings made for the purpose of 
—— and unloading of wagons, " recently 
erected, and all the ceilings of this had been formed by 
nailing ‘‘ Poilite” sheets, ,', in. thick, direct to the wood 
joists, nothing whatever of a fireproof nature being 
eet between the sheets and the wood flooring above. 

@ fire extended with great fierceness through the 
openings to the ground floor of the new buildings, and 
completely destroyed the contents. All the published 
accounts show that the fire was confined to the ground 
floor of the new building entirely by the presence of 
‘* Poilite” on the ceiling. This is confirmed by Captain 
Naisbitt. Chief of the Council Fire Brigade, who stated 
that: ‘‘Had the ceiling of the ground flvor in the large 
new building not been lined with these sheets he was 
a { of opinion that, in spite of their efforts, nothing 
could have saved the whole of this building frm being 
involved.” The ‘Poilite” sheets are manufactured 
solely by Bell’s United Asbestos Company, Limited, at 
their asbestos and ‘“‘ Poilite” factory near London. 





LiveRPooL SALVAGE AssociATION.—From one point 
of view it is gratifying to learn that the ships and wreck- 
saving staff of this Association had last year a minimum 
of employment, as it indicates, in part, fewer maritime 
disasters. On the other hand, there is not always recog- 
nised the advisability of sending an efficient expedition 
immediately a disaster is reported. The Liverpool Asso- 
ciation is the largest English company of this kind 
efficiently equipped in men, ships, and material, and 
their aim is to — down the cost of operations, whilst, 
on the other hand, whatever profit is made is only ex- 
pended in increasing the efficiency of the staff, and in im- 
aye ae and additions to the plant. 

n addition to indicating these pu of the Asso- 
ciation, the chairman—Mr. G. oi indale—at the 
annual meeting at Liverpool on the 30th ult., reviewed 
the important salvage operations of the year. As to 
the Agadir, whilst the floating of this vessel gave 
the Association great 7 in every aspect of the 
achievement, they could never recall it without the 
deepest regret, use it proved the last success of 
the leader of the expedition, Captain Hugh Williams. 
“Captain Williams was an excellent leader of men, a brave 
and skilful salvage officer, full of resource and determina- 
tion, and with a profound knowledge of equipment and 
the way to use it to advantage.” The salvage boats are 
stationed as before, the ay at Holyhead, the Linnet 
at Southampton, and the y Kate at Liverpool, all 
ready, night and day alike, for prompt despatch. The 
most remarkable and interesting items of the new plant 
obtained are the 8-in. electric submersible motor-pumps, 
which have been exhaustively tested and act splendidly, 
throwing a full head of water at a height of nearly 90 ft., 
which was the highest point at which the staff could con- 
veniently rig the discharges, but this height, the Chairman 
said, could be greatly exceeded. The rconi system of 
wireless telegraphy been fitted in the Linnet, and 
arrangements have been completed similarly to equip the 
Ranger. The following constitute some of the more im- 
— cases successfully dealt with by the Association 

uring the pens :—Christino Cruz, 178 tons (Brazilian river 
steamer), Preston to Rio Parahyba, was driven ashore in 
Castletown Bay, Isle of Man. Launching-ways were 
built and the beach levelled in order to float the vessel, 
whi was successfully oe The Solway 
Prince, 349 tons, Partington to Newlyn, was sunk in the 
Manchester Ship Canal on March 22, 1913, after collision, 
andwas liftedand floated to Manchester. Thes.s. Dunedin, 
4796 tons, Batavia to Amsterdam and Liverpool, went 
ashore at Rhosneigr ; part of the cargo was discharged into 
specially chartered coasting steamers ; pumps were placed 
on board, divers plugged the leaks, and the vessel was 
towed off. The s.s. Agadir, 2738 tons, London to Gibraltar, 
&c., went ashore near Mazighan. Owing to very b 
weather salvage operations were not commenced for nine 
days, when pumps were placed on board; part of the 
_—- was jettisoned and the vessel successfully floated 
and anchored in Mazighan Bay, where tem 'y repairs 
were effected and balance of cargo di . The 
288 tons, Garston to Letterkenny, went 
Calf Sound, Isle of Man. Pumps were placed 
on board, and after the ter part of the cargo had 
been jettisoned the v was successfully floated and 
taken into Port Erin Bay. After divers had effected 
temporary repairs the vessel left for Bowling in tow, 
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GARDNER’S GYROSCOPE. 


_It is doubtful whether in the whole range of scien- 
tific work the principles underlying the action of any 
piece of apparatus containing so small a number of 
parts are more involved than in the gyroscope. Al- 
though the field of employment of such instruments is 
not a wide one, pf are the only known means of 
attaining certain ends, and of these the steering of 
automobile torpedoes is one of the most important, on 
account of the large sums expended on that branch 
in allnavies. Most torpedo officers will agree that the 
Ls. gary 3 devices contained in their weapon have 
now got beyond the steering arrangements, and that 
the greatest present need is an advance in the gyro- 
sco The Japanese, in the late war with Russia, are 
understood to have fired 370 torpedoes, of which only 
seventeen took effect, eight of which were on ships at 
anchor. The gyroscope is to the torpedo what the 
helmsman is to the surface vessel, yet its adjustments 
must frequently be carried out by persons less expert 
than those available at the manufactories and dépdts. 
Simplifications of the apparatus itself, and of the 
methods of securing its proper working, are therefore 
of importance. 





The form of bearing commonly used in a torpedo 
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gs: for ene the flywheel is illustrated in 
ig. 1. Twoball-races at opposite sides of a ring sup- 
port the coned ends of the shaft and provide for axial 
adjustment of the wheel in order that a rough balance 
may be obtained about the suspension-pivots which 
connect the inner and outer gimbals. A bearing of 
this character is not withcut advantages, but it does 
not lend itself to the carrying out of certain necessary 
adjustments, such as the raising or lowering of the 
wheel relatively to the axis of the inner = 1, and 
the axial movement of the wheel without disturbance 
of its bearing. Again, there is the difficulty of 
ensuring perfect parallelism of the two sets of balls 
when their races are movably carried in a ring which 
has neither strut nor stay, this drawback being accen- 
tuated by the severe vibration which occurs through- 
out the run. The weight of the wheel tends to 
wedge the two ball-cups further apart, resulting in a 
slight drop of the wheel. 

In discharging a torpedo from a small vessel, or in 
& beam sea, it requently happens that the projectile, 
and the axis of its contained gyroscope-wheel, are not 
horizontal at the time of firing, and that when the 
torpedo has taken up its proper position in the water 
under the action of the horizontal rudder, the wheel 
and the outer gimbal are not in the same plane. 

In Fig. 2 the wheel is shown as being inclined at 
discharge to the extent of 15 deg. If the centre 
of gravity of the wheel be too high, the tendency to 
topple will be increased, and the precession will be 
twice as great as would be expected from the mere 
error in height, because the weight of the portion C 
of the wheel lying to the right of the pivots will be in- 
creased, while that of the lower part D on the left 
will be diminished, and the balance of the roscopic 
system will be correspondingly disturbed. the axle 
be low, there will be anti-topple, or a tendency to 
assume an upright position, modified, of course, by 
bearing friction, because the device will then resemble 
® pendulum whose swing is heavily damped. -The 
experiments show that the importance of a correct 
vertical position of the wheel-axis, in relation to the 
suspension-pivots, may be greater than has been sup- 


It is possible that the best position is not | be 


one which causes the wheel-axis to intersect the sus- 
pension line. 


Alteration of Shape of Gimbal-Ring.—The ball-races 


are commonly supported in a ring, which is the geo- 
metrical shape most easily distorted by an outside 
force, such as vibration. The result of any alteration 
of form of the ring is either to diminish the freedom 
of the balls or to allow them too much play. The latter 
difficulty is sometimes so serious that the balls drop 
out of the races. 

To avoid these difficulties a new method of carrying 


Fig.t. 
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the wheel has been devised by Mr. John Gardner, of 
Knott End, Fleetwood, and is illustrated in Figs. 3 


to 5, on this page. Fig. 3 is a horizontal section ; 
Fig. 4 shows the inner gimbal-frame, with the eccentric 
as seen from the left of Fig. 3 ; Fig. 5 is an elevation. 

A is the fixed axle; B is a hard-steel sliding-bush ; 
C is the counterpoise ; N is anut for adjusting B ; L is 
a lock-nut ; I is the inner gimbal-frame ; O is the outer 
gimbal ; E is the eccentric, with two flats for engage- 
ment with a wrench ; R is the hard-steel journal-ring 
clamped into the wheel; T is a tommy-hole in the 
axle; Dis a nut for clamping the axle and eccentric 
to frame I; W W are loose washers of hard steel, 
retaining the journal-balls and forming paths for the 
thrust-balls. ; 

For a wheel of about 3 in. in diameter and 2 lb. 
weight an appropriate size of ballis 3mm. The total 
duration of run of such a wheel is about 35 minutes, 
with an initial speed of 4000 revolutions per minute. 
Compressed air acting upon buckets formed in the peri- 
phery offers a convenient means of spinning the wheel. 
The wheel is supported ona single row of journal-balls 
retained in the middle of the wheel by the washers W. 
As the wheel may be regarded as being supported 
at any moment on a single ball, the arrangement more 
nearly resembles a spinning-top revolving o21 a — 
point ; and it is believed this fact largely accounts for 
the constancy of action of the instrument. The 
journal-balls run on a path which is directly between 
the two pivots. No variation of friction, therefore, 
will have the effeet of applying a horizontal force to 
the inner gimbal. The axial position of the wheel is 
fixed by two additional rows of balls, one on each side 
of the journal-bearing, and these can be adjusted with 
great precision, so that while the wheel is free to re- 
volve, it has no other liberty of movement. In proof 
of the adequacy of the design, it may be stated that 
the wheel is ground true on its own —— There 
is found te be little or no wear, probably because 
there is true rolling friction without the spinnin 
of the balls which is inseparable from the usua 
combined journal and thrust type. It is impos- 
sible for the balls to drop out of the bearings, or to 
displaced in any way. Axial adjustment of the 
wheel may be made without disturbing the yon = 
The non-rotating axle may be mounted in a circular 
inner gimbal, and in this case will serve as a strut and 








a stay to prevent distortion of the ring. But it is 
refe’ to one end of the axle through a bush 
E having a small amount of eccentricity, to carr 

the bush in a strong frame, open at one side, ont 
serving as aninner gimbal. Rotation of the eccentric 
bush will thus permit the vertical position of the axle 
to be adjusted until the centre of the wheel is in the 
best position in relation to the pivots. 

The axle is threaded at one end, and a single nut D 
serves to lock it to the eccentric, and the latter to the 
frame. After a few spins, made before the axle is 
combined with the gimbals, the wheel-bearing de- 
scribed may be adjusted once for all, and its use 

rmits the attachment of the axle to the inner gimbal 

y means of the eccentric, the vertical axial 
adjustments of the wheel being thus simplified to such 
a degree that balancing is easier than hitherto, and 
ma entrusted to comparatively inexpert users. 

n addition to the above-mentioned possibility of 
spinning the wheel by directing a jet of air on its 
periphery, it has been found easy to align and lock 
the axle, and to spin the wheel by means of a separate 
air-turbine, the open gimbal permitting the axis of the 
turbine and that of the gyroscope wheel to be brought 
into line with each other. 

The general effect of the improvements embodied 
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in the Gardner gyroscope, which has been taken up by 
a well-known firm of Continental torpedo-manufac- 
turers, is to render it ible to secure runs free 
from precession almost from the outset. 








Sree, Conpuctor Raiis.—A series of highly useful 
and conveniently arranged tables and data for the testing 
of steel conductor rails have been ve by Messrs. 
Ridsdale and Co., analysts, of Middlesbrough, by whom 
it is published at the price of 6s. The first table facili- 
tates the reduction of data expressed in terms of equal 
weights of copper and steel to terms of equal areas of the 
two metals. y means of the next table resistance, ex- 
pressed relatively to copper, can be readily reduced to 
ohms. The remaining tables consist of a series of con- 
version factors useful in arriving at the total resistance 
of different lengths of steel rails of different weights and 
conductivities. 





OrriciaL Tests witH Frre- Exrincuisners. — The 
British Fire-Prevention Committee devoted considerable 
time last year to an exhaustive investigation into the 
reliability of existing portable chemical fire-extinguishers, 
in which inquiry they bad the co-operation of a number 
of Government departments, corporations, and institu- 
tions, who lent the Committee extinguishers which 

in their possession for periods varying from a few 
months to as long as 35 years.. The reports on these in 
vestigations have been issued by the British Fire-Preven- 
tion mittee as Red Books Nos. 185 and 186, of which 
the latter may be deemed the more important. It 
contains a comparative table of the results of tests with 
about 100 appliances in all. It is interesting to observe 
that the t majority of the appliances under test 
were of British make, and that all existing types of 
extinguishers (although not every individual make 
were under investigation. Regarding the strength o' 
appliances and their liability to burst, through which 
fatalities have been caused, it is interesting to observe 
that out of a series of fifty-seven extinguishers tested 
hydraulically, ten failed at under 300 lb. pressure, and 
eight failed to withstand the Committee’s official 350-lb. 
pressure test, whilst thirty-three passed the last-named 
test. Several burst at 200lb. Again, on looking through 
the table, it will be found that the working ure 
generated by one of the extinguishers when the nozzle 
was closed was 310 lb., and in another case it was 340 lb., 
which plainly shows the wisdom of the Committee insist- 
ing on a margin of safety for the future. The Fire-Pre 
vention Committee’s reports with many aspects of 





the extinguisher questivn. 
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TURBINE DESIGN.* 
By Greratp Sronry, F.R.S., M. Inst. C.E. 


STEAM-TURBINES are very old, but they were never made 
in a practical form until 1884, when the great pioneer 
of steam-turbines, Sir Charles Parsons, F.R.S., made his 
first machine. Since that date the progress, though at 
first slow, has enormous, until there are now some 
9,000,000 horse-power at work on land, and some 11,000,000 
horse-power at work propelling ships, of the pure Parsons 
type of turbine alone. is is not counting those of 
other types, such as the Laval, Rateau, and Curtis, or 
combinations of these among themselves. 

The three principal types of turbinein general use may 
be distingui as follow :— 

1. The Parsons, or reaction, where expansion takes 
place both in the moving and fixed blades, and the whole 
expansion is distributed over a a number of rows. 

The Laval, in which the whole of the expansion 
takes place in the fixed blades and is absorbed by a 
single moving row. This necessitates very high blade- 
speeds, in some cases up to 1200 ft. per second, and very 
high speeds of revolution, so it is only used in conjunction 
with ring and in small sizes. 

3. The Rateau, in which there are several Laval wheels 
in series, each absorbing a portion of the expansion. 

4 The Curtis, in which there are comparatively few 
wheels in series, and the velocity of the jet from each 
set of fixed blades or jets is fractionally extracted by two 
or more rows of moving blades, with fixed blades between. 

There can also be combinations of these, the commonest 
being a Curtis wheel followed by either Rateau wheels or 
Parsons blading. 

The efficiency of a turbine depends primarily on the 
velocity ratio—that is, the ratio of the velocity of the 
blades to that of the steam. Theoretically, if there were 
no obliquity of the Fis the maximum efficiency in 
Parsons blading would be reached when the velocity of 
the blades was equal to that of the steam, or a velocity 
ratio equal to unity ; but, on account of the ery yd of 
the jets, which generally have an angle of about 20 deg., 
and on account of friction and other losses in practice, it 
is considerably below unity. 

For Rateau blading, where all the expansion takes place 
in the jets, and cupped blades are used, the theoretical 
maximum is a velocity ratio of 0.5; but in practice it is 
somewhat lower. 

For a two-row Curtis the theoretical maximum efficiency 
is attained with a velocity ratio of 0.25, whilst for a three- 
row the corresponding figure is 0.167. ; 

It can be shown that to secure the best efficiency 
it is in general advisable to keep the velocity ratio 
constant throughout a turbine, though, on account of 
leakage, &c., this rule is not found to be quite true in 
practice. : 

We will deal first with the Parsons or reaction type of 
turbine, and look into the other classes after. The 
velocity of the blades is given by the relation :— 

ran Rd 
U= 12 ~ 230 ° ° « & 
where U is taken in feet per second and d represents the 
mean diameter of the blading in inches, whilst R stands 
for the revolutions per minute. 

The theoretical velocity of the steam is that due to the 
B.T.U. available during adiabatic expansion from the 
conditions represented by p,, Tj, vol,, to those repre- 
sented by po, To, vole, and this available heat is generally 
taken from the Mollier diagram or tables such as 
Peabody’s. The velocity v is then given by the relation :— 


v=2M¢ J/B.T.U. . 1. (8) 
We have then the velocity ratio :— 
— 2 1 Rd 
~ v 224 x 230) /B.T.U. 
Rd 
~ 51,500 ./B.1.U. o 


ab any one stage, a formula which is true for all turbines, 
and not for the Parsons type alone. : . 

The velocity ratio here is the theoretical, and in prac- 
tice it is somewhat greater on account of losses in the 
jets, but as this is a variable quantity depending on con- 
ditions, it is generally preferable, and is, in fact, 
customary to consider the thsoretical value only until the 
actual design of the blading has to be considered. 3 

In a Parsons turbine, as expansion takes place both in 
the moving and fixed rows, the number of stages is twice 
the number of rows on cylinder or spindle, and may be 
written as 2N. If B.T.U. denote the total available 


It will be seen from this that if it is desired to design a 
turbine with a certain efficiency for a given range of 
B.T.U., it must have a given K, and the components of 
this can be varied so long as rows x revs.? x dia.?are kept 
constant. Revolutions are, as a rule, to a large extent 
fixed by other considerations, but for a given revolution 
we can either have a short turbine with few rows and 
large diameter, or a long one with many rows and small 
diameter. Approximately as rows x dia.? re mts the 
volume of the turbine, it means that this turbine volume 
has to be kept constant for on prem range of expansion, 
efficiency, and revolutions. Skill in designing such a tur- 
bine consists in making it such that the leakage and other 
losses, and also the cost, is a minimum, regard also being 
had to having the shaft sufficiently stiff to prevent whip- 
ping, and to enable clearances to be small. 

Parsons turbines can be calculated from the B.T.U. 
Sopot at each row, and it is found in practice that the 
B.T.U. dropped are those due to the difference of pres- 
sure on the two sides of the blade, and that the extra 
velocity due to carry-over from one row to another is 
about compensated for by the correction for friction, 
leakage, &c. It may be noted here that the total 
steam consumption of a turbine is practically independent 
of the speed, being generally only 10 per cent. or 15 per 
cent. more when the shaft is prevented revolving than 
it is when running at full speed, and for all ordinary 
values of the velocity ratio it is a constant. I, how- 
ever, always —_— to work with the homogeneous head, 
or P. vol., where P denotes the pressure in pounds per 
square foot and vol. the volume of 1 1b. in cubic feet, 
rather than with the B.T.U., and as the velocity of the 
steam depends on the drop in pressure between one row 
of blades and the next, and it can be shown that v? = 


2gH dp where g = gravity, H is the homogeneous head 


of steam, which is about 63,000 ft. for high-pressure steam 
and about 45,000 ft. for steam at atmospheric pressure, 
p is the absolute pressure at any row of blades, and d p 
is the drop of pressure between one row of blades and the 


next, and therefore 4 P is the amount of expansion that 


takes place in any row of blades. 

In a typical Parsons turbine developing 500 kw. at 3000 
revolutions, with steam at 150 lb. and a 28 in. vacuum, we 
might have 36 rows on 8} in. diameter, 18 rows on 
124 in. diameter, and 18 rows on 174 in. diameter at 

revolutions, or K = 99, and from 150 lb. to 28 in. 
adiabatic expansion there are 317 B.T.U. The velocity 
ratio therefore is :— 


a= K = 99 

Ji Bru. WV i3xsi7~ °™ 
corresponding to a blade wr yay f of 74 per cent. Such 
a turbine is usually constructed in three diameters, forming 
a high pressure, an intermediate and a low- pressure 
section. The diameters are in the ratio of 1 : 1.4 : 2. 

The blade heights for a turbine of the size stated vary 
from 4 in. at the beginning to 34 in. at the exhaust, or a 
mean of about 2 in., and with 0.03 in. clearance and 
0.35 blade opening the mean leakage is about 4} per 
cent., or a total loss of 84 per cent., as it is found in = 
tice that the percentage loss due to leakage is about 
double the percentage of leakage area. The dummy leak- 
age would about 5 per cent., and the steam supply 
to the glands and to work the governor, if of the steam- 
relay type, would amount to another 1 per cent. The 
bearing losses, &c., would be about 3 per cent. This 
would give an rey ! on the turbine shaft of about 
61 per cent., and if the dynamo efficiency was 90 per cent. 
we would get the over-all efficiency, electric to thermal, 
as 55 Mand cent. 317 B.T.U. are equivalent to 11.2 lb. 

r kilowatt-hour and at 55 per cent. efficiency this gives 

.4 Ib. per kw., which is about the consumption of a 
small turbine such as this under the conditions taken. 

It is worth while now to consider whether the propor- 
tions of such a turbine are the best. In land work the 
chief points to be considered are efficiency and cost, good 
mechanical design and freedom from whipping. In regard 
to efficiency, if we increase the velocity ratio, and, asa con- 
sequence, the K, we shall get higher efficiency on paper. 
We have, however, a heavier spindle, and thus more bear- 
ing loss. If we at age K by increasing the diameters, 
we get shorter blades, and, as the clearanves cannot be 
much reduced, more leakage. If we get more K by in- 
creasing the length and putting in more rows, the spindle 
becomes more liable to whip and clearances have to be 
increased. Thus, for such a small turbine, the design 
given is about the best compromise. With regard to 
cost, up to a certain point cost and efficiency go together, 

bered that in such a small turbine 


heat due to the adiabatic expansion from p, to py) and but it to be remem 
: tm the governor- oil supply, &c., forms a large of 
if d. B.T.U. are expended at each stage we have : 1 Tably saan 7h ont auun,-olek et 


=2NdB.T.U. = B.T.U., 


B.T.U. 

2N 
Asin a Parsons turbine there are several sets of blades of 
varying num of rows and varying diameters we get, 
putting this equation into equation (3) :— 

a=, / T2N@R _ /2N@R X10 4 
(51,500)2B.T. U. 


L3 BTU. 
The numerator will be ised as the well-known 


turbine constant K, so that we have :— 
ae a 
oo EE 


or 
2d B.T.U.= 








* Abstract of two lectures delivered at the University 
of Manchester, January 22 and 29. 





varies largely in various designs, and this part of the cost 
is eS of the muah of K we put 
into the tur The plan of making the blade 
increase in the ratio of 1.4 to 1 is another compromise 
between cost and efficiency. The same reasons apply for 
making the mean diameters of three expansions in 
the ratios 1, ./ 2 and 2, and for having one quarter of the 
K on the first diameter, another quarter on second, 
and half K on the third, the B.T.U. taken out of the 
steam and the powers developed being in the same ratio. 
Many different portions have been tried, but these 
seem on the whole to be the best. 

I could give many examples of turbines made to other 


proportions which were not satisfactory for one reason | rall 


or another, and it is from such failures that one learns. 
But I by no means say that this is absolutely the best 
compromise, it is only the best I know of considering all 
the circumstances of the case. Thsre is no golden rule 
for the design of steam-turbines, or, in fact, any class of 
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machinery; each design has to be drawn down, the calcu- 
lations made, and the project considered on its merits, 
and a broad view taken of the whole case, not only from 
a theoretical standpoint, but also in view of the prac- 
tical experience of those accustomed to deal with such 
problems, experience that can only be gained by careful 
observation and — of study of different designs. It is 
here that the value of a man with practical experience 
comes in, one that knows the pitfalls awaiting the feet of 
him that goes rashly and unaware of what has been done, 
of what can be done, and of what has proved successful or 
the reverse. It is from these latter failures that most is 
often learned. 

In larger machines, as a rule, the same proportions are 

kept to—that is, the expansion is carried out on three 
diameters of rotor having a ratio of 1, 1.4, and 2, and 
having quarter of the on the first, quarter on the 
second, and half on the third, the powers developed 
being in about the same proportion. But as sizes get 
bigger it is found ible and advisable to increase the 
K, and extra efficiency is obtained, due to longer blades 
and reduced percentage of clearances. There is alsoan 
effect due to the fact that larger sections of blades are 
used, and these can in practice be more accurately shaped 
and have a better surface and less friction loss in ropor- 
tion than small ones for the same steam conditions. 
Thus a 5000-kw. at 1500 revolutions would have a K of 
about 160 to 200, and we should get about 17 Ib. per kilo- 
watt, or 65 per cent. total efficiency steam to electrical. 
Of late years, however, the steam conditions have been 
any — ge both by raising the pressure and using 
high su eat, and also by better vacuum, so that now 
200 Ib. deg. Fahr. and 29 in., bar. 30, may be said to 
be fairly standard conditions. Here we have 413 B.Th. U., 
against 317 we had before, and to get equal efficiency we 
have to increase the K as the square root of these, or by 
about 14 per cent., making a total K advisable of from 
190 to 230. Such a turbine under the conditions stated 
would require about 12 lb. of steam per kilowatt-hour 
measured at the switchboard. Not only does superheat 
increase the number of B.Th.U. available, but it also 
increases the efficiency with which these are used. It is 
very important to bear this in mind when comparing tests 
of turbines made under different conditions. 
_ Large sizes of pure Parsons turbines are often made 
in the tandem form—that 1s, a high-pressure turbine in 
tandem with a low-pressure. This is advisable on account 
of the large size of the rotors, &c., and has the advantage 
of giving reduced clearances on account of the short, stiff 
rotors. On the other hand, there is a certain loss due to 
increased bearing friction, and a further loss in the abipe 
connecting the two casings. ere are, however, i- 
tional advantages in confining the part subjected to high 
temperature to the comparatively small high-pressure 
casing, and also in being able to make the low-pressure 
turbine of the double-flow type, exhausting at both ends, 
and thus reducing terminal losses. 

_ With regard to the design of Rateau turbines with 
single rows of blades on each wheel a similar procedure 
can be adopted. As, however, with an impulse turbine, 
where all the expansion takes place in the fixed blades, 
partial admission—that is, admission of steam round only 
a part of the circumference, can be adopted—it is usual 
to make all the wheels of approximately the same 
diameter, and to have such partial admission to the first 
few wheels until the volume of the steam becomes sufli- 
cient to allow of complete admission. As there are 
comparatively few stages varying from 12 to 20, it is 
often more convenient to divide up the total B.T.U. 
dropped into equal or approximately equal parts, and 
apportion each to its own wheel. A similar coefficient K 
can be used, as in the case of the Parsons turbine, for 
comparing different desi ; but as the whole of the 
expansion takes place in the fixed blades, and not in both 
moving and fixed as in the Parsons, the value of a will be 


1 
VB of that in the case of the Parsons blading, and 


; ae te ly 
/2 1.3 B.T.U. 


") V, 6 rea 


It is found in practice that similar values of K in Rateau 
and Parsons turbines give approximately equal efficiency. 
To take an ape te of a 1000-kw. at 3000 revolutions, we 
might take the wheels to have a diameter of 30 in. and 
a of 115, which would give fourteen wheels. The 
velocity-ratio then is :— 

115 
= oon OS GATE, 
7 Vos “embed 

If we distribute the B.T.U. evenly between the wheels 
we get about 224 B.T.U. on each wheel, or a steam 
velocity of 1050 fo. second, and as the bucket velocity is 
t., we get in this way the same value for the velocity- 
ratio. This is only taken as an example, for in practice 
there is generally rather more drop allowed in the first 
wheel to reduce wi &c. As a rule, partial admis- 
sion is carried on with the same height of blade, until 
complete admission is attained, and then the blade-height 
is i as required. In this case there are about 
1.4 expansions per wheel, and complete admission would 
in tice be reached about the sixth wheel. 

rtis turbines for land work a emape have two rows 
of blades per wheel, and the number of wheels is gene- 
y from three to five, with a maximum bucket speed 
of about 600 ft. per second ; higher than this it is not 
advisable to go with the = present fe 
al hb b i i va! gone as 
1900 fe Ad mg Te fake once more an example cf « 
1000-kw. at 3000 revolutions. If a velocity ratio of 0.25 


e= 
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is assumed, and four stages of two-row wheels, we have 
S17 _ 79 B.T.U. at each stage, and a steam velocity 


of 2000 ft. per second, which, with 0.25 velocity ratio, 
gives 500 ft. per second for the bucket speed, whence a 
mean diameter of 384 in. is required. 

A curious phenomenon takes place when the velo- 
city of the steam exceeds the ve | of sound, as it 
generally does in Curtis turbines. en this speed is 
reached in any part of a jet, no ch of conditions on 
the exhaust side can alter the conditions on the steam 
side of this place. This can be seen by the considera- 
tion that ‘‘ news” of any change of conditions on the 
exhaust side can only be telegraphed back at the velo- 
city of sound, and therefore when this velocity is reached 
no changeon the exhaust side has any effect on the 
steam side of the jet. It can, on certain assumptions, 

shown that this velocity is reached when the pres- 
sure in the throat of the nozzle reaches 0.58 of the initial 
pressure, and therefore at the smallest section of a nozzle 
we have a pressure equal to 0.58 of the initial pressure 
and a velocity equal to that of sound in steam at that 
temperature and pressure. On the exhaust side the jet 
must diverge so as to allow the further expansion of the 
steam. 

The proportions and shapes of the Curtis nozzles and 
blades to give the best efficiency offer a most difficult pro- 
blem, and have only been arrived at after long and careful 
experiments by many firms, notably the B.T.H., A.E.G., 
and the Westmghouse Company, and it is im ible in 
lectures such as these to enter into such problems. In 
deciding on such shapes as will be best, a thorough experi- 
mental knowledge of the losses in jets from friction and 
eddies, the losses in buckets, and the losses from spilling, 
have to be taken into account, and this is the case in 
such turbine designs. 

The methods used in turbine design are to a large 
extent rough and ready, and, as in all engineering work, are 
a mixture of theory and practice, in fact, in many cases the 
theory has to be fitted to suit the practice, and modified 
as time goes on to suit the results of experience. Such 
methods may seem to be lacking in scientific accuracy, 
but it must be remembered that the data available are 
themselves not accurate. ere are variations of steam 
pressure, superheat, vacuum, load and speed, not to speak 
of errors of workmanship and from incomplete theories. 
In short, nothing was ever a truer statement than that 
made by the late Professor George Fitzgerald, F.R.S., of 
Dublin, one of the great band of mathematical physicists 
of the end of the last century, when he said, ‘‘ You 
engineers calculate your stresses to five places of decimals 
and then take a factor of safety of 4 or 5.” 

Turbines of a combined type are now often adopted, 
the principal being a combination of a single Curtis 
wheel, followed by either Rateau wheels or a Parsons 
drum, but as the advantages of such combinations are due 
to reduction of certain losses and to improved mechanical 
design, the consideration of these will be left over until 
the question of losses and design is gone into. In the 
Parsons type, amongst the serious losses is that over the 
blade-tips, and, as already mentioned, experience shows 
that the percentage of loss is about double the percentage 
of clearance. ot 

The next large loss in a Parsons turbine is the dummy 
loss. With such a dummy we have at each ring :— 


w=29H o ° 
If A is the leakage area in square feet, and Q the weight 
passed per hour, 
_Q@ Vl Q 4 


A 3600 p A x 144 


= 
Vol x p x 144 = H. 


Equating these two values of v and integrating for N 

points between the limits of p, and po, there results_:— 
1 x N@H 
865 x 10 a2 
This is the same formula as given in ENGINEERING of 
January 10, 1908, page 35, omitting a small term. 

It is assumed above that the coefficient of discharge is 
unity, but it is really considerably less, probably about 0.7. 
Glands of the labyrinth od may have the quantity of 
gland steam similarly calculated, but here p. is very small 
and po? may often be neglected in practice. The great 
difficulty lies in ascertaining what the clearances actually 
are in practice, as, owing to differential expansion, they 
are not the same cold as hot. 

In a serrated gland, such as is often used in Rateau and 
Curtis turbines, there are few figures available as to the 
leakage loss, but they may be taken as approximately 
equal to the loss of steam ina uniform annular passage 
without serrations, the effect of the serrations being to 
cause eddying of the steam to about the same amount 
as the friction along the surface. 

; The loss in such glands is much more than in the 
abyrinth type, as much velocity is carried on from one 
serration to the next. 

Skin friction is responsible for loss in all turbines, 
especially those of the wheel type. The friction of a disc 
with rows of blades on it in steam is very difficult to 
determine under the actual conditions in practice, and a 
great deal depends on the casing in which it is ing. 
Many different formule are used, some differing from 
one another as much as 50 per cent., but one I have used 
is that due to Mr. William Kerr, and given in ENGINEERING 
of August 22, 1913, where :-— 

H.P. = (ad + bh!) ( mo) qh 
100/ vol. 


where a = 0.00042; b = 0.039 for single-row wheels ; 


= (p,? — py”). 





0.048 for two-row wheels; 0.070 for three-row wheels ; 
0.113 for four-row wheels. 
hether this is exactly correct or not I do not know, 
but as in a well-designed disc turbine the losses are of the 
order of 3 to5 per cent., itis evident that a moderate 
error in the formula does not matter. 
In a Parsons turbine the loss on this head is small, and 
I have never seen any attempt to estimate it. 
ring losses in turbines are pee! of the 
order of 1 to 3 per cent., and depend chiefly on the 
area of the bearin For high s bearings the loss 
is independent of the pressure on the ae and nearly 
independent of the — of the bearing, and for average 
oil at about 122 deg. Fahr. may be taken as :— 


B.T.U. = 2.1ldu, 


where / and d are length and diameter of bearing in 
inches, and wv the velocity in feet per second. his 
amount of heat is far too great to be removed by radiation 
or conduction, and a large flow of oil is provided to carry 
it off. Insome cases bearings are water-jacketed, but, 
as a rule, it is preferred to carry off the heat by a large 
flow of oil, which is then cooled in an oil-cooler with water 
circulation. In some cases also heat has to be carried off 
which reaches the bearing by conduction from parts in 
contact with high-pressure steam, and this then has to be 
allowed for. In bearings running at 60 ft. to 80 ft. per 
second it is usual to allow about 1 cub. ft. oil per hour for 
each square inch of projected bearing area, and the quan- 
tity is approximately proportional to the ee eee 
uw. The temperature of the oil is generally 130 deg. to 
150 deg. Fabr. in land work, but in marine work it is 
lower, and generally 100 deg. to 120 deg. Fahr. If the 
oil is too cold or too viscous, the friction is excessive, but 
if too hot and without sufficient viscosity, seizing is liable 
to take place, especially if there is rn f vibration present. 
Also if the temperature is too high, carbonisation is 
liable to take place, causing deposit in the oilways and 
pi As to the usual loads on such bearings, a common 
rule is that pw should not exceed 5600, which gives 
75 lb. per sq. in. at 75 ft. per second, but with lower 
8 8 the pressure can be in , as, for example, 
150 lb. at 37 ft. per second, but in such cases the constant 
is generally taken as rather less, or, say, 4600, which 
gives 130 lb. at 35 ft. per second. 

An important factor is that the shaft must be stiff 
enough not to vibrate and not to be liable to break under 
the combined bending and torsional stresses to which it is 
subjected. The pressure of the oil varies from 5 lb. to 
15 Ib., or even more in different turbines. 

A source of loss which has to be carefully considered, 
especially in large turbines of high speed, is the term 
loss due to the velocity of the steam leaving the last row 
of blades. This loss really decides the limit of size of 
turbines for any given = and vacuum, and this is the 4 
same for all types of turbines. In modern power stations 
the general conditions are about 200 lb, pressure, 200 deg. 
Fahr. superheat, and a vacuum of 29 in., which gives 
about 413 adiabatic B.T.U. The volume at the exhaust, 
allowing for condensation, is about 600 cub. fv. per Ib. 
If we allow a terminal loss of 3 per cent., which is cer- 
tainly quite high enough, the velocity of the steam leaving 
the last row of blades will have 3 per cent. of 413 or 
12.4 B.T.U., equivalent to a velocity of 790 ft. per 
second. 

As h in practice cannot be more than one-fifth d, the 
area of the annulus is :— 


wd* _ dq 
Bx 144 = o95 8 
and this will pass 
e ‘ 790 x 3600 _ 91 a? Ib. per hour. 
225 600 


If the consumption is 114 lb. per kw.-hour this means 
kw. = 1.8 d?. 

Approximately a mean blade velocity of 550 ft. per 
second, which is about as high as one can comfortably 
go at present with the materials and means of construc- 
tion available, will then give a velocity ratio of about 
0.5, which is very good for the last row. This gives at 
say, 1500 revolutions d= 85 in., and therefore an out- 
put of 1.8d?= 13,000 kw. This available output will 
then vary inversely as the square of the speed, so that for 
1000 revolutions it would be about 30,000 kw., and for 
750 revolutions about 52,000 kw. 

Another important limitation here comes in—that is, 
that in most cases it is necessary to able to carry the 
turbine on rail from the place where it is manufactured 
to the central station where it is to be used. 

The normal loading gauge on English railways is about 
8 ft. 6in., which is just the diameter over the tips of the 
blades of the 13,000-kw. machine at 1500 revolutions 
descri above. Somewhat larger sizes can be carried 
by — arrangements, but it is seem that under normal 
conditions the above is as large as can be conveniently 
carried. This limitation applies to the rotor only, as the 
casing can always be divided into sections. 

By making arrangements for the blading of rotors at 
the power-station, of course a drum diameter of 8 ft. 6 in. 
can be carried, and thus the output increased, and in the 
case of impulse turbines the wheels can be put on the 
shaft on site, but in all cases of large turbines most care- | 
ful consideration of transit facilities is necessary. An) 
8-ft. 6-in. drum with 254-in. blades has a mean diameter of 
1274 in., or, by our rule, an output of 30,000 kw. and a 
tip diameter of 12ft.9in. In the case of an impulse 
turbine, a bladed disc of 13 ft. is about as e as can be 
conveniently carried, so that there is a limit of 30,000 kw. 
for single-ended turbines of all sorts, irrespective of speed. 
Another limitation is that the cost per ton of very large 
forgings and castings is considerably more than for those 
of more moderate size, and thus it is found that the cost 


per ton of very large turbines is more than that of more 
moderate sizes. 

Another limitation is the size of alternator that can be 
made for any given speed. Similar turbines—that is, 
machines with the same blade velocity and ratios of blade 
height to mean diameter—have the same stresses due to 
centrifugal force, and their outputs will vary inversely as 
the square of the revolutions per minute. “This is easil 
seen if we consider a turbine of double diameter wi 
double-blade height revolving at balf-revolutions or with 
the same blade velocity. The area for steam-flow is four 
times as t, and as the blade speed is the same the 
output will be four times as great. 

A similar law holds gocd for alternators. It is found 
that 3500-kw. alternators at 3000 revolutions per minute 
are —_ satisfactory, and examples have been made for 
5000 kw. at 3000 revolutions per minute, having the usual 
conditions of 0.8 power factor and 25 per cent. overload 
for two hours. These are equivalent to 14,000 kw., or 
even 20,000 kw., at 1500 revolutions per minute. The 
General Electric in America are making for Chicago a 
30,000-kw. machine at 1500 revolutions per minute, but it 
is for a power factor of unity, so that it is only equivalent 
toabout 24,000 kw. under the usual conditions. Such sizes 
as these at such speeds would have been quite impossible 
a few years ago, great improvements having been made 
in design, and, what is quite as important, in the materials 
available for construction. 

It will thus be seen that the builders of alternators are 
now pushing turbine-builders very hard, and that in many 
cases the turbine must be double-ended to get sufficient 
exhaust area, and a not too great terminal loss. 

A great problem is what size of plant to put into a 

wer-station, and at what revolutions it should run. 

or 25 periods, which is the periodicity usually adopted 
for large modern power-stations, where traction power 
and lighting are combined, we are limited to either a 
two-pole alternator at 1500 revolutions per minute, or a 
four-pole at 750 revolutions per minute. The rule that 
1.8 d? is the output limits us, as we have seen, to a 
13,000-kw. in a single-ended turbine, or 26,000-kw. in a 
doub!le-ended, if it is to be carried on rail without special 
arrangements, co that this 26,000 kw. is the comfortable 
limit of size for 750 revolutions. The weight of such a 
turbine will be between 300 and 350 tons, and the forgin 
and castings will be up to the limit of size that can 
obtained, and therefore the — per ton willbe high. A 
13,000-kw. unit at 1500 revolutions may be single-ended, 
and will weigh 75 to 90 tons, or about a quarter of the 
26,000-kw. machine at 750 revolutions, so that the output 
per ton is double at the higher speed, and therefore that 
very important figure—cost per ton—will be a — 
mately halved. On the other hand, there are double the 
number of turbines in the station, with consequent 
complication of switch-gear, steam-pipes, &c. 

As to economy, it is pa that the faster-running 
machine will be quite, if not more, economical, as clear- 
ance losses go up as a rule in very large structures. There 
are, however, no tests available, as yet, on such turbines. 

Of course, if the alternator can be made satisfactory 
for say 25,000 kw. at 1500 revolutions, it is obvious that 
the higher speed has great advantages in the lightness 
and cheapness of the turbine, which can be double-ended, 
and it seems to me probable that the large turbine of the 
future will run at 1500 revolutions and not 750. For 40 
or 60 periods the intermediate speeds of 1000 and 1200 
revolutions are available, giving much greater latitude in 


design. 

The mechanical design of turbines has now to be con- 
sidered. It is on good mechanical design that the 
economy and the satisfactory running of the plant 
depend, and what is most important, the maintenance of 
this economy. Temperature and variations of tempera- 
ture have a most serious effect in causing distortion, either 
permanent or temporary, aad here, apart from the usual 
expansion of the metal, the phenomenon of the growth of 
cast iron has to be considered. Many investigators have 
studied this, and — reference a be made to Pro- 
fessor Carpenter, who has just left this University to take 
up a post in London, and Dr. J. EK. Stead, F.R.S., of 
Middlesbrough. When cast iron is subjected to repeated 
heatings in the presence of air or steam the combined 
car seems to reduced, and oxidisation or rusting 
takes place on the sides of the graphite ae, This causes 
such swelling of the material t dimensions may be 
inc as much as 3 per cent., and at the same time the 
strength of the metal becomes much reduced. 

At what temperature this action takes place to a serious 
degree is not exactly known. I know it takes place 
rapidly at 530 deg. Fahr., and that it is not appreciable 
to any serious degree at 450deg. Fabr., and in my opinion 
cast iron, in any part of a turbine where distortion will 
cause trouble, should not be subjected to more than 
450 deg. Fahr. Steel castings and forgings do not show 
this effect as they are homogeneous, and one method of 
avoiding trouble is to have all parts subjected to high 
temperatures of steel. Of course the rotors are always 
steel, so the casing only has to be considered. On this 
account the centre parts of the casing of pure reaction 
turbines are often made of steel castings, which are con- 
tinued to a point where the temperature falls to about 
450 deg. Fahr., after which cast iron can be safely used. 

Another method is to use an impulse-wheel in which, by 
the adiabatic expansion of the steam in the nozzle, the 
temperature is reduced. A single-row impulsee-wheel, 
allowing for the reheating due to loss in the wheel, can 
reduce the temperature about 100 deg. Fahr., which, as 
tem tures of from 550 deg. to 600 deg. are common, 
hardly reduces it cneesh for safety, and as a , oy ew 
a two-row wheel, which will reduce it about 200 deg., is 


ly used. 
By the use of such a two-row Ourtis wheel, in front of 





a Parsons or Rateau low-pressure section, all trouble due 
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to high superheats can be done away with, and the only 
part subjected to high temperature is the steam-chest, 
which can easily be made a steel casting. And although 
the inherent efficiency of the two-row Curtis wheel is 
lower than that of either Parsons or Rateau blading, yet 
in practice in many cases just as high economy can 
obtained. 

In the case of the Curtis-Parsons, or, as it is often 
called, the ‘‘ disc-and-drum” turbine, shortening up the 
bladed part of the turbine to about two-thirds of its 
length enables finer clearances to be used, giving higher 
efficiency in the Parsons part, and this, combined with 
the high leakage loss in the high-pressure part of a pure 
Parsons turbine and also the reduced dummy loss, makes 
up for the lower efficiency of the Curtis wheel. Similar 
arguments apply in the case of the Curtis-Rateau ; there 
is a large saving in skin friction and in gland leakage, 
and thus the combination is found to give very good 
results in practice. 

Very large turbines are now in hand of the pure 
Parsons type, with tandem turbines and a steel centre 
in the high-pressure turbine, of the Curtis-Parsons, or 
disc-and-drum, and of the Curtis-Rateau, and the eventual 
sucesas of the different varieties and which type will in the 
long run survive will depend on what economy they are 
actually found to give, on which is the most reliable and 
which is the cheapest. Another few years will show, 
and the battle between these three leading types is most 
interesting to watch. 

In designing the casing for all turbines, special regard 
has to be paid to minimise the effect of expansion. 
The casings must be as symmetrical as possible, 
and ribs, if any, must be thick in proportion to their 
height, and distributed equally top and bottom. Pro. 
vision must be made for the casing to be sufficiently 
strong to stand the stress due to its own weight and that 
of the rotor, also stresses imposed by the steam-pipes and 
exhaust branch. The former should be minimised by pro- 
viding suitable bends in the steam-pipe, but the latter has 
to be carefully considered, and amounts to 1 ton per 
square foot of exhaust. In a 1000-kw. machine we have 
about 7 tons, and ina 20,000 kw. about 85 tons to allow for. 

In moderate sizes there is generally a flexible connec- 
tion between the condenser and the turbine, but in large 
turbines of 10,000 kw. and over, the condenser is often 
bolted direct on to the casing, and sometimes partially 
supported by springs. In such cases the water and other 
pipes fastened to the condenser must have suitable 
flexible connections. 

The rotors similarly have to be designed for stresses due 
to temperature, centrifugal force, and weight, but there 
is a further criterion that the first whirling —_ should 
be 30 per cent. at least above the normal working speed. 

The forging of the 1 spindles, wheels, and drums 
for turbines has become of late years a large industry, and 
it is only by careful and full collaboration between the 
turbine designers and the forge-masters that the best and 
cheapest designs can be got out. In all work full col- 
laboration between the designers and the forge or foundry 
is mot important, and many failures and much extra cost 
have been caused by want of such collaboration. Draughts- 
men and designers are far too prone not to ask advice 
from the foundry and forge, and this line of conduct 
has most disastrous results. 

Marine turbines differ chiefly from land ones by the 
much slower speed of revolution imposed by considera- 
tions of screw efficiency. On this account, also, the ex- 
pansion is generally distributed between two or more 
turbines, which are in series, each driving a separate 
screw. 

One of the most usual arrangements is what is known 
as the three-shaft arrangement, where there is one high- 
pressure turbine on the centre shaft and two low-pressure 
on the wing shafts. 

In this case, as the low-pressure turbines are in parallel, 
there is one-third of the K in the high-pressure turbine 
and two-thirds in each low-pressure, and as the drums 
are in the ratio of ./2, there are equal numbers of rows 


on each. 

In an 18-knot boat of 16,500 horse-power the revolu- 
tions were 290, and there was 35 K in the high-pressure 
and 70 in each low-pressure. The drums were 76 in. and 
106 in., with 64 rows on each, varying in the high-pressure 
from 1 in. to 44 in., and in the low-pressure from 18 in. 
to 9in., the last rows being wing blades. Each set of 
blades was 4/2 higher than the previous set, and so they 
were divided into sets of 16 rows on the high-pressure 
and 8 rows on each low-pressure turbine. 

In larger ships there are generally four shafts, or two 
high-pressure and two low-pressure, but recently there 
has been a high-pressure, an intermediate-pressure, and 
two low-pressure, resulting both in better economy and 
less weight, as in the latter case the high-pressure and 
intermediate-pressure are only half the size of the 
high-pressure in the former have longer blades. The 
iat arrangement is, however, much more com- 

icated. 

3 Comparing such a set of turbines with a land set of 
similar size, or about 10,000 kw. to 12,500 kw., it will 
be seen how very slow direct-coupled marine turbines 
are. Such a set on land would run at 1200 to 1500 revo- 
lutions, or between four and five times the speed. 

As for similar turbines the horse-power varies inversely 
as the revs.*, the value H.P. x revs.2 may be taken as a 
criterion of the speed of a turbme for a given horse-power. 
This criterion in the marine turbine described above is 
16,500 x 290° = 14 x 10, 

In the Mauretania, with 34,000 horse-power a side at 
180 revolutions, it is 11 x 108. In the battleship 
cruisers of 75,000 horse-power, or 38, a side at 290 
revolutions, it is 32 x 105, and in destroyers of 12,000 
horse-power a side at 600 revolutions, it is 43 x 10°. In 


the land turbine above, it is 16,500 x 15002 = 375 x 108, | F 





or 25 times as great as in the 16,500-horse-power marine 
turbine, and in the slowest land turbines of, say, 1500 
horse-power at 1500 revolutions, it is 34 x 10°. e may 
thus say that land turbines begin where marine end. 

As a result, where on land we have K’s of 150 to 250, 
in marine work the figure is only about 100 to 120, which 
results in a certain loss of economy ; but as in all engi- 
neering work a compromise has to be effected, this 
has been found the best. If the screw runs faster the 
efficiency of it is reduced ; if the turbine runsslower there 
is loss of efficiency, and the weight and cost are increased. 
Thus the best compromise possible has to be effected. 

These considerations showed many years ago that great 
economy could be effected if efficient gearing could be 
interposed between the turbine and the propeller. Such 
gearing had been used by Laval in small sizes, but until it 
was possible to get accurately-cut gearing of large size it 
could not be used for large powers. The pioneers of such 
large gears were Sir Charles Parsons here and George 
Westinghouse in America, and a word should also be said 
for the tool-makers, such as Messrs. Muir, of Manchester, 
who make the machines for cutting such gears. 

These gears are generally designed to have a tooth speed 
of 45 ft. to 80 ft. per second, and a pressure per inch width 
of tooth of about 5001b. Asan example of such gearing 
we may take the Cairnross, which is a tramp-steamer 
of about 10,000 tons displacement at 10 knots sea-speed. 
There is a full description of this ship in the Transactions 
of the North. East Coast Institute of Engineers and Ship- 
builders for April, 1913. 

The propeller runs at 64 revolutions, and has attached 
to its shaft a main gear-wheel 11 ft. 11 in. diameter, with 
550 teeth. There are two sets of helical teeth at 45 deg., 
each, with an axial length of 134 in. There are two 
pinions, 54 in. in diameter, with 21 teeth coupled by a 
flexible coupling to the high-pressure and low-pressure 
turbines, which run at 1700 revolutions, the gear ratio 
being 26.2to 1. The shaft horse-power on trial was about 
1700, or 850 on each pinion. 

Another example is that of a channel boat, the King 
Orry, for service from Liverpool to the Isle of Man. There 
is a “7 full —— in ENGINEERING of June 27, 
1913. She has a displacement of 2550 tons and a speed of 
a with a shaft horse-power of about 8000. 

‘There are two sets of engines driving twin-screws, the 
main gear-wheels having 221 teeth on 514 in. diameter 
and two faces 154 in. wide. The high-pressure pinion has 
30 teeth 7? in. in diameter and the low-pressure 41 teeth 
108 in. indiameter. The revolutions are :— 


Screws ... ah ios 300 
High-pressure turbine 2210 
w-pressure turbine 1617 


Here the tooth velocity is 75 ft. per second and the 
pressure per inch of face 490 lb. The angle of the teeth 
is 45 deg. The turbines have a total K of 160, and the 
H.P. x revs.2 = 150 x 108, or a very good figure, so that 
they should be very economical. The rs have in all 
cases to be very accurately cut to avoid noise, and must 
be accurately bedded in the bearings so as to bear evenly 
along the whole length. In some cases special supports 
are used to ensure even bearing, but these do not seem in 
practice to be necessary. 

I cannot here enter into the complicated question of 
efficiency at cruising sp2eds in warships, and, further, into 
other most interesting forms of gear, such as the Fot- 
tinger hydraulic transmission, and also into the questions 
relating to the design of astern turbines, and the big 
question of auxiliaries on turbine ships. 

My endeavour has m, in the course of two short 
lectures, to give you an outline of the principles on which 
steam-turbines are designed, and trust it may induce some 
of you to look further into this most fascinating subject. 





BREAKDOWNS OF STATIONARY 
ENGINES.* 


By Micuagt Loneripes, Vice-President. 


I UNDERSTAND that the subject on which you wish me 
to discourse is ‘‘ Breakdowns of Machinery.” That is a 
far larger field than I can well cover, and so I propose to 
survey one part only—viz , that occupied by stationary 
steam-engines, such as are commonly used for driving 
mills and factories, and about these there is much more 
to be ssid than I can say in the short space of one hour. 

Now breakdowns of stationary engines is rather a sen- 
sational title for a lecture, and it is possible that some 
may have come here expecting a more exciting story than 
I am prepared to tell. That such may not depart entirely 
unsatisfied, I will in by referring to the bursting of the 
fly-wheel of a pair of horizontal compound engines, indicat- 
ing about 400 indicated horse-power, and transmitting that 


~~ to a weaving-shed by a spur fly-wheel hung upon | th 


the crank-shaft. Both cylinders had Corliss valves. On 
the morning of the accident the engine started at 6 a.m. 
and ran as usual till about 7 a.m., when it began to race. 
The operatives threw off their looms and ran. The 
ot as and another man rushed to the engine-house, 
and with conspicuous bravery made for the stop-valve, 
which, as usual, was placed Leteene the two cylinders, 
in a direct line with the fly-wheel. Before ef could 
close the valve, ibly before they reached it, the fly- 
wheel burst, and both were killed. Some of the flying 
masses cut the travelling crane in two and unroofed the 
engine-house. Others cut through the wall of the engine- 
house and ploughed a path of destruction into the 
weaving - unfortunately injuring four of the 
weavers who had been unable to escape. The fiy- 
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wheel arms were snapped off short, at their junctions 
with the boss, and a large piece was torn out of 
the boss itself, the ren was broken, and the 
second-motion shaft—a heavy shaft, 8} in. in diameter— 
was dragged from its fixings and bent. The engine 
foundations were dislocated, and the engines them- 
selves moved bodily from their places. Fortunately 
the cranks and con ing-rods remained connected, and 
the cylinders were saved, but all the valve-gear was 
smashed, and the bed-plate of the condensing engine was 


— 4 

en the wreckage had been cleared away sufficiently 
to allow access to the engines, I examined them. [ 
found the governor, the wheels which drove it, and 
the knock-off gear in order. The front steam-valve of 
the high-pressure cylinder was open, and the spring 
in the front end of the dashpot, which should have 
closed it, was com , and cemen coil to coil, 
and to the walls of the dashpot, by a viscous brown 
cement consisting apparently of baked grease. The 
spring remained comp when taken out. If it stuck 
fast when the engine was running, the steam-valve at the 
front end of the cylinder must have remained open and 
the racing would accoun for. In suggesting this 
as an explanation of the breakdown, however, T should 
mention that the consolidation of the grease about the 
dashpot spring may have been due to cold, for, owing to 
the destruction of the engine-house roof and wall, the 
engines had been exposed to very co!d weather for several 
days before I saw them. The cause of the breakdown, 
therefore, is uncertain. : 

In another mishap of a similar nature the wreck was 
too complete to leave any clue to the cause. Fortunately, 
smashes so complete are the exception, not the rule. Of 
71 breakdowns in 100 the cause can be discovered. The 
table herewith shows the number of breakdowns attri- 
butable to each of four groups of causes, as percentages 
of the total breakdowns during three consecutive periods 
of ten years. 

1881 to 1891 to 1901 to 
1890. 1900. | 1910. 








Cause of Breakdown. 








per cent. percent. per cent. 

1. Accidents and causes not 
ascertained .. - - 36 27 29 

2. Negligence or ignorance of 
owner or attendants .. ge 19 22 19 

3. Structural weakness, bad de- 
signing or workmanship... 30 30 21 

4. Old flaws, defects, or wear and 
tear ee oe e 15 21 31 
fe... «a «| © 100 | 100 


The classification is not very satisfactory, because it is 
without clear lines of demarcation. It was mn many 
years ago and could not afterwards be al without 
much labour. Butif the figures are not very accurate, 
their meaning is quite clear. Those in line 1 call for no 
remark, except that the high percentage in the first 
decennial period is principally due to. want of opportunity 
for ergs mg The constancy of the percentage in line 2 
suggests that Board schools have not changed human 
nature over much ; but the reduction in the last column 
of line 3 awakens hope that the vast sums spent on tech- 
nical education have not been altogether wasted ; and, if 
we take the figures for each of these ten years separately, 
—_ changes to conviction, for we find the percentage 
falling more or less regularly from 23 in 1901 to 16 in 
1910. If more evidence be wanted, it is given by line 4, 
which by comparison with lines 2 and 3 reveals how work 
and age are year by year supplanting ignorance, neglect, 
bad workmansbip, and design as causes of break- 
downs of steam-engines. I do not mean to say that 
improvement in design only began ten years . but 
it was The substitution of the principles of 
mechanics and arithmetic for rule-of-thumb was slow, 
and the replacement of old engines by new was slower 
still, so that years ela before the effects of the 
change became a But if progress was slow, it 
was effective. hen I n to collect statistics 34 years 
ago, engines running for the most part 50 to 60 hours per 
week broke down, on an ave! , Once in 54 years; now, 
though speeds and pressures have been doubled, they 
break down once in 9} years, That is what we older 
men have done. Those who are taking our places are 
expected to do more; and if it will lighten your task to 
start it with some knowledge of the casualties from which 
the several parts of steam-engines most commonly suffer, 
I am here to tell you all I can in the time allotted to me. 

Valves and’ Valve-Gears.—I begin with valves and 
valve-gears, because at the present time they fail more 
frequently than other parts of steam-engines. About 
one-third of the total number of breakdowns originate in 
em. The proportion has nearly doubled in the last 
thirty-five years. It has increased concurrently with the 
use of Corliss and other complicated automatic trip-gears, 
made up of many pieces. Hany of those are too 
weak for nat ayrmiene 1? to which all valve- - 
are occasionally exposed ; but a large proportion of the 
breakages is due to failures of the screws, bolts, and keys, 
by which the parts are held together. Many breakages 
a valve-gears cause little damage, but some have very 
serious results. Most ‘‘ runaways” are a | to a ~ of 
valve.gears or governor-gears contro! em. very 

i ———— ought to have a “knock-off” —_ 
acting on the stop-valve or a special run-away valve. 
Electric gears which can be o Se a 
button in any part of the eo as as by the 
knock-off motion on the engine, are the best. Valves in- 
tended to be closed by springs should be actuated by gears 
which will close them if the springs should fail, as seems 
to have happened in the breakdown I first mentioned. 
Not a few breakdowns are caused by eccentrics slipping 
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or becoming disconnected from valves, leaving the one or | by gravitation, make the motion fit for a pressure of at | The diagram, Fig. 7, shows piaiuly what has happened. 
other of the cylinder ports permanently open or closed. | least 50 Ib. per sq. in. on the bucket. The abscisse represent successive periods of five years 
When this port is a steam-port of a high-pressure} Bed-Plates.—B of engine-frames and bed- | from 1879 to 1913, the ordinates the wey get ee 
cylinder a runaway may follow ; when it is an exhaust ~~ can be dismi with a very few words, because | as ype ae es of the total number of downs, in 
-= the compression curve may run up high enough to | by far the largest number are caused by the = of | eac : a period. The yor 1883 may be con- 
low off the cylinder end. When the inlet to the low-|the engines, or by wringing up holding-down bolts, | sidered as about the end of the old time, when 80 |b. was 
pressure cylinder remains closed, the pressure in the | after the seats below have been softened by oil. Itis|a high pressure, and a tallow kettle simmered on the 
valve-chest, or receiver, may rise sufficiently to burst| true that, with modern systems of lubrication and oil | cylinder. About 1890 steam of 160 lb, preesure began to 
one or the other. All there things have happened, and pou very little oi] should reach the seat, but it | be used in mills, and many old cylinders, reduced in 
the only preventatives I can suggest are large safety-| is equally true that the modern practice of setting down | diameter hy liners, were supplied with it regardless of 
valves, ferruled to prevent over'oading, not only on the | an unplaned bed-plate in a rough lump of concrete, pack- weakness of ends and valve-chests. Also many of the 
cylinder ends, but on the receivers, or pipes, between the | ing it level with any bits of iron that may be handy, and new cylinders made about that time were too weak. The 
cylinders. grouting it with cement, provides so little material to curve shows how breakages increased, and subsequently 
Air-Pump Motions, Valves, and Buckets.—After valve- | resist the oil that the grouting ceases to ove adequate decreased as the new conditions were met by improved 
gears the parts which fail most frequently are air-pump | support even sooner than did the old ashlar seats with designs. j 
motions, valves, and buckets. They accounted for 20 per ons of oil poured over them each week. Theconse-| Before referring to some of the faults of design which 
cent. of the engine breakdowns thirty years ago. They | quence is that breakages of fremes, bed-plates, and the voke fracture, I would like to remind designers of cy- 
still account for about 16 per cent., and yet some trouble | like, still bear as large a proportion to the total break- | linders and other parts that deformation, or strain, induces 
on the part of engine-tenders, and a little thought on the | downs as in the early ‘eighties—namely, about 7 per cent. stress. It is often an advantage to consider what deforma- 
part of engine-builders, would enormously diminish the| It is quite easy to keep engine-seats free from oil, and tion would occur in the thing they may be designing if it 
number of mishaps. The cause of half of them is|dry. All frames and bed-plates should have channels were made of india-rubber. Figs. 8 and 9 show a cylinder 
corrosion and neglect. Neglect is almost pardonable | round the feet, as in Fig. 6, troughs under the ends of all | made in 1894 for a pressure of 120 lb. per sq. in. It 
when one considers the dark, dirty, inaccessible holes in | bearings, or, when there is only a top and bottom brass, | worked for eight years at that pressure, then for 18 months 
which air-pumps are so often placed. Corrosion is to be | shields like those on the bearings for the shafts of dynamos | at 140 lb., and finally for six months at 160 lb., when the 
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fig. 7. 
CYLINDER BREAK-OOWNS 


PER CENT OF TOTAL 
BREAKDOWNS. 
















—_—— —-—_ —_ - 


ww Tess 


Ny —3 


jam uy Yim wi, 


Z Ys, 










fy | 


Sos RS 


3 












> 





SS 
SSS 




























84 


ee Ee 
ie 






SS 


6-3 
68 








* 
SS 








$O- 















7,= 
WV 


Y 





B, 
\s 


Y 
seh 
S S 


NS 














| eee 





—2-3-——»+ 









































| 
ya]: 
i 


ttt UST 


two longitudinal cracks A A, Figs. 8 and 9, were found. 
Regarding the cylinder as made of india-rubber, it would 
be seen at once that the two sides of the upper part of 
the jacket (Fig. 9) would be forced outwards, and bending 
H would occur just where the cracks appeared. Even if 
Cexzzzzy the outer cylinder were complete, as in Fig. 10, the steam- 
j . 4 passage would be a source of weakness, because its bottom 
lb PILI. SELLE Zl surface, having the same pressure on both sides, would 
2 6 O 7 2 8 44 flatten out and allow the same kind of deformation as 
. before. The flat top of the steam-passage (Fig. 9) was 
Fig. 73. 7 also weak, and would probably have cracked along its 
7 we longest edges in course of time, for the stress calculated 

by the formula for flat surfaces :— 


“ad Se 
22° W+h 


~—- given in Unwin’s ‘*Machine Design” was 16,000 per 
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sq. in. 
In good designs I have found f to lie between 3000 lb. 
I and 8000 lb. The wide variation is not surprising when 
one considers how much the strength of castings is affected 
by shape and crystallisation during cooling. In deali 
Oe ; F / ; with castings experience is the only safe guide, thoug 
oe gp and should*be*circumvented by putting neither | and motors. The bed-plates of vertical engines of the | for purpose of comparison a formula may + useful as a 
bolts, nuts, screws, rings, valves, nor guards inside the | marine type should have the bottoms of the crank-pits | rough criterion. 
pump. There are both vertical and horizontal air-pumps on | cast with them. Figs. 11 to 13 show the high-pressure cylinder of a 
the market which can be made without a single fastening | Where a bed-plate is to rest on ashlar, it should be triple-expansion engine, made five or six years later, for a 
inside. If you must use the old-fashioned vertical pump, | planed on the underside, and rubbed to a perfect fit upon | boiler pressure of 160 lb., and a re of 70)b. in the 
put no rings in the bucket ; water-sealed buckets need | the dressed surface of the stone. When it is to rest on| receiver between it and the I.P. cylinder. Soun after 
not be tight. I have known two plain buckets, ? in. less | concrete, the bottom surface, which is to be supported | it was set to work it cracked through the bars acroes the 
diameter than the pumps in which they worked, giving | by the cement grouting, should be as wide as possible, | ports A (Fig. 13), and then from the corners B of the 
10 Ib. vacuum in the cylinder. s instead of a strip a few inches wide along each side; and It was replaced by another of the same design, 
Secure the bucket and against a collar or cone | holes should be ay at intervals for running the| which quickly failed in the same way. Here there was a 
on the bottom of the » by a nut or cotter on top, | cement into the space between it and the concrete seat. | load upon the end of 92 tons during admission and 52 tons 
asin Figs. 1 and 2, instead of tapering the cone down- | In my — it is best to plane the underside at each | during exhaust. If the cylinder hed bees rigid and the load 
ne and putting the nut below the bucket, as in | holding-down bolt, and level the bed-plate upon a pair of | distributed uniformly over the cross-section of the metal, 
ne 3, to drop off and allow the bucket to fall into | broad machined folding-wedges at each bolt-hole, as in| the stress would nowhere have been excessive ; but with 
the foov-box. Slide the foot-valve grid into grooves | Figs. 5 and 6. a cylinder of india-rubber it is easy to see how a large 
in the foot-box, and cast the upon the foot-box ylinders should not be placed on concrete, but on| part of the load would be concentrated on the bars 
cover, as in Fig. 4, so that there may be no bolt to|iron frames or plating, according to their shape. This | across the and how, on their failure, the deformation 
—- and break. If the pump be horizontal, the | plating should have holes for running cement between it| of the end would intensify the stresses at the corners of 
tb et will not be water-sealed, and the piston must|and the concrete seat, and there should be raised rims| the ports. Also deformation of the barrel from a cir- 
either be renewed when it has worn down, or fitted with | round these holes, round all openings for pipes, and | cular to an oval cylinder would be caused by the external 
ond ei The piston, being a in disc, can be screwed | round the edges, to retain oil and water ; also machined | pressure on the top and bottom, and the absence of an 
re runk on to the rod. not use combinations of | facings for the cylinder feet to stand on, so that they | equal external pressure on the sides. This deforma- 
pew he y iron. If the water be at all acid, a brass-|may slide when the cylinders expand. Horizontal | tion is sometimes sufficient to make well-fitting pistons 
ond rod will be cut through, where the sheathing | engines should be firmly held to the seat at the crank | seize. 
be . as with a knife. Avoid trunk motions. The screw | end, but the cylinder end should be free to slide. Never! Finally, cast round cylinders, whether for 
= A. eye at the bottom of the trunk will suffer from | tighten a holding-down bolt till the superincumbent| live steam, as in these figures, or for exhaust, fre- 
ee 7, and the pin from grit. Every trunk motion | weight has been lifted from the bed-plate, and the space | quently originate circumferential cracks in the barrel, 
Fi _— to deal with has broken down at least once. | below it, if there be any, carefully packed. owing to the unequal expansion of the metal inside 
a y, pay great attention to all fastenings; put the} Cylinders.—In old days breakages of cylinders were | and outside them. They.are also likely to cause spongi- 
Ft ya ye accessible place, and if there be any | generally due to water or stray piston-bolts; now the | ness where the walls join on to the barrel. The design is 
bout the free flow of the water from the hot-well | majority are caused by water or structural weakness. | not one to be copied, and I cannot but suspect that if the 
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draughtsman had kept the india-rubber model in mind 
when he was drawing it, these cylinders would never have 
been cast. 

The usual way of strengthening the ends of cylin- 
ders is to lengthen the distance between the ports and 
the end flanges, and then to lengthen the spigots on the 
cylinder-covers, to fill the increased clearance spaces. 
Unfortunately the clearance surface at each end of the 
cylinder is thereby in by two rings, each equal in 
area to the circumference of the cylinder multiplied by 
the length of the spigot—rather an important disadvan- 
tage when saturated steam is to be u and guarantees 
of steam consumption are required. Of course, it is 
possible to suppress the surface by making the spigot 
fit the cylinder, but then it is extremely difficult 
to get the cover off ; or by making the joint at the sur- 
face of the spigot next the piston, but that may be as 
dangerous to the cylinder and cover flanges as a ring of 
jointing material placed entirely inside the bolt circle, 
unless special precautions, which I cannot now describe, 
be taken. The practical alternative seems to be to make 
the space so narrow that, when it is filled with water, 
the surface of the water presented to the steam in the 
cylinder will be so small that the condensation and 
evaporation will be negligible. The Jate Mr. Bryan 
Donkin made some experiments for me to determine how 
narrow the space would have to be, and be told me that 
under most conditions a difference of ,y in. in the diameter 
of cylinder and spigot would probably suffice to keep 
the space filled with water and the surface inactive. His 
experiments were made with clean steam; with oily 
steam the space might possibly be increased, because the 
fluid filling it would be more viscous than pure water. 

If the bell-mouth and spigot be bored and turned slightly 
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conical, and to fit each other when there is no jointing 
material between the flanges, then, when the jointing 
material is put in, the water space will be very narrow, 
but will widen rapidly as the cover is being drawn off. 
When the bell - mouth is very short, Eceoution, 
and local stress at the corners of the ports, may 
be reduced by bolting a deep cover, like a short 
cylinder with its two flanges tied together by ribs 
between the bolt-holes, to the cylinder flanges. 
The difficulty of designing cylinders for high pressures 
and temperatures is much enhanced by attempting 
to combine valve-chest, steam and exhaust passages, 
and cylinder in a single casting. It is far better to make 
cylinders plain tubes, or plain tubes with nozzles near the 
ends, and to carry the valves in suitable gable ends, cylin- 
der-covers, or valve-chests bolted to the flanges on the 
barrels. The arrangement allows the barrel to be made 
of hard metal, giving an index number of about 40 when 
tested by Shore’s scleroscope; while the more complicated 
castings, containing barrel, valve-chests, and p 
cannot be made with metal giving a higher number than 
about 36. Moreover, the distortions produced by tempe- 
rature, and by the growth of grey cast irons under tempe- 
ratures as low as 500 deg. Fahr., imperatively demand the 
very simplest forms. 

Damage by Water.—Leaving cylinder design, I now 
wish to say a few words about breakdowns from 
water. Water is seldom carried over from boilers in 
sufficient quantity to cause damaye when steam-pipes 
are properly laid, as shown in Figs. 14 a 15, 
with a continuous fall from the boiler junction - valve 
tu a well-pipe or separator near the cylinder, and a 
continuous rise from the separator to the engine stop- 
valve, which should be at the highest point of the pipe, 
and as near to the cylinder as possible. Pipes with ver- 
tical bends (Fig. 16) are apt to harbour water when 
only a light breeze of steam is blowing through them, 
and this water is carried forward in gulps when the breeze 
becomes a hurricane. But even these gulps seldom do 
damage, except when they get into the upper ends of 
vertical cylinders, the exhaust ports of which are shut 
before the end of the up stroke, or into horizontal cylin- 
ders with the exhaust-ports on the top. Generally the 


water causing breakdowns comes from jet-condensers, 
when an engine is running slowly, and the injection cock 
has not been shut, or the vacuum destroyed. The flow 
into a jet-condenser depends upon the vacuum therein, 
the flow out of it upon the speed of the air-pump ; and it 
may easily happen, when an air-pump is running slowly, 
that more water may enter the condenser than the air- 
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not permit of going into this point now in further 
dota. 

Pistons and Piston-Rods.—Previous to 1899 break- 
downs originating in pistons averaged 2 5 per cent. of the 
total breakdowns. Since then the average has been 4.8. 
The rise came suddenly soon after the rise of steam 
pressure to 160 Ib., but I do not know that there is any 
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pump can discharge, in which case the excess first fills 
the exhaust-pipe and then runs into the cylinder. For 
this reason, when the air-pump is driven by the main 
engine, the vacuum should always be destroyed by letting 
air into the condenser before beginning to shut off steam ; 
and when it is driven by an independent engine this 
engine should be started ore, and stopped after, the 
main engine. It is often extremely interesting to dis- 





cover how water has got into a cylinder, but time will 
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connection between the two. During the last three 
— 47 per cent. of these breakages have been caused 

y stray screws, or bolts, or broken rings, 17 per cent. by 
water, and the rest in various ways. When the substi- 
tution of plain pistons, with cast-iron rings sprung into 
grooves, for pistons with junk-rings and fancy packings 
ns eee breakdowns from piston breakages will be 


ved. 
Breakages of piston-rods occur nearly always at the 
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cotter-holes at the cross-head end, and are due to con- 
centration of stress at the edges of the cotter-holes, as 
explained by Dr. Unwin on page 223 of Part II. of his 
7 hine ign,” 1912 edition. I endorse his expla- 
nation, and Figs. 17 and 18 atford convincing proof that 
cotters do bend in the way indicated by the drawing in 
his book. These figures are from photographs of two pairs 
of folding-wedges from the piston-rods of two old beam- 
engines after exhibitions of water in the cylinder. I 
would have shown single cotters, such as are generally 
used, but I, unfortunately, have none by me at the 
moment; moreover, I 
are not preferable to single cotters, because a piece with 
parallel sides is easier to fit accurately than a tapering 
wedge ; but if they be used, it is clear that the position of 
the pieces shown on the screen should be reversed, the 
broad piece should bear on the rod, and the narrow on 
the crosshead. 


Fig. wROUGHT-IRON SHAFTS. 


25. STEEL SHAFTS. 


Millvons of Revolutions 





6000 -—«B000 m000—~*«C*RRODO 44.000 
(20614) Stresses, Lb per gin 
WMA 1888 Fig. 28. WMA 
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am not sure that folding-wedges | 





tion of jaws, Fig. 20, long enough to hold at least one of 
the brasses, for palms, Fig. 19. Rods like Fig. 19 should 
be taboo, for it is easy to imagine the effect of a cross- 
bending stress if there be any wear or slackness. 
Bolts of small engines are more heavily strained by this 
stress than large, because the ratio of their length to 
their diameter cubed is greater. For connecting-rod 
bolts wrought iron is a safer material than steel. 
Open straps, Fig. 21, secured by gibs and cotters are 
but little safer than marine ends. The jaws of the 
cotters wear, the straps open under the cross- bending 
stress produced by the inertia of the rod, and break, 
generally through the oil-hole, Fracture almost invari- 
ably begins on the inside surface, and when it has 
extended a certain distance, often not far enough to be 
visible above the flange of the brass, the strap breaks and 
opens out. Never trust a strap till you have seen the 
inside surface. Open straps should kept closed on 
the butts of the rods by bolts in place of, or in addition 
to, the gibs. 

Of the three forms, the box end, Fig. 22, is undoubtedly 
the most reliable. Fractures, when they occur, usually 
commence, as in the straps, on the inside surface at the 
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Fig. 26. 
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Connecting- Rods.—Fractures in connecting-rods oce™r 
generally at the ends which couple the rods to the crank- 
pins, or crosshead centres ; sometimes in the forks, when 
rp em ends are forked ; and rarely in the bodies 
Of the rods. 

The commonest types of end are: the box end or closed 
eye, Fig. 22; the open strap secured by gib and cotter, 


ig. 21; and the marine end with cap and bolts, Figs. 
19 and 20. Of the three the marine end, Figs. 19 and 20, 
18, In my experience, the least safe, because of the 
frequent break: of the cap-bolts, usually at the 


‘ ages 
junction of the head and shank, or at the screw thread. 
The a causes of these brea! are: repetitions 
of stress or blows, abrupt changes of form, cross-bending 
stresses produced by the inertia of the rods. The anti- 
dotes are : for the first, probably spare bolts, to give 
alternate periods of rest and service. Annealing is risky 
in unskilled hands. For the second, large fillets at 


junctions of heads and shanks, gradual reductions of | fi 


diameters in shanks, and threads with rounder roots 
than the British standards; but fillets, cones, &c., at 
changes of section must be very neatly finished where 
they merge into the cylindrical parts, and threads very 
carefully chased, especially in steel, to leave nothing in 
the nature of cuts or scratches to initiate cracks. 

stiffer palms and caps are often needed to prevent deforma- 
tions, which would be apparent on reference to an india- 


rubber model, and t i tress 
ome side of the tat caer concentration of s' on 


For the third, bolts with areas instead of diameters, | F 


approximating to half those of the rods and the substitu- 








though such were nct unusual ; but the fillets provided, 
fy in. to 4 in. radius, are too small to be effective. Both 
pins were of steel. The fractures were due to bending 
stresses. They commenced at the parts of the circum- 
ference nearest to, and furthest from, the crank-shaft, 
| and extended inwards, as shown on the shaded part of 
G, Fig. 23. The lives of these pins were 14}, and 104 
| million revolutions, and the bending stresses 17,500 
and 11,500 Ib. per sq. in. respectively. 

| The breakage of H may have been entirely due to 
| the abrupt change of diameter from 6} in. to 7 in., 
| for piston-rods in direct tensile stress will break with 
a smaller change than is shown inI, Fig. 23; but prob- 
ably it was started by the shearing action of the edges 
of the crank-eye when cooling and contracting upon 
the pin. The failure of the pin J can be attributed 
to nothing else but shear. It was made of steel, of 
60,000 lb. tensile strength, 294 r cent. extension 
in 6 in., 60 per cent. contraction of area, and a strip, 
cub out of it after the breakdown, was bent cold 
nearly double without cracking. It broke under a stress 
of 9400 lb. per o 2 after 5} million revolutiens. I 
think the crank-shafts K (Fig. 23) and L are similar 
cases. The stresses and lives were : for K, 8200 lb. per 
sq. in. and 17 million revolutions; and L, 5000 Ib. ry 
sq. in. and 218 million revolutions; the longer life of L 
was due to the lower stress, and probably to a lower 
pressure exerted by the crank in cooling. I do not think 
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hole for the lubricator, but extend slowly enough to be 
discovered before the rod gets free. Among more than 
6000 breakdowns of engines of various kinds I can only 
find one where fracture of a wrought-iron or steel box-end 
caused damage to an engine, and this was the fault of the 
engine-tenter, for the fracture had been visible on the 
outside surface of the end as far as the lubricator-hole 
some time before the rod gave way. Z 
Crank-Pins.—The history of grank-pins has been very 
like that of cylinders, showing a rising percentage of 
breakages, culminating in the five years 1894-1898, and 
then falling. The rise was due to bad designing, im- 
proper methods of fixing, and empresas the fall to 
the more general adoption of the right method of fixing, 
combined with reduction of stress. In my early days 
stresses of 12,000 to 14,000 lb. per sq. in. were common, 
and stresses of 50 per cent. higher were frequently 
met with. Samples of the old designs and methods of 
xing are shown in Fig. 23. In Fig. 23, A, B, C and D 
are examples of pins with conical or cylindrical shanks 
fitted into the cranks and secured by riveting, 
screws and nuts, or cotters. They usually broke inside 
the crank-eyes, because the fit was not accurate enough 
to prevent slight movements, which wore and 
the ends of the crank-eyes next the journals, thus throw- 
ing back the point of support and increasing the bend- 
ing moments. It will be noticed that the pins were put 
usually in from the faces of the cranks, so that they could 
come out and wreck the engine when they broke. EF and 
are also typical —-> They have not sharp 
corners at the junctions of the journals with the collar, 


Fie. 31. 


the effect of the pressure of sharp edges, or even of 
scratches in starting skin-cracks in steel, or the almost 
inevitable extension of such cracks under recurrent 
stresses, is sufficiently appreciated. About scratches I 
shall say a few wo presently. Of shrinkage, I say 
without hesitation that the portion of the internal anger 
upon which an external piece is to contract should be of 
larger diameter than the adjacent portions, and that the 
external piece should entirely cover the enlarged portion 
of the internal. M (Fig. 23) shows how a crank-pin 
should be put in, while N and O show the proper method 
of shrinking a piece upon a shaft. It is to the adoption 
of this principle by many engine-makers, combined with 
reduction of working stress to 8000 lb, or 9000 lb. per 
sq. in., that the reduction in the number of crank-pin 
b must be attributed. The failure — inP 
is one of those things “‘ no feller can understand.” ; 
Crank-Shafts.—The majority of mill-engines have plain 
shafts with overhung cranks carried in two bearings. In 
1879 these shafts, except a few old ones of cast iron and 
a few new ones of steel, were of wrought iron. Now 
nearly all are of mild steel. I think mostof the breakages 
may & ascribed to gradual disintegration by wear and 
tear, and vibration of spur-gearing, or to the extension 
of small flaws or cracks existing in the interior of the 
shaft when new, or developed upon the surface afterwards 
by chilling it when hot. The duration of life measured 
in revolutions of the engine undoubtedly bears some 
relation to the stress, but it is uncertain what this relation 
is. I have been able to get fairly reliable information 
about a certain number of broken shafts, and from it I 
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have plotted the points shown on the two diagrams, Figs 
24 ont 25. Fig. 24 refers to wrought iron, Fig. 25 to mild- 
steel shafts. In both, the abscisse represent stresses 
calculated by Rankine’s formula, and the ordinates length 
of life in millions of revolutions of the nee. Beyond 
a general tendency to abbreviation of life by increase of 
stress, the spots show nothing, and I fear effects of 
repetitions of stress are here, and in similar statistics 
always will be, obscured by the other causes of breakage 
I have mentioned, and the difficulty of getting accurate in- 
formation about shafts which have worked for many years. 
I would like to describe a few breakages of crank-shafts. 
The first case is one of the disintegration of a cast-iron 
shaft by wear and tear. The dimensions of the shaft are 
shown in Fig. 26. It belonged to a pair of beam engines, 
and was put in, with them, in 1850. In 1900 there were 
several slight longitudinal cracks in both necks, and in 
the left-hand neck one 14 in. long, which was said to 
have been visible for srenty ears. On April 7, 1910, 
this neck got hot, and the mi to be stopped to allow 
it to cool, On April 8 it ran hot in, and was 
examined in the evening, when, besides the 14-in. crack, 
twenty-four other well-defined cracks of various lengths, 
up to 54 in., were visible, all longitudinal in direction and 
situated near the middle of the bearing. It then trans- 
pired that the neck had been hot in 1908, and had been 
cooled with water. It was therefore doubtful whether 
the cracks were more t' surface cracks caused by the 
water ; but having rd to the age of the shaft, its re- 
placement was advised. The decision was justified when 
the shaft was broken under the tup. The fracture sur- 
faces, showr in Fig. 27, did not coincide with any of the 
longitudinal superficial cracks, but were transverse and 
diagonal. The new and white fractures were caused b 
the tup, while the dark old fractures, blackened by oil, 
were very considerable in extent, and showed the disin- 
tegration of the interior of the shaft by age and wear. 
The + neck showed similar black and white areas 
when broken. Some particulars of the life of the shaft, 
so far as they could be ascertained, may be of interest :— 





1850 to | 1878 to | 1897 to 
1878. | 1897." | 1910. 


Millions of revolutions .. a ae 





70 | 76 41 
Initial load on piston... . ib.| 90,000 | 56,500 51,000 
Bending stress on neck, lb. per 8q.in.| 3,650 | 2,270 | 2,060 
on p at cut-off oe --| 76,500 | 36,800 | 33,960 
Bending stress equivalent to bending | 
and torsion by Rankine’s formula) 
Ib. per sq. in.) 3,750 | 1,980 | 1,580 


* Mill sto) one year during this period. 

Total te as? million revolutions. Average stress, 2700 Ib. 
per 8q. in. 

Fig. 28 shows the gradual destruction of a wrought- 
iron shaft twenty - eight years old, during the last 
four years of its life. The first crack, probably the 
opening of a cinder mark or imperfect weld in the 
forging, was seen in the left-hand neck in October, 1888. 
The development during the following three years is 
shown in the figure. In 1892 it had further extended, 
and there was another crack im the right-hand neck, 
of the development of which I have no record. The 
cracks shown the full lines are on the part of the cir- 
cumference furthest from the crank-pin, those shown by 
the dotted lines on the part nearest the —_ y e 
stress in the shaft was 8500 lb. per sq. in., and the life 123 
million revolutions. 

When speaking of crank-pins, I referred to the effect 
of soratches or skin cracks upon steel, and 1 want to 
illustrate this point. Fig. 29 shows the crank-shaft of 
a pair of McNanghted -engines runnin 


at 32 
revolutions per minute. After the shaft had work 
nine years, a very interesting crack ap; in one of 


the necks, as shown in Fig. 29. For a length of 
it was absolutely straight, without the ja ‘ 
a crack usually presents, and followed the line of a cir- 
cumferential scratch, such as might have been made by a 
knife held against the revolving shaft. At either end it 
branched off diagonally for a length of 24 in., each exten- 
sion having the normal a nee of a crack. I marked 
it with a centre-punch, and let the engine run on. It ran 
for four months, and then the crack n to extend so 
rapidly that the shaft was thought to be unsafe, and was 
replaced. The stress on the neck was about 7500 lb. per 
sq. in., and the life of the shaft only 514 million revo- 
lutions. 

Fig. 30 shows a piece cut from the neck of a steel 
shaft, after the shaft had been broken bya tup. The 
shaft was probably new in 1893. The neck was 134 in. 
in diameter and 26 in. long. Test-pieces cut from 
the broken shaft gave a tensile strength of 25.7 tons per 
sq. in., a yield-point of 14.3 tons per sq. in., an elonga- 
tion of 404 per cent. in 2 in., and a contraction of area of 
60.3 per cent. In 1905 the neck was free from cracks, but 
in 1908, when the next examination was made, there were 
a number of fine marks like scratches, principally in a 
circumferential direction, as clean as if cut with a knife. 
One in particular, about 7 in. from the fly-wheel end of 
the neck, was 18 in. long. As the marks were so fine and 
clean, it was hoped that they were nothing more than 
scratches, or, at most, skin cracks orought out by heating. 
and as the shaft was very lightly stressed, only about 
4500 Ib. per eq. in., it was allo to run on. A few 
days later, however, the engine had to be stopped, as 
black oil appeared inside the bore. The long crack was 
then found to have extended almost continuously round 
the neck, a | one or other of the circumferential 
scratches. Fig. 31 shows a piece broken off the shaft 
and magnified about four times, which clearly shows how 
the small surface scratches were eating into the steel. 
The cause of the scratches could not be ascertained. _ 

Spur Gearing.—About 1879, when horizontal engines 


oa 





of 800 to 1200 indicated horse-power began to replace 
beam-engines of half that power in cotton-mills, ‘when 
pitch-line were rising from 1800 ft. to 2300 ft. per 
minute, loads on teeth from 10,000 lb. to 18,000 lb., and 
gear ratios from 2} tol, to 3 or 3} to 1, an epidemic of 
breakages of r-gear setin. Some 20 per cent. of the 
engine breakdowns were breakages of spur-wheels on 
engine crank-shafts, and the pe driven by these 
wheels broke almost as frequently. Many of these break- 
downs were due to i larities of pitch, twisted teeth, 
sinuosities of pitch circles, concentration of pressure on 
the end of teeth through movement of the crank-shaft, 
back-lash from the momentum of rope-drums on second- 
motion shafts, and other faults of ne see ge and use 
common to old-pattern moulded wheels and to old engines. 
But the damage was not confined to these. y new 
wheels, as good as mechanical skill could make them, 
with teeth moulded by machinery, spur-runs cast in 
pons ew circles, and machined inte y, carried on 
crank-shafts held in pedestals, with brasses adjustable 
horizontally as well as vertically, broke also. 

These breakages were usually attributed to “‘vibration,” 
‘wear and tear,” ‘‘teeth bearing up to points,” and similar 
effects of a cause ignored or not discerned. That cause, 
in my opinion, was the use of teeth too long and 


Fig 32 
A 





2 y 


G 
thtéddééete LK 


KS 


(3861. P) 


too wide to “correspond with their environment,” 
the most important fact of that ‘‘environment” being 
the unavoidable motion of the engine crank-shafts on 
which the driving-wheels were hung. 
I will try with the aid of Figs. 32 to 35 to make this clear. 
ig. 32 represents three teeth A, B, C of a spur-wheel 
geared with three teeth D, E, F of a pinion. The teeth 
are sup to be cycloidal, for involute teeth have not 
found favour with makers of main driving-gear. Their 
length is exaggerated to make this illustration clear. 
Similar profiles can be set out, according to the rules in 
the books, to provide three points of contact z, y, z, and 
three teeth to carry the load They look very pretty 
upon paper, but they will not work if the spur-wheel A, 
B, C be forced towards the pinion D, E, F dy the motion 
of the shaft. The contact at y ceases. The pressure is 
taken off Band concentrated upon the points of the teeth 
C and D, and there intensified enormously by the 
forcible retardation of the driving-wheel or acceleration 
of the pinion. And even if the crank-shaft could be held 
absolutely steady, the same effect might be produced if 
the teeth came from the mould full at the points, or if the 
pitch-line had ud places, both common defects in 
uncut wheels. If, however, the faces of the teeth were 
cut away sufficiently to limit the contact to the imme- 
diate neighbourhood of the pitch-point y, the motion 
of the wheel towards the pinion would simply cause the 
tooth B to slide on E without strain or change of 
angular —. And of all intermediate positions 
of the point of contact it may be said that the further 
it moves from the pitch-point the more destructive 
become the effects of shaft a, incorrect tooth 
forms, or sinuosities of pitch lines and conversely the 
shorter the path of contact the less the mischief resulting 
from these unavoidable irregularities. Experience 
has led millwrights to the same conclusion, for they 
invariably set out wheel teeth so fine at the points and 
roots that they bear on only near the pitch line 
when new, and when through wear the bright bearing 
surfaces extend to the points of the teeth, they chip the 
points to avert the damage just ref to. 

The question is, why do they leave surfaces which 
are not used when the teeth are new and which have to 
be chipped off when the teeth are old? I never could 





get a satisfactory answer. Neither, as far as I know, 
would wheelmakers cut short their teeth till 1888, when 
a firm of engineers consented to make a pair of wheels 
with short teeth, Fig. 33, for their own shop engine. 
These wheels must have felt like the first lady who 
ap d in public minus a crinoline, so greatly did they 
differ from the fashion of their day. They had 49 and 
47 teeth 2§-in. pitch, }§ in. long and 4} in. wide, the 
ratio of length to pitch being 0.36. With fixed centres 
and accurate moulding teeth } in. long would have kept 
contact. These wheels held their grease well and ran 
smoothly till the engine was replaced in 1892. They 
were but small, and running at a low speed (1080 ft. 
per minute), but they were more convincing than 
arguments or drawings, because they were made of cast 
iron and could be seen at work. 

ae and 35 show what they accomplished in a few 
months. The former shows the teeth of a wheel and pinion 
= in in November, 1888, after two other sets of gearin 

ad been destroyed in the space of eleven years. The teet 
were 4}j-in. pitch, 3} in. long, and 19 in. wide, while 
the distance between the centres of the shaft-bearin 
was only 664 in. With these dimensions and a pitch- 
line speed of 2410 ft. per minute, the motion of the crank- 
shaft threw the whole load of 16,400 Ib. upon the corners 
of the teeth and drove the points of the pinion-teeth into 
the flanks of the wheel-teeth with jar and vibration 
sufficient to break one of the segments in the following 

rch. Then more teeth were cracked and more segments 
broken, and it became necessary to replace the entire 
rim. The new rim was made of steel, with teeth of the 
same pitch and breadth as the old, but 2,5, in. instead of 
3? in. long, Fig. 35. They would have been better 1} in. 
long. The tcoth of an engine driving-wheel is a cantilever 
whose strength varies not as pitch? x width + length, 
but as pitch + length, because, with a short and moving 
crank-shaft, 7 little, if any, strength is gained by 
making the width of a tooth more than one pitch. Thus 
a reduction of length to 14 in. would have permitted a 
reduction of pitch to 3} in., an increase in the number 
of teeth in both wheels, a shortening of the necessary 
path of contact, and, if three pitches be considered a 
sufficient width for the teeth of one engine driving- 
wheel, as I think it is, less concentration of pressure on 
the corners from the lifting of the shaft. 

Some people consider double-helica] teeth stronger than 
straight teeth. This isa delusion. Width for width of 
wheel-face, they are much weaker, because, owing to the 
lifting and end-long motion of crank-shafts, the pressure 
never acts on both treads at the same time unless pro- 
vision be made for allowing the pinion-shaft to move 
end-ways, and even then the force required to overcome 
the inertia of the pinion, and its shaft, adds seriously to 
the pressure on the teeth. ere is another cause of 
destructive vibration—namely, irregularity of pitch and 
jo gy of pitch of wheel and pinion. The first is 
seldom important in mathionanenliied wheels, and can 

nerally be rendered innocuous by chipping and filing. 

he second, depending upon the contraction of the 
castings, can — be remedied by gearing the wheels 
more or ae, Sates than was intended by the designer. 
In my opinion both wheels of a pair should have pitch 
circles turned on both sides of the rims, with radii pro- 
portional to the number of teeth in each, whether they be 
the radii marked on the drawing or not. The wheels 
should be i to these circles and kept there. The 
change of the position of the pitch-point on the profile will 
not materially affect the velocity ratio if the teeth be 
short. The fashionable length of teeth is now 0.45 to 0.55 
of the pitch, instead of 0.66 to 0.75 as formerly, and it 
—_ be reduced still more with advan’ in many cases. 
should like to have said something about the break- 
ages of spur-wheels other than breakages of teeth, but as 
most of the breakdowns of these wheels originate in the 
teeth, it seemed best to devote the time available exclu- 
sively tothem. The breakages of spur-gearings are now 
10 per cent. of the total breakdowns. reduction in 
the percentage from 20 to 10 is principally due to the 
supersession of gearing by ropes. The improvements in 
design and workmanship have done little more than 
enable wheels to live under conditions which the old 
wheels could not have faced. Butthey have done some- 
thing, and the substitution of steel for iron, of cut or 
milled for moulded teeth, and of shorter teeth and corre- 
spondingly finer pitches, will do a little more, but I doubt 
if it will ever be possible to transmit more than, say, 
1200 horse-power from the crank-shaft of a steam-engine 
by yyy 

I have now touched briefly, I could not do more, on 
the principal breakages of most of the important parts 
of a steam-engine except the beams, gudgeons, and 
parallel motions and other parts peculiar to beam- 
engines ; and as these are becoming obsolete, I have left 
them out. I will, however, conclude with an anecdote 
relating to a beam-engine. Beams, ‘‘ walking beams 
as they are sometimes called, are usually broken by water 
in the cylinder or some other extraneous cause, but some- 
times they fail gradually from old age, the signs of failure 
being the appearance of small cracks sometimes in the 
flanges, sometimes in the webs. A beam in North-Fast 
Lancashire began to develop such cracks; they were 
pointed out to the owner of the engine, their import was 
— to him, and he was advised to replace the beam. 
After listening attentively and in silence to the explana- 
tion, he got up, put on his hat, and said: ‘‘ Mister, them 
cracks be nowt ; I shan’t put in no new beam. Why’t has 
nowt to do but wag up and doon.” 





Our Rats Asroap.—An active external demand was 
noted for British rails in January, the shipments for the 
month having been 57,904 tons, as compared with 35,523 
tons and 35,658 tons in January, 1913, and January, 1912, 
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ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE ACT OF 1907. 
‘The number of views given in the Specification Drawings is stated 
Se ey Sed cae © cancel Ge tpedadion oat 


from abroad, the Names, &c., 


in italics. 
obtained at the Patent Office, Sales 
265, Buildings, Chancery-lane, W.C., at 
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The date of atesrtioement of the esastanse of « Complete 
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the advertioonent % the of a Complete Specification, 
ive notice at the Patent O, opposition to the grant of a 
Datent on any of the grow in the Act. 


ELECTRICAL APPARATUS. 
2 Sir O. J. Lodge and L. 
tors. 


Lodge, Bagbasten. 
= n Insula’ (2 ao Ry. 9, 1912.— 
This invention relates to electrical insu especially those for 
high-tension currents. For many purposes, as in the precipitation 
of fume, smoke, mist, &., it is "y to insulate a conductor 
tential, and avoid as far as possible surface 
leakage. ly is this the case in dealing with hot gases 
eostening moisture or other conducting vapours, which are 
liable to condense on.the cold surface of the insulator. In many 
cases this layer of conducting matter is deposited so quickly 
that ordinary insulators would be quite useless. According to 
this invention, therefore, the surface of the insulator, or part of 
it, is kept sufficiently hot to prevent such condensation on its 
surface. In the first illustration, 1 may be a chamber in which, 
for instance, tar is to be separated electrically from coal-gas, a 
process in which great difficulty is encountered through the rapid 
‘deposition of moist tar on the insulators. 2 is the conductor by 





at very 
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which a nigh-tension discharge is conveyed to the interior of the 
chamber. This is supported in an insulator consisting of two 
concentric tubes 3, 4 of insulating material, the inner tube 
projecting at both ends beyond the outer tube and being joined 
solidly to the latter at its top as at 5. The lower part of the 
insulator projects into the chamber, in the cover of which it 
is suitably fastened. 7 is an ann gas-burner surrounding 
the tube 4 immediately outside the chamber1. The flames of 
this burner heat the outer tube strongly, and sufficient heat is 
conveyed to the inner tube to raise, at any rate, a portion of it 
to a temperature above that at which deposition oceurs. Thusa 
part, at least, of the insulator is kept entirely free from all depo- 
sition of matter, while the less heated portion, thouzh it suffers 
some deposition of tar, is kept free from moisture and, therefore, 
in a thoroughly insulating condition. In the construction of 
Fig. 2, the burner 7 is replaced by a coiled pipe 8, through which 
‘steam is conveyed. (Accepted December 17, 1913.) 


14,310/13. W. A. Childs, and the Reason Manu- 
fact Company, Limited, ton. Ei 

lytic Meters. (4 Figs.) June 20, 1913.—This inventiou relates 
to improvements in or connec with mercury electrolytic 
m2ters of what is known as the Wright type, and it is icu- 
larly, but not exclusively, applicable to the form specified in the 
Specification accompanying the Letters Patent No. 26,863 of the 
year 1902, granted to Arthur Wright. In meters of this type 
having an annular anode and a cylindrical surface - tension 
grid, it has sometimes happened when the meter has been 



































the anode, and 5 is the cathode. The meter proper is mounted 
in a cradle 6, Sa ne which is a cross-bar 7, by means 
of which the cradle with the meter is suspended by the helical 
spring 8 from the bar 9 carried by the containing-box. In the 
lower part of the containing-box there are mounted in a hori- 
zontal position two light helical springs 10, 10 (shown more clearly 
in the detail plan, 

of the cradle plays between these springs, so that they gently limit 
the swinging movement of the meter and prevent its attaining 
sufficient amplitude for the meter to knock against the walls of 
the container-box or to cause an undue amount of mercury to 
flow from the anode-feeder out into the anode-chamber. If and 
when it is desired that the meter be rigidly mounted in its 
box, the meter in its cradle is pulled down against the action of 
the suspension-spring 8 until the holes in the lugs 12 of the cradle 
coincide with the hole in lug 13 mounted on the box, in which 
or the projection 11 will have entered the orifice in the 
ug 14, which is mounted on the box. A screw is then passed 
through the holes in + 12 and screwed into the hole in lug 13, 
and the meter is thus held rigidly in position. This position is 
sufficiently indicated by the dotted lines in Figs. 1 and 2. 
(Accepted December 17, 1913.) 


15,523/13. Crompton and Co., Limited, and H. 

Chelmsford. Synchronous Motors. [1 Fig.) 
July 5, 1913.—This invention relates to polyphase alternating- 
current synchronous motors of the t in which the arma- 
ture is provided with a main al -current winding and 
with a small continuous-current excitation winding with commu- 
tator and brush- , the etic field be! common to both 
windings ; and the invention for its object means for starting 
uy and synchronising such machines under load. According to 
the invention, the field-magnet of the machine is provided with a 
distributed closed - circuit winding of the continuous-current 
armature type so arranged as to be capab‘e of performing two 
functions ; that is to say, of serving as the secondary when the 
machine is starting up as an induction motor and as a field-winding 
when the machine is up to speed. A is a small continuous-current 
armature winding, which is fitted with a commutator upon which 
the brushes H, H! bear, and which is used for supplying the field- 
winding with exciting current. B is the alternating-current 
armature winding, which is provided with slip-rings D!, D®, D® 
connected to the supply mains X, Y, and Z respectively. Cis a 
distributed closed-circuit winding of the continuous-current arma- 
upon the field- et and provided with two 


ture ¢; arranged 
tte e tappings E! and 


pairs of tappings E}, 


and F!, F2 resp2ctively, 
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E? being arranged at 90 electrical degrees from the tappings F!, F2 
and the tapping E! or F! being arranged at 180 el di 

from mete pa te ed tappings E2 or F2, The tappings Fi, 
connected with the brushes H and H! respectively. G! is a variable 
ce, which is across the tappings E!, E?, 
and G2 is a similar resistance arranged across the tappings Fi, Fe 
and in series with the continuous-current winding A. By means 
of these connections the winding C is caused to operate as a two- 
alternating-current winding. The machine is started up 
asan induction-motor, during which time the winding C is used 
as asecondary. As the machine speeds up, the resistances G!, G2 
are ee, short-circuited, and when the speed is near 
synchronism the current generated in the winding C is sufficient 
to pull the machine into step. When the machine is up to 
sp2ed and ruoning as a synchronous machine, the resistances 
GI, G2 are ae aged short-circuited, and the winding O serves 
as a field-winding, being supplied with continuous current from 
the winding A; and it will be observed that when the resist- 
ances are finally short-circuited the ti are suitable for 
direct-current excitation, the tappings E!, E® b ing points 
of equal poteatial. It will also be observed that the starting 
up is effected without changing any of the secondary circuits. 


(Accepted December 17, 1913.) 
paseens. H. W. A. H. Dyin, and 
w. London. Resonance-Opera —— 
ratus, [1 Fig.) July 24, 1913.—In Specification No. 1395, of 1913, 
the applicants described a means of compensating a resonance- 
operated apparatus in which each different movement of the 
control part is actuated by a different circuit in resonance for a 
different frequency. The invention, the subject of this applica- 
tion, is an improvement in or modification of that descri in 
the above-mentioned specification. Referring to the drawing, 
the solenoid E! and the condenser K! are in resonance for a 
frequency F1, and the solenoid E2 and the condenser K?2 are in 
for ther frequency F2. Each of the two solenoids 
E! and E2 act on opposite ends A, B of the armature pivoted at a 
point ©. It is required that such a relay or resonance 
mechanism shall be insensitive to a frequency F, which is in 
general lower than the resonance frequencies F!,F*. In the 
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above-mentioned specification this end was attained by —— 
Fe. 














sating each of the resonance circuits so that the solenoids E 
exert tically no force on the armat at the freq y F. 
A to the present invention, the relations of the various 
Gapee axe oo odpuney Cet af h forces are exerted by E! and 
on the armature at frequency F, the sum of the moments of 
all the forces about the fulcrum C is practically zero. This 
method of compensating the double resonance-operated mechanism 
may take various forms. For instance, if the distances from the 
fulcrum C to the point of attraction on the two sides be equal, the 
first consiste in making the attractive forces of the two solenoids 
equal at the frequency F. The attractive force, of course, 
unequal at the resonance frequencies F! and F2. A 

form, applicable when the attractive forces are not equal 

at the aency F, is to so choose the distances on the two sides 











. 3). The projection 11 at the lower end | the fulcrum 
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it is ble - “ 
ope’ mec! so that it will be highh nsitiv 
resonance frequencies F! and F?, but will be rete snadected 
by the frequency F. (Accepted December 24, 1913.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
28,693/12. C. Y. t, Coventry. Internal-Com- 
Engines. [1 Fig.) bers, 1912.—This inven- 

tion relates to sleeve-valve internal-combustion engines. The 
long sleeve-valve t; of such engines is quite well known, and in 
usual constructions the sleeve is subjected to the friction of 
the piston rings. It has been proposed to provide a short sleeve 
— around the combustion-chamber and carrying a port 
at its lower end, the piston just entering this sleeve and covering 
port when is at the top of its stroke and the sleeve 


erefore in a sleeve-valve 
internal-combustion engine having a combustion-chamber com- 
posed during the wi of the that the combustion- 
chamber is sealed, cf a head, a sleeve-valve, and a piston, the 
sleeve and the piston rings being so correlated that these rings 
do not come into contact with the sleeve. In carrying this inven- 
tion into effect in the form illustrated, a sleeve-valve a is provided 


pe meee w= 


k 





working over a fixed head } and containing ports c and d for inlet 
and exhaust respectively, which are adapted to be brought into 
communication pave e and f in a surrounding cylinder 
casing g at the desired period bya motion derived from the com- 


pou of two ximately simple harmonic motions of 
crank-shaft and half crank-shaft tively. The internal 
diameter of the sleeve a is equal to that of the lower part A of the 


cylinder-casing, so that the ton can travel over both, the 


cylinder being stepped to a larger bore at its upper portion. 
The piston j is preferably of the trunk type, heving tn & only 
around its lower part below the g -pin, and the inter- 


relation of j and sleeve a on their respective travels is such 
that the upper portion of the piston is within the sleeve for a con- 
siderable portion of the stroke, and the rings on the piston travel 
only on the surface of the cylinder, and on the power stroke the 
bottom edge of the valve is not exposed to the bustion space 
until after the re in the combustion-chamber is released. 
The sleeve a preferably carries a packing-ring / around its lower 
to prevent leakage of between it and the surround 

cylinder-casing. A convenient method of operating the sleeve 

to arrange the gear sv that the sleeve is at its highest position 
for inlet and lowest for exhaust. (Accepted December 24, 1913.) 


28,517/12. F. W. Lanchester and the Daimler 

q ited, Coventry. Detachable Road- 
Wheels. [5 Figs.) December 10, 1912.—The t invention 
relates to detachable road-wheels for autom>bile vehicles of the 
type in which an outer hub part is held to an inner hub part by 
a locking-ring. The invention consists in an oiling device con- 
structed so as to assist in holding the locking-ring in place, and 
constructed so that it must be removed before the wheel is 








detached, whereby neglect of lubrication is prevented. The 
invention further c in a detachable wheel, in which the 
outer hub part is attached to the inner hub mg and locked by 
means of a locking-ring, the end of the inner hub part having an 
oil-plug with a flange bearing on the er , such oil-plaug 
screwing into the inner hub with a thi of finer pitch Fwd 
or of opposite hand to, the of the locking-ring. In carrying 
the invention into effect as shown, the inner and outer hub 





of the fulcrum that the moment of the two attractive forces 


a, b are made of any suitable form, and in the centre of the inner 
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hub is an re c for oil, ada to be closed by a screw- 

lug’d. The Seneca e is ten tothe end of the inner 
But part, and ma Fe provided with the usual loc device f/. 
A further locking, however, is obtained by means of a ge g on 
the oil-and-grease plug d. (Accepted December 17, 1912.) 


PRINTING AND ALLIED MACHINERY. 


and Limited, 
25,240/13. Linotype 4 eo > : 
eath. ‘Set Prin Presses. [1 Fig.) 
November 14, 1912.—This invention re to improvements in 
rotary off-set oy agro ‘ - ~ ee paiae o 
> t ir o le 
colour or tor work o) oe es a 


ha ngs in conjunction with two plate-cy 
Gransten-eyl nders (each of the latter in ere contact with one 
of the plate-cylinders), two a anger fd inders, each co-operating 
with one of the transfer-cy and each alternatively co- - 
ing or not with the other of such impression-cylinders according to 
whether or not multi-colour printing is to be produced. In the 
press, as here illustrated, there are provided two plate-cylinders 
1, 2 and two transfer-cylinders 3, 4, each of the former in operative 
contact with one of the latter, and two impression-cylinders 5 
co-operating ively with the transfer-cylinders 3, 4, 
each alternatively co-operating or not with the other of such 
impression-cylinders according to whether or not multi-colour 
printing is to be produced. Each of the plate-cylinders 1, 2 is 
provided with any suitable arrangement of damping mechanism 7 
and inking mechanism 8. The four cylinders 1, 2, 3, 4 are mounted 
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in relatively stationary bearings in the side-frames of the press, 
and each of the impression-cylinders 5, 6 is mounted 80 as to 
capable of being moved off impression with the respective 
transfer-cylinder 8 or 4, and with the other of such impression- 
—T 9 is the feed-board, 10 the delivery mechanism, and 11 
the delivery-board. The impression-cylinders 5, 6 are each pro- 
vided with peat pi og: and when the press is being used for 
two-coloured work the impression-cylinder 5 is clothed with a 
rubber or equivalent off-set blanket, and this blanket receives a 
re-transferred impression from the transfer-cylinder 3, which had 
previously received it from the —— 1, and when the 
sheet is passed through the press it is successively en, d by the 
grippers of the impression-cylinders 5 and 6 respectively, and 
receives its first impression from the off-set blanket on the 
cylinder 5 during its passage between it and the companion 
impression-cylinder 6, and its second impression from the transfer- 
cylinder 4 while it is passing between that cylinder and the said 
impression-cylinder 6, the sheet being thereafter released by the 

ppers of the last-named cylinder and seized by the grippers of 
the delivery mechanism 10, whereby it is deposited on the 
delivery-board 11. (Accepted December 24, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


23,049/12. The Hon. Sir C. A. Parsons and A. Q. Car- 
negie, Newcastle-on-Tyne, and 8. S. Cook, Walisend- 
on-Tyne. Turbine Rotors. (6 Figs.) October 9, 1912.—This 
invention relates to the construction of rotors for turbines and the 
like. As at present constructed, such rotors are generally made 
from a weldle:s steel tube, or are machined out of a steel ingot, pro- 
cesses which are extremely costly, ly in the case of stepped 
rotors. The invention consists in a turbine or like rotor com- 

rising a plurality of channel-section members suitably attached 
bo one another and to the rotor-shaft. In the inven- 
tion into effect according to one construction, and as illustrated 
in Fig. 1, the short members a, having a surface ) forming part 
of the total cylindrical surface of the rotor, are tubular, and 
have inwardly - projecting circumferential flanges c. Such 
members are preferably made by bending sheet-metal of channel- 
section into ring formation so that the flanges project inwardly 
and extend circumferentially. The ring is then completed by 
welding the ends of the sheet together by the oxy-acetylene or 





other known process, after which the ring is accurately 
machined, the flange-faces being either plain or recessed to form 
spigots. The short members or rings ave then bolted or riveted 
together, as shown at d, toform along tube with inwardly-project- 
ing ribs, the members being preferably so that the ied 
joints of adjacent members do not come into line with one 
another, by which means increased strength of the structure 
as a whole is obtained independently of the strength of the 
— —— Ma net there is — pam awh - ——— 

8, or between pairs or groups of rings, a e e, ng 
a central opening which is waally celnteveed, for instance, by 
an angle-ring g, and may be mounted upon a hub ny 
tightly on the rotor-shaft &, or screwed to an enlarged part o 
It is not essential, however, that all the 

shaft, clearance 


secured to the shaft by screwed rings / holding them against 
shoulders. The intervening discs ¢ are preferably of strength 
sufficient to support the entire circumferential portion of the 


drum independently of its circumferential strength, so that, for 
example, in the case of a faulty weld of any one ring the struc- 
ture will still be strong enough to withstand all stresses to which 
it is subjected. (Accepted December 17, 1913.) 
22,305/12. C. D. McCourt and Radiant Heating, 
London. Heating Fluids. (2 Figs.) October 1, 
1912.—This invention has reference to the g of fluids in 
which use is made of heat developed by the process of com 
tion known as surface combustion, the ishing feature of 
which is that a homogeneous explosive mixture of fuel, such as gas 
and air, in the proper proportions for complete combustion (or 
with air in slight excess thereof) is caused to burn without flame 
in contact with a refractory incandescent mass or solid... In 
accordance with this invention, the fluid to be heated is caused to 
pass through a mass or bed of re material in such relation 
with the heated refractory pa | or bed that the heat, or some of 
the heat, devel in the said refractory body or bed is thereby 
imparted to the fluid, and in order that the fluid to be heated may 
traverse the ap; path, motion is imparted to it by sub- 
jecting it to pressure or suction by means of a fan, pump, com- 
ressor, or Other pressure or vacuum-producing means. One 
orm of apparatus illustrating the present invention is shown 





mainly in section in the accompanying drawing. As therein 
shown, the fluid to be heated is drawn or forced into the heater 
at inlet a, and passes out at outlet / after traversing a bed or 
body of refractory material contained within one or more tubes 
or conduits c, which tubes or duits are sur ded or enve- 
loped more or less completely by a refractory bed or body ein 
which the heatisdeveloped. Two of such tubes or conduits c are 
shown in the drawing, and these are connected by means of one or 
more pipe-coils d, which are bedded in or sur ded by 
the refractory bed or body ¢, and may themselves be packed with 
or contain refractory material. Heat is developed in the refrac- 
tory bed or body e by the introduction either of hot gases derived 
from asurface combustion apparatus through the inlet ports /, 
which gases, after the heat has been extracted from them, leave 
the > by the outlet ports g, or of a combustible mixture 
which is burned within or upon the refractory bed or body ¢, the 
products of bustion leaving the structure after giving up 
their heat mainly or in part to the fluid to be heated. (Accepted 
December 17, 1913.) 


1322/13. J. E. L. O; Liscard. Steam and 
Vacuum Traps. [1 Fig.) January 16, 1913.—This invention 
relates to steam and vacuum traps or fluid dischargers, and has 
for its object to provide an improved form of trap of the float 
type, adapted to work either under a vacuum or under pressure 
conditions. The invention consists in the combination with a 
chamber or vessel, of a rising and falling float ‘adapted to actuate 
valves for raising or for reducing the pressure upon the float and 
the liquid in said chamber, the said float serving as an insulator 
between vapour and liquid. The 45 a sectional eleva- 
tion of a steam and vacuum trap or fluid-discharger constructed 
in one convenient form in accordance with this invention. The 
float-chamber a is made of oe suitable form, and provides an 
inlet 6 and an outlet c, preferably at the lower end of the trap, 
although in the arrangement shown the inlet may be at the top 
of the trap. The float d is adapted to be an easy fit within the 
float-chamber, and slides upon a sleeve-like element ¢ or a rod, 

ided at its lower end by a pin / projecting into the chamber 

rom the bottom thereof, and at its upper end by the guide- 
— of a valve g, which is attached to the spindle or rod ¢. 

e valve g serves to control communication between the vacuum 
or vapour space of the system being drained and the float-cham- 
ber a. It has a cylindrical piston-like portion thereon, as shown, 











Z W L 
IY SE ee ASN 
YY Ya 


Y 


NN 


7 
j 
Y 








Ue 
ik 
% 
j 
j 
y 
Y 
y 
Y) 

j 

j 


Y} ” 
Cc rtrrcrrcd 





adjacent to the Lgutie-wings, and preferably, also, a conieal or 
mitre portion. e valve is actuated partly by the float d and 
partly by the difference of pressures at its two sides, as herein- 
after exp'ained. Adjacent to the valve g, which will be herein- 
after termed the equalising-valve, a second valve h is provided to 
control the flow of steam to the float-chamber a, the valve being 


| Operated by a rod or arm i co-operating with the equalising- 


valve g, so that the two valves act in unison. The operation of 
the trap is as follows:—Assuming that the trap is empty, the 
float d, which is of the closed type, will be at the bottom of the 
float-chamber a and will engage a stop j upon its central guidin 

sleeve or rod ¢, so as to open the equalising-valve g and simul- 
ae allow of the closing of the steam-valve A by the with- 
drawal of its operating-arm i from contact with the valve-stem ; 
the steam-valve is then closed by the steam pressure. Tne float- 
chamber is pow exhausted and under a vacuum, 80 
that the liquid can flow thereto 7 iy from the system 
being drained. As the flow-chamber fills, the float d rises 
and eventually engages the underside of the equalising- 
valve g or a part attached thereto, so as to ly close the 
valve for cutting off communication between the float-chamber 
and the vapour space of the vessel or system being drained. 





Simultaneously the arm i operating the steam-valve A ages 
the stem of t valve and raises it from its seat. The flost- 





chamber is then under steam pressure, and this results in 
the equalising-valve g being completely closed u its seat by 
the erence of pressure at its two sides. steam then 


presses upon the upper surface of the ficat d (the latter acting ae 
a piston and a non-conductor of heat between the steam ané 
water, yy the water from the trap through the out- 
let c. It will be readily understood that as the float isan easy 


Coon fit within the float-chamber, the steam obtains access to only a 


very small surface of water around the float, and thus economy 
of steam is ensured. Further, when the float is inits uw 

—_—s = _— of oe space, 20 that the dis- 
charge es pl promptly upon the nin the steam 
valve. The float d isa closed = onal conte ele, ous acts as 


an insulator for pieventing condensation of the steam by the 
relatively cold water in the trap. (Accepted December 17, 1913.) 


TEXTILE MACHINERY. 


28,009,12. The Fine Cotton S and Doublerg 
Association, Limited, and J.W. Lunn, Manchester. 
. [4 Figs.) December 5, 1912.—This in- 
a — 3 epee yo or pulley in — internal 
on @ loose ley engage through gearing car on a loose 
te or disc with @ gear-wheel fast on the shaft and co-axial 
erewith. The invention has been designed for carding-engi 
for reversing the cylinder for grinding, and consists in the con- 
struction and arrangement of parts for locking the loose disc te 
the gears for forward drive, and locking it against rotation for 
the reverse drive. The pulley or wheel A is constructed with 
internal teeth a, and concentric or co-axial therewith a toothed 
wheel + of smaller diameter is ted. The toothed wheel lL ie 
keyed to the cylinder shaft B, and is provided with an elongated 
or extended boss b!, on which the pulley A is mounted so as te 
be free to rotate thereon. A disc or 7 D concentric or co-axial 
with the pulley A and toothed wheel } is mounted on the shaft B 
at one side of the pulley and carries two or more studs c on 
which sets of -wheels C are mounted. Each set of gear 
wheels C is preferably composed of two gear-wheels ©! C2 affixed 
together, one of which engages with the internal teeth a of the 
pulley A, and the other with the toothed wheel b. The disc B 
































is provided with asemi-circular projection d around the cylinder 
shaft B, and the pedestal cap E of the shaft is made slidable ané 
provided with an extension ¢ to engage the semi-circular projec- 
tion d on the disc D. Two or more holes F are formed in the 
face of the disc D, and corresponding holes h are formed in the 
toothed wheel b. Each hole F is screwed, and has inserted 
therein a screw or plug /, the end of which engages with one of 
the holes A in the toothed wheel }, so that the disc D and whed 
h can be locked together. In operation, the fast pulley or wheel 
A is driven by a strap, chain, or gearing, and when it is desired 
to drive the shaft Bin the normal direction the screw, or pines j 
carried in the holes F on the disc D are inserted in the holes £ 
in the toothed wheel }, thus locking the wheel b and disc D to- 
gether, so that the whole of the gearing is carried round with 
the pulley A and the shaft Brotated in the same direction. When 
it is desired to reverse the direction of rotation of the shaft B, the 
pedestal cap E is moved into —— with the projection & 
on the disc D, so that the latter is prevented from rotating, and 
the screws f are withdrawn from the holes / in the toothed wheel 
b ; the toothed wheel now therefore receives its motion through 
the ring C, so that it and the shaft Bare rotated in an 
° tedirection to the pulley A. A! is the usual loose pulley 
of the carding-engine. (Accepted December 10, 1913.) 


8315/13. Wilding Brothers, Limited, and H. E. 
Parnaby, Preston. Looms. [4 Figs.) April 9, 1913.— 
The improvements relate to a mode of applying and regulating 
the tension on warp in looms for weaving, and have for their 
a to provide convenient and efficient means for the pu’ 

as hereinafter described. This invention consists in the provision 
of a cross-shaft, or equivalent, adapted to apply friction to the 
—— through radial arms, quadrants, discs, or the like, in 
combination with means for actuating such shaft, the ea‘d meane 
being adapted to be secured at various positions between the 
extremes of movement. a is the loom framing and 6 the warp- 
beam mounted thereon. The framing also supports the cross 
shaft c, shown mounted in bearings d onthe frame. Attached te 


at lly Fig. 2. 
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the shaft c are radial arms e connected through springs / to cords 
or bands g, which latter are passed about the grooves or pulleys 
b1 forming part of the warp-beam b, and are secured to the frame 
atg!. It will be seen that if the shaft c be slightly rotated in its 
bearings, the arms ¢ will correspondingly affect the drag of the 
bands g = the —— and so regulate the tension a 
desired. the form illustrated this operation of the shaft c is 
accomplished by means of the lever / secured to the shaft, and 
having near its w end a pawl j. This pawl engages a rack or 
notched surface formed, in the example shown, at one side of a 
slotted bracket k, which latter also serves to retain the lever & 
in tion laterally. The lever may, by this ratchet device, be 
locked at various positions, and hence the tension for the time 
being may be maintained. (Accepted December 17, 1913.) 
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Basin No. 3 originally had three large filling- 
| culverts on the south side, connecting it with the 
| tidal basin. These culverts were utilised in the 
| construction of Lock C, so that it was necessary to 
building new culverts, two in the 


NEW WORKS AT PORTSMOUTH 
DOCKYARD. 
(Continued from Page 208.) 
Tue Construction oF THE Locks. 





We this week illustrate on the present and 


the work of constructing the locks, of which draw- 
ings were reproduced with our previous article. 

it will be seen from Fig. 1, page 205 ante, that 
the new locks occupy the greater part of the site of 
Basin No. 3, originally 
works had to be constructed in the dry, it was neces- 


Fig.26. 


| replace them b 
rep 
_ north-west wall 
following pages, and on Plates XVIII. to XXI., | basin. They were constructed in o 


14 acres in area. As the 


and one in the north wall of the 
trench by 
the Admiralty staff; the inlets to the culverts in 
the harbour walls were pierced and the work com- 
pleted, inside portable box-dams, about 10 ft. wide, 
made of 4-in. VY-jointed sheeting on three sides 
and bottom, reaching above high-water level. These 
were built ‘complete, weighted, and lowered into 





Fic. 26. Section or Temporary Correrpam, 450 Fr. Lona. 


Fig .27. 


SECTION OF DAM 









Fie. 27. 


Section or Temporary Works 


sary first entirely to empty the basin by aid of the 
pumps of the main pumping -station. The two 
entrances to the basin—viz., the entrance connecting 
Basin No. 3 with the tidal basin on the south side, 
and the entrance connecting with Basin No. 4 on the 
east side—were closed by existing sliding caissons. 
The work of permanently closing the named 
entrance was executed by the Admiralty staff. This 
closure consisted of a concrete wall, deposited under 
water inside shuttering, on the outer side of the 
— = and A wae of the old entrance being 
and grooved as necessary to form footin 
an os for the inner work. The caisson ata er 
stage was broken up and removed, and the space 
between the back of the new wall and the south 
wall of lock C—the southernmost of the two new 
locks—filled in, 





Staging for Cranes & Railroads 


ror Removine Diviptne Watt or Basin. 


position against the walls, and the water pumped 
out. 

These preliminary works were completed during 
the early part of 1908, and in Au of that year a 
contract was entered into with Messrs. Morrison 
and Mason, Limited, of Glasgow, for the construc- 
tion of Lock O, the pumping-station, the new south 
wall, the east entrance to No. 3 Basin, and con- 
tingent works. For the contractors Mr. James 
Hendry acted as sub-agent and Mr. J. OC. Lowe as 
engineer. It was stipulated that the west, or outer, 
entrance of the lock should be completed early, to 
allow of the sliding caisson being built in position 
to form a dam. Thus, while the construction of the 
lock was proceeding, the work westwards of the 
entrance could be flooded to facilitate the removal 
of the old walls, dredging, &c, At the east end 4 


timber dam, 450 ft. long, was built in No. 4 Basin, 
to it of the completion of this end of the lock 
and of the construction of a new entrance to No. 3 
Basin, then contemplated. This dam is shown in 
section in Fig. 26, and consisted of 14-in. grooved 
and tongued piling, driven 17 ft. into the ground, 
and shored directly off the old walls. Each of the 
seven horizontal frames of the timbering was in- 
serted as the water inside was gradually lowered, 
eliminating diver’s work. On the completion of the 
dam the old caisson at the entrance connecting 
with Basin No. 4 on the east side, which had, so 
far, been keeping the works dry at this end, was 
broken up in situ and removed. Where the dam 
crossed the site of this entrance, there were inserted 
the raking timbers dotted on the section, instead of 
those which, in other were shored directly 
against the old wall. The type of floating boom 
and dolphin for the protection of this dam is also 
shown on the section, Fig. 26. 

Two timber dams were constructed at the west 
entrance to the locks to allow of the execution of 
the junctions of the north and south walls of the 
entrances with the existing outer walls of the basin. 
Special care had tc be observed in the construction 
of these dams, as they were against the tidal water 
of the harbour. In the case of the south dam a 
small ‘‘ blow” occurred under the sheet-piling. A 
subsidiary dam of spoil with a hearting of clay had 
been formed behind the timber dam, but the water 
admitted by the ‘‘blow” found its way round the 
sides of this dam, with the result that certain of the 
lower portions of the lock works were flooded, as the 
sliding caisson at that time was not finally down in 
its groove. Steps were at once taken to stop the 
“blow” by depositing dredged material from 
hoppers on the outside of the dam, and, fortunately, 
the inlet was by this means effectually closed before 
serious flooding had occurred. 

The work of building the walls and the floor of 
the lock was commenced as soon as Basin No. 3 was 
dried. The side walls were constructed in open tim- 
bered trenches from the bottom of the basin down 
to the formation level. In this connection a special 
difficulty was encountered in the case of the south 
wall, the trench for which was heavily surcharged 
by the weight of the old basin wall, and the tidal 
basin was also in close proximity for the greater 

rt of its length. In order to meet this difficulty 
interlocking steel piling was driven for the whole 
length of the new south wall of the lock before the 
excavation was commenced, and this proved suc- 
cessful in preventing any escape of material from 
under the old basin wall when the trench was 
excavated, which was done in short and alternate 
lengths. 

The walls having been constructed up to the level 
of the bottom of the basin, the floor was carried out 
in cross-trenches, 30 ft. wide, each in three voussoirs, 
as shown in Fig. 32, on Plate XIX. These were 
formed at 60-ft. intervals, the intermediate por 
tions being excavated and concreted after the 
concrete of the cross-trenches had thoroughly set. 
In each case the centre voussoir was executed first, 
followed by those on each side. The use of these 
cross-trenches was to afford additional support to 
the south wall of the lock, for the reasons already 
stated. The erection of the upper part of the walls 
proceeded in the usual way, and the section has 
already been referred to. The side walls are shown 
rer we for a great part of their length in Fig. 33, 
on Plate XIX. 


In March, 1910, it was decided to provide an 
additional dock on the north side of the new lock. 
This dock was designed for ultimate conversion into 
a lock, similar in all respects to the other lock. 
Approval for this conversion was received in March, 
1912, and the additional dock is now being com- 
pleted as Lock D. It is to be understood, of course, 
that both locks are fitted with keel-blocks, and are 
specially designed to be used as graving-docks in 
addition to their normal use as locks. The pro- 
vision of Lock D so reduced the area of Basin 
No. ‘3 that ite retention as a separate basin was 
abandoned, and it now forms an arm leading off the 
main basin. The new south wall to this arm has 
been built to provide a deep-water berth of similar 
length to the new locks. The construction of 
Lock D was carried out on similar lines to Lock C, 
with the exception that the sliding caisson at the 





west end was not required to be erected in situ, and 
the cross-trenches in the floor were not required. 
This floor was constructed as three monolithic vous- 
soirs, after the side walls had been brought up. to 
the Jevel of the basin bottom, the centre voussoir 
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being built in suitable lengths in a timbered trench 
extending from one end of the lock to the other. 
The side voussoirs were excavated after the centre 
mass had time to set, and were concreted in situ in 
suitable lengths. 

Fig. 34, on Plate XX., shows the construction of 
the side walls of Lock D in trenches before the 
commencement of the floor. To the right, in the 
foreground, is seen the north wall, roughly step 
back preparatory to building the masonry of that 

art of the wall; to the right, in the background, 
is the hoist, by which the excavated material was 
raised to about 15 ft. above the coping level of the 
lock, to enable tip-wagons to be run over barges 
lying alongside the harbour wall at any state of the 
tide. On the left, in the foreground, is the 
timbered trench for the south wall of the lock, 
and in the background will be discerned the back 
of the north wall of Lock C with the bollard founda- 
tions corbelled out. 

The final granolithic finish to the floors was 
not laid until the side walls were completed. 
This granolithic is 6 in. thick, laid in 9-ft. squares, 
with permanent zinc slips, and 1-in. diameter zinc 
tubes at each corner of each square, to serve as 
weep-holes and prevent any possible lifting of the 

ranolithic. Fig. 33, on Plate XIX., shows the 

nishing of the floor in progress. In this view, 
also, the pumping-station is seen to the right, and 
in the distance there is in progress the removal of 
the old wall of the basin inside the main dam. 

Fig. 28, on Plate X VITI., is a view from the top 
of the pumping-station, looking northwards across 
the two locks, over Whale Island towards Portsdown 
Hill, the harbour being to the left, and the basins 
in the dockyard to the right. This shows the state 
of the works in April, 1911; and in the foreground 
to the right is the old wharf wall being removed, 
and to the left the east end of the north wall of 
Lock C. Beyond is the old naval parade in the 
centre, and the trench for the new basin wall or 
head between Locks C and D. To the left of the 
centre, is the remainder of the dry basin and work 
in progress in trenches on the side wall of Lock D, 
where derrick cranes with long jibs are in use. 
These cranes were employed throughout the whole 
of the work, there being about forty in use at one 
time. 

The entrances to the locks were built up at the 
same time and in the same way as the side walls. 
With the exception of the sliding caisson of Lock ©, 
the whole of the caissons were completed at the 
makers’ works, towed round to Portsmouth, and 
floated into position. 

While the locks were being constructed, the 
foundations of the pumping-station were pushed on 
in preparation for the machinery. The main and 
drainage wells were built in one mass of concrete, 
from bottom to top, in a single timber trench. A 
view of the bottom of this trench at formation level 
is given in Fig. 36, on Plate XXI. As this view is 
from a photograph taken at a depth of 78 ft., it is 
of considerable interest. The setting of timber 
shown is the fifteenth from the top. All settings 
were of whole timbers spaced in about 10-ft. bays, 
each setting being supported on the next with 
timber puncheons, no king-piles being used. 


Removat or O_p Watts. 


The removal of the old walls was a more 
troublesome operation in many ways than the 
building. of the new work. This was mainly due to 
the fact that they were carried on innumerable 
bearing-piles which had to be cut away some feet 
below the foundation of the old wall. Many 
alternative methods were considered, and it was 
ultimately decided by the contractors to remove 
the old walls in short lengths, inside steel dams. 
Before the old walls were breached, the filling 
behind was excavated in the dry to a depth of 
about 30 ft., this depth being determined by the 
strength of the old wall unsupported at the back. 
This is shown in Fig. 35, on Plate XX. The view 
shows the excavation stepped down from a depth of 
30 ft. to formation level in the case of the west en- 
trance of Lock C. A notable feature is the extent 
of staging required for the construction of dams 
and removal of debris. Fig. 27, on the previous 

e, shows the section of a dam and staging behind 
it. After the excavation in the dry was completed 
and a staging built, the area inside the wall was 
flooded and steel piling driven outside and inside the 
old walls for the desired length, the return ends of 
these dams being framed of timber piling caulked 
against the old wall. The wall was of masonry, and 
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was demolished inside the dams in the usual way, the 
water being pumped down from time to time and 
settings of timber introduced as the work of demo- 
lition proceeded. After the wall was entirely re- 
moved and the bearing-piles cut away, the steel 
piles were withdrawn and used elsewhere. 

When a series of alternate sections of wall had 
thus been dealt with, the intervening lengths, 
which were left as islands, were taken in hand. In 
these cases the part of the wall left was entirely 
surrounded by steel sheathing, but otherwise the 
procedure was the same as before. On the final 
demolition of the wall and the removal of the 
dams and staging, the dumpling of clay behind the 
site of wall was removed by dredging. 

As regards the removal of the wall between the 
basins, a similar procedure was adopted. The 
section of the steel dams was practically the same 
as that adopted at the west entrance, and illus- 
trated in Fig. 27; but in this case the piles were 
50 ft. long instead of 62 ft. 6 in., and were of a 
lighter section. Fig. °S, «n Plate XXL, shows 
the excavation behind the walls, the piling and 
the temporary staging for the driving of the steel 
piles and for the accommodation of the cranes, 
&c. A view of two of these dams, showing the 
removal of the dividing walls of the basin, is shown 
in Fig. 39, on Plate I., the back row of steel 
piles seen being driven prior to the flooding of the 
area between the old walls. The average time taken 
for the removal of the wall was three to four weeks 
for a length of 120 ft. 

It says much for the piling in all the twenty-four 
dams that there was no mishap of any sort, in 
spite of the fact that the whole of the walls inside 
dams were removed by blasting. 

Fig. 30, on Plate XVIII., shows the lock com- 
pleted ready for flooding, while Fig. 31 illustrates 
the first ship entering Lock C on April 8, 1913, 
the battle-cruiser H.M.S. Princess Royal. 
is now nearing completion. 

Fig. 40, on the opposite page, shows the method 
of timbering employed in cases where the old walls 
of the basin had to be cut through to enable the 
new north wall of the lock to be constructed. 
Fig. 41 shows the timber gantry used in the 
removal of the old wall. 

The work at Portsmouth, under the Director of 
Works, has been carried out under the supervision 
of Mr. J. Brookes Hunt, M. Inst. C.E., Superin- 
tending Civil Engineer of the Dockyard, whose 
assistants were Mr. J. R. Sivess, M. Inst. C.E., 
civil engineer, and Mr. G. G. Sinclair, A.M. Inst. 
C.E., assistant civil engineer. The contractors’ 
agent during the earlier stages of the work was Mr. 
Hugh Crawford, and their engineer, Mr. James 
Waddell, M. Inst.C.E. On Mr. Crawford’s retire- 
ment, Mr. William Morrison, B.Sc., A.M. Inst. 
a became agent, and is now completing the 
work. 

(To be continued.) 





THE PANAMA CANAL.—No. X. 

In the various articles we have given in Enet- 
NEERING on the construction and equipment of the 
Panama Canal we have several times occasion 
to refer to the use of electric power and machines 
for working the machinery n for the 
operation of the locks, &c. The locks themselves, 
including the culvert arrangements, were described 
in the first article of this series.* The control- 
valves and their operating machines were illus- 
trated and described in Article No. II., in which also 
reference was made to the system of electrical and 
interlocking control which was to be adopted. The 
system of lock-gates was described in Article 

o. III., the operating mechanism in this case 
having been dealt with fully in an earlier article.t 
In Article No. IV. a description was given of the 
spillways, and of the electric-power installations 
and transmission system for the Zone. peas gear 
articles dealt with matters to which we n not 
now refer. It will be well, perhaps, for our pre- 
sent purpose if we just summarise the main 
features of the provisions made for electrical 


supply. 
The main generating plant is a hydro-electric 





* The articles of the present series have appeared in 
ENGINEERING, as follows:—No. L., 622; No. IL., 
page 689; No. ITT., page 761; No. IV., 831—all in 
vol. xev.; No. V., page 70; No. VI., page ; No. VIL., 
page 545—in vol. xevi.; No. VIII., page 39; No. IX., 
page 105 —in the t volume. 

See ENGINEERING, page 772, vol. xciy. 





station of 7500 k.v.a. capacity, situated at Gatun, 
while another, a steam plant, of 4500 k.v.a. 
capacity, for emergency, is situated at Mira- 
flores. These plants generate at 2200 volts. 
The main transmission, carried in double line 
across the Isthmus, is at 44,000 volts, with the 
necessary transformer plants stepping up at the 
two generating stations, and two stepping down 
at Cristobal and Balboa. In addition there are 
thirty-six transformer rooms at the locks, convert- 
ing from 2200 to 240 volts, for use in the operating 
machines, and three other transformer plants at 
the locks for providing 220-volt and 110-volt current 
for the control-bcards of which we give a descrip- 
tion below. Every possible provision has been 
made by the provision of duplicate plants and con- 
nections to ensure uninterrupted supply in case of 
failure of any portion. In the power plants and 
the four main transformer stations the oil-switches 
are solenoid-operated. In the transformer-rooms 
at the locks they are worked by hand. The 2200- 
volt switches have disconnecting switches. In the 
hand-operated switches the oil-switch and slate 
base are moved in vertical guides by a lever and 
toggle. Above is a stationary base carrying dis- 
connecting studs, to which the high-tension leads 
are brought. Blades above each oil-swiich form 
contacts with these studs. The oil-switch is latched 
when raised, and completely disconnected from 
the circuit when lowered. In the solenoid switches 
the solenoid is stationary, and link-gear allows 
for the movement of the oil-switch without discon- 
necting it. 

There will be altogether about 966 electric 
motors on the canal, but those employed directly 
in operating the locks will number 500, of a 
total horse-power of 12,020. These motors are 
employed for purposes already described in our 
— articles, as, for instance, moving the 
ock-gates, forcing the mitres, working the fender- 
chains, the Stoney gate or cylindrical and other 
sluice-valves, &c., in the culverts. The motors 
are started and controlled by contactor - panels 
located near them, the contactors of which handle 
the main motor currents. These contactors are 
controlled from a central control-house for each 
set of locks. The smaller motors, such as those 
of 7 horse-power, used for the cylindrical valves, 
the mitre-forcing gear, and the auxiliary culvert 
valves, are started by being thrown directly on the 
line, two double-pole contactors being used, one 
for forward and one for reverse. In the case of 
the larger motors, which, for the gate-moving 
mechanisms and the guard-valves, are of 25 horse- 
power, and for the fender-chain gear and Stoney 
gate-valves of 70 and 40 horse-power, a start- 
ing point with resistance in two legs of the 
three-phase circuit is provided. The contactors 
are alt operated from the central control by 
three wires—one forward, one reverse, and a 
common return. In the case of panels having a 
starting point, the period which the motor remains 
on the resistance is automatically controlled by a 
dashpot, so that the starting operation at the 
contro]-house is the same, simply energising a for- 
ward or reverse connection, as the case may be. 
Local control is also provided at the various 
machines, in case of failure of the central control 
mechanism. 

The operating mechanism of the gates has been 
already described, as also has the mitre-forcing gear. 
In addition to this machinery for the gates, provi- 
sion has been made for raising and lowering d- 
rails on the gates by electric motors. This is 
rendered ne , because the gates when opened 
are swung back into covered recesses, over which 
pass the tracks for the towing locomotives. When 
open, therefore, the hand-railshave to be lowered. 

his is done by a motor under the foot-walk on the 
top of each leaf, controlled from the lock-wall 
by a pedal controller. If the gates are closed 
and the hand-rails are down, the foot-push on 
being pressed raises, by means of these motors, the 
hand-rails on both the near and the far leaves. 
Similarly, depression of the push on either side of 
the lock lowers the rails on both leaves. If the 
hand-rails are left up, and the gates are to be 
opened from the control-house, they are auto- 
matically lowered in order to allow the gate to 
swing into the recess. On the gates being again 
closed, if the treadle has been depressed in the mean- 
time, the rails are automatically raised. The rails 
cannot be raised while the gates are open and swung 
in the recesses, and no harm results if the treadle 
is worked while the gates are in the closed position, 





The bulk of the machines are provided with 
limit-switches to prevent error in handling. This 
applies to the mitre-forcing gears, the chain-fender 
gears, and the valve-operating machines. These 
machines have been already adequately described 
in our columns, and we will ‘Genco proceed 
to deal with the central control. A brief summary 
of this system was given in HNGINEERING, vol. cxv., 

692. A control-house is provided at Gatun, 
at Pedro Miguel, and at Miraflores, situated in each 
case on the central wall dividing the pairs of locks. 
Though this position has been selected as naturally 
convenient, it has not been chosen mainly with the 
object. of giving a good view of the lock operations. 
Such a view, though naturally an advantage, is not 
deemed essential, since indicating mechanism is 
furnished in the control-house showing all move- 
ments. The control-houses contain horizontal con- 
trol-boards, on which are arranged all the control- 
handles and indicators, the board taking the form of a 
miniature oy gag: Se of thelocks. The board at 
Gatun is 64 ft. long, though it was originally decided 
to limit the length to 30 ft., that figure having ac- 
cordingly been given in one of our previous articles. 
The board at Pedro Miguel is 36 ft. long, and that 
at Miraflores 562 ft. long. A typical portion of a 
control-board is shown in Fig. 190, page 242. The 
top is 32 in. above the floor and 54 in. wide. The 
sides of the locks are represented by cast-iron 

lates, and the water-chambers of the locks b 

iue marble slabs. The top carries the control- 
handles, which operate through an angle of 90 deg., 
and in addition indicators showing the opening 
of the cylindrical and Stoney gate-valves, the 
height of water in the locks, &c. Small model leaves 
show each gate in plan, and working models of the 
chain-fenders are also provided at the proper places. 
These features will be clear on reference to Fig. 190. 
All the indicators and models follow and reproduce 
the conditions in the full-size lock exactly, except 
in certain casee, when an ‘‘open” or ‘‘cl +d 
indication suffices. In Fig. 190 the letters refer to 
the following indicators, &.: A the cylindrical- 
valve indicators for the middle wall culvert ; B the 
Stoney gate or rising stem-valve indicators ; O the 
water-level indicators ; D the chain-fender indica- 
tors; E the lock-gate indicators; F, F control- 
handles. 

The form of indication system adopted is of some 
interest. Step movements such as are obtainable 
with ratchets, &c., were ruled out as inadequate, 
and it was decided to develop an electrical system, 
involving altogether the use of 732 small indicator 
motors, as fitting better the requirements of the 
work. In the system evolved a complete sychron- 
ous indicator set consists of a transmitter, located at 
and driven by the operating machine whether in 
the case of the sluice-valves or other , and a 
receiver and indicator worked thereby in the 
control - house. Both the transmitter and the 
receiver have a stationary and a rotating part. The 
stators of the transmitter and of the receiver have 
three-phase windings, with leads from three corres- 
ponding equidistant points brought out and con- 
nected together, but not connected to an external 
source of power. The stators are merely energised 
by induction from the rotors. The rotors are 
bipolar, and are connected in multiple and ener- 
gised from a 110-volt 25-cycle single-phase source. 

When any of the lock machinery is operated the 
rotor of the transmitter, conn with that part, 
is moved on its axis, and produces a field in the 
transmitter stator polarised in the direction of the 
rotor axis, inducing voltage in the stator coils. 
This voltage is transmitted by the three-phase 
connections to the stator coils of the receiver in 
the control-house, and reproduces in them, but in 
the reverse direction, the same conditions of 
— and voltage. The rotor of the receiver, 

owever, is energised from the external source, in 
the same direction as the rotor of the transmitter, 
and is therefore reacted upon by the polarised 
receiver stator until the magnetic axes coincide, 
and the rotors of both transmitter and receiver are 
in the same relative position. Any difference in 
the position of either of the rotors causes a differ- 
ence of potential between the stator windings, 
with a consequent flow of current and resultant 
torque. This again moves the receiver rotor toa 
new position, following closely that of the move- 
ment of the transmitter rotor, thus reproducing by 
a continuous movement the motion of the main 
machine. 

The rotors of the transmitters, located in the 
machinery chambers of the lock-wall, are driven 
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by gearing and rack and pinion. ‘The rotor carries 
& pinion in mesh with a rack attached to a nut on a 
long fine-threaded screwed shaft, the latter being 
driven by gears from the main machinery or 
from the limit -switch lay-shaft. This system 
of drive is adopted in the case of the valves, the 
gate-operating machines, and the chain-fender gears. 
As the main machines operate motion is imparted to 
the transmitter rotor, but on so reduced a scale that 
for the whole movement of the main machinery the 
rotor is moved through less than 180 deg. At the 
control-board the resultant motion of the receiver 
rotors is transmitted to the indicators. In the case 
of the gates, as has already been mentioned, these 
consist of two small wings (E, Fig. 190), representing 
the gate-leaves in plan. They are pivoted on small 
vertical spindles extending down through the 
control-board top, and geared below to the receiver 
rotors by bevels. The chain-fender indicator (D, 
Fig. 190) is a small chain lowered into or raised 
froth a slot in the control-board top. The fender- 





and receiving rotors, and the required accuracy 
could not be secured. If, however, the rotors were 
revolved ten complete revolutions, the necessary 
accuracy was obtainable. An arrangement of this 
kind involving ten revolutions of the rotors would, 
by itself, make it possible for the rotors to be 
in synchronism every 180 deg., or twenty times 
in the ten turns, so that there would be great 
risk of an incorrect indication being given if by 
any mischance the transmitter rotor was turned 
more than half a revolution with the power off. 


evolved which amounts to two machines which must 
give approximately similar indications. There are 
two transmitters and two receivers. In one of 
each the rotor is revolved less than 180 deg., while 
in the other pair the rotors are turned ten revolu- 
tions. The former gives an approximation only, 
on account of the lag already referred to, the 
latter a fine indication of great accuracy. The fine 


index is a hollow cylinder carrying a pointer for | certain predeterminc | combinations of positions of 


machines. Mechanically connected with these 
vertical controller contact spindles is a mechanical 
interlocking system which prevents any undesir- 
able combinations of valve, gate, and other move- 
ments being made by the operator. The interlock- 
ing gear, moreover, makes it necessary to adhere 
to one predetermined sequence of operations, while 
one operator cannot interfere in the control of fhe 
twin channel. The interlocking gear consists 
essentially of horizontal and vertical arranged 


|in a vertical frame and fitted with interlocking 
To overcome this difficulty a combination has been | 


dogs. The system is similar, with certain modifi- 
cations to suit this particular application, to that 
adopted in interlocking railway signals. The hori- 
zontal bars are actuated by levers fixed to vertical 
shafts coupled by links and cranks to the con- 
troller contact spindles. No horizontal bar can 
move without moving a vertical bar, and unless 
the lock is off the latte: (1c controller-handle cannot 





be moved. For a vertical bar to be free to move, 
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chains are provided with paying-out and raising 
gear on both sides of the locks, and the indicator is 
therefore worked by two receivers. Each end of 
the miniature chain is attached to a lever worked 
through a geared quadrant by one receiver. The 
lever is prolonged to serve as a semaphore, so that 
an indication is secured of the relative behaviour of 
the machines on each side of the lock in question. 
The Stoney gate-valves in the main culverts occur 
in pairs, and the indicators (B, Fig. 190) for 
these consist of small cages raised or lowered 
inside a hollow column,, with an opal glass back and 
front. Two cages are placed —e in one 
column, one for each valve. The is marked 
with lines, which show the juarter, half, and three- 
quarter open positions, and a lamp placed below 
each column lights up the portion of the indicator 
below the cage, the upper portion remaining dark. 
Each cage is worked by a cord wound on a drum 
driven by gearing from the receiver rotor. 

The water-level indicators C are devised with a 
view to greater certainty of accurate contro] than 
is provided for in the case of those above described. 
The specifications called for indicators having an 
accuracy of ,}, of a foot, or 0.1 per cent. in the 
actual water level. In the system of transmitters 
and receivers described above, in which the rotors 
turn less than 180 deg., it was found that a certain 
amount of lag occurred between the transmitting 





reading off on the large vertical scales of the instru- 
ment shown in Fig. 191, page 243. The coarse 
indication is given by a ball working inside the fine 
index tube. The length of the fine index cylinder 
is such that, Te for the lag, the ball should be 
at a point inside the vertical length of the fine 
index cylinder. If the ball is outside that length, 
it would indicate that the fine index rotor was not 
properly representing the conditions. The coarse 
index thus serves as a check. 

The water-levels are taken in wells 36 in. square, 
in the lock walls, the floats used being of welded 
steel and of box form, 30 in. square by 9 in. deep 
(Fig. 192). From the float a phosphor-bronze band 
is carried over a studded pulley, the band being 
ames with holes corresponding with the studs. 

e pulley is carried on a shaft running in ball- 
beari and the two transmitter-rotors are driven 
throug ing by this means (Fig. 193). No 
synchronous ree Ta en are provided he the mitre- 
forcing machines, but the open and closed positions 
are shown by red and green lamps and a mecha- 
nical indicator on the control-board. 

The controller-handles F, F have marked positions 
showing ‘‘ open,” ‘“‘closed,” and ‘‘off.” The 
handles are attached to vertical spindles under- 
neath the control-board, and carrying the necessary 
contacts for the control-switches for the 220-volt 


a ME a tage ENT I A 6 INT 
Ph vee ee a 





25-cycle alternate-current supply for the operating 





ON THE PANAMA CANAL. 


the horizontal bars are required. The interlocking 
gear is thus made to cover all possibly dangerous 
manceuvres on the part of an operator, though in 
certain cases a special release is provided to enable 
exceptional conditions to be met with the consent 
of the chief operator. 

We will now refer to some of the interlocks 
which are arranged for. Reference to Fig. 194 will 
make some of these movements clear. This figure 
represents the central length of the Gatun locks, 
and is taken as typical of the whole series. 

In the first place, Nos. 4, 5, 6 and 7 represent 
chain-fender machines ahead of a set of guard-gates 
Aand lock-gates B. Interlocks prevent these chain- 
fenders being lowered until these guard-gates have 
been opened, and the fender is always raised and pro- 
tecting the gates when the latter are closed. h 
end of the fender-chain is interlocked with the gate 
leaf adjacent to it on its side of the lock only, 
because, as a rule, both leaves of a gate and both 
ends of the fender-chain will be operated simulta- 
neously. When the gates have been closed, the 
mitre-forcing machine is freed, so that it can be 
worked, but not before. If the mitre - forcing 
machine is open, the Stoney gate-valves in the 
culverts, either next below or above the zates in 
question, must be closed. Either one or the other 
of these sets of valves must therefore remain 
closed until the gate itself is closed. This prevents 
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the operator creating a current round the gates 
while they are open or being opened. This inter- 
lock refers only to the gate-valves in the side-wall 
culverts—e.q., Nos. 8, 9, 10, 11, &c. Those in the 
main-wall culverts—e.g., Nos. 2, 12, 37, 40—are 
required for use in connection with the locks on 
either side of the central wall, and therefore have 
to be free. 

Either pair of Stoney gate-valves may be opened 
first by the operator, an interlock coming into play 
as soon as the first valve of a second pair of dupli- 
cates is opened. This is done by an arrangement 
of equalising levers, which allow a certain amount 


the regular method of working, and result in 
unintentional flooding. There may be times, how- 
ever, when cross-filling will become necessary in 
order to economise water from Gatun Lake 
during the dry season. A releasing-key and Yale 
lock are provided to meet this contingency, the key 
remaining in the custody of the chief operator. In 
the use of the main-wall culvert the cylindrical 
valves on one side or the other—e.g., 13, 15, 17, 
&c., or 14, 16, 18, &c.—miust be opened before the 
Stoney gate-valves 2 and 12 can be opened, and the 
latter valves must be closed first. This is to ensure 
the regulation of the flow by means of the Stoney 





of lost motion, taken up on the opening of the first 





gate-valves rather than by the cylindrical valves. 


is true of the small auxiliary culvert-valves 1 and 3, 
&c., for filling the space between the main and 
guard-gates. In the case of a ae wae requirin 
the full 1000-ft. lock the interlocks on the gates é 
may be removed by a special releasing-key. 

To obviate the possibility of flooding a lock from 
one on the other side, or above via the lock on 
the other side, cross-interlocking is introduced 
between the Stoney gate-valves of the side walls 
and those of the middle wall, a lock length away. 
For instance, valves 33 and 38 are interlocked 
with 2 and12. This is necessary to prevent water 
from an upper lock flowing via the central wall 
culvert, if the cylindrical valves were open, across 
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pair of valves, and putting the interlocks into effect 
on the next pair. 
and 11 are opened, those a lock length down stream, 
Nos. 36 and 39, could not be opened, nor could the 
reverse operation take place ; while in addition, the 
valves corresponding to Nos. 9 and 11, a lock length 
up stream, are similarly interlocked. The operator 
is thus limited to mere the water between the 
locks, and cannot allow it to flow from an upper, past 
the intermediate, and into a lower lock, which opera- 
tion might result in flooding the lock-walls and 
machinery chambers. 

The cylindrical valves 13-26, 29, 30, &c., in the 
central wall culvert, which feeds both-of a pair of 
twin locks, are all interlocked, so that if those on 
one side are opened, those on the other are locked 
closed, and the opening of one valve on a side 
will lock the opposite ten. This prevents care- 
less cross-filling, which might be combined with 





' ~ 
%—! 








t Stoney Gate Valves. « Glundrical Valves. 


In most cases the locks are divided into two 


If, for instance, the valves 9| lengths by intermediate gates such as at C, Fig. 194. | lock below, possibly flooding it. 


This arrangement makes it necessary to divide the 
ten cylindrical valves to each lock in the middle- 
wall culvert into two sets of seven and three, for 
the long and short lengths. To enable this to be 
done a selecting-lever is provided, to be set in one 
of three positions, designated ‘‘three,” ‘‘seven,” 
or *‘ten.”” If this lever is placed at ‘‘three” for 
the small length, the ‘‘seven” group of valves is 
locked, and vice versd. 

There are Stoney gate-valves at the intermediate 
gates (Nos. 27, 28, &c.), but no interlocks are 
provided for these, = they will be used in an 
irregular manner, and no fixed sequence of o - 
tions can be laid down for them. They contpal the 
water-level only between sections of the same lock, 
and not between different levels, so that the need 
for the same safeguards does not exist. The same 
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the lock to the side wall culvert, and down into. the 
If the cylindrical 
| valves are closed, this interlock is not needed, and 
since such an interlock would interfere with the 
use of the valves for the twin-lock on the other 
side of the main wall, it is automatically re- 
moved when all ten cylindrical valves are closed, 
and is — again automatically when one or 
more of them are opened. v 

The control and interlocking gear, the machinery 
motors, sub-station and main generating equipment, 
transmission lines, &c., above described, have all 
been supplied by the General Electric Company, 
New York, U.S.A. 


British Locomotive Exports. — The past twelve 
months were # favourable period in the annals of our loco- 
motive export trade, the value of the engines and parts of 
engines shipped having Leen 2,783,874/. 
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Einzelkonstruktionen aus dem Maschinenbau. Herausge- 
geben von Ingenieur C. Voix. Erste Heft: Die 
Zylinder Ortsfester Dampfmaschinen. Von Oberin- 

nieur F. Frey. [Price 2.40 marks.) Zweites Heft : 
olben: I. Dampfmaschinen- wnd Geblisekolben. Von 
Ingenieur C. VoLK. IJ. Gasmaschinen- und Pumpen- 
kolben. Von A. Ecxarpt.  Betrie nieur der 
Gasmotorenfabrik Deutz. (Price 4 marks.) Drittes 
Heft: Zahnrider I. Teil Stirn- wnd Kegelrdder mit 


Geraden Ziihnen. Von Professor Dr. A. ScHIEBEL. 
[Price 3marks ] Berlin: Julius Springer. 
Tuese three Hefte or tracts are a very welcome 


addition to engineering literature. That they are 
in German does not make them less acceptable, 
but rather more so. For they are an agreeable 
sign. Everyone bas become accustomed to 
treatises in German on almost every conceivable 
subject ; four or five hundred pages on the govern- 
ing of engines have no terrors for the German 
reading public, larger subjects are treated as much 
in proportion as possible. In recent years, how- 
ever, there has been a noticeable change in German 

ublishing ; the leading mathematical publishers 

ave for some time issued tract-like publications 
on special — by and for specialists. .Such a 
system of publication has enormous advantages. 
In the first place, a man possessing a special know- 
ledge of, say, electrostatics, is not enticed into 
writing a treatise on physics; and, conversely, a 
reader need not buy five tomes on physics to have 
the latest work on electrostatics. There are many 
other reasons. No man can attend to many sub- 
jects nowadays without sacrificing efficiency ; no one 
can easily water the ground, after having first filled 
a pool. The narrower a man’s field of activity, the 
more easy it is for him to keep in touch with his 
fellow-workers. A tract dealing with a closely- 
limited range of knowledge is more adaptable and 
less cumbrous ; it can be reprinted, rewritten, and 
corrected with little trouble; it is easier to write 
and easier to sell; it is easier to read and easier to 
buy. The three Hefte before us are good examples 
of what can be done by specialists on special sub- 
jects. In each of them there is that firm grasp and 
vigorous handling which can never accompany de- 
fective knowledge. Machine-design is a subject of 
enormous scope and complexity, utterly beyond 
the range of any one individual, and therefore 
peculiarly suitable for subdivision and treatment 
in the tract or brochure form. It is on this account 
that we welcome the publication before us, and 
hope some English publisher may follow suit with 
a work on similar lines. 

I. Oylinders of Stationary Steam-Engines.— This, 
the first Heft, contains 40 pages and 109 illustra- 
tions. The first section sets out in very name 
fashion the guiding lines which must dominate al 
design. First come the various tricks and dodges 
by which a good cylinder casting may be ensured 
by making but trivial sacrifices to form. Similar 
modifications are indicated by which jigging, clamp- 
ing, tooling, and fitting may be greatly cheapened. 
The strength and deformation of cylinders is then 
treated, and a short discussion on the utilisation of 
heat in the ay enon cylinder is included. The 
author puts forward the opinion that the valve- 
gear affects the steam consumption only indirectly, 
and even this only in so far as it directs cylinder 
form, and consequently clearance volumes and 
surfaces. There can be little doubt that clearance 
effects are among the most important in all steam- 
engine economy. But this should not close our 
eyes to other important sources of loss. The 
enormous frictional work which may be expended 
on slide- valves of large area, and the leakage 
which, under certain conditions, can and does 
occur, are not factors to be cast on one side and 
neglected because other important causes of loss 
are present. From page 1( to page 15 is given a 
classification of the various kinds of cylinders, and 
the remainder of the Hef: is concerned with 
cylinder details. These are treated with German 
thoroughness, but not in a dull way. Various 
methods of cylinder lubrication, aging. warming, 
and draining are given, and such details as foot- 
brackets attachments to pipes and slide-bars 
are discussed in a very satisfactory manner. 
Although the tract is essentially of a special nature, 
and intended primarily for specialists, others will 
find it of value; temperature effects and diffe- 
rential expansions are common to many branches 
of engineering work, so are the problems involved 
in producing good castings and simply-machined 





These are ably treated by the author, 
whose tract is an excellent piece of work, well 
worthy of its position as first in the series. 

Second Heft: Pistons.—The first part of this 
tract deals, in 30 pages, with pistons for steam- 
engines and air-compressors. e various types of 
piston-rings and the various forms of pistons, as 
well as the dozen and one methods of attaching the 
piston to its rod, are given. A short discussion of 
the usual methods of arranging for the removal 
of the core is included, and some space is devoted 
to the general processes of manufacture. Thecon- 
cluding six pages of the section give, in a common- 
sense way, some semi-rational formule which serve 
to govern piston proportions. 

The second part, on pistons for gas-engines and 

jumps, occupies 40 pages, and gives some excellent 
illustrations of the t modern German practice, 
with semi-critical descriptive notes on various sys- 
tems of lubrication and water-cooling. Ingenious 
methods of taking up wear and locking against 
vibration should be of value and interest to en- 

ineers engaged in other branches of machine 

esign. An interesting feature of the second part 
of this tract is the tabular statement of the time 
required in the various machining operations in- 
volved in the manufacture of a piston. The writer 
is works manager at the well-known Deutz factory, 
so that the values given should be worthy of notice 
to manufacturers generally. Some notes on pattern- 
making and casting are given, as well as a few prac- 
tical points on pump leathers. 

Third Heft: Toothed Gearing.—Only the first 
part is before us, and it deals, in 72 es, with 
straight-toothed gearing ; presumably, helical and 
Citroen gears will be treated in a second part. 
This tract is rather orthodox and fairly com- 
plete. The ordinary theory is given, of course, 
which includes the cycloidal and involute forms, 
with the various approximations to them in 
common use. A few interesting pages are devoted 
to friction and wear of toothed wheels. The usual 
methods of gear manufacture are described, includ- 
ing milling, shaping, and -the rolling process, of 
which worm-wheel hobbing is a special and familiar 
case. The irregularities of motion produced by 
inaccurate gear-cutting are discussed. Here the 
inaccuracies are of the Fo wears sort ; the minute 
irregularities so elegantly treated by Sir Charles 
Parsons are not dealt with. Ordinary chapters 
on strength and construction, on built-up wheels, 
on wheels with wooden cogs and with pin teeth, on 
raw-hide and Grisson gears, complete the tract. 

We wish the series well, and hope for ite ampli- 
fication by numbers of equal quality to the three 
here reviewed. 


The Two Books on the Water Supply of the oy of Rome 
of Sextus Julius Frontinus. Ciemens HERSCHEL, 
Hydraulic Engineer. Second Edition. London: Long- 
mans, Green and Co. [Price 28s. net. ] 

Ir is not often that one who is not a classical 

scholar finds pleasure and recreation in the study 

of an old Latin MS., so little known that it has 
never been translated into English ; it is still more 
rare to find an American, who is by practice and 
profession engaged in the duties of an hydraulic 
engineer, delighting in antiquarian research con- 
nected with the Roman Campagna. The combina- 
tion is so unusual that we may well devote a little 
time to the study of this book, which first appeared 
twenty years ago. Mr. Herschel heads his work 
with a phrase from Virgil, which he translates, 

**everyone has his hobby.” It may be true, but all 

do not find their appropriate pastime, and few 

derive all the enjoyment from the pursuit they 
might. The author is to be congratulated that he 
found his hobby and knew that he had found it. 

This is shown by the thoroughness with which he 

devoted himself to the study of his treasure. He 

has worked at it for years, and has never grown 
weary. Some fresh detail has fascinated him, 
some curious suggestion has illuminated his task, 
and now that his acquaintance with the ancient 
author is complete, he offers to introduce him to 

a wider circle. 

How Mr. Herschel first heard of Frontinus we 
are not told. The meeting was probably accidental. 
Two translations existed, one in French, the other 
in German, and from these he found that the old 
author was dealing with blems that had long 
interested him Sr al and he was anxious 
to see how this surveyor and water commissioner of 
1800 years ago had solved substantially the same 
prubiems. Mr. Herschel was not a Latin scholar; 





like some more of us, he had forgotten nearly all 
the Latin he ever knew; but from these French 
and German versions he constructed an English 
translation. He was fortunate in selecting an 
author who had not greatly attracted scholars. He 
had not to decide betweon troublesome variants or 
conjectural readings. There was only one codex, 
and whatever its faults, they had to be accepted. 
He did not trouble himself greatly about the purity 
of the Latin ; the sense was clear to the expert, and 
where technical expressions might have troubled 
a Latinist, Mr. Herschel’s practical experience 
guided him to the correct meaning. This codex 
exists in a Benedictine monastery at Monte Casino, 
on the top of a mountain between Rome and Naples. 
Thither we may be sure the writer made a pilgrim- 

, and the brothers, archaic enough in some of 
their surroundings, were able to make a photo- 
graphic reproduction of the 23 pages of MS., of 
which the codex consists. The author’s love of 
his subject is shown by the faithful reproduction 
of these photographs, of which very few will read 
ten lines. Buthe has also printed the Latin out in 
full, and supplied an interleaved translation. 

Mr. Herschel has much to say about the writings 
of Frontinus and his career—his various activities 
brought him to Britain at one time—but we may 
cen over that, for the interest to us consists in 
istening to the comments of a modern engineer, as 
he examines attentively the work of the old Roman, 
and criticises the methods of organisation and 
working of a great commercial undertaking, on 
whose adequate management the comfort of a 
million of people depended. Our interest in the 
Romans has been a little overweighted on the 
literary side ; justice has scarcely been done to 
the practical, and we have not recognised how much 
they accomplished with rather inefficient tools. 
The problem of giving a constant supply of water 
to a large city from a distant intake was one 
that they solved, and solved satisfactorily. They 
did it as every good engineer would do it, 
by turning to the greatest possible advantage 
the material and facilities found at hand. They 
did not neglect the beautiful in design and 
tendency, but they understood the true business 
of the engineer—the art of directing the great 
sources of power in Nature for the use and con- 
venience of man. Mr. Herschel has rendered a 
very greatservice by illustrating the exact methods 
by which the Romans worked. With the skill of 
an expert he follows the proceedings, step by step, 
and the process is very illuminating. He examines 
the catchment area, that vast amphitheatre that 
surrounds Rome, comparing it with the rolling 
ae ge of Iowa and Illinois in his own land, a vast 
evel plain, shut in by distant mountains, to which 
it is necessary to look for an abundant supply, 
either from mountain streams like the Anio, the 
many springs, or the numerous lakes that now 
occupy the craters of once active volcanoes. Many 
miles from Rome, and without the aid of iron 
pipes, this water had to be brought by aqueducts. 
Across the Campagna stretches a ridge, that every 
competent engineer, ancient or modern, would 
utilise as the best possible line of construction, 
and along this route several of the nine aqueducts 
descri by Frontinus pursued approximately 
parallel paths, and in some cases identical, for on 
eye oy to the terminus they were piled on top of 
each other. The author has traced each one of these 
with scrupulous care, measured the head of water 
at the source, marked the amount and accuracy of 
the levelling, followed the tunnels by which the 
water was carried underground, as well as the 
‘*cut-and-cover ” work and the aqueduct properly 
so-called. He has identified the point of entrance 
into the city where the water was delivered into 
masonry reservoirs or delivery-tanks, whence it was 
carried by lead pipes to various places of water 
consumption. There does not seem to have been 
any house-to-house distribution. The people used 
only such water as was carried to their homes in 
jars on the heads of slaves and other carriers. 

Under his guidance we may see the inverted 
syphon at work distributing water, and the work- 
man making his lead pipe with a solder of lead, for 
the seamless drawn pipe was not known then ; but 
that the Romans knew how to make a joint is 
attested by the ure these pipes withstood 
under a considerable head of water. The Roman 
mechanic reached proficiency in many directions ; 
he knew the value of ‘‘pointed-up mortar ;” he 
was an adept in ‘* puddling with ashes” and other 
technical work, for which we are afraid he has not 
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been given credit, owing to the want of sufficiently 
critical examination of his work by expert witnesses. 

This rigorous survey, with accurate measurement 
of cross-sections, enables Mx. Herschel to correct 
some errors that have found their way into text- 
books, and have been repeated with parrot-like 
persistency. We can only allude to one, the prob- 
able daily delivery of water into Rome. Prony 
asserted, in 1807, that Rome received 50 million 
cubic feet of water daily, or 375 million gallons in 
twenty-four hours. ‘‘ This statement has appeared 
in every encyclopsedia since,” says Mr. Herschel, 
‘but it is absurd.” Unfortunately, the calcula- 
tion cannot be made very exact, because the Roman 
hydraulic engineer did not grasp one essential fact 
—the desirability of fitting size and cross-section 
to amount of slope, so as to produce a uniform dis- 
charge. Frontinus had an uncomfortable feeling 
that all was not well when he described his 
ajutages and their method of attachment, but he 
did not know either the source of the trouble or how 
to correct it. The ancient engineer had no other 
means of measurement of the content of a stream 
than by defining the area of cross-section. A 
square foot of water was all one to him, whether 
it was one of the eight square feet of cross- 
sectional area of a stream in a conduit, or 
one composed of the sum of 200 cross-sectional 
areas of small lead pipes out of delivery tanks. 
Frontinus’s stand of measurement was a 
quinaria, and the author concludes from what is 
known of the maximum discharge of Marcia at the 
intake, that when a pipe measuring 0.632 sq. in. 
was running at the rate of 3.25 ft. per second, 
it was discharginga quinaria of water. This would 
amount to 9250 allen per day, but from what 
we have said of relying simply on the measurement 
of cross-section, such a pipe would still furnish a 
quinaria, whether the velocity was only 2 ft. or 
1 ft. per second. The number of quinariw that 
Frontinus had at his command is known, and, sup- 
posing all the water to come in, he might reckon 
on some 80 million gallons per day. But this early 
Water Commissioner knew right well that he did 
not get his full harvest. Loud and deep are his 
complaints against the watermen who dodged him 
with the ajutages ; whether they knew the proper- 
ties of a Venturi pipe seems doubtéul, but they knew 
enough to cheat the Water Corporation. Leakages 
from the aqueducts must have been enormous, not 
to speak of unlawful drafts from them upon the 
way. Whatever else has altered, human nature 
has not, and Frontinus was as fully conscious of 
unlawful diversions of water as is the hydraulic 
engineer of to-day. 





Aviation: An Introduction to the Elements of Flight. By 
ALGERNON E. Berriman. London: Methuen and Co., 
Limited. [Price 10s. 6d. net.) 

THE Ce po of flight is so rapid that any book 
published about it is certain to be more or less out 
of date in a very short time, hence there must be a 
succession of new books dealing with it, for some 
time at least. While much has been written on 
the subject, there appears to be room for a book 
which not only deals with the state of the industry 
as it exists at present, but also the history of its 
development, and the volume now before us is 
intended to fulfil this want. 

The book consists of some 350 pages, and is 
divided into three parts. Contrary to the usual prac- 
tice, the author first deals with the flying-machine 
as it exists to-day, then with the history of the 
aeroplane, and lastly with the history of the balloon 
which preceded it. The reason why the author 
has taken this course appears to be that he considers 
it is much more interesting to consider the history 
of any new development after the principles on 
which success has depended are understood than 


before, and there is certainly a good deal to be said | 


in favour of this, though it appears to involve a 
certain want of order in some cases. 

In the first part the principles on which an aero- 
plane flies and is controlled are well set forth. In 
the second the work of Lilienthal, the Wrights, 
Voisin, Farman, Dunne, Wies and others is dealt 
with, and in the third the development from the 
very earliest efforts at balloons to the present-day 
flying-machines is outlined. 

In addition to this there are chapters on the 
military aeroplane trials of 1912, hydro-aeroplanes, 
&c., and a very considerable amount of information 
as to the lift and drift of different shaped planes, 
the resistance of struts, wires, and other pointe 
affecting the design of aeroplanes. - The book is 


illustrated by numerous photographs and diagrams, 
and certainly forms a very valuable addition to the 
literature on aviation. 
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Annuaire de UElectricité, 1914. Paris: La Lumiere 
Electrique. [Price 4 francs. } 

Rein -Concrete Railway Structures. By J. D. W. 
Batt. London: Constable and Co, [Price 8s. net. ] 
Beitrige zur Geschichte der Techmk wnd Industrie. 
Jahrbuch des Vereines Deutscher Ii jeure. By 
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SLIDE AND SCREW-CUTTING LATHE. 


SMALL lathes of general utility are liable to be 
overshadowed by the marvellously elaborated mechan- 
isms of the larger and more costly machine - tools 
which find their place in the great shops where auto- 
matic production ranks first in importance; the 
smaller lathes are found in the repair-shops and in the 
work-rooms of the little manufacturers, and in tool- 
rooms. Though of relatively small dimensions, many 
of these are very complete all-round tools, as indeed 
they must be to fulfil present-day requirements of 
general utility. Illustrative of machines of this class, 
we are enabled to give a photographic view and draw- 
ings, on 246 and O47, of a lathe by the Timbrell 


and Wright Machine-Tool and Engineering Company, 


der | Timited, of Birmingham. Although it has but 6}-in 


centres, it is fully equipped for sliding, surfacing, 
and screw - cutting, the changes of which are de- 
rived from the nest design of gear- box below the 
headstock. 

The bed, as shown in Figs. 2 to 5, is of the boxed 
form, with a solid-plated top, having oval openings, 
through which the cuttings can fall into the tray 
below through the lower openings seen, both sets of 
openings being also ribbed, to compensate for the 
metal removed. The bed is also stiffened with cross 
girts. An unusual element is included, in the form 
of a rib or tongue A (Fig. 5) running —o front 
edge: with a view to give an additional guidance to the 

idle—it serves the purpose of a narrow guide—and 
to reduce any tendency to twist. Below it is a tongue 
to which the rack is attached. The lubricant which 
drops into the tray can be drawn off through the 
receptacle at one end, towards which the tray 
slopes. The cabinet leg to the left is fitted as a tool 


cu , 
The cone-pulley drive and the eccentric back gear 
are retained. i . 6, 7, and 8 show how the 
headstock casting is curved upwards stiffly to hug 
the cone pulley. The general proportions are massive 
for a 6}-in. centre lathe. The hollow spindle will 
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Tue “Express” Business Rererence-Book.—This 
very handy business encyclopedia is compi by Mr. 
Charles Cameron and a staff of experts, is published 
at the price of 1s, by Messrs. Gall and Inglis, 31, 
Henrietta - street, Strand, London, W.C. t gives, 

alphabetically and in a very concise form, a 
very | amount of information on general i 
financial, book-k: ing, commerce, shipping, law expres- 
sions, &c. The book is interleaved throughout for writing 





down private It also contains useful con- 
version tables. 


Analysis of the Cylinder Performance of Reciprocating P 





admit bars up to 14 in. in diameter; its outside 
diameter measures 2§ in. Its front bearing, of 
hosphor-bronze, is 2g in. in diameter by 44 in. 
ong. Lock-nuts at the rear take up end wear, and 
end thrust is taken by the steel washers at the front 
(Fig. 8), hardened and ground. Sixteen spindle speeds 
are obtainable through the cone pulleys and the back 
, with a two-speed counte t. The provision 
f locking the cones to the front gear will be noticed. 
Fig. 9 shows the spring locking-pin. Also that for 
locking the eccentric back gears in or out with a spring 
lunger moving in the — (Fig. 8), seen in 
bout view in Fig. 10. The provisions for locking the 
reversing motions to the lead-screw or feed-shaft are 
seen in Figs. 6 and 11, the reversing gears being 
enclosed within the head, Fig. 7. The reversing lever, 
seen in Fig. 1, has a spring-pin which enters the three 
notches } in the quadrant-piece in Fig. 6 for forward, 
reverse, and no-gear positions. G B, B are fitted 
over the front and back gears. The difference in the 
width of face of the front and the hinder gears, in 
roportion to the stresses to which they are subjected, 
will be observed in Fig. 8. 

in Figs. 12 to 20 the details of the geared drive to 
the lead-screw and feed-shaft are given. It takes 
place through the Hendey-Norton type of nest-gears, 
oe eight changes either for screw-cutting or 
eeding, ides which four others are provided in 
gears - on the swing-frame, givin forty in all 
available for either kind of drive, but which are multi- 
plied six times for the feed. 

Tracing these out in the illustrations, the nest of 
eight gears is keyed on the shaft C, 1 in. in diameter, 
Figs. 12 and 14, which is in line with the feed-shaft 
D clutched to it. Another shaft E, Fig. 15, key- 

ved, j in. in diameter, around the end of which 
the —— F,  ¥ 16 and 17, is pivoted, carries 
@ 16-toothed pinion on a sleeve, on which sleeve 
the locking spring-lever H with its loose pinion J of 
30 teeth, always in mesh with G, is carried on a pin, 
the whole being slid along the key-grooved shaft E 
into either of the positions which correspond with the 
nest of eight gears in Fig. 12, each gear having its own 
locking-hole above. ither of the eight different 
speeds transmitted thus to the 16-toothed pinion G is 
communicated to the gears K, L of 22 teeth each on 
the ends of the lead-screw M and feed-rod D, by means 
of the lever N, Figs. 12, 13, and 18, which slides the 
splined clutches O, Figs. 19 and 20, into en ment 
with the screw, or the rod. In the illustration, Fig, 12, 
the lever is in the middle position, and neither Tak 
serew nor feed-shaft are operative. By comparing 
the views, Figs. 12 and 13, it will be obvious also 
that the act of sliding either one clutch in throws the 
other out. By 2 reiagaem | drivers and driven as 
given on the To and reproduced in Table L., 
on the swing-plate F at the end of the bed (Figs. 16 
and 17), the combinations shown can be hiatal. By 
— swing-plate on the end of the shaft C, in 
i th the feed-shaft, gears for sorews of any pitch 
can be set up by calculation as on an ordinary 
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63-IN.-CENTRE SLIDING, SURFACING, AND SCREW-CUTTING LATHE. 
CONSTRUCTED BY THE TIMBRELL AND WRIGHT MACHINE-TOOL AND ENGINEERING COMPANY, LIMITED, BIRMINGHAM. 
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DETAILS OF 6}-IN..CENTRE SLIDING, SURFACING, AND SCREW-CUTTING LATHE. 


CONSTRUCTED BY THE TIMBRELL AND WRIGHT MACHINE-TOOL AND ENGINEERING COMPANY, LIMITED, BIRMINGHAM. 
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lathe. But the combinations shown on the table 
cover all the threads in common use. 


TasLe I.—Table vA Screw-ThreadsjObtainable 
on 64-In. Lathe. 


Wheels on End of Bed. 
Threads per Inch. 











Drivers. | Driven. 
#8 4 13) 2| 24 28] on] of! 3| 3 
60 30 af 4 it ‘| 5 | 5h) 6) af 
30 30 7 8 9 9/10 11 | 12/18 
30 60 14 16/18 19 |20 (22 , 24 | 26 
a iz 28 32/36 38 |40 | 44 | 48 | 52 


Feed six times the above. 


Passing to the apron and its mechanism, the eleva- 
tion, _— and end view respectively, Figs. 21, 22, 
and 23, will be sufficient to render the action evident 
without giving the whole of the details. The lead- 
screw is en, between top and bottom half nuts 
P,Q, Figs. 24 and 25, with plates having oval holes 
which are moved in unison to or close by the 
eccentric pin, Fig. 26, and a handle, Fig. 1, and seen 
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below, Fig. 21, the plates of the nuts sliding in the 
oblong opening, as seen at P, Q, in Fig. 22. 

The centre of the feed-shaft is 5 in. below the 
centre of the screw, Fig. 23. It is splined to receive 
the sliding pinion R, Fig. 28, of 20 teeth and 10 d.p., 
which engages with the 80-toothed.wheel 8S, Figs. 22 
and 28, from whence the sliding and surfacing motions 


are driven. The motions can be disen at the 
saddle by moving a handle T, Fig. » which, 
through an eccentric pin, Fig. 29, ing through 
the boss U, actuates a plate, Fig. 30, an thence a 


clutch-fork, Me 31, embracing the sliding bevel-pinion 
R, Fig. 28.  spring-pin in the bondi T, Fig. 27, 
entering into countersunk holes in the quadrant 
facing W, locks the pinion in its in or out positions. 
At the same time the plate V by its movement locks 
or releases the clasp-nuts by the movement of one of 
its pins in the slot seen in the plate of the lower nut Q, 


— 

the shaft which carries the bevel-wheel S a spur- 
pinion X, of 20 teeth of 10 d.p., is keyed. This drives 
through a 40-toothed Y to a 20-toothed pinion Z 
on the same shaft, which pinion meshes both with an 
80-toothed gear AA that drives the sliding feed, and 





























a 54-gear BB which drives to the surfacing feed. The 
80 and 54 gears are each put into action with a cone 
friction, pulled in respectively by the screwed buttons 
CC and DD at the front of the apron. On the 
shaft of the 80 gear is a 20-toothed pinion EE, which 
drives an 80-toothed gear FF on the shaft of the 
rack pinion GG. Hand-rack adjustment is from 
the hand-wheel HH to the right, the shaft of which 
carries @ pinion which meshes with the 80-gear on the 
rack-pinion shaft. 

The slide-rest details are shown by Figs. 32 to 39. 
The carriage fits to the front raised Y, Fig. 33 (compare 
with Fig. 5)—a narrow guide-—with the taper-adjusting 
strip shown separately in Fig. 34, with an adjusting- 
screw at each end, and a locking-bolt nearly midway, 
shown also in Fig. 35. At the back it is gibbed to the 
underside of the shear, Fig. 33. The details of the slides 
are clearly shown in the drawings, Figs. 32 and 33. They 
include the surfacing slide, the swivel-head, and the 
tool-slide, the latter with hand adjustment or feed. 
The power surfacing feed commences with the pinion 
of 18 teeth, 12 d.p., in Fig. 21, which, with the 
sleeve of which it forms a part, encircles and is 





splined to the cross-feed screw of j-in. diameter. 
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This pinion is part of an alteration which has been 
recently made in the detail of the drive, which need 
not be illustrated. Fig. 36 shows the full detail of 
the drive, before the alteration, with the quick with- 
drawal motion. Keyed on the end of the surfacing 
feed-screw is a disc JJ, having 50 notches in its 
circumference. Keyed on a screwed sleeve which 
encircles the neck of the screw is an arm K K, Figs. 
36 and 37, in a slot in which a spring latch L L can 
thrown into and out of engagement with the notches 
to set the position of the tool by, and by which the 
uick withdrawal of the tool can be accomplished. 
he arm is locked during turning by the spring 
plunger, seen below, Fig. 38, which is screwed into the 
lug on the slide. Attached to the apron at the left- 
hand end M M, Figs. 21 and 22, is an indicator, Fig. 39, 
by which the resetting of the carriages for cutting 
threads of odd pitches is facilitated, saving the markin 
of gear-wheels. A worm-wheel of 32 teeth meshes wit! 
the lead-screw, and is connected to a pointer, above 
which moves over a dial having thirty-two divisions 
marked upon it. The loose poppet is shown by 
Figs. 40 and 41. The hold-down bolt is located near 
the front to resist the tendency to rise; it has the 
set-over screw. A hubricator is fitted to the spindle. 
Two steadies are fitted—a boring steady, Figs. 42 
and 43, with three adjusting screws, and a sliding 
back steady, Figs. 44 to 46, with adjustable vees. 





INDUSTRIAL NOTES. 

Tue Board of Trade Labour Gazette gives the 
followin, rticulars as to the state of the labour 
market in January :— 

Employment in January was good on the whole, and 
showed no marked change compared with the previous 
month. The engineering and shipbuilding trades con- 
tinued busy, and employment at coal-mines was still 
very good. There was, however, a further falling-off 
in the textile industries, especially in cotton-weaving. 
The seasonal decline in the building trades continued, 
and there was some slackening in the brick, pottery, 
and glass trades. Compared with the ~~ evel of 
January, 1913, employment showed a ling - off. 
There was a marked decline in the pig-iron, iron and 
stzel, and tin-plate trades, and the es and 
shipbuilding trades were not so fully employed. 
There was also a decline in the textile industries, 
which was particularly noticeable in cotton-weaving, 
in the woollen and worsted trades generally, and in 
some branches of the lace trade. 

Wages in the iron and steel trades continued to fall ; 
in other trades there was stillsome upward movement. 
The changes taking effect in January affected 46,400 
workpeople, of whom 19,700 received increases and 
26,700 sustained reductions, the net effect of all the 
changes ae an increase of just over 200/. per week. 
The principal increases affected 1850 enginemen, &c., 
in steel works in Scotland, 2540 work 
neering works at Nottingham, and 2250 printing-trade 
operatives at Manchester. Amongst those whose 
wages were reduced were 17,000 ironstone miners, 
limestone quarrymen, and blastfurnacemen in Cleve- 
land and Dele. 1400 blastfurnacemen in West 
Cumberland, and 4000 steel millmen, &c., in West 
Scotland. 

The most important dispute in progress during the 
month was that affecting building trade operatives in 
London, which began on Janu 26, and is still 
unsettled. The number of new disputes in January 
was 54, and the total number of wor ple involved 
in all disputes in progress was 61,783, a compared 
with 59,026 in December, 1913, and 52,066 in January, 
1913. The estimated total aggregate duration of 
all disputes during the month was 694,800 working 
days, as compa with 907,700 in December, 1913, 
and 651,200 in January, 1913. 

Cases dealt with during the month include build- 
ing trade operatives at Nelson, Burnley, Dartford, 
Erith, and xley ; enginemen, cranemen, &c., in 
steel works in the West of Scotland ; cotton opera- 
tives at Skipton ; hosiery workers at Fleckney (near 
Leicester), and at Nottingham; pottery workers 
at Burslem ; and theatrical employees at Liverpool. 
Awards were also issued in connection with the Coal 
Mines (Minimum Wage) Act and the Railway Con- 
ciliation Scheme. 

The weekly number of vacancies notified to all 
Labour Exchanges for the five weeks ended January 16, 
1914, was 19,680, as comparei with 22,146 in the 
four weeks ended December 12, 1913. The weekly 
number of vacancies filled was 15,306, as conmpared 
with 17,166 in the p ing four weeks. It was 
reported that there was a continuance of the demand 
for labour in the shipbuilding trades. A deficiency in 
the supply of women workers was reported in the linen 
trades, and some shortage was experienced in the 
clothing trades and in laundry work. 


Deali again with the disorganisation of the 
Belgian State Railways, the Moniteur Industriel says 
that a number of questions have been asked the 
Minister of Railways in the Belgian Parliament, con- 


ple in engi- 





cerning the inability of his department to overcome 
the difficulties. e@ querists, however, did not 
approach the matter in ite juridical aspect, and none 
asked whether the Belgian State, working as it does 
a monopoly, had a right to suspend traffic and to 
decline all responsibility. The task of the Minister 
was greatly facilitated thereby ; he simply regretted 
the situation and the fact that the canals hed Geena 
over at a most awkward period. Our contemporary 
further remarks that the Belgian Legislature, which 
of all the European Legislatures is the most favourable 
to State Railways, accepts as a case of force majeure 
the circumstance, when it occurs, that ‘‘ transports 
have exceeded the limit of normal traffic.” Accord- 
ing to the Belgian industrial journals not only was the 
normal traffic of the State Railways never reached, 
even when the canals were frozen over, but owing to 
the industrial crisis, traffic was falling and the rail- 
ways could easily have dealt with it. Moreover, the 
weather has been spring like for several weeks past, 
and disorganisation still continues. The Moniteur 
concludes by stating that Parliaments may be qualified 
to discuss political questions, but they are very little 
able to approach questions of economics. 





The report of the Finance Committee of the French 
Chamber on the Budget for 1914 states that a deficit 
of about 2,500,000/. on the Western State Railway of 
France has to be met this year. 


On Thursday, the 12th inst., the Prime Minister 
received at the House of Commons a deputation from 
the Parliamentary Committee of the Trades Union 
Congress. One member of the deputation urged the 
nationalisation of the British railways, and stated the 
following :—Traders were displ by the increased 
goods rates now charged by the railway companies ; 
there seemed to be an increasing conflict between rail- 
way companies, railway workers, and the travelling 
public ; the only way to improve the position perma- 
nently was to transfer all the railways to ‘‘ national 
ownership and democratic management.” The Prime 
Minister, in his reply, laid stress upon the fact that 
nationalisation is inevitably and necessarily be 
followed by two sets ef competing and not easil 
reconcilable demands : a demand by the trading com- 
munity for a reduction of fares and rates ; and a 
demand by the railway servants for shorter hours and 
increased wages. He concluded by stating that a 
Royal Commission was now inquiring into the whole 
question, and the consideration and ultimate determi- 
nation of the problem might well be left until they 
had the advantage of the report of that Commission. 


The Rassegna dei Lavori Pubblici e delle Strade 
Ferrate gives the following figures concerning the rail- 
ways of the world, which it has taken from a German 


source :— 

Total Length State 

of Railways. ilways. 
™. km. 
Europe... ... 333,800 173,400 
Asia ‘ie van 101,900 59,100 
Australia ... 31,000 29,000 
America ... 526,400 19,600 
Africa 36,700 23,900 
Total... 1,029,800 305,000 


These figures show that less than a third of the rail- 
aus throughout the world are State-owned. The 
Italian journal adds that ‘‘ the only enterprises which 
in almost all countries are in the hands of the State 
are the postal and telegraph services and the mints.” 
This journal does not refer to monopolies which are 

rticular to individual States, otherwise it would not 

ave failed to mention, among others, the French 
State monopoly in the manufacture of lucifer ma‘ches, 
a@ manufacture which, years ago, was transferred to 
**national ownership and democratic management.” 
We do not know the net annual financial result to the 
French State of the transaction in question ; but one 
result it has certainly had—i.c., bad and expensive 
matches. 





The Arbitration Court in Western Australia has fixed 
the following as the minimum rates of wages for clerks 
within a radius of 14 miles from the Perth Post Office. 
The minimum wage shall be for a male clerk, and for 
a female clerk employed as typist and stenographer 
combined :—Under 16 years o , 10s. per week ; 
over 16 and under 17, 15s. ; over I and under 18, 1/.; 
over 18 and under 19, 1/. 103.; over 19 and under 20, 
2/.; over 20 and under 21, 2/. 10s. ; 21 years of 
and upwards, 3/. In retail establishments the te 
ing hours shall not exceed 48 per week ; in wholesale 
establishments the maximum is to be 38 per week. 
Time and a quarter will be paid for all overtime re- 
quired to be worked beyond the hours above men- 
tioned. The employer is to keep and enter up, or 
cause to be entered up, a book containing the names 
of the clerks in his employ, the class of work per- 
formed, the wages paid to each such clerk, and the 
time during which he or she has been employed. Such 
book is to be open for inspection by a representa- 





tive of the union at least one day in each week be- 
tween 10 a.m. and 4 p.m. At a largely-attended 
meeting of the Clerks’ Union, the secretary was in- 
struc to take steps to try to have the minutes 
varied in several particulars prior to the award being 
brought into operation. 





Mr. John Burns was the guest of the Manchester 
Engineer Employers’ Association at their annual 
dinner on Friday last, the 13th inst., and in the course 
of a speech he delivered on that occasion he asked 
what was the chief difficulty which the workman 
suffered from and under. It was not always, he 
stated, wages, hours, piece-rates, housing, and other 
things. e had other disabilities, which, in the 
struggle for prices and the rush for higher wages, were 
occasionally forgotten. Last year, he said, the indus- 
tries throughout the country paid 4,000,000/. for 
compensation for accidents and deaths whilst at work. 
He would rather spend a million in preventing acci- 
dents if such prevention could be secured, but the 
sum of 4,000,000/. did not represent the total burden. 
Thirty per cent. of our total pauperism was due to 
sickness and accidents, 50 per cent. of the cost of 
psuperism was due to sickness and accidents, 40 per 
cent. of the total pauperism was due to widowhood 
and orphanhood, too often inflicted by the preventible 
loss of the breadwinner. Industrial accidents, he was 
glad to say, were diminishing in proportion to the 
numbers employed, but they were still very serious. 
Every year a regiment of men were poisoned by their 
occupation ; every year 5300 men were killed out- 
right; every year 300,000 men were injured, with 
many weeks of industrial incapacity. Accidents range 
from one 1000 in the carpet-making industry to 56 
- 1 in the engineering industry, 100 per 1000 at 

ocks and wharves, and 158 per 1000 among miners. 

In the past, added the speaker, employers had done 
a great deal in the engineering trade to save the work- 
men from the consequences of industrial disability. 
He appealed to them not only as employers, but on 
the ground of enlightened self interest and as citizens 
and taxpayers, to minimise this extraordinary acci- 
dent and death rate. He was glad to say that it was 


y | less here than in any other country, but that ought 


to stimulate employers to remove what remained, and 
he would not be doing his duty if he did not bring 
before employers their responsibility in this matter, 
just as he never hesita to tell the workmen that 
they must co-operate with the employers to see 
that these industrial accidents were dimimished. The 
cause in many cases was to be found in increased 
pressure and quicker speed, and in a lack of foresight 
on the part of both masters and men. 

It would be interesting to know to what extent the 
excitement that workmen submitted themselves to, 
by taking a disproportionate and intense interest in 
certain forms of violent sport, was a cause of a certain 
amount of rush being put into their work. It would 
also be interesting to find out during a year in a great 
football centre to what extent accidents were due to 
recklessness and thoughtlessness. 

As an engineer, as a Minister, he believed in the 
human touch in industry. He asked for the neigh- 
bourly spirit in the workshop, and appealed for 

neral good nature in workshop administration. 

fore interest made us combatants Dame Nature 
made us men. 


While we were writing the above summary of Mr. 
Burns’s remarks, a man was cleaning the windows of the 
offices opposite ; he was wearing the safety belt sup- 
plied by his employers, but its connecting rope was 
unattached. Similar cases of neglect to take advantage 
of the means of safety guovided by the employers are 
legion, yet the employers are always blamed ! 





Negotiations which have been proceeding between 
the ~ yw Federation and the Amalgamated 
Society of Engineers and other trades have resulted 
in a partial settlement of a claim put forward by the 
engineers of Hull for an increase in wages. The 
engineers had asked for an increase of 3s. per week 
and 15 per cent. for men on piece-work ; the men in 
other trades wanted an increase of 4s. and 20 per 
cent. The Employers’ Federation offered an increase 
of 2s. per week all round, which the engineers accepted 
last Saturday, the 14th inst. 





With reference to the new price-list put forward by 
the Tyne, Wear, and Blyth riveters, as mentioned on 
page 215 ante, the associated shipbuilding firms have 
stated to the men’s representatives that they cannot 
entertain the notice which the men have tendered. 
The one month’s notice, it will be remembered, was 
handed in by the men, to take effect from the 7th inst. 


The miners of South Yorkshire have gone on strike 
as @ protest against the interpretation which has 
been put upon the award given by Sir Edward 
Clarke, K.C., and which we referred to in our 
former issue (see page 215 ante). The miners state 
that the award in question entitles them to an 
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advance of sixpence per day on their current earnings. 
They state that when the Minimum Wage Board was 
set up wages were 50 per cent. above the 1888 basis; 
three other advances, of 5 per cent. each, having been 
granted by the Conciliation Board, w now stood 
65 per cent. over the standard, or at 7s. 5d. per day 
for qualified coal-getters. They demand t Sir 
Edward Clarke’s increase of 64. per day be added to 
the 7s. 5d., making the wage 7s. 1ld. per day, whereas 
the award in question, so far as we can see without 
having all the figures, appears to add the 6d. increase 
to 6s. 9d., which latter sum would not include the said 
three advances of 5 per cent. The matter is probably 
more complicated would appear from a first 
glance, since the Minimum Wage Act, no doubt, 
comes in. "When the Conciliation Board’s advances 
were granted it was provided that ‘‘ where workmen 
are paid by contract and have not earned their wages, 
there shail be added to the minimum 5 per cent. so 
long as wages remain at that standard.” The point 
requiring settlement would, from the above, be as to 
whether the award takes account or not of the ad- 
vance made by the Conciliation Board. The York- 
shire Miners’ Association would seem to entertain 
some doubt on the point, since they have not sanc- 
tioned the strike. The coal mines affected are the 
Rotherham Main and the Aldwarke Main and Car 
House, which belong to Messrs. John Brown and 
Co., Limited, and the pits of the Dalton Main Col- 
lieries, Limited, at Silverwood and Roundwood, 
employing in all about 10,000 men, including the 
surface men. 





A deputation from the Parliamentary Committee 
of the Trades Union Congress was received last week 
by Mr. Macnamara, at the Admiralty. It had for 
its object to call attention to the low wages paid to 
apprenticeship in the Royal Dockyards, and Mr. 
Macnamara reminded the —— that a Royal 
Dockyard was not comparable to a modern ship- 
building or engineering works, since it was not a 
mere factory for turning out the finished article. He 
added that, in the shipbuilding and the engineering 
departments, there were about 13,400 skilled workmen 
and 4600 unskilled labourers. If the latter showed 
aptitude they were advanced to the intermediate grade, 
and about 70 per cent. of the skilled workmen had 
come from the labourers. As to the rate of wages, 
they were paying to all classes of the dockyard 
employees 250,000/. more than would have been paid 
in 1905 if the numbers were the same, and the rates 
had not increased. With reference to the apprentice- 
ship question, Mr. Macnamara said there were four 
classes of boys in the Royal dockyards, the apprentice, 
the trade boy, the storehouse boy, and the yard boy. 
The apprentices numbered 2500, and every one of the 
boys in the dockyard schools had a marshall’s baton 
in his poten e would continue to give the case 
careful consideration, but the deputation’s proposal in 
regard to the men really involved the reorganisation 
of the yard. 

At the weekly meeting of the London County 
Council, held last Tuesday, the Education Committee 
stated that last December tenders were accepted for 
building-work at six schools ; the capital expenditure 
was estimated at 82,920/., and the expenditure on 
maintenance account at 16,993/. In November the 
Council amended its schedule of wages, and substi- 
tuted for ‘‘ painters’ wages 9d. an hour ” the words 
‘* painters’ and decorators’ wages 94d. and 10d. an 
hour.” In view of the dispute as to the rate of pay, 
the tenders in question were accepted by the Commit- 
tee, subject to the condition that whilst the contracts 
should specify 94d. per hour for painters, the paint- 


ing work should remain in abeyance until the question | UP 


of the rate of wages has been finally settled. Sir 
John Benn said that the Council had decided that 94d. 
was the proper rate, and since many of the contractors 
had declined to tender on this is, the Council 
‘ought to be strong and wise enough to take the 
matter into their own hands.” He moved an amend- 
ment asking that the Committee be instructed 
to put forward an estimate for the painting work at 
the schools in question to be done by direct employ- 
ment of labour at the rate of wages settled by the 
Council. This amendment was defeated by 63 votes 
to 46. A second amendment asking the Committee 
to invite ——- tenders for the painting work on 
the basis of 9d. per hour was also defeated. The 
Committee’s recommendations were agreed to. 


We are informed that the Blackburn "> 4 
-— ane lasted about seven weeks and in- 
volved abou ion employees, is now settled. 
An agreement ion toms Geen up and signed by both 
parties. The terms on which it is based are, we are 
told, practically those which the Corporation offered 
at an early date to the men. The men on strike will 
be reinstated as their services are wanted, but “ re- 
re) {sation economies and seasonal causes will, in 

a to a reduction in the number of 
men requ 








‘**TURBINE DESIGN.” 
To THE Eprror oF ENGINEERING. 

Sir,—I read with much interest your abstract of lec- 
tures lately delivered by Mr. Gerald Stoney, F.R.S. 
Nearly everything connected with steam-turbi was 
dealt with. There was, however, one important omission, 
which you, Sir, will, perhaps, allow me to point out. 
eo word was said respecting the sectional form of the 

es. 

Previous to 1893 the blades of the Parsons turbine were 
merely strips of sheet-metal with one apaety turned 
over. In 1893 I gavea public exhibition of a flying-machine 
at Harrow. There was a large number of people present, 
including several of our leading engineers. The peculiar 
cross-sectional form of the blades which sustained the 
machine in the air excited considerable interest, and 
many of the visitors asked for and obtained specimen 
pieces of the blades used. 

Soon after this time blades formed on exactly the same 
principle were introduced in the Parsons turbine, with 
results in economy of steam with which we are fully 
acquainted. 

Yours faithfully, 
Horatio PHILips. 

West Barnham, Sussex, February 16, 1914. 





*“MULTIPLE-UNIT TRAINS.” 
To THE Eprror oF ENGINEERING. 

Sir,—The reasoned logic of your excellent leading 
article upon multiple-unit trains brings with it a sense 
of proportion which motor enthusiasts may recognise 
as just while reading such an article, and yet forget that 
sense almost as quickly again. yy your 
article in brief, it shows that railways must fight road 
competition in a direction that the new forms of traction 
are utterly powerless to follow—that is, comfort. The 
modern express railway train is a travelling hotel, and 
many, like myself, willingly travel a circuitous route in 
order to obtain greater comfort, cleanliness, and civility 
common to certain lines but wanting on others. That 
is the real competition between railways which influences 
quite as often as the saving of a few minutes in time— 
but weight is one of its immediate consequences. 

A motor-car may travel at 60 miles per hour, 
police or no police ; but what are the comforts? The 
motor-cab, = pe and — . —— 
trams, may be very light per passenger; but w is ti 
who would accept to be squeezed in the packed- 

fashion for hours together within the extremely 
limited seating 5) of such vehicles, without comfort- 
ably-provided be wae tently without lavatories, without 
heating, without corridors for occasional promenades, 
and without means of a full-length stretch on the cushions? 

Allover the Continent, and in this country even, pas- 
sengers are adept in ruses for obtaining a whole four- 
place seat to themselves for night use, or for day use in 
the hot weather, and this possibility (realised every ed 
and every night) renders the heavy-weight railway-coac 
especially attractive to their custom. 

ilway and steamship companies all follow the same 
potiey : comfort, but great weight per head of passenger. 

‘o return to 1850 once more—s' as, in effect, would 
follow the adoption of the light-weight, herring-in-a-box 
plan of modern road-motor traffic—would deprive rail- 
be of their one great competitive arm with which no 
light-weight system can ey 

For purely local and suburban traffic, where the traffic is 
not intense, with the light-weight steam-motor coach, run 
by one manonly, and running in both directions without the 
necessity of the driver leaving his post at the terminals— 
as with electric trains—there is still a field for con- 
siderable economies, and still a means available of wines 
back to the railways a good part of that custom whic 
they have lost through the infrequency of ir trains. 
For instance, between Bristol and Fishponds the time 
by train is 7 minutes, while by electric tram, running 

the whole way, the time is 35 to 40 minutes. 

railway company runs long trains—which, like the 
tram-cars, are ow at certain times of the day— 
whereas with a light one-man 74" (improved 
the principle of the Chemin de fer du Nord, Paris- 

La Cha) one-man steam-motor), the railway could 
compete on more equal terms with the slow electric tram 
and the lumbering motor-bus ; at all events, there is room 
oe try for those who are keen for contest. The Nord 
way states that the steam motor-coach is found to 
possess all the advan of electric traction, and that 


railway has finally decided on this system, which does | the 


not require a ay central station and road equip- 
ment, and is certain y, lighter than the electric suburban 
ears of the French State Railways, which are not self- 
propelling, while their weight per is a 
ciably = The Nord steam systems are descri 

in the Railway Engincer, February, 1914. 

Steam makes for simplicity and low first cost, while it 
ay oy work in the railway companies’ own shops, and 
or the machinery and plant already existing. It is 
not so uneconomical as is often claimed by electricians. 
Five cent. economy in favour of electricity is 
the official figure given 7 te Ttalian State Railways for 
one year’s working of the Westinghouse steam ic 
= the ewe Et north ah Genova, the actual 
gures for traction and accessory ex itures being, 
ton-kilometre, 0.0243 lira steam-electric, and be fires 
self- li a, With motor-buses also steam 
evidently is capable of rendering ry 
regard as pertinent the fact that of all 
bus companies the National steam figures with the 
highest dividends. Railway companies in their own shops 
can build and maintain very conveniently one-man steam- 

with small locomotive-type boilers, as light as 


results, if we may 


‘of the British engineeri 


the London motor- | and 





any electric coaches of the same capacity, and capable of 
m qusseding the speeds of the electric trams and 
motor-buses, which have done so much injury to the 
suburban receipts of the railway companies. To greatly 
develop very light steam-cars competitively with the 
motor- to persevere with heavy long-distance 
trains, or ‘‘ travelling hotele,” a to summarise the 
well-reasoned policy of most tinental railways, and 
of our own railways also in lesser degree. 
Yours truly, 
Cuas. R. Kine. 





ROYAL METEOROLOGICAL SOCIETY. 

THE monthly meeting of this Society was held on 
Wednesday evening, the 18th inst., at the Institution of 
Civil oe Great George-street, Westminster, Mr. 
C. J. P. Cave, President, in the chair. 

Dr. W. N. Shaw, F.R.S., read a paper on ‘‘ The Inter- 
pretation of the Results of Soundings with Pilot Balloons.” 
He dealt with the calculation of distribution of pres- 
sure and tem re from the observed horizontal wind 
velocity at different heights, and gave examples of the 
——— of this to certain types of atmo- 

ic structure represented in Mr. Cave's book. Dr. 
Shaw said that when we find irregular fluctuations in the 
wind velocity, we must look for corresponding i lari- 
ties in temperature and 
levels. These irre 
the observations o' 
and tem 


ing irregu 
ure differences at the several 
‘arities are obvious characteristics of 
wind velocity, pressure difference, 
ture difference. 
PAA 5-7 tg My E- 
scents at ‘ent ying , Upavon, during t 

Year 1913.” These balloon ascents are made with 
object of obtaining information which will be of uee for 
pilots in flying. The results Py in this paper are based 
upon ninety-seven ascents. It is found that the direction 
of the wind veers from, and its velocity increases with, 
increasing height above ground, until the gradient 
direction and velocity are reached. The ient velo- 
che & ually ended @ 6 ight 300 metres, 
though the gradient direction is not found until a height 
of about 800 metres. At higher altitudes the velocity 
tends to increase, and the direction continues to veer, 
slightly beyond the gradient velocity and direction. 

ht winds show little increase of velocity with height, 

they do not seem to have quite reac! the gradient 
velocity below 1000 metres. oderate winds attain the 
gradient velocity at 300 metres, but strong winds at 500 
metres. The increase of velocity is greater for stron: 
than for moderate winds. @ increase of velocity wi 
height is much more rapid in the morning than in the 
middle day, and the increase is greater in spring than in 
summer. At those times when the velocity increases 
rapidly with height above the surface, the direction also 
veers comparatively rapidly, and vice versd. 





Prrsonat.—Mr. W. ~~ a leading representative 
ring Fr ession in France, 

re-elected President of the British Chamber of Commerce, 
Paris, after a very successful term of offiee. The engineer- 
ing and metallurgical section is well represented on the 
mber’s , for Mr. Charles T. Hounsfield, well 
known in the Sheffield steel industry, has been elected 
Vice - President. — Mr. T. Roland Wollaston, M. I. 


. E., consulting engineer, Lord’s bers, 26, Cor- 
poration-street, Manchester, states that he has resi 
his position as North-Western representative of the 
Power -Gas Corporation, Limited, Stockton - on - Tees, 
since he has found latterly that his consulting practice 
was prejudiced by direct association with any one type of 
wer nt.—Mr. G e Ellison, of Victoria Works, 
arstone-lane, Birmingham, has appointed Messrs. 
Nathan and Allen, Queen Anne’s Gate, Westminster, 
London, as his London agents.—Mr. F. H. Barnsley 
informs us that he has resigned his position as chief 
engineer to Cammell Laird and Co., Limited, 
which position he has held for the last six years. 





Tue InstrtruTe or Mrrats.— The annual general 
meeting of the Institute of Metals will be held at the | 
Institution of Mechanical i Storey’s Gate, 
8.W., on March 17 and 18 next. On the earlier of the 
two dates proceedii will commence at 3 p.m. in the 
afternoon, and will confined to business matters and 
the delivery of Admiral Oram’s presidential address. On 
the evening of the same day the fifth annual dinner of 
Institute will be held at the Criterion Restaurant 
at8 p.m. On March 18 the proceedings will commence 
at 10.30 a.m., when the following list of papers will be 
read and discussed :—(1) First report to Beilby Re- 
search Committee, amy | with the Solidification of 
Metals from the Liquid State, by Mr. C. H. Desch, 
Ph.D., D.Se.; (2) * ze,” ¥ Mr. J. Dewrance ; 
(3) “Vanadium in Brass: The Effect of Vanadium on 
the Constitution of Brass containing 50 to on Cent. 
of ‘g Mr. R. J. -8c., and Mr. O. F. 
Hudson, M.Sc. ; (4) ‘‘ The Quantitative Effect of Rapid 
Cooling on Binary Alloys” (second paper), by Mr. G. H. 
Gulliver, B.Sc. ; {5) **Orystal Protomorphs and Amor- 

hous Metal,” by essor A. K. Huntington, A.R.S.M.; 
(6) Fires report of the Nomenclature Committee; (7) 
- Influence of Nickel on Some -Aluminium 
Alloys,” by Professor A. A. Read, t., F.1.C., and 
Correlation of Composition, Bireotare, Heat Trestment, 

posi 
i i » Mr. J. E. Stead, 


Mechanical &e., yy 
D.Sec., D.Met., F.R.S., and Mr. H. G. A. Stedman, 
A.M. Inst. E.E. ; (9) “* Micro-Chemistry of Corro- 
sion,” rae IL., by Mr. 8. Whyte, B.Sc., Mr. C. H. 
Desch, Ph.D., D.Sc. 
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THE RAILWAY-TRACK SCALE - TESTING 
EQUIPMENT OF THE UNITED STATES 
BUREAU OF STANDARDS. 


ReEcENTLY in the United States there has developed 
much interest in connection with the various problems 
involved in determining the weights of commodities 
transported by the railways. That the weight should 
be accuratel sarees ate is, of course, self-evident, 
for it is the basis of computing the carrying charges, 
and in the case of coal, coke, limestone, ore, or other 
materials transported in bulk, the railway weights 
often are taken as the invoice quantities in the sale or 
purchase of the particular commodity. A realisation 
of the importance of this subject has led to investiga- 
tions by the National and State Governments, and to 
increased efforts on the part of the railways to secure 
more accurate and more adequate weighing equip- 
ment, as well as to pay more attention to the testing 
and maintenance of their scales. This and a con- 
sideration of weighing methods with allied problems 
have been found a very broad field, and one involv- 
ing, in addition to mere weighing, important ques- 
tions of railway transportation, administration, and 
economics. 

Except where the testing and sealing of railway- 
track scales has been done by State or local officials 
under special legislation or exercise of function, this 
work ordinarily has been left to the railways them- 
selves, and there has been great diversity of standards 





for testing track and other scales either singly or 
7— by any desired gradations. 

e car in which these weights are carried is of 
special design and construction, being modelled on & 
type of car used in the United States for poaneperns 
motor vehicles. lt has underframe, roof, doors 
of steel construction, and steel-braced sides, and is 
provided with double trucks or bogies and standard 
American equipment, including air-brake, draught- 
gear, and automatic coupler. Itis of the non-collap- 
sible type of construction, and is rated at 100,000 Ib. 
capacity, its gross weight, with equipment, amounting 
to 172,720 lb. It has an inside length of 40 ft. 5 in., 
an inside width of 9 ft. lin., a height at eaves of 
12 ft. 10 in., and a width at eaves of 9 ft. 2in. One 
end of the car is closed and is reinforced with steel, 
but at the other end there are full-sized doors, through 
which the supporting beams of an overhead travellin 
crane-bridge can be extended. There are the usua 
side doors, while there is a transverse partition 
separating the main compartment of the ca: from a 
space at the rear devoted to the electric generator, 
tools, and other equipment of the officials in charge. 

The main structural feature of the car, aside from 
the underframe, which, however, isstandard American 
ractice for a oy! car, is the provision made 
‘or supporting the overhead crane and crane-bridge. 


The latter is formed of two 15-in. 40-lb. channel 
beams spaced 3 ft. 9 in. apart, and connected by cross- 
bracing to form a bridge. 


On the lower webs of the 
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in the accuracy and maintenance of weighing equip- 
ment, not to mention methods of testing. otwith- 


standing the fact that worn and inferior scales usually 
weigh light, and correspondingly affect the freight 
earnings, only a few of the great American railway 
systems have until recently maintained well-organised 
testing departments, so that as a result there has been a 
general lack of proper supervision and standardisation 
of weighing machinery and methods. Within the last 
few years, however, much has been done towards 
remedying this condition, and great improvements are 
being manifested on the majority of the more impor- 
tant systems. 

To investigate the whole subject thoroughly and 
in all its many bearings, the United States Govern- 
ment, through the National Bureau of Standards of 
the Department of Commerce, has recently secured 
and put into service a new and complete testing equip- 
ment. This makes it ible not only to test rose 
scales on a more elaborate basis than hitherto, but 
also to secure a vast amount of material for the 
scientific study and criticism of weighing-machines of 
large capacity. This test-car, with its equipment, 


shown in the accompanying illustrations and draw- 
ings, was specially designed for the Bureau of Stan- 
dards by A. H. Emery, of Glenbrook, Conn., who 


designed and built the large testing-machine for its 
engineering laboratory at Washington. 

he general design and equipment of the new car 
was based on plans furnis to the constructing 
engineer by L. A. Fischer, Chief of the Division of 
be ge and Measures of the Bureau of Standards, 
and . A. Briggs, of the same office, to whom has been 
assigned the testing and study of track-scales and 
other large-capacity weighing-machines. This testing 
——— consists of a series of standard weights 
of large dimensions arranged for transportation in a 
special form of railway car, together with the machi- 
nery for handling them conveniently and expedi- 
tiously in testing track and other large scales. The 
standard weights are of rectangular blocks of cast 
iron, ei ht of which weigh 10,000 Ib. each, while four 
weigh 5500 Ib. each, forming, with 10,000 Ib. more of 
standard 50-lb. weights, carried in heavy wooden chests 
primarily for testing platform and stock scales, a total 
of 100, Ib. of duly authenticated weights suitable 
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channels are bolted tracks for the trolley wheels of the 
travelling crane, which has a longitudinal motion, so as 
to carry weights from within the car and deposit them 
on the track or a truck outside, and vice verad. The 
bridge is carried on rollers or wheels by two castings 
suspended from a frame built into the car at the open 
ans and having for its sides 8-in. channels, and for its 
top and bottom members two 5-in. }{-beams, joined to 
the vertical by angles. From the top members, which 
are shaped to the roof, are suspended the two castings, 
on which are mounted 6-in. wheels or rollers to facili- 
tate the movement of the bridge, which can be ex- 
tended longitudinally through the open doors at the 
end of the car so as to overhang the railway track. 
The frame and wheels are dawvel to support a maxi- 
mum load of 20,000 lb., and at the opposite end of the 
car—in fact, at the partition separating the two com- 
tments—there are two vertical 6-in. ship-channel 
ms carrying brackets, on which are mounted 6-in. 
wheels or rollers, so that this end of the crane- brid 
is supported and is held down in case the load at the 
hoist overbalances the weight of the bridge. A screw 
shaft, driven by gearing froma }-horse-power motor, 
and working in a nut at the side of the bridge, serves 
to move it in and out as may bedesired. The verticals 
and brackets are stayed to the rear of the car by rods, 
and arrangement is provided whereby the bridge may 
be bolted to the verticals when the car is travelling. 

The crane itself consists of a 24-horse-power travel- 
ling motor geared to the trolley wheels, and a 5-horse- 
power electric hoist, so that the standard weights, or 
the truck on which they are moved on to the scales, 
may be taken from their position for travelling in the 
car, and carried along lifted out over the track, 
near or on the scale to be tested. This is accom- 
plished by means of a suitable coupling on the base of 
the chain-block and tackle of the hoist, which can be 
inserted in a corresponding socket in the standard 
weight or the six-wheel truck on which they are loaded 
in testing the scale. 

The standard weights, when packed for trans- 
portation, are bolted firmly to a wooden framework, 
as is also the truck, the arrangement being shown 
in Figs. 1 and 2, on the opposite page. In the rear 
compartment is a 10-kw. gasolene-driven electric gene- 
rator, supplying current at 110 volts to the crane and 





hoist motors, and through a flexible conductor to an 
electric motor on the truck when it is desired to move 
it, with its load of standard weights, on to or off the 
scale track, or change the ition of the load as 

the various sections of the scale. The truck, 
which has a capacity of 50 tons, is provided with a 
5-horse-power compound-wound Westinghouse elec- 
tric motor with drum-type controller, connected to a 
driving-axle by means of a worm-shaft and ing. 
There is also a storage battery for carrying light- 
ing and auxiliary cirouits when the main generator is 
not in operation. 

The car is carried around the country on the various 
railway lines as desired, and where a scale is to be 
tested it is moved up on the a: track with the 
open end conveniently near the scale platform. The 
crane-bridge is then run out and the truck is un- 
loaded and placed on the track. The weight of the 
truck itself, about 5060 lb., may be standardised or 
it may be allowed for at each weighing and only the 
weights of the standards considered, which is the 
more accurate and usual method. The standard weights 
are placed on the truck in the amount required, 
and then it is moved on the scale-track and placed 
successively over the various secti or iti 
where the bridge or platform bears on the main 
levers. 

It is here that the difference between the Bureau of 
Standards test-car and those customarily eee by 
the American railways is apparent. The o: and 
best type of American railway test-car is an all-metal 
self-contained car with a single truck giving a wheel- 
base of from 6 ft. to 7 ft. It has a low centre of 
gravity, presents as little surface to the wind as pos- 
sible, and has few projections or ledges to collect the 
dirt. Its weight is standardised and sealed periodi- 
cally on a master-scale at the scale-shop of the rail- 
way, and it then accompanies the inspector on his 
regular tours. The usual weight is 30,000 lb., though 
there are test-weight cars weighing 50,000 lb. and 
60,000 lb., or 65,000 Ib., and the Pennsylvania Rail- 
road Company has under construction one to weigh 
80,000 Ib. with roller-bearings. 

Aside from being su plied with standard equipment 
so that it can be hauled at the rear of a train, it is essen- 
tially a large and massive casting on wheels, whose 
weight is determined to at least 5 lb. in 50,000 Ib., 
if not closer. Unless two of these cars of different 
weights are used it is not ible to conduct a gradu- 
ated series of tests with different loads up to the full 
capacity, and accordingly the test-car, with its short 
wheel-base, is placed successively on different sections 
of the track directly over each set of the main levers 
of the scale, to ascertain whether the readings at each 
position are the same, and if they agree with the 
standardised weight of the car as obtained on the 
master-scale. If these readings all agree, the scale is 
assumed correct, and it takes but a few minutes to 
make the tests. If discrepancies develop, the scale 
either may be adjusted by the inspector or it may 
need serious repairs. In some of the Western States 
the official inspectors employ a car of ordinary weet 
with a wheel-base of 19 ft. or 20 ft., but carefully 
standardised at about 100,000 lb., which approximates 
an average loaded car, and enables a ing of the 
indication to be made when the scale is well loaded. 

The Bureau of Standards test-car, however, enables 
a far more complete test to be made, for from the 
weight of a single one of the large standards any 
combination can be made directly up to 90,000 Ib. 
The ordinary process is much the same as that of the 
railway inspector, only more elaborate and careful. 
The American railway scale usually has a length of 
from 40 ft. to 60 ft., 52% ft. being a fair average. The 
frame, or bridge, on which the scale rails are laid, rests 
upon a number of levers, which transmit and reduce 
the force exerted on each of the various sections or 
groups of levers to a single lever and poise, where the 
indication of the weight with which the scale is loaded 
is obtained. Now if the various levers act together 
properly to combine and reduce the different forces, 
then the readings should be the same wherever on 
the scale-track the test-weight is placed. With the 
Bureau of Standards truck not one test-weight, but any 
combination can be placed over the various sections, 
and they can be loaded up to practically their full 
capacity, as on a scale rated at 300,000 lb. capacity 
each pair of main levers in a four-section scale 
would carry a load of 75,000 lb., which is readily 
obtained from the test-weights. Thus it is pos- 
sible to ascertain whether there is any change in 
sensibility with the load, any deflection of the 
levers, or any variation in the — a | power of 
the levers as the load is Come All of these 
phenomena and many others may be investigated with 
the test-car and its appliances. In fact, not only is 
the accuracy of the scales tested, but their general 
method of operation, and, in fact, all the phenomena 
connected with weighing and weighing-machinery of 
large capacity is being studied in this connection. 

‘The equipment of the test-car affords for the first 
time in the United States ety authenticated 
weights of large dimensions, for these have all been 
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standardised with as much care and precision as if 
they were of more usual size and mass. The method 
employed was to derive from the national standards of 
mass at Washington highly accurate 50-lb. working 
standards, and from these other standard 50-1b. weights 
were obtained in sufficient number to enable the 
2500-lb. iron castings to be in turn standardised. The 
latter then were employed with the 10,000-lb. weights, 
and’ by comparison and inter-comparison they, too, 
were accurately determined. The precision with which 
this was done is shown in the accompanying table :— 


Adjustment of Large Weights belonging to the United 
States Bureau of Standards Railway-Track scale- 
Testing — Wilmington, Del., Weck of De- 
cember 8, 1913. 


Nominal Value. | Probable Error. 














No, Correction. 
Ib. Ib. | Ib. 
1 10,000 40.11 | +0.10 
2 10,000 +0.01 +0.08 
3 10,000 -0.11 +0.08 
4 10,000 -0.01 +0.06 
5 10,000 -—0.19 +0.13 
6 10,000 -0.08 +0.06 
7 10,000 ~ 0.04 +0.06 
- 10,000 - 0.08 +0.06 
9 2,500 +0.01 +0.02 
10 2,600 -0.01 +0.08 
11 2,500 - 0.06 | +0.04 
12 2,500 —0.08 +0.02 


In other words the total 90,000 Ib. of large test 
weights are correct to within 1 lb., which is greater 
relative accuracy than the United States Bureau 
of Standards requires for sealing the standard weights 
of the State sealers, These large weights can be used 
to standardize by direct comparison other lar; 
weights, such as those of the railway test cars of the 
various railways or State commissions, and the master 
scales of the railway scale shops or the scale manu- 
facturers, with corresponding benefit to the weighing 
devices which derive their accuracy from these master 
scales. 

In short, the new equipment affords every oppor- 
tunity of investigating the weighing of large masses 
and weighing practices, so that suitable regulations as 
to tolerances and other conditions of operation can be 
evolved as they are necessary. This question applies 
now with especial force to American railways, as the 
capacity of cars, particularly those for coal and ore, 
has been increased up to 200,000 lb, while 
100,000-lb.-capacity cars are quite usual. This, of 
course, has involved changes in track scales, which, 
while they may have had a nominal rating of capacity 
adequate for the largest cars, in many cases ye 
were not designed or constructed with any such loads 
in view. Furthermore, in connection with the rapid 
handling of freight at large centres, where, due to a 
lack of track scales at mines or other establishments, 
cars from a distance as well as those of local origin 
must be weighed, the cars must be passed over the 
scales very rapidly, and a system of weighing in 
motion has been developed which is quite extensively 
practised. Such weighing practices, as well as the use 
of automatic and registering mechanism on the various 
scales, are other matters that will receive the attention 
of the Bureau of Standards, which contemplates an 
extensive investigation of all railway weighing as a 
part of its work, the latter dealing with all national 
problems connected with weights and measures, as 
well as the determination of proper standards for 
science, commerce, and industry. 





SCOTT’S AIR-COMPRESSOR. 

Some years since we illustrated in ENGINKERING* & 
type of air-compressor designed by Mr. C. H. Scott, 
and exhibited at the Royal Agricultural Show in 1909. 
The essential features in that compressor embraced 
mechanically-operated air-valves in the piston-head 
and discharge-valves of the ball type. The air-valves 
were operated by a tappet hensed in a hollow piston- 
rod, and actuated by a cam on the connecting-rod, so 
arranged that during the swing of the connecting-rod 
the valve-rod was raised by the cam. 

This design has been considerably simplified, and 
we illustrate herewith a pattern of Scott compressor as 
now constructed by Messrs, ‘saac Storey and Sons, 
Limited, Empress Foundry, Manchester. The actual 
pattern illustrated is made for pressures up to 100 lb. 
per sq. in., and in sizes ranging from 20 oub. ft. to 300 
cub. ft. of free air per minute. Other patterns are on the 
two-stage principle, with interoooling, while all sizes 
can be adapted to driving by belt, steam, or electricity. 
From our illustration it will be seen that the compressor 
is of very — design, the main feature being that 
the ball type of valve originally only employed for the 
di , in the cylinder head, has now been adopted 
for the inlet in the piston head. This type of valve 
was described in our former notice. It consists of a 
large number of small ground hard-steel balls, each 





* See Enoringerine, vol. lxxxvii., page 853. 


provided with a separate seat, formed by drilling holes 
in @ plate. Each hole is of two diameters, the larger 
being uppermost, so that the shoulder at the point 
where the size is reduced forms the ball-seat. Above 
this valve-plate is another drilled to the same tem- 
plate, but set slightly askew, so that the holes in it 
are over the bridges between those in the plate below. 
In this way the balls, which are allowed onl 
ya in. lift, are kept in their kets. As the balls 
are small and the lift is small, the impact of the valve 
on the seat is also small, tending to long life. The 
trouble due to the hammering of a heavy valve on the 
seat is thus avoided, while those due to the presence 
of springs, &c., are also obviated. In fact, these 
valves and seats are claimed to be practically incapable 
of being a in ordinary service. The improve- 
ment brought about by introducing this form of: valve 
in the piston head is obvious. 

The design of the compressor is very workmanlike 
in many respects. The ball-valves and plate-seats 
render it possible to reduce clearance spaces to a mini- 
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mum. There is no need of The 


pockets or ports. 
arrangement is such that on removing the top cylinder 


cover the discharge-valves are also removed, so that 
they may be readily inspected, while the piston and 
connecting-rod can also be withdrawn through the 
cylinder, and the valves in the piston-head examined 
in that way. Splash lubrication is relied on for the 
lubrication of the crank-shaft, connecting-rods, ard 
cylinder walls, the trunk piston being provided with 
two rings at its lower onl to prevent oil being drawn 
in with the air. At the ends of the crank-shaft oil- 
throwing discs are fitted, revolving inside shields, by 
which the oil thrown off the discs is returned to the 
crank-chamber. 

We may draw attention to the lavish provision for 
cooling water. The jacket consists of a large tank 
surrounding the cylinder walls and head, but com- 
pletely independent therefrom, being fitted direct to 
the main frame. The size of the tank provides a 
much larger volume of water than is usual in com- 
pressors, while the absence of valve-chambers, &c., 
makes the whole exterior of the cylinder accessible to 
the cooling medium. The tank may be easily detached 
for work at the compressor cylinder, as will be clear 
from the illustration above. 





LAUNDERERS’ AssocIATION.—A lecture was delivered 
to the Launderers’ Association at the Holborn Restaurant, 


\ R.S.1., who took for his subject ‘“ Some 
Points in Economical Steam Production.” 

a boiler, the correct lay-out of nt x+y and valves, 
&c , were dealt with. In the course of his remarks, the 
lecturer, referring to the ‘‘ Permutit” process, introduced 
Dr. Harrison, a recognised authority on this subject, who 


e choice of 


gave an interesting demonstration of the action of 
“‘Permutit” on hard water. ion water, 
containing about 20 deg. of hardness, were h 


the substance, and in every case the hardness was found 
to be reduced to zero, a soap test producing an instant 





lather. 


about: 


on Thursday, the 12th inst., by Mr. A. E. Battle, M.I. |G 
Mar. E., 





NOTES FROM THE NORTH. 
Market.—Last Thos Meg eng 

Glasgow Pig-Iron Market.—Last Thu y morning the 
m , opened with a steady tone, and 1000 tons of 
Cleveland warrants were done at 51s. 104d. and 51s. 10d. 
one month, and closed with sellers at 5ls. 8d. cash, 
51s. 104d. one month, and 52s. 3d. three months. In 
the afternoon mess set in, and some 3000 tons 
of Cleveland warrants were put through at from 
Bis. 5d. to Sis. 4d. cash, and at 51s. 64d. one month, 
and 51s. 1ld. three months. Closing quotations were 
called 51s. 44d. cash, 51s. 7d. one month, and 5is. 11d. 
three months sellers, A farther decline took place 
on Friday morning, when Cleveland warrants were 
dealt in at 5is. 34d. seven days, 51s. 3d. thirteen days, 
and at 51s. 4d. and 51s. 3d. one month. The turnover 
was 4000 tons, and at the close sellers quoted 51s. 14d. 
cash, 51s. 4d. one month, and 51s. 9d. three months. 
In the afternoon the market was almost steady, and 3500 
tons of Cleveland warrants changed hands at 5ls. 1d. 
seven days, 51s. 3d. one month, 5is. 8d. May 8, and 
51s. 7d. t months, and closing sellers’ quotations were 
51s. 1d. cash, 51s. 4d. one month, and 51s. 8d. three months. 
On Monday morning Cleveland warrants opened with 
rather a good tone, but the close was flat. The business 
amounted to 5000 tons at 51s. 44d. cash, 51s. 3d. twenty- 
two days and one month, and 5ls. 7d. three months, and 
the closing prices were 51s. cash, 51s. 34d. one month, and 
51s. 74d. three months sellers. In the afternoon Cleve- 
land warrants were firmer, but only 500 tons changed 
hands at 5ls. 2d. seven days, and the session closed 
with sellers at 5le. 14d. cash, 5is. 44d. one month, 
and 5ls. 84d. three months. On Tuesday morning 
weakness characterised the market, and Cleveland 
warrents fell away and marked a decline of about 
44d. The turnover was 4500 tons at 51s. cash, 50s. 114d. 
six days, 50s. 10}d. twenty-three days, and from 
51s. 2d. to 5ls. one month, and closing sellers named 
50s. 9d. cash, 51s. one month, and 51s. 5d. three months. 
Cleveland warrants were quieter in the afternoon, when 
2500 tons were done at 50s. 94d. cash, 50s. 9d. nine days, 
and 50s. 10d. twenty-three days. At the close sellers’ 
quotations were 50s. 94d. , 5ls. one month, and 
51s. 54d. three months, When the market opened to-day 
(Wednesday) the tone was steady, and 3500 tons of Cleve- 
land warrants were | through at 50s. 94d. cash, 51s. 
one month, 51s. 2d. ril 14, and 51s. 44d. three months. 
The close was firm, with sellers at 503. 10d. cash, 51s. 1d. 
one month, and 51s. 54d. threemonths. In the afternoon 
values hardened, and Cleveland warrants were dealt in at 
from 51s. 6d. to 51s. 54d. three months. The turnover 
was limited to 1500 tons, and closing sellers quoted 
50s. _ cash, 51s. 14d. one month, and 51s. 6d. three 
mon 


Sulphate of Ammonia.—The market for sulphate of 
ammonia still presents a strong tone, and prices are on 
the upward grade. The demand is very good, and the 
current quotations for prompt lots are 12/. 10s. per ton 
Glasgow, and 12/. 12s. 6d. per ton Leith. 

Scotch Steel Trade.—The general condition of the Scotch 
steel trade has undergone little change since last report, 
but with the —— which have been coming for- 
ward, makers have been enabled to keep plant running 
steadily. The home demand continues to show signs of 
increasing, and although some consumers are buying very 
timidly, there are others who have covered themselves 
fairly well ahead. Official prices are unchanged, but 
where not under the control of the Association there is a 
firmer tendency, and, except in special cases, sellers are 
trying hard to geta shilling ortwo more. The plate-mills, 
while doing well, could put out a considerably larger 
tonnage, and the same can also be 
although makers are really doing 
Black and galvanised-sheet makers have recently booked 
orders amounting in the aggregate to a respectable total, 
but much of this is, unfortunately, for different small lots, 
which means extra work; but the prospects are bright 
and firmer prices are almost sure to prevail before long. 
Inquiries both for the home market and for export are 
much better. Orders from abroad are very satisfactory 
at present, and not only is the shipping trade good just 
now, but the prospects point to the spring ex being 
well up to the standard. The steel trade all round is 
certainly in a healthier state, and shows signs of recovering 
from the rather lowly condition of recent months. 


Malleable-Iron Trade.—The West of Scotland malle- 
able-iron trade maintains the slight improvement recently 
noted, but that is about all that can be said for it, as new 
business is coming in very slowly. Pricesare uncha > 
and at the meeting of the associated makers this week it 
was decided to leave them as at present. It seems quite 
wise not to advance prices at the moment, owing to the 
fact that Belgian and German competition is still ver 
keen. ‘‘ Crown” bars for the home market are sti 
61. 17s. 6d. per ton, less 5 per cent. 


Scotch Imports of Iron and Steel Material.— The 


registered imports of certain kinds of iron and steel 
manufactures into the Scotch ports of G w, Greenock, 


said about sections, 
uite a fair business. 


mouth, Leith, Dundee, and A een during the 
month of January are shown in the following table :— 
Ex Continent. Ex U.S.A. 

Tons. be a Tons. — 

Iron bars, angles, &c. .. 8868 25,017 _— _ 

Steel bars, angles&c. .. 802 5,024 45 815 
Iron and steel hoops and 

strips.. .. ee -. 1206 8,623 808 8197 

Tron and steel plates . 8655 24,171 _ _ 

95381 £62,835 853 £8512 


Scotch Pig-Iron Trade.—Quite a satisfactory demand 
exists for the ordinary qualities of Scotch pig-iron, and 
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the output is going readily into consumption. New 
business is just a trifle slow, but inquiries are in the 
market for some large lots for forward delivery. Prices 
keep firm, and the following are the market quotations 
for makers’ (No. 1) iron: de, 69s. ; Calder, Gart- 
sherrie, Summerlee, and cenain 69s. 6d. (all et 
at G w); Glengarnock (at Ardrossan), 71s. ; Shotts 
(at Leith) 69s. 6d. ; and Carron (at Grangemouth), 70s. 
Hematite is still firm round 65s. per ton, with a fairish 
demand. 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—The approach of the 
shipping season is already gon improving influence 
upon best steams, which during 
a good deal of their recently-developed weakness, and are 


now waking further PR -. y towards a normal con- 
dition of affairs. In addition, the big industrial demand 
is more than sustained. The strengthening of tone 
has brought with it a cessation in the sale of special 
lots below the official prices, and has had a livening 
effect upon forward business. Though there is no quot- 
able movement in values, the tendency is in an upward 
direction and a fresh accession of strength to the market 


will doubtless bring about higher rates. Gas fuels are a | Se 


fairly satisfactory market, though producers are beginning 
to experience a slight easing off from the winter rush. 
The pits are working full time, and with the exception of 
slacks, the ter part of the output is going straight 
away. Ins stocks are rising and values are reced- 
ing. Weakness is also spreading to smalls, which are 
from 6d. to 9d. cheaper on the week. otations :— 
Best branch hand-picked, 16s. to 17s. ; y best 
Silkstone, 14s. to 15s.; Derbyshire house, 12s. to 13s. ; 
Derbyshire best brights, 11s. 6d. to 12s. 6d.; best 
large nuts, 9s. 6d. to 10s. 6d.; small nuts, 9s. to 10s. ; 
Yorkshire hards, 1Js. to 12s.; Derbyshire hards, 10s. 
to 1ls.; rough slacks, 7s. to 8s.; seconds, 5s. 6d. to 6s. ; 
smalls, 2s. to 3s. 6d. 


Iron and Steel.—The improvement in the raw-material 
market grows more pronounced. East Coast makers will 
not take less than 63s. at Middlesbrough for mixed 
numbers—an advance of 6d. upon last week’s figure— 
and under the influence of the bright outlook have in- 

forward-delivery rates by as much as ls. 6d. 
West Coast makers are also having a better look-in. 
Relief has been brought to the market by an increase in 
the supply of steel-making irons, the shortage of which 
was causing considerable uneasiness among manufac- 
turers. West Coast hematite has responded to 'the im- 
provement. Basic iron has moved up 6d., while found: 
sorts are in most cases double this amount to the a | 
Lincolnshire makers are asking 4s. 8d. for foundry iron. 
The Derbyshire price is 1s. higher. About the only 
exception to the otherwise general run of improvements 
is in forge iron, which remains stationary at 53s. 8d. for 
the Lincolnshire product and 52s. for the Derbyshire pro- 
duct. Av this time last year both were making as much 
as 68s. The depression in bar iron is unrelieved, and 
makers are beginning to lose hope of any favourable 
change so long as tinental cutting is so strongly 
supported by pressure from the Midlands and from Dur- 
ham. The local mills have been closed down part of the 
week. On the other hand, the heavy iron foundries have 
an abundance of work on hand for ineering require- 
ments, but makers of light castings for building pu 
and stove-grate makers, who have been adversely influ- 
enced by the London building trades dispute, are working 
only in hand-to-mouth fashion. ite the recent 
falling off in colonial exports, the general steel trades 
of the city show no pronounced sign of weakness, and 
in some cases are working at the very highest pressure 
to keep pace with current requirements. © tide of new 
business in war material has been swelled by the placing 
of several big orders for projectiles and turbine machinery 
by the United States Government. Bi ae of 
armour-plate have just been d toh chi for 
British Government account, to w, Clydebank, 
Portsmouth, and Greenock. The shell-making works of 
Messrs. Hadfield’s, Limited, and Messrs. Thomas Firth 
and Sons, are fully booked up for several months ahead. 
Orders for railway material are coming forward more 
freely. Tyres are being made for the New South Wales 
Government, springs for the East India Railway Com- 
pany, bogie trucks for Portsmouth, and springs, qe 
and axles for the Caledonian Railway Company. ble 
racks are also being made for H.M. ships building at 
Portsmouth. Both Japan and New Zealand are taking 
bigger quantities of steel. Heavy engineers report in- 
quiries for iron and steelworks plant. The lighter trades 
without a are busily employed, sales both of tool 
steel and s tools being in some instances on a record 
scale. The revised American tariff is not bringing about 
any marked ex ion of business. Local billet makers 
are still being badly hit by Continental underselling. 





O1 anv CoaL-Burninc Warsuirs.—The First Lord 
of the Admiralty has circulated, in reply to a question, a 
classified list of warships fitted, or to be fitted, for burn- 
ing oil fuel only or oil and coal. The total number of 
vessels built or building fitted, or to be fitted, for burn- 
ing oil fuel only is 166. Of these, five are battleships 
—the Queen Elizabeth, Barham, Warspite, Valiant, an 
Malaya—16 light cruisers, 109 destroyers, and 36 pe 
boats. Twelve vessels are to be fitted for burning oil and 
coal—nine battleships, one battle-cruiser, and two light 
cruisers. The completed vessels fitted to burn oil and 
coal number 67, of which 29 are battleships, 17 battle- 
cruisers, 20 light cruisers, and one destroyer. 
ships are partially fitted to burn oil and coal. 


past week have shed | beneficial 


Seven | M: 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIppLesBRroucH, Wednesday. 
The Cleveland Iron Trade.—There is a very a feeling 
just now so far as pig-iron is concerned. Very little 
ae -_= is passing, but ope oe are fairly — 
» an ey are not ing as are oO! 
opinion that os desine wil be of short duration. As 
t are still considerable arrangements to make for the 
spring and summer requirements, there is reason to 
believe that a return of briskness will be experienced in 
the near future. The report of the removal of the 10s. 
duty on pig-iron in Russia has not been definitely con- 
firmed, but an opinion vails that the rumour is not 
without foundation. removal of the duty would be 
ial to this district. Merchants have this week sold 
No. 3 g.m.b. Cleveland pig at 51s. 14d. f o.b., but nothi 
under 51s. 3d. is now named, whilst No. 1 is 53s. 9d. ; 
No. 4 foundry, 50s. 9d.; No. 4 forge, 50s. 6d.; and mottled 
and white iron each 50s. 3d.—all for early delivery 
3d. to 6d. above these rates being named for forward 
business. There is little or nothing passing in East 
Coast hematite pig, and quotations are rather easy. 
Nos. 1, 2 and 3 are obtainable at 62s. 9d. for early de- 
livery, and forward contracts have been made at 63s. 
llers of foreign ore take a firm stand. They adhere to 
prices on a basis of 18s. ex-ship Tees for Rubio of 50 I 
cent. quality, and sales have this week been made at that 
figure, —- an odd cargo of best Rubio has been 
offered at 17s. 9d., the circumstances being exceptional. 
Coke is decidedly easier, but quotations vary very con- 
siderably. Best kinds of furnace coke are still realising 
good prices, but inferior qualities are selling at very low 
rates. Most sellers fix the — at 17s. for average 
furnace sorts delivered at Tees-side works, but 163. 9d. is 
also mentioned, and possibly even the latter price might 
be shaded. Consumers of furnace coke predict still 
further reduction in quotations. 


Stocks and Shipments of Pig Iron.—The stock of Cleve- 
land pig iron in the public warrant stores now stands at 
136,277 tons, all of which but 43 tons of standard iron is 
No. 3 quality. Since the beginning of the month the 
stock has been increased by 1723 tons. Shipments of 
iron and steel from the Tees are on a fairly satisfactory 
scale. To date this month those of big iron average 
4049 tons per working day, the total despatches being 
returned at 56,688 tons, 48,715 tons of which have gone 
from Middlesbrough, and 6973 tons from Skinningrove. 
To the same date last month the loadings were given at 
45,691 tons, or a daily average of 3263 tons, and for the 
corresponding part of February a year ago the clearances 
reached 53,353 tons, or an average of 3810 tons per work- 
ing day. The shipments of manufactured iron from the 
Tees to date this month amount to 3928 tons, and those 
of steel to 6205 tons. 


Manufactured Iron and Steel.—The manufactured iron 
and steel trades are steady. The works are well em- 
ployed, and not only are specifications being freely given 
out, but substantial orders are in the market. Inquiries 
for shipbuilding material and also for rails are rather 
numerous. The London County Council have placed an 
order for 6000 tons of tram-rails with Messrs. Bolckow 
Vaughan and Co., Middlesbrough. Prices all round 
are very firm. Principal market quotations stand :— 
Common iron bars, 7/. 10s.; best bars, 7/, 17s. 6d. ; best 
best bars, 8/. 5s.; packing iron, 6/.; iron ship-plates, 


rposes | 6/. 15s.; iron ship-angles, 7/. 10s.; iron ship - rivets, 


71. 15s.; iron girder-plates, 7/. 5:.; steel bars (basic), 
61. 15s. ; steel bars (Siemens), 6/. 15s. ; steel ship-plates, 
61. 10s. ; steel ship-angles, 6/. 2s. 6d. ; steel boiler-plates, 
7l. 15s. ; steel joists, 6/. 12s. 6d. ; steel strip, 6/. 165s. ; 
steel hoops, 7/.—all less the customary 24 per cent. dis- 
count; cast-iron columns, 7/. 7s. 6d.; cast-iron railway 
chairs, 4. 5s.; light iron rails, 7/.; heavy steel rails, 
61. 10s. ; steel railway sleepers, 7/. 5s.—all net at works ; 

vanised corrugated sheets, 24 gauge, in bundles, 11/. 5s. 
.0.b.—less 4 per cent. 





NOTES FROM THE SOUTH-WEST. 

Cardiff.—The steam-coal trade has been quiet, as had 
been anticipated would be the case, after serious tonnage 
delays, the effect of the delays being that some shippers 
have found coal stocks increasing. -owners are well 
booked, however, for the balance of February, and they 
have been only pre to consent to some change in 
prices in cases in which it was necessary to clear 
quickly. House coal has shown little change, and there 
has been no quotable movement in patent fuel or coke. 
The best Admiralty large steam coal has made 18s. 9d. 
to 19s. per ton; the best qualities, 18s. 3d. to 
18s. 9d. ; other secondary descriptions, 17s. 9d. to 18s. ; 
best bunker smalls, 11s. 3d. to 11s. 6d. ; and cargo smalls, 
7s. 9d. to 8s. per ton. The best household coal has 
realised 19s. to 20s. ; household qualities, 17s. te 
18s. ; No. 3 Rhondda 17s. 6d. to 186. ; and smalls, 

0. 
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As 
18s, 3d. per ton, upon a basis 
of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 

Electric Lamps in Mines.—At a joint meeting of South 
Wales branches of the Association of Mining Electrical 
Engineers and the National Association of i 

held at Swansea, on Saturday, several types 
of electric + hoe for use in mines were shown. 
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r. Lewis presided. Mr. J. Gl 
Williams, Glyn-Neath, who read a paper on “ Blectrical 





Equipment for Low-Knergy Consumption,” said the 
attitude of the Miners’ Federation was rather inconsistent. 
One day they shouted for the exclusion of electricity from 
mines and the next day they asked for electric safety- 
lamps. 

Port Talbot Railway.—The capital expenditure of the 
Port Talbot Railway and Dock Com y to the close of 
1913 was 1,934,122/., of which 85, was expended in 
1913. Of this latter amount, 75,6167. was devoted to dock, 
harbour, &c., improvements, including 32,178. for dredg- 
ing, dee amd extending the dock water area, 
17,1682, for new coal conveyors, and 11,390/. for a new 
wharf for steel works. The capital expenditure for the 
current year was estimated at 60,000/. 


Welsh Colliery .—Pit-sinking is going on 
round B: > e East Pit of the Gwaun-cae- 
Gurwen Colliery Company is being rapidly opened out, 


and a daily output of 400 tons of ex t coal is being 
obtained. From the pit bottom a level is being driven to 
win the lower measures on the far side of the Cwmté 
Fault. Mr. Morgan, of Landon House, has started a drift 
from his qu and the Bryn Vein, 4 ft. 4 in. thick, has 
been struck. e drift is illuminated right up to the 
coal-face by electricity. 


Barry Railway.—The total outlay made on capital 
account by the ry Railway Company to the close of 
1913 amounted to 6,145,130/., of which 92,5232. was paid 
out in the course of 1913, including 22,739/. on improve- 
ments to the company’s railways and rolling-stock, 
30,0002. on the dock and harbour, and 38,0002. on land, 
&c., at Sully. Additional coal-tips on the south side of 
No. 1 dock cost 15,6902. It is expected that further 

ital will have to be expended to the extent of 
608, 0000. of which 138,172/. is set down for ex iture 
in the current year. The dock revenue of the Barry 
Railway last year was made up as follows:—Dock dues 
on ships, 148,178/.; dock dues on goods, 102,107/.; wharf 
and pier dues, 3804/.; and other services, 
156,304/.; graving docks, 13,866/.; and mi 
22,6021. 


Dowlais.—The blast-furnaces have been working at low 
a, and this has affected the Bessemer and Siemens 
urnaces. The Goat Mill has been doing well for four 
days, during which it turned out heavy steel rails, billets, 
and tin bar ; the sl also finished off an order 
for steel sleepers. e Big Mill has not been quite fully 
employed, but while it has been at work it has been 
pe wr engaged on pit props, tram rails, fish-plates, sole; 
plates, &c. 





Canapian Raitways IN 1913.—In the year ended 
June, 1913, 2576 more miles of railway were brought into 
operation in Canada, the total covering 225 miles of 
line built in the United States by jan companies, 
and ing the total mileage in operation to 29,304 
miles. e amount of capital raised for Canadian railway 
purposes to June 30, 1913, was 1,548,256,796 dols., of 
which 922,902,440 dols. was raised by stocks of various 
kinds, and 625,354,356 dols. by bonds. The cost of railways 
owned and worked by the Canadian Government stood, at 
the close of June, 1913, at 126.930,887 dols., for which 2131 
miles of line had been built and brought into operation. 

vernment railways were not included in the previous 
capitalisation statement. 





Tue tate Mr. Joun Coatses.—We regret to have to 
announce the death, which occurred at 10, Hay-hill, 
Berkeley-square, }W., on the 10th inst., of Mr. John 
Coates, civil engineer, founder and chairman of the firm 
of John Coates and Co., Limited, formerly of Suffolk 
House, E.C., and now of 115, Victoria-street, 8.W. Mr. 
Coates was in his sixty-eighth year, and remained an 
active worker to within a few months of his death, having 
only recently returned from a visit to Ottawa, Canada, 
where he had been commissioned to report on the ad- 
ye | of establishing a municipal gas plant for that 
city. Mr. Coates, born in 1846, was educated at New- 
castle-on-Tyne, and received his engineering training 
at Messrs. Armstrong’s Works, Elswick. Abt an early 
age age ny ha well-known firm of Messrs. T. Hawksley 
an -) GAS water engineers, London. e years 
later he commenced business on his own pret in 
London, where he represented many leading engineering 
firms, amongst them wee hee y late Messrs. John Abbott 
and Co., Limited, Ga’ ta” and Messrs. R. 
Dempster and Sons, Elland. he had firmly 
established his London business, Mr. Ooates visited 
Australia. He resided in Melbourne many y and 
opened a branch office in that city, from which he 
conducted the installation of the Melbourne Hydraulic 
Power Company, the Sydney Hydraulic Power Com- 
pany, the Colonial Gas Associat anc other important 
companies and works. He was known in the engi- 
neering circles, and held in high esteem by all with whom 
he associated in Melbourne. He then turned his atten- 
tion to Canada, opening a branch office in Ottawa, and 
devoted some years to installing gas works in many 
Canadian towns. He was President of the Ottawa Gas 


}/ Company, the Ottawa Board of Trade, and the Conser- 


vative Association. He resided in Ottawa for sixteen 


years, and during that period occupied many important 
Positions in roy Be wed political and social life of the 
city, having served the citizens as Alderman for several 
years. Mr. Coates had many friends in 

a member of the Canada Olub, the Rideau 
the Gatineau Fish and Game Olub. The company will 
now be carried on the w of the Secmmanl, Mr. 
Frederick Coates, I. Mech. £., m ing director, 
who has had charge of its business ay — affairs 
for a number of years. 
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THE 


CONSTRUCTION OF THE NEW ENTRANCE-LOCKS AT 
PORTSMOUTH DOCKYARD. 


(For Description, see Page 239.) 
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Fic. 32. Construction or WaLLs AND FiLoor or Lock C; Aprit 4, 1910. 
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Fic. 33. Lock C; Watts NEARING CoMPLETION AND THE FLoor BEING Lary; May 23, 1911. 
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THE CONSTRUCTION OF THE NEW ENTRANCE-LOCKS AT 
PORTSMOUTH DOCKYARD. 


(For Description, see Page 239.) 
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Fic. 34. Construction or Sipe Watts or Lock D 1n TRENCHES, 

















Fic. 35. Excavatinc OLp Waarr Watt Near Coattnc Point to CLEAR THE ENTRANCE TO THE LOCK.» 
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With Four One-Page Plates of the CONSTRUCTION OF THE 
NEW ENTRANCE-LOCKS AT PORTSMOUTH. 





NOTICES OF MEETINGS. 


Tae InstirvTion oF MecnanicaL Enoivesrs.—Friday, Febru- 
ary 20, at 8p.m. The annual report of the Cou 1 will be 
| ong mer results of the ballot for the annual election of 
he President, Vice- ig ay | and Members of Council will be 
announced. Pa to be read and discussed: ‘‘Some Modern 
we adh of Welding,” by Mr. Thomas T. Heaton, Member, of 

x 

Tos Srarrorpsaime Iron aNp Sree. Instrrore.—Saturday, 
February 21, at 7.15 p.m., at the Institute, Wolverhampton- 


Place | Street, Dudley. Dr. J. Newton Friend will read a paper on ‘‘ The 


Corrosion of Special Steels.” 

Tas Junior Instrrvtion or Enomeers.—Saturday. aaewety S. 

ty.) A meeting at the OCutlers’ Hall, Sheffield, for the 
inaugurating a Local Section of the Junior Institution 
= Anke ee Sheffield for its centre. 

“fr Surveyors’ Instrrution. — Monday, Fe + at A. 
o'clock. A paper will be read by Mr. Oh 
entitled ‘Comments on the Land Inquiry Committee's Rural} 
Conclusions.” 

ee ENGINEERING to —Monday, February 23, at 

m., at the Museum, High-street. Paper: ‘ Electric Automo- 
bi es, ” by Mr. George L. Garton (ilembee), of Ipswich Corpora- 
tion Electric Supply Department. 

Tue Roya Scortisn Society or Arts.—Monday, February 23, 
at Fe in the Hall, 117, George-street, Edinburgh. The 
following communication will be made: “On Some Boiler Ex- 

ions and their Lessons.” With lantern illustrations. By Mr. 

Howard Reed, Superintendent of Engineer-Surveyors, Vulcan 
Boiler and General Insurance Company. Mr. Alexander Ogilvie, 
B.8c,, President, will occupy the — 

Tux Royal Socrery oF ARTs.—Monda 
Cantor Lecture. “ Artistic Li 4 » Mr. I Penpell, 
President of the Senefelder Club. ( mare II.) ednesday, 
February 25, at 8 p.m. ‘Rural Housing,” by Mr. T. Brice Phillips. 
Mr. Harold Cox, M.A., will preside. 

Tar INstirvrion or Orvi, ENGINEERS, — Tuesday, February 24, 
at 8p.m. Papers to be read :—“ Rail-Steels ay Electric Rail- 
ways, ” by Mr. William Willox, M.A., M. Inst. O.E. ** Rail-Oor- 
tion and ite Causes,” by Mr. Stephen Prescott —— — 

, M. Inst. O.E. Students’ meetings, Fridays, February 20 
and 27,at 8 p.m. The Vernon-Harcourt lectures on ‘‘The Use of 
Reinforced Concrete in connection with Dock and other Mari- 
time Work,” by Mr. ©. S. Meik, M. Inst. C.E. Mr. Robert 
Elliot t, Past-President, will. am 4 the chair on Fe 
20, and Sir Sohn Purser Griffith, M. Inst. C.E., on February 
Members of all classes of the Institution are invited to attend 

these lectures. Students’ vist, Wednesday February 25, to the 
oval Albert Dock Extension (Routh), Port of London 

INSTITUTION OF ELRCTRICAL ENoiweers.—Thureday, Feb- 
ruary 26, at 8 P.m. ** Motor and Control Equipments for ‘lectric 
Locomotives,” by Mr. F. Lydall, Member. Mr. Lydall’s paper on 
** Electric Locomotives, published in No. 222, vol. 51 of the 
Journal, will also be discussed at this meeting. 

CONCRETE INSTITU T®.—Thursday, February 26, at 7.80 p.m., 

Mr. W. Cyril Cocking will read a paper entitled ‘Calculations 
and Details for Steel Frame Buildings from the Draughteman’s 
Standpoint.” 

Tae PuysicaL Society or Lonpon.—Friday, February 27, at 
8.30 p.m. (not 5 p.m., as originally arranged), at the Imperial 
College of Science, Imperial Institute-road, South Kensington, 
8.W. Professor R. W. ‘ood, of the Johns Hopkins Uni- 
versity, Baltimore, will deliver the firat Guthrie lecture. The 
subject will be “‘ Radiation of Gas Molecules Excited by Light.” 

Tue Roya. Instrrution or Great Brirain.—Friday, February 27, 
at 9 o’clock. A discourse will be delivered by Professor W. A. 
Bone, D.Sc. Ph.D., F.R.8. The subject is ‘‘ Surface Combustion.” 
Afternoon lectures next Leng rt 8 o’clock. Tuesday, February 24. 
Professor William Bateson, D.Sc., F.R.8., Fullerian Pro- 
fessor of Physiology, R.I., on x rh and Plants under Domes- 
tication.” (Lecture VI.) Thursday, February 26. rreteser 1. 
Gollancz, Litt.D., F.B.A., on ‘‘Hamlet in Legend and Drama.” 
(2) “The Play.” Saturday, February 28. Professor Sir J. J. 
Thomson, 0.M., LL.D., D.Sc., F.R.S., M.R."., Professor of 
Natural Philosophy, R.L, on “Recent Discoveries in Physical 
Science.” (Lecture I.) 
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RAILWAY APPOINTMENTS. 


As our readers are aware, it is not our custom 
to comment on appointments of any kind. Certain 
circumstances, however, connected with the appoint- 
ment of the new general manager to the Great 
Eastern Railway, and the remarks of Lord Claud 
Hamilton explaining that appointment, are such as 
to lead us to depart from our usual practice. We 
have no desire to express any opinion as to the 

















25g | Selection of Mr. Thornton, of the Long Island 


Railroad, to occupy the = of general manager of 
the railway in question. We consider that railways, 
no less than other large businesses, need the best | to 
men at the head of their affairs. If at the moment, | o 


. 260 | in the opinion of certain directors, someone abroad 


appears best to fill the requirements of a certain 
vacancy, there is no reason why nationality should 
be a bar to the selection of that particular man. 


ese It is not held to be so in the case of the numerous 


appointments of Englishmen to posts abroad, a fact 
which brings us at once to Lord Claud Hamilton’s 


2967 |comments on the present railway situation—com- 


ments to which we desire to refer rather than to 
the appointment itself. 

The chairman of the Great Eastern Railway 
complains that though there are plenty of young 
men engaged on British railways, there are very 
few of first-class ability coming to the front. 
Two obvious retorts at once rise to the mind: 
How is it, if there be such a lack, that capable men 
are constantly found here for poste abroad, as, for 
instance, in South America—men of such ability, 





too, that they are often smsnenty invited back 
to occupy better posts in England? Or if there is 
actually a dearth, and in particular a dearth on the 
Great Railway, on whose shoulders must 
the responsibility for that rest but on those of the 
eee and directors, for allowing to exist so 
long a system of organisation which trains men 
inadequately ? 

We need not dilate here on the first of these 
two matters. The fact that many members of our 

railway staffs are offered and obtain valuable = 
ab is proof to our mind that men of the 
required class exist among us. The question then 
is, why do not the railways keep them, or ensure 
that they shall have others as good available in 
case of need? The fact that these men go abroad 
and that in most cases others of sufficient calibre 
remain to fill the posts at home, suggests that our 
railways are, on the whole, turning out so inany 
able men that advancement would be too slow if 
all stayed in England, and certainly does not point 
to the existence of a dearth of talent. We know 
it to be the fact ae Raw | a, oo 
ma rs di absolutely with the strain of the 
pean cr of the Great Eastern Railway’s chair- 
man, and we have every reason to believe that 
oe men are being steadily and continuously 

rought forward in this country. Lord Claud 
Hamilton asks why do not they come forward. 
We may point out that this is not the duty of 
a subordinate. Rather it is the duty of their 
superiors to bring the proper men to the front. It 
should be their continual care that a constant suppl 
of suitable men is in training, and if a deart 
actually occurs on an important railway, it can 
only be due to errors in previous management or 
in the policy of the directorate. 

In the present instance the fault ey! lies 
nearer home than the chairman of the Great 
Eastern Railway cares to admit. On his own con- 
fession he and his colleagues have allowed an 
organisation and management to persist which has 
now placed the company in difficulties. To try 
and throw the blame on the British system of 
departmental management generally is futile. Other 
railways, run on proper lines, are confident that 
they have good men in prospect, while there 
are no laws of the Medes and Persians directing 
rigid adherence in this country to one particular 
type of management. In fact, many railways here 
have experimented in different directions, as we 
know, in recent years, and nothing would have 
prevented the Great Eastern Railway from doing 
the same. 

If a company’s manager and heads of depart- 
ments are able men, it should be possible, out 
of the vast numbers of juniors who pass under 
their observation, to prepare some at least for 
undertaking more onerous duties as opportunity 
offers. If, on a large line, this is not done, it 
suggests to us either that the management has heen 
unfortunately selected, or that the chief officers have 
been unduly hampered in the discharge of their 
duties. We are assured that the state of affairs on 
other important English railways is not at all 
such as Lord Claud Hamilton paints it, and 
that he should have made such admissions in 
regard to his own line amounts, in our opinion, 
to a confession that he and his colleagues have 
followed a mistaken policy. We have been reminded 
in the past few days that some eight years ago 
or so Lord Hamilton visited the United States, 
and on his return declared that railways here had 
little, if anything, to learn from those in America. 
hea th leave this remark without comment, except 

that very large numbers of the coming men 
"Baglish ra ilways have either been sent, or have 
oon of their own accord, to America to stud 
methods in vogue there, and have come back wit 
their knowledge of railway matters greatly in- 
creased. Such a broadening of ideas does not 
necessarily imply that they found things to copy in 
a slavish manner, but we do not hesitate to say 
that, Tang wd speaki at no time have the rising 
men here been more a pe than at present to the 
broad aspects of railway work and to the economic 
laws by which it is governed. 

The good done by such visits, and that brought 
about by the dissemination of knowledge on rail- 
way economics, law, &c., through such channels as 
the London School of Economics and other centres, 
can scarcely be over-estimated, but, of course, 
the effects in many cases will only become apparent 
in the future. We have often advocated for the 
higher posts a broader training than that of which 
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evidently the Great Eastern Company is now feeli 

the effects. In America this need is realised, an 

it has been here also on many lines. It is not 
essential to the present system here, however, 
that a general manager should be looked for 
among those who have risen from the ranks of 
clerks, as Lord Hamilton’s words seem to suggest, 
or even from those engaged in traflic working. The 
field is broader. Some of bp = ok ote 
and past general rs of our railways have been 
weet In Penns we believe it is the rule that 


engineer. 
they should be. In America this is very frequently 
the case, and the new manager of the Great 


Eastern Railway himself has been so trained. The 
field in which to search is therefore wide. : 

We have always contended that a good engineer 
should make as good a general manager as can be 
desired, owing to the breadth of view which his 
training secures to him and to the special know- 
ledge of practical matters which he has neces- 
sarily acquired. With foresight, however, suitable 
men may, no doubt, be produced through many 
channels, but the training involves entrusting them 
as they advance with greater responsibility than is 
often allowed to them. It is unreasonable to keep 
men to subordinate offices and on small salaries and 
then to expect to find among them a man suited 
to fill an office at five times his former ——— 
a corresponding increase in responsibility. Under 
such conditions, if a suitable man had been on the 
system, by the time he was actually wanted he 
would probably be well berthed elsewhere. 

One factor which would evidently tend to ease 
the situation would be to encourage more generally 
good men by arranging the organisation so that 
there would be several coveted second posts at 
good salaries. This, we are glad to say, is a point 
on which some of our railways have made great 
improvements in recent years, and with very satis- 
factory results. To raise a man from a small post 
to general manager means, of course, either that 
he is able and has hitherto been neglected, or that 
he is not worth the office which has been confided 
to him. When the choice has fallen, as it some- 
times fortunately has, on ongineers, the men 
selected have already shown of what they were made. 

In connection with the encouragement of the 
higher members of the staff there is one point in 
American practice which appears to us well worthy 
of adoption here, and that is, the strengthening of 
the directorate by the election to it of men who have 
occupied important positions on the line, either as 
engineers, locomotive superintendents, traffic mana- 
gers or in similar posts, while they are of an age to 
render many years’ good service. Of course, we 
krow that in this country a directorship is not 
unfrequently offered to a retiring officer ; but this 
is an entirely different matter. On the Pennsylvania 
Railroad there is an executive board composed of 
men who have been officers of the road, and who, 
as members of the board—and this is the important 
point—receive substantially higher salaries than 
they did in their previous appointments. Such 
men can render most valuable services. 

We, of course, do not disagree with an important 
appointment on one line being filled from the staff 
of another system. The interchange of experience 
is good. But we believe that most lines with a large 
enough staff realise that they ought to do their best 
to be prepared with the proper men. If a better 
comes along, that is to their advantage, and not 
their fault. They would be unwise if they did not 
take what opportunity offered. But when it is 
asserted that the men do not exist, we can only 
conclude that the person making such a statement 
is not uainted with facts generally, or that he 
is basing his assertion solely on a faulty condition 
of things on his own line, for which he is more or 
less directly responsible. 





PROVINCIAL ENGINEERING 
SOCIETIES. 

New provincial engineering societies are spring- 
ing up and the interest in those of older date is 
increasing, but it may be asked if the rate of 
growth is as great as might be expected from the 
expansion of the industry, and more particularly 
from the widening of the scientific basis on which it 
rests. The colleges, technical institutes and classes 
in this —— in which the science of engineering 
is being taught are almost legion, and budding 
engineers are being turned out in hundreds every 
year, so it might be expected that all the institutions 
would receive great numbers of recruits, especially 





in the lower ranks. It is admitted on all hands, and 
by no one more candidly than the professors, that 
the academical training is only partial, and needs 
to be supplemented by a great deal of practical 
experience and work. It is also well known that 
this experience is not easy to obtain, especially by 
those who take the college course immediately on 
leaving school, and a one young man — grasp 
every opportunity of getting into touch with prac- 
tical daineuing if he is to lay a broad ver 
which will enable him to avail himself of the _ 
tunities that may come to him in the future. e 
workshop is, of course, the first and best training 
ground if full advantage can be taken of it. But 
many works are highly specialised and are devoted 
to only few things, and others are so strictly 
divided into departments that little knowledge 
filters from one to another. It is possible to 
spend three years in a works without becoming 
either a mechanic or an engineer in any broad 
sense of the word. Of course, the young man who 
is kept in one department is to be pitied for his 
lack of opportunities ; but even if he has the run 
of a large works, and eventually becomes a salaried 
employee, he must feel that he is confined to a 
very narrow portion of engineering, and that each 

ear his outlook will become more restricted unless 

e makes effort to keep in touch with matters which 
do not enter into his present daily life. Unless he 
is certain that he has found his ultimate vocation, 
he must feel some misgivings as to his chance in the 
future, as the months go by with no increase of 
knowledge except in one line. Much may be done 
by reading, of course, but far more by personal 
intercourse, and this is most readily attained by 
associating with engineers engaged in other branches 
of the industry. hen we look back and see how 
eagerly the young men of a previous age gathered 
together to discuss the dim theories and rude prac- 
tice of the forties and ’fifties, it is quite surprising 
that we do not get larger gatherings than we do 
to-day when papers are read before our technical 
institutions. 

These reflections arise from some statistics 
quoted by Mr. John Burns, President of the Board 
of Trade, at the annual dinner of the Manchester 
Association of Engineers last Friday. He said 
that in 1851 Lancashire had 47,100 persons engaged 
in general engineering and machine-making, and 
in 1911 it had 18° 000, an increase of 285 per cent. 
The Association has more than kept pace with this, 
for its numbers were 115 in 1870, 470 in 1900, 
while they are 650 now, in spite of strict con- 
ditions of entrance. They ought, however, to be 
still greater, because the conditions under which the 
engineering industry is carried on have changed 
enormously. The writer has in his mind the staff 
of an engineering works in Manchester in the late 
‘sixties. There were some 500 men employed, and 
yet, apart from the principals, there were only three 
or four of the staff that could be considered educated, 
either technically or academically. The manager and 
foremen were better-class workmen, and most of the 
scanty assortment of draughtsmen were practically 
the same. Some of them were excellent mechanics 
in their way, but few, if any, of them had any 
interests in engineering outside their particular 
jobs. At the present day such a works would have 
at least a dozen educated engineers on its staff, all 
of whom might reasonably be expected to take an 
interest in the Association and to contribute in some 
degree to its proceedings. Thus from the same works, 
without any increase in size, one might anticipate 
a large increase of members, out of all proportion 
to the increase of the local industry. Speaking of 
the general growth of the engineering industry, Mr. 
Burns said :—‘‘It is due in many ways less to 
yourselves than some of you think in your proud 
moments ; it is due not only to the skill and 
capacity of this generation, but also in no small 
measure to the inherited mechanical genius and 
the transmitted sense of power and pride of in- 
dustry that is characteristic of Lancashire, York- 
shire, and of Scottish industrial people.” These 
words were peculiarly apt before an Association 
whose records contain the names of James Gresham, 
John Craven, Thomas Ashbury, William Henry 
Bailey, E. Leader Williams, James Abernethy, 
Daniel Adamson, Charles F. Beyer, Colonel Dyer, 
William Fairbairn, Manasseh Gledhill, John Hether- 
ington, John Hopkinson, John Hick, Alfred Muir, 
James Nasmith, Samuel Radcliffe Platt, Richard 
Roberts, John Robinson, John Ramsbottom, 
Joseph Whitworth, and many others. Many of 
these have passed away, but their suceessors 





inherit their traditions and their crystallised know- 
ledge, and it is their duty to them on, 
enriched and augmented, to those who will come 
after. A very fair history of mechanical engineering 
might be written around these names, while a 
history of engineering in Lancashire which omitted 
everything directly associated with names to be 
found in the records of the Association would be 
but a scanty and uninteresting compilation. It is 
very noticeable that it is men of originality and 
resource, men who develop into leaders and 
pioneers, who in their youth always seek pro- 
fessional companionship and means for the inter- 
change of ideas ; while those who neglect such aids, 
or hoard their own peculiar knowledge, seldom 
succeed in securing for themselves a p in the 
regard of posterity. 

There was grave warning in Mr. Burns’s words, 
for ‘‘ inherited genius and the transmitted sense 
of power” cannot be expected to unimpaired 
from generation to generation od io qualities 
upon which they rest are assiduously cultivated. 
Possibly the warning was not so much directed 
towards his audience, as to others out of doors, 
for it is one of the disabilities of the preacher that 
those who need his ministrations most are gene- 
rally out of range of his voice. It cannot be too 
steadily kept in mind that academical education is 
adverse to the growth of genius and the sense of 
power, and is possibly one of the causes of there 
not being so many instances of outstanding ability 
as there were once. While talent tends to increase, 
genius tends to disappear. It would be absurd to 
suggest that there is any method of cultivating 
genius, but nevertheless it is ible to correct 
the admitted disabilities attending academic educa- 
tion by a wider acquaintance with practice than can 
be gained within the field of each man’s personal 
experience. The engineers in a district can com- 
bine to bring into “‘hotch-potch,” as the lawyers 
say, their particular shares, and can thus make 
them the common property of the whole. This 
has always been understood by the leading spirits 
in Lancashire, with the result that the Association 
now numbers 650 members, and had a most suc- 
cessful dinner last Friday under the presidency of 
Dr. Edward Hopkinson, accompanied by the copious 
eloquence of Mr. John Burns, who uttered many 
words of wisdom, to which we have not space to 
refer. There is, however, room in the Association 
for the many eligible engineers who remain outside 
it. One has only to glance through the papers 
of the last year or two to realise how aad be 
lose by their abstention. 

Manchester engineers were not the only ones in 
festive mood last week. Their friends in Birming- 
ham held a most successful dinner on Saturday 
evening under the presidency of Mr. A. Home- 
Morton, M. Inst OE. and if they did not secure 
the presence of a Cabinet Minister, the commerce 
and industries of the district, together with the 
civic and university life, were well represented, 
as were also engineering associations as far distant 
as those of Glasgow. It will be within the recollec- 
tion of many of our readers that the Institution of 
Mechanical Engineers was founded in Birmingham 
in 1847—several years, we believe, before any of 
the existing provincial institutions. It found the soil 
so rich in men that it not only grew to local import- 
ance, but it also attracted leading mechanical engi- 
neers from all parts of the Kingdom. Its great 
success was detrimental to Birmingham, for the 
convenience of members called for its transference 
to London in 1877. It was, of course, arduous 
work to raise a second local institution when the 
leading engineers already belonged to the former 
— and felt a pride in it as being of native 
growth. Nevertheless, the task was faced in 1889 
with so much success that there were 260 members in 
1900, and there are now 327, with a zealous council 
and a progressive president. Nothing less would 
be expected in a city which was the scene of Watt’s 
great labours in the perfection of the steam-engine 
and which is about to provide a dwelling for the 
large collection of models, drawings and manuscripts 
dealing with his work, gathered by Mr. George 
Tangye, and which is a added to by the 
assiduous research of Mr. Kirton, the able curator 
of the collection. But we say nothing in disparage- 
ment of the good work done by the Birmingham 
engineers when we insist that there are many local 
engineers outside the Association who ought to be 
inside. Birmingham is a city of many industries, 
nearly all of which are carried on by the aid of machi- 
nery. Of these machines, and of the accompanying 
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processes, the average engineer is often profoundly 
ignorant. The construction of these machines is 
in comparatively few hands, to the detriment both 
of the users and of the industry generally, and it 
would be to the advantage of the city if more 
brains could be brought to bear upon them. 
Generally speaking, = teal association finds its 
best subjects in its own district, leaving broad 
issues of engineering science to what may be 
called national institutions, and in no district is 
there more abundant scope for ingenuity than in 
the Midlands. 

Each manufacturing district in this country pro- 
duces its own type of men, adapted to its own 
needs. Glasgow, Newcastle, Leeds, Manchester, 
and Birmingham are each imbued with a local 
patriotism which takes pride in the characteristics 
which distinguish the inhabitants of the districts 
represented by these cities. Each city has its 
local manufactures, and these afford subjects to 
the association of engineers which can be better 
dealt with there than anywhere else. The audience 
is more closely connected with the subject, and 
brings a deeper knowledge to bear upon it. 
Further, there are in each locality a great number 
of men who cannot spare the time to attend 
meetings at a distance, and yet who are exceed- 
ingly capable of discussing the matters in hand. 
They must either take t in a local society or 
not at all, and in the latter case they lose the 
stimulus which attends all effort, while the industry 
is the poorer for the loss of their knowledge. The 
London institutions, doubtless, are most valuable, 
but they do not nearly cover the entire field, and an 
immense territory is left to be tilled in the pro- 
vinces. It is being worked zealously and carefully, 
but there is still ample opportunity for more work 
if those who call themselves engineers would only 
realise how spacious is the Sahara of their ignor- 
ance compared with the oases of their knowl . 





THE COMPULSORY WORKING OF 
PATENTS 

We explained in a recent issue the manner in 
which the Manchester Chamber of Commerce was 
trying to secure amendment of the procedure to be 
adopted by an applicant for revocation of a patent 
on the grounds set forth in Section 27 of the 
Patents and Designs Act, 1907. We laid a great 
deal of emphasis upon the possibility of serious 
misuse of the powers that would be placed in the 
hands of an ao for revocation, and how a 
patentee would be damnified if the procedure laid 
down by Mr. Justice Parker in the Hatschek case 
were altered. Weare glad to say that the Man- 
chester Chamber of Commerce are not having 
things all their own way, and their proposals have 
raised opposition such that they have been com- 
pelled to prepare and issue » pamphlet explaining 
their proposals and dealing with the opposition. 

We offer no apology for again writing on the 
subject ; in fact, we feel compelled to do so in 
order that patentees, manufacturers, and others 
interested in patent property may be placed in 
possession of at least one of the main defects of 
the proposed amended procedure, which is that it 
is not only most unfair, but superfluous. The 
pamphlet asserts that those who are leading the 
opposition are almost exclusively closely identified 
with foreign interests and are retained by large 
foreign syndicates; and, further, that they are 
seeking to mislead the public with regard to the 
attitude and proposals of the Manchester Chamber 
of Commerce. This assertion is most inaccurate. We 
have in the past been in the forefront of all move- 
ments for the amendment and improvement of our 

tent laws, and are well acquainted with all that 

as happened, and with all the steps that have been 
taken by those to whose financial interest it is to 
make the law more drastic than it is to one section 
of the community. If the general public were 
admitted to the confidence of those behind the 
scenes, there would be less sympathy than there 
is at present towards the movement for amendment 
of the procedure under Section 27. 

As we — out in our previous article, an 
applicant for revocation is compelled to make out a 
prima facie case in support of his allegation before 
his application is allowed to proceed, and this 
protection the Manchester Chamber of Commerce 
wish to take away from a patentee and to place 


him in a position in which he could be attacked 
any unknown 


rson, and caused to discl parti- 
culars of his ." 


usiness, probably to trade rivals, 





Can it be wondered that such a proposal raises 
opposition? The Manchester Chamber of Com- 
merce have evidently seen to what their proposal 
would lead in the future, for they now admit that 
come restrictions would have to beim so as to 
prevent frivolous applications being launched only 
with the idea of obtaining information. Surely this 
admission exposes the weakness of their — 
and shows clearly how all patentees would be placed 
at the mercy of trade competitors ? 

The pamphlet suggests now that only a bond-fide 
interested party should be allowed to make an 
application for revocation. We quite agree that a 
patentee should be protected from repelling attacks 
made without preliminary justification, but we 
cannot assent to the proposal that it should be 
considered that an applicant has made out a prima 
facie case if he declares on oath that he has made 
every legitimate endeavour to discover to what 
extent, if at all, the patent is being worked in this 
country, and how far there is importation of the 
patented article, if any. Surely the fact that an 
applicant was able to make such an oath is ipso facto 
evidence that he cannot make out a prima facie 
case. Probably the suggestion is made in order 
that the applicant shall not be under the necessity 
of resorting to doubtful means for procuring 
evidence in support of his application, as it is 
suggested in one place he may The sensitive- 
ness for the morals of the applicant is commend- 
able, but we cannot agree that in the majority of 
cases a resort to doubtful means is necessary. 
Recent decisions of the Comptroller-General, since 
the date of the Hatschek decision, serve to show 
that all that is needed by a bond-fide opponent is 
already available under the procedure of Section 27 
in its present form. 

We are told that the Manchester Chamber of 
Commerce have been unable to trace a single case 
of an English patent being revoked on the instiga- 
tion of a foreign firm, with the sole object of im- 
porting their foreign manufactures and protected 
goods into this country. We have not made a very 
extensive investigation, but we find that the very 
first case for revocation under Section 27 was one in 
which the applicant stated that his object in — 
the patent revoked was to import the manufacture 
article from France and Germany. Another case 
was brought bya firm who were about to become 
agents for foreign firms, and to sell the patented 
article manufactured by such firms in this country ; 
and in some later cases the applicant was a London 
manufacturer who actually imported lamps alleged 
to infringe the patent. Surely these examples are 
sufficient to show that the statements of the Man- 
chester Chamber of Commerce should be accepted 
with caution. 

The manufacture or not of a patented article in 
this country is a purely economic one, and arti- 
ficial expedients devised with the hope of turnin 
manufacture into channels to which it is disinclin 
to flow under ordinary economic pressure will never 
be successful ; neither will the value of patents be 
enhanced by any new procedure which subjects a 
patentee to unnecessary annoyance and expense. 





RAILWAY ELECTRIFICATION 
POSSIBILITIES. 

OnE result of the success which has attended 
suburban railway electrification in this country has 
been the exhibition of much vague opinion bearing 
on the possibilities of electrical main - line work- 
ing. That the subject is important enough to 
justify careful consideration is clear, but mere 
general dilatation, while it may entertain the 

ublic, leads nowhere. Electrical engineers stand 
ittle chance of getting orders for main-line electri- 
fication before they can show that some financial 
advantage will result from the conversion of steam 
roads, while they stand no chance at all until 
= can show that they are able at least to deal 
with the present traffic as well as it is dealt with 
by steam locomotives. We are not so absurd as 
to suggest that no adequate examination of the 
possibilities of main-line working from the 
electrical point of view has been made, but 
there can be no question that too much of 
the writing and talking in this country has been 
based on ignorance or disr of the conditions 
which have to be met. ith this in view, we 
welcome the r read by Mr. Roger T. Smith 


by | before the Institution of Electrical Engineers on 


the 12th inst. This paper, which dwelt with con- 
ditions governing electrification, formed an intro- 





duction to a series of pa 
tion which is to be 
the session. 

The outstanding merit of Mr. Roger Smith's 
paper lay in ite relation to actuality. Strangely 
enough, however, this seemed to be considered a 
demerit by some of the members present at the meet- 
ing. One speaker stated that the paper dealt with pre- 
sent and not with future conditions, and appeared to 
consider that the remark constituted adverse criti- 
cism. In other cases, in reply to the author’s point 
that no electric locomotive existed capable of dealin 
with British express nger traffic, it was 
that such locomotives could be built easily enough by 
the adoption of this or that new method. All this 
sort of thing seems to us very infructuose. The 
value of Mr. Roger Smith’s paper lay in its recog- 
nition of fact. Dealing with main-line electrifica- 
tion, it stated the conditions under which steam 
locomotives now work, and pointed out that no 
electric locomotive built up to the present could 
meet those conditions. It gave a “to analysis 
of costs, and showed that, even given the locomo- 
tive, it would not be possible to work main-line 
passenger traflic electrically at a cost as low as that 
now reached by steam, unless the price of electric 
locomotives could be reduced toa figure approaching 
that of express passenger locomotives—say to 501. 
a ton—and energy could be obtained at }d. a unit. 
We admit that the electrical engineer confronted 
with these statements cannot merely be content to 
leave the matter at that, and decide that the 
problem set is beyond him. He must naturally 
make what suggestions he can. None the lese, we 
could wish that the electrical engineer, through his 
representatives at the meeting of last Thursday 
week, had expressed a more cordial recognition of 
the service rendered to the Institution by a state- 
ment free from any imaginings about an unknown 
future, and giving a clear indication of what had 
to be done, and what at present could be done. 

The paper was divided into three parts, and 
dealt with suburban passenger service, main-line 
passenger service, and goods service. Suburban 
service we will say nothing about. Technically, all 
difficulties may be said to be solved, and the im- 
— problems in any suggested scheme are 

nancial. Fast mger service, however, is in a 
different case. ot that there are no financial 
problems, but to these must be added technical 
problems of great difficulty. Some of the more 
important of these arise in connection with the 
locomotive. Mr. Roger Smith points out that, 
with the exception of certain three-phase locomo- 
tives in Italy and America, all electric locomotives so 
far built have been equipped with motors having a 
series characteristic. At any given voltage a series 
motor has one speed for each definite | Series 
parallel control with continuous-current motors 
gives two speeds, and with certain special arrange- 
ments three speeds can be obtained. The result 
of this is that a series-motor locomotive gives a 
tractive-effort curve which falls rapidly as the 
speed rises, and that at about 60 miles an hour the 
value falls seriously below that which can be 
obtained with express passenger steam locomotives. 

The author points out that no electric locomo- 
tive has yet been built giving anything like the 
1100 horse-power at 70 miles an hour of a cer- 
tain 4-6-0 Great Western steam locomotive. 
Steam locomotives can be built to give practically 
constant outputs at varying speed. The series 
motor locomotive, as at present built, cannot do 
this; the power falls off as the speed increases. 
The result is that if a series locomotive were built 
to give the necessary tractive effort at high = 
it would have a starting effort quite beyond the 
strength of the draw-gear of British passenger 
stock. There arereveral electric locomotives at work 
in the United States to which this remark applies. 
They are quite unsuitable for work in this country. 
Mr. Roger Smith suggests that a tractive-effect 
curve more in consonance with the requirements of 
British working might be obtained by fitting an 
independent motor generator for supplying the 
pore ey Dhee raee so that a series » er Ber 
might be obtained at starting, and a shunt charac- 
teristic for high speeds. 

Admitting that a locomotive to meet British 
express-passenger conditions might be built, the 
problem of main-line electrification is still a long 
way from being solved. In the paper a comparison 
is made between the costs of steam and electric 
locomotives, which shows, as we have already said, 
that the present cost of power and the capital coste 


on railway electrifica- 
during the remainder of 
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of the electric locomotive put it out of the suman 
We have not space to reproduce the figures in detail, 
but may briefly indicate on what the conclusion is 
based. For steam, considering the mean of all loco- 
motive types working an average passenger train- 
mileage of 10,000,000 over 1000 miles of route, Mr. 
Roger Smith takes a total annual cost per locomotive 
of 1175l., capital charges being taken at 6 per cent. 
During a year a passenger locomotive may be ex- 
pected to run, say, 27, passenger train-miles, so 
that the mean value for locomotive expenses works 
out at 104d. per train-mile. Weight for weight, 
the electric locomotive costs about twice as much 
as the steam locomotive, but for the same adhesive 
weight weighs some 30 to 40 per cent. less. On 
the basis of the same capital charges, the annual 
cost for an electric locomotive comes out at about 
12501. per annum. While, however, the steam 
nger locomotive runs only on an average 
b7-000 train-miles in the year, and spends 75 per 
cent. of its time out of active service, the electric 
locomotive, which need not be in the shops more 
than one month out of twelve, will not spend 
more than 50 per cent. of its time out of active 
service. As a consequence, it can run at least 
40,000 passenger train-miles a year. Multiple- 
unit motor-cars run 45,000 to 50,000 miles per 
annum. If these figures are accepted, the loco- 
motive costs per train-mile with the electric loco- 
motive will be 7d. This figure is on the basis of 
electric energy purchased at 4d. per kilowatt-hour. 
Assuming a railway running 10,000,000 passenger 
train-miles per 1000 miles of route, and the con- 
ditions such that electric locomotives might run 
40,000 miles annually, the saving of 3d. per train- 
mile would a an annual saving of 125,0001. 
per 1000 miles of route. Taking interest and 
amortisation at 6 per cent., this would represent 
2,100,0001., or 21001. per mile of route. This would 
be far from sufficient to cover the electrification 
costs, such as overhead equipments, distributing 
cables, sub-stations, &c., so that the conversion 
would not be financially sound. The only charges 
in the calculation which it seems possible might 
be reduced are the capital cost of electric locomo- 
tives and the cost of energy. If the locomotive 
capital costs could be made 501. a ton, and the 
cost of energy }d. a unit, the cost per train-mile 
would be reduced to 6d. These latter figures are, 
however, at a considerably lower level than can 
be reached at present. 
The case of the electrical working of fast or slow 
oods and mineral service gives a somewhat more 
Seven result when examined in the same way. 
Mr. Roger Smith, however, points out that a form 
of analysis admissible to prove a negative in the 
case of passenger working is not rigid enough to 
prove a positive for goods working. For reliable 
figures any individual case must be analysed on its 
merits. It may be said, however, that for goods 
service the same ratio between the cost of coal and 
electricity per train-mile as demanded 4d. per unit 
for passenger working, will be satisfied with electricity 
at $d. per unit for goods working. Under English 
conditions the chief difference between goods and 
passenger service is the reduction in the annual 
train-mileage run by the steam-locomotive. For 
passenger service it was taken at 27,000, but for 
goodsand mineral working it drops to about 10,000. 
In addition, the coal per train-mile is nearly 
doubled. On the average some two-thirds of the 
available steam-locomotives may be expected to be 
in steam on any one day, and of these locomotives 
the locomotive -mileage for passenger working 
will probably exceed the train-mileage by little 
more than 5 per cent. For goods working, 
however, the locomotive-mileage may exceed the 
train-mileage by more than 30 per cent., owing to 
the many services other than train straightforward 
hauling which the locomotive has to perform. 
Each goods locomotive may not work more than 40 
to 50 train-miles per day averaged throughout the 
year. This gives some idea of the length of time 
the locomotives are standing in steam and using 
coal, but earning nothing. In addition, nearly one- 
third of the locomotives are always away under 
re ‘ 
xperience in America suggests that it is in con- 
nection with cutting down locomotive losses in 
goods working that electric working for main lines 
offers most ts of success. It has been found 
[soni to double the mileage at least run by the 
ocomotives, owing to their ability to haul heavy 
loads at increased speeds. Also there are no 
energy losses when they are standing idle. 





Further, instead of 30 per cent. of the locomotives 
being out of service for repairs, not more than 
10 per cent. are so Rabe The work done in 
America in the hauling of heavy goods or mineral 
trains at high speeds by electric locomotives 
cannot, however, be snap in this cogs 
owing to the limitations of the draw-gear. In 
America draw-bar pulls of 30 tons are permissible, 
and trains of 2500 to 4000 tons can be hauled. 
The electric locomotives able to meet these con- 
ditions working in the United States are, however, 
uite unsuited for the ordinary goods service of 
this country. The limitation of draw-bar pull 
with the trader’s wagon is supposed to be 12 tons, 
and locomotives such as we refer to would simply 
ull the trains to pieces. There would, however, 
no difficulty in building locomotives to meet 
our conditions, and if some of the savings achieved 
in America were found to hold, electrification for 
goods working might prove commercially feasible. 
An actual example of an electrically-operated 
mineral traffic will - working in this country in a 
short time. This will be over the North-Eastern line 
between Sheldon and Newport. The locomotives 
will be operated by 1500 volt continuous current 
collected from an overhead conductor, and power 
will be purchased from outside and converted in two 
sub-stations. The length of the line will be 18 miles, 
and the length of single track and sidings electrified 
will amount to 50 ~ +f The locomotives will be 
able to start and haul a mineral train weighing 
1400 tons at a speed of 25 miles an hour on the 
level, and start an 800-ton train on a grade of 
1 in 100. The North-Eastern Railway is in the 
fortunate position of owning practically all the coal 
and ore wagons which work over this particular 
branch, so that it can maintain their w-gear 
at a standard which will allow of proper advantage 
being taken of electrification in the handling of 
very heavy trains at afairly high speed. The work 
could not have been carried out in the form it is 
taking if conditions had been complicated by the 
presence of the trader’s wagon. It is expected 
that the line will be working this year, and the 
results will be watched with great interest by all 
railway and electrical engineers. It isto be feared, 
however, that the peculiar conditions of the line 
are to be found in but few places in the British 
Isles. 





PRODUCTION OF NEON AND HELIUM 
BY THE ELECTRIC DISCHARGE. 


Last Friday, the 13th inst., Professor J. Norman 
Collie, F.R.S., of University College, London, dis- 
coursed at the Royal Institution on ‘The Production 
of Neon and Helium by the Electric Discharge.” 
The subject is one that has eagerly been discussed 
in the past year. In February, 1913, Professor 
Collie and Mr. H. S. Patterson presented a pre- 
liminary paper to the Chemical Society on ‘‘ The 
Presence of Neon in Hydrogen after the Passage 
of the Electric Discharge through the Latter at 
Low Pressure,” and Sir William Ramsay, on the 
same evening, read a note on ‘‘The Presence of 
Helium in the Gas from the Interior of an X-Ray 
Bulb.” These and further communications were 
hailed—and derided —as exemplifications of the 
transmutation of elements, though Professor Collie 
did not use that term in the paper as published in 
the Transactions of the Chemical Society; and 
since the identification of the rare gases rested 
entirely on spectroscopic evidence, the controversy 
soon turned mainly upon the spectroscopic prob- 
lems. To this part Professor Collie did not refer 
at all in his Royal Institution discourse, nor did 
he make any allusion whatever to transmutation. 
He simply described experiments in the course of 


which neon and helium had appeared, without | th 


being able to say where they came from, and in 
his conclusion he emphasised the fact that the work 
was still entirely in a preliminary condition. The 
lecture did not lose in interest because Professor 
Collie refrained from all premature speculations. 
The starting point of his experiments, Professor 
Collie stated, had been the observation that many 
minerals phosphoresced when bombarded y X rays 
or catheolle rays. Calcium fluoride (Ca F,, both 
the natural fluorspar and the artificial compound), 
he had noticed, was superficially decomposed by 
the rays ; it changed colour and assumed a purple 
metallic reflection, due probably to free calcium ; 
for the colour disappeared when the purple sub- 
stance was trea with water, and the water 
became alkaline. The presence of fluorine gas, the 





other constituent of fluorspar, could not be proved ; 
that gas would attack the glass, however. He had, 
indeed, found silicon fluoride and also oxygen in 
the from such discharge bulbs, and when he 
had further searched for rare gases, on the sugges- 
tion of Sir William Ramsay, he had finally also 
obtained the characteristic red colour of the electric 
discharge through neon. This had led him to a 
long series of researches, the interest of which lay 
in the fact that neon, and also helium, made their 
appearance in tubes pumped free of air after the 
e— of the electric discharge, but not when, in 

lank experiments, the tubes were submitted to 
the same treatment, without the electric discharge. 
Where did the neon come from ? 

In these experiments he had made use of 
Ramsay’s apparatus for dealing with radium emana- 
tion. The pump consisted of a mercury basin 
joined by a rubber tube to a long vertical glass tube 

ranching out in Y fashion at the top. The steep 
branch of the Y was joined to the vessel to be 
evacuated ; the other branch, slightly inclined, 
opened out into a wider tube, and then narrowed 
again into an overflow pipe. When the basin was 
lifted, the mercury rose in the tubes until it over- 
flowed while entrapping the air in the vessel to be 
evacuated ; when the basin was lowered in the 
mercury receded, and the entrapped air bubbled out 
through the wide tube. When this process was 
repeated several times, less and less air escaped by 
bubbling, until a good vacuum was obtained. The 
small amount of residual gas could be transferred to 
other apparatus, or to a capillary sparking-tube (for 
spectroscopic examination) in similar ways, by lifting 
a mercury basin so that the gas was forced into the 
respective receptacles. Now, Professor Collie con- 
tinued, when a bulb was evacuated by this means, and 
the residual gas, through which the electric discharge 
had passed for hours or days, was transferred to 
another apparatus, the residual gas would essentially 
consist of oxygen or of hydrogen, according to the 
original gas ; some gas might finally have had to be 
introduced or left, lest the electric discharge should 
refuse to . To remove this hydrogen, an excess of 
oxygen was admitted into the tube, and the mixture 
was sparked ; the water vapour and the excess of 
oxygen were absorbed by means of charcoal (cooled 
by liquid air), and a little gas would then remain 
behind, which proved to be neon. That neon 
might have come from the fluorspar, or from the 
glass wool, or from powdered glass later experi- 
mented with, or from the glass walls ; but in blank 
experiments no neon had been found. 

At this stage, the lecturer proceeded, he had 
heard that Mr. H. S. Patterson had at Leeds 
obtained similar results, and they had then worked 
together ; later on, Mr. Masson had joined in 
their research. Mr. Patterson had, however, 
started his own experiments with the preconceived 
idea that, if by means of the electric discharge a 
second electric charge could be imparted to the 
mass of the hydrogen ion, an a particle might be 
produced, in which case it would be possible to 
convert a hydrogen atom into a helium atom. For 
their joint experiments the apparatus had been 
modified in various ways. In order to prevent leak- 
age, such as an inflow of air from outside, introducing 
both neon and helium, the discharge-tube had been 
jacketed with an outer vacuum tube, and the elec- 
trodes had sometimes been so arranged that they en- 
tered directly into the inner tube. When neon was 
charged into the outer tube, the usual amount of 
neon was finally found in the inner tube, showing 
that no neon had entered ; in similar experiments 
with helium, no helium found its way inside ; 
these gases did not therefore penetrate through 
glass under the discharge conditions. To try once 
more whether the glass itself was the source of 
e rare gases, glass was heated, dissolved in 
hydrofluoric acid, the residual glass swept out with 
oxygen (from potassium permanganate) and the 
oxygen condensed; no neon was found. If air 
leakage had occurred in spite of all precautions, 
nitrogen, of which air contained 80,000 as much by 
volume as of neon, should have been discovered ; 
that nitrogen would have destroyed the green 
phosphorescence, and should have been traceable by 
the spectroscope ; but no nitrogen was detected. 
On the other hand, hydrogen, introduced in 
some experiments, or remaining in the gas 
when the explosion had been incomplete, seemed 
to disappear in a mysterious way. There was a 
possibilit , they had recognised, that hot glass 
was not impermeable to hydrogen. In a special 
apparatus the perforated disc cathode was there- 
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fore placed close to the wall of the bulb, which 
at that spot was formed by a cap of thin glass ; 
hydrogen did through this thin glass into the 
outer tube. The electrodes themselves did not 
appear to give off any neon or helium under the 
clevtzic discharge—this statement was qualified at 
the end of the lecture. Thus the summary had 
been: the rare gases found did not come from 
the glass, neither from the electrodes, nor from the 
oxygen and hydrogen used in the experiments. 
tt December, however, Professor Collie con- 
tinued, Professor Strutt had informed the Royal 
Society that he had repeated the experiments of 
the lecturer, and had failed to confirm them. 
Strutt had objected that the operations of pumping 
and transferring the could not but favour 
leakage, and he had therefore constructed other 
apparatus. The apparatus devised, Professor 
Collie said, was no doubt very good ; but he could 
not think that he himself, and his collaborators, had 
been mistaken, and he suggested that’ Professor 
Strutt might be too careful. To ensure complete 
absorption, the latter had used big charcoal tubes 
over 4 in. in diameter. When arranging his own 
apparatus so that he could use either a small or 
a big charcoal tube, Professor Collie found with 
the latter tube only a quarter as much neon as with 
the former, and it was clear that some neon gas was 
retained by the large mass of charcoal together with 
the other gases. The rare gases were also absorbed 
by the *‘splashes,” the black metallic mirrors of the 
disintegrated electrodes. When the gas withdrawn 
from such black tubes was directly tested, after 
removing all traces of hydrogen by explosion— 
the only way it could be got rid of, the lecturer 
remarked—no neon or helium was sometimes found 
at all; but when the splashes of platinum, for in- 
stance, were heated, and the gases liberated washed 
out with oxygen, both neon and helium appeared. 
To meet the objections raised, their apparatus had 
again been modified. The gas was allowed to pass 
from the discharge bulb directly through a stop- 
cock into a second tube, into which hydrogen and 
oxygen could be introduced for washing and flush- 
ing; the excess of oxygen was absorbed by the 
liquid potassium-sodium alloy, and the conden- 
sable gases were absorbed by charcoal. 
Quite recently, Professor Collie finally stated, 
Mr. Masson had found helium and neon in the 
from a quartz-mercury lamp which had been 
urning for 4000 hours. Following this up they 
had constructed a special lamp consisting of 
an inverted U-tube of quartz, the end of the 
legs dipping into mercury cups. The mercury 
used in all these experiments had never been in 
contact with either neon or helium ; but when the 
mercury in this lamp was renewed, the yield of rare 
gases increased for a time, and this had been 
repeated several times. Thus it looked as if the 
neon and helium might come from the mercury. 
From further experiments it seemed to result, more- 
over, that metallic electrodes did give off rare 
gases under a long-continued electric discharge ; 
potassium, sodium, lithium, and mercury seemed 
to yield chiefly helium, aluminium chiefly neon, 
while silver and copper yielded both these gases. 
Yet the problem was still obscure, and their clue 
might be false. In any case the line of research 
had revealed some new facts. 





AERIAL SCREW-PROPELLERS. 

Wuust much valuable experimental work has 
been accomplished with screws working in water, 
there appear to be some reasons for believing that 
recent work in aerodynamics will prove still more 
effective in disentangling some of the many dis- 
crepancies found in comparing results obtained by 
different observers. In the theory which, for 
some time past, has been very carefully studied 
by those interested in aeronautics, an analogy 
is established between a small elemental area of 
a screw-propeller and an aeroplane or aerofoil. 
Consider, for example, an element of a propeller 
situated at radius r. Then this element, when 
the propeller is at work, describes a certain path 
in 8 , making a certain advance in the direction 
of the axis of rotation at each revolution, tracing 
a helical path on an imaginary cylinder of radius r. 
If this imaginary cylinder were unrolled out into a 
flat plane, the path of the element would be 
represented by a straight line on this plane, such 
as AB, Fig. 1. 

The line AB is then taken as analogous to the 
path of an aeroplane wing when the aeroplane is 


moving horizontally. Just as the wings ef an 
aeroplane must be inclined to the horizontal in 
order to secure a lift, so must the element of the 
propeller-blade be inclined to the path AB in 
order to secure a thrust. Hence it may be repre- 
sented by CED. The resultant force on this 


element of blade will act in some such direction as | th 


ST, making an angle of 90 deg. + a with the 
direction AB. Calling this resultant force on the 
element N, then the force in the line of propeller 
thrust will obviously be N cos (6 + a), whilst - 
corresponding force o ing the torque on the 
shaft will be N sin (0 4 i The usefal work done 
per turn is then N cos (6 + a) BG, whilst the total 
work done is N sin (6 + a) AG. 

The efficiency of the element is therefore 
equal to :— 


N cos(9 +a) BG _ tan 0 
Nsin(@+a)" AG tan (0 + a) 

In the absence of skin friction a might take the 
value zero giving unit efficiency. Under such a 
condition, however, the whole of the force on the 
blade would disappear, and the unit efficiency would 
be realised solely because whilst the screw developed 
no thrust, it also took no power to drive it. In 
actual practice, owing to surface friction, a value of 
a equal to zero would give a negative thrust. 

In applying this method to determining the 
output and efficiency of a given propeller certain 
difficulties arise. In the first place, as is well 
known, the total force developed on an aeroplane 
surface varies very considerably with the aspect 
ratio—that is to say, with ratio of length athwart 
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the line of flight to the depth along the line 
of flight, so that it is not easy to say what the 
effective aspect ratio of each element of a propeller 
really is. This problem can only be solved by com- 
parison with experiment. An interesting compari- 
son of this kind will be found in the Aeronautical 
Journal for October last, where a very complete ex- 
ition of the method is made by Mr. A. R. Low. 
Seon data as to the ‘‘lift” and ‘‘drift” of a number 
of typical sections of a screw - propeller blade, 
recorded by M. Kiffel, Mr. Low computed the torque 
and efficiency of a complete propeller. His calculated 
figures gave the torque horse-power as 11.2, and 
the efficiency as 724 per cent., whilst actual experi- 
ment on a model gave, when corrected to full size, 
10 horse-power and 68 per cent. respectively. 
Considering the uncertainty in which certain factors 
are still involved, the agreement may be considered 
as very fair, and marks a distinct advance in the 
art of computing a propeller’s performance from its 
drawings. 
In a computation of this kind it is, of course, 
n to integrate over the whole surface of a 
propeller the thrust and torque for each little 


element. In general this can only be effected 
a. but in the paper already cited Mr. 
w shows that for certain forms of blade the 


integration can be effected analytically and in finite 
form. 
From the oa 


iscussion given above it 
will be obvious that 


di 
the pitch of a propeller, as 


measured in the usual way, has little physical | large 


significance. In a r read before the Aero- 
nautical Society on Wednesday evening last, Mr. 
F. H. Bramwell advocates accordingly another 
way of defining the pitch. If a body fitted with a 

peller increases in speed, the propeller thrust 
iminishes, and if independent means are provided 
for maintaining and increasing the velocity of 
forward motion, whilst the propeller speed is 
maintained constant, this thrust will ultimately 
become zero. The advance made under these 





conditions per revolution of the propeller has then 





a definite physical significance, and Mr. Bramwell 
suggests t this should be known as the 
‘** experimental mean pitch,” and that the slip of 
the propeller should be referred to this, and not 
to the pitch as ordinarily determined. He shows 
that in comparing propellers of different forms on 
is is very much more consistent results are 
obtained by using this ‘‘mean experimental slip” 
as one of the co-ordinates for plotting curves, in 
place of the nominal slip as has been usual. 

The principal objection to the change lies in 
the difficulty of estimating this ‘‘ mean experi- 
mental pitch” from the drawings. Mr. Bramwell 
stated, however, that this could be done with con- 
siderable accuracy by taking the ‘‘ no lift” lines of 
each of the elements of the propeller as the lines 
determining the ‘‘mean experimental pitch” for 
that element. A good number of experiments on 
the lift and drift for sections similar to those used 
for screw-propellers have now been recorded, and 
the data will be materially amplified as time goes 
on. Hence the difficulty in question, though it 
still has weight, is not insurmountable, whilst in 
the case of experimental propellers it can hardly be 
said to exist. It has been objected also that the 
‘*experimental mean pitch” is not independent of 
the absolute velocity of motion, but Mr. Bramwell 
was able to announce that experiments at the 
National Physical Laboratory have shown it to be 
practically constant for po ranging from 15 ft. 
to 50 ft. per second, 

An interesting point brought forward by Mr. 
Bramwell was that the most efficient propeller was 
not the best for actual use. As shown above, in the 
absence of friction, &e., the highest efficiency would 
be obtained when both thrust and torque were zero, 
in which case the angle a, in Fig. 1, would be zero. 
With actual propellers the best efficiency is attained 
with finite values of a, but the angle is still so small 
that the absolute value of the thrust is incon- 
veniently low, and it is more profitable to sacrifice 
some efficiency and thus get the uired thrust 
with a smaller propeller. In one set of experiments 
described by Mr. Bramwell the highest efficiency 
(82 per cent.) was obtained with a slip of about 
18 per cent. Actually such a propeller would be 

with a slip of at least 33 per cent., at which 
the efficiency was reduced to 78 per cent. The 
relative thrust in the second case would, however, 
be nearly 2} times as great as with the propeller 
running at its maximum efficiency. 





THE FENCING OF SHAFTING AND 
TRANSMISSION MACHINERY, 

Tue protection of workers in factories is a matter 
of perennial interest, and the yearly statistics 
show that though advances are being made in 
some directions, a good deal still seems to be pos- 
sible in others. A Government report has recently 
been issued specially dealing with Fencing and 
Safety Precautions for Transmission Machinery, 
which shows the number of accidents comi 
within this particular field to have deseanel 
only slightly in numbers in recent years. This 
report, issued by the Home Office, and drawn up 
by Mr. W. 8S. Smith, His Majesty’s Inspector 
for Dangerous Trades, places the number of mill. 
gearing accidents in factories at 1693 in 1912, a 

igher figure by 19 than the number in 1909, but 
lower considerably than in 1908, when the figure 
was 2011. A close study of the matter would 
suggest that the proportion of accidents to the 
number of persons employed has actually fallen to 
a considerable extent, since the registered factories 
ae by about 7000 in the five years ended in 
1912. 

The term “‘ mill-gearing or other sppliance” as 
officially employed in this report, and in the Factory 
Acts, covers practically everything needed for the 
transmission of — from a prime mover to a 
machine, and embraces shafting, pulleys, wheels, 
belts, chains, clutches, couplings, The field is 
and varied, and consequently somewhat diffi- 
cult to regulate, but it is essential to have somethi 
of a more or less definite and tangible basis to uetk 
on. This isso, because the ideal being is seldom to be 
found either —— employers or in the ranks of the 
inspectors. If all employers were ideal in this 
matter, there would, of course, be no need for 
inspectors. And so long as we have to admit that 
there are employers who might be taxed with 
shortcomings, their fellow-men, though acting as 
i rs, must plead guilty likewise to possible 
failings. Seldom, indeed, are the characteristics 
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of alertness, firmness, common-sense, and broad- 
mindedness blended in the proportions needed 
the ideal inspector. It is essential, therefore, that 
there shall be something definite on the one side 
to check the cantankerous employer, and on the 
other, to back up or restrain the inspector whose 
personal experience does not, perhaps, always 
carry much weight with the persons with whom 
he may have dealings. 

It is unfortunate that the detailed information 
in the report relates to years so long ago as 1909, 
and that data over a term of years are unavail- 
able. We are precluded therefore from making 
any ay scrutiny with a view to bringing 
out the directions in which improvement, if any, 
in recent years, has been manifested. Broadly 
speaking, of the 1700 accidents which happen 
annually in connection with shafts, pulleys, ™ 
about 300 are connected with shafts, 1000 with belts, 
and 300 with pulleys. The largest number, by 
far, of fatal accidents are caused in connection 
with shafts, only about 1.5 ar cent. of the belt 
accidents being fatal, while of those with shafting 
about 12 per cent. are fatal. Some 60 per cent. 
of the accidents which arose from contact with shafts 
in motion were due to clothing, loose hair, or 
cleaning waste catching on revolving parts. As 
would ex , coats and sleeves are respon- 
sible for a very large proportion. Though dresses 
and skirts would seem also to offer numerous 
chances, they do not appear to have been the cause 
of very many casualties. The reason is perha 
because they are accepted as necessarily entailing 
protective provisions, such as guards over low 
shafts and wheels at work-benches. The risk of the 
lower clothing catching is naturally less than in 
the case of the upper, since the upper part of 
the body is often placed in the more dangerous 
situations. There appears, however, to be some 
slight inconsistency in the draft regulations which 
accompany this report, and which, it is sug- 
gested, should be enforced in regard to trans- 
mission machinery. It is suggested that aprons 
and neckties with loose ends should not be worn 
by persons working within reach of unfenced 
transinission machinery in motion, and, while it is 
laid down that any woman or girl working in such 
a place shall have her hair fastened up securely, 
nothing is said about skirts or beards. It would 
ap that an apron on a man would be little less 
like ten a skirt on a woman, while a beard is 
certainly often more liable to catch than the hair, 
though possibly worn by beings d of a 
rather more developed sense of the dangers run 
in — situations. 

e general question of the protection of moving 
shafts, &c., is one which it is difficult to discuss 
in detail. Everyone would like to see the risks 
diminished, and every care should be taken to 
avoid ie projections. But it is impossible 
to argue logically on these matters when about 
56 cent. of the accidents occur in connection 
with shafts, couplings, &., without projections, 
and only 14 per cent. where projections are 
present. We do not know what proportion the 
number of one class of shafts, couplings, &., 
bears to the other, so these figures may not mean 
what they appear to. From them alone it might 
be contended that the absence of projections 
tempted men to greater risks, and thus indirectly 
caused a ter number of casualties. Thus it 
may be held that as they result in the larger list 
of casualties, it is a snare a delusion to make 
things too safe, and that something clearly a little 
more dangerous may in the end be safer. 

On the facts eniiahhe it is manifestly impossible 
to lay down hard and fast rules. ere are in- 
numerable ways of rendering moving shafts and 
driving , comparatively speaking, safe. Some 
are simple, effective, and inexpensive ; others are 
quite the reverse. The need for the adoption of 
elaborate utions, or the sufiiciency of simpler 
methods, must be decided according to the circum- 
stances of each case, with reasonableness on both 
sides. The trouble of lack of co-operation on the part 
of the employee does not arise to the same extent in 
this connection, perhaps, as with guards to machines, 
and many of the devices can be fitted more or less 

ently instead of being too easily removable. 

n addition to protection in this way, additional 

security, it might be thought, would be provided 
by the increasing adoption of electric transmission 
and group driving. This, again, is one of the 
directions in which a fair assumption cannot be 
directly supported by data, and We can only 





advocate the wider use of this method to the 


by | more complete supersession of shafts and belts, as 


most probably conducive to fewer casualties. 





ELECTRICITY IN MINE-SINKING 
OPERATIONS. 

Ir the opinions of mining engineers were 
obtained with regard to the relative advantages 
of electricity, compressed air, and steam for the 
purpose of dewatering shafts, pumping during 
sinking operations, oat carrying out during the 
initial stages of mining other processes which 
require power of some kind, there would probably 

many expressed in favour of compressed air, 
and also some in favour of steam, as opposed to 
electricity. There are, however, few engineers, if 
any, who, being familiar with all the factors in- 
volved, would not be open to admit that many 
sinking operations carried out during the last 
decade in various parts of the world would have 
been commercially impracticable, and perhaps im- 
possible, without the aid of electric power. 

It is, of course, impossible to lay down a hard- 
and-fast rule in any matter involving so varied and 
complicated considerations as shaft-sinking, for in 
this, as in every other engineering problem, the 

revailing conditions have to be taken into account. 

any who prefer the compressed-air pump for 
sinking operations and the dewatering of shafts 
probably do so from either of two causes—viz., 


ps| their long experience with this type of pump; or 


their direct or indirect knowledge of unfortunate 
experiences with heavy - duty electric turbine- 
pumps, which, being somewhat more delicate and 
intricate in design than air-driven pumps, need 
very careful thought and consideration in the 
arrangement of details to fulfil their duty under 
the rough usage which it is not possible to 
eliminate altogether. Owing to the fact, how- 
ever, that during the early stages of the develop- 
ment of this type of machine these conditions were 
not fully realised and possibly to some extent from 
reasons of economy, these details did not always 
receive the attention which is desirable. 

Some of the difficulties which are inherently 
present in this type of machine, such as bearing 
troubles resulting from the high speed and in- 
efficient cooling of the motor, have been overcome 
by improved design and the proper application of 
lubrication. The scientific design of the modern 
high-speed motor for the drive of these pumps has 
now rendered it a reliable machine, and mechanical 
troubles may be ex to be as frequent, if 
not more so, than electrical. This is borne out 
in the case of the sinking-pumps of Tilmanstone 
Colliery, which formed the subject of an interest- 
ing descriptive paper read before the London 
branch of the Association of Mining Electrical 
Engineers, by Mr. H. J. Wroe, on inne 6. 
This paper shows also how necessary is attention to 
detail in the organisation of the operation of these 
pumps, in order that stoppages for replacements 
and additions to the pipe column may be as short 
as possible. In it there is set forth the rules 
which the switch and pump attendants were re- 
quired to adhere to during the carrying out of their 
respective duties, and it is shown that the en- 
forcing of these rules was amply repaid in the more 
efficient yy oe of the plant. 

There always been a tendency to apply the 
methods which were the custom with the older 
machinery (such as air and steam-pumps) to the 
operation of electrically-driven machinery. This 
probably accounts to some extent for the con- 
servative attitude of some mining officials in regard 
to electrical machinery, for these methods are 
frequently the cause of unsatisfactory performances. 
In the older conditions there was the —— 
air pump fed by compressors on the surface, re- 
quiring fitters and pump-men, each experienced and 
resourceful in his special sphere. These men were 
capable of attending to the air and water-pipe 
columns, and keeping their joints in good repair 
in the former case, and of adjusting the valves and 
more delicate parts of the air-pump in the latter 
case. As a rule, they would not viffer much in ype 
and knowledge, whilst their work was, in the 
main, pe anny they would work harmoniously 
together whenever it was necessary. Compressed 
air is easily stored, and there being very little 
knowledge or intelligence required to tell when 
there is enough pressure to run a pump, the atten- 
dant could work independently of the driver in the 
compressor-house; thus there was no requirement 





for set rules for carrying out the various operations. 
In the case of electrical pumps, however, it is 
essential for a proper mode of procedure to be laid 
down for the adequate protection of life from 
shock, and so that the switching at bank or in 
the intermediate (inset) switch-chamber may be 
carried out in proper order and in accordance with 
what is going on at the sinking-pump. Further, 
it is not desirable, if the power is drawn from a 
small station on the mine, for the pump attendant 
to throw on or off 400 or 500 horse-power of load 
without giving previous warning. Hence the 
necessity for proper rules and also efficient means 
of communication between pump and switch 
attendants, and the power-house, ifany. To those 
accustomed to the older methods this organisation 
may seem cumbersome, but there can be no doubt 
that the proper provision for the carrying out of 
such rules be repaid by efficiency of working, 
fewer stoppages, and the avoidance of damage to 
machinery and switch-gear through faulty and 
careless operation. 

Sinking is generally done by aid of the direct- 
driven turbine pump, but the geared electrical 
pump is also capable of doing excellent service in 
sinking operations, although it has its limitations 
through its comparative cumbersomeness, except 
where the quantity of water to be dealt with is 
comparatively small. For inset pumps, however, 
the superior efficiency is a strong point in its favour. 
It would be difficult to determine which of the two 
types of pump would cost the more, taking into 
account repairs, when dealing with gritty water, as 
this would depend to a large extent upon the speed 
of the turbine-pump, which is, in turn, decided partly 
by the head against which it has to pump. In this 
connection it is interesting to observe that in the 
South African gold-mines, where millions of gallons 
of pulp containing the worst possible form of grit 
are pumped daily, the only formidable competitor to 
the tailings-wheel is the centrifugal pump. This, 
however, never works at a very high lift (anything 
from 40 ft. to 100 ft.). 

The compressed-air pump is an admirable aid to 
the miner under some conditions, as, for instance, 
when a shaft or sump is required to be dewatered 
in the vicinity of an air supply, or when it would not 
pay to lead electrical power to the spot for this pur- 
pose. It is a great advantage to the miner (whose 
conditions of working are frequently very severe) 
and to his employer that the atmosphere should 
be kept as pure as possible. The air-pump liberates 
a quantity of fresh air, but it also throws it out 
carrying dense clouds of vapour, which, combined 
with the noise of the exhaust, must undoubtedly 
reduce the efficiency of labour in its vicinity. 

When considering the feasibility of an air-pump 
for sinking where a huge amount of water is to be 
dealt with, however, the cost of compressed air is 
necessarily an important factor, and the relatively 
high expense of this, as compared with the power 
costs of an equivalent electric pump, is generally 
known. 

Any consideration of the relative merits of 
pumping machinery for sinking operations must 
necessarily involve the determination of the power 
(steam or electric) which would eventually be used 
for winding or such other purposes as may require 
power at the shaft-head, and whether or not a 
compressed-air supply would eventually be essen- 
tial in the development and working of the mine 
(air would, of course, be indispensable ina mine work- 
ing such hard rock as found in the South African 
gold-fields). A newmine, situate in a neighbourhood 
served by an efficient and reliable electric-power 
supply, would hardly be well advised in installing 
expensive air-compressing plant for the sole purpose 
of running sinking-pumps, unless such plant would 
be indispensable in the later development of the 
mine. 

In order to throw into relief the advantages 
which electrical power affords the mining engineer 
during the initial stages of mining, let us compare 
the state of, or equipment of, a shaft well on in the 
course of being sunk, say at 1200 ft. depth, under 
the old conditions and under the new. ore the 
inception of electric power there would have been 
a heavy and bulky steam-pump at a level of about 
700 ft. down, fed by a large lagged steam main 
leading from boilers on the surface. This would 
have pumped from its sump adjacent to its chamber, 
which sump, in turn, would have been fed by a com- 

-air sinking-pump at the bottom of the shaft, 
supplied from the surface through its own we 
column. The air-pump would have thrown clou 
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of vapour with its exhaust, and have made a terrific 
noise in the process. 

With the electrically- driven pump there are 
between the surface and the 700 ft. pump-chamber 
a couple of power cables of relatively very small 
dimensions, neatly clamped to the side in the com- 
p3rtment allotted to cables (which take the place 
of the heavy lagged steam-pipe and the air-pipe 
column), carrying power for a couple of very 
compact, electrically-driven turbine pumps, or 
perhaps geared pumps. In the same chamber, and 
in a position which will not interfere with the free 
passage of the heavier motor and pump parts, is 
placed a series of switch-panels for the control of 
these pumps and the sinking- pumps, and, may 
be, this chamber is also arranged for the re- 
ception of the cable-drum for paying out the cable 
to the sinking- — as the work proceeds. In 
the shaft the doub e steel suspension ropes run 
from a winch on the surface all the way down 
to the sinking-pump, and between these ropes 
is clamped the sinking-pump delivery column, 
which has connected to it the cable running from 
the switchboard in the 700-ft. pump-chamber 
to the sinking-pump. The steel suspension-rope, 
being manipulated by the winch at the surface as 
mentioned above, the delivery column, together 
with the sinking-pump, may be lowered as required, 
whilst the sinking-pump cable is paid out by the 
drum in the 700-ft. chamber, after which additional 
lengths of pipe may be added to the delivery 
column and another period of pumping started. 
The pump at or near the bottom of the shaft is 
very compact, allowing the maximum of room in 
the shaft for the free passage of the skip and 
the lowering of awkward lengths of timber, 
&c.; it is running steadily and quietly, and, 
perhaps, throwing up a body of water which 
would be a practical impossibility with any 
other form of pump. Thus it may be said in 
conclusion, that the electrically-driven turbine- 
pump, by virtue of the fact that it is light and 
compact, that it is reliable and more economical in 
power consumption-than the older mechanical 
pumps, that when installed permanently it needs a 
comparatively small chamber to be excavated for 
its reception, and uses power in a form that may 
almost without exception be applied to the driving 
of any other machinery incidental to the carrying 
out of mining operations, offers great advantages 
to the mining engineer who has to dispose of large 

uantities of water from his shaft bottom during 
the process of sinking. But it also makes great 
demands on him for careful design, and for the 
inception of new methods suited for the agents he 
is employing. Unless these considerations are kept 
in mind, both general experience, and the facts set 
forth in Mr. Wroe's paper, show that much trouble 
and great expense may attend the use of electric 
sinking-pumps. 





NOTES. 
Cost or THE ** Danton” Crass BarttLesHIPs. 


Wir reference to our note in our issue of the 
13th inst., page 225 ante, we find that the French 
journal Le Temps, of the 9th inst., has an article 
on the same subject, from which we gather the 
following information :—The committee appointed 
for verifying the accounts of French Naval Con- 
struction, carried out its researches with a view to 
demonstrate the necessity of Government dockyards 
both for revealing and for lating the cost of 
naval construction, but its work does not appear to 
have quite met the object aimed at. How cana 
Government dockyard, asksour contemporary among 
other points, act as a means of regulating cost, seeing 
that it builds more expensively than a private firm ? 
The simultaneousconstruction of similar ships at the 
dockyards and by private firms would appear to have 
had for sole real result to establish a limit within 
which the private firms can move for increasing 
their profits. A Government dockyard cannot at 
all be considered as supplying a means for regulat- 
ing cost, since the actual share of the dockyard in 
the construction of a battleship of the class under 
review—which costs in round figures a total of 
54,000,000 francs (2,160,000/.)—amounts only to 
9,700,000 francs (388,0001.), or a little over one- 
sixth of the total cost. Further, in this latter 
figure there enters a sum of 4,190,000 francs 
(167,6001.) for material, the price of which is 
practically the same both for the private firm 
and for the dockyard. By far the most important 
item which goes to make up the total cost of the 





ship is the cost of the manufactured and machined 
elements which enter into its construction and 
are supplied to the dockyard by the private firms, 
who manufacture and machine similar elements for 
the ships they build simultaneously. These elements 
are supplied to the dockyard upon contracts made 
between the dockyard and the private firms. The 
influence which the dockyard is able to exert on the 
total cost price of a ship is therefore only a very 
limited one ; in point of fact, it can only bear on 
one-tenth, at most, of the total cost. And this 
influence, as will have been seen from the com- 
mittee’s figures, actually tends to make a dockyard- 
built ship more expensive than one built by private 
firms. The étude made by our contemporary points 
to the fact that were the Government dockyard to 
build the ship complete from keel to truck, its cost 
would be out of all proportion to the cost of a 
similar ship built by a private firm. The difference 
would be more marked still were the dockyard to 
manufacture also all the necessary material for its 
construction. 


A 36-In. SusMEeRGED Fiexisie Pier. 


The supply of Staten Island with water brought 
to New York by the Catskill Aqueduct is to be 
effected by a flexible-jointed cast-iron main 36-in. in 
diameter, laid across the ‘‘ Narrows” of New York 
Harbour. An interesting description of the methods 
to be used is given in a recent issue of the Engineering 
Record by Mr. A. D. Flint. The pipe will be laid in 
a trench dredged across the channel, at a depth suffi- 
cient to provide a cover of at least 8 ft. between the 
top of the pipe and the permanent bed of the water- 
way. This will apparently be an undertaking of some 





difficulty, since the currents athwart the trench 
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the circumstances of Japan. Wireless telegraphy 
very soon attracted their attention, and as early as 
1886 Dr. Shida, a distinguished uate of the 
Imperial College of Engineering, Tokyo, set up an 
apparatus of his own construction on the banks 
of the Sumida River, Tokyo, but his attempts 
to send messages across the water by means of 
electric waves were not wholly successful. After 
European scientists began to publish the results 
of their investigations and experiments, the Japa- 
nese electricians turned again to the subject, and 
this time with considerable success. Dr. Nagaoka 
and Dr. Mizuno, of the engineering department of 
the Imperial University, commenced an exhaustive 
series of experiments with some very encouraging 
results. In 1897 Dr. Asano, of the electrical sec- 
tion of the Department of Communications, Tokyo, 
set up a wireless telegraphic apparatus on the old 
forts in the Bay of Tokyo, and attempted to exchange 
messages with a station erected on the reclaimed 
land at Tsukijima, near the mouth of the Sumida 
river. Meantime Marconi was making great 
developments in Europe, and the Japanese elec- 
tricians learned much from him and other in- 
ventors ; but they soon developed a system of their 
own, which is now used in the Department of 
Communications. This system, known as the 
‘*Teishin-sho” system, is claimed to be one of the 
best systems in use. As wireless telegraphy was 
of great importance to the navy, and as it would 
be a great advantage to have a system different 
from that used in other navies, the Japanese 
electricians set to work, and they evolved a special 
system for use in the Imperial Navy, and 
it was adopted by the fleet. That system, 
which is now known as ‘‘ Kaingun-sho,” enables 












attain a speed of 3 miles an hour, and the maximum 
depth of this trench below water-level will be 
nearly 72 ft. The joint between successive lengths 
of pipes is represented in the annexed figure, 
and it has been arrived at as the result of much 
experimenting. It was found impossible to make 
a satisfactory joint with lead merely caulked into 
place, since, even when pneumatic tools were used, 
the effect of the caulking did not extend formore than 
§ in. to # in. from the face. Lead-wool was next tried, 
caulked into place strand by strand, and being put 
in cold, was not subject to shrinkage. 
joints were secured in this way, even under high 
ydraulic pressures, but the joints thus made were 
not flexible, great force being needed to move 
them. Ultimately, the design illustrated was 
adopted. The lead was cast into the joint in the 
usual way. After it had cooled, the screws shown 
were removed, and a stiff mixture of graphite and 
thick mineral forced into the s left 
between the bell and the léad by the shrinkage of 
the latter. Cast-lead plugs, each about 


in. in 
diameter and 1 in. long, were then p in the 
screw-holes and forced into the joint by screwing 


up the plugs. About one hundred of these plugs 
were required in all, and there are sixteen hele 
_ rey they are introduced. In this way 
the whole shrinkage space was, in effect, pum 
full of lead, and the joints have proved outs ny 
tight under test, although they remain flexible. 

e pipes are to be coated with bitumastic enamel 
before laying. 


Wrrexess TELEGRAPHY IN Japan. 


In almost every department of Western science 
and its applications the Japanese have shown that 
they are not only able to take full advantage of dis- 
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coveries, but also to adapt and improve them to suit 





the fleet to preserve absolute secrecy as to position 
and message. It owes its existence to Professor 
Kimuna, and was used with telling effect during the 
war with Russia. It is said that Admiral Togo was 
able to receive warning of the approach of the 
Baltic Fleet, and be in readiness to meet it when 
it came in sight, with the result that is well known, 
so that it is claimed that in the greatest sea-fight of 
modern times, Japan owed her victory in a 
measure to the perfection of her wireless tele- 
graphy. To meet the convenience of shipping 

ere are now seven wireless stations in Japan. 
The stations are so selected that they cover not 
only Japan roper, but one is in Formosa, and 
another in iren, in Manchuria. The wireless 
= has been largely applied in Japanese mer- 
chant ships, nearly all the Japanese trans-Pacific 
liners being now fully equipped with wireless 
telegraphic apparatus, and many of the better class 
of coasting steamers as well. 


Tue Oriricat Strate. 


According to the almost generally accepted view 
of Andrews and Van der Waals, the critical state, 
which is characterised by the temperature and pres- 
sure at which the meniscus marking liquid and gas 
disappears, is a one-phase condition. Certain ex- 
periments do not appear to be in accord with this 
view, and the question was raised again by J. Traube, 
of Charlotten » during last autumn’s meeti 
of the Naturforscher-Versammlung at Bonn. Suc 
experiments had been made by Caillotet already, and 
were later confirmed by de Heen and Traube. ese 
scientists pro a two-phase theory ; that is to 
say, they consider that the critical temperature is 
that temperature at which the two phases—which 
they called and fluidones—are miscible in 
all proportions. The fluid phase, they suggest, 
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continues to exist several degrees above the critical 
temperature, even after the disappearance of the 
characteristic mists. This hypothesis or two-phase 
theory was supported by experiments which one of 
Traube’s ~~ Teichner, made in 1904. He filled 
a glass tube with pure carbon tetrachloride, having 
introduced several small glass spherules of various 
densities into the liquid. The tube was heated 
in a thermostat, and when the meniscus vanished, 
the glass spherules took up positions suggesting 
differences in the density of the fluid amounting to 
30 per cent. Kamerlingh Onnes and Fabius, con- 
ducting similar experiments with carbon dioxide 
in 1907, observed only very slight differences 
in the density, which, moreover, disappeared 
when the critical temperature was exceeded by a 
few tenths of a degree Centigrade. Another pupil 
of Traube’s, Hein, then repeated these and the 
former experiments with extreme care, and found 
that when the carbon dioxide and the-sulphur 
dioxide, which he investigated, contained some air, 
Teichner’s figures were confirmed, but when all 
traces of air and other impurities were removed, 
the differences in density became small; yet they 
remained larger than Kamerlingh Onnes had 
stated. Reviewing these experimental researches, 
Traube explained that he did not any longer 
rely upon Teichner's experiments, but he adhered 
to the two-phase theory for various reasons. 
If the one-phase theory were correct, the critical 
phenomena should only be observable when the 
pressure within the tube was just the critical pres- 
sure. But Hein had observed the critical 
phenomena with carbon dioxide at two different 
pressures. Watching the movements of the glass 
spherules, Traube had noticed that the spherules 
first moved very slowly in a stratum of maximum 
friction (in which there were fluidones and 
gasones), and then more rapidly. There was, 
moreover, evidence that the mist-forming matter 
remained in existence after the mist had dis- 
repre ; for Lipkowski had, in 1910, found with 
the aid of the ultramicroscope that the mist forma- 
tion set in in at exactly the same spot on 
cooling at which it had disap on heating. 
W. P. Bradley, A. W. Brown, and C. F. Hale 
had also observed ripples and striz# in carbon- 
dioxide, demonstrating that this substance could 
exist as a liquid above the critical temperature. 
Traube explained that he, with others, believed in 
the importance of association ; both the liquid and 
the gas consisted of associations of molecules, more 
complex in the former than in the latter case. 
During the discussion of the communication Seitz, 
of Aachen, made an interesting remark. He had 
seen, some years ago, that salt solutions could 
be heated 10 and even 20 deg. Cent. above 
their critical temperatures without crystallising ; 
thus the liquid persisted above the critical tem- 
perature ; when it turned into vapour, the salt 
was deposited. 





Conrracts.—We are informed that the Vulcanwerke, 
Hamburg, have received the order from Messrs. Breitfeld, 
Danék and Co., Prague, for the complete machinery with 
Fottinger transformers for three 12, aft-horse-power 
cruisers for the Chinese Navy. The ships will be built in 
Austria. This order now brings the total of Fétti 
transformers on order and under construction on the 
Continent to 280,000 shaft horse-power.—The 


General 
Post Office have just placed a contract for three years for | ] 


the supply of ‘‘ Pitters Multiblade” ventilating with 
Pitters Ventilating and Engineering Company, Limited, 
of 20, Bishopsgate-street, London. 





_ Tue Copper Market.~In their report dated the 16th 
inst., Messrs. James Lewis and Son state that standard 
copper opened at 66/. 138. 9d. for cash and 67/. for three 
months on the 2nd inst., but closed at 66/. 3s. 9d. and 
661. 10s. respectively ; advancing, however, to 66/. 16s. 3d. 
for cash on the 4th, and falling to 64/. 16s. 3d. on the 9th. 
The returns of the American refiners published next day, 
showing @ decrease of 1850 tons in their stocks, instead 
of an anticipated large increase, due to the exceptionally 

**deliveries for ex ” of 39,266 tons—agains’ 
Customs’ exports of 35, tons—and a reduced produc- 
tion, prices advanced rapidly to 66’. per ton for cash, 
and had since oscillated between this figure and 65. 10s. 
Closing values on the 16th were 65/. lis. 3d. cash and 
662. 3s. 9d. three months prompt. Sales amounted to 
about 15,000 tons. The d on the part of manu- 
facturers for refined copper had not been yay 4 active, 
large purchases ha hoon previously made by them 
at the lower prices ru last month with which they 
have replenished their stocks, recent arrivals from the 
United States having been exceptionally heavy, and 175 
es eee into the public stocks here. Electro- 
lytic was held for 682. 10s. ton c.i.f., and 147 cents 
per pound by the chief producers, but deslers had sold 


at 5s. to 10s. per ton less. American exports for the past 
fortnight amounted to 18,198 tons. me 





DESIGNING FOR REPETITION WORK. 
By A. Wugreneap. 


PracticaLLy all designing falls in between two 
extreme classes :— 

1. Designing with a view of ensuring the utmost 
efficiency with little regard to first cost. 

2. Designing without regard to efficiency, the aim 
being to produce at such a low price as to command 
a certain sale. 

In most cases a machine of stated capacity must 
be sold at a price which is fixed principally by con- 
ditions outside the control of the makers. Only 
when a firm has a monopoly by reason of patent 
rights, or of attainment superior to that of its com- 
petitors, can price be independently fixed at the 
firm’s own discretion to suit their particular designs 
and workshop practice. 

Nor is price fixed solely by external factors. 
Fashion (perhaps that is rather a harsh word) plays 
a great part in settling many features of design, so 
that, to a very large extent, the average designer is 
restricted to inventing mere minor variations from 
the standard furnished by previous experience, 
wedded to the prevalent fashion. Thus the common 
task of the designer is to make these minor variations 
tend towards increased efficiency and economy, so 
far as his skill and knowledge enable him. 

In order to prepare a successful design, it is 
necessary to have a good knowledge of — 

1, The essential features and properties which 
the contemplated machine must > 

2. The best way to obtain the desired results by 
mechanical means feasible with the available plant 
—that is to say, it is necessary also to know 

3. The resources of the available plant. 

Information respecting the first in order may be 
collected by someone in touch with customers and 
the work of rivals, and imparted to the designer to 
supplement his gleanings from sources accessible to 
him. He is usually suitably placed to find out 
whatever he wishes to know in connection with the 
third point. But, unfortunately, a designer thinks 
in forms—cylinders, cones, and so on— simply 
combined in the ways which he has been trained 
to believe the only possible ones for economical 
production. Musical composition affords an excellent 
— : the composer thinks in harmonic com- 

inations, which he is trained to believe are the 
only acceptable ones. But the great composer, with 
superior mastery of technique, will never hesitate 
to violate accepted canons if by so doing he can 
obtain the effect he seeks. Lesser men attain far 
less success with far more commotion. 

The composer whose highest experience had been 
confined to compositions suited to the capacity of 
two trumpets co a drum would not readily grasp 
the possibilities of a full orchestra, except in point 
of the volume of noise. In a similar way the 
average designer often fails to perceive what may be 
done with a modern plant. is lack of technique 
does not allow him to distinguish between manufac- 
turing proper and mere bulk production. 

Individually simple instrumental may, 
when played together, sound tremendously difti- 
cult. So simple machine-shop processes, properly 
directed, may produce pieces which, when completed 
ordrawn out on paper, appear extraordinarily difficult 
and quite commerciallyimpossible. If one expensive- 
ooking piece will do the work of a unit built up of 
two or several simpler pieces, and have the merit of 
being less clumsy, with a probability of giving better 
service, it is always worth considering whether the 
expensive-looking piece is so bad from a manufac- 
turing standpoint as it appears superficially. Again 
and again experience shows that it will not be so— 
if it is to be made in numbers. Here is an actual 
instance. A unit built up of two pieces was a 
continual source of trouble. The makers were loth 
to abandon the design of which the unit formed a 
part on account of its general excellence. There 
was one solution, however, ideal in some respects, 
which had never been seriously considered because 
it involved an unusual boring operation. It 
depended on the possibility of cheaply boring a 
hole, not round, but shaped like a circle with four 
evenly-spaced flats, each subtending 30 deg. at the 
centre. Broaching was out of the question, so 
boring was tried and was found al in every 
way. The piece is now being produced in large 
quantities accurately and cheaply on an auto- 
matic chucking-machine. Moreover, the method 
employed is universal in application. Within certain 
limits a hole or bar (for with modifications a 
like method can be applied to turning) can be 





produced of any shape desired —elliptical, for 
instance. Furthermore, the longitudinal section 
need not be jar ; it may be ‘‘ barrelled” or 
of any simple curved form, and can be produced 
without the use of a single form tool. The rate of 
— is nearly as high as for plain work. 

e error need not exceed 0.002 in. in diameter. 
One may safely assert that the possibilities this 
reveals are in excess of any likely requirements in 
its range for many years to come. 

It is worth noting that the draughtsman seeking 
advice on some question of manufacture is usuall 
most concerned and worried over features whic 
make little or no practical difference. Real diffi- 
culties often arise from such insignificant looking 
causes that the same draughtsman would lightly 
ignore them. 

If a designer is not already expert in shop- 
practice, one cannot anticipate that he ever will be. 
Even a few years of office work destroys much of 
an engineer's familiarity with shop-practice in the 
minor details; his knowledge gets rusty. For 
these reasons, most designers may desirably be 
instructed to take the utmost licence; to aim at 
excellence, and forget cost for the preliminary trial 
plans. Cost may be taken into account at the 
second attempt, after discussion with the manu- 
facturing authorities. Though counselled to take 
the wildest freedom, few men would shake them- 
selves free from the fetters imposed by early train- 
ing, and be really bold. Few would cause so much 
trouble to the manufacturing experts as would 
some junior fresh to the business. 

As an example of how prevalent ideas need modi- 
fication, the following example will serve. One is 
taught to design shafts with as few steps as possible 
in order to economise the machinist’s time. It is 
asserted that every additional step will consume 
extra time for gauging. Presumably the same 
reasoning applies to short stems and boring on a 
chucking-machine. No doubt the theory is true 
enough for old-fashioned conditions, but a number 
of steps is frequently a great advantage on a manu- 
facturing machine, because they can be turned 
simultaneously. As for gauging, but little is 
required after the first ‘‘set-up.” Most work 
required within fine limits of error is ground nowa- 
days, and it is quite certain that any little extra 
time in grinding several different diameters would 
never balance the time previously saved ; it might 
generally be ignored. 

Speaking of grinding brings to mind grinding 
with form wheels. One well-known instance is the 
grinding of crank-shaft journals with a wheel the 
same width as the journal itself. This is purely form 
grinding, and should not be confused with the 
ordinary method. Any profile can be ground pro- 
viding the diamond can be made to trace it out in 
the wheel in a suitable manner. The simplest 
examples are a straight line and an arc of a circle. 

There is hardly a limit to the shapes which can 
be milled. Internal shapes can broached ; 
or if that be impossible, it is perhaps permissible 
to modify the design a little, treat it as a gear 
problem, and cut the work on the Fellowes gear- 
shaper. With these three methods, the manufac- 
turing time may most likely be hardly any longer 
on an intricate than on a plain shape. 

One last process may be mentioned—die-casting. 
Here, providing the present limited range of 
metals which may be cast in dies can supply him 
with one having the qualities he needs, the de- 
signer can work his will very freely. The advantage 
to him is not so much that he is at liberty to call 
for fantastic shapes if he has the mind, as that the 
design can be more refined than is practicable with 
the ordinary machined casting, and probably less 
expensive unless his requirements are extremely 
simple. 








CanaL Prosect, Lerpzic-Brrtin.—That the popu- 
larity of canal schemes is not waning in Germany is 
eg by the fact that a canal from Leipzig to Berlin has 

jected. The scheme s ts making use of 
sev rivers. Leipzig is situated on the River Pleisse, 
which joins the Saale, itself a tributary of the Elbe; 
Berlin is on the S which joins the Havel, which 
— flows into the Elbe ; the Mulde is another tributary 
of the Elbe. It is proposed to branch the canal off the 
Pleisse, a little to the north of Leipzig, and then to 
descend to the level of the Mulde, 11 metres below, by 
a lock, to follow the Mulde for about 6 km., then to cut 
across to the Elbe, and to follow it, and subsequently 
to cut again across via Giiterbogk and Luckenwalde to 
Potsdam on the Havel. The scheme requires eleven 
locks ; the canal length would be 133 km. (about 80 miles), 
and the cost is estimated at 3} million pounds. 
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NEW BRIDGE AT THE GEORGE'S 
LANDING-STAGE, LIVERPOOL. 


THe means of access to the well-known floating 
landing-stage at Liverpool have recently been im- 
proved by the addition of a new — a 
connecting the stage with the shore. he stage, 
which is 2478 ft. long and 80 ft. wide at the narrowest 
part, lies in front of and llel to the river wall, in 
the centre of the city. ‘he rise and fall of tide at 
Liverpool is very considerable, being as much as 30 ft. 
on spring tides and, say, 12 ft. on neap tides, and 
something in the nature of a stage is necessary to 
afford a convenient berthage for ships at all states of 
the tide, with a platform at a constant level above the 
water. The north | of the stage, which is used 
by cross-Channel and ocean-going steamers, is known 
as the Prince’s Stage, while the southern portion, 
known as the George’s Stage, is devoted entirel 
to ferry passenger traffic. The Prince’s and George's 
stages were originally independent, and although they 
are now joined and form a single structure, the two 
names are still employed. A certain space, about 
the middle of the stage, is set apart for ferry 
traffic between Liverpool and the Cheshire side, this 
being approached by a floating bridge about 550 ft. 
long, which affords an easy gradient, about 1 in 20, 
for vehicular traffic at all times, even under the worst 
conditions. 

For foot-passengers generally, and other traffic, 
where a steeper gradient is permissible, the stage is 
connected to shore by nine bridges, one end of which 
in each case rests on the shore, and the other on the 
kelsons or main girders of the stage. On the Prince's 
Stage these — serve another purpose—i.e., they 
act as struts or ms, which maintain the stage at a 
fixed distance from the shore and, in conjunction with 
the heavy mooring-chains, secure the stage against 
displacement by tide, wind, or shocks of vessels 
coming alongside. 

The Prince’s bridges are 110 ft. long. On the 
George’s Stage the er te bridges are 150 ft. 
long. These are therefore set free to slide at the 
stage end, while the in-and-out position of the stage 
is maintained there by single-girder booms of the same 
length, 110 ft., as the Prince’s Stage bridges. 

he new bridge, which was opened in the autumn 
of last year, has been installed in connection with the 
George's Stage, in order to relieve a congestion which 
had gradually grown up owing to increase in the cross- 
river passenger traffic. The increase is due to the 
great advances which recent years have seen in the 
residential district, and particularly in the County 
Borough of Wallasey, lying north or down river from 
Birkenhead. ‘The traffic of the Wallasey ferries and 
the Birkenhead (Woodside) ferry combined had quite 
outgrown the convenience which the existing bridge 
afforded, and so it was arranged to provide the new 
bridge now in question, and to alter the position of an 
adjoining bridge, thus more than doubling the facilities 
for movement of gers in this position. 

We illustrate the new bridge in considerable detail 
on 254, 263, 264, 265, and 266. Referring in 
the first instance to the general views given in Figs. 1 
and 2, on page 254, it will be gathered that the bridge 
consists of two main girders joined at their bottom 
flanges by cross-joists which carry the flooring. The 
top flanges of the girders are connected by three 
overhead bracings, the positions of which can be seen 
in Fig. 2, The bridge is entirely enclosed by glass 
screens at the sides, and overhead by a zinc-covered 
roof. The main girders are 152 ft. long, and the inside 
dimensions of the bridge are 25 ft. wide between the 
girders and 13 ft. 104 in. high from the flooring to the 
underside of the overhead bracings. At the shore 
end the bridge rocks on bearings which are carried by 
a girder pivoted in the centre, so as to allow of slight 
longitudinal movement of the landing-stage. At the 
stage end the bridge rests on sliding bearings, which 
again allow of a slight angular movement of the 
bridge. These arrangements we will describe more 
fully when we come to the details. The extreme 
angles with the horizontal which the bridge takes 
owing to the rise and fall of the tide are shown 
in Fig. 1. The total weight of the structure is about 
200 tons, and the cost was approximately 8000/. It 


was ee by Mr. A. G. Lyster, M. Inst. C.E., 
late chief engineer, and now consulting engineer to 
the Mersey ks and Harbour Board, and was con- 


structed by Messrs. Francis Morton and Co., Limited, 
of Hamilton Iron Works, Garston, Liverpool. 

Details of the construction of the main girders and 
cross-members are given in Figs. 3 to 11, on e 263, 
and on this page. The oe pene and Sonsten fem 
of the main girders are equal in area and stren The 
flange-plates are 1 ft. 10 in. wide by }4 in. thick. They 
are by j-in. rivets to 6-in. by 6-in. by §-in. 
main les and vertical stiffeners of 6-in. by 3-in. by 
}-in. and 6-in. by 3-in. by j-in. T-irons. The arrange- 
ment of the angles and stiffeners will be clearly fol- 
lowed from Figs. 3 and 4 in conjunction with the cross- 
sections given in Figs. 5 and 11. The web-plates are 
} in. and 7, in. thick. The jointing in the main webs 
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was arranged from the point of view of facility of 
erection on the site. The lay-out of the bottom 
flange-plates is indicated diagrammatically below, 
Fig. 3. Details of the angle-covers and the end joint- 
covers are given in Figs. 7 to 10. The details of the 
floor-joists will be followed from rigs. 4and 5. — 
are of 16-in. by 6-in. by 62-lb. rolled-steel joists, : 
as shown in Figs. 12 and 13, are strengthened with 
angles at the ends where they are cut away to fit on to 
the lower flanges of the main girders. The wind-bracing 
consists of flat bars 5 in. by 4 in., § in., and ? in., 
secured by gusset-plates, as s 
ing is of pitch-pine planks 4 in. thick, secured to the 
cross-joists by hook-bolts. The surface is finished with 
asphalt. Continuity between the flooring of the —— 
and that of the pier-head and the stage is secured by 
hinged cast-iron flaps, with pitch-pine fillings on the 
upper surface, the whole being finished wit! 
to correspond with the rest of the bridge. 
hinged flaps are shown in Figs. 1 and 2. 

he construction of the lattice overhead bracings 
is clearly shown in Figs. 5 and 6, while the positions 
of the three pea on the bridge is shown in Fig. 2. 

3}-in. by 34-in. by 4-in. angles, with 


hese 








own in Fig. 4. Thedeck- | girde 


halt | placed 


of the bridge, and no vertical forces come on toit. The 
weight of the bridge is carried by sliding bearings fixed 
below the ends of the girder, and shown in Figs. 16 and 
17. These ings are secured to the masonry pier-head 
by 1}-in. bolts. On the top side of the axle-girder, at 
each end, the cast-iron bearings are bolted, on which 
are the rockers carried by the bridge-work. These 
rockers and bearings allow of the necessary angular 
movement in a vertical plane which the bridge makes 
owing to the rise and fall of the stage with the tide. 
The position of the end of the bridge above the axle- 
irder is indicated by broken lines in Figs. 16 and 17, 
while the situation of the whcle arrangement on the 
shore end is clearly shown in Fig. 1. 

At the stage end the bridge carries rockers similar 
to those at the shore end. These rest on bearing 
slides, which, instead of being fixed to a girder, are 
on cast-iron bed-plates, along which they 
work. The arrangement is shown in Figs. 23 and 24. 
The rockers on the bridge allow for the necessary an- 
gular movement in a vertical plane, while the slides 
allow for any in-and-out movement of the stage 
to and from the land. In addition to these two 
movements, however, a certain longitudinal move- 
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PLAN OF OVERHEAD BRACING 


}-in. flange-plates. Plate webs 4 in. thick are used 
at the ends, and lattice webbing elsewhere. The roof 
is carried by standards, pitched about 6 ft. 5 in. 
apart, as indicated in Fig. 3. The standards are built 
up of plating and angles, as can be seen from Fig. 5 
and from Figs. 29 to 31, which show the jointing 
between the standards and the top flange of the main 

irders, in the two cases where the standards come 

tween and over stiffeners. From the top of the 
standards 6-in. by 4-in. by g-in. and 4-in. by 4-in. by 
4-in. T’s are carried across, forming arches, on which the 
roofing is laid. These arches are well shown in Fi 
4and 5. They are covered on the top side with pitch. 
pine nailing pieces, to which the roof- are secured, 
the whole being finally covered with zinc sheets. The 
window-framing secured to the outer side of the roof- 
standards is of wood, and is bolted in ition, as 
indicated in the enlarged view of the lower front 
corner, given in Fig. 32. The ornamental portals of 
the bridge, shown in Fig. 1, are of timber. 

The shore end of the bridge 
rests on two rockers, which, in turn, are secured toa 
girder which is so pivoted as to allow of a certain 
amount of angular movement of the bridge in the 
horizontal. Such movement occurs owing to the ebb and 
flow of the tide or wind action on the ing-stage. The 
rockers, pivoted land-girder and pivot are shown in 
Figs. 16 to 20. The construction of the girder is well 
shown in Figs. 16to 18. As will be seen, it isa heavy 
plate-web girder with the web reinforced at the 
centre for the pivot-hole. The pivot shown in Figs. 
19 and 20 is of cast iron, and is held down on the quay 
by eight 1j-in. bolts. The diameter of the worki g | 
part is 14in. The pivot provides the only anchorage 





, a8 before mentioned, | figu 











SECTION A.A. 


ment of the stage has to be allowed for, as before 
mentioned, in connection with the pivoted axle-girder. 
To permit of this movement, the bearing slides are 
curved on their outer sides, which allows them to 
rotate to some extent on their bed-plates. The - 
ment will be understood from the plan of one of the 
bearing slides and its bed-plate given in Fig. 28. 
Details of one of the lower corners of the fridge 
showing the attachment of the bearing rocker are given 
in Figs. 14 and 15, page 265. The remainder of the 
res above—that is, Figs. 21 to 27—shows the 
construction and attachment of the bearing girder 
through which the weight of the stage ont of the 
bridge is transmitted to the kelsons which hold 
together the pontoons, of which the stage is con- 
structed. These kelsons run longitudinally along the 
stage, as shown in Fig. 1, and the bearing girder 
is carried between the second and third kelsons, as can 
be seen. The girder is shown in more detail in Fi 

21 and 22, from which it will be seen that it is built 
up to two joists 24 in. by 7} in. by 100 lb. These lie 
with their webs vertical, and are connected with 
lattice bracing and -plates at the ends on which 
the bed-plates rest. The girder is secured to the 
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PASSENGER BRIDGE AT THE GEORGE'S LANDING-STAGE, LIVERPOOL. 
MR. A. G. LYSTER, M.INST.C.E., LONDON, ENGINEER; MESSRS. FRANCIS MORTON AND CO., LTD., GARSTON, CONTRACTORS. 
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PASSENGER BRIDGE AT THE GEORGE'S LANDING-STAGE, LIVERPOOL. 


MR. A. G. LYSTER, M. INST. C. E., LONDON, ENGINEER; MESSRS. FRANCIS 


Total Launching Weight-i10 Tons. 


MORTON AND ©OO., LTD., GARSTON, CONTRACTORS. 
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kelsons by means of brackets built up of plates‘and 
angles. Enlarged views and sections of one of !the 
kelsons and various parts of the girder are given in 
Figs. 23 to 27. 

he illustrations on this page, which show the 
methods bye for launching the bridge, are of 
interest. The bridge was in the first instance fitted 
uP complete at the works of Messrs. Morton, and was 
then taken to pieces and conveyed to the site, where the 
parts were assembled on the quay and gradually built 
up overhanging the river. A temporary staging was 
erected alongside the river wall to allow of this over- 
hang, as shown in Fig. 33. The inner broken lines in 
this — show the position in which the bridge was 
erected. The erection was carried out over a tem- 
porary track, and rollers were fixed to the tail ends of 
the a to allow of launching. The inner end of 
the bridge was then loaded with kentledge, and it was 
moved forward into the ition indicated by full 
lines in Fig. 33. The kentledge was, of course, sufficient 
to prevent any ibility of overturning. Two pon- 
toons, connected together with heavy logs and carry- 
ing a staging, were then floated into position below 
the overhanging end of the bridge. The rising 
tide then ca the pontoons to lift the end of the 
bridge, and the whole arrangement was moved 
forward by means of the tackles shown in Fig. 34, the 
inner end of the bridge riding on the track-rollers. 
When the bridge had reached its correct outer posi- 
tion, as shown by the second set of broken lines in 
Fig. 33, water was admitted to the pontoons, and the 
bridge settled down into its correct position on its 


bearings. This latter operation was carried out 
before the ebbing tide had caused the bridge to 


fall much below its horizontal position. Two views 
of the launching operations are given in Figs. 35 
and 36. The launching was carried out on July 8 last. 





Ovr Locomotive Exports.—The new year has com- 
well for our locomotive export trade, the value of 

the engines euopes in January having been 387,682/., as 
com with 210,145/. in January, 1913, and 171,3281. 
in January, 1912. was & brisk for locomo- 


demand 
tives of British manufacture in January for the Argentine 








Fie. 35 











Republic, the value of the engines shipped to that quarter 
during the month having been 129,998/., as compared 
with 70,6382. and 16,415. 





Tue MingraL WEALTH OF GREENLAND.—It has, of 
course, been known for a number of years that Greenland 
containéd some valuable minerals; Kryolith has been 
broken on a large scale for a long time; a fair start has 
been made with the copper-ore deposits ; and it has also 
been ascertained that there is coal in Greenland. 
-mines and the investigation in con- 

has, however, led to the convic- 








tion that the mineral wealth of Greenland is much more 
profuse than originally expected. Greenland lies under the 
same latitude as other parts of the earth which, of later 
years, have been found to#ontain vast mineral resources, 
and a comprehensive survey of the big Danish ion 
is now in course of preparation through the word me of an 
expedition comprisi g mining experts from other coun- 
tries, Denmark herself having no mining industry. It is 
confidently expected that copper is to found also in 
other places than those where it has so far been worked, 
and zinc ore, too, is likely to be found in the list of 
Greenland’s minerals. 
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THE GEIPEL FLOAT-TYPE STEAM-TRAP. 


CONSTRUCTED BY 


Fig.1. 
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Ws illustrate in Figs. 1 and 2, above, the Geipel float- | 


type steam-trap, manufactured b 
Geipel and Co., Vulcan Works, St. Thomas-street, 
London, 8.E. In designing this type of float trap the 
makers have given special attention to obviating all loss 
of steam ; this loss, when it occurs in some patterns of 
float traps, may be said to be due to two causes: the 
leakage at the valve, and excessive radiating surface. 
In the type we illustrate levers and pivots have been 
eliminated, these, where they exist, being a common 
source of trouble in float traps. 
The Geipel trap in question operates as follows :— 
When steam is turned on, the float A is at its bottom 
ition, and the large valve B is open, and remains 
so until all condensed water is discharged, when the 
float rises and the valve is closed. The valve B is 
concentric with the valve C, and has about 4 in. free 
motion. There is a screw in the side of C, with a 
head smaller than the hole in B, and consequently 
B and C can move independently to a certain extent. 
When water accumulates the float again sinks, and 
opens the small valve C if the pressure be high ; but 
if the pressure be low, the large valve B also opens. 
The valve C discharges through a hole in the valve B. 
The provision of a large valve which opens when first 
turning on steam—that is to say, when condensation 
is the heaviest-—is a feature of the apparatus. In the 
case of low-pressure traps the large valve alone is used. 
In order to examine the valve it is only necessary to 
unscrew the valve-head D, and no faced steam-joint is 
thus broken. For blowing through the trap the knob at 
the top is simply depressed by foot or by hand. The 
valves B and C and the valve-seat are of nickel, and are 
easily renewable. An air-valve in the cover ensures that 
there is no air-lock in the trap when first starting up. 
From the above it will be seen that wear and tear 
are reduced toa minimum. With a view to minimis- 
ing also the loss by radiation, the float is made 
cylindrical, and extends over the full length of the 
r) ber ; there is thus obtained a maximum flotation 
power for a given size of chamber. There being two 
valves, a large one opening at low pressures or when 
first turning on steam, and a small one opening at 
higher pressures, for a given di capacity the 
size of the trap is reduced to the lowest limits, thus 
reducing the radiating surface. 


Messrs. William 





Canapian Canats.—The te displacement of 
the vessels which passed thro 4 ian canals in the 
last navigation season was 51,319,426 tons. In 1912 the 
corresponding total was 46,952,605 tons, so that last 
ms movement showed an increase of 4,366,821 tons. 

he tonnage Fasting through the Sault Ste. Marie Canal 
was 42,022, tons ; h the Welland Canal, 
3,645,984 tons; through the St. Lawrence Canal, 4,275,863 
tons ; and through the Chambly Canal, 555,602 tons. 





Tue “Crrizen Series” Maps or Lonpox.—We have 
received @ copy of an atlas having the above title, 
ae twenty maps, chewing te different areas 
con or administered by the various Government 
departments, local authorities, and suppl companies 
having statutory powers in and aroun: she Oity and 
County of London. It is edited by Mr. William Stanf. 
and is published at the = of 7s. 6d. net by Messrs, 
WC, The mape are most cheesy ine ee 
V.C. © maps are most clear! i $ 
tinted ; they show the Ci pene Ba wy ny ‘of 
and Thames wharves, the Fire Brigade stations, ‘‘ Postal 
London,” ‘‘Police London,” ““Water London,” the electric 
and gas supply areas, &, 
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THE IRON-ORE DEPOSITS OF THE 
SWEDISH STATE. 

Tue Swedish Department for Commerce has pointed 
out the desirability of an exhaustive report on the 
exploitation of the North Swedish iron-ore deposits 
boenging to the State. 

The output and export of Swedish iron ore during 
the last six years have been as under :— 








Output of Ore. 
North Central and 
= Sweden. Southern Sweden. Total. 
tons tons tons 
1907 2,647,210 1,831,707 4,478,917 
1908 2,827,228 1,885,266 4,712,494 
1909 2,377,735 1,507,311 885.046 
1910 3,511,954 2,038,083 5,549, 
1911 8,997,675 2,153,044 6,150,718 
1912 4,266,821 2,433,405 6,700,226 
Export of Iron Ore. 
1907 2,556,333 965,384 3,521,717 
1908 2,905,718 848,550 3,654,268 
1904 2,407,332 789,121 3,196,453 
1910 3,312,510 1,101,090 | 4,418,600 
1911 965,479 | 2,121,419 | 6,086,898 
1812 | 4,205,068 1,815,585 | 5,620,658 





The production of pig iron in Central Sweden during 
the period under review only has increased from 
615,778 to 699,816 tons, or 13.6 per cent., whilst the 
output of ore has increased from 1,831,707 to 2,433,405 
tons, or 32.8 per cent. This increase in the output 
of ore is explained by an increased export of ore, the 
export during the six years having increased from 
965,384 to 1,315,585 tons, or 36.3 per cent.. In this 
connection, it should be pointed out that concentra- 
tion, with or without briquetting,.on a large amount of 
ore, which hitherto. had been looked upon as unre- 
munerative to break, supplies to some extent this 
increased e 

The increased export of late years of iron ore 
from Central Sweden is to @ considerable extent 
accounted for by the fact that a number of Central 
Swedish mines during this period have into the 
possession of foreigners who export the iron ore to 
their iron works abroad. This export is likely to 
increase during the more immediate future ; thus an 
investigation undertaken at the instance of the Minister 
of Finance showed that the export from six Central 
Swedish iron-ore deposits would be likely to increase 
within a few years from 147,000 to 460,000 tons per 
annum. 

In spite of the workable deposits of Central Swedish 
iron ore having inc! by the introduction of 
concentration and briquetting, a material decrease in 
ore supply has been caused oy the sales of mines to 
foreigners, in addition to which a considerable export 
of ore also takes place from other Central Swedish ore 
deposits. This seems to point to the fact that the 
supply of ore to the Central Swedish iron works should 
be on a safer footing now than was sup 
case when the ore export question was decided. 

Under these circumstances the question arises, 
whether the North Swedish iron-ore deposits of the 
Swedish States in their whole extent still need be 
considered as necessary as a reserve for the Central 
Swedish industry, or whether those deposits, entirely 
or partly, could be worked within the next few years. 

ing to ite contract with the ore companies, 
the State only has the right to break ore in the mines 


to be the |S 


in question for production of iron or steel within the 
country until the State, not later than 1938, decides 
upon exercising its right of purchase of the ore com- 
panies’ other mines. There does not seem much pros- 
pect in the meantime of selling any ore to the Central 
Swedish iron works, and, therefore, the question of s 
roduction of iron from the mines in question ought to 
investigated. It would be preferable if such manu- 
facture could be undertaken in co-operation with 
Swedish steel works, which could further handle this 
ig iron. Should this, however, prove impracticable, 
it should be looked into whether the manufacture of 
iron, free from phosphorus, intended for export, from 
the ore deposits in question, would prove remune- 
rative. 

The department is quite aware that the foreign 
market for export pig iron free from phosphorus is 
limited. A production on a considerable scale in the 
North of Sweden of this iron might therefore result 
in several blast-furnaces in Central Sweden, which 
manufacture pig iron for export, having to discontinue 
work ; but this might be avoided by the manufacture 
of pig iron in North Sweden being undertaken not in 
competition with, but in co-operation with, such 
Central Swedish iron works. It is difficult to form 
an opinion as to whether the increased foreign demand 
for Swedish pig iron of late years is merely incidental 
or likely to continue. But it does nut seem desirable 
to limit the export of pig iron in an artificial manner 
for the pur of stre: ening the position of 
Swedish steel in the competition. 





Tue Canapian Paciric Rattway.—It is understood 
that one of the Canadian Pacific Railway Saatee’ 
lines through the Rocky Mountains will be equipped for 
electric traction, as an experiment. If this experiment 
should prove successful, it is not ‘ro that many 
of the other mountain lines will converted so as 
to be worked by electric power instead of by steam. 
This would facilitate the utilisation of the. abundant 
water-power which is available in British Columbia. 
The capital which the Canadian Pacific Railway Com- 
pany will expend in 1914 will be obtained partly from 
the sale of 55,000,000 dols. 6 per cent. notes, which 
will produce about 45,000,000 dols.; partly by means of 
the mage cash balance possessed by the company, and 
partly by the surplus profits earned annually in addition 
to the amount required to provide for dividends at the 
rate of 10 per cent. per annum upon the share capital. 
It is expected that after 1914 the construction of branches 
will be slackened; but, on the other hand, it will be 
necessary to proceed vigorously with double tracking. 





German Ratts.—The deliveries of rails in Germany 
showed a marked advance last year. This is indicated 
by the following table giving the deliveries month by 
month as compared with the corresponding months of 


1912 :— 

Month. 1913. 1912. 

tons tons 
January .. 229,821 177,310 
February 229,856 104,823 
March . 232,437 266,511 
April 234,252 151,276 
y 237,191 178,679 
June 281,930 215,670 
July 242,402 175,726 
A 261,222 198,680 
September : is 247,825 179,152 
October .. : on > 239,405 198,567 
November ; am 211,321 200,437 
December . 282,504 219,980 


It will be seen that the ag; te deliveries for 1913 were 

879,666 tons, as compenet 2am 2,346,811 tons in 1912. 
In 1911 the deliveries amounted to 2,084,695 tons, so that 
they have advanced 794,971 tons during the last two 
years. 





ATTENDANCE AT GERMAN TECHNICAL HicH Scnoo.s, 
1912-13.—The attendance at most of the eleven German 
technical high schools in increased during the year 
1912-13, at one Breslau, this expansion 
amounted to 24 per cent.; the total attendance was only 
357, however, in that case. There were decreases ab 
two of the schools, at Danzig and Darmstadt, both v 
ged institutions, which had respectively 1329 

students, against 1447 and 1 students in the 
qpeeeting year; there was also a slight decrease at 
ver. At the Berlin, which is the most frequented, 
Technical High School, 2978 students (egsinge 2851 in 
the previous year) were on the lists. By students we 
mean in this instance students of all classes, including 
also women (only at Dresden), comprising students 
proper, hearers (who have not passed the required 
examinations that would entitle them to present them- 
selves for examination), and guests (who come to special 
lectures “_ by ial arrangement). The five re- 
maining high schools are at ig, 
Karlsruhe, Miinchen, and Stuttgart. Miinchen 
next to Berlin; it had 2900 students in 1912-13, and 
tuttgart shows the high increase, of 15 per cent. — 
from 1175 students in 1911-12 to 1351 in 1912-13. The 
totals of the two years are 16,989 and 16,435, marking an 
increase of 3.4 per cent. over the attendance of 1911-12. 
The number of students who passed their examination 
for Diplom.-Ingenieur remained almost unc at 
1468 ; — 233 in the previous year) obtained the 
degree of .-Ing. The most popular branches of 
study are engineering, architecture, and electrotechnics ; 
chemists still prefer the universities to the technical high 





schools, on the whole, 
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A METHOD OF MEASURING VALVE 
LEAKAGE. 


Messrs. H. Bowiinckx, of Brussels, have recently 
carried out a number of experiments with a view to obtain- 
ing some quantitative idea as to the leakage losses through 
engine admission valves. ‘To carry out the method, the 
valves are closed and disconnected and the steam turned on. 
The | which enters the —s is allowed to escape 
through the indicator-cocks, which it does in the form of 
a jet of considerable length. If this jet be horizontal, it 
flows for a considerable distance before it begins to turn 
up, and this distance forms a measure of the weight of 
steam compen An indicator-cock is a standard article, 
and the relation between the weight disc and the 
length of the jet as determined by Messrs. Bollinckx, may 
therefore be of general interest. 





| 1.10 


fm. 0.90 1.60 2.10 | 2.50 

Total length of jet (ft. 295 361 5.25 689 820 
Length of horizontal por-jm. 0.45 0.40 10 1.50 2.0 

: =, - (ft. 147 197 828 492 656 

ast distance from orifice 

m. 0.30 0.34 0.40 045 0.50 

po ee could be [ft 0.98 Li 181 147 | 1.64 

Weight discharged perjkg. 2.98 4.18 11.63 29,235 38.28 
hour (lb. 6.67 9.21 25.6 644 78.4 





THE PHYSICAL SOCIETY OF LONDON. 

At the meeting of the Physical Society of London, 
held on January 23, at the Imperial College of Science, 
Professor C. H. Lees, F.R.S., Vice-President, in the 
chair, a paper entitled ‘‘ Some Characteristic Curves and 
Sensitiveness Tests vA Crystal and other Detectors,” was 
read by Mr. P. R Coursey. This paper describes some 
experiments recently conducted on different types of 
wirele:s detectors, which were undertaken with a view 
to finding out whether any definite relation could be 
traced between the sensitiveness and characteristic (or 
volt-ampere) curves of a detector. 

Sample curves for some of the most common detectors 
are included in the paper, and show that in some cases a 
fairly good agreement exists between the sensitiveness 
curve of a detector and the second differential of its 
characteristic, this being most notably the case in the 
more stable of the crystal detectors, but at the same time 
it is abundantly evident that the flexure of the character- 
istic curve cannot the only cause of the responce of a 
detector to wireless signals, but that at least a second 
action must also be present, as in some cases—notably the 
electrolytic detector—it was observed that the maximum 
ordinates on the second differential—i.e., the point of 
greatest change of flexure of the characteristic curve, 
where at places where the measured sensitiveness was 
either zero, or extremely small, showing that there are 
probably at least two actions opposing one another at 
this point. As this is most prominent in the case of the 
electrolytic detector, it perhaps suggests that this 
aliditional action when present in other detectors is 
electrolytic in nature, or that the received oscillations 
when superimposed on the direct-current boosting voltage 
partake of the properties of some ‘‘ trigger” action (such 
as in the Zehnder trigger cymoscope). is view is 
supported by experiments with detectors of the tellurium- 
aluminium type. 

Professor J. A. Fleming thought it was im ible to 
avoid speculation in connection with these interesting 
effects. He thought the real cause of the asymmetry in 
the case of valve-detectors was the emission of electrons 
from the hot filament. The lawsgoverning this emission 
had been shown to be analogous to those grereies the 
evaporation of water. Consequently it could be increased 
by applying a negative pressure. Some of the irregu- 
larities observed might be the equivalent phenomenon to 
boiling with bumping. He thought it would be of in- 
terost if Mr. Coureey’s experiments could be repeated at 
different tem tures. 

_Mr. W. Daddell thought the investigation was extremely 
difficult, as one could not be certain that a given pair of 
crystals would always work in the same way. As far a3 
the crystal detectors were concerned, he did not think 
the relation between the sensitiveness and the 
differential of the characteristic eurve was very clear. 
The determination of the second differential curve was 
very difficult unless the original observations could be 
.~* & very accurately. 

. W. Eccles thought that the agreement between 
the characteristic curves given in the paper and those 
given for the same pairs of substances by previous experi- 
menters showed that the shapes of the curves were 
undoubtedly dependent on the physical properties of the 
substances more than on the configuration of the contact. 
A theory of the cause of the shape of the characteristic 
ourve published. The present paper dealt, 
however, with quite a different matter—namely, the 
connection between the shape of the curve and the 
sensitiveness of the detector; the theory of this was also 
known, and was chiefly a matter of geometry. 

Mr. D. Owen asked what the measure of sensitiveness 
adopted by the author was; also if he could furnish 
figures as to the actual voltage across the contact at 
limiting silence in the telephone. He would suggest 
that iction of the sensitiveness of a particular indi- 
vidual detector might be more simply made from inspec- 
tion of an alternating voltage c'! istic—that was, 


from a graph in which the direct current through the 
contact under an alternating low-frequency voltage was 
alternating volts as 


abscissa. 
De. R. 8S. Willows thought the characteristic curve 
given for the oscillation-valve was not a good one for the 


plotted as ordinate against the 





om. If lower vol had been used the curve would 
ave possessed three distinct branches. In his experi- 
ence of the valve the detector was most sensitive when 
the voltage was boosted up until it was just at the point 
of producing ionisation by collision. By making use of 
the electronic emission from hot lime a better cathode 
was obtained than in the case of the carbon filament. 

Professor G. W. O. Howe thought too much weight 
had been attached to slight changes in the characteristics 
of the crystal detectors. A minute alteration in the point 
of contact greatly altered the properties of the detector. 
It would be interesting to hear if Mr. Coursey had re- 
peated his observations. Sometimes a polarising voltage 
greatly improved the sensitiveness while the slightest 
shifting of the point might render the polarising voltage 
quite useless. Since they were so sensitive to slight 
changes in the conditions, much stress should not be laid 
on little variations in the characteristic. ; 

r. E. H. Rayner thought that some of the irregu- 
larities in the characteristics might easily be due to vibra- 
tion and similar disturbances. He thought it would be 
useful if the author gave some idea of the resistance 
of the detectors at maximum sensitiveness, so that one 
could see if the telephone was doing justice to the detector. 

Protessor Fortescue had also found crystal detectors 
very sensitive to disturbances, such, for example, as the 
passing of a motor-bus near the laboratory, and he thought 
that slight changes from one characteristic to another, 
rather than real ch in the characteristic, would 
account for some of the irregularities shown. 

The author, in reply, agreed with Dr. Fleming that it 
would probably be of t value to conduct experiments 
similar to those descri in the paper at various tem- 
peratures, both above and below the ordinary, as in this 
manner a better insight might be obtained, from the 
experimental point of view, as to the part played by 
thermal effects at the contact of the twocrystals. The 
fact that it was unnecessary to have at least one of the 
contacts of low thermal conductivity was supported be 
the tests on the tellurium-aluminium detector, in whic 
both materials were metals. ‘These tests seemed to show, 
however, that the mode of operation of such detectors 
differed considerably from that of the more ordinary 
crystal detectors, the type of curves obtained more re- 
sembling those of the electrolytic and other detectors in 
which very little agreement could be traced between the 
sensitiveness and differential curves. The response of 
the detector under oscillations seemed in this case to 
resemble that of a filings coherer, again suggesting some- 
thing in the nature of a “‘ trigger” action. In reply to 
Mr. Duddell and Professor Howe steps were taken in 
the tests to ascertain to what extent the characteristic 
curves could be repeated, and it was found that with 
the “‘ good-contact” detectors, or those operating with 
moderately firm contact between the crystals—e.g., the 
‘** Perikon”—almost exact repetition of the curves could 
be obtained on different occasions, and that although 
changing the crystals or points of contact altered the 
scale of the curves, yet in general the main features were 

resent. With the more “imperfect” or ‘‘loose-contact” 


etectors, however, the repetitions were not nearly so 
a curve shown by Mr. Owen was of interest, 
ut really expressed the res of a detector to signals 


of various strengths, and did not give the sensitiveness as 
defined in the paper. In reply to Mr. Rayner, the resist- 
ance of the detectors at their points of maximum sensi- 
tiveness varied from a few hundreds to about 10,000 ohms 
or more, depending on the crystals used. 

Mr. W. Duddell, F.R S., exhibited a Water Model of 
the Musical Electric Arc. 

In the model the arc is represented by a mushroom 
valve. The pressure of the valve on its seat is so arranged 
that the pressure tending to re-seat the valve diminishes 
very rapidly as the valve lifts. Water is admitted 
beneath the valve, flows through the valve into the vessel 
which contains it, and overflows. In order to indicate 
the difference of pressure on the two sides of the valve 
which represents the arc, a glass pressure-column is intro- 
duced into the pipe leading to the valve and quite close 
to it. As the water overflows freely from the tank in 
which the valve is immersed, the pressure on this side of 
the valve may be taken as our zero of reference, and con- 
rot nye the height of the water column in the pres-ure 
tube above, or below the level of the overflow, gives the 
pressure underneath the valve. 

If water be admitted below the valve, the pressure in 
the pressure-tube rises to a high value; finally, the valve 
lifts—i.e., the arc is struck, but the pressure still remains 
high. If, however, the flow of water is increased, the 
valve will open considerably, and the ure below it 
will decrease. If nicely adjusted this effect can be made 
to take place over a considerable range. 

If instead of connecting a pressure-tube of small bore 
indicating the pressure on the underneath side of the 
valve, a -diameter tube be introduced, so that the 
water column in it has a periodic time of its own, and is 
able to oscillate similarly to the condenser circuit shunting 
the aro, oscillations will be set up in this column, and if the 
periodic time of the liquid in this column be altered, the 

riod of the oscillations will be altered ; this can easily 

done by connecting air vessels of different ity to 
the open end of the tube, so altering the controlling torce 
acting on the water, in other words altering the capacity 
of the circuit shunting the arc. 

With this water model a great many of the properties 
of arcs, both intermittent and oscillating, can easily be 
shown. The one point of difficulty in ee ge | the 
model is to obtain a force acting on the valve which de- 
creases rapidly when the valve lifts and which occasions 
no friction. So far only suceessful method which the 
author has tried is to hang from the underneath side of 
the valve a pieve of soft iron which nearly touches the 
pole of a small electromagnet. This gives a force which 








and works very 
Mr. C. R. Darling, A.R.C.S., exhibited some “* Further 
iments with Liguid Drops and Globules.” 
experiments included a demonstration of the struc- 
ture of a liquid jet by means of orthotoluidine (density 
slightly greater than 1 at room temperature) issuing from 
an orifice under water ; the formation of spheres of water 
enclosed in a skin of aniline and of spheres of dimethyl- 
aniline encased in a skin of water; the expansion of a 
lobule of liquid floating on water when a drop of another 
iquid is allowed to fall on it, and the combination of 
globules of certain liquids when floating on water. This 
was well marked in the case of a globule of dimethyl- 
aniline and a number of smaller globules of ortho- 
toluidine. 

A pd entitled ‘‘ A Note on Aberration in a Disper- 
sive Medium, and Airy’s Experiment,” by Mr. James 
Walker, was taken as read. : 

The view recently adopted by Lord Rayleigh that in 
the case of aberration we are concerned with the up- 
velocity instead of with the wave-velocity, makes it 
necessary to consider the experiment of Airy, in which 
he measured the angle of aberration with a telescope 
filled with water. 

A modification of Lord Rayleigh’s explanation of this 
experiment leads to the result that the angle of aberra- 
tion thus determined corresponds to an angle u-!v/U 
measured in air. The same result is obtained from an 
analytical investigation, and a numerical calculation 
shows that the increase in the angle is about 1 per cent. 
—an amount that is probably too small to be detected. 


without any friction rapidly decreases as the valve lifts, 








Hanp-Boox on Execrro-Piatine, Poitsuine, &c.— 
We have received from Messrs. W. Canning and Co., 138 
to 137, Great Hampton-street, Birmingham, a copy of the 
fifth edition of their hand-book on electro-plating. polish- 
ing, lacquering, burnishing, and enamelling, the price of 
which is 2s. 3d., post free in the United Kingdom, and 
2s. 6d. for abroad. It enters, with a large amount of detail, 
into every phase of the different processes, and is exten- 
sively illustrated. Information is given as to the required 
installations and electrical machinery and fittings for 
electro-deposition, and the necessary apparatus for finish- 
ing all classes of work. 


Tue Massacuusetts Institute oF TECHNOLOGY.— 
The Board of Overseers of Harvard University and the 
Corporation of the Massachusetts Institute of Technol 
have entered into a co-operation in educational wor 
which has in view the best interests of those who are 
seeking education. The two great institutions have pre- 
viously co-operated in the training of health officers, and 
now they have agreed to join forces in a much broader field 
of scientific training. ere is now to be co-operation 
in the conduct of the four courses leading to degrees in 
mechanical, electrical, civil, and sanitary engineering, in 
mining engineering and metallurgy also, and in the pro- 
motion of research in those branches of applied science. 





A Curttine Sprep or 475 rt. A Minute.—In a recent 
issue of the American Machinist, Mr. A. L. de Leeuw 
describes some experiments made by the Cincinnati Mill- 
ing Machine Company, in which a cutting speed of 475 ft. 
per minute was attained, the material cut being 0.2 per cent. 
carbon steel, the depth of cut ;, in., and the feed yy in. 
per revolution. This remarkable result was achieved by 
the use of a cutter of a special type, consisting of a disc 
of steel about 44 in. in diameter, having its circumference 
formed into-a cutting edge. The disc was mounted ona 
ball thrust, so that it rotated whilst cutting under the 
friction of the chip. A fresh cutting edge was accord- 
ingly being always presented to the work, and the friction 
of the chip sliding over this edge was so greatly reduced 
by the fact that the disc could rotate, that it came off cool 
and the tool also remained cool. 





Lonpon Exxectric Ratway.—An extension of the 
London Electric Railway from Edgware-road to Padding- 
ton was 0} in December, and traffic is developing 
satisfactorily. Good pi has been made with the 
construction of an extension from Charing Cross to the 
Embankment. Work on the Queen’s Park extension and 
Uxford Circus escalators is also well advanced. The 
expenditure of capital u lines open for traffic to the 
close of 1913 was 15,444,543/., and upon lines not open 
for traffic 720,850/. In these totals expenditure made in 
the course of 1913 figured for 116,798/. and 493,597/. 
respectively. Including land, buildings, plant, and 
machinery, electric power-stations, &c., the te 
an upon capital account to the close of 1913 was 
17,263,654. In last year’s expenditure on capital account 
the Paddington extension figured for 71,369/. ; the Oxford 
Circus Station improvements for 34,623/.; the Charing 
Cross extension for 114,209/. ; the Golder’s Green exten- 
sion for 22,881/.; the Queen's Park extension for 321,926U. ; 
and the Richmond extension for 4580/. Electric-train 
working cost last year 126,614/. ; and lift and escalator 
expenses amounted to 27,775/. The maintenance of electric 
track ——— cost last year 2943/., and ventilation 3454/. 
The cost of electric current (including the cost of working 
sub-stations) for running, lighting, and heating trains last 
year was 64,329/. The length of line owned by the com- 
pany at the close of last year was 21 miles 65 chains— 
viz., Elephant and Castle to Paddington, 4 miles 69 


chains; southern end of cross-over, Finsbury Park 
station to junction with District Railway at ’s- 
Court, 8 miles 13 chains; Charing Oross to Golder’s 


Green, 6 miles 1 chain; Camden Town to Highgate, 
1 mile 72 chains: Holborn to Strand, 70 chains. 
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YEAR-BOOKS AND ANNUALS. 


Lockwood’s Builders’ and Contractors’ Price-Book, 1914. 
Edited by Mr. F. T. W. Miller. London: Messrs. 
Crosby Lockwood and Son, 7, Stationers’ Hall-court, 
Ludgate Hill, EC. [Price 4s. net.]— The reputa- 
tion acquired by Lockwood’s Builders’ and Contractors’ 
Price-Book is such that it is a necessary to draw 
attention to the fact that the 1914 edition just issued, has 
been ea quite up to date. Prices have been revised 
in view the continued rise in —— and material, 
though those given are chiefly intend 
districts, and Ee! need some adjustment for 
places elsewhere. The volume contains a mass of data 
of value in constructional work, both relating to the prac- 
tical executive and administrative sides. For instance, 
in addition to costs and information is given on 
legal matters, judicial decisions, valuation, &c. The 
form of building contract and schedule of conditions 
approved by the Royal Institute of British Architects is 
given in an appendix, and other supplements contain the 
London Building Acts, and so on. 


Business Prospects Year - Book, 1914. Edited by 
Messrs. J. Davies and C. P. Hailey. Cardiff: The 
Business Statistics Company, Limited, 12, James-street. 
[Price 10s. net.]—This book forecasts as far as possible 
the business prospects for the current year. The subjects 
dealt with are coal, iron, copper, tin, tin-plaves, oil, the 
money market, shipping, English and American rails, 
wheat, cotton and rubber, and the information embodied 
in the book includes statistics and matter, relating to past 
years, with a discussion of present tendencies. We do not 
pro to give details of the forecasts, or the purchase 
of the books itself would be rendered unnecessary. 








Liverpool Shipping.—The 1914 edition of this ‘‘direc- 
tory to the shipping and allied interests of the ports 
of Livepent and chester” has just been issued at 
1s., from the offices of the Journal of Commerce, Liver- 
pool. There is a map of the port, a record of all the local 
steamship companies—and ¢ y embrace the greatest of 
British concerns—with short histories, the directorates, 
lists of ships, &c. There is also a list of ship-repairers, 
though Messrs. Harland and Wolff are omitted. All 
official lists are included, but it is sometimes difficult to 
see where the line has been drawn. In the wa 
list, for instance, the Constructive Department is included, 
and not that of the Engineers or Superintendent of Con- 
tract Work. All such ks should have a note of abbre- 
viated titles. On page 214 Professor Abell has** R.C.N. 
Cret.” after his name. Is this a misprint for the Royal 
Corps of Naval Constructors? But, apart from these and 
one or two other slight slips, the book is a very useful one. 





Glasgow Shipping Who’s Who.—There has just been 
issued, under the above title, from the offices of the 
Journal of Commerce, Liverpool and London, a very 
useful book, at the price of 1s., or 1s. 3d. post free, giving 
in convenient form particulars regarding the organisa. 
tions associated with the maritime industries of Glasgow. 
There is included, for instance, information regarding the 
shipowners and their fleets, the shipbuilding firms and their 
directorates, output and specialities, lists of brokers, trans- 
port agencies, consulting naval architects, engineers, &c., 
and a note of dock facilities, &c., with information 
regarding technical institutions, and, indeed, all shipping 
agencies. The personal index enables anyone to discover 
the position occupied by prominent -~ but we have 
noticed one or two omissions from it. Again, according 
to page 95, the compiler seems unaware of the honour 
conferred upon Sir Archibald Denny, Bart. The office 
bearers of the Institution of Engineers and Shipbuilders 
in Scotland given are those for 1912-13, not for 1913-14. 





COLONIAL AND FOREIGN ENGINEERING 
; PROJECTS. 

by give below a few — 4 a mad of colonial 
and foreign ring projects, en from the Board o, 
Trade Journal, for several of which tenders are asked. 
Further information concerning these projects can be 
obtained from the Commercial Intelligence Branch, 
of Trade, 73, Basinghall-street, London, E.C. 

Australia : H.M. Trade Commissioner for Australia 
reports that tenders are invited by the Sydney Water 
Supply and Sewerage Board for the manufacture, supply, 
and delivery at Ryde Pumping-Station: of a ps» 
set of turbine-driven centrifugal pumping machi ° 
with air-pumps and condensers (Contract No. 939), 
Sealed tenders will be received up to 2 p.m. on April 14 
by the President, Metropolitan Board of Water uppl 
and Sewerage, 341, Pitt-street, Sydney, New South 
Wales, from whom copies of the specification and form of 
tender may be obtained. A deposit of 20/. in cash or by 
cheque must accompany each tender.  H. Trade 
Commissioner also a that tenders are invited by the 
Hoffmann Brick Potteries, Limited, for the supply 

one 500-kw. direct-current generator direct-coupled to 
a triplo-expansion engine, a condensing-plant, and switch- 
board panel. Tenders will be receiv up to noon on 
February 28, by the Hoffmann Brick and Potteries, 
Limited, 123, Queen-street, Melbourne from whom 
further particulars may be obtained. With reference 
to the call for tenders. by the Brisbane Water and 
Sewerage Board for the supply and delivery of a 
steam - crane excavator and accessories, the Imperial 
Trade Correspondent at Brisbane reports that the time 
for the receipt of tenders has been extended and that 
sealed tenders, on the proper form, will be received u to 
noon on March 10, 1914 a8 the offices of the Metropolitan 
Water and Sewerage Board, Bris! A preliminary 
deposit of 1 per cent. of the value of the offer is required 


for the London | &c. 


to qualify any tender. It will be observed thas the time 
for the recei = above tenders is limited, and this 
intimation ‘ore will be of use only to firms having 
ts in Australia who can be instructed by cable. The 
ercial Intelligence Branch of the Board of Trade 
is in receipt of a copy of a report by the Engineer-in- 
Chief for the Commonwealth Railways on the subject 
of the water supply for the Kalgoorlie-Port Augusta 
Railway. The total estimated expenditure for the carry- 
ing-out of works in this connection is 456,000/., involving 
the construction of reservoirs, dams, pumping-stations, 
. however, the type of locomotive for the 
working of the line has not yet been settled, and as 
the use of locomotives of the internal-combustion type 
instead of steam would lead to a great reduction in water 
requirements, the original schemes entailed in the above 
expenditure have only been entered upon in part, and, in 
order that the more urgent needs of the steam locomotives 
(which must, for the present, be used at either end) may be 
met, 20 water-tank wagons, each of 2400 gallons capacity, 
are being built ; it is proposed to add to these a number 
of water-tank wagons of 8500 gallons er The works 
at present being put in hand, which include surveying, 
and se operations on a | scale, will repre- 
sent an expenditure of between 150,000/. and 200,0000. 
The Commercial Intelligence Branch is also in receipt of 
a copy of a report by the Railway Commissioner of 
South Australia on a proposed railway, about 50 miles in 
length, from Salisbury toa point at or near Bowmans, 
to constructed at an estimated cost of 426,000/., in- 
cluding an expenditure of 30,0002. on rolling-stock. 

South Africa: According to a notice in the a of 
Good Hops Official Gazette, the Municipality of Mossel 
Bay is about to ask the ratepayers to give their consent 
to the raising of a loan of 11,7311. for various purposes, 
including a new service reservoir, 2896/. ; drai works, 
11002. ; market hall, 10002. ; bungalows for accom- 
modation, 11102. ; &c. 

Russia : The Commercial Intelligence Branch of the 
Board of Trade has received from the Commercial Agency 
in London of the Imperial Russian Government a copy 
of the Russian Budget Bill for 1914, from which the 
following items of ordinary and extraordinary expendi- 
ture are extracted :—Ministry of the Interior, ordinary 
expenditure, postal and telegraph services: Construction 
and repair of telegraph and telephone lines, 13,038,000 
roubles. Ministry of Ways of Communication, ordinary 
expenditure, inland waterways and highways: New 
works on existing waterways, 12,929,500 roubles. Rail- 
i department: Extension and improvement of State 
railways, 49,259,412 roubles; purchase of rolling-stock 
and appurtenances for State railways, 66,492,867 roubles. 
Extraordinary expenditure: Construction of railways 
and feeding lines, 107,650,561 roubles. Ministry of Com- 
merce ond Industries, ordinary expenditure, mercan- 
tile marine and ports: Hydro-technical constructions 
and organisation of ports, 8,697,779 roubles. Extra- 
ordinary expenditure: Construction of new ports and 
thorough improvement of existing ones, 17,969,500 roubles. 
Ministry of Agriculture, ordinary expenditure, Section 
of Agricultural Economy and Statistics: Fire f build- 
ings in villages, 1,800,000 roubles. Section of Agricultural 
Improvements : Drainage and irrigation works, 11,046,995 
roubles. Ministry of War, ordinary expenditure, General 
Commissariat Department: Clothing and equi ment, 
51,557,024 roubles. Artillery Department : nance, 
arms and equipment, 29,762,994 roubles ; installation of 
chief ordnance yard, 1,884,101 roubles. sagmeotng De 
partment: Engineering plant, 5,566,670 roubles. Office 
of the Minister of War: Extension of the central 
scientific technical laboratory, 250,000 roubles. Extra- 
ordinary expenditure—General Commissariat Depart- 
ment : Stores of provisions, 2,310,000 roubles ; stores of 
clothing and oo 6,054,000 roubles. Artillery 
De ent: Small arms and ammunition, 13,749,000 
roubles ; machine-gun batteries material, 752,000 roubles; 
field artillery and ammunition, 16,844,000 roubles ; garri- 
son artillery, 17,000,000 roubles; artillery technical 
establishments, 3,000,000 roubles. Engineering De 
ment: Field engineering material, 17,199,000 roubles ; 
— engineering material, 4,700,000 roubles. Quarter- 

ter General’s partment : construction, 


Board | 5,200,000 roubles. Ministry of Marine, ordinary expendi- 


ture—clothing, 4,624,829 roubles ; completing construction 
of seven bat ips, 25,453,500 roubles ; completing con- 
struction of armoured cruisers, 19,968,000roubles; construc- 
tion of light cruisers, 15,989,000 roubles ; construction of 
torpedo-boats, 23,104,458 roubles ; construction of vessels 
for special purposes, 7,900,000 roubles; construction of 
auxiliary vessels, 2,500,000 roubles ; thorough repair and 
rearmament of vessels, 5,670,181 roubles ; manufacture of 
artillery material, 25,350,000 roubles; manufacture of 

oes, wireless — apparatus, &c., 8,010,000 
roubles ; construction o! ts, &c., 11,996,510 roubles ; 
construction of docks, 5,000,000 roubles ; extension and 
equipment of naval ordnance yard, 2.317,675 roubles ; 
construction and equipment of the Peter the Great 
fortress, 11,967,576 roubles. (Rouble = 2s. 14d.) 

Spain: The Gaceta de Madrid publishes a copy of a 
decree issued by the Ministerio de Fomento, authorising 
the ting of a concession to Sefior D. Arturo Tort 
Nicoldu for the en pe - working, _ a —_— of 
ninety-nine years, of a railway line starting from close to 
Guardiola at a point on the Guardiola line, and 
terminating at Gisclareny, in the Province of ona. 
The work must be begun within three months followi 
the date of publication of the notice in the Gaceta, 
must be completely finished within two years. 

Morocco: With reference to the intention of the 
Moroccan Special Committee of Public Works to con- 
tract, by private arrangement, after competition, for the 
construction of a ferro-concrete jetty at the Tangier 





Custom House, H.M. Consul-General at Tangier has now 





forwarded a copy of the programme and cahier des 
c (in French), which, together with the general 

tions regarding Moroccan contracts (also in French), 
may be seen by United Kingdom contractors at the 
Commercial Intelligence Branch. Applications from 
firms desirous of tendering will be received up to March 10 
by M. le Président du Comité Spécial des Travaux 
Publics, Dar-En-Niaba, Tangier, who will in due course 
invite approved applicants to tender. Financial and 
techni: Certificates had to reach the Comité Spécial not 
later than February 20. 

United States of America: H.M. Consul-General at 
Chicago reports that the shipyards of the Great Lakes 
(exclusive of the Canadian yards) were not especially 
active in 1913, the tonnage launched being considerabl 
less than in 1912. In all thirty-two vessels were launch 
of which four were bulk cargo-boats, five oil-tank steamers 
for the coast, two passenger steamers, and five d 
Of the bulk cargo-boats, two were of Canadian 
aaa and the other two of 10,000 and 12,000 tons 
each, 

Brazil: The Diario Official publishes the text of the 
Brazilian Budget Law for 1914 (No. 2842), dated 
January 3, 1914, from which it ap that the total 
expenditure provided for in the Budget amounts to 
435,773,469 milreis currency, and 95,469,809 milreis gold, 
(Milreis currency at par = 1s. 4d. ; milreis gold = 2s. 3d.) 
The following amounts may be specially noted as of 
interest, “‘milreis currency” being implied in every 
case :—The Ministry of Marine is authorised to expend 
12,553,035 milreis on naval armaments, artillery supplies, 
constructional material, Admiralty works, coal, &c. The 
Ministry of War is authorised to expend 2,933,435 milreis 
on arsenal and fortress material, army works, and aero- 
lanes. The Ministry of Communications and Public 
orks is authorised to expend about 19,000,000 milreis 
on railway material, locomotives, permanent - way 
material, buildings, &c.; also to grant concessions for 
electric and steam railway construction. 

Argentina; H.M. Minister at Buenos Aires reports 
that tenders are invited by the State Railways Adminis- 
tration for the supply of two steam excavators for metre- 
gauge line. Sealed tenders, accompanied by a certificate 
of the deposit of a sum equal to 1 per cent. of the value 
of the offer with the Banco de la Nacién Argentina, will 
be received, up to 2 p.m., on March 9, by the Contaduria 
General, Oficina de Compras, Administracién de los Ferro- 
carriles del Estado, Buenos Aires, whence copies of the 
specification and further particulars can be obtained. 
faok representation is practically essential. It will be 
observed that the time for the receipt of tenders is limited, 
and this intimation therefore will be of use only to firms 
having agents in Argentina who can be instructed by cable. 





Tue Isvon Tunnei.—The two stations of the Rou- 
manian States Railway, Sinaia and Morveni, are to be 
joined by a tunnel, 6 km. in length. The work has been 
entrusted to Messrs. Julius Berger, Tiefbau A.-G., Berlin- 
Olten, and is to be completed within twenty-eight 
months. The engines and electric generators, the trans- 
mission lines, centrifugal pumps and ventilators, will be 
supplied by Messrs. Sulzer Brothers. The engines are to 
be of the Diesel type, using Roumanian oil ; 1000-horse- 
power motors are to be installed. 


Tue Tfarninc Suir ‘“‘GrossHerzog FRIEDERICH 
Aveust.” — The third training ship of the German 
Schulschiff- Verein was launc'! on Jan 14 from the 
wharf of Messrs. J. O. Tecklenborg, A.-G., of Geeste- 
miinde on the Weser. The ship was named Friederich 
August, in honour of the Grand Duke of Oldenburg, 
who is President of the Shiffbau Technische Gesellschaft. 
The ship is a three-masted barque, 84.5 m. (277 ft.) long, 
of 12.6 m. (41 ft. about) beam, and a depth of 7.32 m. 
(24 ft.). The gross tonnage is 2100 register tons, and the 
vessel has accommodation for 268 persons, including 200 
boys. The auxiliary propelling engine is a 600-horte- 
power Diesel motor of the Tecklenborg-Oarels type. 





Tae Swepisu Iron Inpusrry in 1913.—Ab the meet- 
ing of the Union of Swedish Ironmasters, held at 
Orebro on January 31, the report for the pres was 
read, stating that 1913 in several had been a 
record year for the Swedish iron industry, and, with the 
exception of Lancashire iron, which gave way in price in 
the beginning of the year, it has also been a good year. 
The production materially exceeded the high figures of 
1912; thus the output from the blast-furnaces amounted 
to 735,000 tons of pig iron, or 33,000 tons more than 
during 1912; and the production of ingots, blooms, and 
rails was in the te 736,200 tons, an excess of 
79,700 tons over that of the previous year. The 
total export of Swedish iron and steel during last 
year amounted to 502,500 tons, ene the half-million, 
for the first time, has been passed. The exports com- 
prise 207,500 tons of pis iron, &c.; 54,800 tons of 
ingots, blcoms, &c.; 215,900 tons of rolled and hammered 
iron and steel ; and 16,500 tons of scrap iron, &. The 
production export of pig iron during the last quarter 
of 1913 showed a decrease as compared with the correspond- 
ing period of 1912 of respectively 16,200 and 22,100 tons. 
The market does not show any material change since the 
former meeting, two months ; owing to early forward 
contracts for export iron and rolled ingots for ex 
the market is quieter for these commodities, whilst - 
cashire iron of late shows a somewhat increased demand, 
on account of which prices are firmer. The home con- 
sumption is satisfactory, but prices for iron for manu- 
facturing engineers have given way to some extent, 
owing to competition of a dumping nature from abroad. 
The former quotations for Lancashire iron are main- 
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CATALOGUES. 

Portable Electric Drills, Grinders, &c.—A copy of their 
new list of portable electric tools has reached us from the 
Adnil Electric Company, Limited, Adnil-building, Artil- 
lery-lane, E.C. The list gives full particulars of portable 
drills, for direct yo pay currents, capable of using 
high-speed steel drills up to 2in. in diameter. Single- 
phase drills, portable reamers and thread cutters, and 
small bench drills are also listed, together with mechanical 
and magnetic drill-posts. The list also deals with port- 
able electric grinders of the hand and tool-post types, 
commutator grinding-machi and magnetic chucks and 
fixing-plates. Prices are stated for all the tools. 

Oil- ines. — Messrs. Robey and Co., Limited, of 
Globe Works, Lincoln, have sent us a catalogue of crude 
oil-engines of the semi- Diesel two-cycle type, as illustrated 
and described in our issue of July 19, 1912, on page 101. 
The construction and method of working of these engines 
is fully explained in the catalogue, and general partict 
including weights and dimensions, are given of single- 
cylinder engines in nine sizes, ranging from 6 to 50 brake 
horse-power. Particulars are also given of double-cylinder 

ines up to 100 horse-power. ith regard to the style 
ont arrangement of the catalogue, we need only say the 
it maintains the high standard of excellence reached in 
previous publications from the firm. 


Protecting Nuts from Corrosion—Messrs. Robert Bowran 
and Co., Limited, of 4, St. Nicholas’ Buildi New- 
castle-on-Tyne, have sent us a circular relating to 
** Nesbitt” nut-covers for protecting steel nuts used in 
marine, colliery, constructional, electrical, and eral 
engineering work, from corrosion. The covers, which are 
stam out of thin sheet brass, are shaped to fit the nut 
closely, and have a flange which bears against the flat 
surface from which the nut projects. After the nut has 
been screwed up, it is coated with boiled oil, tallow, 

int, or bitumen solution, and the cover is applied 
immediately after, so that the paint serves to fix the 
cover as well as to exclude moisture. The circular states 
prices for gross lots of covers for §-in. to 1-in. nuts. 


Arc-Lamps.—Messrs. Crompton and Co., Limited, of 
Salisbury House, London Wall, E.C., have sent us an 
illustrated descriptive price-list of OCrompton-Blondel 
open-type flame arc-lamps. The system is briefly ex- 
plained in an introductory note, and the arrangement of 
the lamps on direct-current and alternating-current 
circuits of different volta is dealt with. e use 
of automatic cut-outs, substitutional resistances, and 
auto-transformers is also explained, and full particulars 
are given of standard forms of lamps, and also of acces- 
sories, such as steadying resistances and choking-coils. 
Several illustrations reproduced from photographs show 
installations of the lamps for street-lighting, shop-light- 
ing, and also for the interior lighting of engineering works. 


Dipper. ers.—Some illustrations and particulars 
of dipper-dredgers, as constructed by Messrs. Lobnitz 
and Co , Limited, of Renfrew, Scotland, have reached us 
in the form of a catalogue from this firm. These dredgers, 
which are made under the designs and patents of Mr. A. 
W. Robinson, M. Inst. C.E., of Montreal, are suitable for 
cutting narrow channelsand canals, river-dredging, clearing 
docks, harbour work, and many other papers which do 
not involve working at depths of over 40 ft. They are 
not suitable for dredging over wide areas in exposed 
situations, or for depositing the spoil at great distances, 
but for work to which these limitations do not apply 
they are claimed to have many advantages. The most 
important of these are, pueps, simplicity, convenience, 
cans rapidity of working combined with low working and 
maintenance costs. e catalogue deals with all these 
and other advantages, and also explains the method of 
working ; some pho' phs of dredgers constructed by 
the firm are also re uced. 

Steel.—We have received from the Steel Company of 
Scotland, Limited, 23, Royal Exchange-square, G Ww, 
a copy of the latest edition of their section-book. The 
company a — by the ar ay ea my 
supply it in the form of castings, forgings, ingots, 
ee billets, and rolled sections of all kinds. The 
book first illustrates the company’s works and collieries, 
- then oo Foy wee from the British — ~~ 
cther 8) cations for materials. amples 
of ominanl forgings are then illustrated, and cu- 
lars are next given of plates and sheets which the com- 
pany manufacture of ordinary, high-tensile, or nickel 
me The greater part of the remainder of the book is 
utilised in giving particulars of rolled sections, among 
which all ordinary and many special shapes are included. 
Particulars are given of rail and tyre sections, and 
of solid-rolled weldless angle-rings. The book is bound in 
limp leather covers, and is well printed and illustrated, 
so that it makes a very creditable production; much 
useful information is also to be found in ib. 


River Steamers, Dredgers, Marine Engines, &c.—We 
ge Settee’ to De cee Dee pee Soe ene, ot 
Pittsburg, Pa., U.S.A., for a copy of their latest illus- 
trated catalogue. This firm makes speciality of light- 
draught river steamers, and the which is 
neatly bound in limp-leather 8 SS lly 
of illustrations of the accompanied by 
descriptions in English and Spanish. The exam 
include a number of stern-wheel and side- 
steamers, Se ee eS 
porti' goods. Some examples of screw- 
er ones nasser dea 
aux are i 5 y o 
vessels illustrated have been first erected at the firm’s 
works and then taken down and transported by rail and 
steamer to their destination in distant parts of the world. 
The catalogue is quite interesting from an historical point 


idle 





of view, some of the vessels illustrated having been con- 
structed as far back as 1873. The development of this type 
of craft during the last forty years can thus be traced. 


Floating Docks,—We are indebted to Messrs. Swan, 
Hunter, and Wigham Richardson, Limited, of Wallsend- 
on-Tyne, for a copy of a book of illustrations of floa 
docks constructed by them. The illustrations, many o 
which are published here for the first time, show practi- 
cally all types of floating docks with lifting capacities 
ranging from 1500 tons to 33,000 tons. The largest dock 
illustrated is that belonging to the British Admiralty, 
and stationed in the River Medway. The textof the book 
explains the features of the various types of floating 
docks, and points out their advantages over graving 
docks, mentioning, among these advantages, that the 
former are more quickly constructed, can be moved from 
place to place, and that working and maintenance costs 
are much leas. It is also pointed out that the initial cost 
of a floating dock can be estimated with great exactness, 
whereas unknown contingencies have always to be pro- 
vided for in the construction of a graving dock. In 
conclusion, a list of floating docks constructed by the firm 
is oy The book is bound in cloth-covered 
and the illustrations, which are reproduced from photo- 
graphs, are exceptionally good. 


Testing ge catalogue, giving prices and 
full particu of Walker’s fan-brakes for testing elec- 
tric-motors, petrol-engines, &c., has received from 
the sole manufacturers of these appliances, Messrs. 
W. G. Walker and Co., Emery Hill-street Victoria- 
street, Westminster, S.W. It will be remembered that 
these dynamometers consist of two flat a 
plates, bolted to radial arms attached to the motor-shaft, 
and that the power of the motor is absorbed by the 
resistance of the air to the rotation of these plates. 
The radial position of the plates on the arm is adjusted 
according to the required load, and the horse-power for 
~~ particular speed is obtained by referring to a set of 

ibration curves supplied with the instrument. Con- 
stants are supplied for the plates in any — 
position on the arm, and by multiplying the cube of the 
number of revolutions by this constant the horse-power is 
obtained with ter accuracy. Particulars are given 
of five stand sizes capable of absorbing 6, 10, 30, 60, 
and 150 horse-power respectively, at about 1000 revolu- 
tions per minute ; the extreme radius of the largest size 
is 32 in. A special type of dynamometer for slow-speed 
engines is also dealt with. 


Coal-Cuttina Machines.—Messra. Mavor and Coulson, 
Limited, 47, King-street, Mile End, Glasgow, have pub- 
lished a booklet of data relating to their ‘‘ Pick-Quick” 
bar coal-cutting machines. ese machines can be 
operated by compressed-air, or by three-phase or con- 
tinuous current. All types are illustrated in the booklet, 
and are shown adjusted for undercutting and over- 
cutting. They are claimed to have a greater cutting 
capacity than either disc or chain machines, and to be 
capable of working under conditions which would make 
machine mining impossible with other systems. Outputs, 
working costs, and other particulars are given of these 
machines working on the Longwall > pany under a t 
diversity of conditions, many of which are very difficult. 
In one case the seam is only 16 in. thick, and in others 
the bed is very steeply inclined or full of faults. The 
results given are all authentic accounts of work actually 

ormed in every-day use, the data having been collected 

y the firm for a number of years since these machines 
were first introduced. Many of the particulars have been 
given in previous publications from the firm, but they are 
rearranged in the present bookina moreconvenient manner 
for reference, and additional matter has been included. 


Steel Piling.—We have to thank the British Steel-Piling 
Company, of Dock House, Billiter-street, E.C., for a copy 
of their latest catalogue. This publication, which con- 
tains 176 pages, bound in paper-covered boards, is very 
fully illustrated and gives an immense amount of useful 
and interesting information about the company’s “ Uni- 
versal” and ‘‘ Simplex ” systems of ea ye. 
Both systems are illustrated and mf described, and 

i of the various sizes supplied are given. The 
methods of te them for straight and circular 
work are also illustrated and explained. Notes are then 
given on the driving and withdrawing of piles, and these 
are followed by a section in which all the necessary calcu- 
lations for designing dams are explained. The next 
section, which is a particularly interesting one, illustrates 
numerous examples of the piling in use for the construc- 
ap ee cofferdams and — foundation. work, — as 

or t-sinking, trenching, coast protection, and man 
other purposes. Driving and withdrawing plant is dealt 
with in the following section, full particulars being given 
of double and single-acting steam {or air) hammers, 
complete steam driving plants, steam-winches, driving- 
frames, driving-caps and shoes, hydraulic pulling-jacks, 
pumps, grips, and all accessories necessary for both 
operations. Prices are stated for all the plant dealt with, 
and, to enable the cost of the piling itself to be estimated, 
all extra charges are quoted. have to be added to 
a ‘‘ basis price,” which fluctuates according to the market 
— of steel, and which must be obtained, when required, 

m the ee their agents. For the convenience 
of engineers a! shipping weights and dimensions have 
been given for the various items, and a 7 comprehen- 
sive telegraph code has been included. the 
ee is @ most praiseworthy production, which will 
doubtless be appreciated by engineers engaged in, or con- 
templating, pil work. 

Water-Tube Boilers.—We have received from Messrs. 
Richardsons, Westgarth and Co., Limited, of Middles- 


brough, an illustrated catalogue of the ‘“‘Nesdrum” 
water-tube boilers which they manufacture. It will be 


remembered that these boilers are built up of a number 
of heating elements, each of which is com of two 
short cylindrical drums connected at their ends by a 
number of straight water-tubes which form the principal 
heating surface. A boiler is made up of a number of 
these elements, which are inclined at an angle of about 
60 deg. with the horizontal, and are connected to each 
other at their upper and lower ends by expanded-nipple 
pipes in both the steam and water s They are 
connected by short pipes to a horizontal transverse 
steam and water drum, and the circulation system is 
completed by nests of vertical tubes placed behind this 
horizontal drum and connected at their lower ends to the 
inclined front nests of tubes.’ The feed inlet is at the top 
of these vertical tubes, which form the downcomers of 
the circulation system, and act as feed-heaters or econo- 
misers. The bulk of the scale-forming matter is thus 
deposited as mud in the bottom headers of these nests of 
tu where it does no harm and whence it can be blown 
out at intervals. The boilers are claimed to be very 
economical steam producers, to be to transport and 
erect, and to be very easily examined and cleaned, both 
internally and externally ; special attention is also called 
to the advantages of straight, yy (or steeply-inclined) 
tubes, which have the property of being ong self- 
cleaning. Several installations of these boilers, some. of 
which are fired by waste are illustrated, and results 
of evaporation tests are included. In most of these 
tests the efficiency of the boiler alone was from 70 to 
73 per cent. ; and in one case the efficiency, including 
pe nen and economiser, is given as 85. r cent. 

e also gather from the catalogue that single boilers of 
this tye, capable of evaporating 100,000 lb. of water per 
hour, which is equivalent to the steam consumption of a 
6000-kw. turbo-generator, have been made; these are 
claimed to be the largest boilers in the world. 





SwepisH Iron-Ore Exports, &c.—Sweden’s te 
export of iron ore during 1913 amounted to 6,439,950 
tons, against 5,520,653 tons for 1912. The export of pig 
iron shows a slight decrease, as does that of some other 
iron commodities, whilst others again have been exported 
on an increasing scale. This upward movement also 
applies, and to a marked extent, to electrical machinery, 
oil-motors, and dairy farming and agricultural machines. 
As far as the former is concerned, the increase is about 
50 per cent.; the export of cream-separators amounted 
to 14,886,916 kr., that of harvesting-machines to 3,629,821 
kr., &c., other items of some importance being horse- 
rakes, sowing-machines, and thrashers. Of telephone 
apparatus the export amounted to 5,729,620 kr. 

A VouGa-DNIEPER-WEICHSEL CaNAL.—The Board of 
the Interior Waterways has now taken in hand the question 
of the Volga-Dnieper-Weichsel Canal, which scheme has 
been waiting to be materialised for several years. The 
depth of the canal has been fixed at 1.775 metres, and it 
should be capable of accommodating vessels of a capacity 
of 120,000 to 150,000 poods (63 is=1ton). The new 
waterway will use the rivers Pripet (an auxiliary of the 
Dnieper), the Western Bug (an auxiliary of the Weichsel, 
entering this river below Warsaw at the Georgijewsk 
fortification), and the connecting canals. North of Brest 
it will follow the Ljessna to the point where it enters the 
Bug; then there will be a canal to the village of Orla, 
and from thence it will follow the Bug as far as Drozit- 
schin. From there a canal will run to Graino, where 
the canal will change to the a side, finally entering 
the Weichsel at Warsaw or Jablonny. 





HicH-Pressur& TURBINE Pumps AT 3000 REVOLUTIONS. 
—The firm of C. H. J a and Co. has recently installed 
turbine pumps for the en Colliery of the Gelsen- 
kercher Bergwerks A.-G., which, running at 3000 revolu- 
tions per minute, raise 2 cub. m. (70 cub. ft.) of water 

r minute'to a height of 1000 m. (about 3300 ft.). 

imilar turbine pumps, dealing with r volumes of 
water under the same h had y done good 
service ; these older pumps were a at 1500 revolu- 
tions. It was, however, doubtful whether the working 
of such pumps would be profitable when smaller volumes 
of water were concerned, and it would appear from the 
trials published in the Zeitschrift des Vereines Deutscher 
Ingenteure of February 7, that the installation quite 
comes up to the guaranteed performance, and works 
satisfactorily. The machinery consists of a low-pressure 
and a high-pressure pump, of the same construction ; 
the former takes the water from a sump, the latter 
raises it 930 metres. + pump is driven by a three- 
phase motor for 5000 volts at 50 periods per second 
and 2960 revolutions per minute; the moters were 
supplied by Chr. Weuste and Overbeck, of Duisburg. 
A third pumpand motor serve as reserve for either of the 
two others. The pumps are divided into six pressure 
stages, and can easily be dismantled and refitted. The 
wheels have each one packing-ring, and the axial thrust 
is at all water volumes taken up by a cer; there 
are no special thrust or ball - bearin The casing 
is a steel casting designed for a pressure of 125 atmo- 
spheres ; the hydraulic pressure of 1000 metres roughly 
represents 100 atmospheres; the wheels, &c., are of 
bronze. In the acceptance trials the water was dis- 
charged over an overflow 500 mm. in width, and the calcu- 
lations were based on the formula of Frese. The average 
results of thirteen trials were the following :—Height of 
lift, 931 m, (3050 ft.) ; height of suction, 4 m. (13 ft. 14 in.) ; 
volume of water delivered per minute, 2.22 cub. m. 

= 


(78 cub. ft., or 488 ; revolutions per minute, 
2965 ; horse-power a by motor, 670 ; total effi- 
ciency of installation, 68.8 per cent. ; motor efficiency, 
93 per cent. ; —y yo! absorbed by pamp, 621; work 





done by pum: horse-power ; ciency of pum 
74 per cent. ; Geusity of mine water, 1.046, " 
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ELECTRICAL APPARATUS. 


24,148/13. Marconi’s Wireless Telegraph Com- 
any, Limited, and A. Gray, London. asts for 
ireless Telegraphy. [4 Figs.) October 24, 1913.—This 
invention relates to masts such as those used for supporting the 
antenn® or aerial conductors used in wireless telegraphy. 
According to this invention, a mast comprises a number of sec- 
tions, each composed of two half cylinders, a disc interposed 
between each section and the next, and a pole supported by the 
top sections, Each of the sections consists of a pair of half 





Fig. 
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cylinders @ secured together by bolts a! passed through longi- 
tudinal flanges @2, the flanges of one section being arranged at 
right angles tothose of the section below it. One section is 
secured to that beneath it by bolts passing through end flanges 
db). Between these end flanges is secured a disc made in two 
halves, with a square hole in it. d isa pole which passes down 
through the holes in the discs at the top of the mast and is 
supported by a pin which passes through a hole in the pole and 
rests on one of the discs. (Accepted December 31, 1913.) 


9685,13. The British Thomson-Houston Company, 
Limited, London, and F. P. Whitaker, Rugby. 
Syachronous Motors. (1 Fig.) April 24, 1913.—This 
invention relates to amortisseur windiogs for synchronous motors 
and the like. If in a synchronous motor the amortisseur-bars 
are spaced in the pole faces with a pitch co ding to an 
exact slot pitch on the armature or toa multiple of this slot pitch, 
the machine has bad starting characteristics, as it is well known 
that magnetic locking of armature and field often results from 
this cause, although after the machine has attained synchronism 
such a winding will give the minimum loss due to eddy currents 
in the bars. If the amortisseur-bars are spaced so that the distance 
between bars is either less or greater than the slot pitch on the 
armature or multiples thereof, the locking tendency is consider- 
ably reduced, and the machine will start well. On the other 

» when the machine is running, there is likely to be consider- 
able loss due to eddy currents 3 the amortisseur windings, 
especially when machines are built with large open slots in the 





armature portion. The object of this invention is to provide an 
arrangement of amortisseur windings for syechoeneus machines 
in which the eddy current loss is a minimum, and at the same 
time the tendency to locking of the armature and field members 
is considerably reduced. is is accomplished by making the 
itch of the amortisseur-bars through the pole equal to 
armature-slot spacing or multiples thereof, and by piercing 
the holes for the bare of the winding through the pole, so 
that the bars in different ay occupy different circumferential 
tions in the poles he drawing matically illus- 
the invention as applied to a six-pole machine. The pole- 
pieces A to F inclusive are each shown as provided with five 
amortisseur-bars a. The pitch of these bars corresponds 
h of the slots} in the armature. In the pole- AandB 
— ” Vy with the centre of the b. 
ieces C an the bars are arran 80 that 
Ere tend side of the centre line of ray bd b, and ta = - 


slots. It will be seen from the above that although all the bars 
through the pole faces are spaced equivalent to armature slot 
pitches or multiples thereof, yet when the armature is stationary 
all the armature slots cannot be directly under all the pole-face 
slots. Therefore locking will not result, and the eddy current 
loss will be reduced toa minimum. (Accepted December 31, 1913.) 


29,338/12. Siemens Brothers o Wor! 
imived, London, "and ‘J.C, Wilson,” Staford 
Ro Converters. [1 Fig.) December 20, 1912.—The 


present invention has reference to the lation of the direct- 
current vol of electrical systems in which alternating curren 
is tranef into direct current through the medium of rotary 
converters. For various reasons it has been in supply- 
ing direct current to use a combination of a high-speed alter- 
nating-current generator and a rotary converter running at a 


- 


close proximity, and may be on this account regarded asa —_ 
set. e direct-current voltage depends on the voltage lied 
to the slip-rings of the rotary converter, and in the present inven- 
tion the compounding of the set is effected by a device operating 
on the exciter of the alternating-current generator. In the 
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present invention a single shunt-wound exciter is provided, the 
dimensions of which are such that the requisite voltage range can 
be obtained from the same. The resistance of the field circuit is 
regulated by means of an automatic regulator, the action of which 
is controlled by the direct-current pressure or load. The automatic 
regulator effects the compounding. In the drawing a indi- 
cates the rctary converter. The brushes) of the converter are 
connected to the direct-current mains d. The alternator e is pro- 
vided with a single exciter g, which supplies the field-winding / of 
the alternator. The exciter g has a shunt field-winding h, and the 

t of resistancein series with the winding h is determined 
by the automatic regulator m. The regulator is intended to give 
aconstant direct-current mains pressure; but if a rising character- 
istic is required, turas may be added to the regulator, which are 
in series relationship with the direct-current mains.$ {( Accepted 
December 24, 1913.) 


18,474/13. Chamberlain and Hookham, Limited, 
and S. H. Holden, Birmingham. Electricity- 
Me (t Figs.] August 14, 1913.—In mercury motor-meters 
it is desirable to employ a device to prevent mercury being spilled 
in transit. Hitherto it has been customary to employ a form of 
valve which is operated by means of a lever so as to seal the 
8 between the armature spindle and the mercury vessel when 

e meter isnot in use. Another device has been to make the 
mercury vessel in the form of an unspillable ink-pot ; but both 
these devices are open to objection. According to the present 
invention, the whole of the armature spindle and ting train 
are enclosed in an air-tight case, which communicates with the 
er see vessel in such a manner that when the meter is con- 
siderably tilted the mercury runs out of the mercury vessel into 
this case, and the form of this case is such that when the meter 
is standing in its working position all the mercury runs back from 





























se 
i <a ees 














much lower speed. The two machines are erected in more or less | ties. 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 

499/13, F. F. Carter, London. Internal-Combus- 
tion Engines. {4 Figs.) January 7, 1913.—This invention 
relates to fuel-admission valves for internal-combustion engines of 
the type in which fuel is pumped, injected, or sprayed into the 
combustion » and provi an improved construction of 
valve of the kind in which the fuel is ed by means of com- 
pressed air admitted to contact with the | el at or close to the 
valve-seating on the ing of the valve. According to this in- 
vention, injection air is led, before coming into contact with the 
fuel, through the fuel-valve iteelf to a point at or immediately 
above the pe eee the fuel accumulates, and is dis- 
— at this point, being thus brought into close contact with 
the fuel, whether the latter is present in large or small quanti- 
A is the valve-head on the end of the stem a, and ed 
with air-admission channels a! at the upper end and 
channels a? at the lower end, close to the seating. B is the outer 
casing, at the end of which is the valve seating b and the fuel- 
admission passage b! to the cylinder. C is a valve tube or inner 
casing, within which the valve head A slides, the liquid fuel 
passing between the casing and tube C into the small collecting- 


= 
GAC 
i] 





chamber 2 immediately above the valve-seating. In the con- 
struction of valve-head shown, the head is in the form of a tube 
closed at the conical end a*, which meets the seating », the air- 
discharge passages a2 passing through the conical face of the 
head, so that the air directly ~~ on the seating ) when the 
valve is opened. The valve-tube OC is provided with a conical 
head c, almost filling up the conical chamber in the lower part of 
the casing B, but allowing of free passage of the liquid fuel to the 
collecting-chamber 2, immediately above the head c being placed 
the perforated rings c!, os which the fuel‘passes, which rings 
fit closely in the casing B. e action of the valve and pulveriser 
is as follows :—During the period which elapses while the valve is 
closed, fuel is delivered by a pump into ope | B, and finds its 
way to the collecting-chamber or cavity 2 immediately above the 
seating. When the valve lifts, the injection air suppl ed through 
the tube C passes into the valve-head A through the holes a! and 
emerges through the holes a? close to the point at which the fuel 
accumulates, so that the air is brought into close contact with the 
fuel as it is discharged into the cylinder through the passage b!, 
whether the fuel is present in large or small quantities, thereby 
ensuring efficient pulverisation. (Accepted December 31, 1913.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
9849/13. T. Goventan, * Smith and Coventry, 
Limited, Salford, an . 
au Machines. (2 Figs.) April 26, 1913.—This 
invention relates to bevel-wheel and like -cutting machines 
of the type in which cutting-tools, operating simultaneously on 
both sides of a tooth, are —— on automatically adjusting 
or opening and closing guide-arms in lines or paths always 
directed towards the apex of the pitch-cone of the wheel. This 
invention comprises the combination with the guide-arms, on 
which the cutting-tools are reciprocated, of a tummy or former, 
having two surfaces of correct configuration, adapted to act upon 
said guide-arms and to be trave through an adjustable dis- 
tance for the pu hereinafter described. The guide-arms a, in 
which the tool-slides are traversed, are pivoted about a point 
which is the apex of the pitch-cone of the bevel-wheels being cut. 
Each of the arms has a slot ) therein at its free end and a scale 


























an a74, 


this case into the mercury vessel. A is the armature with 
spindle B and balance-weight C as usually arranged. D is the 
mercury-chamber in which the armature revolves. E is a funnel- 
shaped depression in the cover of the mercury-chamber, termi- 
nating in the central hole, through which the armature spindle 

and which permits egress and in; of the mercury. G 
B the counting train, which is carried by the frame G!, and 
which, together with the armature, is entirely contained in the 
cover H. This cover is secured by studs and nuts, and an air- 
tight joint is made between it and the top of the mercury- 
chamber by means of the packing-ring J. The cover has a 
window K in front, through which the counter can be read, and 
this window is made air-tight by means of washers and screws. 
These screws are of a kind readily removable, so that the window 





pieces E and F the bars lie to the right of the centre line o a 


may be opened to allow of resetting the dial hands. (Accepted 





December 24, 1913.) 





thereon, a bracket c being adapted to be fixed in the slot at a 
certain position indicated on the scale according to the pitch of 
the wheel being cut. Each bracket carries a roller d which bears 


traversed or reciprocated by means of the quadrant g, connecting- 
rod h, and arm i, which synchronise in their movements with the 
feed movements sae to the blank during the cutting - 
tions. The rate of movement and of traverse of the slide 
may be adjusted by varying the ition of the end of the rod 
in the arm i so that the rollers d may traverse a greater or less 
portion of the former surface during the cutting of a com 
tooth, and thus the angular distance through which the guide- 
arms @ are moved may be increased or diminished to suit the pitch 
of tooth and its corresponding curvature. In ion, when, for 
example, a mitre-wheel of a certain tooth-pitch is being cut, the 


——— 
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blank axis is set at an angle of 45 deg. be tho path of the cutting 
tools. The feeler-brackets c in the guide-arms @ are adjusted in 
position to suit the tooth-pitch, and the rollers d each contact 
with the former at a point on the pitch-line of the dummy. The 
parts being now locked in position, all movements of the blank 
saddie are communicated to the former. To provide for the 
correct formation of teeth in bevels of varying angles, the dis- 
tance through which the former e is traversed each stroke 
of the cutting-tools is adjusted so that a more or extended 
portion of the former is traversed by the rollers contacting there- 
with. This arrangement provides for a variation in the total 
angular movement imparted to the guide-arms a, and therefore 
a variation in the starting and finishing positions of the cutting- 
tool in the involute (Accepted December 24, 1913.) 


PRINTING AND ALLIED MACHINERY. 


7715/13. F. Waite, and Waite and Saville, Limited, 
Otley. Lithographic Printing - Machines. (3 Figs.) 


ordinary const The auxiliary brake-releasing train-pipe 
is indicated at 11. The twotrain-pipes 4 and 11 are conn to 
a driver's valve 12 situated at each end 

ally-driven exhauster or vacuum-pump 13 is di pled with 


of the train. An electric- 
of 


thereof. Now, to the present invention, for the pur- 
Ee of accurate manufacture and fitting, and ready accessi- 
ility, | the —— strips at the outer ends of the blades, instead 





pipe 1l. Brake releasing reservoirs 14 are connected to the 
brake-releasing train-pipe 11, and the latter is connected to the 
main train-pipe 4 by pipe connections. ‘A release-valve 16 is pro- 
vided in each pipe connection, which latter is connected at one 
end to the brake-releasing train-pipe 11 at a position as near as 
possible to the brake-releasing reservoir 14, and at the other end 
to the vacuum train-pipe 4 as near as possible to the brake- 
cylinders 5. 17 indicates a vacuum governor-valve, and 18 a 
relief-valve fitted between the driver's valve 12 and the vacuum 
train-pipe 4. Valves for maintaining the vacuum in the cy‘inder 
reservoirs 6 at the same degree as the normal working vacuum in 
the main train-pipe 4 are arranged between the brake-releasing 
train-pipe 11 and the reservoirs 6. In the example illustrated, the 
release-valves 16 are operated electrically by current obtained 
from the main supply for the driving power of the train, the 
circuit including switches 20 at the driver's valves 12 and contacts 





y: 
April 2, 1913.—In iithographic printing-machines it is 'y 
at times to restrict the supply of water from the water-duct 
roller at certain points according to the design on the stone or 
plate; and for this purpose water-stope have been employed, 
each cons'sting of a flat piece of rubber or felt, secured to the 
water-duct so as to hang over on to the duct-roller at the point 
where it is desired to restrict the feed of the water. It is found, 
however, that these known water-stops are not ag effective in 
their action, especially in the case where the duct-roller is 
covered with calico, whose sewn joint prevents them from acting 
uniformly over the circumference of the roller, while the con- 
sequent friction tends to wear out the calico covering The 
object of this present invention is to provide the machine with 
detachable and laterally-adjustable water-stops, adapted to act 
without friction uniformly over the entire periphery of the duct- 
roller, irrespective of the sewn joint of the calico covering, and 
capable of > r to adjust the pressure at will. 
According to this invention, small rollers are employed, having 
a more or less flexible surface, and being adapted to make contact 
with; and be revolved by, the duct-roller; and the small rollers 
are so arranged as to be capable of adjustment relatively to the 
duct-roller to allow them to make contact therewith in any 
desired lateral position, and with any desired degree of pressure, 
80 as to enable the flow of water to be controlled with great 























a he 
U's 8 
delicacy, even in the case where the duct-roller has no calico 
covering. In the drawings, 1 is the water-duct roller, mounted 
on a shaft 2 so as to rotate within the water-trough 3, which 
latter is carried by end-brackets 4, secured upon a stationary 
shaft 5, supported by the side-frames of the printing-machine, 
all of ordinary construction. The water-regulating stops, accord- 
ing to this inventjon, consist of small rollers 6 of different widths, 
ted to make contact with, and be epee the duct- 
roller 1, each roller 6 for this pu being moun in a fork 7, 
fitted with a boss 8, formed with a round hole 8, and with a 
par 8v of smaller width than the diameter of the hole & , and 
eading thereto, while the portions of the boss which form the 


(7778) 


walls of the gap &y ti lugs adapted to receive a screw by 
which the sides of the boss8 can be compressed to grip a stationary 
carrying-shaft 10, and so support the roller 6 in any desired posi- 
tion thereon. This carrying-shaft 10, which is mounted in arms 
4* provided on the trough- ing end-brackets 4, is round in 
section, and has two oppositely-flattened sides 10* adapted to pass 
within the gaps &y of the fork-bosses 8 of the small rollers 6 ; and 
the shaft 10 is so set that when any one of the rollers 6 is in 
contact with the duct-roller 1 the rounded opposite sides of the 
hole 8 in its fork-boss 8 coincide with and en the opposite 
rounded sides of the shaft 10, while by giving the roller-carrying 
fork 7 approximately a quarter turn the gap 8y in the boss 8 of 
the fork 7 comes into line with the flattened portion 107 of the 
shaft 10, when, on the removal of the screw, the roller-carrying 
fork 7 can be lifced off, and this at any part of the shaft 10. 
(Accepted December 31, 1913.) 


RAILWAYS AND TRAMWAYS. 


28,969/12. E. S. Luard, London. Vacuum-Brake 
Apparates. {11 Figs.) Deeember 16, 1912.—This invention 
relates to vacuum brake apparatus for railway and like vehicles 
of the kind in which, for the purpose of accelerating the release 
of the brakes, there is vided, in addition to the usual main 
vacuum train-pipe and brake-cylindera, an auxiliary brake- 
releasing train-pipe with a brake-releasing reservoir or reservoirs 
connected thereto, the said auxiliary n-pipe being connected 
with the driver's brake-valve, to which valve the main train-pipe 
is also conipected, and to an exhauster, the latter being coupled, 
when necepeary, to the main train-pipe by means of the driver's 


















Fig.f . =: ” _— | 

af ee aT 

ww Fi 2 44464 « 6° a 
| abs “Re 
“aun Oe eit rea 


valve, and consists in the provision of a release-valve or valves 
controlled electrically either through the movement of the driver's 
brake-valve handle or ind dently thereof for effecting com- 
munication between the n train-pipe and the auxiliary brake- 
are ym ey and reservoir or reservoirs to give an accele- 
rated re’ of the brakes. 1 illustrates the motor-car, 2 the 
trailer-car, and 3 the driving trailer-car of an electric train. Each 
car carries a of the main vacuum we 4, to which 
are conn the usual brake-cylinders 5 e-cylinder 
reservoirs 6. Rapid-acting valves, guard's y-valves, and 
trip-cocks are provided as usual, and the duplex gauges are of 


in parallel with the contacts of switches 20, and adapted to be 
closed by a contact-maker carried by the movable element of the 
driver's valve. Referring to Fig. 2, the switches 20 must always 
be open in the compartment from which the train is being driven 
(the left in the drawings), and closed in the opposite end driving 
compartment of the train. In Fig. 2 the forward driver's valve is 
shown in the ‘‘ release” position, and the rear driver’s valve in 
the “‘neutral” position. (Accepted December 24, 1913.) 


STEAM-ENGINES, BOILERS, EVAPORATOBS, &c. 


3778/13. G. V. V. Hutchinson and R. E. L. Munse: 
Dublin. Superheaters. (4 Figs.) Febru 13, 1913.— 
This invention relates to a fastening device for the elemet.ts of 
superheaters for locomotive and other smoke-tube boilers of the 
type in which a single header is employed in which are provided 
the chambers for the supply of non-superheated steam to the 
superheating tubes or elements and for the reception of the 
superheated steam therefrom. According to the invention, the 
element plate is slotted and also provided with a recess on 
the underside disposed at an angle to the direction of the slot, 
the fustening bolt having a substantially T-shaped head, which 
is adapted to through the slot and then to be rotated so as 
to be received in the recess in the plate. In this — element 
with its plate can be removed without removing the bolt from 
the header, by slackening the nut on the face of the header and 
rotating the bolt until the T head coincides with the slot in the 
element plate. The header consists of a single casting having 
two straight chambers a, ), se by a hollow partition c 
Sey at the ends, but closed webs at the top and bottom.) 
is header is arranged transversely to the boiler, and is disposed! 
horizontally and above the top row of smoke-tubes.: The chambers 
a, b, therefore, lie longitudinally one behind the other, the one 
nearest the boiler (that is the rearmost one) being for non- 
superheated steam, the other for superheated steam. The rear- 
most wall of the header has a flanged pipe d projecting centrally 


Fig.t. 
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therefrom, and this is connected to the steam-pipe from the 
boiler ; the foremost wall, at either end, has steam-pipes com- 
municating with the cylinders. The bases of the two chambers 
a, bare pierced by holes that provide communication with the 
elements k, the centres of the holes in either chamber lying in a 
transverse straight line ; the two holes, one in each chamber, of 
an element lie one behind the other. A plate 1, to which both 
ends of an element & are secured, is provided with a slot 0 which 
will permit of the passage of the bolt-head therethrough, a recess 
p, disposed at an — to this, is provided in which the head can 
sink ; the other end of the bolt receives a nut i which bears 
against a face of the header. In use, the bolt A is inserted from 
the bottom of the header and the JT head passed through the 
slot o of the plate / of the element &; it is then rotated 
a an angle so as to allow the T head to sink into recess 
p, and the nut ‘is screwed on to the opposite end so as to bear 
against the face of the header. To remove an element, it is 
merely necessary to loosen the nut i, the head of the bolt A 
being prevented from turning by the wall of the recess p. The 
bolt can then be dropped slightly, but sufficiently to lower the 
head away from the recess p, and by then turning the bolt until 
its head and the siot o in the plate / coincide, the latter can be 
slipped past the head, whereupon it and its element & are free 
and can be removed, or the bolt can be allowed to drop until the 
head rests on the bent portion of the tube k, when it and the 
element can be removedtogether. (Accepted December 24, 1913.) 


and Morcom, ted, and A. 
Jude, Birmingham. Turbine Stator Blading. (9 Figs.) 

ber 19, 1913.—This invention relates to improvements in 
turbine stator blading, and its object is to provide means for 
securing the stator guide-blades of turbines to the diaphragm- 
plates f in a manner which avoids the use of rivets, screws, 
or other individually manipulated fastenings for effecting the 
attachment of the es to the ragm-plates at the more 
or less inaccessible ons adjacent to the stator casing. In 
Specification No. 24.657, of 1912, the applicants describe how the 
guide-blades of turbines can be secured to strips of channel 
section, the sides of which embrace the outer borders of the 
apertures in the diaphragm-plates, the inner ends of the blades 








being secured to angle strips, which, by screws, are secured to 
the diaphragm-plates at the outer borders of the apertures 


g outer border of the apertures of the diaphragm- 
plates, are arranged to embrace the border of a ring or segment 
provided on or secured to each diaphragm-plate. a is adiaph ‘ 
plate of a turbine, of which the inner portion a! is connected’ te 
the outer portion by integral spokes a2, the intervals between 
which constitute the apertures. Secured to the outer portion of 
the diaphragm-plate a—for example, ——— of rivets b—is a 
= The inner border of this ring c b d by a ch 

p d, to which the outer ends of the guide-blade e¢ are riveted 
and soldered. At their inner ends the guide-blades ¢ are riveted 




















(24,.214.) 


and soldered to an angle strip f/, which, in turn, is riveted to a 
ting g. This inner ring g is secured to the inner portion a! of the 
diaphragm-plate by screws h. On withdrawal of the screws h, 
the inner ring g and the guide-blades e, with their attached 
strips d and f, can be detached from the diaphragm-plate a by 
displacing the channel strip d from engagement around the 
border of the outer ring c. The annularly-extending strips d 
and / are provided in a suitable number of butting segments, as 
are the “| ° cand g; the latter, for instance, being each in twe 
segments, butting at the usual horizontal joint in the turbine 
: ing. The — a2 are the aaj off to —, = — to flow 
© the passage between the acent le- es. ccepted 
December 24, 1913.) - . 


TEXTILE MACHINERY. 


6325/13. A. Scott, Belfast. Local Humidification 
of Looms. [4 Figs.) March 14, 1913.—This invention relates 
to the humidifying of the yarn passing through looms for weaving 
or material passing through other machines. The invention con- 
sists in the provision of an agitator operated from the slay sword 
or other moving part of the loom or machine, which dips intoa 
well or pit below the mechanism, the water in the well or pit 
being preferably heated by steam coils or stem jets. The drawing 
shows twolooms B. A shallow well or pit A is situated inside 
the —- of each loom B underneath the part of loom where 
the humidified air is most required. A channel is arranged in the 
flooring between each two rows of looms, and carries a water-pipe 
C and a steam-pipe E, which are connected by branch pipes c and 
e to the well or pit A. The branch water-pipe c is fitted with a 
valve cl, and the branch steam-pipe ¢ with a valve el, between 
the main-pipe and the well or pit. The pipes c and e preferably 
deliver the water and steam respectively into the well or pit A at 











F 





or near the bottom, as shown in Fig. 1. A main outlet or sewer- 
pipe F is arranged between each two rows of looms, and is con- 
nected to each well or pit A by a branch-pipe f, the orifice cf 
which is at the level of the water in the well or pit. The water in 
the well or pit A is kept in agitation by an agitator G attached to 
a bar g carried on brackets g! affixed to the slay-sword, as shown 
in Fig. 1. In operation the well or pit A is filled with water from 
the water-pipe c, and steam passed therethrough by the pipe ¢, 
the water being raised to any desired temp e by the t 
of steam admitted, this amount being regulated by the valve e!. 
The excess of water escapes from the well or pit by the outlet- 

pe f. When the loom is started, the water in the well or pit A 

agitated by the agitators G, and a stream of humidified air 
rises from the well or pit A to the line of warps in the loom B. 
As soon as the loom stops, the agitation of the water by the 
agitators stops also, and, consequen'ly, steam can at once be 
turned off so that humidity is uced. (Accepted December 24, 
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THE WHITE STAR LINER 
“ BRITANNIC.” 


It is a significant fact that Lord Pirrie and the 
management of the White Star Line should, as a 
result of their great experience, not only of ship- 
building, but of the requirements of the Atlantic 
passenger service, decide, in building the Britannic, 
to adopt dimensions only slightly in excess of those 
of the preceding White 














conduce to stability and seaworthiness. At the 
same time, as in all successive Belfast ships, the 
teaching of experience has been fully utilised in 
determining the structural details, as well as the 
arrangement of the passenger accommodation. 
Indeed, in both these respects Messrs. Harland 
and Wolff have at successive epochs contributed 

ely to the development of naval architecture 





tar liner Olympic. We do} 
not propose again to enter into the question of the 





and marine engineering. The complete description 
of the ship which we are enabled to publish, owi 
tothe kindness of Lord Pirrie and Messrs. Harlan 
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desirability of further increasing the dimensions of 
ships, nor into the subject of the most suitable 
Atlantic Ocean speed. — conditions tend to 
influence the decision on both these questions, but 
it would seem that such a preference has been 
shown by the travelling public for the Olympic as 
has induced the builders and owners to abide in the 
new vessel practically by the dimensions of this 
successful ship. The Britannic has therefore been 
built of much the same length as the Olympic— 
namely, about 900 ft.—but the beam has beer 
increased to about 94 ft., which will still further 





Hatr Mip-Suip Section. 


and Wolff, will enable the student to discern the 
advances made, and will also help to impress the 
general reader with the effort continuously made 
towards the great strength and complete comfort 
in ocean travel which are the characteristics of 
the modern liner. 

In respect of s » again, the performance of 
the Olympic has m regarded as quite satisfac- 
tory, and consequently no attempt will be made 
to excel the 21. knote which that vessel can main- 
tain as a mean speed on the ocean, irrespective of 
the weather which may prevail. The type of pro- 


273 
pelling machinery, too, is the same, two wing 
propellers being driven by reciprocating engines, 


which exhaust into a Parsons low-pressure turbine, 
revolving the centre screw. Messrs. Harland and 
Wolff, perhaps more than any other firm, have shown 
a preference for this arrangement, notwithstand- 
ing the advances in direct turbine drive and in 
geared turbines. The horse-power of such combina- 
tion machinery built or in course of construction by 
Messrs. Harland and Wolff is 450,000, for ships for 
practically every service. In the first place, the 
economy is particularly favourable. This is proved 
by the comparative results of two ships of exactly the 
same dimensions and lines, the one being fitted with 
twin-screw quadruple-expansion engines, and the 
other with y og combination machinery. 
At half power the steam consumption for propul- 
sion, including that for the air and circulating 
pumps, worked out at 15 lb. per indicated  horse- 
_— per hour for the twin-screw ship, and 14 lb. 
or the combination ship; at full power the com- 
parative figures were 14 lb. and 114 lb. In the 
second place, there is no need for reversing turbines, 
because all the manwuvring is done by means of 
the wing propellers, the reciprocating engine being 
suited for astern as well as ahead driving, and the 
manceuvring gear enabling the turbine to be thrown 
out of action, so that the steam passes from the 
reciprocating engines direct to the condensers. In 
this way there is available for astern drive the full 
power of the reciprocating engines, which on each 
shaft equals 16, horse-power. The turbine- 
engine, running at normal s ahead, gives 
18,000 shaft horse-power, so that the power for 
ahead driving is 32,000 indicated horse-power in 
the two reciprocating engines and 18,000 shaft 
horse- power in the turbine. 


PARTICULARS OF THE SHIP. 





Before entering upon a detailed description of 


the ship and her machinery, we may tabulate the 
dimensions and other particulars -— 
Length over all... about 900 ft. 
Breadth, extreme ee ios about 94 ft. 
Depth, moulded - ai .. 64 ft. 3in. 
Total'height from keel to navigating 
nie ide ies bie nN ns Boon 
Grosstonnage ... ae ... about 50,000 tons 
Load draught ... aa rae .. 84 ft. Zin. 
Displaceme nt at load draught ... over 53,000 tons 


Indicated horse-power of reciprocat- 
ing engines for ahead and astern 


driving i ain peak an 32,000 
Shaft horsepower of turbine for 
ahead drive ... aa v ses 18,000 
8 we 21 knots 
Number of decks 9 
Passenger accommodation :— 
First class ... 790 
Second ,, 836 
Third ,, 953 
2579 
Crew 
Total 3529 


CONSTRUCTION OF HULL. 


The half mid-ship section (Fig. 1) on this page 
serves as a key to the construction of the hull. 
The ship, it will be seen, is built with a double 
bottom, which is carried up above the turn of the 
bilge ; above this, again, is a water-tight inner skin, 
30 in. inside the outer shell, and extending up the 
sides of the ship to a height of 6 ft. 6 in. above the 
load water-line, and, longitudinally, from the after 
end of the machinery space to the forward end of 
the boiler-room. ' 

The double bottom at the centre line is 63 in. deep, 
increased to 75 in. in the machinery space. This 
double bottom and double skin construction will not 
only exclude water from the interior of the ship in 
the event of the skin being fractured, but add 
enormously to the strength of the structure, becaure 
of the extent of stiffening members between the 
double bottoms and between the double skin. 
Some details of the scantlings are therefore justi- 
fied, in order to illustrate the degree of strength 
imparted by this system. Fig. 2, on Plate XXII., 
shows the construction of the keel-plate and of the 
centre member of the double-bottom structure. 
The flat keel-plate has a thickness of 1} in., and 
below this is a flat slab 3in. thick and 194 in. wide. 
The vertical plate is 1 in. thick, and is connected 
to the flat keel-plate and to the horizontal plates 





forming the inner hottom or tank top by heavy 
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angle bars. There are six corresponding longitu- 
dinal members between the centre keel-plate and 
the bilge, four of these being intercostals, the fifth 
the margin plate, with one other intercostal out- 
side the latter in the wing-tank. The outer bottom 
of the ship, which has only a very gentle rise to the 
bilge, is built of very thick plating, and the inner 
bottom or tank top is only slightly less in thickness. 
The longitudinal and transverse vertical members of 
the double bottom are generally ? in. thick. In all 
cases the dimensions are increased in the machinery 
space. The margin plate, the fifth longitudinal on 
each side of the centre line, is 4 ft. 6 in. deep and 
of }-in. plating, which is also the case with the 
intercostals between it and the wing-tank. The 
framing in the tank at the bilges is of heavy angle 
and reverse bars. 

The construction of the double skin is well 
illustrated in the two photographs shown in Figs. 
6 and 7, on Plate XXIII. The inner frames are 
6-in. channels placed at 3-ft. intervals, with heavy 
brackets connecting them to the inner bottom. 
There are web-frames at frequent intervals (Fig. 6). 
At intervals of 30 ft. there are transverse divisions 
which are marked ‘‘W.T.D.” on Fig. 7; these 
are secured by 6-in. channel stays, while at certain 
frames bracket stays are fitted further to rein- 
force the strength of the structure. In addition, 
there is a horizontal water-tight division half way 
up the double walls. To afford access to the spaces 
within this double wall manhole doors are fitted 
to the inner wall, principally to admit of ss 
and inspection of material, the doors normally being 
always in place. The framing shown in Fig. 6 is that 
adopted throughout the ship, and extends to the 
shelter-deck, a height of 66 ft. The outer frames 
are 10-in. channels, spaced 3 ft. apart, but at the 
bow and stern angles and reverse-bara are sub- 
stituted, and these are placed 27 in. and 24 in. 
apart, the distance being reduced towards the ends 
of the ship. Above the double skin web-frames are 
introduced in addition to the channels, at about 
14-ft. intervals, while forward and aft the distance 
between these webs is about 10 ft. 

The riveting of the hull is illustrated by Figs. 3 
and 4, on Plate XXII. The outer shell of the 
double bottom was riveted up entirely by hydraulic 

wer, including the bilge-keel, which is shown in 

ig. 3. This keel is composed of heavy plates and 
angles, the depth being 25 in. ; it extends over about 
one half the Tength of the vessel amidships. The 
view also shows incidentally the great extent of 
shoring required in the building of these modern 
ships. The side plating of the hull was done by 
hand. Owing tothe great thickness of the shell- 
plating joggling was not resorted to. The laps and 
also the butts are generally quadruple - riveted 
(Fig. 3). The bridge-deck stringer for one-half its 
length and the shelter-deck stringer for three- 
fourths of its length were hydraulically riveted. 
- The bridge-deck sheer strakes and two strakes below 
were hydraulically riveted, and Fig. 4 shows this 
work in progress. There are also double butt-straps 
throughout the whole length of the bridge-deck 
sheer strake. The illustration, Fig. 4, also shows 
the type of hydraulic riveters used in this work. 
These were manufactured by Messrs. Fielding and 
Platt. They are of the direct-acting type, with a 
7-ft. gap, and exert a pressure of 40 tons, with a 
working pressure of lb. per sq. in. A com- 
mendable feature is a quadrant hanger, which 
allows the machine to be slewed through nearly 
a complete circle in the one plane, and through a 
right angle in the other ; this gives practically any 
conceivable position required for riveting. The 
quadrant hanger is built up of steel plates and 
angles, riveted together, and provided with machine- 
cut rack and pinions for racking round through a 
right angle. The turning gear fixed on the pivot 
is operated by worm and worm-wheel and ratchet 
lever. The gear in cases is worked by hand, 
the levers being behind the machine, as it is seen 
in Fig. 4. The machine is built for the closin 
of the heaviest class of riveting in ship-work, an 
is of massive construction. The main body is of 
Siemens cast steel, in one piece, and the cylindér 
is bored and fitted with gun-metal liner throughout 
its working length. The return stroke is made by 
a constant-pressure push-back ram and cylinder. 

The ship completely framed is illustrated by 
Fig. 9, on Plate [V. This view also shows 
the lattice standards used at the forward end, 
where the ship is some distance from the parallel 
uprights of the berth structure, which has pre- 


viously teen described in Encineerine, and has 





proved eminently a, the construction 
of successive leviathans. @ crane equipment, 
also described in earlier volumes of ENGINEERING, 
is well shown in Fig. 10, on the same plate, and 
still more strikingly in Fig. 8, on Plate XXIIL., 
which shows the hull almost completely plated and 


riveted. 

The shell of the ship thus described constitutes 
three sides of an immense box girder, the frames 
and shell-plates forming the two sides, and the 
double bottom the underside of the so-called girder. 
The deck beams and plating constitute transverse 
stiffeners, while additional strength is afforded by 
four lines of girders, extending practically from bow 
to stern, being connected to the bottom flange of 
the transverse beams carrying the decks. Vertical 
stiffness again is ensured by means of steel stanchions 
4 in. in diameter between the decks, placed at 
intervals of 9 ft. in the fore-and-aft line, the dis- 
tances apart in the transverse line being 18 ft. The 
view, Fig. 5, on Plate XXII., shows the construc- 
tion of the deck-beams and longitudinal girders as 
well as the deck-plating. The deck-beams are 
generally 9 in. channels ; the longitudinal girders are 
6 in. by 4 in. thick double angles. In Fig. 5 one 
line of permanent stanchions is shown in place, the 
other deck beams being carried on temporary timber 
props. ‘The deck-beams are secured to the heavy 
channel-frames by bracket-knees 30 in. deep. The 
decks throughout are of heavy steel plates with the 
usual timber planking. 

Owing to the large openings for the machinery- 
room and the boiler-uptakes it was necessary to 
adopt different treatment in the transverse and 
longitudinal stiffening of the ship at these points. 
Tn the case of the machinery-room having the two 
reciprocating engines, two lines of girders were 
fitted in the centre line of the ship, one 43 ft. above 
the engine-room floor, and the other 22 ft. The 
upper girder is of the plate type, with heavy flanges, 
while the lower girder is a double 15-in. channel 
beam. These are carried at each end on heavy built- 
up columns 6 ft. wide, while intermediate columns, 
15 in. in diameter, are placed at 15-ft. centres 
along the engine-room. These also are built up of 
plates and angles, and are shown in the transverse 
section of the reciprocating-engine room, Fig. 33, on 
Plate XXVIII. Transverse girders, formed of 
double 15-in. channels, extend from the port to the 
starboard side of the engine-room, resting also on 
the intermediate columns, and, at their ends, on 
heavy built-up columns on the port and starboard 
sides. The cranes used for lifting the covers of the 
cylinders of the reciprocating engines, &., are 
carried on the bottom flanges of the fore-and-aft 
girders. 

The turbine-engine room also had special treat- 
ment, partly because the turbine is in the centre 
line of the ship and partly because it was possible, 
owing to the lesser height of the turbines as com- 
sened with reciprocating engines, to continue the 
upper deck over the turbine-room. This deck had 
to be supported. There are here two girders about 
26 ft. apart, which extend the full length of the 
turbine-engine room, and are each supported at the 
centre of their length by a column 24 in. in dia- 
meter. At the lower deck level, at about 33 ft. 
from the centre line, a girder is fitted on both port 
and starboard sides with 20 in. diameter sup- 
porting columns. The lifting gear for the turbine 
cover and rotor is supported on deep girders run- 
ning fore and aft and athwartship. These girders 
are in turn carried on four strong forged-steel 
columns attached to the turbine-casing, the load 
being thus transmitted to the tank top. 

In the boiler compartments there are four lines 
of cast-iron columns placed between the boilers, 
which are installed in the athwartship line. These 
columns are at 9-ft. centres in the longitudinal 
line, and extend to the upper and middle decks. 
In the case of the two inner rows the columns are 
splayed at the foot, in order to allow a passage-way 
between the boilers, as shown in Fig. 1, on page 273. 

The bridge-deck, illustrated in Fig. 10, on 
Plate XXIV, constitutes the top member of the 
box girder, to which we have likened the hull of 
the ship, and this is specially strengthened. The 
stringer-plates are of increased thickness through- 
out, and the inner and outer stringers are hydrau- 
lically riveted. The view, Fig. 10, shows the 


openings for the boiler-uptakes on the bridge-deck. 
A notable feature is the depth and stre of the 
coaming-plates for the deck-houses. It may be 


noted in connection with the decks that there are 
three expansion joints above the bridge-deck and 








one at the level of the bridge-deck aft, where, in 
earlier ships, there was usually a well. Fig. 11, on 
Plate XXV., shows the cutting of deck-plating 
where necessary by the oxy-acetylene process. 

There are sixteen transverse bulkheads, five of 
these extending to the level of the bridge-deck, 
which is 75 ft. above the keel, and over 40 ft. 
above the deepest load-line. The others are carried 
to the up deck, which is 56 ft. above the keel 
and over 21 ft. above the load-line. Where the 
vertical line of these bulkheads has had to be 
broken to suit the deck arrangements, water-tight 
flats have been introduced along the horizontal 
line The arrangement of the bulkheads is shown 
on the longi udinal section of the ship, Fig. 17, on 
Plate XXVI. The bulkheads are of §-in. plat- 
ing. They are stiffened by 20-in. H-bars, and by 
36-in. webs in the lower part of the ship, and by 
bulb-angles in the upper pirt. Where it has been 
found impossib!e, in the interests of the working 
of the ship, to dispense with doors in these bulk- 
heads, special arrangements have been made for the 
closing of these doors, either from the captain’s 
bridge or at the door. The system adopted is that 
found by Messrs. Harland and Wolff to be 
thoroughly satisfactory. The door is held open by 
means of a clutch which is released by a solenoid 
controlled from the bridge. This clutch may also 
be automatically released by a float in the event of 
water finding its way into the compartment and 
rising tu a certain level. On the bridge there will 
be fitted indicators showing each bulkhead door, 
and a pointer in the aperture corresponding to each 
door, so that the captain can see not only the 
position of the door, but the actual closing of the 
door, the pointer having a travel of about 6 in. 
This pointer is actuated by electrical means, and 
its position shows at all times the vertical position 
of the bottom of the door in the bulkhead. 

The stern-framing is a very massive structure, 
provided by the Darlington Forge Company. In 
order to accommodate the wing shafts the framing 
is bossed for a length of 80 ft. from the stern, 
the construction internally being well shown in 
the view, Fig. 12, on Plate XXV. There are two 
spectacle castings, which are incorporated with the 
framing, in addition to the ordinary bossed-out 
framing. The after part of the spectacle casting 
is arranged to accommodate the end bearing of the 
wing propeller-shaft. Fig. 13, on Plate XXV., 
shows in the distance, on the left side, the boss 
for the port-wing propeller-shaft, and in the fore- 
ground the boss for the centre propeller-shaft, 
incorporated in the main stern-frame. This latter 
is constructed, as is usual, for a single-screw pro- 
peller, with the aperture for the rotation of the 


cc 

he stern-frame, shaft-brackets, and lower part 
of the rudder are of special-quality cast steel, and 
the rudder-stozk of hydiaulic-pressed ingot steel, 
the total finished weight amounting to 304 tons. The 
stern-frame, which weighs 72 tons and measures 
over all 67 ft. 6 in. high by 37 ft. 5 in. fore and aft, 
is of a dished section, and is made in two pieces, a 
scarph being arranged on the gudgeon-post and 
another on the forward post below the turbine boss, 
with the scarphs secured by 2-in. turned and fitted 
rivets. A view of the stern-frame on railway trucks 
for transport is shown in Fig. 15, on page 276. The 
main aft brackets (Fig 16, onthe same page) weigh 
82 tons, and have bosses 5 ft. 2} in. in diameter 
by 6 ft. 34 in. long, the centres of shafts being 
41 ft. 4} in. apart. The brackets are cast in two 
parts and connected by strong flanges at the centre 
and secured by seventeen 2 in. turned and fitted 
bolts. The forward brackets weigh 48 tons, and have 
bosses 6 ft. 2 in. in diameter and shaft centres of 
40 ft. 9Lin. These are also made in two pieces and 
connected in a similar manner to those of the after 
brackets. The arms connecting the shaft-bosses to 
the centre part of the brackets are in both cases 
of a dished section. 

The rudder is of the solid-blade type, with an 
over-all length of 73 ft. 2 in., andan extreme width 
of blade 15 ft. 3in., the diameter:of the rudder- 
head being 244 in. The cast-steel blade portion 
is formed of tive segments, coupled together by 
strong bolt-flanges and secured by about 160 turned 
and fitted bolts, varying in diameter from 2 in. to 
3$ in. The upper part of the rudder is a forging 
which weighed, when finished, 33 tons, the total 
weight of the rudder being 102 tons. The rudder 
is carried by seven special bearing pintles, each 
11 in. in diameter. The rudder-stock is illustrated 
in the view, Fig. 14, on Plate XXV., in the process 
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of being turned on the lathe. The diameter of the 
rudder-stock is 244 in. In making the castings for 
the stern brackets 400 tons of molten steel were 
used, and the steel ingot from which the iooget 
rudder top part was made weighed 75 tons. e 
unusual over-all dimensions of the stern-frame and 
shaft-brackets necessitated special arrangements for 
their conveyance to the yard of the builders, a 
special train (see Fig. 15, page 276), taking the 
castings on a mers from Darlington to West 
Hartlepool ; practica — whole of the lines were 
monopolised. From Hartlepool the stern-frame, 
&c., were shipped to Belfast. 


ARRANGEMENT OF THE DECKS. 





We have already stated in the tabulated par- 
ticulars that there are nine decks, in addition to 
the orlop-deck and tank top. On six of these 
accommodation is vided for 2579 passengers, 
including 790 first-c 830 second-class, and 955 
third-class. Without being excessively luxurious, 
the accommodation will be convenient and comfort- 
able. There are 140 single-berth rooms for first-class 

gers, and 96 double-berth rooms, and in 
practically all cases each room is arranged with a 
th-room and w.c. attached, while by the adoption 
of tandem rooms the great majority of the cabins 
have natural light and ventilation. There are 
31 suite-rooms on the bridge-deck and 40 on the 
shelter-deck, in addition to a specially-arranged 
suite of rooms on the bridge-deck, having a sitting- 
room, two bed-rooms, bath-room and w.c., and 
an isolated deck promenade, 48 ft. long, on the 
port side. In a corresponding position on the 
starboard side there is another suite, with — 
room, two bed-rooms, servants’ rooms, two bath- 
rooms and two w.c.’s, and, instead of the prome- 
nade, a veranda about 24 ft. long. On the shelter- 
deck below there are four suites of rooms, equally 
capacious, but without the isolated promenade and 
veranda. 

It may be useful to give a brief description of 
the arrangement of the respective decks, of each of 
which plans are reproduced on Plates XX VI. and 
XXVII. Fig. 18 shows the shade-deck. The boat- 
deck, which is about 60 ft. above the water-line 
and about 95 ft. from the keel, has a length of about 
500 ft. amidships, and of it a plan is given in 
Fig. 19, on Plate XXVI. At the forward end is 
the navigating-bridge. On the roof of the captain’s 
bridge there is placed a standard compass. Adjacent 
to it are the quarters for the officers, including a 
large sitting-room, which may serve either as a 
dining-room or smoke-room. Abaft of this is the 
first-classcompanion-way, along with three elevators, 
extending from this level right down through all 
the decks accommodating the first-class passengers. 
In addition to this, there is aft a corresponding 
companion-way for first-class passengers, while in a 
separate intermediate position is a fourth elevator, 
all of these being by Teese. Waygood. On this 
level also there is, on the starboard side, the 
gymnasium, 46 ft. by 17 ft. The equipment 
arranged for in this gymnasium includes two elec- 
tric horses, a vibrator, a camel rider, a back 
rubber, two hydraulic rowing-machines, two wrist- 
machines, two racing cycles, and the usual Sandow 
exercisers, punch-balls, weighing-machines, height- 
recorders, &c. There can be no question of the 
success of this recently introdu accessory in 
modern ships, especially since the practice has 
been introduced of allocating special hours for men, 
women, and children. On the port side there is a 
children’s play-room of similar dimensions to the 

mnasium. These rooms are immediately abaft the 

t-class companion-way. A notable and commend- 
able convenience is the engineers’ smoking-room 
alongside the engine casing, with a stairway to the 
engineers’ quarters below, while space is marked oft 
for an engineers’ promenade. An interesting deve- 
lopment also is the arrangement of dogs’ kennels. 
At the after end of the deck there is the second- 
class entrance, passengers in this case having also 
the privilege of promenading at this high level. As 
the roofs to the public rooms on the level below 
are on the clerestory system, there is room for the 
arrangement of deck-chairs in the centre of the 
ship at a higher level than the promenade space 
on each side. At three separate positions on this 
deck there are housed groups of lifeboate, with 
special davits for manipulating them. To these 
we shall refer later, but here it may be said that 
the arrangement adopted has the great advantage 
that the boate are concentrated in small space .- 


’ 


davits are arranged to put all the boats over either 
side of the ship, the davits having a great outreach, 
and the system is such that there is abundance 
of room for the approach and marshalling of pas- 
sengers should they require to use the boats. 

e@ promenade-deck, Fig. 20, on Plate XXVL., 
is slightly longer than the boat-deck, and is given up 
to first-class public and state-rooms and a promenade 
for the same class. The second-class companion- 
way passes through this deck, without any doors 
of exit on to it. A new feature is that for a length 
of 190 ft. on both sides the ship plating is carried 
up with windows, so that a sheltered prome- 
nade for first-class passengers is provided with 
a full view of the sea without the passengers being 
subjected to inclement weather. The deck-house 
extends almost from end to end of this deck, and 
at the forward end there are arranged a large 
number of state-rooms, most of them suite-rooms. 
Abaft the first-class entrance is the reading and 
writing-room and the first-class lounge, the latter 
occupying 58 ft. of the length of the deck-house. 
Beyond this is the first class smoking-room, with 
a veranda café and palm court abaft it. Aft on 
this level there is the roof of a large deck-house on 
the poop, on which there is accommodated the 
fourth group of lifeboats, with davits for lowering 
these of a design similar to those on the boat-deck. 

The p-deck, bridge-deck, and forecastle dock, 
of which Figs. 21 and 22, on Plate XX VI., are plans, 
is the next level, and this is continuous from bow to 
stern, with the exception of a well abaft the fore- 
castle, which is 126 ft. long. There are the usual 
anchor and warping arrangements on the forecastle 
head, Fig. 22, and to these we shall refer later when 
dealing with the navigating appliances. The bridge- 
deck and poop, Fig. 21, extend right aft, with- 
out any well, which is a departure from former 
practice. The central part of the deck-house on 
this level is carried right to the side of the 
ship, there being a first-class promenade for- 
ward only, and here also the side plating of the 
ship is carried up with large windows in order to 
afford shelter to the passengers. The greater part of 
the deck-house is given up to first-class state- 
rooms, and here again all the rooms have bath- 
rooms and w.c. attached. In the after end there 
is a restaurant the full width of the ship, with a 
reception-room adjacent to it on the starboard 
side. This auxiliary to the ordinary dining-room 
is greatly appreciated, as food is served at any 
time a la carte, and thus there is some relief from 
the irksome stringency of the ordinary routine 
of life on board ship. On the port side there is 
a separate galley, pantry, &c., for the restaurant. 
On this deck there is also a ladies’ hair-dressing 
saloon, a barber’s shop, and a manicure establish- 
ment. The second-class smoking-room is arranged 
on this level about 200 ft. from the stern of the 
ship. Abaft it is the second-class companion-way 
and elevator, and adjacent is the second-class 
smoking-room, with large space outside for a pro- 
menade for second-class passengers. On the poop 
there is a third-class smoking-room, with an exten- 
sive promenade for the third-class passengers. 

The shelter-deck (Fig. 23) is the first deck extend- 
ing right fore and aft, and it therefore forms the top 
of the moulded structure of the ship. Under the 
forecastle head is the windlass and other anchor gear, 
and part of the crew’s accommodation. Abaft of 
this there are companion-ways leading to the third- 
class accommodation on the decks below, which are 
supplemental to the ordinary stairways in the fore- 
castle and in the after end of the ship for the 
accommodation of such passengers. For 450 ft. 
abaft this the deck is given up entirely to first-class 
accommodation, the state-rooms again having either 
a bath and w.c. attached, or shower-baths and w.c. 
in connection with the rooms. Further aft there 
is the second-class library and writing-room with 
direct connection to the second-class entrance. 
Around the deck-house there is a further second- 
class promenade, while in the extreme aft there 
are third-class public rooms on the starboard side, 
with isolated hospitals on the port side. Here also 
is a third-class promenade. At the extreme end 
of this deck is placed the steering-gear, of the 
quadrant type, by Messrs. Harland and Wolff, to 
which reference will be made later. 

The next level is the saloon-deck (Fig. 24, on the 
two- Plate XXVII.), having the Sningpoons 
for the first and second-class passengers. . Right 
forward accommodation has been provided for the 





firemen, and their quarters are reached by a spiral 
staircase from a central passage right in the bottom 


of the ship, ouneeee Se bulkhead doors 
from the various stokeholds. This staircase is con- 
structed to provide intermediate landings at 
lower, middle, and upper decks. There is also a 
staircase for the use of the stewards, which runs 
from the saloon to the boat-deck, with landings on 
the shelter, brid and promenade-decks. The 
stairs, of wrought iron, with cast-iron steps and 
steel chequered-plate landings, and with steps 
fitted with rubber treads to prevent slipping, 
were made by Messrs. M ve and Co., Limited, 
Belfast. On this saloon-deck also is a series of 
first-class state-rooms, arranged on the tandem 
system, in order that ample light and ventilation 
may be provided from port-holes to the inner 
rooms, which, again, have baths and w.c.’s 
attached. Next comes the first-class entrance 
with large doors in the shell of the ship for 
the admission and exit of passengers when the 
vessel is in port. Instead of these doors opening 
direct on to the reception-room, as is often the 
case, a vestibule is provided with swing doors to 
the reception-room, which, again, is in communi- 
cation with the first-class dining-saloon. The 
reception-room occupies 84 ft. of the length of the 
ship, and the dining-room 112 ft. Seating accommo- 
dation can be provided in the latter for 518 pas- 
sengers, with tables arranged for se te parties 
of almost any number. Beyond this is the pantry, 
which takes up the full width of the ship for a 
len of 56 ft. Then comes the galley, fitted 
with almost every conceivable electric and other 
mechanical appliances for the cuisine department, 
including potato-peelers, dough-mixer, ice-rocking 
machine, knife-grinders, knife-cleaners, &. Aft 
of this is the second-class pantry and the second- 
class dining-saloon, the latter extending for 70 ft. 
of the length of the ship, and for the full width, 
with seating accommodation for 346 passengers. 
Adjoining this is a maids’ and valets’ oon. 
e remainder of this deck aft is given up to 
second-class state-rooms arranged on the tandem 
principle. 
The upper deck (Fig. 25, on Plate XX VII.) has 
accommodation right forward for seamen, trimmers, 
rs, &c. Further aft there are, on the star- 
rd side, first-class rooms on the tandem system, 
and on the port side the quarters for waiters, 
stewards, &c., and for petty officers. These com- 
municate with a — for the conveyance of 
stores, &. Near to the engine-room casing are 
the engineers’ quarters, with their mess -room, 
pantry, &c., and with a stairway leading up to the 
smoking-room and promenade on the boat-deck. 
Aft there are more rooms for the second-class 


passengers. 

In the middle deck (Fig. 26) there is accommoda- 
tion for firemen and third-class passengers, and 
on this deck there is arran & swimming-bath, 
32 ft. long by 15 ft. in width, and close to it the 
Turkish baths, electric baths, and every form of 
accessory of these. On this level there is a squash 
racquet court, the area given up for this recreation 
being 30 ft. by 20 ft. Amidships there are two 
third-class dining-saloons, which Me a two water- 
tight compartments for the full width of the ship, 
the length of the two separate saloons being 100 ft., 
and the seating accommodation, 423. Abaft of 
this are rooms for second-class, and others for third- 
class, passengers. 

On the lower deck, of which a half-plan is given 
in Fig. 27, forward are firemen’s rooms, and abaft 
these several compartments contain state-rooms for 
second and third-class passengers. Forward is the 
post-office, and aft the refrigerating stores, while in 
the stern are more rooms for third-class passengers. 

On the orlop-deck (Fig. 28) forward there are the 
chain - locker, cargo - holds, baggage - rooms, mail- 
rooms (under the post-oftice), and in the extreme 
after end of the ship stores and refrigerated cargo 
holds. The lower orlop-deck is shown in Fig. 29. 
The tank-top or hold of the vessel (Fig. 30) for- 
ward is given up to cargo, and aft of the boiler 
and engine-rooms there is arranged the electric 
power-station over the centre-shaft tunnel. 


ELECTRIC INSTALLATION. 





As can easily be understood, the electric equip- 
ment in such a ship is a very important matter. 
Indeed, the generation and distribution of current 

uals in extent that of many provincial towns, 
while the variety of uses to which the current is 
pat, and the precautionary measures adopted, are 





‘ar more important. The electric power-station 
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is abaft the main machinery s in the centre 
of the ship, and is arranged in two water-tight 
compartments ; the walls, although far from the 
shell-plating, as well as the floor and roof, are 
capable of excluding water. In each of the two 
compartments there are two 400-kw. steam sets. 
All four sets are alike, and have been supplied by 
Messrs. W. H. Allen and Co., Limited, ford. 
The steam-engines are of the three-cylinder com- 
pound enclosed type, with cylinders 17 in., 20 in., 
and 20 in. in diameter by 13 in. stroke, and these 
drive at 325 revolutions per minute compound- 
wound dynamos, of the direct-current type, of 
4000 amperes, with a pressure of 100 volts. The 
four sets work in parallel. Roughly, one machine 
deals with the lighting of the ship, and two 
with the demands for power and heating, while 
one is a stand-by. The switchboard is arranged on 
a gallery, and there are two distinct bus-bars, one 
for power and one for lighting. In addition to 
these there is, as in many of Messrs. Harland and 
Wolff's recent ships, an emergency plant, located 
on the promenade-deck, and consisting, in this 
case, of batteries with a capacity of over 4000 
ampere-hours at a ten-hour rate. These batteries are 
always on the bus-bar, so that in any emergency, if 
the main sets are shut down, all the lines distribut- 
ing current throughout the emergency circuit would 
remain in action. In addition to this all the boat- 
lowering appliances can be worked from the 
batteries, as well as signals, the Marconi ap tus, 
and the electric-whistle control. In addition to 
this battery system there is located on the saloon- 
deck, and therefore far above the load water-line, 
an auxiliary power plant, complete in every respect, 
with two 3U-kw. Allen steam-driven sets, which 
will be used for charging the accumulators when 
current is being taken from them, as well as for 
running direct the emergency circuit. These emer- 
gency sets, too, will suffice for providing current 
for use when the ship is in port, but their chief 
function is, of course, the charging of the accumu- 
lators. 

The installation is on the single-wire system. 
Low return wires are run from the bow to abaft 
the turbine-room. The mains from the switch- 
board in the central power-station is carried up in 
two water-tight trunks 7 ft. by 3 ft., with a central 
ventilation passage between them, extending from 
the electric-engine room to the boat-deck. Connec- 
tions are made to master-boxes which are placed in 
the adjoining second-class companion-way. From 
these boxes branch wiring is led to distributing- 
boxes throughout the ship. Much of the current 
is used for ventilating-fans, to supply warm or cold 
air, according to the season of the year. To the 
arrangement of ventilation, however, reference will 
be made later, but here it may be stated that the 
motors are operated from pilot-controls, brought 
together in central positions, so as to be easily mani- 
pulated. Pilot-lamps at the controlling-station indi- 
cate not only whether the fans are running, but, 
by reason of the density of the light, the speed at 
which they are being rotated. In the reciprocating- 
engine room there are five large ventilating-fans, 
in the turbine-room one double-inlet fan, and in 
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each of the two electric-engine rooms a double-|are electrically controlled on the Willett - Bruce 


inlet fan. 
there are twelve fans, two in each boiler-room. 
These range from 15 to 30 brake horse-power. They 
are situated at the middle-deck level, and are 
a by pilot-control from the engine-room. 

here are also a large number of auxiliary electric- 
ally-driven machines throughout the ship. The 
turbine-casing and rotor-raising gear is electrically 
worked. In connection with the sanitation there 
are sixteen ‘‘ Stereophagus ” pumps. In addition 
to the four first-class and one second-class pas- 
senger elevators driven by 6-horse-power motors, 
there is a hoist for dealing with mails between the 
post-office and the mail-room, an elevator in con- 
nection with the officers’ pantry, another connected 
with the restaurant, and several between the store- 
rooms and the main galley. All these elevators 
are by Messrs. Waygood. The electric heating 
throughout the ship, to be referred to later, 
involves a large number of electric heaters in the 
first-class state-rooms, all under the control of the 
passenger, while in the entrances there are radia- 
tors ranging in capacity from 3500 watts to 6000 
watts. As will presently be explained, there are 
six electric cranes, each capable of lifting 50 cwt. 
at a speed of 160 ft. per minute, and five cargo 
winches with a capacity of 3 tons. As already 
stated, the bulkhead doors are operated electric- 
ally from the captain’s bridge. 











For the ventilation of the stokeholds | principle ; the position of the rudder is indicated 


electrically on the bridge ; the sounding-machine, 
by Messrs. Kelvin and White, is electrically 
actuated, and electricity is also required for the 
submarine signalling apparatus. The temperature 
of the hot fresh and salt-water supply is controlled 
by thermostat, and electrically - controlled valves 
maintain the temperature at a predetermined 
point. The clocks throughout the ship are elec- 
trically controlled from one of two master-clocks 
on the eaptain’s bridge. Electricity is also required 
for two loud-speaking telephones for navigating 
the ship, and for communication with the engines 
room, while a system of internal telephones is 
installed on a central exchange. These, too, may 
be coupled up to the land circuits at South- 
ampton or New York. There are, as already 
indicated, electric baths in connection with the 
Turkish baths, while the pneumatic conveyors for 
handling messages from the Marconi room to the 
inquiry office and purser’s room are electrically 
controlled. Indeed, it would be almost impossible 
to exhaust the list of uses to which electricity is 
put, down to the manipulation of a clothes-pressing 
machine and electric iron and curling-tongs. 

In this connection it may be said that the 


| Marconi installation has been designed to transmit 


he two whistles | 


over 2000 miles under favourable conditions. The 


antenn are carried on the masts, which rise to a 
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THE WHITE STAR MAIL STEAMER “BRITANNIC.” 
DESIGNED AND CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LTD, BELFAST. 
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Fic. 40. Arter Enp or Tourpine Castine. 


height of 205 ft. above the average load-line, so VENTILATION. 





that wires will be 25 ft. above the top of the! 


funnels, and therefore beyond reach of the hot| In ventilating the habitable quarters of the ship, 
gues. ithe principle adopted has been to utilise large 





suction fans to draw away the foul air directly 
from the sanitary quarters, and also from all places 
adjoining it, so that there is no ibility of the 
polluted air finding its way into the state-rooms or 
cabins. At the same time cold fresh air is delivered 
in summer, and warm air in winter, into each out- 
side state-room or passage. The supply of this 
air is through a series of trunks laid along the sides 
of the ship, with louvres, and some idea of the 
extent of the system may be gained from the fact 
that 1500 such louvres have to be provided. 
In many of the inner rooms, in order to assist the 
ventilation, suction trunks are fitted, in supplement 
to the cold-air supply trunks. The main supply 
trunks are in sections, and the fan connected 
with each is placed on the boat-deck or above 
it. There are 76 nee ——e the suction 
or supply type. In winter the air supplied 
by the fans to all outside rooms is out 
steam - radiators or coils before entering each 
section of the main trunk. The object in 
dividing the trunks into sections is to ensure that 
no trunk passes through a water-tight bulkhead. 
In addition to this main system every first-class 
room has an electric fan, under the control of the 
passenger, for the circulation of air in the room, 
and similar fans are installed in the public rooms. 
In addition, electric heaters are provided exten- 
sively throughout the ship. 


SANITATION, 





The usual practice in arranging the sanitary instal- 
lation in ships is to conduct the discharge from each 
set of lavatories independently to an outlet pi 
in the hull of the ship, about the level of the 
water-line. This means ‘ah enormous number of 
openings in the sides of the ship. In ships of the 
size of the Britannic these might number about 
350 on each side. In order to avoid this multi- 
plicity of openings all the discharges in each sepa- 
rate water-tight compartment are connected to 
one main on each side of the vessel, which com- 
municates with a catch-tank. From this latter 
the contents are discharged overboard by an 
electrically-driven pump, which is automatically 
started or stop by a switch operated by a float 
in the tank. The pumps used are of the ‘‘ Stereo- 
phagus” type, with 4-in. suction and discharge- 
pipes, and the tanks are located in small recesses 
leading from the stokeholds and engine-rooms, the 
discharge in each case being just below the load- 
line. ere is also a by-pass arranged so that 
should any pump be temporarily out of repair, or 
stop from any cause, there will be sufficient head in 
the pipes to ensure that the discharge will continue 
by reason of the head in the pipes until such time 
as the pump can be put right. 

The supply of sanitary water is under control 
from the engine-room, by means of a control-valve, 
which renders unnecessary a large reservoir on the 
boat-deck, where it is always desirable to econo- 
mise weight. In substitution of the force of 
gravity afforded by such tank, it is arranged that 
the sanitary pump in the engine-room will main- 
tain a pressure of about 55 lb. in the supply pipe 
at all times. This ensures a minimum pressure at 
the boat-deck of at least 5lb. In order that this 
supply shall be maintained and not exceeded, 
there is fitted, with communication to the supply- 
pipe near the pump, a control-valve of the piston 
type, so that the rise and fall of pressure in the 
pipe raises or lowers the piston of the valve, and 
thereby cuts off or admits steam to the sanitary 


jumps. 

‘he cold-water supply for lavatory and similar 
purposes is operated in the same way. Drinking- 
water is d through a Railton and Campbe 
filter in the engine-room, from which it passes into 
+ tank on the boat-deck, whence it again passes 
through Pasteur filters into another tank. Hot 
water for cleansing purposes is laid on to all the 
lavatories and to all of the first-class state-rooms. 
In this case the water from the cold fresh- 
water tank on the Poat-deck without passin 
through a Pasteur filter, and by a main is convey 
to a storage tank in each of the boiler-uptakes. 
Thence it flows into the bottom of the heating 
tank, which is placed below, and here it is heated by 
a steam-coil, the temperature being regulated by 
thermostat. The water, rising with increase of 
temperature, passes into a rising main, terminating 
on the boat-deck with an overflow. From the 
rising main there is a series of branch mains or 
loops communicating with all lavatories, &c., in 
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each water-tight compartment on the deck immedi- 
ately above the branch main. This latter is, of 
course, suspended under the deck. By these means 
the water is hottest at the point of discharge, so 
that there is not any need to run the water from 
the tap until hot water is reached. As a conse- 
quence there is less wastage than with a gravity 
hot-water supply. 


THE GENERAL ARRANGEMENT OF THE 
PROPELLING MACHINERY. 





The propelling machinery is arranged generally 
as in the Olympic, and as we published complete 
drawings on the occasion of the launch of the 
Olympic (see ENGIngeRING, vol. xc., pages 620 and 


693), there is no need to repeat them. The 
arrangement, too, is shown on the plan of the 
tank-top or hold, Fig. 30, on Plate XXVII. A 


brief description will suffice, special attention being 
directed to the changes introduced. These, how- 
ever, are only in detail. There are six boiler- 
rooms. In No. 1 room, that nearest the engines, 
there are five single-ended boilers, with their backs 
to the engine-room bulkhead. In each of the 
rooms Nos 2 to 5 there are five double-ended 
boilers, athwartship in one row, and in No. 6 room 
four boilers, as here the “fining” of the lines of 
the ship reduces the width available. The boilers 
in Nos. 1 and 2 are arranged with uptakes to 
convey the gases into the third funnel from the 
bow ; those in Nos. 3 and 4 exhaust similarly into 
the second funnel, and Nos. 5 and 6 into the 
forward funnel. The uptakes are fitted with ex- 
pansion joints over the boilers in the form of a 
sleeve, with holes for sliding-bolts. The funnels, 
which rise to a height of 160 ft. from the wing fur- 
nace bars, are 26 ft. 6 in. by 19 ft. 9 in. in external 
dimensions, the inner casing being proportioned to 
suit the number of furnaces in the groups of 
boilers respectively exhausting their gases into 
them. In the Britannic, Stone’sash-expellers have 
been fitted—one in each of the six boiler-rooms, 
and, in addition, there are four ash-hoists of the 
Railton and Campbell type. The coal-bunkers are 
arranged athwartship on each- side of the trans- 
verse bulkheads separating the boiler-rooms. This 
minimises the amount of coal-trimming, and the 
stoker gets fuel from a bunker-door opposite the 
end of each boiler. There is also a bunker at 
the forward end of No. 6 boiler-room. In addition 
there is a fore-and-aft bunker at the lower-deck 
level along each side of the ship. The ship is coaled 
through special doors on the side of the ship, with 
communications to the fore-and-aft and the athwart- 
ship bunkers. 

e steam-piping arrangement has had special 
attention. There isa main pipe on the port and 
starboard sides respectively, and each takes steam 
approximately from half of each row of boilers. 

ere are cross-connections between the mains in 
each boiler-room, with stop-valves so arranged that 
any section of the main, with the boilers connected 
to it, can be cut out. Thus any of the boilers can 
be shut down without affecting the remainder of 
the steam supply to the main. On the boiler-room 
side of the bulkhead dividing the engine from the 
boiler-rooms a Cockburn patent emergency valve is 
fitted, which can be closed in a few seconds. 
the engine-room side of the same bulkhead there 
is for each main a steam-separator, which is auto- 
matically drained by means of traps. Above it is 
the main stop bulkhead valve, while on the reci- 
procating engine itself is the usual main stop valve. 
a twin hae art san engines, of the four- 
cylinder triple-expansion type, are in one engine- 
room, with the usual feed, sanitary, and bilge 
umps and all auxiliaries associated with the 
iler feed, the refrigerating machinery and, on 
the lower deck level, a workshop, having a large 
lathe, shaping - machine, drilling - machine, grind- 
stone, emery wheel, &c., aperated from a shaft 
driven by an electric motor. The principal 
difference, apart from the increased size of the main 
engines and the auxiliaries, is in the substitution 
of gravitation filters, by Messrs. J. H. Carruthers 
pes Limited, Glasgow, for pressure filters, on 
the discharge side of the feed-pumps. This neces- 
sitated a slight rearrangement in the position of the 
main feed-pumps and other auxiliaries. Again, 
instead of all three evaporators being on the star- 
board side, one has been placed on the port side. 


The exhaust-turbine driving the centre shaft is 
located, as in the Olympic, in a separate com 
ment abaft the reciprocating engine room, with the 





change-valves for diverting the exhaust steam from 
the reciprocating engines to the turbines or direct 
to the condensers. A sluice-valve is fitted in the 
eduction-pipes between the turbine and the two 
condensers to enable either condenser to be shut off. 
The electric generating-station, as already stated, 
occupies two compartments still further aft. 


THE RECIPROCATING ENGINES. 





The main reciprocating engines are illustrated 
on Plates XXVIII. to XXXI. They are of the 
four-cylinder triple - expansion type, balanced on 
the Yarrow-Schlick-Tweedy system, with the low- 
pressure cylinders placed at the ends for purposes 
of balancing. The general system of framing and 
bed-plate is well shown in Figs. 31 and 33. The 
diameters of the cylinders are 54 in., 84 in., 
97 in., and 97 in., and the stroke 75in. All the 
oa are fitted with piston-valves, whereas in 
the Olympic the low-pressure cylinders had flat 
slide-valves with relief rings at the back. This 
change has been made because of the increase in 
pressure in the low-pressure chest, as it is intended 
to develop a higher power and to exhaust into the 
turbine at a slightly in pressure — about 
10 lb. absolute, instead of 91b. under the same 
conditions. As shown in Fig. 32, the high-pressure 
cylinder has one mag ag: while there are two 
on each of the others. Fig. 34, on Plate XXTX., 
is a section through the high-pressure cylinder, and 
Fig. 35, on the same plate, a section through a low- 
pressure cylinder; both give a clear idea of the 
arrangement. Thesection through two valves, with 
the cross-head for connection with the links, is 
shown in Fig. 36, on Plate XXX. The piston- 
valves are fitted with Lockwood and Carlisle’s 
rings, which are also — on all the cylinder 
pistons excepting that of the high-pressure cylinder, 
where the ordinary Ramsbottom rings are applied. 
The valves are operated by Stephenson’s link 
motion, and a good idea of the size of the gear is 
afforded by the view of the links, rod and eccentrics 
reproduced in Fig. 37, on Plate XXX. 

All the moving parts are of forged steel, but the 
connecting and piston-rods are of high - tension 
steel. The diameter of the high-pressure and inter- 
mediate-pressure piston-rods is 14 in., and those of 
the low-pressure cylinders 11? in. The connect- 
ing-rod, which has a length 2} times the stroke, 
is illustrated by the view, Fig. 38, on Plate XXX. 
The body of the high-pressure and intermediate- 
pressure rod is tapered from 13% in. in diameter at 
the top to 15 in. at the bottom ; in the case of the 
low-pressure rods the diameter is 2 in. less. The 
top end bearings are 164 in. in diameter and 17} in. 
long, in the case of the high-pressure and interme- 
diate-pressure engines, while those of the low- 
— engines are 3 in. less in each case. 

e crank-pins in all cases are 27} in. in dia- 
meter, the length in the case of the high and 
intermediate-pressure engines being 35 in., and in 
the low-pressure engines in. e crank-shaft 
is in four pieces, and the diameter is 27 in., with a 
9-in. hole bored through it. In each engine there 
are nine bearings, two for each crank-pin, while 
an additional bearing has been introduced in the 
centre of the engine (Fig. 31). This is in accord- 


On | ance with Messrs. Harland and Wolff's latest prac- 


tice in large engines, in order further to ‘‘ steady ” 
the shaft. The over-all length of the engine is 
about 63 ft., and the bearings collectively have a 
length of 26 ft. 64in. These bearings have cast- 
steel bushes lined with white metal. and the shaft 
is secured by cast-steel keeps. There is water 
service through the keeps, and, in addition to the 
oil service at the top, there are pipes through the 
flanges at the ends of the bottom bushes. e oil 
service is by gravity. 

The thrust-shaft is 26 ft. 11 in. long and 27 in. 
in diameter, with a 9-in. hole. There are, as shown 
in Fig. 39, on Plate XXX., fourteen collars, with 
a central as well as end bearings—also a _— 

merally adopted in large engines by Messrs. 
Harland and Wolff. The total surface on each 
thrust-block is 6860 sq. in. In this case, as well 
as in all the propeller-shaft bearings, forced lubrica- 
tion is fitted. This applies also to all the turbine 
bearings. The oil is forced by three pumps—one 
of which is a stand-by—to a tank high up in the 
engine-room casing, gravity affording the pressure. 
The discharge from the bearings is into drain-tanks, 
whence the oil is —— through filters to the 
supply-tank. But to return to the shafting ; the 
line shaft is 26} in. in diameter, with a 12-in. hole, 








and the propeller-shaft 28? in., with a 12-in. hole, 
reduced at the after end by short lengths of taper 
to6in. There is a portable coupling to enable the 
propeller-shaft to be withdrawn outboard. The wing 
propellers have three manganese-bronze blades ona 
cast-steel boss, the diameter being 23 ft. 9 in., and 
the screws are to run at 77 revolutions per minute 
when the two engines are indicating collectively 
32,000 horse-power. These wing propellers are at 
41 ft. 6 in. centres, but the reciprocating engines are 
only 32 ft. 6 in. centres, the shafts being splayed. 


THE EXHAUST TURBINE. 





The turbine driving the centre shaft is of the 
Parsons exhaust type, to take steam from the two 
reciprocating engines at a pressure of about 10 Ib. 
absolute, exhausting into two condensers at 
about 28 in. to 28} in. vacuum, with a 30-in. baro- 
meter. This, the largest marine exhaust turbine 
yet made, is illustrated on Plates XXXI. and 

+, and on page 277. The over-all length 
of the turbine is about 50 ft., the rotor bladed 
weighs 150 tons, while the total weight of the 
turbine complete is 490 tons. It has been designed 
to develop about 18,000 shaft horse-power when 
running at about 170 revolutions per minute. The 
rotor-drum is of forged steel, in two pieces in the 
longitudinal line, and they were manufactured by 
the special spinning process adopted at the Atlas 
Works, Sheffield, of Messrs. John Brown and Co., 
Limited. The diameter is 12 ft. 6 in., and the 
length 14ft.11} in. A good idea of it is afforded 
by the views, Figs. 41 and 42, on Plate XXXI., 
when it was being turned in the lathe. The end 
wheels are of cast steel and were shrunk in and 
pinned in position in the usual way. A large stiffen- 
ing wheel has been fitted internally equi-distant from 
the end wheels (see Fig. 58, Plate XX XIII.). The 
spindles are 3 ft. in diameter at the bearings and 
3 ft. 7 in. in the wheels, but there is a short, 
quick taper to 21} in. where the aft spindle joins 
the tunnel-shaft. Through them is a 23-in. hole, 
reduced to 11 in. at the tapered part (Fig. 58). 
Bolted to the rotor-shaft at the forward end is a 
thrust-shaft with 16 collars, the total thrust surface 
being 5000 sq. in. The turbine casing is of cast 
iron, and was produced in the foundry at Messrs. 
Harland and Wolff's works—one of the largest in 
the country, and now equipped with the important 
accessory of a well-equipped laboratory. The casing 
is ribbed both circumferentially and longitudinally. 
The views, Figs. 71 and 72, on page 277, show 
of the casing. The blading varies in Saeko 
shown in Fig. 58, from 16 in. to 26} in., and is 
built up on the rosary system in segments, with 
two binding-strips for the shorter, and four for the 
longer, blades. e whole area of the turbine rotor 
at the forward end is utilised to balance the thrust 
of the propeller, so that there is no dummy fitted. 
In the glands there are fitted 20 rows of radial 
rings and four Ramsbottom rings. The bearings, 
which have water circulation and forced lubrication, 
are of t length, being 3 ft. by 6 ft. 9} in. at 
both ends. The tunnel shaft driven by the turbine 
is pa in diameter, with a 10-in. hole, and the 
propeller-shaft is 224 in., with a 10-in. hole, tapered 
to 5 in. at the after end. The propeller in this 
case is four-bladed, solid, and of manganese bronze, 
the diameter being 16 ft. 6 in. 


THE MANCUVRING GEAR. 





The manceuvring gear is almost exactly the 
same as in the Olympic. The two steam leads 
from the boilers, already referred to, are con- 
nected at the bulkhead stop-valves with two 
shut - off valves, so that either can be utilised 
for supplying steam to either engine. The stop- 
valves are of the equilibrium double-beat type, 
operated by hand-wheel from the centre of the 
engine-room platform. Reversing is effected by 
a Brown’s engine. The exhaust-pipe from the 
low-pressure cylinders of each engine is connected 
to a change-valve, whose function is to direct the 
flow alternatively to the condensers direct, or 
through the turbine. These valves are of the 
piston type, with a ring of special form. When 
the piston is at its highest position, steam 
passes through the strainer to the turbine ; 
when low the ports are open to the condenser. 
The piston is suspended to a lever, the opposite 
ends of perseae > connected to a Brown’s hydraulic 
engine, as for reversing reciprocating engines. 
This engine, too, is associated with the turbine 
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governor-gear, as it is set to cut-off the steam to 
the turbine by means of a Proell governor should 
the revolutions exceed by 20 per cent. the normal 
rate. The hydraulic engine then causes the piston 
of the change-valve to fall, opening the ports to 
exhaust into the condensers direct. The exhaust- 
pipes from the cylinders to the change-valve are 
fitted with bellows-joints having two flattened 
dises with special steel rings, and with flanges to 
take the pipes. The conical form of the discs 
permits movement due to expansion and contrac- 
tion. Similar joints are fitted to all pipes con- 
nected with the condenser, as they ensure also 
air-tightness. 

The eduction pipe from the turbine to the con- 
denser is fitted with a large sluice-valve, as shown 
in Figs. 56 and 57, on the two-page Plate XX XTIL., 
while details of the valve are reproduced on Plate 
XXXII., Figs. 44 to 55. This valve enables either 
of the condensers connected to the turbine and 








the condenser is that long adopted by Messrs. 
Harland and Wolff. In line with the main inlet 
from the turbine extending the whole length of 
the condenser are division-plates, which ensure a 
uniform distribution of the steam, while the end 
shape of the section increases the tube area where 
the largest volume of steam is admitted. The tubes 


jare of j in. external diameter, and the pitch varies 
| from 1,5; in. upwards. The total surface in the two 
| condensers is 50,000 sq. ft. There is alsoa condenser 
| for dealing with the exhaust steam for all auxiliary 


| engines, with 3600 sq. ft. of cooling surface. 


‘he main circulating pumps—four in all—are of 
Messrs. Harland and Wolfs own manufacture. 
They consist of a two-cylinder —— engine 
working on cranks placed at 180 deg., so as to 
reduce vibration toa minimum. The pumps them- 
selves are of gun-metal, and the inlet and discharge 
branches are 29 in. in diameter. The auxiliary 


|condenser circulating pumps are also by Messrs. 


both reciprocating engines to be shut off for | Harland and Wolff. 

















Fie. 73. One or THE ConDENSERS IN CoURSE OF CONSTRUCTION. 


repairs, the steam passing then to one condenser. 
The feature of the valve is its enormous size. The 
total length is 19 ft. 1 in., and the breadth 11 ft. 
9} in. The opening is 8 ft. 6 in. by 10 ft. 6 in., 
but the clear area is somewhat less than these 
multiplied together, owing to the stiffening-stays 
and valve-supports. The gate, it will be seen, is 
in two parts owing to its great size, and it is 
opened and closed by hand-gear. On the back 
of the gate are two racks, into which engage pinions 
mounted on a cross-shaft having worm-wheels, 
which im turn engage with the spur-gear that is 
rotated by hand. The sluice is built up of a cast 
body formed in sections, and the whole of the 
massive structure was constructed by Messrs. 
Harland and Wolff themselves. 


THE CONDENSER AND BOILER-FEED 
PLANT. 





_ One of the two main condensers partly constructed 
is illustrated by Fig. 73, above. In this view 
the condenser is on its side, the two inlets for 
the circulating water, which are on the bottom 
of the condenser, are seen to the left of the illustra- 
tion, with the plates which form the footing or stool 
on which the condenser sits. The steam inlet is to 
the top of the view, but will be to the left when the 
condenser is coupled up to the turbine, as shown 
in Figs. 56 and 57. The oblong opening is for the 
exhaust connection from the reciprocating engine 
through the change-valve of course. The form of 





The four main air-pumps are of the Weir dual 
type, each dealing with 155,000 Ib. of condensed 
steam per hour, and designed to maintain a vacuum 
of 28 in. when working at not more than thirty 
double strokes per minute. The air-pumps for the 
auxiliary condenser are of the same type. The 
air-pumps discharge into one or other of two feed- 
water tanks, each having a capacity of 2790 gallons, 
and from thence the water passes into gravitation 
filters of the well-known design manufactured by 
Messrs. J. H. Carruthers and Co., Limited, Glasgow. 

These filters are illustrated by + = 74 to 76, 
on page 280. They are on List and Munn’s patent 
principle, and work purely by gravitation. There 
are four wrought-steel tanks in the ship, and 
into these the water is discharged at a slight 
pressure head. Within these tanks there are 

laced a number of cells standing upon a double 

ttom, and communicating therewith in such a 
way that water passing through the cells finds its 
way into the receptacle formed by the double 
bottom. The cells are covered with a suitable 
textile medium, so arranged that there are two 
strata through which the impure water within 
the tank must pass in its course to the double 
bottom. The filtering material used has the pro- 

y of arresting oil or grease while allowing the 
water itself to By the removal of the top 
cover of the tank the forming the cells can 
be readily withdrawn and clean ones substituted, 
though this is only necessary at considerable in- 
tervals of time, on aecount of the enormous filter- 





ing surface which is allowed in this type « f liiter. 
A strong point is made of this, for it is maintained 
that unless the flow of water is very slow through 
a medium, it is impossible for the oil to be depo- 
sited, and a slow velocity of flow of necessity 
entails a large filtering surface. These filters are 
arranged on the twin system, by which one-half 
can be opened for examination or cleansing, while 
the other half temporarily deals with the whole of 
the feed-water. There is thus no cessation in the 
— of filtration. In addition to acting as a 

lter for grease, this design acts as an air-separator 
also, and enables a great part of the dissolved air to 
escape from the feed-water, and thus prevents 
boiler troubles, to which the presence of air in the 
feed-water gives rise. 

The float tank, into which these gravitation filters 
discharge, serves also to control the hot-well pumps 
used for passing the feed-water into, first, a heater 
utilising the exhaust steam from the electric engines, 
and, second, into a contact heater placed high in 
the engine-room casing, in order to get as great a 
head as possible. 

There are two of single vertical hot-well 
pampe, of Weir's make, each pair capable of 

ealing with the whole of the ebeske—te., 
700,000 Ib. per hour; but under ordinary condi- 
tions all four pumps work at slow s . The 
heater using the exhaust steam from the electric- 
light engines is of the horizontal ‘‘ Uniflux ” type, 
also by Messrs. Weir, and is capable of dealing with 
700,000 lb. of feed-water per om when supplied 
with 50,000 Ib. of exhaust steam. The Weir 
direct - contact feed- water heater contains auto- 
matic control-gear and is also capable of dealing 
with 700,000 lb. of feed-water per hour. There 
is also a horizontal uniflux surface feed-water 
heater to deal with 350,000 lb. of feed-water per 
hour and condense 16,080 lb. of exhaust steam per 
hour from the heating and cooking exhausts. A 
monotype air-pump, to maintain a vacuum of 10 in., 
is fitted in connection with the heater. Thus the 
feed-water is raised to a temperature of nearly 
220 deg., and gravitates finally to the suction side 
of the main-feed a. The boiler-feeding system 
generally is divided into three sections, with an 
independent main and auxiliary pipe for Nos. 1 
and 2 boiler-rooms, for Nos. 3 and 4 rooms, and for 
Nos. 5 and 6 rooms, in order to ensure a better 
distribution of the feed-water. There are four pairs 
of Weir main feed-pumps ; each pair of these pumps 
is capable of dealing with half of the entire feed- 
water. 

For making se in the feed-water supply, 
&c., there are being supplied by the Liverpool 
Engineering Company three of their well-known 
evaporators, of the Quiggins patent type, each 
having a capacity of 60 tons per 24 hours. The 
shells are of cast iron, fitted with the usual mount- 
ings, also automatic feed-water regulator and coil 
drain steam -separator, and independent duplex 
evaporator feed-pump. The two distillers takin 
steam from these evaporators are of the ‘‘Climax” 
fresh-water low-pressure type, by Messrs. Hockin 
and Co., Limited, Liverpool, with a capacity o 
5000 gallons per 24 hours, 


THE BOILERS. 





In the six boiler-rooms, arranged as already stated, 
there are in all twenty-four double-ended and five 
single-ended boilers. . Drawings of one of the former 
are reproduced on the two-page plate, No. XX XIIL, 
Figs. 61 to 70, while a view of several of the 
boilers completed in the shops at Belfast is given 
on Plate XI. (Fig. 43). Each of the double- 
ended boilers is 21 ft. mean length, and 15 ft. 9 in. 
mean diameter. The diameter is the same as that 
of the boilers of the Olympic, but the length is 1 ft. 
greater. There are at each end three furnaces, 
with Morison’s flues, the inside diameter bein 
3 ft. 9 in., and the fire-bars are of the Railton ro 
Campbell rocking t The furnaces in each end 
are opposite to each other, and lead into a common 
combustion-chamber. The details show the tubes, 
stays, and riveting. The heating surface in each boiler 
totals 5702 sq. ft., and the grate area 130.8 sq. ft. 

The five single-ended boilers are of the same 
diameter as the double-ended boilers, and 11 ft. 9 in. 
mean length. The general construction, too, is 
the same, but the shell-plates are in one length, 
with two plates in the circumference. The heating 
surface in each is 2822 sq. ft., and the grate area 
65.4 eq. ft. 

Thus there are in all 159 furnaces, 3461 aq. ft. of 
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grate area, and 150,958 sq ft. of heating surface— 
a ratio of 1 to 43.6. 


THE PUMPING ARRANGEMENTS. 





In the engine-room there is a large installation 
of pumps for various duties—sanitary, bilge, ballast, 
fire and general service, and all have been made 
Messrs. Harland and Wolff. They are all of the 
vertical duplex type. Five ballast-pumps have 
1l-in. steam cylinders and 12-in. pump cylinders 


adapted for a 15-in. stroke, the capacity being 
250 tons per hour at moderate s . The four 
sanitary pumps, of the same capacity, have 12-in. 


steam and pump cylinders for a 15-in. stroke. The 
three bilge-pumps, with a capacity of 150 tons, 
have steam and pump cylinders 10 in. in diameter, 





shaped casings. These are placed in an insulated | 


8 at the orlop deck-level over the machines. 
n the same level three brine-pumps are fitted, 
the connections to these being interchangeable. 
The brine-return tanks are placed at the lower 
deck-level directly over the evaporators. 
One-half of the refrigerating installation is of 
ample capacity to deal with the whole of the duty 


by | required, the other half being reserves. The instal- 


lation embodies all the latest facilities for efficient 
coldstorage. Theship’s provision-rooms are situated 
aft on the lower and orlop decks. These rooms are 
very extensive, and are divided up into independent 
cold chambers for beef, mutton, poultry, game, and 
fish, vegetables, fruit, milk and fetes bacon and 
cheese, flowers, mineral waters, wine, spirits, and 
oe For the restaurant a separate set 
of cold chambers is provided. Each chamber is 
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for a 12-in. stroke. There are in addition tive 
powerful fire and general service pumps. Three 
pumps by Messrs. Weir serve for the forced lubri- 
cation, one being set aside for the turbine bearings, 
one for the reciprocating-engine’s thrust-blocks, 
tunnel-shaft bearings, &c., while the third is a stand- 
by. Two of these vertical forced-lubrication pumps 
each deliver 6000 gallons of oi] per hour at twenty 
double strokes per minute, and one delivers 9200 
gallons of oil per hour at twenty double strokes 
per minute. Messrs. Weir also supplied a single 
direct-acting vertical fresh-water pump to deliver 
2800 gallons of water per hour, and three vertical 
fresh-water pumps, each capable of delivering 5100 
gallons of water per hour at thirty double strokes 
per minute. 

There are two systems of piping for pumping out 
the bilges. For normal conditions there is a main 
leading fore and aft, with suctions to wells let into 
the double bottom, to which the drainage from the 
tank-top flows. For emergency use there is a large 
pipe extending right fore and aft, with a valve in 
each compartment which can be opened or closed 
from a deck well above the water-line. All ballast 
and bilge-pumps draw from this system, and the 
arrangement is such that water may be pum 
from any compartment even although there is a 
flooded compartment between the pump and the 
desired point of suction. 


REFRIGERATING PLANT. 





A very complete refrigerating plant is fitted on 
the Britannic, consisting of two large horizontal 
duplex CO, machines by Messrs. J. and E. Hall, 
Limited, of Dartford. These machines, one of 
which is illustrated by Fig. 77, on page 281, are 
placed on the port side of the reciprocating-engine 
room on the floor level. Each machine combines 
two oe units, — of being worked inde- 
pendently one from the other, so that in realit; 
there are four refrigerating units provided. Eac 
machine has two com rs, bored from solid 
blocks of high-carbon steel. Two complete sets of 
condenser coils are contained in the base of each 
machine. Each machine is complete with its own 
surface condenser, air and feed-pumps, and brass- 
ended water- pump. The evaporators consist. of 
four complete nests of coils contained in two D- 








Fias. 74 to 76. 





a moderate length, and are thoroughly interlaced 
to ensure an equal distribution of cooling effect 
throughout. 


APPLIANCES FOR NAVIGATING AND 
WORKING THE SHIP. 





Nowhere on the ship are the lessons of experi- 
ence so fully applied as in the navigation and 
working of the vessel. The captain’s bridge is 63 ft. 
above the water-line, nearly 100 ft. above the 
keel, and on the top of the ‘‘ wheel-house” is a 
standard compass, isolated from everything which 
can magnetically affect it. Not only can the 
navigating officer from the bridge receive com- 
munication from the look-out forward and in the 
crow’s-nest, and issue orders to all parts of the 
ship by telephone or telegraph, but by means of 
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kept at the correct temperature to suit the com- 
modities stored. In addition to the provision- 
chambers there is a large insulated space for the 
carriage of perishable cargo. This space is adjacent 
to the provision-rooms. Arrangements are made 
—. the ship for cooling the drinking water 
and for cooling the number of larders in the 
bars and pantries in various parts of the ship in all 
three classes of accommodation. There are * two 
large ice-making tanks fitted with special rocking 
gear, electrically driven, for the production of clear 
ice for table use. 

The various provision-rooms and the cargo-room 
are fitted with electrically-welded galvanised brine 

ids. Each brine service in these s has an 
independent brine lead and return. is enables 


the engineer in charge to see at once if any varia- 
tion occurs in the circulation through any par- 
ticular jsection. 


The brine circuits are kept at 








** tell-tales ” he has demonstration that the orders 
have been executed. Thus the working of the 
main propelling engines are indicated on the bridge 
by one of McNab’s indicators—by the McNab 

arine Appliance Company, London. The angle 
of the alae is electzically recorded. There is 
an electric ‘‘sounding” machine, and by means of 
electric submarine bells the proximity of light- 
a &c., is indicated. The engine, steering 
and docking, telegraphs, by Messrs. J. W. Ray 
and Co., Liverpool, serve similar functions. The 
bulkhead doors can be closed from the bridge, 
and there is an indicator showing the ition of 
each door. Pneumatic tubes are sential for the 
receipt and despatch of messages to the Marconi 
room, and these also are fitted between the purser’s 
office and the Marconi telegraph-office. These are 
of the ‘‘Rebesi” type, made by Messrs. Reid 
Brothers, Engineers, Limited, London, The 
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tubes are run alongside bulkheads and underneath 
decks between the two offices, and the telegram- 
forms filled in by passengers, or the telegrams re- 
ceived by the ship, are conveyed along these tubes 
by air pressure. The time of transit is about 
5 seconds. The motive power is derived from an 
electric motor direct coupled to a ‘‘ Rebesi” 
machine, which creates a continuous vacuum in 
the tubes. This machinery is placed in the lift- 
motor room, immediately above the lift-shafts, and 
an air main is run from this room to the Marconi 
room to supply the tubes. An exhaust main is 
also fi ‘om the lift-head to one of the smoke- 
stacks. ‘‘Up” and “down” tubes are provided, 
so that messages can travel both ways simul- 
taneously, and beyond the insertion of the carrier 
in the tube, the action is entirely automatic. 
Directly a carrier is inserted in a tube it is taken 
away by the air and is discharged automatically on 
to the desk at the distant end. The apparatus 
which accomplishes this is constructed so that the 
air current is taken around a by - pass, thus 
obviating any interruption of the air supply, while 
the carrier is guided through a door and thus out 





seconds. The patent automatic direction-indicator, 
which indicates the first stroke of any change in the 
direction of the running of engines on the separate 
third ’thwartship dial of all three bridge instru- 
ments, does not take even this time, and the officers 
on the bridge are practically aware of everything 
done in completing the orders which they have 
transmitted. For the handling of the ship Messrs. 
Ray have fitted between the forward bridge and the 
after docking-bridge four 20-in. clear double-dial 
all-brass instruments and one flange-back helm-indi- 
cator. Two of these instruments enable any possible 
order to be given to the engine-room to control the 
engines via the bridge ; the others enable a com- 
plete set of docking and steering orders to be 
transmitted and replied to between fore and aft. 
These instruments are connected by the same 
system of 6-in. ball-bearing pulleys; delta-metal 
chain of a heavy description is used instead of the 
usual copper sash-chain. 

The steering control of the ship is effected 
through the well-known telemotor gear of Messrs. 
Brown Brothers and Co., Limited, of Edinburgh. 
The installation consists of a standard mounted 


ear is of the well-known design of Messrs. Napier 

rothers, Limited, Glasgow. The anchor gears 
(Fig. 22, on Plate XXVI.) consist of two cable- 
holders mounted on the forecastle head and driven 
from the deck below by two 18-in. by-14 in. double- 
cylinder engines through worm-gearing, the engines 
being coupled in such a way that either or both 
can connected to one or other of the cable- 
holders. In addition to this gear there is a wire- 
rope windlass for working the auxiliary 15-ton 
anchor which is fitted on the shelter-deck forward 
of the engines, and driven by them through bevel 
and worm gearing. This wire-rope windlass has a 
grooved barrel 7 ft. 8 in. in diameter by 8 ft. 7 in. 
long, and is capable of taking 175 fathoms of 10-in. 
steel-wire rope. The brake-gear of the cable- 
holders and wire-rope drum is of Napier’s patent 
differential self-holding type, the special virtue of 
which is that it is the load which governs the grip, 
so that once the brake is put in gear, it can 
safely left alone, no matter how bad the weather 
may get, as the greater the strain on the cable the 
tighter the latter is held. 





The forward warping-gear consists of four cap- 
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of the tube. The whole of the plant is simple and 
unlikely to get out of order, and only 4 horse- 
power is required to work the whole installation. 

The Marconi installation can transmit under 
normal conditions over a distance of about 2000 
miles, so that the vessel on the Atlantic voyage 
may always be in connection with either the British 
or American shore stations. The masts carry the 
antennz, 205 ft. above the water-line. 

The three telegraphs from the bridge to the 
engine-room, made by Messrs. J. W. Ray and Co., 
Liverpool, are of their triple-dial all-brass reply 
and automatic reply transmitters, the clear glass 
of each dial measuring 20 in. in diameter. Two 
of these are connected to two 24-in. engine-room 
indicators ; the third is connected to two extra 
engine-room indicators through an entirely different 
route. The latter three instruments ther form 
an entirely separate emergency control should the 
ordinary telegraphs be damaged. ll the principal 
moving portions of the gear have an enclosed ty 
of ball-bearing centre, and all the sheaves in the 
leads are fitted with Ray’s patent phosphor-bronze 
ball-bearing pulleys, 6 in. in diameter, the result 
being that, although there are no fewer than 312 of 
these sheaves fitted at the various bends, the fric- 
tion is so reduced that the levers can be put over 
from full speed ahead, say, to full s astern 
by the easy effort of two fingers on the lever, and 
the time occupied in moving over the complete 


range of orders need not be any more than two 
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on the flying-bridge, mechanically connected to the 
telemotor transmitter in the wheel-house, but pro- 
vided with a disconnecting clutch to permit of this 
gear being disconnected when steering direct from 
the wheel-house. The transmitter is of very mas- 
sive design, and the pipes connecting it to the 
motor cylinders in the steering-gear house aft 
are of specially large bore to permit of an easy 
flow of the fluid. The telemotor cylinders in the 
steering-engine house are in duplicate, and provided 
with a ready means of changing over from one to 
the other. 

The steering-engines, situated aft on the shelter- 
deck (Fig. 23, on Plate XXVI.), are of Messrs. 
Harland and Wolff's design and manufacture. A 
spring-quadrant on the rudder-stock engages with 
a wheel and pinion driven by either of two power- 
ful three-cylinder engines, one on each side. There 
is thus always a stand-by engine. The quadrant is 
designed so as to minimise shocks due to heavy seas, 
and the spur and bevel gear is of cast steel. Such 

ear has a complete record of immunity from 
eet sl in the many large Belfast ships to which 
it has been fitted. 

The Britannic is to carry five anchors—one 11-ton 
and one 9-ton bower anchor of the ‘‘ Dreadnought” 
stockless type, a 16-ton Hall’s patent stockless 
anchor, a ‘‘stream” anchor of 20 cwt., and a kedge 
anchor of 10 cwt. These are arranged for 330 fathoms 
of 32 in. stud-link chain cable made by Messrs. 
Hingley, of Dudley. The windlass and warping 
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stans on the forecastle head,“two of which are 
driven from the deck below by separate 18-in. by 
14-in. double-cylinder engines through spur and 
bevel-wheel gearing. The other two are connected 
to the windlass engines by bevel gearing. There 
is also an additional capstan on the shelter-deck 
aft of the windlass-engines, connected to them by 
bevel gearing. The aft warping-gear consiste of 
four capstans fitted on the shelter-deck, and driven 
from the deck below by four separate 18-in. by 
14-in. double-cylinder engines through spur and 
bevel gear, with an additional capstan on the 
upper deck connected direct through bevel-gearing 
to the port engine furthest aft. The gears through- 
out are so designed as to ensure an ample margin 
of strength, and are the result of Messrs. Napier’s 
experience, extending over half a century. Cast 
steel is used wherever possible, and the worm-wheel 
rims are of gun-metal. All the gear-wheels are 
machine cut ; this has been the firm’s practice for 
the last thirty years. 

There will be six electric cranes of 50-cwt. capacity, 
for dealing with cargo, machinery and baggage. 
These were supplied by Messrs. Stothert and Pitt, 
Limited, Bath, and, in addition, there are derricks 
on the foremast with electrically-driven winches for 
dealing with loads of three tons. One of these is 
used for shipping and unshipping motor-cars, which 
are accommodated in a special com ent in the 
forward hold. Four of the six cranes are capable 





of lifting their full load of 50 ewt, at an outreach of 
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29 ft. 6 in., and the remaining two at 27 ft. 9 in. 
Each crane is fitted with lifting and slewing motions 
operated by separate motors, and the speed of lift- 
ing is 160 ft. per minute, slewing being performed 
at the rate of 500 ft. per minute at the hook. The 
lifting gear, which is arranged on Stothert and 
Pitt’s free-barrel system, with its patented inter- 
locks between coil clutch, brake, and controller, 
is driven by a single reduction of worm-gear. The 
barrel is grooved to suit the rope (which is fitted 
with a ball-bearing swivelling cargo hook) and 
provided with a powerful foot-brake, also an 
auxiliary brake which can be instantaneously 
applied by the driver in case of emergency. The 
avalon motion is also operated by worm-gearing, 
driving a pinion engaging with the slewing-ring 
attached to the bed-plate. A mechanical brake is 
fitted and interlocked with the controller to pre- 
vent current being applied when the brake is on. 
When slewing, the superstructure revolves on a live 
ring of steel rollers between the topand bottom paths 
of steel. The horizontal thrust is taken by rollers 
bearing on a path turned on the t. All the 
gearing has machine-cut teeth, and ke cemantie 
revolve in oil-bath gear-cases, with glands to pre- 
vent leakage of oil. The worms are case-hardened 
and ground true ; worm-shafts are fitted with ball- 


side of the ship, at a great outreach where such is 
D Two of the largest boats are propelled 
by motors ; forty-four others are 34 ft. long, 10 ft. 
beam, and 4 ft. 4} in. deep, while the remaining 
two are 26 ft. long, 6 ft. 6 in. beam, and 2 ft. 9 in. 
deep. The first noteworthy feature of the arrange- 
ment of the boats is the great space available for 
marshajling passengers on the deck adjacent to 
the boats (see Fig. 19, on Plate XX VI.) ; the second 
is the suitability of the lowering-gear. 

The system of davits used has been designed by 
Messrs. Harland and Wolff, and we reproduce in 
Figs. 78 and 79, below, side and end elevations 
from the patent specification, as, although these 
may not be accurate so far as the details of the 
Britannic’s installation is concerned, they show the 
general principle of the system in use. The davits 
are of lattice-girder construction, and of much 
greater height than those generally used, even in 
large ships, and each pair is designed to move 
simultaneously through a considerable angle on each 
side of the vertical line, being mounted like shear- 
legs on horizontal pivots sufficiently far apart to let 
the 34-ft. boats pass between them. Thus itis pos- 
sible to lower the boats at any point close to or at! ways was only about 3 tons per sq. ft. 

a great distance from the ship—an advantage when| Hydraulic triggers were used for releasing the 


Britannic yesterday corresponded closely to those 
adopted in previous ships of great size floated from 
the Queen’s Island Yard of Messrs. Harland and 
Wolff. The standing ways were about 800 ft. long, 
and the sliding ways about 700 ft., the former 
being 6 ft. 9 in. wide, and the latter 6 ft.3 in. The 
declivity forward was #2 in., and aft 4 in. per foot. 
In the concrete foundation of the immense berth 
structure in which these large ships are built, there 
are bedded eye-bolts and bearings to take tie-rods 
and stays, in order to prevent longitudinal or 
lateral movement of the standing ways. 

As to the cradle, the forward poppets, which 
varied up to 21 ft. in height, were housed in a 
structure built of plates and angles secured to the 
bow plating, and bound together under the keel of 
the ship. The taller of the stern poppets had a 
height of 11 ft. 6 in., and these were easily fitted 
into the shape of the ship without brackets. The 
midship part of the cradle is well shown in the 
engravings, Fig. 81, on page 283. The ship over- 
hung the cradle aft to the extent of about 80 ft., 
and forward about 50 ft. Notwithstanding the great 
weight of the ship, the average pressure on the 














thrust bearings, and worm-wheels have phosphor- 
bronze toothed rings. The cranes being hited near 
to the passenger accommodation, the greatest care 
has been taken to ensure noiseless operation, worm- 
gear being adopted as far as possible for this purpose. 
The superstructure consists of a steel plate and 
angle-mast of box section, with attachments to 
receive the jib-feet and tie-ropes. The base of the 
mast is attached to a circular girder forming the 
top roller-path, and carries a platform on which are 
arranged the machinery of the lifting and slewing 
motions. A platform for the driver is fitted with 
protecting hand-rails. When the crane is not in 
use the jibs and ties are lowered to the deck-level 
and securely lashed in place. The post around 
- which the crane revolves is secured to a massive 
casting bolted to the deck, which carries also the 
curb-ring and bottom roller-path. The post is ex- 
tended below this deck-level and carried in a foot- 
~— the deck below. The motors were supplied 
by Messrs. Laurence Scott and Co., and are totally 
enclosed, series-wound for electric current at 100 
volts. The lifiing motor is capable of developing 
40 brake horse-power, and the slewing motor 5 
brake horse-power.. A controller with resistances 
is fitted to each motor, the controllers being of the 
enclosed type for protection from the weather. 
Current is taken to ring-collectors on the post, 
thence through a main switch, fuses, &c., to the 
controllers and motors. All parts of the crane are 
covered in as far as possible for protection from 


the weather, the machinery being housed in a/d 


circular steel casing on deck, with an opening for 
access to the interior. 


LIFEBOATS AND LOWERING GEAR. 





Of lifeboats forty-eight will be carried, arranged 
with heavy boat-lowering davits at 
er the hoats in each group on either 


in four grou 
each side to Ow 


the ship is heeled over at a considerable angle. At ship, a practice which has been in use by Messrs. 


Fig. 79. 
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the same time the boats may be arranged not only | Harland and Wolff for many years. In each sliding 
two or three above each other, but in several | way there were recesses in which were fitted a cast- 
tiers athwart the deck. In the Britannic there steel shoe, against the back of which there abutted 
will be at each of the four boat-stations six tiers, | the end of a heavy forging—the trigger—which was 
with two boats on each tier, and with these | pivoted on a fulcrum-pin on a large casting, which 
shearleg davits on each side of the ship. Ar- | took the place of the standing ways at such points, 
rangements are made so that, if necessary, | being of the same section. The lower end of this 
the boats stowed on the port or starboard may | forging or trigger abutted against the head of a ram 
be traversed across the deck and operated by | working in a Restanatel hydraulic cylinder, 15 in. 
the davits on the starboard or port side—i,e., by | in diameter with 14-in. stroke. The cylinder was 
the davits on the side of the ship opposite that on | put under pressure preparatory to the knocking out 
which they are normally housed. ‘Thus all boats of the bilge and keel-vlocks, and the rams main- 
may be lowered on either side of the ship. There | tained the forgings or triggers in a vertical position, 
extends from a point on the stem of each davit | thus preventing movement of the sliding ways. In 
a link of lattice construction, the other end of order to provide against any leakage in the pipes, 
which is secured to a nut mounted on a horizontal a hand-pump was fitted. When the time arrived 
worm-screw. This latter, at its outer end, has a for the launching of the ship—which at Belfast 
bevel-wheel which gears with another bevel-wheel | was, as usual, indicated by the firing of a rocket, 
on a horizontal shaft driven, through a counter- to apprise all harbour craft of the event—the valve 
shaft, by an electric motor, utilised also for raising was opened, and released the water from the 
or lowering the boats. This latter is effec ih draulic cylinder, permitting the ram to recede. 
by ropes, which pass over pulleys on the top of | The trigger fell from the vertical to the horizontal 
the davits and at their base, ing thence to| position, so that the sliding ways of the ship were 
drums which are rotated through gearing from a | free to move. 

countershaft driven by the electric motor. The| Four 100-ton hydraulic jacks were fitted on 
drum is fixed to a sleeve on the shaft. This sleeve each of the standing ways at the forward end, 
has fixed to it a bracket carrying a worm gearing | thrust-distributing castings being fitted against the 
with a worm-wheel keyed to the shaft. By turn- | sliding ways, while at the rear end of the hydraulic 
ing the worm the sleeve can be rotated relatively | jacks there was a cast-iron strong back, held in 
to the shaft. The object of this arrangement is to ition by rods attached to eight cast-steel anchor- 
allow rope to be let out from or wound up on the | ing blocks embedded in the concrete foundations 
rum, to enable the boat to be lowered on an even | of the berth. These tension-rods were connected 
keel in spite of the ship being down by the head or | through a series of yokes to equalise the pressure 
stern. The davits and gearing will be suitably |coming upon them. The jacks were designed to 
cased in or covered to prevent frost, snow or ice| work at a pressure of 2 tons per sq. in. by 
rendering them inoperative. intensifiers acting in conjunction with the yard 


hydraulic mains. These jacks were fitted as a 
THE LAUNCH OF THE “BRITANNIC.” | precautionary measure, in order to give the ship 











an impulse in the event of her not moving when 


The arrangements made for the launch of the released, 
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THE WHITE STAR MAIL STEAMER “BRITANNIC.” 


DESIGNED AND CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, L1D, BELFAST. 
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Fie. 81, View or Launcuine-Ways. 








As there is a fair amount of room in the harbour 
for the run of the ship after being launched— 
2350 ft. with a depth of 50 ft.—the drags, instead 
of being placed on each side of the berth, as is 
more frequently the case, were, at Belfast, laid in 
the river. The drags consisted of three anchors and 
one mass of chain on each side of the ship. These 
latter, which were located nearest the end of the 
standing ways, weighed 80 tons, while the anchors, 
which were equally spaced, ranged from 8 tons to 
5} tons in weight. Wire ropes were secured to 
eye-plates riveted to the shell of the ship when 
on the ways. The length of each wire rope was 
so arranged that all checks came into play when 
the bow of the vessel had travelled a short distance 
from the end of the standing ways. 

The launch was carried out in calm but wet 
weather, and was in every way successful. The 
pressure on the hydraulic ram of the trigger 
arrangement attained a maximum of 560 tons, and 
on this being released the ship moved at once ; 
the hydraulic starting-jacks were not required. 
The time which expired from the beginning of 
movement until the vessel was afloat was 81 
seconds, the maximum speed attained being 94 
knots. The stern dip was 31 ft., and the stem 
dip 17 ft. The draught of the vessel when afloat 
was 15 ft. 44 in. forward and 25 ft. 7 in. aft, which 
corresponds to a displacement weight of 24,800 tons. 
The vessel was afterwards berthed for completion 
at a deep-water wharf belonging to the harbour 
authorities, and there the 200-ton floating crane 
belonging to Messrs. Harland and Wolff will be 
placed between the ship and the wharf when 
required for shipping the machinery, rafts being 
constructed to keep the ship the required distance 
from the wharf at the forward and after ends. In 
conclusion, we should state that most of the 

hotographs reproduced in our engravings have 
—— taken by Mr. R. Welch, photographer, of 
ast. 








INSTITUTION OF PETROLEUM TECHNOLOGISTS.—The inau- 

ral meeting of this Institution will take place on 

uesday, March 3, at 8 p.m., at the Royal Society of 
Arts, John-street, Adelphi, Sir Boverton Redwood, Bart., 
presiding. Four addresses will be given :—I. Introductory 
remarks by the President. 2. ‘‘Geometry of the Anti- 
Inclines,” by Sir T. H. Holland. 3. *‘The Educational 
Aims of the Institute,” by Mr. E. H. Cunningham-Gray. 
4. “Petroleum Technology as a Profession,” by Sir 
Boverton Redwood. 





Tue Massacuvusett’s Institute or TEcHNOLOGY.—A 

rominent New York department store, R. H. Macy and 
Bo , has contributed largely for an ee to be 
conducted by the Massachusett’s Institute of Technology, 
the object of the investigation being the determination of 
the. general economic laws underlying the operation of 
the delivery service of a large retail department store. 
The study will be conduc by the Technology's Elec- 
trical Research Division, and the observations will be 
made upon the delivery system of the Macy store. In 
New York, the goods purchased at 35th-street are dis- 
tributed, without charge to the customer, everywhere 
between Stamford, Conn., and Seabright, N.J., or over 
an area nearly equal to about one-third of Massachusetts. 
To provide for quick deliveries throughout such a large 
area, there has grown up a system of operating dep6te in 
the several delivery zones. Packages are transferred in 
large vans from the store to the depts, whence they are 
distributed to the customers. In the case of the Macy 
Company, this system means the employment of approxi- 
mately 400 vehicles, including horse, electric and gaso- 
line wagons, with the attendant small army of men. The 
total ex of the company’s delivery system is upwards 
of a million dollars a year. 





ConTracts.—Messrs. Boving and Co., Limited, 94, 
Union-court, Old Broad-street, E.C., inform us that the 
list of orders which they have received during the past 
December and January includes a complete wood-pulp 
plant for the Karafuto Pulp-Mill, Japan, capable of an 
output of 20 tons of sulphite pulp per “p< This plant 
is practically a duplicate of one recently ship for the 
Odomari Pulp-Mill, Japan. Water-turbine orders include 
one for a head of 16 ft. for Sheffield, and one for a head of 
83 ft. for Japan, besides several small units up to 65 horse- 

wer, and orders for ten ‘* Victoria” turbo-pumps.—The 

nderfeed Stoker —— , Limited, inform us that 
they have recently boo orders for twenty-nine of 
their various stokers for this country, the Colonies, and 
a .—Messrs. Clarke, Cha and Co., Limited, 
Victoria Works, Gateshead-on-Tyne, state that they have 
in hand, and have recently booked, important orders for 
Woodeson patent water-tube boilers for the Admiralty, 
private British firms, and for export, most of them being 
repeat orders.—Messrs. Charles Churchill and Oo., 
Limited, 9 to 15, Leonard-street, Finsbury, E.C., inform 
us that the North British Diesel Engine Works, Limited, 
through Messrs. Doerwaldt Brothers, have awarded them 
the contract for the entire plant of their cylindrical 
grinding-machines in open competition with makers 
throughout the world, 





284 


ENGINEERING. 





[Fes. 27, 1914. 








THE FLUXOGRAPH FLOW-RECORDER. 


CONSTRUCTED BY THE 

















PATERSON 


Fig.2. 


























We need hardly point out that it is one of the 
essentials in progressive oaemeaiing to be able to 
obtain accurate data of the efficiency, or otherwise, of 
the innumerable items — a works plant, for 
by this means alone is it possible for the modern engi- 
neer to keep himself thoroughly acquainted with 
matters affecting the well-being of the machinery 
under his control. Any device or mechanism that 
assists in giving the requisite information is welcome, 
as it indicates anything abnormal that may exist, and 
enables defects to be remedied before loss and damage 
are sustained. It simplifies the important question of 
cost, not infrequently making it possible, as a result of 
knowledge obtained, to effect a considerable saving. 
It is also useful for record and statistical purposes. 
In a well-organised concern these points are readily 
appreciated, and as a rule expenditure upon reliable 
apparatus affording help in these directions is amply 
justified, and may be looked upon as an investment. 

The Fluxograph flow-recorder, which we illustrate 
on this page, is an appliance for the accurate measure- 
ment and registration of the flow of water or any 
liquid by means of the V-shaped notch discharge 
method, and is based upon the formula :— 

Q=ec H! 
roposed by Mr. James Thomson, M.A., D.Se., LL. D., 

-R.8S., Professor of Civil Engineering at Queen’s 
College, Belfast, and at Glasgow University. 

It was in 1860 and 1861 that Professor Thomson 
devoted considerable time to carrying out extensive 
and accurate experiments with a view to the deter- 
mination of the values of the coefficient c in that 
formula. The results of his investigations are given 
in the subjoined table, where :— 

H = the vertical height in inches of the still water 
level from the vertex of the notch. 
Q = the corresponding discha: over the notch in 
cubic feet per minute, as found by experiment. 
c = the value of the coefficient calculated from the 
formula, Q = ¢ H?. 


TABLE. 
H. " C 

7 39.69 0.3061 
6 26.87 0.3048 
5 17.07 0.3053 
4 9.819 0.3068 
3 4.780 0.3067 
2 1.748 0. 


The figures contained in the above table give the 
average results for the series of experiments made in 
the years 1860 and 1861. The mean of the six values 
of c is 0.3064, but from a comparison of his experi- 
ments Professor Thomson finally adopted 0.305 as the 
coefficient, and gives as his formula for the right-angle 


notch :— 3 
Q = 0.305 H’. 


During the years 1907 to 1909 an investigation with | 1 





the object of verifying this formula was conducted 
under the supervision of Mr. Archibald Barr, D.Sc., 
M. Inst. C.E., Professor of Engineering at Glasgow 
University. 

The method of investigation was of a solely prac- 
tical nature, covering a very wide range. Experi- 
ments were made with the aid of delicate and specially 
designed apparatus under conditions of such variety 
as to ensure the completeness and accuracy of the 
tests. Subsequent confirmatory tests of a most exact- 
ing nature followed. The total results of these ob- 
servations proved how remarkably acourate Dr. Thom- 
son was when he gave 0.305 for the average value of 
the coefficient c for heads ranging from 2 in. to7 in.* 

In the Fluxograph recorder, the Paterson Engineering 
Company, Ltd., 21, Amberley House, Norfolk-street, 
London, W.C., have made a practical and commercial 
application of the results of this valuable research 
work. Devised with the object of meeting the 
demand for a reliable integrating er weir meter, a 
number of these instruments have already been in- 
stalled and sucessfully employed in various capacities. 
The machine, in addition to registering permanently 
upon a ruled chart the rate of flow at any moment in 
gallons per hour, also provides, by means of a pointer 
ona figured open-scale dial, a simple method of reading 
off directly, without calculation, the amount of water 
passing at any instant. Figs. 1 to 3, above, will serve 
to illustrate the machine and make its action clear. 

On referring to the engravings, it will be seen that 
after entering the right-hand compartment of the 
measuring-tank A, Fig. 2, the water passes through 
bafiling and diaphragm plates, and becomes tranquil 
before passing over the V-notch C, shown in Fig. 1, 
which is a transverse section through Fig. 2. A large 
float D is situated in a cylinder B, to which the water 
gains access through a grid, and in which the level 
is the same as in compartment A. According to the 
variation of the water-level, so the float rises or falls, 
and it is this movement of rise and fall that actuates 
the mechanism of the recorder. At the point where 
the float-rod passes through the bottom of the instru- 
ment-case a vapour-seal and dust-excluder arrangement 
F is fixed to prevent the working parts from gettin 
clogged or becoming affected by rust. Sliding throug 
& frictionless roller-bearing G, the float-rod carries a 
flat compensating-curve attachment H, which may also 
be seen in Fig. 3, a front view of the apparatus, 
reproduced from a photograph. The -carriage J, 
on which the pointer K is also fas teoeen ong 
silver-steel bearing-bars L, and is kept in roller con- 
tact with the face of the compensating-curve H by 
means of a counterweight M (see Fig. 2). 

It will be seen that the rise and fall of the water 








* A detailed account of the foregoing yyw ES 
a in the issues of ENGINEERING, April 8 and 15, 
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causes the float D to make a corresponding movement, 
and the float accordingly operates the compensating 
curve H, which ensures that the movement of the pen 
O and the pointer K is directly proportional to the 
amount of water flowing over the weir. While the 
pointer K momentarily indicates upon an open-scale 
figured dial P the rate of flow in gallons per hour, 
the pen O makes a permanent seseel of that quantity 
upon a chart Q surrounding the rotating drum of a 
clock device. With the aid of a planimeter the total 
amount passed can be obtained from the area of the 
chart record. The actual depth of water passing over 
the weir can be observed at any moment, and the 
accuracy of the recorder can be independently checked 
by means of a vertical scale R, marked in inches, which 
is fixed on the measuring-tank A, in correct relation to 
the zero pointer S and bottom of the V-notch C, as 
shown in Fig. 2. Oftentimes it is imperative to be able 
to read off directly and quickly the total quantity of 
water that has flowed fora given period. To attain 
this object the Paterson Engineering Company have 
designed a simple form of friction integrator T which 
we describe herewith. 

A clock, not shown, affixed to the recorder case, 
drives a flat aluminium disc V. Kept in light contact 
against the disc is a small fibre wheel connected 
to the counter or integrator. The latter is attached to 
the pen-carriage J, which is actuated by the movement 
of the float-rod compensating curve H. According to 
the rise and fall of the float, so the driving-wheel W 
and the counter X moves away from or towards the 
centre of the disc V. 

When no water is passing over the Y-notch C, the 
counter-wheel W remains stationary at the centre of 
the disc, where, of course, no motion is transmitted. 
When the water is flowing through the notch, the 
float D rises, and, through the compensating curve 
P, raises the apparatus and lowers the counter pro- 
portionately, not to the rise of the float, but to 
the volume flowing through, so that the integrator is 
driven at a speed proportional to the amount passin 
over the weir. Figures showing the total quantity o 
flow can be read off directly from the counter-dials Y. 
The fact that the driving of the counter is continuous 
and positive ensures that all liquid must be registered. 

The Fluxograph flow-recorder is well suited for the 
measuring and recording of water supplies, boiler- 
feed, air-pump discharge, sewage or trade effluents, 
compensating water from reservoirs, and for oils, acids, 
and alkalies used in manufacturing processes. 





More NorTHUMBERLAND CoaL.—A coal-seam has been 
discovered at Warkworth, Northumberland, where bori 
operations have been recently in progress. The 
struck is only 8 fathoms from the surface. The discovery 
has been e on South Side farm, within a short distance 





of Warkworth Castle. The owners of West Cot 
| Collieries have the boring in hand, 
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THE MACKLOW-SMITH COAL CALORIMETER. 
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WE illustrate on this page a convenient form of coal 
calorimeter now being introduced by Mr. A. Macklow- 
Smith, of 24 and 25, Queen Anne’s Chambers, West- 
minster. The apparatus, complete with its oxygen 
bottle, is represented in Fig. 1, whilst the details of 
its construction are illustrated to a larger scale in 
Fig. 4. The calorimeter consists essentially of an 
outer jar of glass provided with a reference line indi- 
cating the height to which it is to be filled with water 
in making an experiment. From the edges of this jar 
a crucible support is slung by the spring clips shown in 
Fig. 5. A piece of lampwick, impregnated with sodium 
or potassium nitrate, is embedded in a briquette of 
the coal under test, and is ignited by a match as 
indicated. 

The glass bell, shown to the right in Fig. 5, is next 
lowered over the crucible and clamped, against a 
rubber ring, by springing back the supporting clips 
into their working position, as indicated in Fig. 4. A 
supply of oxygen is led from the oxygen bottle B 
through an automatic reducing --valve R and the 
flexible pipe V to the downcomer T, which, as will be 
seen, is fitted with an additional regulating-valve D. 
This oxygen causes the coal to ignite, the pro- 
ducts of combustion flow through the coil F, and 
—- through small holes near the end of it, and 
finally pass up through the water. In their journey 
these gases part with their heat, and at the same time 
thoroughly stir the water up. A ceries of readings 
of the thermometer S are taken at equal intervals of 
time, and Fee against a time base, as indicated 
in Fig. 6, for determining the radiation correction. 
Simultaneous observations are, of course, made of 
the room temperature. The maximum tem 

recorded on the plot is noted, and the temperature 





rise deduced from this is corrected, for the loss 
of heat externally, by means of a table of coeffi- 
cients supplied with the instrument. The water 
equivalent of the coil and bell and other components 
of the calorimeter is also supplied by the makers, 
and as & co uence the user has merely to fill the 
apparatus to the level engraved, and may then treat the 
whole as having a constant specific heat, and obtain 
his results by a @ constant (provided by the 
makers) by the correc temperature rise, and then 
dividing this product by the weight, in grammes, of 
the taken. The use of the automatic reducing- 
valve is the most convenient method of regulating the 
oxygen supply, but a hand-operated regulator, such as 
is yedicated at R in Fig. 3, may also be used. 

The mould used for making the briquettes is repre- 
sented in Fig. 2. A complete set of instructions for 
use, with detailed explanations of the precautions to 
be observed, is supplied with the instrument. . 

While the briquette form is the most convenient 
in which to burn the coal, powdered coal may, and 
often is, used, as shown in Figs. land 4. In actual 
operation the circulation of the water in the calori- 
meter is very perfect and regular at all rates of 
combustion, so that not only is the whole of the 
apparatus raised to the same temperature with cer- 
tainty, but the radiation is also very regular in 
character, The amount of radiation while the water 
is being circulated is very different from that under 

uiescent conditions. In Figs. 1 and 4 the tube T, 

rough which oxygen is supplied to the fuel, is 
shown in a lower position than it would occupy 
during an experiment. 








New Licut Armovurep Cruisers.—The light cruiser 
Cordelia was successfully launched from Pembroke Dock- 
ard on the 23rd inst. She is the third of the class to be 
launched, the other two being the Arethusa at Chatham 
and the Aurora at Devonport. They were described in 
ENGINEERING, vol. xcvi., 464. The light cruiser 





|) heats down at Devonport Dockyard on the 
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SIEMENS’ AUTOMATIC TELEPHONE 
SYSTEM 


From the point of view of plants in operation, 
automatic telephony does not as yet occupy a very 
important position in this country. The actual state 
of affairs, as it appears to an outsider, is, however, 
little index to the ition which automatic working 
now holds in telephone practice. Automatic opera- 
tion, like many other of the advances of the telephone, 
comes to us from abroad, and comes with such creden- 
tials that there can be no doubt that in compara- 
tively few years it will take a very important position 
in connection with both private and public installa- 
tions. As is well known, the Post Office has shown 
full appreciation of the possibilities of automatic 
working, and several important installations for public 
use are now being built to its orders. 

The main advantages of automatic working may be 
stated in comparatively few words. In the first 
place, by the elimination of the operator, her mistakes 
are eliminated. These mistakes may be either actual 
blunders or misunderstandings with users. With the 
automatic telephone mistakes are, of course, not 
absent, but it is found that the total of the users’ mis- 
takes is less than those made by operator and user 

ther in a manual system. A second advantage 
is that in by far the majority of cases connection 
between subscribers is made more quickly than 
in & manual system, and that disconnection is 
always instantaneous. This not only saves the sub- 
scribers’ time, but has the great advantage that more 
m can be got over junction and connecting lines 
in a specific time. This means an improved load 
factor, and may mean a very important saving of 
copper. The saving of wages and incidental expenses 
which naturally follow from the elimination of the 
operators is obvious, but this elimination leads to 
other savings not so directly obvious. One of the 
most important of these is that the gear takes up less 
room than a manual gear, so that there is saving in 
rent or land costs. urther, the gear may be placed 
in inexpensive situations in which operators could not 
work, such as cellars, or, for small exchanges, even in 
underground street chambers. 

The relative costs of a manual and automatic tele- 

hone system for any particular case must depend on 
~ conditions. We think as a general statement, 
however, it is correct to say that for large installa- 
tions the automatic will come out the cheaper, and 
for small installations the more expensive. This 
refers to capital cost only. Working costs are another 
matter, and for any size of plant the advantages are 
with the automatic. In the case of small installa- 
tions, either public or private, the saving in working 
costs which automatic working brings will, in the 
majority of cases, quite outweigh any saving in 
capital cost with the manual. And, further, it will 
be possible to give a much better service. An excel- 
lent example is furnished by small vil installa- 
tions, not extensive enough to justify the full-time 
employment of an operator. In such cases an auto- 
matic system will not only eliminate the operator's 
wage-cost altogether, but will allow of the replace- 
ment of a more or less unsatisfactory service by one 
equal to the best that can be given anywhere, and 
available at any time of the night or day. 

A somewhat similar case to the village installation 
is furnished by the private plant of large works or 
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institutions. A particularly good example is that of 
hospitals. Such institutions are usually not over- 
burdened with funds, and the maintenance of day- 
and-night attendance at a manual switehboard is an 
expense that cannot be faced, while the traffic does 
not really justify all-night attention in the a 
None the Tess, the advantages of a continuous tele- 
phone service require no emphasis, and the automatic 
system is particularly well adapted to meet the con- 
ditions. An interesting example of such an installa- 
tion in service is furnished at the recently-opened 
King’s College Hospital at Denmark Hill, which coa- 
tains an automatic telephone system supplied b 
Meesrs. Siemens Brothers and Co., Limited, of Wool- 
wich. The system at present embraces about was | 
instruments, but the hospital is not yet completed, 
and the lay-out and arrangement of the system has 
been designed to deal with a final installation of 
200 instruments. In addition to the telephones, 
Messrs. Siemens have fitted a complete system of 
«electric clocks, staff-arrival indicators, and bell and 
: signalling circuits in the hospital. The whole of these 
circuits are supplied from a 60-volt accumulator- 
battery, 26-volt tappings being made for the clock and 
other lower-voltage circuits. A second battery is 
installed as a spare, and is used alternatively. The 
batteries are charged through resistances from the 
hospital power plant, which generates at 110 volts 
Siemens’ aut»matic telephone system is, we believe, 
a development from the original Strowger system, 
which has been made by some of Messrs. Siemens’ 
associates on the Continent. This development has 
been made quite independently from other develop- 
ment which has been carried through in the United 
States, and the Siemens system has many features 
peculiarly its own. In its general characteristics the 
system follows Strowger’s practice. The automatic 
apparatus is operated by current impulses sent out 
from the user's instruments and generated by the 
rotating of a notched wheel, which makes and 
breaks contact a number of times, depending on 
the erc through which it is rotated. A numbered 
dial is attached to the wheel, and the user 
rotates the dial through the required angle for each 
figure in the number he wishes to call up. Prior to 
the generation of the current impulses by the dial, an 
impulse travels over the line when the user lifts the 
receiver from its hook. This first impulse operates a 
rotary switch, called a ‘ pre-selector,” which connects 
the calling instrument to a free selector. The pre- 
selector is a special feature of the Siemens system. 
It is a comparatively inexpensive piece of apparatus, 
and one is fitted for each telephone. This arrange- 
ment has the great advantage that, in the case of the 
driving arrangements of a pre-selector failing, only one 
telephone is affected. hen connection has been 
made to a free selector by the pre-selector, the first 
group of current impulses sent by the rotation of the 
telephone cause the selector to connect to a third in- 
strument called a ‘‘connector.” The selector auto- 
matically selects a free connector and one that carries 
contacts connected to the telephone that is required. 
The second and third groups of impulses then cause 
the moving contacts of the connector to come to rest, 
on fixed contacts which are connected to the telephone 
required, and through connection is established. 
he selector and connector are similar pieces of 
apparatus, and consist of banks of contacts arran 
in horizontal rows. The moving contact is carried 
on a vertical spindle which can be lifted until 
the contact it carries is opposite the row of fixed con- 
tacts required, and it can be rotated until the moving 
contact reaches the actual fixed contact which is 
being sought. The arrangement, briefly described 
above, is suitable for an exchange serving 1000 in- 
struments. As the selector and connector are 
rather expensive pieces of apparatus, Messrs. Sie- 
mens have introduced a modified form of the pre- 
selector to serve instead of the selector. This they 
have called a *‘ discriminator.” It is used in the King’s 
College Hospital installation, and can be made suit- 
able tor @ maximum of 400 i: struments. For quite 
small installations, Messrs. Siemens have introduced a 
still further simplification, and have arran that all 
connections can be made by instruments of the pre-selec- 
tor type. When it is said that a connector costs some 
eight times as much as a pre-selector, it will be realised 
what an important modification this is. Such small 
plants are arranged on a hingec' frame, so that they 
= a. — the —_ and can still be worked 
at from sides, when necessary. They are ope- 
rated from F gem batteries, so that the piaat ts 
self-contained, and no trouble arises in the case of 
quite isolated situations. A numberof these small plants 
are now being built. Among larger work the company 
are now manufacturing automatic installations for 
Grimsby and Stockport, to the order of the Post Office. 





Ooa.ine aT Pemproke.—In order that vessels may be 
coaled at Pembroke Dock more expeditiously, it is pro- 
a to provide a steam-coal gee capable of carrying 

tons. She will be fitted with propelling machinery, 
Temperley transporters, &c, 


NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 1z. 
S.icut.y higher prices in iron and steel have me 
more general, though demand for the past week has 
been rather light. At present the market is a ym 
one. Plates, shapes, and bars at 1} dols., with secon 
quarter's delivery at 1.30 dols., for the construction of 
cars,.areon order. Since the opening of the year de- 
mand for 140,000 tons of steel has arisen. Sheets and 
wire products are especially active. The prediction is 
freely made that the current year’s production of furnace 
and mill products will exceed all records. Last year’s 
pig-iron production was 35,000,000 tons. January’s 
output was 200,000 tons below the average. The awards 
for structural steel last week were 28,150 tons, outside 
of the New York subway contracts. During the past 
week 34 locomotives were ordered against 82 the pre- 
ceding week. The Wabash inquiry for 60 locomotives 
is still open. Car awards were 4100 freight and 18 
coaches, against 18,115 freight and 93 coaches for the 
last week in January. There are now pending orders 
for some 9000 cars. The tin-plate mills are running 
full time, and orders are crowding in. Railroad 
buying is scattering. The January output of coke and 
anthracite pig was 1,885,050 tons. February will show 
an increase. The strong feature in the market is the 
low condition of stocks everywhere. Orders at ship- 
yards for small boats call for 4000 tons of steel. One 
eastern plate-mill has reached 80 per cent. of possible 
output. Others de creeping along steadily. The 
eneral outlook is improving, and an active spring is 
in sight for all manner of mill products. 


February 19. 

During the past week bars, plates, and shapes have 
advanced 1 dol. a ton for second-quarter delivery. 
Pig-iron has also advanced in price, and there is an 
exceptionally heavy call for basic in all markets The 
Steel Corporation’s statement for January 31, just 
published, stimulated the entire market, showing an 
increase in one month of orders for 331,572 tons, 
bringing the unfilled orders up to 4,613,680 tons, which 
was the first increase in thirteen months. The Steel 
Corporation did not accept all the business offered 
because of the upward tendency of prices. Railroads 
are still largely out of the market, and the announce- 
ment made yesterday by the Interstate Commerce 
Commission, postponing until September any decision 
on the request to advance rates 5 per cent., will 
probably continue to act against the presentation of 
the normal volume of business to the mills. Sheet- 
steel makers will not name prices beyond this quarter, 
though much second-quarter delivery business is 
offered. An advance, however, may be announced 
any day, and a rush of orders is looked for. There is 
as yet no inducement to blow in the furnaces blown 
out during the last three months. Bids have been 
received for 20,000 to 25,000 tons of steel for a bridge 
to be built across the Mississippi River at Memphis, 
Tenn. The Atlantic Coast Line has ordered twenty- 
five locomotives from the Baldwin Company of Phila- 
delphia. Numerous small orders are coming in for 
structura! material, and the mills are accumulating 
business at a fractional advance. Structural orders for 
the week amount to 33,565 tons ; and rail orders for the 
week to 22,000 tons. The Maryland Steel Company 
was the lowest bidder on 25,000 tons of steel for 
Government colliers. The tone of the market is 
steadily improving. 





Rupperk AND ALLIED INDUsTRIEs ExursiTtion.—The 
fourth International Rubber and Allied Industries Ex 
hibition and Congress will be held at the Royal Agri- 
cultural Hall, London, from June 24 to July 9 next. All 
correspondence concerning the Exhibition and gress 
should be addressed to the Exhibition offices, 75, Chancery- 
lane, Holborn, London, W.C. 





Persona —The Institute of Inventors has removed 
to new offices on the ground floor of 20, Holborn, W.C.— 
Weare informed that Mr. R. H. Willis bas resigned his 

ition as eral m to the British Electric Plant 
ompany, Limited, in order to commence business on his 
own account as an electrical and mechanical engineer and 
merchant. Mr. Willis has opened an office at 211, Pro- 
duce Exchange Buildings, Cathedral-street, Manchester, 
where all communications should now be addressed.— 
Messrs. R. Belfield, Limited, inform us that on March 16 
next they will move into more suitable offices at 65, Vic- 
toria-street, London, 8. W. 





INTERNATIONAL ELEcTRICAL ConGRESs, SAN FRANCI8CO, 
Serrember, 1915.—The proceedings of the International 
Electrical Congress at San Francisco in September next 
year will be divided into twelve sections relating to 
the princi Wo erg hence | queineerieg, and it is 
expected that about 250 pa i presented covering 
a wide range of topics. The C will be held under 
the auspices of the American Instatute of Electrical Engi 
neers, and is authorised by the International Electro- 
technical Commission and the Turin Electrical Congre 
of 1911. The International Electrotechnical Commission 
will meet at San Francisco during the week preceding 





the Electrical Conzress. 


pig- 
~|consumed. The hi 


NOTES FROM THE NORTH. 
Giascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was dead idle, but Cleveland warrants 
were firm, with sellers quoting 51s. cash, 51s. 3d. one 
month, and 51s. 74d. three months. In the afternoon a 
firm tone prevailed, but dealings were confined to 1000 
tons of Cleveland warrants at 51s. 14d. cash and 51s. 2d. 
fourteen days, with sellers over at 5ls. 14d. cash, 
5ls. 4d. one month, and 5ils. 84d. three months. On 
Friday morning the market opened with a weak tone, 
and after being done at 50s. 1ld. cash and 5ls. 7d. 
Jleveland warrants closed with sellers at 
cash, 51s. 34d. one month, and 51s. 74d. three 
months. The turnover was only 1000 tons. In the after- 
noon there was in very little doing, and Cleveland 
warrants were dull and easier. The business amounted 
to 1000 tons at 51s. 24d. April 5, and the closing quotations 
were called 51s. 04d. cash, 5ls. 3d. one month, and 51s. 7d. 
three months sellers. Weakness prevailed on Monday 
morning, when 3000 tons of Cleveland warrants were done 
at 50s. 11d. and 50s. 104d. cash, from 50s. to 51s. 114d. one 
month, and at 51s. 14d. April 20. Sellers’ pwr he ry 
were 50s. 10d. cash, 51s. 04d. one month, and 5ls. 54d. 
three months. In the afternoon Cleveland warrents con- 
tinued on the downward grade, and 1500 tons d 
hands at 50s. 74d. three and four days, and 51s. May 1. The 
session closed with sellers at 50s. 74d. cash, 50s. 104d. one 
month, and 51s. 3d. three months. On Tuesday morni 
the market was again weak, and 2000 tons of Clevelan 
warrants were done at 50s. 64d. ten days, 50s. 10d. 
April 13, and 51s. 1d. three months. At the close 
sellers quoted 50s. 6d. cash, 50s. 9d. one month, and 
5ls. 14d. three months. A better tone prevailed in 
the afternoon, but business was limi to 2000 tons 
of Cleveland warrants at 50s. 7d. cash, and 51s. 1d. 
and 5ls. 14d. three months, Closing sellers’ quota- 
tions were 50s. 74d. cash, 50s. 10d. one month, and 
51s. 24d. three months. When the market opened to-day 
(Wednesday) some dullness was in evidence, and the total 
turnover only amounted to 1500 tons of Cleveland warrants 
at 50s. 6d. cash, 50s. 64d. nine dare, and 50s. 8d. one 
month. The session closed with sellers at 50s. 64d. cash, 
50s. 9d. one month, and 51s. 1d. three months. In the 
afternoon business was very quiet, and the market was 
weak, The —- were 1000 tons of Cleveland war- 
rants at 50s. 5d. five days, and closing sellers quoted 
50s. 5d. cash, 503. 8d. one month, and 51s. three months. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia continues to be very satisfactory, and stocks are 
not very heavy. The price maintains its strength, and 
is again firmer over the week at 12/. 12s. 6d. per ton for 
prompt delivery, Glasgow or Leith. 


Scotch Steel Trade.—A quieter tone prevails in the 
Scotch steel trade, and consumers seem to have bought as 
much material during the past week or two as they con- 
sider will be sufficient to satisfy their more immediate 
wants. At any rate, there has been little in the way of new 
booking during the last few days. Inquiries, however, 
both on home and export account, are very satisfactory, 
and in the latter connection there are prospects of im- 
proved business. Makers of plates are not well off for 
specifications at present, and a similar tale may be told 


on behalf of makers of black and vani sheets, 
although the latter are getting through a fair amount of 
work. Sectional material is in g request, and 


The 


ducers of this class of stuff are fairly well employed. 
rices are un- 


export market generally is rather quiet. 
changed. 


Malleable-Iron Trade.—No change of any kind can be 
reported in the state of the malleable-iron trade of the 
West of Scotland, as makers are still quiet. The Conti- 
nental competition is a big factor in the keeping of our 
local works on broken time, but makers are optimistic as 
to the near future. Prices show no alteration. 


Scotch Pig-Iron Trade.—Quite a satisfactory demand 
exists for Scotch pig-iron, and the output is being readil 
ments are keeping well up, an 
America promises to be a buyer of special brands in the 
near future, while consumers in the South are taking 
forward steady supplies. Four furnaces have been re-lit 
at Glengarnock, bringing the total in blast in Scotland up 
to seventy, and other two are likely to be rekindled at 
the same place almost immediately. The ae are 
the market quotations for makers’ (No. 1) iron :—Olyde, 
69s. ; Calder, Gartsherrie, Summerlee, and Langloan, 
69s. 6d. (all shipped at G w); Glengarnock (at Ardros- 
san), 71s.; Shotts (at Leith) 69s. 6d.; and Carron (at 
Grangemouth), 70s. The hematite position shows no 
change. 








Ice-Meutinc By Drrect Sun Rays.—Professor J. 
Maurer, of the Central Swiss Meteorological Institute 
at Ziirich, has made some experiments on the ice-melting 
power of the sun’s rays. He took slabs of ice—fresh-water 
ice in defect of glacier ice—and placed one of them in the 
direct sunlight and the other in the shade; the day was 
a clear warm August day. In 9 hours the illuminated 
slab lost 48.5 kg. ; and the shaded slab 42.25 kg. The dif- 
ference of 6.25 kg. represented the effect of the direct sun’s 
rays, and he calculated from this and other experiments 
that the direct rays would melt off a layer of ice 20 mm. 
in thickness within t 9 hours. This direct radia- 
tion re ted about 40 per cent. of the total solar 
heat. tending these calculations to the glacier ice at 
an altitude of metres he estimated that 30 mm. of ice 
should be melted off on a clear summer 
Bauzettung 


day. The figures, 
given in the Schweizerische 7 of February 21, 





are ipeiing. as there are hardly any data extant ou 
these effects of the sun’s rays. 
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NOTES FROM — FOREREINE. NOTES — CLEVELAND AND THE NOTES FROM THE SOUTH-WEST. 
South Yorkshire Coal Trade.— Labour troubles in she mae oe Crh the cmmenh wate bee tne aie e- 



























































MippLesproucH, Wednesday. | settled. Tonnage arrivals over the week end were not 
_ The Cleveland Iron Trade.—Quietness rules in the pig- | sufficient to meet immediate requirements, and, as a 
iron market just now, but as considerable arrangements | result of this, stocks of coal have e vier. 
have yet to be made vo supply opring and summer require- | Although most colliery owners have declined to modify 
ments, the slackness is hardly likely to be of long dura- | their terms, some concessions have been secured in other 
tion. The present dulness is contributed to by the flat | quarters, in which it has been deemed desirable to secure 
state of the stock market, a fall in copper, and the fact | a quick ing of i 
that German iron is being dumped in Scotland and in| minous descriptions, patent fuel, and coke have shown 
Wales. The imports of German iron are very small, but | little change. The best Admi large steam coal 

been 18s. 9d. ; 


Rotherham district of the South Yorkshire coal area are 
seriously affecting deliveries. In some instances delayed 
orders have been placed elsewhere. The Sheffield pits 
are at present deriving benefit in this direction, but unrest 
is so active that Sheffield may shortly be in as bad a plight 
as Rotherham. The market is accordingly in a very un- 
settled state. In steam hardsthere are fewer signsof weak- 
ness, and on the whole prices are much firmer. The export 
trade shows an expansion. Industrial consumption is 
maintained on a big scale, though re depression in 
certain branches of the local steel trades is tosome extert 
reflected. Gas-fuel producers have a good many arrears 
to work off. Contracts are being readily renewed, but 
the figures are — a reduction of 6d. on last year’s 
rates. which were 10s. 9d. to 11s. 3d. The house-coal 
ition is not so strong, and stocks are accumulating 
lacks are irregular.. Underselling is inevidence. Ooke 
shows no sign of revival. Quotations :— Best branch hand- 


en 16s. to 17s.; ey Ay | Silkstone, 14s. to 15s.; 


the mere fact assists to de’ the Cleveland market. 
Traders are acting with much caution, and what business | ties at .; other i 
is passing is almost entirely confined to hand-to-mouth | 17s. 6d. to 18s. ; best bunker smalls at lls. to lls. 3d. 


transactions. Merchants are quite pre to sell Nd. 3 | and smalls at 7s. 9d. to 8s. 6d. ton. The best 
g.m.b. Cleveland pig at 5ls. f.o.b., that price might household 2 


be shaded, whilst No. 1 is 53s. 6d.; No. 4 foundry, oak Cas, 17s. te 188. ; No. 3 Rhondda large, _ 


50s. 6d. ; No. 4 forge, 50s. 3d. ; and mottled and white iron 2 
each 50s.—all for early delivery. There is littleor nothing | Rhondda iarge has realised 14s. 6d. to 15s. 3d. ; and No. 2 
passing in East Ooast hematite pig, and values show | smalls have lo 8 
a downward movement, but they are still high as com- | foundry coke 


has 
0 pared with quotations for Cleveland pig. Nos. 1, 2, and3 | 236. to 25s.; and furnace coke, 19s. to 2l1s. ton. As 
= rryy iy 1 benny mer “~~ ry age ri 623. ge culy ae which ie Lis. 6d. above | regards iron ore, Rubio has been quoted os 186. to + 
8. 3 large “5 = eland, usual difference i rmal » basis iron, 
nal Guta Ee. to tens Cees naan, Ola, to Oe °. lev whereas the diff ce in no 186. 3d. per ton, uw aw of 50 per of 


cent. 
times is 8s. to 10s. So far as can be ascertained, there is | and charges, including freight, insurance, &c., to Cardiff 
ee ee: 4 ~~ y ty —- to | or 

ea firm 3 and are not to make con- q : 

4 ° . * Great Western Colliery Company.—This company has 
ceasions. Though odd lots, under exceptional circum-| decjared a dividend upon its ordinary shares for the past 
stances, might be bought at rather less, market quotations year at the rate of 15 per cent. per annum, a tien 
are still based on 18s. ex-ship Tees for Rubio of 50 per | ¥ 74 46,2521. The output of coal for 1913 was 7 345 
cent. quality, and it was on such terms that the last sub- tons, and of cok by 4 tons. Sinking at the Own 
stantial business was recorded. Freights Bilbao-Middles- | 4, nod > during the past year. One shaft 
brough are in the neighbourhood of 4s. Coke is weaker, Laem wg - @ about 700 Lee y and has 
but quotations vary very considerably, and are difficult th h the No 2 Rhondda, the No. 3 Rhona 
to fix. Sellers are more in evidence t they have been, Hafod seams of coal, all well developed. The other shaft 
and some of them are rather anxious to meet the ideas of is now ing through the last portion of water-bearin 
customers. Average blastfurnace coke is round about pumila 0 ath of 436 yards. Steam-coal seams — 
16s. 9d. wom nae: oy by = ay works, and many con- expected to be reached at a depth of 750 to 800 yards. 
sumers consider this too high a figure. The fit realised for 1913, was 18,4301. as compared 

Stocks and Shipments.—The stock of Cleveland pig iron | With 55,1112. in 1912; 58, ad 5 63,7582. in 1910; 
in the public warrant stores now stands a8 5,300 | and 40,2472. in 1909. 


tons, all of which, but for 43 tonsof standardiron, is No.3} Powell Duffryn Coal.—The profit realised by the Powell 
quality. Since the beginning of the month the stock has| Duffryn Coal Company lass pene, after Stowien for 
been increased by 789 tons. Shipments from the Tees/| depreciation, was 364,421/., as compared with 248,472/. 
“re on & pong Fo ll To date = — cay De | in iets, otuaiving of a dividend upon the ordinary shares 
the extent of over 10,000 men are making this the o ioe eee SS SS at the rate of 20 per cent. per annum, after full provision 
tunity for attempting to secure increased wae ent eee —., my or oP ceed a py — of | for fixed charges, 66,407/. being to reserve, and 
shorter hours of work. Having regard to the nature of } mea ee ie ts Ganan date eat nen i 110,2341. carried forward. The total quantity of coal 
the men’s demands it is unlikely that the peace of the} ).., om at 59 164 ae aoe S dail ptm of s817 ings | raised last year was 3,873,780 tons. 
trades concerned will long continue undisturbed. Men-| ..4 } dhe enrse he me of a brems . ae, Lianelly.—Tin-plates have been in better demand, with 
tion of a strike date has already been made. Orders for the oa, re tone. GF On a, seet S840 higher prices than have ruled for some time, it being 
steel are not nearly so plentiful as they were a month tons per working da ‘ Tees longi of a Nea qapentel het still higher rates will be current during the 
o. In some directions marked reaction has set in. |i, a date thie meant amount t t4a ge th next few months. The coal trade has ruled firm; the 
akers of tool-steel, who have enjoyed a run of record | o¢ steel to 7129 to a 08 | collieries are in full working, and large shipments of 
a X ity, = —— placed for _— ey —— arog _ anthracite have been made to Germany and Sweden. 
ullding de ments are running short time. n the| Manufactured Iron and Steel.—In the manufactu — ; 
other hand, the demand for steel for motor-car construction | iron and steel trades the works are actively rose room ny my * =e bese Ra a a i 4 
and for mining machinery is more than maintained. Saw | but makers regard prices as unsatisfactory. But for the y talled 134,738 ow a red vith “100 080 tone i 
and file departments are also fully employed. In arma-| German competition in Scotland, pri ae — = 


ment making there is not the slightest sign of reaction. | East Coast would have been eben. An Fd MER, the Caperte omenen Ser vty 
—— by foreign Governments are on the increase, 
an 


1 Ane exports totalled 4,525,910 tons, including 4,513,117 tons of 
n are busy, and, in the joint trade, buyers, who had been | ooq] A 3 tons 
some big contracts have just been booked on export | holding off in the hope of a fall in prices, are now placing ond ooke, - aguam < abel velar 
account, which, with business on hand, will ensure] good orders. Quotations stand :—Common iron bars,| ,. Welsh Dividends.—It is satisfactory to note that the 
regular working for a lengthy period. Foreign compe-| 7/, 10s.; best bars, 7/. 17s. 6d.; best best bars, 8/. 5s. ; dividends declared by Welsh oe ee this year 
tition in billets is a shade easier, though discrepancy in| packing iron, 6l.; iron ship-plates, 6/. 15s.; iron ship- | Pow all along the line. The ordinary stock of 
the prices of local and imported products does not grow | angles, 7. 10e.; iron ship-rivets, 7/. 15s.; iron girder-| the Taff Vale Railway receives 4 per cent. per annum, 
smaller. Imported basic billets stand at 85s., and local | plates, 7/. 5s.; steel bars (basic), 6/. 15s.; steel bars|®8 compared with 3} per cent. per annum ; that of the 
sorts at from 88s. for defectives to 5/. for perfects. The | (Siemens), 6. 15s. ; steel ship-plates, 6. 10s. ; steel ship-| Barry Railway, 10 per cent. per annum, as compared 
best demand is for Bessemer-Siemens acid billets. angles, 6. 2s. 6d.; steel plates, 7l. 15s.; steel | With 7 per cent. per annum ; that of the Rhymney Rail- 
Brown, Bailey's Steel Works.—In their report for the 


que ended December 31 last, the directors of Messrs. 


Derbyshire hards, 10s. to 1l1s.; slacks, 7s. to 8s.; 
seconds, 5s. 6d. to 6s.; smalls, 2s. to 3s. 6d. 


Iron and Steel.—There have been many improvements 
in the position of the local iron market during the last 
month or so, but many more will have to be made if 
makers are to secure reasonably substantial profits. The 
growth of the belief that the trend of the prices for some 
time to come will be in an upward direction has brought 
many more consumers into the market, but makers mostly 
decline to contract forward at prevailing rates, and in 
some cases have secured increases of as muchas 2s. Both 
Lincolnshire and Derbyshire masters are sending the bulk 
of their output straight away. On all sides stocks are 
very low. The market for finished goods is very sluggish, 
and is not likely to improve with the advancing price 
of raw material. The outlook in bar iron is no brighter 
An abundance of scrap meets with a very poor demand 
There is a good deal of uneasiness in the engineering 
trades. The three years’ peace agreement between em- 
ployers and highly-skilled engineers expires next month, 
and not only this section of labour but other sections to 








joists, 61. 12s. 6d. ; steel strip, 62. 15s. ; .— | way, 9 per cent. per annum, as compared with 8? per cent. 

joists, p & The. 5 toad — per annum ; that of the Port Talbot Railway, 9 per cont. 

rown, Bailey’s Steel W Limited, state that ‘ I ; i [ i ;| Per annum, as compar wit r cent. per annum ; 

nce standing to the coed of the sovenEe pooch light iron rails, 7/.; heavy steel rails, 61. 10s. ; steel ~¥e te! Sanat conse te tee "second 

including 11,836. brought forward, and after deducting | ™llway 7t, Ge.—all net at works; galvanised | ™ te eeee Si of the Brecon ‘and Merthyr Rei - 

the interim ‘dividend paid in August, is 34,0941. They | Corrugated sheets, 24 gauge, in bundles, 11/. 5s. f.0.b.—less | Pref pepreah omens jounpeeell with ail 

propose to pay a further dividend of 5 per cent., making | 4 Per cent. re ee ened re sani 
0 per cent. for the year, to transfer 15,000/. to speci 

reserve for extensions, and to carry forward the balance 


Large Shipbuitding Order.—Messrs. Irvines Shipbuild- 
of 11,5947. The results of the year were seriously affected 


Dol, have ‘received an order trom ‘Sir Stephen W. | eighth eiiiton ofthis highly octal pattication, which wa 
by a strike of nine weeks’ i i wd jen W. | ei ition is highly-useful publication, which was 
degen of phn Fe Sn ae the Furness, Bart., M.P., for ten large steamers for the orginally drawn up by Mr. D. K’ Clark, has now been 
' British, Empire Steam Navigation Company, Limited, | issued by Messrs. Crosby Lockwood and Oo., London, 
London. Sir ape 3 = —~ © oe Bn mf - at 4s. 6d. net. The w 
conjunction wit r. Fran oulder, irman very carefully revised by Mr. H. H. P. Powles, A.M. 
Messrs. Houlder Brothere and Co , Limited. Tack OE. ALL Mech, ., and the opportunity has been 
taken at the same time to make muny additions to the 
text, bringing it thoroughly up to date. In this connec- 
A Power-StaTion OPERATED BY NaTuRAL Heat.—A | tion special mention should made of Dr. Jakob’s 
recent issue of the Genie Civil contains a description of a | curves for the specific heat of superheated steam, which 
power-station in Lardarello, Tuscany, in which natural | have been reproduced from the Zeitschrift Vereins Deut- 
sources of heat are employed to generate the steam | scher Ingenieure. The work contains an excellent selection 
uired for the operation of a steam-turbine rated at|of mathematical tables, including, in addition to those 
190 kw. In this region steam is emitted from the earth | giving the diameters and circumferences of circles, tables 
over a considerable area and under considerable pressure. | of the squares and cubes of numbers, tables of reciprocals, 
The water entrained in this steam is highly charged with | and a six-figure logarithmic table. This portion of the 
boracic acid, and for many decades the natura! heat of | pocket-book is followed by some useful notes on geometry 
this steam has been utilised for evaporating the boracic | and mensuration. In a later section unusually prs 
“brine.” The “‘ natural ” steam contains too many impuri- | metric conversion tables are provided. Particulars of the 
ties for it to be suitable for use ina turbine. Hence the | British Standards for rolled sections are included in the 
plan has been adopted of leading it round the tubes of a| chapter devoted to manufactured metals. Mechanical 
special type of boiler. In the passage it transfers its vee have a chapter to themselves, which is fol- 
heat to the water in the boiler, and the steam thus | lowed by another on the motion of bodies under gravity, 
produced is utilised for the turbine. In the plant| in which many convenient tables are included. In 
described in the Genie Civil, the “natural” steam | section devoted to heat many valuable experimental 
had a pressure of 34 atmospheres, and this sufficed to| data have been collected er having reference to 
steam inside the boiler at 3 atmospheres. | heat transmission, condensation in steam-pipes, and the 
weight of “natural” steam paseed per hour was| like. It may be added that electrical matters receive 
2.9 tons, and the heating surface of the boiler was 1000 | adequate treatment in the concluding section of the book. 
sq. ft. The first plant erected has proved so satis-| The text is clearly written throughout, and the use of 
factory that it is intended to augment it by another | the various formu’e given is greatly facilitated by the 
of 1800 kw. inclusion of appropriate tables. 








“ TELEFUNKEN ZeITUNG.”—We have received No. 13 of 
this German journal on wireless telegraphy, which has 
reached its third year of publication. It is published in 
Berlin, S.W., 9, Tempelhofer Ufer, and is edited by the 
Telefunken Gesellschaft. It points out the advantages of 
wireless telegraphy, and reviews a number of recent 


om installations put down in different parts of the 








“TASOHENBUCH DER LUFTFLOTTEN, 1914.”—This is the 
on edition of a German ket-book, edited by Mr. F. 
asch and Captain W. Hormel, and published at the 
price of 5 marks by J. F. Lehmann’s Verlag, Munich. It 
18 compiled on the same lines as the ‘‘ Taschenbuch der 
Kriegsflotten,” which is published by the same firm. It 
— data on the airships and aerop) of all nations, 
the data including volumes of airships, dimensions, carry- 
ing capacity, power and type of engines, fuel consump- 
tion, names of owners, builders, date of first trip, & 
Info: mation is also given concerning the sheds existing in 
the different countries. The illustrati include views 
and outline sketches of the different i 
machines. A special chapter, illustrated 80, deals wi 
the guns and projectiles designed for the destruction of 
pee Frey laws governing flying in the various 
es are a seviewed i 
— The book is a handy refer- 
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THE INSTITUTION OF CIVIL ENGINEERS. | 


At the meeting of the Institution of Civil Engineers, 
held on Tuesday, the 24th inst., two papers were read, 
of which the following are abstracts. 

Rail-Stecls for Electric Ratlways. 
By Wituiam Wittox, M.A., M. Inst. C.E. 

The reduction of the life of rails in tunnels from an 
average of five years to an average of less than three 
years, and in certain places to less than one year, on the 
electrified portion of the Metropolitan Railway, induced 
the author to make tests of various kinds of steel rails in 
the curve between Farringdon-street and Aldersgate. 

The object of the paper is to describe the results of 
these tests, and also the results of tests for wear of 
various steels, including manganese steel, in points and 
crossings. The traffic over the curve mentioned is ex- 
ceedingly heavy, and in the morning and evening there 
are forty-two booked trains per hour on one line. Chemical 
analyses, tensile tests, tup tests, and impression tests 
have been made of all the rails used, and sections of the 
rails have been etched. Taking into consideration these 
tests, the fact that railways must keep the cost of their 
permanent way within reasonable limits, and that the 
cost of re-railing is very high, where only two and a-half 
to three hours are available for this work — namely, 
between midnight and early morning, the author has 
come to the conclusion that open-hearth basic Bessemer 
rails, manufactured by the late Mr. C. P. Sandberg’s 
process, and under careful supervision, have proved the 
most economical. The number of broken rails for the 
last six years has been very small; the history of one of 
these broken rails is given in the paper, the wear after 
five years in the tunnel being only 4 lb. ag! yard. The 
result of the use of manganese-steel rails in the curve 
referred to is also given, and may be interesting, as rolled 
manganese-steel rails, so far ae the author knows, have 
been little used in England, even in crossings. 





Rail-Corrugation and its Causes. 
By Srepuen Prescorr Wuite D’Attr SELON, 
M. Inst. C.E. 

Tux corrugation of rails has become general and serious 
upon railways and tramways since the introduction of 
electric traction, and seriously exercises the owners of 
such undertakings. 

Investigations organised by many associations in 
various parts of the world have not discovered a solu- 
tion of the trouble, or propounded any theory of the 
causes which has found general tance; nor have 
they put forward any remedy. The object of this paper 
is to put forward the present position for discussion in 
the hope that therefrom assistance towards a remedy 
may proceed. ~~ expenditure is being incurred by 
many tramway undertakings in Finding out corruga- 
tions, thereby shortening the life of the rails abnormally. 
It is estimated by the general manager of the City of 
Glasgow Tramways that his undertaking spends not less 
than 10,0002. per annum in this grinding operation. 

The author is of opinion that the rail-steel now used 
for rails is not hard enough or tough enough for its work. 
Possibly modern methods of steel and rail making are at 


ELOESSER STEEL DRIVING-BELT. 


(For Description. see Page 291.) 
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meter is evidently severe on the rails, but the conditions 
of tramway working make alteration impracticable. It 
therefore becomes necessary to find a material which will 
not yield to the wheel actions which are the immediate 
cause of corrugation. 

The author believes that hard rails—i.ec., with a high 
proportion of carbon—are essential, and gives some 
evidence from his own and others’ experience that such 
high-carbon rails resist the corrugating actions of the 
wheels, as well as ordinary wear. 

The British standard specifications were established 
before corrugation was i as @ serious possibility, 
and the range of carbon content permitted, besides being 
rather wide, only approaches the hard side for Bessemer 
steel, whilst it is on the soft side for open-hearth steel. 
The general c ter of corrugation is described, stress 


appearance of planished or cold-rolled steel, and are 
relatively hard and refractory to acid; and that the 
“hollows” are dull, show some lateral detrusion and 





fault in this direction. The use of wheels of small dia- 


pitting, and are only slightly harder than the body of the 





being laid upon the facts that the ‘“‘crests” have the |] 
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steel. The conclusion drawn is that the ‘‘ crests ” are eold 
rolled, and the “hollows” are surface which has 
crushed, due to the vertical loads im by the wheels 


oscillating about the elastic compressive limit of the steel. 
How the oscillatory character of the load is brought about 
is not considered, but it is pointed out that at ordinary 
8 the usual pitch of the corrugations on tramway 
rails corresponds with a frequency of the order of 100 per 
second. The difference between this periodicity and that 
causing the corrugation of macadam roads by motor- 
vehicles is referred to. The ibility of the rails receiv- 
ing initial corrugations in the processes of rolling and 
cooling is briefly discussed, but it is pointed out that 
such initial corrugation, if it ever exists, is uncommon. 
Differences of surface hardness or inte stresses 
received during manufacture are suggested as possibilities. 

Leaving these suggestions, the fact remains that corru- 
gation is due to the failure of the rail-table under the 
stresses imj upon it. e surface is alternately 
cold-rolled and disintegrated. The measurements of 
static pressure made by Mr. Worby Beaumont, and set 
out in the paper he presented to the British Association 
in 1911, are shown to prove that pressures of such magni- 
tude as to produce destructive effects occur, but that it 
is probable that the compressive elastic limit of rail-steel 
is not generally exceeded. The evidence, therefore, 
seems to show that a comparatively small increase in the 
compressive strength of the steel will prevent the parti- 
cular kind of wear under consideration. 

The author su ts that the essential points to be 
specified are mechanical properties corresponding with 
the working stresses im upon the rails, and first 
compressive strength. The British standard specifica- 
tion prescribes an ultimate tensile strength of 40 tons 
per sq. in., the compressive strength is probably 
about the same as the tensile; the actual wear of 
tramway rails suggests that it is somewhat in excess of 
40 tons per sq. in. Probably steel with an ultimate 
tensile strength of 50 to 60 tons per sq. in. will be hard 
enough to resist the destructive stresses, but it is essen- 
tial that it shall not have a high degree of ductility. The 
minimum pressure needed to produce surface crushing 
and flowing should be determined. It is suggested that 
a Brinell test may give all the information needed. The 
tup test may have to be modified, but rails laid on a con- 
tinuous concrete substructure have a large margin of safety 
against breakage from vertical shocks, and a less severe 
tup test should suffice. The whole specification of the 
rail in respect to its mechanical qualities should bear a 
direct relation to the stresses which it will be called upon 
to resist. 





Tue Pusiic ScHoors Yrar-Book, 1914.—This year- 
book, which is edited by Mr. H. F. W. Deane, M.A. 


F.S.A., and Mr. W. A. Evans, M.A., and is published ab 
the price of 5s. net by the Year-Book Press, Sh Museum- 
stree 


‘ yey nine a yo on the public 
schools an eges throughout the kingdom, arranged 
alphabetically according to the towns in which they are 
oca The names of the professors are given, together 
with the fees and conditions, and the facilities available 
to the scholars. Very complete information is also given 
on the openings available for boys in the Navy, Army, 
Civil Service, engineering, &c. 
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A 
EAZER “BRITANNIC;” TURBINE AND BOILERS. 


IESSRg HARLAND AND WOLFF, LIMITED, BELFAST. 


Deserini a, see Page 278.) 
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DESIRABLE DEVELOPMENTS IN SHIP 
DIMENSIONS. 


As each successive large steamshi 
curiosity is naturally aroused as to w 
probable development, particularly in respect of 
size. In the description of the ite Star liner 
Britannic, which we publish to-day, we have 
directed attention to the fact that she marks only 
a very slight increase in size as compared with the 
Olympic ; but it must not be assumed from this 
that there is anything final in the proportions 
adopted. On the other hand, we have clear evidence 
that it is only the restrictions im by the depth 
of water in harbours and channels which preclude a 
very material change in the dimensions of ships. 
The Dominions Royal Commission, which have been 
devoting a considerable amount of attention to over- 
sea communications, as well as to other problems 
associated with the Empire, were fortunate in secur- 
ing a memorandum by Lord Pirrie, with special 
reference to the influence of depth of harbours on the 
dimensions of ships and on the cost of ocean trans- 

rt. Lord Pirrie expressed the preference for at 
east 45 ft. as the minimum de which harbour 
engineers should recommend and work for, because 
although at the present moment 40 ft. might be a 
satisfactory minimum working depth, the demands 
from shipping using the ports would grow so 
steadily as to make 45 ft. necessary before even 
this depth could be achieved. The limitations 
hitherto imposed by depth of channels had involved, 


is launched, 
t is the next 


on his Lordship pointed out, a more rapid increase in 


the length and breadth of modern ships than in 
the draught ; and yet that increase in draught would 
yield more important advantages than the augmen- 
tation of other dimensions. He found support for 
this belief in the success which had resulted from 
the larger vessels built by his firm for the Australian 
trade as a consequence of the increased draught 
now becoming available at Melbourne. 
As to the actual effect of increased draught on 
the economy of ships, Professor Sir John H. Biles 
ve to the Senduben Commission some suggestive 
ta. It may be remembered that some years ago 
— and presented to the Insti- 
tution of Naval Architects a lucid case in favour of 
increased depth. His paper on that occasion took 
500-ft. cargo-carrier of 28 ft. draught 
ship to 700 ft. without increasing the draught the 
actual cost of cargo-carrying woe be increased from 
8.68. to 11.2s. per ton un a 5000 sea-mile voyage, 





whereas were the draught increased in correct ratio 
to the length of the ship the cost would be reduced 
from 8.6s. in the 500-ft. ship to 7s. per ton in the 
case of the 700-ft. steamer. In other words, advance 
in size, including depth of hull, if rendered possible 
by deeper channels and harbours, would convert 
the loss of 2.6s. in the 700-ft. ship to a gain of 1.6s., 
as compared with the 500-ft. ship on a 5000-mile 
voyage. Sir John Biles made further interesting 
investigations specially for the. Dominions Royal 
Commission, the type ship in this case being a 

nger and cargo-steamer of 490 ft. and of 14 
este speed. The length of voyage assumed was 
3000 sea miles, and a comparison was made between 
two conditions, one involving a constant draught of 
28 ft. 3 in.—although the length might range up to 
1000 ft.—and the other a draught varying as the 
length. It was found that in a 700-ft. ship the 
cost of transport per ton in a ship in which draught 
was limited (28 ft. 3 in.) was one and a half times 
as great as that in a ship of the same len but 
of proportionate draught. In a 900-ft. ship the 


| cost was twice as great, and in a 1000 ft. ship it 


was two and a half times as great. This is account- 
able from first age as Sir John pointed out 
that the weight of hull for the restricted-draught 
vessel increased much more rapidly than the dis- 
placement. The beam could not be increased in 
the same ratio as the length, or the stability con- 
ditions would be interfered with. Before a great 
length was reached, the dead weight carried no 
longer increased as the length of the vessel increased, 
but began to decrease relatively. Further, the 
excessive proportion of breadth to draught in the 
large vessel of restricted draught was bad from 
the point of view of resistance, and therefore those 
running costs which depended on the power of the 
machinery were considerably increased. In this 
line of reasoning there is full justification for future 
Britannics, especially if, as Lord Pirrie rightly 
points out, pes. waren are developed to suit the real 
economic needs. 

Lord Pirrie pleaded for an increase in —_— of 
harbours to at least 45 ft., but in Professor Biles’s 
1000-ft. ship the actual draught works out at 
57 ft. 6 in. if the most desirable draught is 
to be adopted. If the draught cannot be varied 
as the linear dimensions, the fullest economy 
cannot be realised. For instance, assuming that 
a harbour had a working draught of 40 ft., 
as suggested by Lord Pirrie as immediately 
necessary, the dimensions corresponding to this 
draught for a 14-knot ship would be about 
700 ft. by 87 ft. by 71 ft. 4in. depth. Were 
the dimensions increased without augmentation of 
draught, the cost of carrying cargo would be 
sapilily increased, and thus it mes interesting 
to investigate the most economical length for shi 
of a given speed. In the case of a 12-knot purely 
cargo ship there would, according to Sir John 
Biles, be no appreciable variation between 700 ft. 
and 800 ft. In a 14-knot vessel the economical 
length would be 700 ft. if there were no revenue from 
passengers; but if the vessel were full of passengers, 
a 1000-ft. ship would be as economical as a 750-ft. 
vessel if ible reductions could be made in the 
weight of hull of the former due to improvements in 


construction. At 17 knots the economic length for 
cargo-carrying without mgers would be ft., 
and with passengers a 1000-ft. ship would give about 


the same economy as an 800-ft. ship. For a 20-knot 
speed the most economical length would be about 
950 ft. for cargo revenue only, so that a 1000-ft. 
ship, when carrying passengers, would certainly not, 
in Sir John’s view, be above the economical length. 
A 1000-ft. ship required a draught of 57 ft. 6 in. 
if the correct proportions be adopted. No doubt 
some reduction in this draught would result from 
a reduction in the weight of structure, but Sir 
John seemed to think that it was not unreasonable 
to predict that within twenty or thirty years a 
depth of harbour of 60 ft. could be profitably 
employed. 

is view is the more justified in consequence of 
the steady increase in the number of large shi 
being built and in process of construction. The 
Dominions Royal Commission also desired to get 
information regarding the effect of speed as well as 
dimensions on the cost of transport. It was not 
difficult for Sir John Biles to make it quite clear 
that the cost of transport advances with increase 
of speed. He was able to establish that the 
augmentation in the cost of rt under such 
conditions would be much less in the longer than 
in short ships were the draught according to linear 
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dimensions, and not arbitrarily limited. Assum- 
ing an increase in s from 14 to 17 knots, he 
showed that the cost per ton-mile of running was 
increased, in the case of the 600-ft. ship, 63 per cent., 
in the 700-ft. ship 32 per cent., and in the 900-ft. 
ship and the 1000-ft. ship 18 per cent. The same 
reduced rate of increase was notable in the advance 
in speed from 17 to 20 knots. In the case of the 
700-ft. ship the cost per ton-mile of running was 
more than doubled, for the 800-ft. ship it was 50 per 
cent., for the 900-ft. ship 30 per cent., and for the 
1000-ft. ship 17 per cent. greater than for 17 knots. 
It was pointed out further that it was exceedingly 
difficult to estimate what increased revenue was 
raised from passengers on account of augmented 
speed, but it seemed to Sir John not at all im- 
probable that in vessels of 1000 ft. long and 
20 knots speed the extra cost of carrying cargo 
might be more than balanced by the extra passenger 
revenue. But his conclusion was that such vessels 
would not be built with advantage unless the 
harbours were deepened to draughts corresponding 
to the depths of ships associated with economic 
length. 








THE ELECTRIC EMISSIVITY OF 
MATTER. 

Tue two lectures on ‘* The Electric Emissivity of 
Matter,” which Dr. J. A. Harker, F.R.S, of the 
National Physical Laboratory, delivered at the 
Royal Institution, on the afternoons of the two 
last Saturdays, concern a subject of very con- 
siderable theoretical and practical interest, which 
is at present in a decidedly controversial state. 
After the existence of free particles much smaller 
than the atoms, had been estab’ shed, scientists 
possibly became too ready to explain new phe- 
nomena on electronic grounds. The critical study 
of the emissivity problem seems to indicate that 
a good deal of what is ascribed to emission of 
electrons might be accounted for by chemical 
reactions or affinities, just as the contact electro- 
motive force, so long upheld by some of the 

reatest physicists, is now largely believed to 
p secon upon the different chemical affinities of the 
two metals in contact for the gas which sur- 
rounds the metals or adheres to them. The emis- 
sivity question, it will be seen, directly affects the 
efticiency of incandescence illumination. 

In his introduction Dr. Harker stated that it had 
been known for a very long time that the air, 

enerally considered an sauces, became a con- 
, arse of electricity in the neighbourhood of hot 
bodies, and, indeed, that it always conducted to a 
very slight degree. Materials differed as to the rela- 
tion between temperature and electric conductivity. 
Metals conducted better cold than hot, but in 
certain alloys (like manganin) the decrease of 
conductivity with heat was small. Most conductors 
of the second class (oxides, compounds) began to 
conduct only at a red heat, but mixtures did so at 
lower temperatures than the pure oxidic con- 
stituents—a property utilised in the Nernst lamps. 
Magnetite, many sulphides, and carborundum con- 
ducted at ordinary temperature, and their con- 
ductivity increased very rapidly with increase of 
temperature. That glass also began to conduct at 
200 deg. or 300 deg. Cent. was shown by the experi- 
ment of Warburg, in which two concentric test- 
tubes were me partly filled with mercury ; 
wire electrodes dipped into the two mercury pools 


which were separated by the glass wall of the inner | P°* 


tube. At high temperatures everything, in fact, 
conducted, and this effect was so general that 
ood insulators for high temperatures were not 
sel On the other hand, Dr. Harker continued, 
it had been observed by Guthrie that an electrically- 
charged ball of iron lost its charge at a red heat if 
the charge were positive, and at a white heat 
whether positive or negative. The phenomenon of 
electric emissivity had first been studied by Elster 
and Geitel, who placed a strip of the metal under 
examination in a glass bulb, and a metal plate joined 
to an electroscope above it. In these experiments 
much depended upon the in the bulb, its pres- 
sure, the dimensions of the apparatus, dust and 
impurities given off by the metal, &c. That the 
escaping electricity acted like the brush di 
from a point was demonstrated byan experiment due 
to Aitken. Awide horizontal glass tube was charged 
with moist air and joined to a pump. A beam of 
light was sent longitudinally through the tube ; on 
expanding the air the moisture condensed to 
scattered big drops. But when the air was drawn 





over a hot platinum strip before entering the tube, 
the ee took the a rance of a — s 
very many fine drops, something escaping from the 
hot platinum feeming the nuclei. This method of 
detecting an electric emission at relatively low 
temperatures has been used by Roberts in his 
recent work at Liverpool on the mechanism of the 
emission from platinum. 

In the further study of these phenomena, the 
lecturer proceeded, J. J. Thomson had surrounded 
the metal to be heated in a vacuum tube by a 
cylinder of platinum connected with an electro- 
meter, and had confirmed the previous observations 
as to the influences of the cleanness of the wires, 
the residual gas, &c. He found it very difficult 
to maintain a high vacuum while the wires were 
being heated, and had observed that the current 
flowing between the axial wire and the cylinder did 
not obey Ohm’s law. Continuing these researches, 
however, O. W. Richardson (then in the Caven- 
dish Laboratory) had arrived at the conclusion 
that these ‘‘thermionic” currents depended at 
saturation merely on the temperature according to 
the law : 


I=a je 6 


where @ was the absolute temperature, e the 
logarithmic base, and a and b were constants ; this 
formula, Dr. Harker said, fitted the results obtained 
for many metals over a wide range. Another cog- 
nate phenomenon to be considered was the ‘‘ Edison 
effect.” When a metal plate was interposed between 
the two legs of the — of an ordinary carbon in- 
candescence lamp, and a galvanometer bridged 
between the positive leg or terminal of the lamp 
and the plate, currents up to 0.003 ampere were 
obtained, but hardly any current when the con- 
nection was made with the negative leg. Carbon 
particles were given off by the hot filament ; but 
J. J. Thomson had proved that these particles were 
by themselves quite insufficient to account for the 
currents observed, and these considerations had led 
him to the conclusion, which had been confirmed 
by other researches, that the current was really 
carried by the small particles or electrons given off 
by all hot bodies, no matter of what material. The 
charge carried by an electron was 4.10—" electro- 
static unit. What that signified Dr. Harker eluci- 
dated in the following way :—Supposing we had 
no better current-detecting apparatus than the old- 
fashioned electrolytic voltameter, in which water is 
decomposed ; if such a voltameter had been started 
in 1800 (when the Royal Institution was founded), 
with a view to measure the charge carried by a 
stream of electrons, 20,000 million electrons would 
have to come off per second up to 1914 to yield 
1 cub. cm. of hydrogen. 

Dr. Harker then referred to the experiments 
which he had carried out in conjunction with Dr. 
Kaye, and which we reviewed at some length 
in our report on the work of the : National 
Physical Laboratory.* In these experiments the 
current merely served for heating, and all hot 
metals and carbon were found to emit posi- 
tive particles at low temperatures, and while 
the impurities and gases in the metal were being 
driven off, and afterwards at higher temperatures 
negative particles, the latter emission ming 
very strong as the melting point was approached 
and melting was taking place. In the case of iron 
the emission began at 1150 deg. Cent., and remained 
itive ; in the other cases there was a reversal, 
influenced, as in the other instances, by the nature 
of the substance, the residual gas and its pressure, 
and to a strong degree by the impurities in the 
material. The lecturer then to the remark- 
able researches carried out in the laboratories 
of the General Electric Company at Schenectady 
by Whitney, Langmuir, Coolidge, and other in- 
vestigators, for the purpose of improving the 
efficency of incandescence lamps with the aid of 
refractory metals. According to Richardson’s for- 
mula, the electronic currents should at the tem- 
peratures reached in incandescence lamps attain 
considerable values. As the electric emissivity 
increased with the perfection of the vacuum, 
Langmuir had attempted to suppress the emissivity 
by working in some indifferent gas at ordinary 
pressure. He had succeeded under these con- 
ditions. in running tungsten filaments several 
hundred degrees etter with reasonable com- 


. See ENGINEERING, vel. xevi., page 3, July 2, 1913; 
and also vol. xciii., 226, February 16, 1912, as to 
Dr. Harker’s previous discourse. 





mercial life than the usual temperature attained 
in the present form of lamp in vacuo. In pure dry 
nitrogen there was little electric emissivity—or 
electric evaporation, as Professor O. W. Richardson 
had called it in an address which he delivered at 
King’s College, London, a few weeks ago—whilst 
the light iation at the higher temperature in- 
craased much, in spite of increased heat losses by 
convection and conduction. In these new lamps 
the current consumption had been reduced from 
1} watt per candle to half a watt; the lamps 
burned for 1000 hours, as others ; the leads were 
profitably made of molybdenum. Dr. Harker ex- 
hibited one of these 100-volt, 2000-candle lamps. 

Instead of ten or twenty zig-zag wires, these lamps, 
he explained in the second lecture, had only three 
or four, and the filaments were really very closely 
wound spirals of thin tungsten wire ; the arrange- 
ment in spiral form was a very important feature. 
The ductile tungsten was said to be no more brittle 
than the glass bulb; the old tungsten wires made by 
squirting were very fragile, and such lamps should 
only be dusted with the current on, under which 
condition the metal was less brittle. Dr. Harker 
demonstrated that a large amount of oxides, 
nitrides, &c., could be expelled from a tungsten rod 
when heated up to its melting point. The experi- 
ment was made in a large glass receiver in nitrogen 
not specially dried. The vessel, on heating the 
rod with a large alternating current, became filled 
with a heavy fog. The improvements realised in 
Schenectady and elsewhere aimed at preventing 
disintegration of the filaments by adding the gas 
pressure, and suppressing the Edison effect or 
electronic emission. The latter suppression had, 
as mentioned, been ible with tungsten 
in a nitrogen atmosphere at ordinary pres- 
sure, but had not been possible with carbon, 
because the carbon disintegrated too rapidly. In 
these experiments, in order to obtain the highest 
possible vacua, they had at Schenectady jacketed 
the lamp, or other vessel to be exhausted, with a 
vessel which was also evacuated, lest at high tem- 
perature the soft bulb be crushed in by the atmo- 
spheric pressure. 

By these systematic recent researches very con- 
siderable improvements had been effected in glow- 
lamps, as the following table exemplified, in which 
column A indicated the watts consumed per candle, 
B the number of hours run per Board of Trade unit, 
and C the cost, in fractions of a penny, of ten 16- 
candle lamps per hour :— 








— | A. B. C. 
Early carbon lamp.. 6.0 166 5 
New carbon lamp .. re 4.0 250 34 
Metallised carbon lamp ..| 2.5 400 2 
Tantalum lamp... He 2.0 500 1} 
Ordinary tungsten lamp ..| 1.0 to 1.25 | 800 to 1000 tol 
Half-watt lamp... --| 0.5 t0 0.6 | 1600 to 2200 #to} 
Perfect lamp ie <1 0.10 10,000 _ 





The light efficiency had been raised from 5 per 
cent. to 15 and 20 per cent., and that was remark- 
able even in our days of electric progress. The 
figure for the perfect lamp was, according to Drys- 
dale, the theoretical amount required for a lamp 
which turned all the energy into white light. 
Passing to the other applications of the electric 
emissivity, Dr. Harker mentioned the utilisation by 
Fleming of the Edison effect for wireless detectors, 
which were less easily upset by atmospheric elec- 
tricity than crystal detectors and were largely 
used in high-power stations, and passed then to 
the remarkable Rontgen-ray tube, which W. D. 
Coolidge, also of Schenectady, described* last 
December. The apparatus consisted of a bulb with 
two diametrical tubular extensions. The cathode, 
in the middle of the bulb, was a spiral of a tung- 
sten filament, 33.4 mm. long (iteelt a closely-wound 
spiral of 0.2 mm. wire), in five convolutions, joined 
to en accumulator battery by leads of molybdenum, 
welded and separately sealed in glass to leads of 
coppe. which were again welded to platinum ter- 
minals. Opposite this cathode was an anti-cathode 
(or anode) of wrought tungsten, a cylindrical rod 
thickened at its end and provided with leads of 
molybdenum. The latter were supported and cooled 
in their tube by rage a and rectangular strips of 
molybdenum. @ first-mentioned spiral was sur- 
rounded by a cylinder of molybdenum, serving as a 
focussing device. The energy conveyed by the 
beam of electrons issuing from the hot spiral could 
be made so large as to fuse a hole into the anti- 











* Physical Review, vol. xi., page 409. 
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cathode, although the melting point of pure tungsten 
is over 3000 deg. Cent. This bulb was said to have 
at 100 ft. distance the penetrating power of an ordi- 
nary Réntgen bulb at 3 ft., and was, therefore, 
dangerous to work with at high power except under 
unusual precautions ; but it offered great advantages. 
The bulb was not sensitive to changes in the gas pres- 
sure ; the focal spot remained stationary, without 
inclining to wander about ; the starting and running 
voltages were identical ; the intensity was easily 
controlled in continuous runs for hours ; the glass 
did not get hot, and there was no green fluorescence 
from the glass, probably because there was no bom- 
bardment by secondary rays from the target. 

Returning then to the general problem, Dr. 
Harker showed some of the curves which Dr. 
Kaye and he had obtained with an apparatus in 
which a carbon rod, placed between two heavy 
blocks of carbon, was surrounded by a carbon 
cylinder, the blocks being ground down so that the 
cylinder could be fitted on with insulating material 
interposed. When the carbon rod was heated for 
the firat time, the escaping impurities of the carbon 
(silicon, iron, &c.) produced a large hump in the 
emissivity curve, which was not repeated on renewed 
heating.* That the emission per unit area for a 
given temperature of the rod was smaller with wider 
tubes might be due to the fact of fewer particles 
getting across the gap between the rod and cy- 
linder. But the particles were not merely the 
electrons in the sense of Richardson’s formula; 
gas particles probably attached themselves to the 
electrons. The impurities distilled out of the 
carbon in the early stages, when ordinary material 
was used, sometimes formed a cobweb of silica, &c., 
which disturbed the experiments, unless a current 
of inert gas was blown through the apparatus. 
These disturbing effects of gases were eliminated 
by conducting the experiments in vacuo, and the 
careful experiments of J. N. Pring and A. Parker,t 
and the later work of Pring, strongly favoured the 
view that the thermionic (or ionisation) currents were 
due to some interaction between the carbon or its 
impurities and the surrounding gases, which involved 
the emission of electrons. Pring heated the rod or 
strip in a large bulb, and placed a collecting-electrode 
(charged to a potential of +220 volts for taking 
measurements) at some distance underneath the 
strip. Pring and Parker had found that the ionisa- 
tion of carbon was at very low gas pressure reduced 
to a much smaller order of magnitude (thousands 
of times smaller) than would correspond to Richard- 
son’s formula. Richardson had then revised his 
constants, which had been deduced from expe- 
riments with platinum ; but the new experi- 
ments of Pring yielded micro - amperes where 
amperes shou'd have been observed according 
to the modified formula. In these experiments 
Pring tried various gases, and found that the 
thermionic (or ionisation) currents increased with 
the gas used (at very low pressure) in the order: 
helium, argon, nitrogen, hydrogen, carbon mon- 
oxide, carbon dioxide—which was the order of 
chemical activity between those gases and carbon. 
On readmitting gas the effect increased, and the 
progress of the gas absorption and elimination 
could be followed by the ionisation currents. 

These conclusions, Dr. Harker continued, were 
in agreement with those at which Greinacher, 
K. Fredenhagen, and H. Kiistner} had just arrived. 
They found that the photo-electric effect (the 
Haliwachs effect, or emission of electrons from 
clean metal surfaces when illuminated by light) 
vanished and failed when all gas was excluded. 
Kiistner, we may add, made use of an ingenious 
apparatus, within which the zinc surface was 
scrapad thousands of times with the aid of a steel 
knife in the course of an experiment, the escaping 
gas being removed by a Gaede molecular pump. 
According to these scientiste and to R. Pohl, P. 
Pringsheim, and others, chemical action probably 
played the main part in these thermionic and photo- 
electric effects, and Dr. Harker expressed the 
opinion that with many substances temperature was 
not alone decisive, and that chemical action had to 
be taken into account in dealing with thermionic 
currents. The effect of the space charge, as had 
been pointed out by Langmuir, was also important 
at the higher ranges. 





* Compare Fig. 6, on page 226, of our issue of 
February 16, 1912, vol. xciii. 

+ See Philosophical Magazine, vol. xxiii., 192, 
1912, and Proceedings of Royal Society, vol. Ixxxix., 
page 344, November, 1913. 

t See Physikalische Zeitschrift, 1914, page 65. 





Finally, Dr. Harker referred to the quite recent 
researches of Hale and King, of the Mount Wilson 
Observatory, in which they reach the conclusion 
that emission of swarms of cha: particles might 
account for the powerful magnetic fields in the 
sun which certain sun-spot phenomena seemed to 
demand, fields of 5000 units, unknown on the 
earth. The spectro-heliograph and the study of the 
Zeeman effect showed that the light coming from 
sun-spots had passed through magnetic fields of 
enormous intensity. If sun-spots were produced 
by gaseous columns rushing upward in vortex 
motion and spreading as they cooled, the ions 
moving from the hotter to the cooler regions would, 
at the extremely high temperatures, be so plentiful 
that magnetic fields of enormous intensity would be 
created. The practical importance of emissivity 

henomena, Dr. Harker concluded, was such as to 
justify their further study under all kinds of 
conditions. 





THE ELOESSER STEEL DRIVING- 
BELTS. 

Very considerable interest has recently been 
aroused in Lancashire through the conversion of a 
number of rope-driven spinning-mills to steel 
driving-belt means of power transmission. The 
cotton-spinning mill has always been looked upon 
as an excellent field in which to effect economies 
in power consumption. In the days preceding 
rope-drives, the bevel gears and vertical shafts 
took quite a large amount of power to drive, and 
the friction losses between the prime mover and 
the machine were extremely high. With the 
advent of the rope-drive, the conditions were 
materially altered, and the advantages of reduced 
power for driving, with a steadier and more lar 
turning moment, were secured. The latter advan- 
tages cannot be under-estimated when one con- 
siders the nature of the spinning process. In 
the production of fine yarns, a steady, regular 
drive is absolutely essential to produce even, 
regular yarns, and that is the reason why gas- 
engines were impossible in spinning-mills until 
en during recent years. The rope-drive 
and the medium-speed steam-engine have proved 
an excellent combination for textile-mill driving, 
and belts have been almo;t completely ignored 
in modern mills. Further than this, in modern 
mills this combination has been difficult to beat 
for economy in power, upkeep, and first cost, 
and it is due to these advantages that electrical 
driving has not made the headway anticipated for 
it. In old mills where the obsolete means of 
power transmission still prevailed—due, no doubt, 
to the fact that the whole machinery was probably 
written off the books—electricity has done wonders 
and, of course, in new mills or extensions it has 
been largely utilised. The conservatism of the 
Lancashire spinner is proverbial, and it takes 
much argument to cause him to adopt something 
new. The interest now being taken in this new 
system of driving, and the number of conversions 
about to be done, is therefore somewhat sur- 
prising. One great factor in favour of the new 
system of driving by steel bands is that a mill can 
be converted from a rope-driven mill to one 
driven by the new system from Saturday at noon 
to Sunday evening—the following day. Thus the 
ordinary work of the mill is not interfered with. 

In Lancashire mills driven by ropes, shafting and 
belting, the power losses between prime mover and 
machines vary from 25 to 35 per cent. of the total 
power generated. From 5 to 12 per cent. of the 
engine-power is wasted in hauling several tons of 
ropes round the rope-race. If a loss of only5 per cent. 
on 1000 horse-power is calculated at the extremely 
low cost of 0.25d. per horse-power hour, it will be 
found that the amount per annum due to this waste 
is 1561. It is such a figure as this that appeals to the 
Lancashire spinner. Hitherto it was thought that 
these steel belts could only be used for light powers, 
but at the present time steel-belt drives of from 10 
to 3650 horse-power are in use, textile drives lying 
well within these limits. ‘The Eloesser steel belts 
are made from a specially hardened charcoal steel, 
prepared by a secret process, the finished material, 
it is stated, having a tensile strength of 95 tons 
to the square inch, so that the length of each 
belt is constant, and no subsequent readjustment 
is required. The thicknesses vary, but do not 
ex 1 mm., and the widths are from 1} in. 
to about 8 in., according to the working conditions 
and the maximum horse-power to be transmitted. 





The ends of the belt are joined together by means 
of an ingenious steel joint, which is designed so 
that its rigid portion will not hinder transmission 
as the belt passes round the pulley, while when 
running round the pulleys the pull is distributed 
over about 2 in. either side of the joint. The 
rims of the pulleys are covered with a layer of 
canvas, to which is glued thin sheets of cork. In 
the illustrations, Figs. 1 to 3, page 288, the method 
adopted in making a conversion from rope-drive 
to steel-belt drive is clearly shown. In the first 
lace, the rope-pulley is cut out, as shown in 
ig. 1, to receive a metal joint-plate, to which the 
ends of a steel cover, passing round the rope-pulley 
above the grooves, is fastened. is cover is 
rather less in length than the circumference of the 
pulley it is to cover, and it is drawn together by 
the device shown in Fig. 2. After being heated, 
screws pass through the cover into the joint- late, 
and these screws are soldered into position (Fig. 3). 
Fig. 4 shows a completed pulley of a larger size. 

n connection with the investigations being 
undertaken by the mill-driving committee of the 
Textile Institute, a paper was read in Manchester on 
‘*Steel-Belt Power Transmission,” on Tuesday, Feb- 
ruary 24. After describing the experiments carried 
out in putting the steel belt upon the market, the 
lecturer, Mr. yo ve some details of com- 
parative tests that had n carried out. Among 
these the following comparative test between ropes 
and steel belts, as a method of transmission, was 
carried out to the order of Messrs. Grutzner and 
Faltis at their spinning-mill in Haintiz, Saxony, 
by the Offices for Boiler-Testing, Chemnitz. 

The German Offices for Boiler-Testing alluded to 
are supported 7 the owners of factories, and the 
tests made by them are officially confirmed by the 
German Government. 

Indicated Horse-Power of the Steam- Engine. 








| With 
ce ame pyth | Steel Savi 
“ae | Belts in H.P. 
Running with friction load (five drives, | 
with ropes c for steel belte)..| 842.2 | 3181 24.1 
The main shaft only of the above drives | 
with fullload .. ee ne 681.3 61.6 


++| 642.9 
The lecturer explained that at the spinning-mills 
of Messrs. Keyners, Limited, of Ashton-under-Lyne, 
ropes transmitting 900 horse-power from a first to 
a second-motion shaft had been displaced by steel 
belts. The indicated power on the rope-drives for 
the two weeks previous to the conversion was 1015 
to 1024, or a variation of 9 horse-power. After 
steel belts were installed it was 898 horse-power, 
or a clear gain over the ropes of 126 horse-power. 
Turning to smaller installations, the lecturer 
gave particulars of an interesting test of efficiency 
of steel-belt driving made on a 35-horse-power 
motor-drive by a Manchester firm of engineers in 
their own works. The current was supplied by 
the Manchester Corporation at 410 volts. The 
motor was tested without the belt, and ab- 
sorbed 7 amperes. Next the motor was belted 
up on to a short counter -shaft carried on 
ball- bearings, the motor-pulley, 13 in. in dia- 
meter, running at 710 revolutions per minute 
on to the counter-shaft pulley, 35 in. in diameter. 
The belt was 7 in. wide. The difference made in 
running the belt and the light counter-shaft caused 
the ammeter to register 7.75 to 8 amperes. A 
further leather belt, 3 in. wide, was then put on to 
drive the line-shaft from the counter-shaft from a 
26-in. pulley on to a 73-in. pulley. This belt was 
only capable of transmitting 8 horse-power. The 
increased power consumed measured on the ammeter 


raised the re to 9 to 9.5. On taking the leather 
belt off an —s the steel belt on the same 
identical pulleys, the ammeter in circuit only 


registered 8 to 8.5 amperes, showing a reduction in 
current required of 1 ampere as against the leather 
belt, which is equivalent to a gain of 12} per cent. 
in efficiency over the leather belt. Further, the 
steel belt was capable of transmitting 40 horse- 
power against the leather belt’s 8 horse-power. 

Further interesting details were given with 
to the comparative cost of belting, leather belts, 
ropes, and steel belts, in tabular form, as shown 
overleaf, concerning a particular installation. 

As regards width occupied, this, of course, 
varies with the power to be transmitted, but 
one 8 in. belt in one instance replaces ten 2-in. 
ropes, in another case four 6-in. steel belte re- 
place twenty-two 2-in. ropes, the horse-power 
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Transmitting 300 horse-power. 

Distance between shafts .. 15 yards 
Revolutions .. . on —_ 
Pulley diameters ee n. t. 4 in 
Calculated cost .. 4d. per H.P. per hr. 


12 working hours per day. * 
300 working days per year. 














| 
Com) tive 
Initial Cost | Loss in Loss in 
Ropes, if New Power. Money. 
F Diameter. Installation. | 
Driving | Steel Belt i ; 
Material — | Pe a | 5 
ther é ls Po | 
Belt Width. bi a91/5|.64 4) = 
5 35\5 88 5| 
& e |& = & 3 
Proirers H.P. \s.d.| £ 8. d. 
Ropes Eight ropes, 56, 184 240) 6 216 4 6| 67 100 
each 2 in. | 
diameter | | | | 
Leather Double— | 122) 123 | 245 | 4) 144 (30/45 00 
belt 22in. | | 
Steel Sin. | 75) 106) 181/0.5| 1804) 5126 
belt | | 
} | 





transmitted being in the latter case 900. As 
the result of a series of experiments made at the 
Charlottenburg Technical High School for the 
most desirable tension in steel-belt driving, the 
frictional coetticient between these belts and covered 
pulleys was found to equal 0.27. This value is 
practically equal to that of leather belte and 
iron pulleys. In Germany a considerable number 
of rolling-mills have adopted the steel-belt drive. 





STONE-DUSTING AT BENTLEY 
COLLIERY. 

We have on several occasions dealt with the 
experiments on the prevention of coal-dust ex- 
plosions by means of stone-dusting, notably in 
connection with the pioneer work done by Sir 
W. E. Garforth and by the British Coal-Dust Com- 
mittee, and we are glad now to find particulars as 
to the practice and cost of stone-dusting in a paper 
on ‘‘Stone-Dusting at Bentley Colliery,” which 
Mr. Robert Clive ted to the Lastitution of 
Mining Engineers on the 21st inst. The Te a was 
a report to the Doncaster Coal-Owners (Gob-Fires) 
Committee. As there is considerable doubt as 
to the proportions of stone-dust required for the 
pur , it is satisfactory to note that Mr. Clive 
thinks that the proportion of one part of stone-dust 
to one part of coal-dust will, in general, not have 
to be exceeded, provided that proper care is taken 
to secure a certain predominance of mineral con- 
stituents. Such mineral constituents — broadly 
called ash—occur also in the coal-dust, but in 
different proportions in different parts of the mine, 
partly because the pure coal is itself not free from 
minerals, and, to a larger extent, because particles 
from the roof and the walls are mixed with the dust 
collecting in the mine. To avoid waste of stone- 
dust—not an unimportant item on account of the 
labour involved in its Sniper patie cf samples 
of dust were judiciously taken and carefully analysed 
by Mr. R. Olive and those who assisted him— 
Messrs. T. F. Winmill, J. T. Graham, and F. M. 
Weeks ; and something like that will have to be 
done in practice. 

The seam worked at Bentley Colliery is the 
Barnsley Seam, which, as worked at the face by 
the long-wall system, contains 6 in. of friable 
clunch, 24 ft. of hard coal, the same thickness of 
soft coal, and 2 in. of dirt on a hard clunch floor ; 
above the friable clunch are 4 ft. of soft top coal, 
4} ft. of clunch, shale, and top coal, and 22 ft. of 
soft shale and blue shale. Owing to the tender 
nature of the roof the roads have frequently to be 
ripped,* and the packs are soon buried; shot- 
firing is unnecessary. The main haulage is by end- 
less rope, the auxiliary haulage by small compressed- 
air main rope sets and horses, and the tubs are all 
steel and practically dust-proof. The stone-dust 
used is ground from soft shale, which, powdered, 
has a light-grey colour, so that it is to see 
where stone-dust has been applied. e dust 
contains 12.5 per cent. of volasile matter (mostly 
moisture) and 58 per cent. of silica, all in the 
hydrated condition. The Bentley coal containing 
itself about 3 per cent. of ash, and the stone- 
dust 88 per cent. of ash, a mixture of the two 
dusts will require about 55 per cent. of stone- 
dust to be half mineral. The dust is all 
passed through a three-mesh sieve ; all-fine dust, 


* Roofs are ripped when they are sinking in order to 
maintain a sufficient height of way; the roof stone is 
shot down in ripping. 








Mr. Clive finds, does not ‘‘spread”’ well. Further 
sifting was resorted to for the experimental in- 
vestigation. This stone-dust is considered no more 
dangerous to breathe than coal-dust ; that, of course, 
is a question which time alone can settle 

The stone-dust is sent down the pit in tubs of 
16 cwt. and applied, the roadways having first been 
shovelled free of coal-dust if necessary, by throw- 
ing it in handfuls on the sides and roof until they 
have a white appearance ; small hand-shovels may 
also be used. e youth will usually spread 14 tubs 
of stone-dust in a shift. In a measured length 
of road, well dusted, with rough sides, timbered 
roof, and low-velocity air-current, two tubs covered 
30 yards, and from 4 cwt. to 2 cwt. of stone- 
dust would be required per yard of roadway. 
This work, Mr. Clive points out, can efficiently be 
done only on the repairing shift. The cost of 
grinding the stone-dust, including plant deprecia- 
tion, is 3s. 10d. per ton, the cost of dust transport 
and application 9s. 2d. per ton, and the total cost 
of udiing and applying one ton of stone-dust is 
therefore 13s. 

Stone-dusting was commenced in August, 1912, 
and during the subsequent twelve months 1100 tubs 
of stone-dust were applied to 13,800 yards of road- 
way at the average rate of 1.27 cwt. per yard. The 
quantity of stone-dust applied at various spots was 
adapted to the special requirements, and particulars 
as to the character of the spot, ventilation, haulage, 
description of roof and timber. There was little 
fine coal-dust in the main roads ; but within 300 or 
400 yards from the face, where the air-current 
deposited more dust, the application of stone-dust 
should be frequent; six times in the year was 
mentioned. The travelling roads were so rich in 
mineral constituents that one application per year 
sufficed ; on the main returns dusting every four 
or six months was deemed advisable ; on the cross- 
gates, which are ew ripped, one thorough 
stone-dusting was applied, and a further application 
was given after each ripping. 

The general conclusion is that a little more than 
one part of stone-dust to one of coal-dust would 
meet the case. The face itself need not be stone- 
dusted, as the coal-dust there is coarse, and con- 
tains over 37 per cent. of ash; the application 
would, moreover, be impractical, as the face roads 
are turned over twice or three times a week. The 
very high proportions, ten parts of stone-dust to 
one of coal-dust, ¢.g., demanded by some mining 
engineers and inspectors, Mr. Clive considers both 
impossible and unnecessary. It would further be 
out of question, for reasons stated, to lay down 
a general rule for a mine, or even for part 
of a mine. Mr. Clive suggests further experi- 
ments on the explosibility of coarse coal-dust, 
which is often found in high percentages in 
mines, by itself or mixed with finer dust. Such 
experiments could be conducted at Eskmeals, and 
we think they are being carried out now. Colliery 
owners will be more interested in detailed infor- 
mation as to the application of stone-dust. Con- 
ditions at Bentley are not severe, it must be borne 
in mind ; that is to say, the amount of ash occur- 
ring in the coal itself and in the coal-dust on the 
roads is high (from 28 to 55 per cent. in the latter 
case), owing to the thin layer of soft friable clunch 
between the main seam and the top soft coal and 
the soft clunch and shale above the top softs 
ripped in the gates. There would be more danger 
in roads containing mainly fine dust of explosive 
quality. 





ROLLING LOADS ON RAILWAY 
GIRDER BRIDGES. 


By F. C. Lea, D.Sc. (Eng. Lond.), A.M. Inst. C.E., 
Wh.Sc., A.R.C.S. 


Tue very large number of combinations of wheel 
loads that are likely to pass over any railway 
under bridge make it desirable in designing struc- 
tures, or for the purpose of determining the effect 
of these loads on existing structures, either to 
tabulate the maximum bending moments that 
these loads produce at a number of points of 
girders of varying spans, or, what is more gener- 
ally done, to reduce the wheel-loads to equivalent 
uniformly - distributed loads, so that it can be 
—— seen which combination of loads produces 

e greatest bending moment on a girder of given 
_ The latter method is open to the objection 

t, when an uniformly-distributed load is used 
in place of any system of wheel-loads, which 





gives a bending moment at all points in the span 
at least equal to the actual bending moment pro- 
duced by the wheel-loads, the bending moment 
produced by this equivalent load near the centre 
of the span is considerably in excess of that pro- 
duced by the wheel-loads ; on the other hand, and 
although, as will be seen later, this is not of great 
importance in the case of continuous-web girders, 
the shearing force produced by this equivalent load 
near the centre is very much less than the shearing 
force produced by the wheel-loads. The object of 
the following investigation is to show how for 
small and moderate span bridges, with continuous 
webs, the following can be found :— 
P @), The actual maximum bending moment pro- 
uced at any section of a girder by any system of 
tetitendn. — 

(b) The actual maximum shearing force produced 
at any section of a girder by any system of wheel- 
loads. 

(c) The equivalent uniformly-distributed load 
which will give the same bending moment at any 
section of a girder as the actual wheel-loads. 

(d) The equivalent uniformly-distributed load 
which will give the same shearing force at any 
section of a girder as the actual wheel-loads. 

(e) How the equivalent uniformly-distributed 
load varies, for any given system of loads, at 
various sections of the girder, first for shearing 
forces, and second for bending moments. 

(f) The equivalent uniformly-distributed load 
that can safely be used in practice for designing 
purposes, and how this can very quickly be 
found in a much simpler manner than by the ordi- 


nary ‘‘Culmann” method. Incidentally several 
interesting points will be discussed, and an instru- 
ment descri by which bending moments for any 


system of wheel-loads can be very easily and quickly 
determined. The shearing forces and bending 
moments will be found by ‘‘influence lines.” It 
is unfortunate that this elegant method of dealing 
with the effects of rolling rolls on structures is not 
better known. In two papers published in the 
Proceedings of the Institution of Civil Engineers, 
vol. clxi. and vol. clxxxv., the principles of influence 
lines for lattice girders and for continuous girders 
respectively have been discussed by the author, and 
as an introduction to this inquiry it is proposed to 
discuss them for single-span web-girders. 

Let A B, Fig. 1, page 293, be a beam, and let 
unit load be supposed to travel across the beam of 
span /. When the unit load is at any distance x 
from the left-hand support the reaction at B is 

7 units, 


and the reaction at A is 
l-z 


-——— units. 
t 


The bending moment at the point O, at a distance z 
from A, is 


M =!-7,, 
l 


Let an ordinate C D, equal to the bending moment 
at O—i.e., equal to =" . z—be erected at C; and 
let this be done for all positions of the load between 
Band O, x being the variable. A straight line BDE 


will then be obtained, the equation to which is, M 
being ordinates and x abcisse, 


M =*.«, 
When z is equal to z 
M ='"2.<., 


l 


Now let the load be between A and O, or in 
other words «x is less than z, then the bending 
moment at O is the reaction at B multiplied by 
(l—<), or 

-~ — 
M = = (l-2) 
If ordinates equal to the bending moment at O be 
erected at all positions of the load between A and O 
a second straight line A E is obtained. 

That is, if for any position of unit load passing 
over a beam, the bending moment at any section 
through O be plotted at the point coinciding with 
the load, the diagram obtained is a triangle having 
o He above O, the ordinate at O being equal to 
l—z).2z 


Such a diagram is called an Influence Line, or 
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Influence Diagram of Bending Moment for the 
section of the girder through O. 

The influence diagram of bending moment for 
any section of a girder is therefore a diagram, the 
ordinate of which, coinciding with any unit load, 
gives the bending moment at the section due to 
the unit load. 

Now suppose there are any number of loads, as 
in Fig: 2, resting on a girder of span AB. The 
bending moment at a section O, due to any load W 
of these loads, is 

W (ordinate ab of the influence diagram A E B) 
and the total bending moment at O due to all the 
loads is 


M = W.ab + W,. a, 5, + We. dy be +. ~ 


which can be denoted by M==W.ab. 

The influence diagram can be quickly drawn for 
any section, and the bending moment at the section 
due to any system of loads in a given position 
obtained. The diagram being a simple triangle, it 
is not difficult to determine the ition of any 
system of wheel-loads for maximum bending 
moment at O due to these loads. 











From (1) it is seen that if 


W. + W; + W, _ BO 
w+ W, AV 
the bending moment increases when the load moves 
to the left. 
Adding enumerator and denominator on both 
sides of (3), 
W + Wi, + We + Ws + Wy ) 
WwW + W, AO 
That is, if the whole load on the span multiplied 
by A O is greater than the load to the left multiplied 


by the length of the span, the bending moment 
increases as the loads move to the left. 


Suppose, then, 
(W. + Wz + Wy) AO > (W, + Wo) BO, 
or, what is the same thing, 
(W + Ww, + We + W; + W,) AO > (W + W,)Z, 
l being the length of the span. Then, as long as 
W, is approaching O, the bending moment will 
increase and, as long as W, is at, or to the right 


(3) 





~ BO+A0 





of O, will reach a maximum value when W, arrives 
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Let the system of loads shown in Fig. 2 be 
supposed to travel across the girder, then for any 
position of the loads the bending moment is 

M=2W.ab. 

Imagine now the loads to move a little to the 
left then, due to the loads W and W,, to the left 
of O the bending moment will decrease, since a b 
and a, b, are diminishing. Due to the loads to the 
right of O the bending moment will increase for 
dy by, Ms bz, a, by are all increasing. Now the rate 
at which a 6 and a, b, are diminishing depends 
upon the slope of the line A E, and the rate at 
which a, b,, a, b,, and a, b, are increasing depends 
on the slope of the line B KE. 


The slope of A E is, and the slope of B E is 


ao and, therefore 


The slopeof AE BO 


The slope of BE ~ AO 
The rate at which the bending moment decreases, 
due to the loads to the left of O, is then propor- 
tional to 
(W + W,) BO, 


and the rate at which the bending moment is 
increasing is proportional to 
(W, + Ws + W,) AO. 

If then, as the loads move to the left, 

(W, +W; +W,) AO >(W+W))BO. (1) 
the bending moment increases, but if 

(W, + W; + W) AO <(W + W,)BO. (2) 
the bending moment decreases. 

Similarly, if the loads move to the right, and 

(W, + W, + Wy AO <(W+ W,) BO 

the bending moment increases, 


3 rec Te 1a i sA 
87-% a 44 157-12 ee a Teale 


at O. Now suppose W, to pass O, then the load 
to the left of O is— 

W + W, + Ws, and to the right W; + W,. 
If, now, 

(W + W, + Wo+ Ws + W,) AO > (W+W, + Wi) 4, 
there will be a further increase as the loads move 
to the left, but if 

(W+ W, +W.+W;+W,) AO < (W+W, + Ws) i, 


the bending moment will begin to diminish as the 
load W, passes O and a real maximum occurs when 
W, is at O. 

The criterion, then, for maximum value of the 
bending moment occurring when any load is at O, 
and the loads are moving to the left, is that when 
the load passes O. 

(W + W, + W.+ Ws + W,) AO 
shall change from being greater than to less than 
(W + W, + We) 7, 
or what is the same thing— 
(The loads to the right of O including the load at O) AO 
shall be greater than 
(The loads to the left of O) BO, 
but when the load at O passes 
(The loads to the right of O) A O < (the loads to the 
left) B O. 


This very simple criterion makes it possible to 
determine very quickly the position of the loads 
for the maximum moment due to the lcads at O. 
To facilitate working the loads should be set out 
on a strip of paper and totalled, as in Figs. 4, 
5, and6. The only point to be borne in mind is 
that any system may pass over & girder either way, 
and it is frequently necessary to consider the two 





Cases, 





As an example, consider the systems of loads 
shown in Fig. 4, and let it be sup that the 
bending moment is required at a point P, 18.756 ft. 
from the left support of a span of 75 ft. (Fig. 3). 

Let the 10-ton load be leading, as in Fig. 4, and 
let the 20-ton load be approaching P. en the 
load to the left of P is 5D tons and the load to 
the right 129 tons. The ratio of B P to A P is 8. 
Then 

3 x 20 < 129, 


so the bending moment increases as the load of 
20 tons approaches P. When the 20 tons P 
the load to the left is 40 tons, and to the right of 
P it is 109 tons, so that 

3 x 40 > loads to the right of P, 


and, therefore, a maximum occurs when 20 tons is 
at P. Similar reasoning shows that another maxi- 
mum occurs when 22 tons is at P. Which of these 
is the greater can be quickly found. If when 20 
tons arrives at P the loads move further to the 
left, the rate of increase, due to the loads to the 
right, is— 
109 x slope of line B C, 


and the rate of decrease is 40 x slope of line A C. 
After 20 tons has passed P a distance of 3 ft. a load 
of 20 tons comes on at B; the load to the right is 
then again 129 tons. 

The increase until 20 tons comes on at B is 
proportional to 

109 x 3 = 327. 
The diminution until 20 tons comes on at B is 
proportional to 
40 x 3 x 3 = 360. 
The leading 10 tons moves off at A when the loads 
have moved 6.25 ft. after 20 tons passes P. The 
diminution after 20 tons comes on at B until 10 tons 
passes off at A is therefore proportional to 
3 x 40 (6.25-3), 
and the increase is proportional to 
129 x 3.25. 
After 10 tons passes off at A the loads move 1.265 ft. 
before 22 tons arrives at B. The increase is then 
proportional to 
129 x 1.25, 
and the diminution to 30 x 3 x 1.25. 
The increases are : The diminutions are : 
327.9 360.0 

419.25 





390.0 
161.25 112.5 
Total ... 907.5 862.5 


The increases are proportionately greater than the 
diminutions, and the greater maximum occurs when 
the 22 tons is at O. 

Another maximum occurs when the loads move 
across as in Fig. 5. When the second 22 tons is 
at P, the load to the left is 22 tons, and to the 
right 129 tons. When the second 22 tons passes P 
the load to the left is 44 tons, and to the right is 
107 tons. 

Then since 

22 x 3 < 129 
and 
44x 3> 107, 


&@ maximum occurs when the 22 tons isat P. As 
the movement to the left continues a load of 22 
tons comes on at B. After the loads have moved 
another 4.5 ft., the load of 20 tons arrives at P. 
The load to the right of P, including 20 tons 
at P, is then 129 tons, which is still less than 
44 x 3 tons, so that the decrease due to the 44 tons 
to the left is much greater than the increase due 
to the loads to the right, and the maximum occurs 
when the second 22 tons is at P. 

Bending Moment at the Centre of a Girder of 
50-Ft. Span, due to an Engine and Tender, as shown 
in Fig, 7, page 294, Rolling over the Girder.—In 
this case the slo of the lines of the influence 
diagram are equal. Before the maximum bending 
moment can be found it is necessary to find the 
position of the loads that will give maximum bend- 
ing moment. Assume the load of 22 tons to be 
at O, Fig. 7. The total load to the right of O, 
including the load of 22 tons, which may be su 
posed for the present pur to be an infinitely 
small distance to the right of O, is 74 tons, and 
the load to the left 40 tons. If now the 22 tons 
passes O, the load to the left of O will be 62 tons 
and the load to the right of O 52 tons. As the 
loads move to the left the bending moment will 
diminish, for the rate of diminution is to the rate 
of increase as 62:52. But when the loads have 
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moved to the left 4.5 ft. the load of 10 tons passes 
off at A, and the load to the left of O will then be 
equal to the load to the right. Any further move- 
ment to the left will therefore neither increase nor 
diminish the bending moment until the load of 
15 tons comes on to the girder; the load of 
15 tons will come on to the girder after the loads 
have moved 5 ft. from their original position. 
While the loads moved the 4.5 ft. before 10 tons 
passed off the diminution was proportional to :— 
(62 — 52) 4.5 = 45. 

When the load of 15 tons comes on to the girder 
the load to the right of O is 67 tons and to the 
left of O 52 tons. The increase for a movement 
of 2.5 ft., which brings the second load of 22 tons 
to the centre O of the girder is proportional to 

(67 — 52) (2.5) = 37.5. 

When the second 22 tons is at O the moment is 
therefore less than when the first 22 tons is at O. 

The bending moment at .O is then obtained by 
multiplying the loads by the ordinates of the dia- 
gram at the respective loads, and equals— 

M = 10 x 3.2 + 10 x 5 + 20 x 8.72 + 22 x 12.5 + 22 
x 8.75 + 15 x 3 + 15 x 0.3 = 773.6 foot-tons. 

Another and rather interesting case in which 
there is a little doubt as to which position of the 
loads gives maximum moment at the centre of the 

irders occurs when the tank engine, as shown in 
ig. 6, rolls over the span of 75 ft., Fig. 3. The 
influence diagram is A E B. 





When the load of 13 tons 12 cwt., marked W, is 
at D, the load to the left of D is 65 tons 4 cwt., 
and the load to the right, including the 13 tons 
12 cwt. at D, is 78 tons 16 cwt. If W D 
the load to the left is 78 tons 16 cwt., and to the 
right is 65 tons 4 cwt. A maximum therefore 
occurs when 13 tons 12 cwt. is at D. Another maxi- 
mum occurs when 18 tons 12 cwt., W,, is at D, 
and another when 18 tons 16 cwt., W., is at D. 
Let the load 13 tons 12 cwt., W, be to the left of 
D, and let the loads move until the 13 tons 12 cwt. 
that is to the right of B comes onat B. Then, 
until this 13 tons 12 cwt. comes on at B, the in- 
crease is proportional to 65.2 x 3.5, and the 
diminution to 78.8 x 35. The loads to the 
right and left are now equal, so that any further 
movement until the 9 tons passes off at A does not 
alter the bending moment. When the 9 tons 
passes off, the loads move 3.5 ft. before the 9 tons 
to the right of D comes to D. The increase is then 
proportional to 78.8 x 3.5, and the diminution to 
69.8 x 3.5. After 9 tons has passed D the loads 
move 3.5 ft. before another 9 tons comes on at D. 
The increase during this movement is 69.8 x 3.5, 
and the diminution 78.8 x 3.5. After another 2 ft. 
18 tons 12 cwt. passes off at A. For this 2 ft. the 
increase is 78.8 x 2, and the diminution 78.8 x 2. 
When the 18 tons 12 cwt. passes off at A, the 
increase until 18 tons 12 cwt. arrives at D is 
78.8 x 3.5, and the diminution is 60.2 x 3.5. 


The increases are— The diminutions are— 


Totals. 
65.2 x 3.56 = 228.0 78.8 x 3.5= 276.0 
78.8 x 3.5 = 276.0 504.0 69 8 x 3.5= 244.0 520.0 
69.8 x 3.56 = 244.0 748.0 78.8 x 3.5= 276.0 796.0 
78.2 x 2.0 = 157.6 905.6 78.8 x 2.0= 157.6 953.6 
78.2 x 3.56 =276.0 1181.6 60.2 x 3.5= 211.0 1164.6 


Since the increases are greater than the diminu- 
tions, the moment when 18 tons 12 ewt. is at D 
is, therefore, greater than when 13 tons 12 cwt. 
is at D. 

If now 18 tons 12 cwt. passes D, the increase is 
60.2 x 3.5, and the diminution 78.8 x 3.5 until 
18 tons 12 cwt. comes at B, but when 18 tons 
12 cwt. comes on, 18 tons 16 owt. goes off at A, then 
the increase until 18 tons 16 cwt. arrives at D is 
78.8 x 3.5, and the diminution is 60 x 3.5. 

The increases are — The diminutions are— 


60.2 x 3.5=211 78.8 x 3.5=276 
78.8x3.5=276 60.0 x 3.5=210 


Total 487 Total 486 
When the load of 18 tons 16 cwt. was at the centre, 


the bending moment obtained from the diagram was 
1026 ft.-tons; the bending moment when 13 tons 





12 cwt. was at the centre was also found and proved 
to be less than 1025 ft.-tons, as the above considera- 
tions show it should be. In such cases as this the 
additions take but a short time, and even if the 
wrong load is put at the centre, say the 18 tons 
12 cwt., instead of the 18 tons 16 cwt., there is very 
little difference in the result, and the error is 
negligible. This is rather an exceptional case, and 
in most cases the position of the loads for maximum 
moment can be seen almost at once. 


(To be continued.) 





NOTES. 
ELectriciry FRoM SwepDEN TO DENMARK. 

Tue various formalities which had to be arranged 
in connection with the transmission of electricity 
froin Sweden to Denmark are now stated to have 
been completed. As far as Sweden is concerned 
the official sanction has been granted, and the 
matter is also said to offer no further difficulties in 
Denmark. The electricity will be supplied by the 
company which exploits the power of the River 
Lagan, which company already supplies the towns 
on the Swedish coast opposite Sealand with elec- 
tric current. The plan comprises the laying of 
two submarine cables from the Swedish to the 
Danish coast, just above Elsinore; no trouble 
is anticipated in this connection, three telegraph 
cables lying in the same locality, and they have 
needed no attention for ten years. The Swedish 
current will be transmitted at a voltaze of 
25,000 volts to a large transformer-station at 
Elsinore, and from thence to a second transformer- 
station at Lyngby. In a few months’ time the 
Danish company expects to be able to supply 
the whole of North Sealand with electricity from 
Sweden, and the old plant will then only be held 
asareserve. It is, of course, a question of price 
which has prompted this interesting scheme, which 
is caguael to entail a tangible saving for the larger 
consumers, although the question of duty does not 
seem to have been settled yet. The company, how- 
ever, expects that some duty will have to be paid. 


Ractnc AEROPLANES. 


In a paper read before the Aeronautical Society 
of Great Britain last December, Mr. C. T. Weyman 

inted out that the common opinion, that a very 

igh-speed aeroplane was less at the mercy of air 
movements jn other contretemps than slower 
machines, was very far from correct. In order to 
fly at alla machine must reach a certain speed at 
which ite lift is equal to its weight. After this it 
can augment its speed if its power be sufficient, 
and there is thus a certain margin of speed within 
which flight is feasible. To obtain the very 
highest speed possible with a given power the 
wing area must be reduced to the minimum 
which will support the weight at this speed. 
The limit of power being fixed, there is then no 
margin of speed; and on any temporary derange- 
ment of the engine the aeroplane will in to 
fall. A ‘‘no-margin” machine of this kind, Mr. 
Weyman points out, would be extremely dangerous. 
It could fly horizontally only, and could accordingly 
only rise from the ground by starting downhill. 
Once in the air, any change of the elevator in 
either direction would cause the machine to fall, 
since whichever way the elevator was moved, the 
resistance to flight could be increased and the speed 
correspondingly diminished, the maximum power 
of the engine being fixed by hypothesis, and the 
wing area being only capable of supporting the 
weight with the machine travelling at its maximum 
speed. Such a machine would, in fact, be incapable 
of any manceuvre whatever beyond simple hori- 
poe | flight at the maximum speed. Further, its 
incapacity for flying slowly would make the opera- 
tion of landing extremely dangerous. 


Corrosion oF Specrat STEEL. 


The study of the corrosion of special steel has its 
particular interest, because, apart from the prac- 
tical importance of the subject, experiments on 
special steels should throw a light on the still 
obscure question of the relative corrodibility of 
different kinds of iron. Unfortunately, most papers 
on the corrosion of special steels deal more with 
the general aspect of the corrosion of iron than 
with the specialised subject. This holds to some 
extent fora paper of the just-mentioned title which 
Dr. J. Newton Friend presented to the Stafford- 
shire Iron and Steel Institute on February 21. 
His general remarks are not without interest, how- 





ever. Dr. Friend pointed out that the unwary 
experimenter might overlook various pitfalls when 
trying to determine relative rates of corrosion. For 
iron rusting in water the oxygen dissolved in the 
water was one of the most important factors, and 
unless in comparative experiments a full ‘‘corrosion 
zone” were given to each plate, the results would 
be misleading ; the corrosion zone was, with a verti- 
cally suspended plate, a sphere of a radius equal 
to the height of the plate. When the plates were 
too near one another, the corrosion was impeded ; 
the plates should be suspended by glass rods, as 
was Son by Heyn and Bauer, to whose researches 
frequent reference was made. The crowding of 
plates should also be avoided in moving water, 
where current rate, depth of water, temperature, 
illumination, and dimension and surface con- 
ditions of the plates should be as equal and 
steady as possible. Accelerated corrosion tests in 
sulphuric acid might be conducted, but their results 
were not directly comparable with tests made in 
water. The rate of corrosion of chromium steel 
was, e.q., little influenced by the percentage of 
chromium in neutral water, but that steel had a 
pronounced maximum corrosion in acid at about 
1 per cent. of chromium. In the case of nickel 
steels, the corrodibility in water decreased regu- 
larly with increasing nickel percentage, whilst the 
corrosion in 0.5 per cent. sulphuric acid was 
smaller on the whole and attained a minimum for 
about 5 per cent. of nickel. Elongation, and solu- 
bility in sulphuric acid, increased on parallel curves 
when the steel was strained, and in steel tempered 
at 350 deg. Cent. both the tensile strength and solu- 
bility rose (and then decreased) as the tempering was 
kept on for 60 hours (and more), whilst the hardness 
remained fairly constant. In nickel steel the tensile 
strength attained a maximum at about 12 per cent. 
of nickel ; the tensile strength of chromium steel 
was little affected by the chromium percentage. 
The presence of sulphur favoured corrosion, and the 
bad reputation of manganese and cupriferous steels 
was perhaps due to their containing these sulphides 
rather than to their metal contents. Pierre Breuil 
had found that a copper steel of 0.39 per cent. of 
carbon was much more corrodible than a copper steel 
of 0.16 per cent. of carbon ; but the corrosion was not 
serious in either case. In the pre-ence of additional 
constituents, other than carbon, the conditions were 
altered, because carbon might be separated. Silicon 
had this effect, for instance ; yet steel containing 
20 ow cent. of silicon was practically incorrodible, 
as had been proved on the Fiji Islands, where 
ordinary rails rapidly decayed. Unfortunately, 
sil‘’con was undesirable in steel for other reasons, 
and this applied still more to phosphorus. Dr. 
Friend’s conclusion was that the expeiimental 
results at hand did not yet allow of drawing any 
general conclusions as to the corrodibility of special 
steels. 


THe Bavance-SHeet or British SHIePIna. 


The total number of vessels on the register of 
shipping of the United Kingdom is 20,968, and 
the aggregate gross tonnage of these is 19,617,324 
tons. This is 76 vessels and 438,147 tons more 
than in the previous year. But this latter fact 
conveys but an indefinite idea of the changes 
which have been effected in the fleet. The addi- 
tion to tonnage by no means creates a record, 
the years 1907, 1906, and 1904 having seen a 
greater augmentation of the tonnage. But the 
important fact is that there has been passed 
into the fleet, during the past year, a greater 
volume of new tonnage than for any previous 
year, so that, although the net addition to the 
fleet is not much above the average during 
the past ten ‘years, there has been a greater 
substitution of new vessels for old. This means 
that the carrying power of the fleet is aug- 
mented in a greater proportion than the increase 
in tonnage, economy has been increased, and there- 
fore the dividend - earning capacity is greatly 
superior. This is a point to which importance 
ought to beattached. In ten years the net increase 
to the tonnage of the fleet of the United Kingdom 
has been 3,759,470 tons, but 1,092,164 tons of sail- 
ing ships have been removed, while the steam 
tonnage has in the decennial period increased by 
nearly 5 million tons ; to be exact by 4,851,634 tons. 
As a matter of fact, however, there has passed 
into the fleet 11,185,976 tons of new steamers 
alone, and it may be taken, therefore, that more 
than half the fleet as at present constituted 
has been built within the past ten years. This 
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is a gratifying result, because the great improve- 
ments, not only in the design of ships, but in the 
economy of propulsion, materially influence the 
possibility of increasing profit while reducing trans- 
—< charges. The feature of the balance-sheet of 

ritish shipping, as brought out by Lloyd’s latest 
return, is the —_ proportion of new tonnage 
added during this year. The total addition to 
steam tonnage was 1,495,082 tons, of which 94 per 
cent. was new tonnave (1,406,415 tons) ; the pur- 
chase from foreign « s«ntries made up 40,742 tons, 
and from the Colonies, 43,927 tons. Of sailing 
ships there were added new vessels numbering 109, 
making up only 11,487 tons, while purchases from 
foreign countries made up 4110 tons. Against 
these additions there fall to be deducted the 
removals either in respect of misadventure 
or natural decay, sales to foreigners and the 
Colonies, and other deductions. Of steamers lost, 
broken up, &c., there were, in 1913, 157, of 234,685 
tons, while there were sold to foreign nations 375 
vessels, of 714,778 tons, and to the Colonies there 
were transferred 29 vessels, of 43,268 tons. In- 
cluding other deductions, the total steam tonnage 
removed is 575 vessels, of 997,091 tons, while of 
sailing-ships the removals total 324 vessels, of 
79,755 tons. 1t would seem that 23.5 per cent. 
of steam tonnage and 443 per cent. of sailin 
tonnage included in these figures were remov 
on account of loss, breaking up, dismantling, 
&c. But of the 755,026 tons of steam and sail- 
ing craft sold to foreign firms, a large proportion 
was intended for breaking up, so that it must 
not be assumed that the whole of this tonnage 
transferred to foreign flags will enter into competi- 
tion with British shipping in the future. The 
sales to foreigners are the heaviest for a long time, 
being 108,445 tons higher than in the previous year, 
and 24,541 tons higher than in 1911. The Registrar- 
General’s returns show that 6.2 per cent. of the 
tonnage sold was built before 1885, 17.2 per cent. 
before 1890, 40.5 per cent. before 1895, 65.2 per 
cent. before 1900, and over 81.8 per cent. before 
1905. It is to be hoped therefore that a goodly 
ge of these old ships has gone to the scrap- 
eap. The countries who have purchased most 
largely of our existing ships, of course, in addition 
to new tonnage ordered from shipbuilders, are : 
Italy, 132,331 tons; Japan, 126,053 tons ; Ger- 
many, 77,612 tons ; Norway, 71,643 tons ; Greece, 
65,851 tons; Spain, 46,015 tons; and France, 
41,892 tons. 





Tue DrvurscHe MAscHINENFABRIK A.-G.—We have 
received from this company, known as the Demag, Duis- 
burg, an admirably got up booklet in the English age, 
which gives in its opening a history of the firm’s 
development. It has been formed of the Benrather 
Maschinenfabrik, A.-G.; the Duisburger Maschinenbau, 
A.-G.; and the Miirkische Maschi tals, Ludwig 
Stuckenholtz, A.-G.; and Duisburg was chosen as the seat 
of the new enterprise. The combination is a powerful one, 
and its chief specialities are the following :—Equipments 
for mining, quarries, and tunnel driving, blast-furnace 
plants, steel-works plants, including electrical rolling- 
mill —_ shipbuilding plants, harbour installations and 
staiths ; equipments for foundries, workshops, &c. The 
booklet illustrates a number of specimen plants and 
installations, and deals with the working arrangements of 
the company. 








Tae Water Suppty or Cromer.—On Wednesday, 
the 18th inst., the Cromer Urban District Council paid 
an Official visit of inspection to the installation of Candy 
filters which they have recently put down at their pump- 
ing-station at Metton in order to remove the iron which 
exists in the water as it is pumped from the well. The 
work has been carried ovt under the supervision of the 
consulting —a Messrs. J. C. Melliss and Co., 
M.M. Inst. C.E., Gresham House, London, who were the 
engineers for the Metton Water Works. The special filters 
of the mechanical type were installed by the Candy Filter 
Company, Limited, of Westminster. The cost of the work, 
including the filter-house and mains, has been 2000/. 
The filter-plant consists of four 9-ft. diameter Candy 
patent oxidising filters of the compound or double-bed 
and double-scour type, tested to 160 lb. hydraulic pres- 
sure ; the filters are constructed of Siemens’ best mild 
steel, and filter at a rate of 40,000 ons per hour. 
The water, on entering the pressure filters, is aerated 
under compression, and passes through the coarse filter- 
bed which breaks up the air; then the water passes 
through the fine filter-bed composed of sand, and the 
—_— oxidising material “‘ Polarite,” which completes 
the purification of the water and the removal of the 
iron. ‘“‘ Polarite” is the powerful a and puri- 
fying material manufactured by the Candy Filter Com- 
pany, for use in their filters. It is produced from a 
carbonate of iron, and rendered magnetic, absorbent, 
rustless, and imperishable. It is upon this material 
that the very efficient action of these filters largely 
depends. 





INDUSTRIAL NOTES. 


Tuer Trade Union Act, 1912, provided that before 
any union could contribute from its funds for the 
support of a political party it had to take a ballot of 
its members. The Act contained also provision for 
safeguarding ‘‘ the minority” from being compelled to 
pay towards the support of political opinions from 
which ‘‘the minority” differ. The total figures for 
33 unions show that there voted for contribution 
under the Act 464,473, and against, 324,316. The 
figures for some of the unions are as follow :— 
Carpenters and joiners, for 13,336, avd against 
11,738 ; engineers, for 20,586, and against 12,740; 
miners, for 261,643, and against 194,800; weavers, 
for 98,158, and against 75,893 ; shipwrights, for 7446, 
and against 5487. But, as we have pointed out in 
several former iesues, a very large proportion indeed 
of the trade union members did not take the trouble 
to vote at all, and a comparison of the two total 
figures given above conveys no practical significance 
whatever. 





On Monday last, the Council of the London Master- 
Builders’ Association held a conference, at Essex 
Hall, Strand, with representatives of the men’s trade 
unious. The conference lasted three hours. There 
was an adjournment of half an hour to enable the 
men’s representatives to consider their meeting the 
employers in to satiefactory guarantees for 
the respecting of future agreements. i their return 
the men’s representatives undertook to submit to 
their members the following resolution :—‘‘ That 
the trade unions agree to a > nn being inserted in 
each agreement to the effect that any, member or 
members violating any agreement entered into between 
the representatives of the trade unions and the 
London Master-Builders’ Association ehall be dealt 
with by the executives of such trade unions.” This 
offer was found by the master-builders to be quite 
useless for meeting the difficulties which had arisen ; 
it could in no way be considered in the light of a satis- 
factory guarantee, and no further conference is to be 
held until the unions are prepared to approach the 
employers with ‘‘a more reasonable offer.” It will 
be remembered that the master-builders had put 
forward a monetary guarantee for the keeping of 
contracts. 





We have received a copy of a book entitled ‘‘ The 
First Year's Working of the Liverpool Docks Scheme,” 
by Mr. R. Williams, B.A., published at the price of 
2s. 6d. net, by Messrs. P. 8. King and Son, Orchard 
House, Westminster. This forms most interesting 
reading. It deals with the difficulties which at first 
existed with reference to the registration of the men, 
and calls attention to the t assistance which was 
given at this juncture by Lord Derby. A feature of 
the scheme is that which obtains in regard to the pay- 
ing of wages. The book says that ‘‘ where a body of 
casual labour is engaged along a large river frontage, 
cases of genuine hardship must occur—e.g., @ man may 
have to trudge several miles to collect his wages from 
two or three different firms on a Saturday. Now a 
man gets all his wages, from whatsoever source 
earned, at one spot. So much do the men appreciate 
this boon that if this system of pay were abolished 
they would strike to get it back.” The working of 
the scheme is entered into in every detail. 





The Sheffield men engaged in the heavy iron and 
steel trades are in a state of unrest, since the tive 
ears’ agreement entered into between the Sheffield 
“mployers’ Federation and the men’s union, govern- 
ing wages and working conditions, expires very 
shortly. They are asking for an all-round advance in 
wage of 5s. per week, an eight-hour day, and the 
restriction of overtime to 32 hours per month. At 
the pe time the working hours are 53 per week ; 
the blacksmiths and engineers are paid 39s. per week, 
and the pattern-makers 41s., and in some cases 
42s. per week. Messrs. Hadfield’s, Limited, as is 
well known, form an independent firm, and the men’s 
representatives are conducting negotiations directly 
with the firm’s managers, who for a long time past 
have adopted the 48-hour week. The matter is 
receiving the serious consideration of all concerned, 
and it is to be hoped that an amicable settlement will 
be arrived at in good time. 





Like the skilled men employed in the engineering 
trades, whose five years’ agreement, as above stated, 
expires very shortly, the “semi-skilled” men and 
engineers’ labourers are also claiming an advance. 
About 3000 of these latter men, members of the 
National Union of Gas- Workers and General Labourers, 
met a few days in Sheffield, when they unanimously 
approved a cuacletion by their executive committee 
recommending that an application be made to the 
Employers’ Federation and to all non-federated firms 
for a 2s. advance for all men outside last July’s —- 
ment who are rated at 25s. and over for a 53-hour 
week ; for a 10 per cent. advance for piece-workers, 





based on wages earned ; and for a ls. advance for all 
men earning under 25s. 





A meeting of the Coal Conciliation Board for the 
federated mining districts in England and North 
Wales was held at the Westminster Palace Hotel on 
Thursday, the 19th inst. The men’s representatives 
on the &@ new basis in place of 
the 1888 , from which all chan in the rate 
of wages are calculated. The men asked that the 
present minimum wage, in the Conciliation Board 
Sy gee of 50 per cent. on the standard wage of 
1888 be as a new wage basis, and that all 
future changes in wages be calculated on the new 
basis. It was argued that the present wage standard 
of 1888 was now out of date, that it was altogether 
inadequate, averaging from 4s, to 5s. per day, and 
that the present system of calculating wages on a low 
basis with a high percentage, such as 65 per cent., as 
at present, gave a wrong im ion as to the wages 

id. As 50 per cent. on the 1888 basis had now 
foun generally recognised and accepted in agreements 
as the minimum, it was contended that the time 
had arrived when it should be acoepted as the 
basis of a new standard wage for the whole of the 
British coal-fields. The Miners’ Federation of Great 
Britain had further decided that similar proposals be 
made to the South Wales and Scottish Conciliation 
Boards for the fixing of a new wage standard in those 
coal-fields on the same basis of 50 per cent. on the 
standards of 1879 and 1888, which were in operation in 
South Wales and Scotland. The chairman of the Board 
promised that the proposal should have consideration, 
and stated that, in the opinion of the coal-owners, the 
proposal was one which should be considered as part 
of & new wage ———— for a further period of time, 

ther with a fixed minimum and maximum. It had 
to be remembered that the raising of the wage basis by 
50 per cent. would alter the amount of the percentages 
of advances or reduction of wages, and as the advance 
or reductions granted by the Board were restricted to 
5 per cent., this was a matter which would require 
adjustment. 





At the close of the meeting above referred to the 
situation of the Yorkshire miners was considered. The 
South Yorkshire coal-owners, it was stated, had in- 
formed the Miners’ Association that they regarded 
Sir Edward Clarke’s award of 7s. 3d. per day for coal- 

tters as fixing the wage of those workmen who 
failed to earn the amount of the minimum wage, the 
same rule applying to the fixed minimum wage of 
other grades of workmen. The miners’ contention 
was that the workmen were also entitled to an 
added percentages granted by the Conciliation Board, 
and at present there were three advances of 5 per 
cent. each, equal to an additional 74d., raising the 
wage t» 7s. 104d. 

r. H. Smith, President of the Yorkshire Miners’ 
Association, claimed that the resolutions passed by 
the board specifically stated that ‘‘ where workmen 
are paid by contract, and are not earning the mini- 
mum rate fixed by the Joint District Board for the 
district, there shall be paid to such workmen and 
those employed by them, in addition to the minimum, 
5 per cent. on the 1888 rate, so longas wages remain 
at this standard.” He added that the action of the 
Yorkshire coal-owners was a violation of the resolu- 
tions of the board, and an attempt to evade Sir 
Edward Clarke’s award. 





The point has also been considered at meetings and 
conferences held in Sheffield, but the discussions do 
not appear, so far, to have led to a solution of the 
dispute. It involves the question as to what is the 
exact minimum to be taken as a basis, and also im- 
portant side-issues which greatly influence the cost of 
getting the coal. 





The dispute at High Wycombe, which had lasted 
twelve weeks and had involved 3000 operatives in the 
furniture and chair-making trades, was settled by Sir 
George Askwith at a conference which was held in 
London last Monday. The terms of settlement include 
the following conditions :—A ral advance in 
wages ; fixed prices for common chair work, women- 
caners obtaining an increase of 50 per cent.; the 
fixing of minimum rates of wages in every section ; 
the establishment of a code of working rules ; the re- 
striction of boy labour ; the drawing up of an agree- 
ment for collective bargaining by joint conferences to 
settle points in dispute ; no victimisation of locked- 
out workers or strikers. 





The statement put forward in very many different 
quarters to the effect that ‘‘ birds in their little neste 
agree” is purely and simply a kind of poetical 
license, because it is a fact that they do not agree. 
With this as a preface, we may state that an action 
by Emanuel Shinwell inst J. Havelock Wilson, 
which has been five da fore the Court of Session, 
Edinburgh, was concluded on the 23rd inst. The 
plaintiff sued for 1000/, damages for slander said to 
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have been contained in speeches, a circular, and a 
letter. The defendant denied having slandered the 
plaintiff, and pleaded privilege. 

- In charging the jury Lord Anderson said that the 
case had been described as important, but the whole 
story seemed to present no higher aspect than that 
during the earlier weeks of August there was a contest 
between two trade-union officials, one being as bad as 
the other. In those circumstances there was a good 
deal of effrontery on the part of one of those men, who 
was abusive to the other just as much as he was being 
abused, in coming to court and asking for a verdict to 
enable him to recover damages from the other man. 


If the jury thought that it was not a bona fide action | ° 


for defamation of character, but merely a tactical 
move taken by the plaintiff on behalf of his new union, 
with the object of scoring — the parent union, 
they would have little difficulty in making short work 
of it. His Lordship direc that the occasions in 
uestion were privileged, and expressed the view that 
the jury would find difficulty in holding that the 
defendant was actuated by personal feeling. 
The jury, after three hours’ absence, found by nine 
to three for the plaintiff, and awarded 50/. damages. 


The clerks employed at the Rees Roturbo Works, | and 


Wolverhampton, have gone out on strike, the firm 
refusing to recognise the demands of the National 
Union of Clerks for higher wages. The works form 
part of the Engineering Employers’ Federation, and 
the firm states that since the general strike of 1898 all 
uestions of rates of wages had been settled between the 


ederation and the trade unions. It adds that up to! be 


the present time matters had proceeded amicably, but 
apparently the new Clerks’ Union was not cognisant of 
the p ure, or was attempting to break it down. 
The firm had received a letter from the secretary 
of the Clerks’ Union demanding certain impossible 
terms for rate of wages of clerks, and limitation of 
the number of juniors. Taking their stand as mem- 
bers of the Employers’ Federation, the firm replied 
that they were always ready to consider any grievances 
put forward by any individual or deputation in the 
works, but they did not recognise any outside organi- 
sation, meaning that they did not recognise any inter- 
ference, and that the settlement of all such questions 
as the union were trying to bring before them as an 
individual firm must be settled for them by the Fede- 
ration. Further than that, the firm could not take 
any action whatever. 





There may possibly be trouble in the brewing 
trade in the near future, since the Burton branch 
of the Workers’ Union recently ed a resolution 
to the effect that ‘‘should any man refuse to join 
the union by August 1, the members will refuse to 
work with him.” In answer to this, the Burton 
brewers have passed unanimously the following reso- 
lution :—‘* All workmen employed by the Burton 
breweries are free to be members of a trade union 
or not, as each may decide for himself; any man 
who refuses to work, or who strikes, because any 
man or men working in the business of the breweries 
are not members of a trade union, will thereby dis- 
charge himself from employment.” 





“THE INTERNATIONAL ELECTRO- 
TECHNICAL COMMISSION.” 


To THE Eortor or ENGINEERING. 


Srr,—Everyone has had repeated opportunities of 
appreciating how irksome the elucidation of some con- 
troversial point becomes when one has to refer to several 


books in which different symbols are invariably used for 
some of the quantities involved. One will therefore 
welcome the general application of some definite scheme 
governing the use of symbols, and such efforts as those of 
the International Electrotechnical Commission deserve 
the more praise that the task is arduous and predestined 
to fail in satisfying everybody, as in more than one case 
ib will tend to displace symbols which have received 
the sanction of half-a-century of use, are easier to 
write, and, moreover, are more representative than 
the new symbols The best example is, I think, 
offered by the substitution of I, requiring ¢ strokes of 
the pen inst of one, for C, affecting one of the three 
sym which occur most often, while C is the initial of 
@ name of the quantity, in lish and French, while 

I is but the initial of one of the features of the quantity. 
Yet such a change cannot be done without sacrifices, 
and it is hoped that all will endeavour to make the neces- 
sary effort to adopt many of the changes advocated by the 
Electrotechnical Commission. Ce n’est que le premier pas 
jus cofite, and when one has drawn for one’s own use a 

ist of symbols and begins to use them whenever they 

come under one’s ws one gets very quickly accus- 
tomed to them. he best suggestions I can make 
to this end is to begin ab ovo; let the ‘ Report on 
International Symbols” be sent by educational autho- 
rities to every teacher in electrotechnics, and _in- 
structions given to H.M. inspectors to insist on their 
use in every school and coll under their jurisdiction. 
When these symbols are by the rising generation of 
electrotech . writers of books and papers will find 
ip imperative to adopt them, and the change will there- 











fore take place generally and as uniformly as possible. 
Teachers, by profession, are accustomed to alter their 
to keep it up to date as much as possible, and 
would probably offer less resistance to what would really 
amount to a compulsory than electrotechnicians 
engaged in industrial work, in which a sudden change of 
symbols may cause mistakes of a very serious nature. — 

It is, however, to be regretted that, despite the time 
spent by the mission on this serious question, the 
strength of the proposals made should be weakened b 
several incomprehensible inconsistencies which one wi 
find far more difficult to put up with than to accept any 
rational ch , however strong one’s routine tendencies 
may be. I will mention one case most conspicuous among 

rs. 

Self-inductance : L, mutual inductance M ; so the same 
quantity—namely, ‘‘inductance”—is to be denominated 
by two different symbols, simply when its extent or scope 
changes from self to mutual! It is as if we should use R 
for resistance and I for internal resistance of a generator 
of electric current, or E for electromotive force and B for 
back electromotive force, and with due regard to the 
authority of the supporters of this recommendation, the 
je underlying such a selection of symbols is not 
efensible. M is, moreover, used for ‘“‘moment of a 
magnet or of a solenoid,” and may therefore conceivably 
appear in the same expression as the mutual induction 
(see, for instance, Carey Foster and Porter’s “‘ Electricity 
tism,” 1905, page 335, where M appears on the 

same page with both meanings). 

The recommendation to use ‘‘ block ” or script letters for 
all magnetic quantities was made in the 1911 preliminary 
proposals. Block letters are objectionable for manuscript 
as being troublesome to make ; even in print they lead to 
mistake, and of this you give inadvertently an illustration 
by giving 2 7/T as “wm ¢ w instead of 27/T ; they should 

given up entirely. I am sorry that, while still recom- 
mending script letters for magnetic quantities, this secom- 
mendation should be nullified by the statement as to the 
alternative use of the ordinary Roman capitals. —— 
letters are very distinctive, and are easy to write, besides 
being in use by many authors, and their use would some- 
what alleviate the apparent dearth of symbols. 

Finally, it is a pity that the Commission has not taken 
this opportunity to introduce some special symbols for 
some of the quantities instead of letters only. is 
would not create a precedent, for we have ~ for 
frequency. (Why not retain it’) o for infinity, and 
many others in astronomy. (See ‘‘ Nautical Almanac.’’) 
For instance, the use of | and + for temperature, cen- 
trigrade and absolute respectively, has been advocated 
repeatedly, and ry! leave the letters ¢ and T for other 
purposes for which they are greatly needed (time, period, 
tension, &c.); they are, moreover, figurative, and need no 
explanation. 

IT am, Sir, yours faithfully, 
M. E. J. Guevury, F.R.A.S. 

Woolwich Polytechnic, February 21, 1914. 








THE JAMES WATT COLLECTION. 
To THe Eprtor or ENGINEERING. 

Sir,—In your article upon * Provincial Engineerin 
Societies,” which appears in the issue of your journa 
dated the 20th inst., you make a very happy reference to 
the large collection of models, Growings, and manuscripts 
dealing with the labours of James Watt, for which the 
= of Birmingham is about to provide a dwelling. 

he more valuable, and the ter part, of this col- 
lection was gathered together 4 my father, the late 
William Henry Darlington, who for many years was the 
general manager of Messrs. James Watt and Co., at Soho. 

When the old firm changed hands, this collection, 
known at Soho as ‘‘ The Watt Room,” was disposed of 
to Mr. Tangye, who has now presented it to the city, which 
was, I believe, his original intention when he pusdhenell it. 

Yours faithfully, 
Seymour N. Dar.ineton, M.I. Mech. E. 

6, Artillery Mansi Victoria-street, West- 

minster, S.W., February 21, 1914. 





PATENTED ARTICLES AT THE PANAMA- 
PACIFIC EXHIBITION. 
To THe Eprror oF ENGINEERING. 

Srr,—We think it may interest your readers to know 
that an Act has been passed in the United States which 
gives the exhibitors showing at the Panama-Pacific Ex- 
position patent rights in America in reference to any- 
they exhibit, fora period of about 34 years from 


thin 
Yate of the arrival of the said exhibit in San Fran- 


the 


cisco. 

As this right is apparently gained simply by the act 
of exhibiting, and without examination, it would appear 
to represent a short-term patent in America without the 
formality of the usually stringent search by the Patent 
Office and without cost other than the cost of ex- 
hibiting, and the right is subject only to the condition 
that a t has been obtained in a foreign country for 
the article which is being shown. 

Yours faithfully, 
Pack AND ROWLINGSON. 

27, Chancery-lane, London, W.C., February 25, 1914. 





**SENGLE-COACH TRAINS.” 
To THE Epitor or ENGINEERING. 

Srr,—In an article under this heading in your issue of 
the 13th inst. a ee wae made to the fact pak y 
every ton tare motor- ten passengers are carri 
and it further stated that ‘‘no one has yet Le the 
load to tare ratio up to that of motor- ” T would 





point out that the open type “Simplex” motor-trams, 
which have most gees 4 operated at Karachi during 
the past aa yeses, — 3 tome, and seat forty-six 
passengers, thereby obtaining a thirteen passengers 
ton tare ratio, or, say, one-third better than the uterbes 
proportion referred to. 
I am, Sir, yours faithfully, 
J. D. ABBOTT, 
Engineer to the Motor Rail and Tramcar 
Company, Limited. 
79, Lombard-street, London, E.C., 
February 23, 1914. 

[The fact brought out in the above, though interesting, 
is hardly relevant to the point we were disoussing in our 
article, which dealt with railway traffic under ordinary 
conditions.— Ep. E.] 





“WAVE ACTION ON HARBOUR BREAK- 
WATERS AND PIERS.” 
To THE Eprror oF ENGINEERING. 

S1r,— With reference to the article in your issue of the 
6th inst. re the above, I should like to endorse the views 
expressed > E. R. Matthews as to the value of a 
stepped profile for structures exposed to sea waves. 

breakwater or pier built with a stepped outer face 
would undoubtedly reduce to a minimum the scouring 
action of the sea at its base. I may say that I recom- 
mended this method of construction to the Wick Harbour 
os my last report to them, dated February 26, 

regards the method of construction for breakwaters, 
Iam not in favour of building them of mass concrete, 
especially when the site of the work is much exposed, and 
I think the tendency at the present time is to adopt the 
concrete block system of building. The size of the blocks 
used is an important matter, and I believe it will be 
agreed | — the —_ is large ng ys the 
expense of a heavy block-setting crane, then the larger 
the block is the more economical it will be. I am of 
opinion that for ordinary work, in not very ex 
situations, blocks of 15 to 20 tons weight will be found to 
be the most economical size, because for blocks up to that 
weight the cost of the ag | plant to handle them is 
not excessive. If, however, the work is very exposed, 
then much heavier blocks should be used. ? 

A type of water much in favour is that which has 
a vertical face and is protected on the sea-side by a heap 
of random blocks. is type is satisfactory provided the 
random blocks are of sufficient weight. 15 to 20-ton blocks 
in such a position when exposed to severe wave-stroke 
would be useless. Generally speaking, this type of break- 
water requires heavier plant and a crane with a greater 
working radius than the stepped type, and it therefore 
appears to be probable that, in many cases, the latter type 
would prove to be the more economical. 

Your obedient servant, 
G. E. B. Councner. 

Buckie Harbour, February 19, 1914. 





Spanish WORKMEN IN THE NorTH OF FRANcE.—We 
read the following in the last issue of the Revista Minera, 
Metalirgica y de Ingenieria :—‘*M. Léon Picard, writing 
from the Hotel du Commerce, Charleville, Ardennes, 
requires the services of two Spanish master-quarrymen 
to act as overseers to about sixty Spanish stone-hewers 
at work in the quarries of Marecourt, near Charleville, 
where stone to the value of 1,000,000 francs (40,000/.) is 
to be hewn over a period of two years.” 





Tue Tar TREATMENT OF Roaps.—The specifications 
issued by the Road Board relating to the tar treatment of 
roads, and for strengthening and surfacing a water-bound 
road, have now been revised, and can be obtained from 
Messrs. Waterlow and Sons, Limited, London Wall, 
E.C., price 8d. _— free, 9d.), and 5d. (post free, 6d.) 
respectively. A description of simple tests for ascertain- 
= quality of tar has been added to the specification 

ting to the tar treatment of roads. 





Tue INSTITUTION OF AUTOMOBILE ENGINEERS.— A 
gathering of about 70 gentlemen interested in the auto- 
mobile industry in Scotland met together at the Windsor 
Hotel, Glasgow, on Friday night, the 20th inst., to 
discuss the proposed formation of a branch of the Insti- 
tution of Automobile ineers in Scotland. The chair 
was taken by Mr. T. C. Pullinger, supported by Mr. J. S. 
Critchley, the President of the Institution, and Mr. F. J. 
Smith, — of the Scottish Automobile Club. The 
advan of the Institution were put forward and 

i , and the following resolution was carried 
unanimously :—‘‘That a Scottish section of the Institu- 
tion of Automobile Engineers should be formed.” 

T. C. Pullinger was elected chairman of the section. 





Tue Mancuestes Sure Canat Comrany.—The report 
recently issued by this company for the year ended 
on 31, 1913, shows an increase of income of 21,7620. 
as compared with the working of the | ing year. 
The net income in 1913 was_356,077/., while the payments 
in respect of rent and interest on loan capital 
amounted to $35/., leaving an available balance of 


34,7421, The Selb of toll-paying merchandise which 





over ship canal during the year, as com 
with 1912, was as follows :— 
1913. 1912. 
Sea-borne traffic, tons 6,457,218 5,021,691 
Barge traffic, tons .. 322,943 318,193 
Total .. 5,780,161 5,339,884 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


THE annual general meeting of the Institution 
of Mechavical Engineers was held on Friday last, 
the 20th inst., at Storey’s Gate, Westminster, the 
President, Sir H. F. Donaldson, K.C.B., occupying 
the chair. The minutes of the previous meeting 
having been disposed of, the President—with the 
assent of the meeting—merely summarised the 
report for 1913 instead of reading it in detail, and 
commented upon certain sections of it. He laid 
stress particularly on the need for greater support 
to the Benevolent Fund, stating that to date 
donations to this only amounted to 53001., and 
annual subscriptions to 2151. He also urged the 
younger men to come forward for examination, and 
said that sub-committees were examining the possi- 
bility of instituting a journal and dealing with other 
matters specially intended to benefit provincial 
members. 

THe Annual Report. 

We may briefly summarise the re 
addition of 186 names had been e to the list 
of members during the year. The new members 
had numbered 137 ; associate members, 305 ; asso- 
ciates, 2; and graduates, 106 ; making altogether 
550. Against these had to be set off deductions 
from death, resignation, &c., amounting to 364. 
The result had been an increase in members and 
associate members, but a decrease in the case of 
associates and graduates. The total membership 
now numbered 6346, and included seven hon. 
members, 2694 members, 2916 associate memb-»rs, 
54 associates, and 675 graduates. Honours had 
been conferred on the following by his Majesty 
the King :—Knighthoods had been conferred on 
Professor J. H. Biles and Mr. Corbet Woodall ; 
Companionships of the Order of the Bath upon 
Engineer Rear-Admiral G. G. Goodwin and Mr. 
Mervyn O’Gorman, and of the Order of St. Michael 
and St. George upon Mr. J. R. Nicholson. Sixty 
names had disappeared from the roll through 
death, including Sir Wm. Arrol, Sir Wm. Bailey, 
the Right Hon. the Earl of Crawford and Balcarres, 
Sir W. H. Preece, and Sir Wm. H. White. Of 
these, the Earl of Crawford and Balcarres had 
been an hon. member since 1878, Sir William 
Arrol a member of Council in 1899 and 1900, and 
Sir William White had been elected a member of 
Council in 1890, a Vice-President in 1898, ahd Pre- 
sident in 1899 and 1900. 

The revenue for 1913 amounted to 17,319l., 
while the expenditure was 13,632/., leaving a 
balance of 29751. after the deduction of entrance 
fees, &c., carried to capital account. The total 
investments amounted to 122,9801., and deductin 
from that debentures amounting to 34,0251., an 
a temporary loan of 8000/., and other liabilities, 
the capital amounted to 64,9241. Mr. G. Cheet- 
ham, who had been on the Institution’s staff since 
its very early days, had been granted a pension on 
his retirement. 

The Kelvin memorial window in Westminster 
Abbey had been formally dedicated on July 15 last, 
and the Institution had co-operated with other 
bodies in entertaining the American guests over 
here for the occasion. The Council had agreed to 
co-operate in establishing a memorial to the late Sir 
William White. Invitations had been received to 
take part in the International Engineering Congress 
and the Panama Pacific Universal Exhibition, to 
be held in San Francisco in 1915, and it was hoped 
that a party might be formed to do this. 

The extension of the Institution building had 
been completed during the year, and on Decem- 
ber 5 an inaugural reception was held by Sir 
Frederick and y Donaldson, and Members of 
Council. A brief history of the Institution was in 
course of preparation. The second award of the 
Stanley premium had been made to Colonel R. E. B. 
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Crompton for his paper on the ‘‘ Mechanical | W 


Aspects of Road Construction,” read and discussed 
in December last. The Benevolent Fund was 
incorporated on September 9, and subsequently an 
appeal was issued to members. The response had 
amounted, at the end of the year, to about 43501. in 
donations, in addition to annual subscriptions. The 
capital sum required is at least 10,0001. The scheme 
of examinations had been brought into use during 
the year, eighteen candidates presenting themselves 
at the first examination held in October last. Seven 
out of ten passed the graduates’ examination, and 
seven out of eight that for associate membership. 
Prizes were awarded in two instances. 





The work of the Alloys Research Committee had 
been carried on at the National Physical Labora- 
tory in connection with ternary alloys of aluminium, 
zinc, and copper. The corrosion experiments were 
being continued at Portsmouth Dockyard. The 
Broughton Copper Company, Messrs. Brunner, 
Mond and Co., and Thermit, Limited, had gene- 
rously contributed material, and castings had been 
kindly made by the Atlas Aluminium Company, 
Birmingham. The eleventh report is expected to 
be ready next session. Researches on the carbides 
of nickel and tungsten had been concluded at Cardiff 
under Professors J. O. Arnold and A. A. Read. 
The report would be presented this session. This 
work was to be continued and extended in relation 
to the carbides of molybdenum and cobalt. A com- 
mittee had been formed, with Sir J. A. Ewing as 
chairman, to consider and define a standard in 
refrigeration. Its first meeting had already been 
held. A research committee has been appointed to 
report on conditions affecting the durability of 
wire ropes. Mr. Walter Pitt has been elected chair- 
man. Every effort would be made to co-operate in 
this matter with the Engineering Standards Com- 
mittee, which was also making investigations on 
wire ropes. The formation of a General Engi- 
neering rch Committee was under considera- 
tion by the Council. 

The first ‘‘ Thomas Hawksley” lecture had 
been delivered by Mr. E. B. Ellington on 
December 5. The subject taken was ‘‘ Water 
as a Mechanical Agent’ The lecture had been 
repeated in Birmingham, Leeds, Liverpool, and 
Calcutta. Mr. C. Hawksley had gener .usly doubled 
his gift of 10001., and it was hoped that, in 
addition to carrying on these lectures, it would 
be possible to found a premium and also perhaps 
a medal. A paper on “The Cutting Power of 
Lathe Turning Tools” had been read by Pro- 
fessor W. Ripper and Mr. G. W. Burley, both in 
Manchester and London. The Manchester meeting 
had been preceded by an informal conference of 
members in the district and the Council. Meetings 
had been held, except in May, June, August, and 
September, and at these thirteen papers, &>, had 
been read. Three additional papers had been dis- 
cussed in writing only. The summer meeting, held 
last year at Cambridge, was fully dealt with in our 
columns at the time. It was attended by 248 
members, 36 visitors, and 126 ladies. The number 
of books lent from the library had increased to 657 
in the year. The searches made by the staff showed 
a slight decrease, but numbered about 100. 

The Institution had been represented on various 
organisations during the year, including univer- 
sity courts, memorial and other committees, and 
various forthcoming congresses. The Calcutta 
section had held meetings, at which five papers 
had been read, while four visits had been paid to 
works. An annual dinner had also been held. The 
Council had made a further grant of 25l. to the 
funds of the section. The graduates’ section had 
held meetings, at which seven papers had been read. 
The annual graduates’ lecture was delivered in 
February, 1913, by Professor E. G. Coker, on 
‘*The Application of Polarised Light to Mecha- 
nical Engineering Problems.” At one meeting a 
discussion was held on ‘‘Gas and Electricity for 
Lighting.” Eight visits had been paid to works, 
while a summer meeting had been held in Bristol 
and visits paid to works in the vicinity. Prizes 
had been awarded to Mr. A. L. Evans, Mr. L. C. 
Miller and Mr.R B. Pitt for their respective papers. 
In various provincial centres graduates had again 
been enabled to meet with other kindred bodies. 

The next summer meeting would be held in 
Paris, in the course of July. 


PRESENTATION OF THE AWARDS. 


After the adoption of the report, which was 
moved by the President, and seconded by Dr. 

> ie w, and d unanimously without 
comment by members present, the Stanley premium 
award was presented to Colonel R E. B. Crompton 
and prizes to Messrs. Evans and Miller for their 
a before the Graduates’ Section, and to 

essrs. Gurnhill and Smith in connection with 
their examination papers. Mr. Pitt, to whom an 
award had also been made for his paper, was unfor- 
tunately absent. 


Erection or OFFICERS AND AUDITOR. 


The ballot list for the election of officers for the 
ensuing year was then read out by the a iy 
The following had been elected:—Sir H. F. 





Donaldson, K.C.B., President ; Dr. E, Hopkinson 
and Mr. Mark Robinson, Vice-Presidents ; and as 
Members of Council, Mr. W. H. Allen, Dr. D. 
Clerk, Sir A. Trevor Dawson, Sir R. Hadfield, Mr. 
C. Hawksley, and Mr. G. Hughes. Mr. E. R, 
Dolby then pro’ , and Mr. J. Fiddes Brown 
seconded a resolution that Mr. R. A. McLean, 
1, Victoria-street, Westminster, should be appointed 
auditor for the current year, at the same remunera- 
tion as last year—namely, 50 guineas. This was 
carried unanimously. 


Some Mopern Meruops or WELDING. 


At the close of the business of the annual general 
meeting a paper on ‘‘Some Modern Methods of 
Welding” was read in abstract by the author, Mr. 
T. T. Heaton. This paper we reprint in extenso 
elsewhere in this issue. 

The President, in opening the discussion, remarked 
that there was one danger in the use of the welding 
systems described. Thé electric arc was sometimes 
employed in the — of steel castings, and blow- 
holes were effectively filled up, but many engineers 
would rather see those holes than have them filled 
up with material of the nature of which they were 
ignorant. Nevertheless, electric and gas welding 
often enabled the engineer to keep plant at work 
which it would otherwise have been necessary to 
stop. 

Mr. G. N. Shawcross spoke next from the user’s 
standpoint. In connection with electric contact 
welding, he said that many people would have 
tried to use that systém if it had been more con- 
venient. The author had not referred to the 
difficulties incidental to the single-phase alter- 
nating current, which ge a transformer. 
Direct current, and possibly three-phase alter- 
nating current, were generally available, but difli- 
culty arose in relation to the single-phase alternat- 
ing current ; for instance, where the pro ition 
was to put down first a small machine, if single-phase 
alternating-current could not be taken, delay was 
involved. Could the single-phase be taken off one 
of the phases of the three-phase or not? He 
qstbasek that the author's reference to producer- 
gas welding alluded to washed producer-gas, not 
the common producer-gas, containing tar and all 
sorts of impurities, which, of course, was difficult 
to get down an exceedingly small pipe. At Hor- 
wich a considerable amount of work had been 
done with acetylene welding, one application bein 

the filling up of pit-holes in steel tu Some o' 
their waters were hard, and the steel locomotive 
tubes became pitted, the areas being about } in.; 
that trouble had been met by filling up with acety- 
lene welding, the depth being pase and so saving 
the tubes. 

Fractures in boiler-plates arising close to the 
rivets had also been dealt with. They were 
chiefly at the outside landing edges, on the 
compression side of the plate, where the Board 
of e would permit the welding. They also 
welded up the superheater-tubes, about 4 in. in 
diameter and No. 6 gauge, which, when taken out 
of a locomotive, required new ends. That was 
being done successfully with acetylene welding, 
being, of course, afterwards subjected to water test. 
Neither acetylene nor electric welding was used at 
his works for filling steel castings. With respect 
to the cutting-up of heavy material, such as old 
bell buoys or marine boiler-plates, that also could 
be done by acetylene, the only point being that in 
the case of very thin plates, where there was com- 
petition with hand labour, it was difficult to fix the 
economical line of demarcation between the systems. 
He believed that to be at about § in. thickness, 
The Board of Trade did not like the use of acetylene 
welding on the tension side of a boiler. He had 
seen acetylene welds in the fire-hoxes of several 
marine-type boilers, but always on the outside land- 
ing edge, not on the tension side. It was surpris- 
ing how easily a man might be trained to do this 
welding. It certainly did not need the training 
that some of the people in the North imagined. 
Among their men, one had been a hairdresser, one 
a clerk, and another had come from a draper’s 
shop. Yet in three months these had proved really 
good men at their particular work of cutting, 
eventually going on to welding. 

Mr. Thomas kson said that, many years ago, 
when he first made the acquaintance of the acety- 
lene blow-pipe, he thought that there were great 
possibilities Totem it, and that almost any variety 
of welding could be done with it ; in that he had 
been disappointed. The acetylene blow-pipe did 
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not weld. A definition of a weld which satisfied 
most engineers was, he thought, as follows :—‘*To 
heat two pieces of steel to a temperature at which 
they become soft and plastic, and then press them 
together under a considerable pressure, so that 
they yield and become virtually homogeneous.” 
That was not what occurred with the acetylene 
blow-pipe. What it did was to fuse into the inter- 
vening spaces, between two continuous pieces, some 
other steel. There were two main drawbacks to the 
use of the blow-pipe. The first was that the 
temperature was much higher than was n 

to obtain a good weld, with consequent risk of 
injury to the material. The other was that pressure 
was not applied at the critical time, a very essential 
thing in order to obtain a really good weld. 

One of the first ventures he had made with the 
acetylene blow-pipe was in an attempt to secure 
tubes in a boiler tube-plate. Trouble arisen from 
boilers running dry, and becoming leaky. The 
blow-pipe work was not satisfactory. One of the 
difficulties mentioned in the paper related to the 
intense local heating, and the resulting contraction 
and expansion stresses; that had been the real 
cause of the failure. It was extremely difficult to 
hold one part tight while dealing with an adjacent 
part, and, as he had already hinted, the steel really 
suffered in quality. The test he regarded as most 
satisfactory, to determine whether a weld was really 
sound, was the bending test. However carefully 
two pieces of tubes were butted and welded together, 
the tube would fail under a bending test. e had 
never succeeded in bending tubes welded with an 
acetylene blow-pipe ; almost invariably they broke 
at the welds. go long as the tube was allowed to 
stand straight it would bear a vast amount of pres- 
sure, but that was not much of a test, especially 
where a tube or pipe had to stand a good deal of 
vibration. A severe test he had adopted was to 
take two pieces of tube welded end to end, cut the 
tube down longitudinally, flatten it out, and then 
bend it back along the weld. A weld which would 
stand that test was a good one. That was the kind of 
weld used in his constructional work. He exhibited a 
specimen of acetylene-welded tube, and although 
this tube could be rolled out flat in the test, as soon 
as backward bending, even at a very slight angle, 
was attempted, it failed. 

The thermit process, though not referred to in 
the paper, was especially serviceable for welding 
tram-rails and large work ; he believed the stern 
frame of a ship had been repaired in situ by 
this method. He had atilised it for tube-welding, 
and found it quite good. Its action was similar 
to the electric - resistance welding; the tempera- 
ture was gradually brought to the welding point, 
when the two pieces were forced together. Some 
akill was needed to determine at what time 
to apply the pressure, as the whole weld was 
encased in a mould, into which the very hot iron 
was run. The —, of thermit material used 
had to be very carefully adjusted to the size of 
the job to avoid insufficient heat in the one case 
and burning out in the other. In his own works 
a rough pendulum was hung up. The men quickly 
learnt the number of oscillations required after the 
thermit was poured and before the pressure was 
applied. He thought the electric-resistance method 
of welding was really the best, as it was the most 
controllable, the least likely to injure the material, 
and gave the most uniformly satisfactory results. 
The acetylene blow-pipe was a useful tool in 
making tanks, putting on bosses, and putting 
together things which did not uire bending. 
It was important to understand the limits of a 
tool. 

Mr. David Richardson spoke mainly of acetylene 
welding. He had come in touch with this two 
years ago, when his Institute started the first classes 
in this country for teaching it. He had been sent 
to Germany to acquire know on the sub- 
ject. If members could see the museum of acety- 

ene welded samples at the Maschinenbauschule at 
Kéln, some of their — might be diminished. 
Acetylene welds could be made that would bend quite 
easily—double, in fact, through 180 deg. ith 
electric welding there was a great loss of mechanical 
properties in the welded joint. The paper made 
no mention of the various methods of gas welding, 
the oxy-hydrogen system, the Blau-gas, the Vulcan- 
gas, and the oxy-benzol systems, systems which 
were unable to stand the “‘ industrial” test. Oxy- 
hydrogen had made no during the last two 
or three years. Electric welding, although in use for 
more than 30 years, was comparatively stationary. 





Acetylene welding, however, had, within the past 
12 _ progressed enormously. 

e held pronounced opinions as to the need 
for intelligent application of the acetylene weld- 
ing process, which had the disadvantage of being 
too easily applied. It was so easy to produce 
on the s a joint which appeared to be 

, but which in the interior was abso- 
utely bad. A trained welder could handle a 
blow-pipe with the knowledge of what was being 
produced in the molten bath of metal. It was the 
practice at his institution to try newcomers on 
cast-iron work. Their work was examined micro- 
scopically, and in practically all cases it was found 
that men, supposed to be experienced welders, 
really lacked essential knowledge. 

The author said that the proportions of the two 
gases should be about 1.5 volumes of oxygen to 1 
volume of acetylene. He, however, held that the 
flame was at its best the more nearly the two gases 
were in equal proportions, and better welding was 
produced. With the low-pressure system, equal 
volumes of the gases were unobtainable. “The 
superiority of the high - pressure or dissolved- 
acetylene welding was mainly due to the normal 
character of the flame. With the low - pressure 
a there was an excess of oxygen which 
oxidi the weld. As the average of seventy 
blow-pipes, comprising nine leading makes sold 
in this country, he found that the required 
proportions were 1.26 of oxygen to 1 volume of 
acetylene. On the Continent makers were aimin 
at producing a low-pressure blow-pipe which woul 
mix the gases sufficiently thoroughly to consume 
equal volumes. He exhibited blow-pipes in which 
the highest consumption (of oxygen) was 1.2 and 
the lowest 1.lin volume ; and of a range of eight 
blow-pipes the mean volume was 1.12. 

The method of welding cylinder ends, shown in 
Fig. 2 of the paper, had been abandoned, on the 
Continent, after exhaustive tests. An acetylene weld 
for a vessel should be such that it was not under 
bending stress, but in tension. A better method 
was to bevel the edge of the end and cylinder, and 
butt them together, closing up the V and building 
up the metal at the joint. That method gave 
superior results. The method shown in Fig. 2 
produced the defect known as ‘‘adhesion.” The 
simultaneous melting of two metals could not take 
place without one metal running on to the colder 
portion of the other. The figures in Table II., 
showing an extension, for an acetylene welded 
joint, of 4.256 per cent. on 4 in., indicated that 
the weld had not been made in accordance with 
modern practice. By proper thermo-mechanical 
treatment—i.e., annealing on the lines of weld- 
ing, together with suitable hammering at the 
correct temperature—the elongation could be 
restored up to an average of 12 to 15 per cent. He 
was certain that microscopic examination of the 
joints, shown as having been welded in Fig. 10, 
would reveal adhesion. He would be interested to 
know how the thick portion G in.) was welded on to 
the thin one. It was possible to obtain welds of 
iron and steel, copper, brasses and bronzes, and 
aluminium, which, upon microscopical investiga- 
tion, showed, in the line of welding, no difference 
between the two metals ; in fact. perfect autogenous 
welds were obtainable. He differed from Mr 
Clarkson in his definition. A weld which would 
satisfy an engineer should be one possessing mecha- 
nical—he would not say chemical — properties 
similar to those of the original metal; and he 
maintained that acetylene welding achieved that, 
not only with iron and steel, but with all other 
metals used industrially. 

Mr. A. Wechsler had also paid visits to foreign 
laboratories, and had worked in the laboratories of 
the Union de la Soudure Autogéne, in Paris, 
where he had seen wonderful results achieved with 
the oxy-acetylene process. The head of that 
laboratory was an extremely expert metallo- 
graphist, and there all welds were subjected 
to minute metallographical examination. Apart 
altogether from tests, it had been demonstrated 
satisfactorily that the chemical and physical 
constitution of the material along the line of the 
weld must be as strong as the original metal. 
He regarded Mr. Clarkson’s definition as unsatis- 
factory. It was merely a definition of a method of 
welding. It was not, however, to be assumed that 
good welds could not be produced by some other 
stand. th f hammering. Hammeri 

@ purpose o mmering. ammeri 
did not foree the metal together ; its guapeae 


Mr. Clarkson also seemed to misunder- | th 





was to alter the physical constitution of the crystals. 
That might be done during or after welding, but 
it should always be done, even with oxy-acetylene 
welding. Hammering, after heating, produced 
finer crystals, and the tensile strength might be 
20 per cent. greater, or more. He had carefully 
examined the samples submitted by Mr. Clarkson, 
and was not surprised that his weld broke on 
bending. The weld was imperfect, and in parts the 
metal had not gone through at all ; in other words, 
the weld had not been welded. Mr. Clarkson’s 
indictment should have been of the welder, not of 
the weld. He regretted that copper had not been 
more fully dealt with in the paper. Copper weld- 
ing would not fall within Mr. Clarkson’s definition, 
as it was not accomplished by heating the metal 
to # plastic state and then forcing it together. 
Copper welding by the oxy-acetylene process was 
done scientifically, and the material could be bent 
double (180 deg. angle) across the weld without 
showing any crack or defect. The same weld had 
been hammered out so as to spread the metal 
without any ill-effect. 

Mr. R. J. N. Willcox had had experience with 
heavy and thick material, and not thin. Steel- 
founders were familiar with the Benardos process ; 
the castings treated with it looked well, but did 
not answer. They were often subjected to con- 
siderable scouring action, and any welding was 
thus shown up. He had not found one casting 
welded by the Benardos process which had not 
failed when subjected to stress. The oxy-acety- 
lene process was used in France extensively 
for boiler repairs. He had, some years ago, him- 
self used it, under pressure of circumstances, for 
repairing combustion-chambers and man-hole doors. 
The job, owing to intense local heating, could 
hardly be called engineering work ; it was contrary 
to everything approved by the register societies, 
and if this class of work could be avoided, it was 
generally desirable to dispense with it. 

His attention had been drawn to an interesting 
electrical system, not described in the — Upon 
this system two — had been » one by 
Mr. Ruck-Keene = ore the Institute of Marine 
Engineers, and another, by Mr. Scott. Younger, 
before the Institution of Engineers and Ship- 
builders in Scotland. In that system the part 
to be welded was connected to one terminal 
of a dynamo, the other being connected to 
a pencil of very pure iron about ,%, in. thick. 
This was held in a rough spring clamp. The 
current used was of low pressure and high density. 
The pencil was held to the work, and then with- 
drawn just sufficient to strike the arc. By this 
means pieces of steel could be fused on cast steel 
or boiler-plates with great success. He had just 
finished a job on a combustion-chamber, in which 
the metal had wasted away to less in one place than 
fin. thick. He had put on about § in., and had 
got the requisite thickness right over the whole 
area, with perfect success. 

His first experience with the method had been 
about four years ago, when in a large boiler, 
subjected to 180 lb. pressure, with two furnaces, 
the shell-plates were almost eaten away, and the 
boiler was leaking all round. Patching would 
have been useless, and the boiler would have 


.| had to be thrown away, but for the process he 


had described; with that it was promptly re- 
_ He had repaired cracks in the interior of 

ilers with 48 in. furnaces in a perfectly satis- 
factory manner. He used the system on the 
heaviest of steel castings, and thought nothing of 
welding on a piece of boiler-plate to take the p 
of a broken piece of a casting. He had never had 
one of the welds go. With the Benardos and oxy- 
acetylene systems he had found failure after shock. 
The system had practically and definitely prolonged 
the life of the modern boiler, provided the shell- 

late was in decent order. In time, he believed, 
it would even re shell-plates. A friend of his 
had just been called in to see toa cast-steel pro- 
peller-boss on a 17-in. shaft. The boss was loose 
on the shaft, and the shaft was worn away. Both 
the boss and the shaft had been built up, and then 
turned toa new fit, the work occupying six days. 

At this point Mr. E. R. Dolby inquired whether 
the grooving which took place in boilers could be 
repaired by the process, to which Mr. Willcox 
replied that the system was largely applied to meet 
that very point. The grooves were filed up, and 
ere was no doubt as to the strength of the 
material. 

Mr. Adler said that the method of arranging the 
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welders on the Benardos system mentioned in 
the paper was really intended for a works depart- 
ment with a large number of stands, all connected 
to one dynamo, in order that current variations 
should not be too great. He would like further to 
mention the use of constant-current dynamos, which 
were of importance for work needing portable plant 
like rail-welding, or for the portable welders used 
in shops for repairs, where current consumption 
was a consideration. The paper did not mention 
the resistance losses which took place in the regu- 
lator, amounting to quite 15 or 20 per cent. of the 
effective current consumption. The Paper hardly 
did justice to electric contact welding. is system 
was not primarily intended for welding vessels and 
tubes, but for welding lengths of other materials, 
particularly copper, and had welded, with the 
greatest success, the largest cross-sections. The 
speakers who favoured oxy-acetylene welding had 
probably overlooked the resistance system when they 
stated that electric welding had made no ee arn 
recently. It was used in this country, particularly 
in Birmingham, where repetition work was done. 
It was even more extensively used, in the form of 
200-kw. and 300-kw. welders, for welding railway 
frogs, points, switches, and other a material. 
It was true that electric welders could only use 
single-phase with difficulty. In large works with 
several welders the load might to a certain extent 
be equalised by distributing them over the different 
phases. Many power-stations, other than quite 
small ones, would be willing to have welder circuits 
on their systems. As stations grew larger, the 
objections raised by the authorities to connecting 
single-phase loads with three-phase would probably 
disappear ; after al), a 5-kw., or 10-kw., or 15-kw. 
variation in 20,000-kw. or 30,000-kw. stations was 
immaterial. Could the author give more informa- 
tion about the Strohmenger system? Very little 
had become known with regard to this interesting 
method. 

Mr. Thomas Clarkson explained that in the 
sample he had submitted the tube had been cut 
and opened out. It was impossible to see the 
inside of the tube when the work was being done. 
This was one of the difficulties incidental to acety- 
lene welding. He would be glad to supply mate- 
rial to anyone who would undertake to make a 
better test. 

Mr. W. H. Patchell said that it was twenty-four 
years since there had been a ‘‘full-dress” dis- 
cussion on electric welding, when Sir Frederick 
Bramwell read, before the Institution of Civil 
Engineers, his paper on the Benardos system. 
Mr. Heaton had told the members that he 
had a boiler welded up, but had omitted to 
state that he also had a large chimney similarly 
treated. He hoped that the author would amplify 
his paper somewhat when replying to the dis- 
cussion, and bring matters up to date; several 
systems which the author had not mentioned should 
be referred to. He would like to know the name of 
the system to which Mr. Willcox had referred. 
{Here Mr. Patchell was informed that the system 
was known as the Albrecht-Dansk and the Anglo- 
Swedish system. 

Continuing, Mr. Patchell observed that the 
description given of that system was equally 
applicable to the Kjellberg system and two or 
Pm others. The Kjellberg method made use 
of the work as negative pole, while the i 
tive pole was connected to the electrode. The 
coating was suitably mixed for the work in 
hand, to prevent a reducing atmosphere bein 
formed round the work. Very work 
been done with that system. e Slavianoff, 
another Russian system, was more used in America 
than in this country. Rail-welding had been men- 
tioned in connection with the Strohmenger- 
Slaughter system, and the speaker regretted that 
Mr. Strohmenger had not been able to say some- 
thing about it. ‘The Tudor Company had done 
a great deal of rail-welding in this country with a 
kit devised by themselves. The first people, how- 
ever, to do rail-welding were the Loraine Steel 
Company, many years ago. The Tudor Company 
made use of the rail as the positive pole, and carbon 
was used for the negative, to prevent the carbon 
from being carried into the weld, and converting the 
steel into practically cast iron. 

He understood that Mr. Clarkson in referring to 
the thermit system had likened it to the electric- 
resistance system. The beauty of the latter system, 
however, was that it was possible to say with exact- 
ness that nothing additional was put into metal 





being welded. The statement had also been 


made that copper had not been welded by the 
electric resistance method. He believed that 
copper was the first material to be welded by 
electric resistance, before iron had been tackled. 
Some of the cable-makers had been welding cop 

by the system for many years. The objection 
which electrical people raised to the thermit system 
was the mixture of iron put into the weld. The 
best system was the Falk system, which had not 
been referred to. He had used hydrogen and 
atmospheric- air welding some years ago, but 
had abandoned its use on account of cheapness of 
casting ; the metal was cast instead of being burnt 
on. The author had drawn attention to the neces- 
sity of having high-class workmen. At one time 
his hydrogen men had struck, but he then trained 
rapidly a few ordinary hands, and when the next 
strike came he had met it without difficulty. 
Welding by any of the various systems, electric or 
oxy-acetylene, looked so delightfully simple that 
many people were tempted to try it—and make a 
mess of it. A good deal of practice was required 
before a sound job could be done. The effect on 
the eyes in electric welding deserved attention. 
Care was necessary, and blue glasses had been used 
in the old days. Now uranium glass was used in 
preference. It had the advantage of not cutting off 
so much light as the blue glass, but rejected the 
damaging violet rays. 

Mr. John Bowden was the next speaker, and 
referred to welding new ends on locomotive flue- 
tubes. The ends were frequently burnt off, and 
were damaged in being taken out. Their life 
was greatly added to in this way. Another advan- 


tage of acetylene welding was the ease with which | mad 


worn parts of heavy structures could be built up. 
He would be glad to hear whether shafts had been 
built up, particularly in the case of end-wear, 
without risk of failure. There had been failure 
in certain cases as a result of the work cooling. 

Mr. T. T. Heaton then replied to the discussion. 
He said that on some occasions they had repaired 
steel castings, and the repairs made had been most 
efficient, and the castings in service had proved satis- 
factory. Mr. Shawcross had inquired at what point 
it began to pay to cut up plates by the acetylene 

recess instead of cutting by machinery. It was 

ifficult to draw the line. He had not mentioned 
cutting, because his = was on welding. Asarule 
it paid to cut articles when it was difficult to place the 
work in position ona machine. Often it paid better 
to take a welding apparatus to.the article than to 
take the article to a given point in the shop. The 
speaker had done a good deal of cutting, some 
of it being at the Carlton Hotel, where alterations 
were needed. There they had cut out some solid 
wrought-iron columns, 8 in. or 9 in. in diameter. 
His foreman had cut each in two in about 20 minutes. 
If Mr. Clarkson would pay him a visit he would 
show him acetylene welds that would bend. Some 
time ago he had to make a number of acetylene 
welds in gasolene tanks for torpedo-boats. These 
tanks were to be very light. They were about 
2 ft. 6 in. to 2 ft. in diameter and only } in. thick, 
but had to stand a certain collapsing pressure. He 
had welded up the cylinders, and then put them 
between bending rolls having grooves, and grooved 
the cylinders. th the welds and the grooves 
stood that treatment. These grooves were { in. 


- — and 24 in. wide, and semi-circular in form. 
e 


disagreed with Mr. Richardson’s method of 
welding on ends. He preferred the method he had 
described in the paper. It was not a question of 
sticking one metal on to another just like a piece 
of sealing-wax, but a question of heating the sur- 
face, or piece to be welded on, up to welding heat 
and then introducing metal on to it which was also 
at welding heat. t was the secret of good 
welding. en demonstrators were not suffi- 
ciently experienced they ran over work quickly, 
and made it look well, but it could be wiped off 
almost with the finger. With regard to the pai 
by Mr. Ruck-Keene and Mr. Scott Younger, which 
he had read and found very interesting, the inventor 
of the system there mentioned was, he believed, a 
Swede. It was practically the Benardos with the 
difference that in the case of the Benardos method 
the electrode was made of carbon or graphite, 
whereas in the Swedish system it was of metal ; and 
it was the speciality of the metal that was patented. 
Anything which the system could ars ish could 
be as easily and as well done by the Benardcs system. 
His firm had filled satisfactorily many grooves 
in boiler-furnaces, with both the electric-arc and 





the acetylene systems. In one instance he had 
used the electric-arc system on a portable engine 
in which a breakdown had occurred through 
leaky condition of the fire-box bottom. It was a 
question of a new fire-box or of welding up. The 
engine was turned on its back, and the whole of 
the fire-box ring was welded up in a solid lump 
3 in. sq. in section ; the engine had since been work- 
ing quite well for some years. The Strohmenger 
system was an interesting one, but he was not 
versed in its details, and could only add to what 
was already in the paper, that with it welding was 
effected by putting two of metal together, 
and laying along the weld the electrode of metal, 
which was covered by a material something like a 
flux ; itresembled asbestos. He understood that this 
material was varied in its constituent parts to suit 
the metal to be welded. Electric contact was made 
with the metal in the interior of the flux, and also 
with the metal to be welded. It was interesting 
to see the series of electric arcs running along just 
like a fuse burning ; the whole of the ae was 
deposited on to the weld, and undoubtedly made a 
weld. The system was used very largely for the 
repair of rails and building = worn places, and, 
he understood, with very satisfactory results. The 
method of welding a thick flange to the thin tube 
shown in the paper was as follows :—The tube was 
made to fit inside the flange, and was adjusted so 
that its end was inserted in the hole, but only pushed 
a small part of the way through. The tube was then 
welded, and new metal was added, bringing the 
internal diameter at the flange to that of the tube. 
By this means the whole was solidly welded so as to 
form one piece, and a very effective and tight joint 
8. 

The President then brought the proceedings to a 
close with the announcement that the next meeting 
would be held on March 20, when a report on 
**The Chemical and Mechanical Relations of Iron, 
Tungsten, and Carbon, and the Chemical and 
Mechanical Relations of Iron, Nickel, and Carbon,” 
would be read. 





THE PHYSICAL SOCIETY OF LONDON. 

THE annual general meeting of the Physical Society of 
London was held on February 13, 1914, at the Imperial 
College of Science, Professor C. H. Lees, F.R.S., Vice- 
President, occupying the chair. The report of the 
Council was taken as read. Mr. T. Smith asked leave to 
draw attention to certain disadvantages of the o 
method of electing the Council. For reasons which he 
gave he thought there ought to bea change in the method 
of ballot. He suggested that the Council should issue 
its list earlier than at present, and allow Fellows to 
send in other nominations if they so desired. The final 
ballotting list should contain the names of everyone nomi- 
nated. He thought that this procedure would lessen the 
risk of inadequate representation of any important 
branch of physics upon the Council and of more than 
adequate representation of others. He saw no reason 
why the statutes should not be altered if necessary to 

6 this possible. 
The chairman said he had no doubt that the Council 


would carefully consider Mr. Smith’s s tions. 
Mr. E. F. Etchells thought it would advisable on 
the t occasion, before committee on scientific 


nomenclature had got to work, to emphasise the im 
ance of adopting. the system already at gy = 
engineers. He outl some of the principles, and hoped 
that the committee would make itself familiar with the 
existing sc! before reaching any decision. 

Dr. Eccles assured the speaker that this was being done. 
The Treasurer’s report was then read Mr. Duddell, 
and the Ly of the Council and urer were 
adopted. Votes of thanks to the auditors, the officers 
and Council, and the governing body of the Imperial 
College were carried unanimously, reapective Bro 
-e and seconders being Dr. G. W. CO. Kaye and Mr. 

F. Etchells, Mr. C. W. 8. Crawley and Mr. A. Camp- 
bell, and Professor J. W. Nicholson Major O’Meara. 
The following is the list of officers elected for the ensuing 

eur :—President: Sir J. J. Thomson, O.M., D.Sc., 

-R.S. Vice-Presidents (who have filled the office of 
President): Professor G. C. weston, we ; Professor 


“A., F.R.S.; Professor A. W. Reinold, O.B., M.A. 
Professor Sir Arthur W. 

RSs Sir. Ww. de W. Abney, BE, KO. ; 
V.S. 5 nci ir ver J. 

rof 3. Pp D.8c., 


a) 


Secretary : R. T. Glazebrook, D.Sc., F.R.8. 
W. Duddell, F.R.S., 56, Victoria-street, S.W. Librarian: 


8. W. J. Smith, M.A., 





D.Sc., Imperial College of Sciences 
Other Members of Council : W. Hz 


and Technology. 
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Hadfield, F.R.S.; Professor 


Eccles, D.Sc.; Sir R. A. 
G Professor J. W. Nicholson, 


Ww. O. Howe, M.Sc.; 


M.A., D.S8c.; Major W. A. J. O'Meara, O.M.G.; C. C. 
Paterson; Professor O. W. Richardson, M.A., D.Sc., 
F.R.S.; Professor the Hon. R. J. Strutt, F.R.S.; W. E. 


Sumpner, D.Sc.;'R. 8. Willows, M.A., D.Sc. Assistant 
Secretary and Reporter: J. Guild, A.R.C.S, D.1.C. 

A paper entitled ‘‘On the Moving Coil Ballistic Galva- 
nometer,” by R. Li. Jones, M.A., was read by Mr. A. 
Campbell. The author first considers the ma tical 
theory of a moving coil galvanometer, in which the 
damping is such as to make the motion non-oscillatory ; 
then an account is given of some observations on a 
galvanometer which confirm some of the deductions 
from the theory, and the results obtained are applied 
to find the relation between the galvanometer throw and 
the change of flux in the search coil which produces it. 

Professor ©. H. thought it likely that with a 
highly-damped rene the creeping at the end 
would create a difficulty as to what reading to take. 

Professor T. Mather stated that the creep presented 
no difficulty, since it was easy to get the maximum 
deflection reached. The real difficulty was in getting 
the true zero. 

Mr. A. Campbell mentioned that although the case of 
the strongly-damped galvanometer when used with a 
search-coil did not appear to be treated in any English 
text-book, he had found it described in Kohlrausch’s 
“Lehrbuch der praktischen Physik ” (10th edition, 1905) 

A paper on “‘ Vibration Galvanometers of Low Effective 
Resistance ” was read by Mr. A. Campbell. The mathe- 
matical theory of the motion of the moving coil of a 
vibration galvanometer is first given (partly following 
Wenner), and simple relations are shown to hold between 
the two resonance frequencies, the free frequency, and 
the amplitude time constant. It is also shown how all 
the constants of the equation of motion can be deduced 
from observations of the direct and alternating-current 
sensitivities, the alternating voltage sensitivity and the 
** dead” resistance. A complete table of the observed 
and deduced constants is given for a series of very small 
coils, the number of turns in these varying from 1 to 40. 
The current sensitivities range from 6 mm. to 160 mm. at 
1 m. per microampere at 100 periods per second, the 
corresponding éffective resistances being about 9 and 1500 
ohms respectively. It is pointed out that the selective- 
ness (for given current) due to resonance is mainly deter- 
mined by the absolute value of the ‘‘ amplitude time con- 
stant”; the more sluggish a vanometer is in settling 
to zero the more selective will it be. 

Dr. Russell thought every one was indebted to Mr. 
Campbell for popularising the resonance galvanometer. 
In the present paper the use of the amplitude time con- 
stant struck him as being very neat. 

Professor G. W. O. Howe pointed out that one method 
of determining the no-load losses of a motor was to 
cut off the supply and cbserve the rate of slowing down. 
From this the losses could be calculated, and the efficiency 
found. This, in effect, was what Mr. Campbell did with 
pt vibration a ae ae mee and there seemed to be many 
analogous points in the two processes. 

Mr. Campbell thought Professor Howe’s analogy was 
extremely good. He added that a coil tested at 50 
periods per second gave a current sensitivity of 500 mm. 
at 1 metre per microampere with an effective resistance 
of 2500 ohms. 

A paper on ‘‘ Vacuwm-Tight Lead Seals for Leading-in 
Wires in Vitreous Silica and other Glasses,” was read by 
Dr. H. J. 8S. Sand. The author has found that lead 
which has been allowed to solidify in contact with glass 
will, if free from oxide, form a vacuum-tight joint with 
the latter. Owing to the very great firmness with which 
the metal adheres, and owing to its great plasticity, these 
joints can stand temperature changes without damage. 
When applied to quartz, the joints are usually made inside 
a tube in conjunction with a molybdenum wire seal as 
follows :—The tube is shaped so that the molybdenum 
wire can be placed loosely inside it. A short piece of 
the latter is later sealed into the quartz, whereas one of 
its ends projects a few millimetres into the space in 
} the Vy — is to + Rag 3 Connected with 
this space by a short capillary there is an upper 
chamber in which the piece of lead is placed. The 
air is first blown out with hydrogen, and the tube 
then closed at the top and evacuated to a pressure of a 
millimetre or two. The quartz is then softened and 

inched on to the molybdenum wire. After this the 
ead is melted, and allowed to filter from oxide through 
the capillary, and run into thes sha to receive it, 
which has been highly heated. Sater it has solidified the 
tube is broken at the top to allow the pressure of the 
atmosphere to force the lead well against the surface of 
the glass. The tube is then cut at a suitable place, and 
a tinned leading-in wire introduced into the lead. Such 
seals have ‘been successfully fitted to vacuum-tubes, 
mercury lamps, &c., and when made as described have 
so far not been known to fail. 

Professor OC. H. Lees asked how the cost of the process 
compared with that of the ordinary platinum seals in the 


case of glass. 

Dr. Sands, in reply: stated that platinum seals could be 
made with such small quantities of platinum that it was 
hopeless to try to compete with them in point of 


cheapness. 





NEWCASTLE-ON-Tynz.—The blic revenue of New- 
castle-on-Tyne for 1914 is officially estimated at 917,0012., 
as com with 953,234/. in 1913. The local tramways 
figure in these totals for 233,645/. and 255,150/. respec- 
tively. The expenditure for 1914 is set down at 916, 1212., 
as com with 957,763/. in 1913. Koonomy is being 
enforced all along the line, the tramway expenditure being 
proposed to be cut down to the extent of 13,7507. 


SOME MODERN METHODS OF WELDING.* 
By Tuomas T. Heaton, Member, of Uxbridge. 


Tue author is emboldened in presenting these notes on 
welding by the knowledge that increasing interest is 
being taken in the question, and he ho that a short 
practical survey of its present aspect will not be out of 
place. Although several methods will be referred to, he 
proposes, in considering results, to devote himself more 
especially to those of which he has the most personal 


experience, and any facts and figures given will be, 
u otherwise stated, drawn entirely from that experi- 
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is therefore necessary with this class of welding. The 
methods the author proposes to describe are quite different, 
and for certain classes of work produce far superior 
results to any that the blacksmith can attain. Often 
welds can be made which no blacksmith could undertake. 

Broadly, the systems may be divided into two :— f 

(A) Electric welding, in which the heat required is 
produced by the electric current. 

(B) Gas welding, in which the heat is produced by a 
gas or a mixture of gases. 

These divisions may be subdivided, as in both cases 
there are variations both in method and in means. 

In electric welding the chief variations are as follow :— 


METHOD OF WELDING ENDS OF VESSEL TO 


RESIST INTERNAL PRESSURE; 


ALSO INSIDE BUTT-STRAP JOINT. 
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ence gathered during more than twenty years of work on 
a peeerenive commercial basis. 

he old blacksmith’s method of welding by heating in a 
coke fire and hammering is well known. It is known 
also to suffer from drawbacks of various kinds. The heat 
cannot always be regulated as well as could be desired. 
pmapeitias are often introduced into the joint. The weld 
itself is sometimes found to be defective—that is to say, 
it is not welded throughout and the defect may he hidden, 
as there may be an outside weld of no depth. Great skill 


* Paper read before the Institution of Mechanical 





Engineers, Friday, February 20, 1914. 
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WELDING BY ACETYLENE AND OXYGEN 
THREE 


Fie. 5, 
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1, The electric arc, as in the Benardos system and its 
variants. 

2. The system invented by Mr. Arthur Strohmenger, 
and owned by Messrt. Slaughter and Co. 

3. The contact system, as in the Thomson-Houston 
method, the Pontelec, the Helsby, and the Allgemeine 
Elektricitiits Gesellschaft. 

1. The Benardos system, if properly adapted to the 
work to be done, and with the plant well designed for 
generating, distributing, and regulating the currrent, is 
practical, simple, and effective. It demands a direct 


| current of about 90 volts. The quantity of current used 


depends on the thickness to be welded, and may in 
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ordinary practice range from 200 to 500 amperes. The 
work itself forms the positive pole of the arc, and a rod 
of carbon the negative pole. By this ment the 
greatest amount of heat is in the weld, as the positive 
pole is the hotter. ae 

Where a number of welders are employed, it is neces- 
sary that the current shall be supplied in such a manner 
that one welder shall not affect the arc of another. This 
is effected very simply by generating in a compound- 
wound dynamo of ample capacity, and the machine 
should be slightly over, rather than under, compounded. 
By this arrangement an increase of load does not lower 
the voltage. In a well-designed machine the voltage 
scarcely varies, provided the engine driving it is efficient 
to maintain its speed. The arcs are arranged in parallel, 
and each arc is provided with a regulator to adjust the 
current to the work to be done. The rod of carbon 
forming the negative electrode is fastened in an insulated 
holder of light construction. The workman holds this in 
his hand, strikes the arc by placing the carbon in contact 
with the work, and manipulates it so as to spread the 
arc and heat the work at and near the point to be welded 
with what is described as a soaking heat. 


When the 








has no experience in it beyond experimental demonstra- 
tion, carried out to see whether it would supersede effi- 
ciently and economically other systems in use. 

Electric Contact Weiding.—This is performed by 
machinery. The Thomson-Houston process was intro- 
duced into this country about twenty years ago, and with 
it the pieces to be welded are fixed in a machine, one 
immovable and the other in a slide-rest. The piece in 
the movable slide is pressed by means of the screw against 
the other, and a very heavy alternating current, the 
amount depending on the area of the weld, is passed 
through. The electrical resistance of the joint causes a 
rise of temperature to welding heat, and the movable 
piece is pressed forward until a complete union is made. 
A little hammering is sometimes applied to finish the 
joint. This systém is applied to the welding of hoops for 
the tyres of cart, &c., wheels, angle-irons, and other 
comparatively heavy sections, and also wire down to 
small dimensions. The voltage is very low—only about 
2 to 4 volts. The current per square inch is about 16,000 
to 20,000 amperes. 

A more recent method of contact welding is also per- 
formed by machinery, but in a different manner, and it is 
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welding heat is attained, the work is hammered or not, | 


according to circumstances. Screens with coloured glass 
windows are used to protect the eyes and skin of the 
workman from the effect of violet rays. 
Process.—This is an arc welding system which 

was introduced by Dr. Zerener, of Berlin, some twenty 

ears ago. In this there are two carbons in the same 
holder. and there is a magnet which deflects the arc 
produced between these two carbons downward on to the 
work. No current passes through the work at all. There 
have been modifications of this system. The object is to 
main a constant voltage in the arc by having a con- 
stant length of arc. In the Benardos process the length 
of arc varies slightly as the workman moves the car 
nearer to or farther from the work. There is, however, 
in practice, no disadvantage in this. 

2. The Stromenger-Slaughter system is worked with 
either direct or alternating current. 
author believes, preferred. The voltage is not very high, 
and its amount, within limits, nob important. He 
seen 85 volts used with direct, and 220 with alternating, 
current, both effective. The quantity of current depen 
on the work. 

The parts to be welded are placed in jection. 
and an electrode is laid upon nad along the welding line. 
This consists of a soft, iron-rod covered all over, except 
at the extreme ends, with a flux which may be con- 
structed chemically to suit the metal to be welded. 
Contact is made between the work and one end of the 
electrode, which fuses by a series of arcs along the 
welding line, melting the electrode into the work, and 
coating the weld with a vitreous flux. It is claimed that 
this flux vents oxidisation. I flakes off when the 
metal coo This system is interesting. The author 
understands that it is used with success in the welding of 


rails and their repair by building up worn places, but he 


Alternating is, the | h 





rather delicate in its adjustment as to time and current 
in relation one to the other. The voltage at the welding 
point is low. In thin work about 6 volte, and the current, 
which is alternating, is also low, but the amount depends 
on the thickness of the pieces to be welded. In this 
system there are spot welding and roller welding. 

In spot welding the work is laid upon a fixed copper 
contact-piece or electrode. When placed in position a 
second, movable electrode is pressed upon it immediately 
above the fixed electrode. Gessent is then switched on, 
and, in passing from one electrode to the other, heats and 
welds the work. The current is sometimes cut off auto- 
matically and sometimes by hand. 

In roller welding the system is similar, except that the 
electrodes are rollers ‘which grip the work overlapped 
between them, heating and welding it as it travels. 
This system requires good quality metal; it should be 

omogeneous and free from scale or dirt. The adjust- 
ment of the time the metal is between the electrodes, and 
the amount of current required to uce the necessary 
welding heat, and no more, within that time, are somewhat 
difficult to estimate. It is, however, quite a practical 
system, and can produce most remarkable results in good 
welding. The greatest care must be exercised to uce 
these results with regularity. 

The spot welds are not continuous, and are like a series 
of rivets without rivet-holes or heads. They can be 
made continuous by a series of spots overlapping one 
another. The roller-welds are continuous. The Pontelec 
system is spot welding, and is similar to the above. But 
in this system a small disc is placed between the pieces 
to be welded immediately between the electrodes, and 
the disc is crushed down into the weld. It is claimed 
that this disc tends to concentrate the welding heat at the 
weld more thoroughly than with the spot welding 
described in previous paragraphs. This contact welding 


is very economical in labour for small, thin work. It 
requires skilful attention to keep everything properly 
adjusted. 

Gas Welding.—The heat is uced by a mixture of 
i of more or less good orific value, with oxy 

gas is led from its source of supply through a flexible 
pipe into a burner, held in the hand of the operator, and 
oxygen is also led into the same burner in a similar 
manner. pressure of the gas and of the oxygen is 
regulated with suitable ap; tus. The proportion of 
gas and oxy is adjusted by opening or closing the 
respective inlet valves on the burner, means are pro- 
vided in the burner to prevent back-firing. The gas and 
oxygen issue from the burner through a small orifice at 
the mouthpiece, and are ignited with a match, the pro- 
portions of the two being adjusted until a clear flame 
shows itself in a fine point. The work is heated by this 
flame at the welding point, and soft iron (or other metal 
according to the kind of metal being ded) is melted 
into the joint to increase its thickness, and therefore its 
strength. 

With regard to the gas used for this class of welding, 
the author thinks the best is acetylene, but other gases 
are used in conjunction with oxygen—namely, benzol 
vapour, coal-gas and hydrogen, the last being used more 
especially on the Continent, but acetylene, oxygen and 
coal-gas can be used together. Acetylene and oxygen, 
however, form as good and effective a mixture as can be 
desired. Of the various systems referred to herein, the 
author regards electric-arc welding and oxy-acetylene 
welding as the two systems most suitable for general 
application, and the rest for special work. In some 
donee work the electric arc is more suitable, and in 
others the oxy-acetylene system, while in some cases both 
systems are equally applicable. Each is more economical 








in its own sphere. ing to the lower temperature, the 
oxy-acetylene flame is better for thin work than the 
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electric arc, because the risk of burning the metal is not 
so great. The temperature of the electric arc has been 
calculated as about 7500 rp Fabr., but will vary with 
amount of current ; that of the oxy-acetylene flame about 
6000 deg. Fahr. (Murray B.O. Co.), 

In the author’s opinion, the electric heat must be far 
more effective, however, because it is produced within 
the work itself, whereas the heat of the gas flame is 
apgiies entirely from outside. re the work is suit- 
able for the electric arc, welds can be made far more 
quickly than by the oxy-acetylene flame. The propor- 
tions of the two gases in ding vary somewhat, but 
should be in the neighbourhood of 1.5 volumes of oxygen 
to 1 volume of acetylene. This proportion is given by 
Mr. Murray, and agrees approximately with the author's 
own experience in practice. The character of work done 
varies very y- The electric arc is successfully 
in the repair of steel castings in which, for instance, blow- 
holes may be effectivel ed up. 

th systems are in the “ns of mild-steel plates, 
steel barrels and drums, steel tanks of all shapes and sizes, 
compressed-air receivers, steam-boilers, in their manufac- 
ture and in their repair, steam-piping and fittings of all 
sizee, angle and T-irons and other sections; the welding 
of bosses or Fr into vessels. Receptacies for highly 
inflammable and searching liquids are made in many 
thousands every year for petrol, er of carbon, 
acetone, &c., and are quite free from leakage or evapo- 
ration. The welds are capable of withstanding high 
pressures—indeed, the author’s firm have made welds in 
gas-cylinders which have successfully withstood a pres- 
sure of 4000 Ib. per sq. in., and welds in mild-steel tube 
sx in, thick by 1} in. in diameter inside, which have with- 
stood an hydraulic pressure of 6 tons on thesquare inch = 
20 tons on the metal. They are entirely unsupported as 
against the pressure. It is clear that these welds must be 
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sound and homogeneous. It is necessary to point out 
that this is not amateur work. To weld properly and to 
make the joint sound throughout, skill and training are 
required, together with knowledge how to apply the 
system, as well as how to design and prepare the work 
wy te yy = igning th k for welding, there i 

n to designing the work for welding, there is a 
wide field, and one an te consideration is the avoidance 
of internal stresses caused by contraction. These stresses 
one, eeare ane, — Cay pod ~ - yen or 
nulli y perly designing the shape of the article to 
be welded. For example, a steel boss has been welded 
into the centre of a flat circular ao tege = 4 in. 
thick, with the result that in cooling ial cracks 
appeared. It is probable that the material was not of 
the most suitable quality, but the stresses were indicated. 
If the same plate been dished or curved, and of good 
soft quality, it would have yielded to the stresses, and 
coll have been free from fracture or risk of it. If two 
plates are butted together, and a third be welded upon 
them, there is a stress in cooling due to the contraction 
forcing the butted plates together in conflict with the 
welds. If instead of allowing the two plates abutting to 
touch, a space be left between, all stress is avoided. 
These are examples of design which may be multiplied, 
and will perhaps serve to illustrate the author’s meaning, 
as they are typical cases. 

Much depends on the kind or the quality of the 
material, which is generally steel or iron. For the 

merality of this work mild steel made by the Siemens- 

artin or wrought iron cannot be excelled, and 
the steel should be very soft and low in carbon to get the 
t results. mer material is not so good, as it 
varies greatly in thesame piece, and therefore often much 
internal stress exists in it to begin with. The advantage 
of the kind of welding refe to herein is that, unlike 
the ordinary blacksmith’s work, it is possible to be sure 
of a sound homogeneous weld. The weld is built u 
from its foundation, and in most cases can be seen, an 
its soundness and strength ensured, always provided it is 
properly and intelligently done. 

The author has heard the argument advanced that in 
electric or gas welding the result depends on the indi- 
viduality of the workman. To acertain extent this is 
true, as it is true of most mechanical operations. Ina 
weld, however, there is this difference from some other 
kinds of work—that a defect is not always apparent. 
With proper training and adequate supervision, however, 
and a suitable test, there is no reason at all why full 
confidence should not be felt to a much greater extent 
in electric or gas welding than in blacksmith’s welding. 
To give examples :— 

A cylinder of Siemens-Martin mild steel, 20 in. in in- 
ternal diameter by j in. thick, designed as an air-receiver 
for a working pressure of 100 Ib. per sq. in., and vest 
pressure of 200 lb. per sq. in., was submitted to a 
destructive test some time ago at the works of the 
author’s firm before an ineer from the Admiralty. 
The cylinder was 6 ft. 9 in. long, made in two sections of 
length united by a welded joint, with a butt-strap welded 
round the cylinder. The two abutting ends of the cylin- 
ders joined were kept elightly apart to avoid internal 
stresses as before described. The ends were both domed 
outward to a radius of about 24 in., rather too flat, but 
as specified, and they were # in. thick. Near one end, a 
hand-hole of oval shape, without any stiffening ring, was 
cut out of the body, and a }-in. cover-plate put inside 
with central bolt and bridge-piece. At 825-lb. pressure 
per sq. in. this onnane ae  y the cylinder 
sufficiently to split the y in the solid plate, Fig. 3, 

300. The part thus split was then cut off and the 
end rewelded in, somewhat shortening the cylinder, and 
pressure again applied, until at 975 lb. per sq. in. one end 
was pushed out. This cylinder had a longitudinal weld 
made by the electric-arc system for its full length. The 
two ends were flanged, inserted into the ends of the body, 
and welded in by the oxy-acetylene process. The method 
of inserting the ends is indicated by Fig. 2. 

In the course of the test, the circumference of the body 
permanently increased 2 in., or § in. in diameter. The 
electric longitudinal weld showed no sign of weakness, 
but became extended transversely in the circumferential 
direction. The butt-strap prevented the cylinder becoming 
stretched in its immediate neighbourhood, so that the 
cylinder after the test appeared asif it possessed a waist. 

he effect of the increase in diameter was to tear the body 
from the ends. The stress on the metal iteelf, just before 
the end came out, was about 17} tons per sq. in. Another 
cylinder, 6} in. diameter inside by ,°, in. thick, made of a 
lap-welded boiler-tube, welded by producer- in the 
usual way of such tubes, and with ends welded in by 
oxy-acetylene flame, burst at 1850 1b. per sq. in. at the 
producer-gas weld, all else remaining intact. 

The author has tested steel-bar by hydraulic pres- 
sure with ends quite flat and only 2 mm. thick by 21} in. 
in diameter, they begin to leak at a ure of about 
65 Ib. to 70 Ib. per sq. in. The flat ends push outward 
se as to tear the weld in this case which is simply a fused 
weld made by the electric arc; the ends being flanged, 
fitted into the body, hooped inside and outside with light 
steel hoops, and the weld made by fusing the four thick- 
nesses, body, flange of end, and two hoops ther to a 
depth of about , in. to, in. The thickness of body } in., 
inner hoop 4 in, flange of end 2 mm., and outer hoop 

4, in. At the author’s works there is a vertical steam- 

iler working at 80 lb. per sq. in., and all welded by the 
electric arc or by gas. Hundreds of boilers have been re- 
paired by both processes, and their lives prolonged for 
years in consequence. All these examples go to show 
that these systems of welding are practical, reliable, and 
worthy of confidence in every seapeet. Naturally, the 
character of the metal at the weld is changed to some 
extent. It loses some of its ductility and some of its 





strength, but loses far less than does a blacksmith’s weld. | 
Many tests have shown that 89 to 96 per cent. of the | 

igi strength of metal can be relied on in the electric | 

eld. It has been said, but quite wrongly, that the elec- 
tric welding hardens the metal by filling it with carbon | 
from the electrode. This is not the case. For example, | 
in welding mild steel the fierce heat of the electric arc | 
burns out all the impurities, more or less, including 


joints. The were tested mechanically, both longi- 
tudinally and transversely along the welded joints, and 
for comparison the unwelded metal. The results of the 
mechanical tests of the unwelded metal are the mean of 
three lots. 

These chemical analyses and also the mechanical tests 
were specially made for the author in August, 1913, by 
Mr. F. C. Tipler, chief chemist, locomotive department, 
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Fie. 16. Srim., wits Stitt-Heap anp Con- 
DENSER, WELDED THROUGHOUT, PARTLY 
By Execraic Arc AND Party By ACETY- 
LENE. 























Fic. 17. Two 5-Gat Drums, ELEcTRICALLY 
WELDED. 

















Fig. 18. Tests or 5-Gat. Perzot-Draum. Werent, 49 Ls. Fuut ; Tuickness, 19 S.W.G. 


carbon, and leaves the metal at the weld purer iron. If 
any hardening effect has ever been found, it has been due 
to manipulation, or to the fact that the metal was 
never of a properly weldable quality, or the polarity was 
wrong. 

The tables on page 303 are valuable in that they go to 
show the effects of the welding upon the metal. 

For these analyses drillings were obtained from the 
plates themselves and also drillings from the welded 








London and North-Western Railway, Crowe. The pieces 
of material were prepared at the works of the Steel Barrel 
Company, at Uxbridge, and were of Siemens-Martin 
open-hearth steel 4 in. thick. 

One of the strips tested (Table IT1.) consisted of the 
original material, and the second one was a piece cut 
from the same sheet, cut into two and electrically-welded 
at the joint. This material was of a somewhat softer 
nature than that referred to in Table II. 
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In order to show some of the applications of electric 
welding and of acetylene welding, some illustrations are 
— White lines on the examples indicate the 
wel 


Tasie I.—Chemical Analyses. 


Chemical and mechanical tests of acetylene and electrically- 
welded plates, received from Mr. Heaton, of the Steel Barrel Com- 
pany, Limited, Uxbridge, August 27, 1913. 











Electrically hesteieae 
Welded. Welded. 
Unwelded Welded Unwelded| Welded 
Metal. Joint. Metal. | Joint. 
percent. percent per cent. |per cent 
Silicon -| 0.009 0.003 0.009 0.002 
Carbon 0.15 | Trace 0.15 Trace 
Sulphur a 0.025 0.020, 0.085 0071 
Phosphorus .. 0 068 0.043 0.068 0.067 
Manganese .. we 0.64 0.27 0.49 0.34 
Iron (by difference) 99.108 | 99.664 99.198 99.520 
100.000 100.000 100.000 | 100.000 








Tasie Il.—Mechanical Tests on Mild Steel 4 In. Thick. 


Electrically Welded 





Acetylene Welded. 





| Welded Joint. 
| Un- | 
| welded. | 








| Welded Joint. 


° n- 
Trans- | Longi- Welded.| Trans. | Longi- 
| verse. tudinal. verse. tudinal. 





| 
Elastic limit, 


15.20 | 17.60 | Nil | 11.76 | 1160 | Nil 

tons per 8q.| 
in, | 
Breaking| 26.66 | 24.00 =| 25.60 =| 28.14 | 18.94 =| 23.20 = 
a | 90 p. 96 p.c. \78.8 p.c.| 100.2 

r 8q. in. | | »Co 
Contraction| 47.25 | wi | wi | 4666 | 49.60 | fil 
of a per! | 
cen | | 
Extension on 23.16 | 5.00 | 060 | 26.88 | 13.60 | 4.25 
4 in, per 
cent. | 
Extension on} 30.33 | 7.0)" 1.00t | 33.66  22.00t| 8.00 
2 in., per| 
cent 


ba Broke in weld. Dy + Broke outside auge len 
Broke clear of weld. in iil 


TaBLe III.—Mechanical Tests on Two Strips of Siemens- 
Martin Mild-Steel Sheet, 4 in. thick, by Mr. Jenkins. 
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: = | © | Piece,| Square 23 3 
a"\g| < * Inch, | QQ 3 6 
In. | In. \sq. in. Tons.| Tons. p.c. p.c. 
1 1.480|/ 2% 0.185 | 4.06 | 21.95 | 82.03 | 29.63) Original. 
2 1478 4 0.185 3.59 1941= 10.93 5.23 Electri- 
| 88.428 cally 
p.c. welded. 


Fig. 1, page 300.—A drawing of an outside butt-strap 
joint of the kind referred to in the descriptive notes 
relating to Fig. 13, pace 302. 

Fig. 2.—This method the author considers the best for 
welding an end invo a vessel to resist internal pressure. 
= 7 Lage of the a — mye the stresses due 

the pressure, and by the system adopted an uired 
thickness of weld, or rather h of weld, om io eelia 
This drawing also shows an inside butt-strap joint. 

Fig. 3.—This is the photograph of the welded cylinder 
tested to destruction. 

Fig. 4.—This shows a piece of work fixed on an anvil 
and in process of being welded by the electric arc. The 
resistance coils for adjusting the current are clearly shown, 
also the carbon-holder the hand-screen u by the 
welder. This kind of joint is made by abutting the 
two parts, and is thickened by adding pieces of scrap of 
the same material. The electric arc heats the metal, and 
as soon as the proper degree of heat is attained, the welder 
puts down his carbon, uses the swage shown in the illus- 
— and the striker hammers it, and so toughens the 
weld. 

Fig. 5.—A mild-steel water-jacketed exhaust-pipe being 
welded by acetylene and oxygen. This is a flash-light 

hotograph, and the welding flame is clearly shown. 

hree types of burner are shown in this illustration. 
That nearest the welder is a Fouché burner; the middle 
one is the type of burner recommended by the British 
Oxygen Company, Limited, For different thicknesses of 
work it is necessary with both these types to have dif- 
ferent sizes of burners. The third burner shown is 
made by a firm in Brussels. It is of copper tube and is 
flexible. This burner is supplied with various sizes of 
nozzles, and of adjusting-pieces, so that the same burner 
can be adjusted to suit a large range of thickness. 

Fig. 6, page 301.—A water-jacketed exhaust-pipe made 
of steel sheet ;|, in. thick ; with six exhaust-branches, and 
with an inlet and outlet for water circulation. Length, 4 ft. 
Weight, 28 1b. Fora racing boat. Acetylene welded. 

Fig. 7.—Another exhaust-pipe. not jacketed; for a 
motor-car. ‘Acetylene welded. This olen is very light 
compared with the ordinary cast-iron pipe in the place of 
— 4 was required. 

ig. 8.—An expansion pipe in mild steel welded by 
acetylene ; to go between a steam-turbine and its con- 
denser. Internal diameter, 4 ft. 6 in. The form is similar 
to that of a.concertina. Made in circular sections, } in. 
thick, weld together along their inner and outer peri- 


ae shows two views. This drum, 





pain. The flanges also welded on, these being } in. 

Fig. 9.—An expansion pipe of somewhat different form, 
18 iS + ay 

Fig. page 302.—A steam-separator. The longitu- 
dinal weld of the body is an electric weld. The rest of 
the welds were made by acetylene. Diameter of separator, 
18in. Length of body, 4ft. Thickness, }in. Inlet pipe, 
7 in. ; with flange 14 in. in diameter by 14 in. thick. Out- 
let pipe, 6 in. in diameter. The boss for drain-pipe con- 
nection at bottom of the body is welded in electricelly. 

Fig. 13.—A receiver for compressed air, 10 fe. high by 
3 ft. in diameter. Welded __ by the electric arc an 
pty by acetylene. The butt-strap welded round the 

y may be noted. It is to connect the two sections 

together. The working pressure of this receiver is 100 Ib. 
per sq. in. 

Fig. 14.—A smaller receiver body 4 in. thick; ends 
ag _ Test pressure, 300 1b. Diameter, 16§ in.; length, 

. 6 in. 

Fig. 15.—A vertical steam-boiler, welded partly by the 

— arc and partly by acetylene. Working pressure, 
. per sq. in. 
Fig. 16.—A still with still-head and condenser welded 


throughout tly by the electric arc and partly b: 
acetylene. The feet are of T section welded on the still. 
For distilling benzine. 


Fig. 17.—Two 5-gallon electrically-welded drums made 
by contact welding. One is as made, the other was 
tested by hydraulic peers to 90 lb. per sq. in. before 
any leak showed itself, Diameter, 12 in. inside. ick- 
ness of steel sheet, 20 B.G. = 0.996 mm. Under pressure 
the permanent set of the ends is clearly shown. 

Fig. 18.—An exactly similar drum to Fig. 17. The 
ving in it 

gallons of petrol, was dropped seven times, starting 
from 3 ft., and including two falls on solid iron, one 
8 ft. 6 in. and one 15 ft.. and a final fall of 19 ft. on toa 
; am ere was no fracture and not any 


In conclusion, the author has endeavoured to make the 
paper entirely practical. Much more could doubtless be 
written on the subject, but he has preferred to treat it 
from the point of view of a practical engineer rather 
than that of a student. 





Tue Unitep Srates Navy.—We read in the Moniteur 
de la Flotte that the Secretary for the Navy, in a state- 
ment he = before the Naval Commission on January 
29, said his programme for new ships, which comprised 
the laying down of two battleships, eight destroyers, and 
three submarine boats, was the minimum consistent with 
safety, considering the programmes of other nations. 
He added that he would raise no objection were Congress 
to vote the construction of four battleships instead of 
two only. He admitted that the Democratic party had 
made a mistake in voting last session the construction of 
one battleship only. 





LagGE Exvecrricatiy- Driven Routine - Mitt.—The 
Stora Kopparbergs Bergslag Company, in Sweden, is 
about to have installed an meee | electric plant 
in connection with its ingot-rolling mi 
changed from steam to electricity. The energy will be 
derived from the Bullerfors hydro-electric power-station, 
which belongs to the company. The rolling-mill, which 
is a reversible two-high mill, will be worked by a con- 
tinuous-current motor, taking current from a large fly- 
wheel transformer of the Ilgner - type. The 
motor will, at 60 revolutions and intermittent working, 
have a power of 9200 horse-power. 6 transformer 
will consist of a three-phase induction-motor of 2500 
horse-power capacity, periods, and 6800 volte, and a 
continuous-current generator of same capacity as that of 
the above-mentioned motor for the rolling-mill. The 
large fly-wheel will be placed between the motor and the 
generator ; the fiy-wheel will ny some 35,000 kg. and 
is intended to meet momen emands equivalent to 
60,000 horse-power seconds. rolling-mill, after the 
completion of the electric installation, will have a pro- 
ductive capacity of 80,000 ke. per hour. The electric 
installation is to be constructed in Sweden. 


Twin - Screw Moror- Vesset ‘ Mississiprr.”—The 
launch of this vessel from Messrs. Harland and Wolff’s 
yard at Glasgow on Wednesday, the 11th inst., is in- 
teresting as being the first ship built by Messrs. Har- 
land and Wolff, Limited, having internal-combustion 
(Diesel) eg The Mississippi is for the Atlantic 
Transport Line. Her engines are being constructed in 
the works of the Burmeister and Wain (Diesel System) 
Oil-Engine Company, Limited, together with engines for 
a number of other v which Messrs. Harland and 
Wolff are also building for the Leyland Line, for the 
Pacific Steam Navigation Company, and Elder Dempster 
and Co., Li Mississippi will be fitted with 





imited. The 
two four-stroke cycle single-acting Diesel engines, each 
coupled direct to its — — ; also two er 
cycle single-acting auxiliary engines, each coup! 
direct to its dynamo and air-compressor. Each of the 
main engines has six cylinders, 26gin. (670 mm.) in 
diameter and 392 in. (1000 mm.) stroke; at 105 revolu- 
tions per minute the normal horse-power will be 1600 
indicated horse-power for each ine. The new vessel 
is 383 ft. 9 in. long over-all and 50 ft. 4 in. extreme beam, 
having @ gross tonnage of about 5000, and is built on the 
usual approved plan as regards water-tight bulkhead 
construction and double bottom. The vessel has five 
steel decks, and the latest arrangements for working 
ship and cargo, including electric winches and wi 

also electrically-opera and controlled steering-gear, 
and a complete installation of electric light. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and 
engineering projects, taken from the Board of 


concerni 
projects can be obtained from the Commercial Intelli- 
gence Branch, Board of Trade, 73, Basinghall-street, 
London, E.C. 


Australia : The Board of Trade are in receipt of copies 
of the following Acts passed by the South Australian 
Parliament :—No. 1129, authorising the South Austra- 
lian Railways Commissioner to construct a 5-ft. 3-in.- 
gauge railway from Riverton to Spalding—this line will 
ve a length of 51} miles; No. 1137, authorising the 
South Australian Railways Commissioner to construct 
a 3-ft. 6-in.-gauge line from the existing railway terminus 
at Booleroo Centre to Wilmington; No, 1139, authorising 
the South Australian Railways Commissioner to con- 
struct a railway of 5-ft 3-in. gauge between Salisbury 
and a point at or near Long Plains. 
Portugal: The Diario do Governo contains a decree 
ising the construction of a further extension, about 
174 miles long, of the line from Evora to Ponte do Sor. 
The estimated cost is put at 382,510 escudos (about 


|. 72,5002. ). 


Argentina: H.M. Minister at Buenos Aires reports 
that by Law No. 8889, of July 18, 1913, the Sanitation 
Works Department of the Federal Capital was converted 
into the Sanitation Works Department of the Nation, 
and is now responsible for the construction, &c., of all 
the water and drai works throughout the Republic. 
By a law passed on January 3, the tment was 
authorised to raise a debenture loan up to 80,000,000 pesos 
gold (16,071,0002.), on the security of its property, for the 
construction of sanitation works. 





Tue Pxoro-Syntuesis or Orcanic Compounps. —In 
& paper gy before the French Society of Civil 
Engineers, M. iel Bertholet stated that, working in 
conjunction with M. Gaudechon, he had succeeding in 

roducing the principal sugars by acting with ultra-violet 
fight on a mixture of gaseous carbon dioxide and water. 
In a further series of experiments, compounds of carbon, 
oxy, hydrogen, and nitrogen were produced by acting 
with t ultra-violet rays on a mixture of carbon 
dioxide and ammonia. In connection with the above 
set of reactions, M. Bertholet declared that it would be 
possible to purify air vitiated by carbon dioxide by 
charging it with moisture and circulating it round a 
mercury lamp in quartz. In these conditions the carbon 
dioxide is decomposed just as it is by chorophyll under 
the action of sunlight, and M. Bertholet expressed the 
opinion that it was not too much to hope that some 
method of this kind would prove feasible for purifying 
the air of submarines. In some further C4 
described in the paper, the action of digests ferments 
was successfully replaced by that of the ultra-violet rays. 





Russian AGRICULTURE AND InpUsTRY.—According to 
the Moniteur Industriel, the production of wheat in 
Russia increased from 1902 to 1912 by over 77 per cent. 


» which is to be | Th 


e Russian industry has atvTFr less than its agri- 
culture in the same period. In all countries where the 
rural population leaves the land for the works, as in 
England and in France, economical crises are sure to 
occur, and their gravity is proportional to the extent to 
which they abandon agriculture. The first duty of a 

dent government is to see that the icultural 

bourers remain on the land. It is true that the Russian 
railway re is yet a very small one. The Russian 
railways have a total length of 50,000 km. (31,000 miles), 
whilst Germany owns 68,000 km. (42,000 miles), and the 
area of Germany is twenty times less than that of the 
Russian Empire. In Russia, however, the lack of means 
of communication has not proved an obstacle to the 
development of her agriculture. Russian industry also 
continues to progress and to prosper. The business done 
by the Russian works has increased by 50 per cent. in the 
ten years under review, and the some gones available by 
30 cent. There are rich coal-fields in Russia, espe- 
cially in Poland and in South Russia. From 1902 to 
1912 the Russian coal output has increased from 15 million 
to 27 million tons, equal to 79 per cent. 





Tue Fire Resistance or Reinrorcep - CONCRETE 
F.Loors.—A report issued by the British Fire-Prevention 
Committee (Red Book No. 188) deals with a fire-test on a 
reinf -concrete floor with triangular lattice reinforce- 
ment. The prefatory note to the report indicates that, 
in comparison with other floor tests, the instructive feature 
of this investigation is that granite chippings do not 
a so satisfactory from the fire point of view as some 

the other materials that have been used in the 
Committee’s tests, and, further, that the question of 
protecting the soffit of the reinforced-concrete beams 
requires careful attention. It speaks well for the system 
of construction and the form of reinforcement used (both 
of which are described and illustrated) that, regardless of 
what appears to have been an pe concrete 
the floor stood well, and obtained the British 
Fire-Prevention ittee’s classification of ‘Full Pro- 
tection, Class B,” which means a four-nours’ test with 
tem res reaching 1800 deg. Fahr., followed by the 
ication of water from a steam fire- ne. It is 
obvious that if a better form of concrete been used, 
and the question of ion had received more con- 
sideration, an even ter result, with less deflection, 
must have been obtained—i.¢., a result that would have 
practically left the floor in such a condition that it need 
not be talon down for reinstatement after a severe fire. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELECTED ABSTRAOTS OP RECENT PUBLISHED SPEOLFI- 
OATIONS UNDER THE AOT OF 1907. 
pet Pan 


Where inventions are communicated from abroad, the Names, &c., 
~ “, ‘Spootfoarions aa pope deny os the Patent Office, Sales 

i ma, r at , 
my 4 25, Southa : Buildings, Chancery-lane, W.C., at 


, when the date of sealing is given. 
Amy gereen mate, of time within two months from the date of 
ad a Complete Speci, 


of 

ive notice ‘atent O the 

gio natic at the Patent flo wf opposition tothe grant of 
RAILWAYS AND TRAMWAYS. 


29,487/12. Pintsch’s Patent Company, 

London, and R. Sawyer, ° 
Heating Systems. (4 Figs.) December 21, 1912.—This 
invention relates to steam-heating systems primarily designed 
for the heating of railway carriages in which the supply of steam 
to each radiator is automatically controlled by means of a 
thermostatic valve, in addition to any manual control which may 
be provided whereby the passengers may cut off or restore the 
supply of steam to any given radiator. A to the present 
invention, the expanding member of the thermostatic device, 
which determines the opening and closing of the automatic valve, 
is constituted by a pipe extending — with the radiator and 
forming the return circuit for the from the radiator to the 
drip pocket or discharge opening. The inlet a to the radiator 
leads to a port ), controlled by an automatic valve c, and thence 
to a header d connected through inlet openings with two parallel 
and horizontal radiator tubes ¢,./, which, as shown, are in the 
same horizontal plane and are connected by a web or webs g and 
bolted down to the floor of the carriage or other space to be 
heated, by the lugs A. The outlets at the farther end of the 
radiator tubes communicate with a header i, which in turn is in 


Fig 


c 








a 











communication with a tube j, preferably of material, such as zinc 
having a high coefficient of linear expansion. is tube is 
accommodated within between and on the underside 
ot the radiator tubes ¢, /, and is guided at its forward end ina 
tubular or other suitable guide k, formed integrally with or 
attached to the radiator tubes. The closed end of the tube j is 
coned to form the:valve c, which rates with the port b 
formed in the valve-seat b!. In the walls of the tube j, and pre- 
ferably near to that end of the tube which constitutes the valve ¢, 
are holes j® through which communication is established between 
the interior of the tube j and the a opening n of the 
coperies: The valve-seat 5! is integral with or attached to a 

mble 0, which screws into a socket p co-axial with the tubej 
and integral with or rigidly attached to the framework of the 
radiator, so that by screwing the thimble o more or less into or 
out of the socket p the relation between the valve c and the 
valve-seat b) ma: varied as desired so as to determine the 
moment of out-off of the steam from the radiator. Means such 
as the lock-nut q are provided whereby the valve-seat may be held 
in the position to which it has been adjusted. (Accepted Decem- 
ber 31, 1913.) 





7386/13. H. E. Gresham, Salford. Vacuum-Brake 
tus. (3 Figs.) March 28, 1913.—This invention relates 

to pn one for vacuum-brake apparatus having non-return valves 
between the ejector nozzles and the train-pipe, a disc-valve on a 
rotary spindle for controlling communication between the emall 
ejector and the compartmen ween the non-return valves and 
steam and air-valves operated from the said rotary spindle. The 


sp! 
invention consists in the arrangement of the air-valve with a | fro’ 


piston-like extension va within a cylindrical portion of the 
valve-seat. Large and small ejector nozzles are provided. The 
steam-valve of the large ejector is operated from the control- 
handle a, and ite spindle by means of a cam, crank-arm, or its 
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equivalent, the air or application-valve c, which may be of the flat 
or clappet type, is also rated from the handle a by means of 
the curved arm or projec’ d tormed in one with or attached to 
the handle, the curved arm e' mag ene entinte loves «, upen Se 
other end of which the air-valve ¢ is carried. The air-valve 
spindle / is guided at its upper end in the valve-casing g, which 
pm ge pepe bad for the admission of air to the 
Levees the valve itself has guideways thereon and also a 
piston-like j which acte in conjunction with a cylindrical 
ion kof the valve-seat to ensure that for a predetermined 

ft of the valve, when the application-handle @ is being moved 
into the “ brake on " position—that ie, towards the right in the 








illustration—air shall flow to the train-pipe at a predetermined 
rate which is dependent upon the annular clearance between the 
piston-like part i of the valve and the cylindrical portion k of the 
seat. When the piston-like part j is raised above the cylindrical 
— k of the seat a more rapid inflow of air to the train-pipe 

permitted. The necessity for the employment of an auxiliary 
air-valve for ordinary brake applicati is obviated. The air- 
valve ¢ is arranged on the appiication-handle side of the ejector 
which is.at the opposite side to that of the steam valve. (Accepted 
January 7, 1914.) 





TEXTILE MACHINERY. 


441/13. G. W. Har ves, R. Hargreaves, and 
greaves, Blackburn. Looms. [9 Figs.) July 4, 
1913.—This invention is an improvement in, or modification of, 
the a tus for moistening or conditioning in looms for 
weaving, described in Specification No. 17,928 of 1911, and has for 
its chief object to provide form of a us for delivering moist 
air directly to the warps, which will enable each weaver or opera- 
tive to control the amount of moisture to which any particular 
set or sets of warps are to bjected, in accord with their 
character or counts. According to this invention, the apparatus 
com: a Jiquid-containing receptacle, extending across the 
width of the warps and having an aperture for the delivery of 
moistened air to the warps, an ejector-nozzle connected with such 
receptacle for inducing water therefrom and spraying the same 
— an atomiser situated in the receptacle, means for. enabling 
filtered air to enter the receptacle, and means for regulating the 
amount of air supplied to the ejector-nozzle. A indicates the 
compressor, B the main air-supply pipe, C one of the branch-pipes 
that are connected therewith, D the induction-nozzle, E the 
water-containing receptacle, and F the nczzle through which the 
water is induced. The compressor A may be of a rotary or re- 
ciprocating type, and the example shown in Fig. 1 comprises an 
ordin two-cylinder reciprocating pump, ted with the 
main air-supply pipe B, through the intervention of an air- 
chamber b containing a filter b! surrounded by a steam-coil b? 
which may be used to heat the air in its passage through the 
filter to the main air-upply pipe B. Connected with this pipe by 
the span 5 O are the induction nozzles D, which enter the 
water-containing receptacles E, only one of such receptacles being 
shown in the drawin Entering the induction.nozzle D is a 
nozzle F, through which the water is induced. This nozzle is 
adjustable in an endwise direction in relation to the nezzle D, 
and is maintained in a concentric position in relation thereto by 
a portion whioh fits the bore of the chamber d and is cut away 


























at f1 to provide a passage for the air. The supply of air from 
the compressor or fan to the nozzle D is controlled by cock c, 
provided with a pointer cl, which indicates by means of a 
scale c2 the quantity of moistened air that is being supplied 
tothe warps. The supply of water to the nozzle D is controlled 
by a cock f2 in the pipe f® and the entrance to such pipe 

m receptacle provided with a filter. In addition 
to the compressed air that enters the receptacle E, air is 
induced through a e formed in the end cover. This 
passage is en where it communicates with the atmo- 

here and is provided with a detachable filter e%. If de- 
sired, a valve may also be provided for regulating the size 
of the aperture through which the air is induced. Situated 
in front of the nozzle D is an atomiser G, against which 
the spray of water is broken up as it issues from the 
nozzle D, any separated water being further broken up by 
coming into contact with a perforated plate g, which also 
supports the atomiser G, the separated water finally setting 
upon the surface of the water in the receptacle E. The 
latter is formed with a slot e which extends across the 


whole width of the warps and allows the v: r or moistened 
air to pass thereto, the overhanging port e* preventing 
dust or size from the warps from ente receptacle. 
The latter is provided with a fil well ¢5 w prevents the 


le from being filled bey 


receptacl a predetermined level, and 
such well so by a lid ¢ to 


2 ya od access Ay tes the 
recep are vew may set to n 
oe termined pressure of the air to supply bested oe 
or air at atmospheric pressure to the interior of the 
building for ventilating purposes, a deflector A situated under- 
neath the valve preventing undesirable draughts. ~ hems 
ratus hereinbefore described the water delivered with the air to 
the warps can be controlled so that it issues from the slot e3 in 
the form of damp or very slightly damp air without any sugges- 
eS ° Se ee other liquid de- 
livered by the air tothe warps. (Accepted December 31, 1918. 


29,787/12. J. Brandwood, =. Branfwees and E. 
es. 


Lomy 4 arping - 

O etines ~ ber 27, 1912.-This invention relates —— 

of warps on in -machines. 
Machines made in accordance with this invention are pp Domerenr aor 
in delivering the to the beam from a positively-driven 
controlling-roller, which rotates with a surface speed slightly in 
excess of the speed of the winding surface of the beam, and, 
further, in the method of tight-winding warps on a beam, 
consists in = the warps — from a eed diate 
controlling-roller, w a surface speed 
less than ah the Hialinn etter Tentoee. hy 
beam upon which the yarns are wound, B is the friction-drum 








driving it, C is the comb or reed through which the yarns D pass 
on their way from the creel to the warp-beam A. All ee 

ts areof the well-known construction. In carrying this 
invention into effect, a controlling-roller E is provided, which is 
— driven by the chain F in the direction of the arrows. 

e yarns D pass over and in contact with the roller E. The 
roller E is driven through a friction-clutch, the chain F gearing 
with the chain-wheels H, H!, fixed respectively to the shaft of the 
friction-drum Band to the loose member J of the clutch. The 
fast member J! cf the clutch can slide on its shaft, although it 
always rotates therewith. Indiarubber discs or the like can be 
interposed between the two members J, Jl of the clutch. Assume 
the machine to be stopped and the clutch of the controlling- 
roller E open, as shown in Fig. 2. The treadle is depressed to start 
the friction-drum and beam as is usual, and the friction-drum, as 
it rotates, rotates the loose member of the clutch. The exten. 
sion K from the treadle K! at first passes idly down a slot in the 






Ww’ 
£ 


lower end of the rod M, by which the controlling-roller clutch is 
operated. The machine has properly started winding before the 
extension K reaches the bottom of the slot in M. Continued 
depression of the treadle then brings the extension K against the 
bottom of the slot L, and the rod M is drawn down, tilts the 
bell-crank lever N around its pivot N1, movesthe member J! of 
the clutch up against the rotating ber J and drives the con- 
trolling-roller E. According to the surface of the roller, 
which can be varied as hereinbefore described, as com d to 
the normal speed of the warps, the delivery of yarn to the beam 
may be accelerated, or the known no’ rawing may be 
¢ffected, or the yarn may be = under extra tension. When the 
machine is to be stopped, the rising of the treadle first discon- 
nects the clutch of the controlling-roller (under the pull of the 
spring P) owing to the ascent of the extension K in the slot L, 
and then throws the friction-drum out of gear to stop the winding 
vy the usual devices operating with such a drum. (Accepted 
ember 31, 1913.) 





MISCELLANEOUS. 


3751/13. A. Mitchell, de. Water-Filters. 
[4 Figs.) May 21, 1913.—This invention relates to apparatus for 
filtering water and other liquids, and to that class of apparatus in 
which the filtering medium is arranged in, and carried by, a vessel 
or pontoon adapted to float on the water or the like to be filtered, 
the latter ente "g through orifices in the bottom of the vessel or 
pontoon, while the treated or filtered liquid is drawn off from 
the filtering medium. According to this invention, the pontoon, 
which is divided intoa number of compartments, is provited with 
a false bottom constituting the —_at for the filtering media, 
and with an outer bottom provided with a number of inlet 

nings which are adapted to be closed by suitable means, 
whereby some or all of the compartments may be shut off for 
renewing or treating the filtering media therein. a is the vessel 
which is floated upon the surface of the water, sewage, or other 
liquid to be filtered. The interior of the pontoon a is divided by 
means of two longitudinal partitions b, b to form a central 
filtering compartment ¢ and two lateral buoyancy chambers d, d, 














which are covered in at the top to form a deck. The whole 
structure in the arrangement illustrated is strengthened by 
means of the transverse rectilinear girders. The filter-chamber c 
is provided with the false bottom /, which is perforated, and 
leaves a space ef" between it and the true bottom g of the com- 
partment which is formed with openings g!. The false bottom / 
supports the filter-bed, which is preferably composed of a layer 
of coir-yarn matting h, upon which is laid a layer i of sand of 
suitable thickness. nitering-chamber ¢ is divided into three 
separate com ents 1, 2, and 3 by watertight bulkheads c!, 
each of which compartments is provided with its own separate 
outlets j into the common pipe j!, which is fitted with the sluice- 
valve 72. Furthermore, each outlet jis provided with its eut-off 
valve, so that any one of the compartments may be disconnected 
for the purpose of renewing or cleaning the filter-bed, the opening 
g' being also closed. ais a space within the sides of the pontoon 
which may be used to receive water-ballast in order to keep the 
pontoon at its proper depth of immersion when removing the 
_ for a ae = A a at or tanks for 
e purpose can be arran e chambers d,d, (Accepted 
December 10, 1913.) was fe 
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ROLLING LOADS ON RAILWAY 
GIRDER BRIDGES. 


By F.C. Lea, D.Sc. (Eng. Lond.), A.M. Inst. C.E., 
Wh.Sc., A.R.C.S. 
(Concluded from page 294.) 

Uniformly-Distributed Travelling Load.—If the 
travelling load is a uniformly - distributed load 
longer than the span, the maximum moment at any 
point O will occur when the span is fully loaded, 
and will be equal to the area of the influence dia- 
gram for the point O multiplied by the load per 
foot run, or 


M=3 "etl y wz). :, 


the equivalent uniformly-distributed load per foot 
run. 


The maximum bending moment having been 
found at any section due to any system of travelling 
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loads, the uniformly-distributed travelling load 
that will produce the same bending moment at the 
section when covering the whole span is said to 
be the ‘‘equivalent uniformly-distributed load” for 
bending moment for that load and section of the 
beam. 

For example, the bending moment at the centre 
of the 50-ft. span was shown to be 773.6 ft.-tons. 

The area of the influence diagram for the centre 
of the beam is 


L,_L? 
and, therefore, 
a = 773.6, 


or 
w = 2.47 tons per foot run. 


At the point P, Fig. 3, on page 293 ante, ona span 
of 75 ft., the a. due to the engine, 
Fig. 6, was found to be 1025 foot-tons. Then 


w.(i-z).z.d_ 
gers) slow, 
or 
a 
2 (l—2) 
= 1.94 tons per foot run. 


If now the maximum bending moments at various 
sections are obtained for any load system and the 
corresponding ‘‘equivalent uniformly-distributed 
loads” by means a (4), it will be found that, as a 


- (4) 


rule, the 
proceeding 


As an example, consider the engine and tender 
shown in Fig. 8, passing over a girder of 30 ft. 
span. At the centre of the girder the equivalent 
uniformly-distributed load is 2.7 tons per foot run ; 
at 10 ft. from the centre it is 2.75 tons per foot 
run, and, as will be shown later, the limiting value 
at the end of the span is 3.2 tons per foot run. 
(See Fig. 9.) 

For the loads shown in Fig. 11, the equivalent 
loads per foot run are as shown in Fig. 10. In 
Figs. 12 and 14 are shown curves which give the 
load per foot run at various points of spans of 
30 ft., 50 ft., 75 ft., and 100 ft. for different sets of 
wheel-loads. 

Influence Diagram for Shear at any Point P on 
the Span A B, Fig. 16.—When any load W moves 
over a span A B, the shear at P, when W is at a 


uivalent load increases for sections 
rom the centre to the end of the 
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distance x from A, and as long as W is to the right 
of P, is the reaction at A which equals V= #) 


When «x is an infinitely small quantity greater 
than z, the distance of P from A, the shearing 
W(l—z) 

——. 
If at the load W the ordinate c *) is plotted, an 


influence line B C is obtained, the ordinate of which 
for any load W between B and P when multiplied 
by W will give the shear at P due to W,, and if 
there are any number of loads W, W,, W,, &c., to 
the right of P, the shear at P due to these loads is 


S = = W (ordinates of B C). 


Let now the load W pass to the left of P, x being 
now less than z. 
Then the shearing force at P is 
We 
i 
When < is less than z by a very small quantity, 


force at P is 








the shear at P is 
W: 
ay . 

If, therefore, C D is made equal to unity, and A 
is joined to D, or, in other words, A D is drawn 
parallel to B C, A D is the influence line for shear 
at P for loads between A and C. 

The influence diagram for shear at P is AD CB, 
and can be very quickly drawn by setting up at the 
end of the span A an ordinate A C! equal to unity, 
joining BC', and drawing A D el to BC}, 


A D and B C' meeting the vertical through P in D 
and C respectively. 

For any system of loads, Fig. 18, on the span, the 
shearing force at P is 

S= W.zcd + W,ef + Wiagh + W, kl - W, ab. 

If there is a uniformly-distributed load w tous 
per foot run on any length MN of the span, the 
shearing force at P due to this load is equal to 

w.MSTN., 

For a uniformly-distributed load w foot run, 
covering the whole span, the shearing eek at P is 
w.(PCB—ADP). 

For a uniformly-distributed travelling load of 
length greater than PB or AP, the maximum 
positive shearing force occurs at P when the longer 
section BP only of the span is covered, and equals 
w.BPC. The maximum negative shearing force 
occurs at P when the load covers A P and equals 

w. ADP. 

It should be noted that what has been called 
positive shear would cause the left part of the 
girder to move upward relative to the right part. 

The influence rey for shearing force at the 
end of the span is A C' B, Fig. 16, A C' being equal 
to unity. 

The position of a system of loads for maximum 
shearing force at the end of the span is found as 
follows :— 


As long as the load W, Fig. 11, is approaching 
A, the shearing force at A is increasing. en 
the load W passes A, the shearing force suddenly 
diminishes by W tons, and if this is greater than 


d 
the load left on the girder multiplied by ic d being 


the distance between the first and second loads, a 
maximum has occurred. If W is not greater than 


(W, + W, + &e.) 7, the shearing force will con- 


tinue to increase until the second load W, arrives 
at A. If when the first load W is at A a load 
W,, is at d, feet from B, and d, is less than d, this 
load will come on to the ey before W, arrives 
at A. If then the total load left on the girder 
when W off is W, tons, the increase in the 
shearing force as the loads move a distance d, is 


w, %, and when the load W, comes on the in- 
crease while the loads W, + W,, move a distance 
(d — d,) is 
(W, + wn) q,, 
the total increase is then 
Wd , Wn (dd) 
f i “ 


and if this is greater than W tons, the shearing 
force, when the second load arrives at A, is greater 
than when the first loadisat A. For maximum 
shear at the end of the girder one of the loads 
must be just approaching the end, and it is gene- 
rally not difficult to see which one it should be. 
The position of the loads for maximum shear at P 
can be found in a similar manner. 

If any system of loads W, W,, W2, &c., Fig. 17, 
move across the span, the shearing force at P will 
increase until W arrives at P. If W passes P the 
shearing force will suddenly diminish by W tons, 
for C D is equal to unity. Let S be the shearing 
forceat P when W is just to the right of P, then 
the shearing force when W passes is 

S-w. 

If, now, the loads move to the left, the negative 
value of the shearing force due to W to the left of 
P will diminish, while the positive shearing force 
due to the loads to the right of P will increase. 


The slope of BC and A D is 7 and therefore if the 


loads move a distance d to the left the total increase 
in the shearing force is 


(The whole load on the girder) 4 
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When W, arrives at P the shearing force is then 
s-w+zWe 
Wd 


m, tee, 3 
arrives at P is greater than when W is at P. 


3" 


>W, the shearing force when W, 


If 
is less than W, a maximum occurs when W 


is at P. A few examples are given later. In prac- 
tice it is generally not difficult to see which load at 
P will give maximum shear. For plate-girder 
bridges the shear at the end of the span is fre- 
quently only required, as the web thickness is made 
the same throughout, and the pitch of the rivets 
connecting the web to the angles is also kept con- 
stant. In this case, when the biggest load is at A, 
especially if there are a number of big loads follow- 
ing it, the maximum shear nearly always occurs. 
As with the bending moment, it should not be 
overlooked that the loads may pass over the girder 
either way, and that direction should be chosen 
which gives the biggest load at A and big loads 
behind. 

The ** Equivalent Uniformly-Distributed Load” 
for Shear.—From the shear-force influence diagram 
for any point in the span, Fig. 16, it isat once seen 
that if the load is uniformly distributed the shear- 
ing force is a maximum when the front (or back) 
of the load is at P, and covers the greater BP 
of the span. Then a uniformly-distributed load 
covering the greater of the two parts into which the 
span is divided by P, which will give the same 
shearing force as the maximum shear produced by 
any system of loads, is the equivalent load per foot 
run for shear for that system of loads. 

Let w, be the equivalent load per foot due to 
shear, and S the shear due to the wheel-loads. 
Then 


w,. CP B= bw, Uo? s, 


or 
w, = 28! 

(t-2? 

In Figs. 9 and 10 curves are drawn which show 
the equivalent load per foot run for shear for diffe- 
rent points along the span, and in Figs. 12 and 14 
the ordinates of the curves at the ends of the spans 
show the equivalent loads per foot run for shear at 
the ends of the spans for the loads shown in Figs. 
13 and 15. 

Shear at the Centre of a Girder of 50-Ft. Span 
Due to the Bogie Passenger Engine (Fig. 19).—The 
influence diagram is AD ECB. When the first 
load of 10 tons is at E there is 62 tons on the 
girder. If 10 tons passes E the shearing force 
suddenly diminishes by 10 tons; as the loads 
advance the shearing force increases, and a load of 
22 tons comes on when the loads have moved 3 ft.; 
by the time the second load of 10 tons arrives at E 
the increase is then 


62 x 5.5 , 22x 5.5-3 
——$_—_ + —_— = 7.92 to 
50 50 ag 


which is less than 10 tons, and therefore the 
shearing force when the second 10 tons arrives at 
E is less than when the first load isat E. Further 
movement to the left causes a sudden diminution 
of 10 tons in the shearing force when the second 
10 tons passes E, and the shearing then increases 
until 20 tons arrives at E. The increase after 10 tons 
has passed E is 


84 x 7.5 _ 196, 
50 


The total increase after the first 10 tons passes E 
until the 20 tons arrives at E is 20.52 tons, and 
the diminution due to the two 10 tons passing E 
is 20 tons, so that the shear when the 20 tons is at 
E is slightly greater than when the first 10 tons is 
at E. hen the 20 tons there is a further 
decrease in the shearing force by 20 tons. After 
the 20 tons has moved 1.5 ft. past E, 15 tons comes 
on at B, and after a further movement of 5.5 ft. 
a second 15 tons comes on; the increase after the 
20 tons passes E until 22 tons arrives at E is then 


84x15, 9x 5.5. 114x005 
50 50 * 50 

which is less than 20 tons, and the maximum maxi- 
morum occurs when 20 tons is at E. This example 
also shows how, if the shearing force is obtained 
when, say, the first 10 tons is at E,by writing down 
the increases and diminutions the shearing force 
when any other load is at E can be found. 

Shearing Force at the End of a Span of 50 Ft., Due 


= 14,55 tons, 


to a Load of Engines and Tenders, as Shown in 
Fig. 20, ling Over the Girder.—Assuming two 
engines with a tender between them, the total load 
on the girder when 20 tons is at A is 119 tons. 
If the loads move further to the left, another load 
of 10 tons comes on at B, which is at a distance of 
5.5 ft. to the left of B, when the 22 tons is at A. 
The shearing force as the loads move forward until 
22 tons comes to A is increased by 

99 x 7.5 5.5 x 10 

50 

which is less than 20 tons ; and when the 22 tons 
is at A the shearing force is less by 4.1 tons than 
when 20 tons is at A. The maximum occurs when 
20 tons is at A, and 


+ = 15.9 tons, 


_ way perhaps is to compare the two influence 


iagrams. 

Let A C B, Fig. 21, be the influence diagram for 
shear at the end of the girder, and let A E B, 
Fig. 22, be the influence diagram of bending 
moment for a point very near the end of the girder. 
Then if any system of loads moves over the girder, 
when any load W is at D, the bending moment at 
D is equal to 

W.DE + W,.D, E, +, &e.; 
and the shearing force when the load W is at A is 
W.AC+ W,. A, CQ. &.; 
and since A D is very small, the load at C that will 
give the maximum shear will, when at D, give 
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The equivalent loads per foot run at different 
yer along the span of 30 ft. are shown in Figs. 

and 10, from which it can be seen that the equi- 
valent load per foot run for shear is very different 
to that due to bending moment. The equivalent 
load due to shear has its maximum value at the 
centre of the girder, and its minimum at the end, 
where it is equal to the limiting value of the load 
per foot run due to the bending moment. 

The statement of the ing paragraph that 
the equivalent load per foot run at the end of the 
girder is the same for shear and bending moment is 
not only true for this particular case, but is true 
in general for any system of loads. This is of 
importance, and may be expressed in the following 
theorem :— 

For any system of loads rolling over a girder the 
equivalent load per foot run for end shear is the 
same as the equivalent load for bending moment at 
a point very near the end of the girder. This can 





be proved in several ways, but for our purpose the 


S = 71.17 tons. a bending moment at D, and therefore the 
, shearing force at C is to the bending moment at D 
The emia load per foot run, im the ratio of 
= “*= AC 
WwW, ; 2.847 tons per foot run. DE 
Cc 
Fig. 19. 
> 550 75° [0 154 2 ms’ 18 55" Lis 
20 40 —.5/4-—2 
fs300.1) 
f ied ad r ad 
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If w is the equivalent load per foot run for end 

shear, 
4w.AC./ = the end shear, 
and if w, is the equivalent load per foot run for 
bending moment at D, 
4 W,. DE. / = the bending moment at D. 
Therefore 
w.AC.1_AC 
WwW). D E - D EF 
w= wy. 

To Determine the Equivalent Loads per Foot Run 
without Determining the Bending Moments Due to 
the Wheel-Loads.—The equivalent load per foot run 
at any point of the span can be found without 
determining the actual bending moment. If for 
any point P, Fig. 23, the influence diagram is 
drawn, the bending moment at P due to a uni- 
formly-distributed load covering the span is the 
area of the triangle AM B multiplied by the load 
per foot run. If M is the bending moment due to 
any system of wheel-loads, 


or 


in J. 
z (i - z) 
But sup PM on any scale is made equal to 
unity, and let any ordinate under a load be r, 


Fig. 23, then the bending moment 
M==w.rl =e, 


and, therefore, 
w=2> fe wf 


That is, then, all that is necessary to determine the 
equivalent load per foot run for any point P is to 
set up at P any unit—say, 10 cm. or 10 in.—and 
to scale off the ordinates under the loads as frac- 
tions of this unit, multiplying each load by the 
corresponding ordinate and summing, the value of 
= W.r is obtained. Dividing this sum by half 
the span, w is found. 

The influence diagrams of bending moment for the 
centre and for three-quarter span and the influence 
diagram for end shears are shown in Fig. 3, all the 
maximum ordinates being of the same magnitude, 
and called unity. This is a very convenient way 
of drawing the diagrams and gives a very accurate 
method of determining w for all points along the 
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span. Using the principles discussed, the equiva- 
lent uniformly-distributed loads for certain wheel- 
loads and for various points in spans, 30 ft., 50 ft., 
75 ft., and 100 ft. respectively, have been found, 
and the results plotted in Figs. 9, 10, 12, and 14. 
It will be seen that in these cases the equivalent 
uniformly - distributed load for bending moment 















In designing, it is generally thought advisable 
to use a uniformly-distributed load that will give 
a bending moment at all sections as great as that 
produced by the actual wheel-loads, and in design 
offices it is not unusual to draw a series of funicular 


| polygons of bending moment for any combination 
| of wheel-loads, and by superimposing a number 
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increases from the centre towards the end of the 
span. It has been shown that the equivalent load 
for end shear is the same as for the bending 
moment near the end of the span, and if the uni- 
formly-distributed load for end shear only is found, 
it can with confidence be used as the uniformly- 
distributed load for bending moment for the whole 
girder; the dimensions of the flanges as deter- 
mined by using this uniformly-distributed load will 
obviously err on the side of safety. 


of these polygons on a base equal to the span to 
determine a parabola that will circumscribe the 
polygons, and from this the equivalent load is deter- 
mined. By determining the equivalent load for 
end shear and the equivaieas Teed for bending 
moment at the centre of the girder, the minimum 
and maximum values can easily be obtained. If 
the former is used, bending moments of from 20 
to 25 per cent. greater than the actual moments 
may be obtained for the centre of the girder, and 








the booms are made excessively heavy where from 
the point of view of dead load it is desirable to 
ep them light. Theoretically the booms of a 
g er can be reduced to nothing at the ends, 

ut in all cases the angles and perhaps one plate 
can be carried to the end of the span, so that the 
booms are generally much stronger near the end 
of the span than theoretically necessary. It would 
appear, therefore, that practical cases would be 
met by determining the equivalent load per foot 
run for bending moment at a point, say, one-tenth 
of the span from one end of the girder, and using 
= as the equivalent load per foot run for the 


ms. 

If this load is used for shear, it will give a 
shearing force at the centre much less than the 
actual shear, and a value at the end of the girder 
less than the actual value. As the value of the 
shearing force at the end of the span determines 
the thickness of the web-plate and the pitch of the 
rivets connecting the boom angles to the web, it 
will be generally safer to use the uniformly-distri- 
buted load for end shear to determine these 
dimensions. 

In plate-girder bri the web-plates are usually 
made not less than # in. thick, and in many cases 
the same thickness of web is used throughout. 

The shear at any section determines the pitch of 
the rivets connecting the web and booms, and if the 
pitch is to be varied, it should not be overlooked 
that the equivalent load per foot run for shear at 
the centre of the girder is much ter than at the 
end. The ordinary method of drawing for one 
uniformly - distributed load a bolic diagram 
showing the change of shear as this load rolls over 
a girder does not give, with even a reasonable 
approximation to accuracy, the actual changes of 
heer which take place when the wheel-loads to 
which the uniformly-distributed load is supposed to 
be equivalent pass over the girder. 

If any new combination of wheel-loads is intro- 
duced on to a railway, its maximum effect on the 
booms of existing structures can be found by 
finding the equivalent load per foot run for end 
shear for given spans; if this is found to be 
greater than that which the structure will safely 
carry, before proceeding to strengthen the girder, 
the actual moments at various sections should be 
found by drawing the influence diagrams and 
these compared with the actual moments the 
sections are capable of resisting. Girders which 
might be condemned as weak, if the so-called 
uniformly-distributed load is used, may be found 
sufficiently strong to resist the actual moments. 

Using the properties of the influence diagrams, 
it is possible to construct a simple instrument by 
means of which the bending moments and equiva- 
lent loads due to any system of wheel-loads can be 
obtained easily. 

It has already been shown that the ordinate of 
the influence diagram for any point at a distance z 


from the support in a span / is @ + *)* For the 


centre of the span the ordinate equals z and the 


ends of the maximum ordinates for other points 
in the span lie on a parabola, Fig. 24, having « 
central ordinate equal to z: 

To draw the bola a well-known construction 
is todivide AH and AC similarly in points 1, 2, 
3, &. ; then erecting perpendiculars through the 
points in AC to meet corresponding lines F,, Fy, &c., 


the bola Ab FB is drawn, the right-hand 
half being similar to the left. 
Now sup F, to be a bar, and let a clamp be 


fixed to F, at b, i.e., vertically over the point 2 on 
A C, and let two bars, having lines on them, b B 
and b A be set so that the lines b B andbA 
through the respective ends of the span. en 
A b Bis the influence diagram for the point 2 on 
AC. 

In Fig. 24, A B is a metal bar behind which is 
marked off in both directions from the centre O 
a scale of feet. At the point C is rigidly fixed to 
A B, and perpendicular to it, a second bar C D. 


Along A Bcan be clam in any desired position 
two sliding-pieces Eand K. To E is rigidly fixed 
a metal bar E F, which, when E is clamped, is 


perpendicular to A B. Attached to E F is a scale, 
as shown in the figure. M is a slider which can 
be clam in any desired position along the bar 
C D, and G is a slider which can be clamped in 
any desired position along EF. On the clamp G 











308 


ENGINEERING, 


[Marcu 6, 1914. 








is a cylinder which revolves on a small vertical pin 
connected to G. To this cylinder is connected a 
bar N N which passes through the axis of a second 
small cylinder which revolves on a vertical pin 
connected to the clamp M. H is a slider which 
can be clam to the bar N N in any desired 
position. ST and SZ are two metal bars which 
at S are pivoted on a vertical pin connected to the 
slider H, and along which are drawn lines as shown. 
On the clamps E and K are also cylinders which 
revolve on vertical pins, and which have slots cut 
into the top into which the bars S T and S Z can 
respectively drop and be clam The lines on 
ST and S Z pass through the axes of the cylin- 
ders at H, E, and K respectively. 

Now suppose E and K are set at 30 ft. apart, 
say, on the scale. Then EK represents a span of 
30 ft. Let the clamp M be set at a distance of 
7.5 ft. from C; then C M is the central ordinate 
of the influence diagram for the centre of the girder, 
and is also the central ordinate of a parabola which 
passes through the ends of the maximum ordinates 
of the influence diagrams for all points along the 
girder. 

Now let G be set at 7.5, say, along the scale E F 
—i.e., the same distance as P is from E on the 
scale E C—then the centre-line M G will correspond 
to F 2 in Fig. 24. By means of a special template, 
as shown in Fig, 26, which is in the form of a 
square, let the centre of H be set over 7.5 ft. or 
15 on the horizontal scale of spans. The centre- 
lines E S and 8 K now form the influence diagram 
for the point Pon the span EK. The bars can be 
set in a few seconds. To facilitate the setting of H 
the vertical pin at H is made to project a little 
above the top of the bars ST and 8 Z, and the tem- 
plate has a pointer P, connected to the head and set 
at half of the diameter of the pin from the blade 
EF of the template. The template is moved along 
AB until the point comes to the desired point P, 
which in all cases is to be at the same distance from 
E as the point G on E F, and the slider H is moved 
along G M until the pin touches the blade EF of 
the template. At the bars S T and S Z are 
halved, so that the two upper faces of the bars are 
flush with each other. Te the slider K is fixed a 
bar K F, having a scale of tons marked along it. 
Along the edge of the template, Fig. 26, is made a 
similar scale. To the bar K F, can be clamped in 
any desired position aslider J having a pointer on it 
which can be set to any desired load on the scale. 
To the frame of the instrument is fixed a spindle, 
on which can rotate a drum Q. inside which is a 
coiled spring. Around the drum is wound a fine 
wire, which round a small cylinder rotating 
on a pin fixed to the clamp J, Fig. 26, fixed in such 
a position, and the cylinder is of such a diameter 
that the centre of the wire passes through the centre 
of the slider J. To the free end of the wire is 
fixed a hollow cylindrical drum in such a | 
that it will easily slip on to the cylinder on E, 
missing the clamping-screw which clamps TS to 
E, and also missing the bar TS. When in posi- 
tion the wire is as shown by the dotted line EJ Q, 
Fig. 25. Now, suppose that on a strip of paper 
the positions of any system of wheel-loads are 
drawn to the same scale that E K represents the 
span, and the strip is laid behind the scale, and 
with a load at P, in the figure 18 tons, such that 
the sum of the loads to the left of P, multiplied by 
PK, is not greater than the loads to the right, 
multiplied by EP, or, what is the same thing, that 
the sum of the loads cn the span is not greater 
than the loads on E P, multiplied by the ratio of 
the spanto EP. In the figure P K is three times 
EP, and EK is four times EP. The sum of the 
loads to the left of P is 12 tons. The sum of the 
loads on the span is 91 tons. Then 4 x 12< 91. 
If, however, 18 goes to the left of P, then 4 x 30>91, 
so that a maximum occurs when 18 is at P. The 
same result can be obtained without calculation 
with the instrument. Set the strip of paper with 
the load, say 18 tons, at P. Let the total load on 
the s be W tons, and let the load to the left of 
P be w tons. If the loads on the strip are totalled 
as in the figure, w and W can easily be read off. 
Let the slider J be fixed at the load on the scale 
K F, equal to the load on the girder, in this case 
91 tons, and let the wire be run from Q to E. Let 
the pointer P on the template, Fig. 26, be brought 
to the point P on the span, and P V be read off in 
tons along the scale of tons on the template. If 
aa gueye lh oa w, and w + 18 is ter 
than P V, a maximum occurs when 18 isatP. In 
general, if the total on the strip to the left of P 
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is less than P V measured on the scale of tons, and 
the total to the load which is at P is greater than 
P V, the load at P gives a maximum value. As in 
the cases previously discussed, the maximum maxi- 
morum can be found. 

The template used with the instrument is made 
as shown in Fig. 26, having a piece of squared 
paper glued to the frame, and at the left a piece of 
transparent thin celluloid. Along AB is marked 
off a scale which can be considered either as a scale 
of tons or of quarter spans in feet. Along BC is 
marked a scale of tons to any desired scale. BC 
is drawn at 10 units from AD. From BC are 
drawn lines parallel to AB to meet AD. The 
scale along A D is a scale of bending moments, the 
points on AD being figured » times as great as 
the corresponding points on BC, n being the 
number of units that BC is drawn from AD; in 
Fig. 22 n is 10, so that the seale of foot-tons on 
AD is ten times as great per inch as the scale of 
tons on BC. From A are drawn radiating load 
lines to BC. At any point R on the span, Fig. 25, 
let R R' be the ordinate of the influence diagram, 
and let AR on AB, Fig. 26, be equal to RR’. 
Then, since the scale of tons along A B, Fig. 26, is 
the same as the scale of feet along C M, Fig. 25, AR 
is the bending moment at P due to 1 ton at R, Fig. 25. 
Now let RT be drawn to meet the load of 16 tons 
in T; then RT, which equals A Y, is the bending 
moment at P due to a load of 16 tons at R. To 
find the total moment at P it is only necessary to 
run the template along to each of the loads, and 
by reading off the corresponding values of A Y, and 
summing, the bending moment at P is obtained. 
Now divide the total moment at P by half the 
span, and look for the number thus found along 

e scale of moments A D, Fig. 26. 

Set the template to P on the — and by run- 
ning a horizontal through S, Fig. 25, and a vertical 
through the bending moment reading on the tem- 

late, the equivalent load per foot run for the point 
is equal to the load corresponding to the radiat- 
ing line on which the two lines meet. For this 
purpose a second template with a more open scale 
along BC and A D can be used. 

It will be seen that along C D, Fig. 25, is drawn 
a scale corresponding to spans as well as one corre- 
sponding to quarter gem so that when E is set at 

, M can be set at 30. 

Another method of using the instrument to find 
w the equivalent load per foot run is as follows :— 

Let the loads be set in the position for maximum 
moment by the method already discussed. A bar 
U X is fixed parallel to A B, Fig. 26, and at a dis- 
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tance of 10 units from it. Let now the slider H be 
clamped to this bar at S', corresponding to the 
point P. Then, as already shown, if S! P is called 
unity and at any load the ordinate R s is scaled off 
as a fraction r, 
> Wr 
w=22 7 
l 

The ordinate 7, Fig. 26, which, say, is equal to 
As, Fig. 25, can be read off along the scale A B, 
and by drawing it parallel to AD to meet the 
radiating line on the corresponding load W in t¢ 
and raising a perpendicular ¢ u to the top of the 
scale B C, the value of W 7, which is equal to B wu, 
is found. Summing these and dividing by half the 
span w is obtained. 





THE NEW GREAT WESTERN RAILWAY 
STATION AT BIRMINGHAM. 
(Continued from page 175.) 

Erection of Steel- Work to Main Roof.—One of the 
first things to be considered after the contractors 
had made a commencement with the work was the 
taking down of the then existing roof which spanned 
the old station platforms and main lines, all of 
which in the meanwhile were in full use by the 
travelling —, and for general traffic purposes. 
This difficulty was overcome by the construction of 
a close-boarded segmental staging on three wood 
ribs, each the length of the span of the old roof, 
and carried on framed timber trestles at each end, 
which were fitted with flanged wheels for travelling 
on a rail track (see Fig. 112, above). The roofing 
was then taken down piecemeal in short lengths, as 
occasion required, on to the staging, the staging 
then being moved further along, and the process 
repeated. 

e first portions of the new roof to be erected 
were those over the relief lines. This part of the 
work did not present many difficulties, for the 
reason that the main girders were of such a depth 
that it was found possible to convey them to the 
site fully riveted up, except in the case of four 
girders at the north end over the up relief line, 
these being too long to give the necessary clear- 
ance when travelling round the curves en route. 
They were therefore sent in two sections, and 
jointed at rail-level and riveted before hoisting. In 
the case of these four long girders it was advisable 
to hoist with two derricks, so as not to twist them, 
the longest being just over 105 ft. long, and the 
flanges only being 15in. wide, which width is quite 
sufficient when the girders have been fixed to the 
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principals, which act as side-stays. The fact that 
the new station buildings been proceeded 
with immediately the platform girders and roof 
stanchions had mn fixed also necessitated the 
exercise of much care. There not being sufficient 
room on the platforms to joint up the girders 
immediately next the roof stanchions, owing to the 
stanchions being built in, the sections of the 
irders had to be laid out and jointed in the space 
tween the buildings, and when each of the four 
long girders had been hoisted so as to clear the flat 
roofs of the buildings, the derricks had to be 
‘* walked ” whilst the girders were slung in the 
tackle. A somewhat similar procedure had to be 
followed when erecting the principals over the 
latform buildings. After the oe had been 
foisted and the derrick ‘‘ walked ” close up to the 
building walls, the principal was transferred whilst 
in the tackle to a further set of tackle slung from a 
steel-wire ropeway, and then travelled along into 
position for attachment to the girders. 

The erection of the centre bay was of a very 
different nature. The girders are 103 ft. long, and 
were designed so that they could be sent to site 
in two or three sections, which, of course, meant 
jointing either on the sidings (which would be 
costly) or by closing one of the through lines and 
then erecting a trestle to support the sections of 
girders until the girder had been jointed and 
riveted. Even then it meant further interference 
with traffic over the rails and platforms whilst 
the principals, &c., were being hoisted, as the 
traffic requirements were such that it was impos- 
sible to give a total blockage of the lines except 
on a Sunday, and, even then, for not more than 
20 to 30 minutes, as otherwise the through traffic 
would become so congested that it would take 
several hours to reduce it to normal conditions. 
The same difficulties would have had to be con- 
tended with for each successive girder and bay of 
principals, therefore the erection by derrick was 
well nigh impossible. After careful consideration, 
the steel-work contractors (Messrs. E. C. and J. 
Keay, Limited, of Birmingham and Darlaston) 
decided to erect a travelling overhead stage, to the 
design of their Mr. C. Barron, who had charge of 
the steel-work throughout. As events proved, this 
was the most practical way of dealing with this 

rt of the work, both for the contractors and 
“ the railway company. The stage provided 
had a close-boarded deck measuring ft. by 
76 ft.; this provided safety for the men working 
aloft, and afforded thorough protection for 
the public and traffic passing underneath. The 
76-ft. width enabled a whole bay to be erected, and 
left a protecting margin of 8 ft. under the previous 
bay, while also projecting 23 ft. beyond the bay 
being erected, which space was-necessary for a 7-ton 
steam-crane to revolve clé#f‘of the steel-work in 
course of erection. The girders were sent to site 
in three sections, the heaviest being about 64 tons. 

It may be of interest to give the leading parti- 
culars of this stage, which is shown in Figs. 113 
and 114, annexed. The decking was supported 
on 14-in. by 6-in. rolled-steel joists 46 lb. per foot, 





and spaced 3-ft. 6-in. centres in both bays. At 
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first it was intended to place the rolled-steel joists 
at 7-ft. centres in the bay beyond the crane track, 
and to use a 3-in. timber deck. But to avoid any 
possibility of a concentrated weight coming on 
one plank and rupturing it, thereby allowing 
material to fall through on to the platform or rails 
below, it was decided to fix the rolled-steel joists 
at 3-ft. 6-in. centres in both bays and lay on a 2-in. 
timber deck. The rolled-steel joists were supported 
on three steel lattice girders. Advantage was taken 
of the available head-room, the girders being 
9 ft. 8 in. deep and 95 ft. long. The girder imme- 
diately under the outer rail of the crane track was 
constructed so as to be able to support the whole 
weight of the 7-ton crane, and admit of a maximum 
lift at the centre or at either end of the track,in addi- 
tion to the dead load of the stage and a fair margin 
for steel-work that might have to be hastily de- 
posited when unloading ; also fora proportion of the 
newly-erected roof girder until the riveting had been 
done. The centre girder had to deal with its share 
of load of the roof girder, as well as for an accumu- 
lation of steel-work in the shape of principals, 
lantern frames and girders, gutters, purlins, &c., 
which were unloaded and deposited on the stage on 
a Sunday, preparatory to being erected during the 
following week. The outer girder had only to 
carry the decking, with a reasonable allowance for 
any accumulation of steel-work that it might be 
found convenient to place on the stage ; also for 
timber, lead, &c., required fur the roof-covering, for 
which the stage was a t boon. The stage girders 
were exceedingly well braced and overcame the 
side movement incidental to all elevated stages where 
a locomotive crane is used, which movement conveys 
to a nervous publican idea of weakness. A framed 
timber trestle was placed under each end of the 
girders. 

The chief point about the trestles was the meth 
for ensuring equal distribution of the loads on each 
of the eight wheel-bases used in each set of the 
six trestles, as it had to be borne in mind that the 
trestle tracks had to be laid along the existing timber 
platform, where it was difficult to get to under- 
pin. The lattice girders took bearing at the centre 
of a steel compound girder which lay in between 
the two rows of upright timbers ; this compound 
girder in its turn was carried by a cross-joist at 
each end, which, in its turn, distributed the load 
on to the timber sills at the centre between each 
set of uprights. It will be readily understood 
that this precaution was necessary, and it was pos- 
sible under certain conditions to bring a load of 
64 tons on either trestle (or 8 tons per wheel) 
under the girder carrying the crane. On each side 
of the runner-frames of these two particular 
trestles a 12-in. by 3}-in. steel channel was bolted 
further to prt be. them, in case any wheel found 
a weak bearing, the frame being then strong enough 
to relieve each wheel as 1t passed over that parti- 
cular point. The gantry girders, being very deep 
and long, had to be sent to the site in sections. 

The girders were assembled on the new up 
relief platform at the north end, which at this 
point was wide enough to allow of the main portion 
of the girders being put together. A set of the 
platform trestles was put together and an addi- 
tional cross-runner frame placed under the per- 
manent runner-frame. As soon as one of the stage 
girders had been assembled it was hoisted on to 
the two trestles, and the second girder laid out and 
then hoisted to make way for the third girder to 
be assembled. When all three girders had been 
hoisted they were well braced together and a tem- 
porary track laid over the new platforms for the 
trestles to travel over. Arrangements were then 
made, through the traflic de ment, to have 
ese sa of the two middle ugh roads on a 
Saturday night, and on these roads box packings 
were built to the level of the new platforms. This 
done, the temporary fence on the up platform was 
removed and the trestle track extended across 
the existing platform and over the up-platform 
rail (which was blocked to traffic) and on to the 
box-packings. Everything now being ready for 
the trestles to move forward, the down-platform 
road was blocked to traffic (thus causing a total 
block), A set of wire ropes and blocks, attached 
to a crab behind the fencing on the down platform, 
was drawn across and attached to the leading 
trestle, and then travelled along the track until the 
leading trestle was over the box-packing, which 
operation took about thirty minutes. The ropes and 
blocks were then uncoupled from the leading trestle 


In the meantime the temporary track was re- | 
moved from over the up-platform line and plat- 
form, and that line thrown open to traffic without 
further interruptions. The beams used for the 
track over the up platform and line were now re- 
erected over the down line and platform, which 
was closed to traffic again, and after coupling up 
the wire ropes and blocks to the trestle, it was 
drawn forward so as to clear the down line, after 
which the beams were removed and traflic re- 
sumed. After travelling the trestle over the plat- 
form as far as was required, the box-packings were 
removed from the middle roads, which enabled 
the traffic to be worked under normal conditions. 
Hydraulic jacks were used to raise the trestle, 
and the cross-runners drawn out and the trestle 
then lowered on to the track previously prepared. 
The same operation was repeated with the trestle 
on the up platform. The two remaining trestles 
(which could not be built previously owing to the 
runners being in use for the launching process) 
were next built, and the girders transferred on the 
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various trestles. The bracings, rolled-steel joists, 
decking, &c., followed on quickly. All this 

of the work was carried out during the week-days, 
vigilant flagging being enforced for the protection 
of the traffic. Immediately the deck was completed 
the crane was hoisted on to it in sections and 
reassembled. 

In the meantime a lot of underpinning had been 
carried out to enable the stage to be travelled 
into position for building the first bay of the 
roof. The whole of the steel-work required for 
one bay was then sent forward from the contractors’ 
yard, and brought into the station early on a Sunday 
morning, and excepting during the erection of 
Bays 1 and 2 (owing to Great Charles-street Bridge 
not then having been reconstructed to allow four 
through roads), was hoisted on to the stage deck 
without interruption, of traffic, except. that the 
through traffic to pass over either the up or 
down platform line, according to which centre road 
was used for the loaded wagons to stand upon. 

As stated previously, the steel-work hoisted on 
the Sunday was assembled and riveted during the 
following week, and the 
plumber and glazier followed. It was found im- 
possible to get all this work done in one week, and 





and the down-platform line opened temporarily. 


as the moving forward of the stage would have 








inter, carpenter, sheeter, | and 


seriously delayed the progress of the kindred 
trades, it was useless pushing the steel up ahead. 
In addition, there would have been the loss of pro- 
tection over the platforms and rails ; soit was de- 
cided to move the stage every other week, when 
possible. The stage was moved forward with the aid 
of two sets of wire ropes and blocks fixed toa crab 
on each platform, which operation took from 
one to two hours according to the facilities 
in the cramped area between the temporary fence 
and the new buildings. The rigidity of the stage 
and the even distribution of ‘tip tone enabled the 
moving forward to be done (generally on a Satur- 
day morning) quietly and without the public being 
aware of the movement. 

When the stage had been moved south as far as 
the new foot-bridge, it was dismantled. At the 
time when the staging was being designed it was 
not rp to say how the stage could be dis- 
posed of ; therefore the girders were so constructed 
that they could be slung and the bottom flanges 
removed in sections and ultimately taken apart 


Secror TAsBLe, 


iecemeal and lowered to rail-level. It was found, 

owever, that sufficient room was available at the 
south end of the down platform, so two of the Great 
Western Company’s locomotive cranes were brought 
into use on a Recher, and the girders were lowered 
and placed on the platform, this work being carried 
out between trains, except the actual lowering 
of the girders over the rails. This necessitated a 
total block of about 15 minutes for each girder ; 
afterwards the girders were disjointed into suitable 
sections and loaded on to railway trucks and 
returned to the contractors’ yard. Every credit is 
due to Messrs. E. C. and J. Keay and their erect- 
ing staff for the able manner in which this 
important part of the work was carried out. The 
glazing of the booking-hall and main station roofs 
was carried out by Messrs. Mellowes, and that of the 
umbrella roofs by Messrs. H. ~~ and Sons. 

Fig. 115, page 309, shows one of the large girders 
carrying the railway over the parcels yard being 
moved into position. Each end of the girder, which 
weighs 59 tons, and was brought complete from the 
builder’s yard, isshown supported on timber trestles 

Pocking, with temporary ways laid so that it 
could be travelled from the special wagons on which 
it was transported to its permanent position. 

The trestles used for the erection of the large 
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late-girders over the parcels yard (Fig. 115), by designing the most complicated ornaments and 
van uilt so that they could be cut through and LITE RATURE. geometrical figures, rather than in the treatment 
used for the platforms—the uprights, of course, ——— and proportion of masses. They do not recognise 
having to be Kastenet to suit the height required. | indian Architecture, its Psychology, St and | that ornament is most effective when relieved by 


Sector-Table.—Our description of the new Snow 
Hill Station would not be complete without refer- 
ence to the sector-table—one of the most interesting 
features of the station equipment. This is shown 
in Fig. 127, page 310, and details of its construction 
in Figs. 116 to 126, on Plate XXXIV. It is 
situated between platforms Nos. 3 and 4, where 
there is insufficient space available to admit of 
ordinary cross-over roads being laid in. By means 
of the sector-table the engine of a train can be 
cut off immediately it reaches the station, then 
traversed to the opposite track, whence it can 
‘*run round” the train for shunting or other pur- 
poses. By this arrangement trains are more ex- 
peditiously manipulated than would otherwise be 
possible without recourse to dangerous ‘‘ backing” 
movements. 

Figs. 118 to 120 show the construction of the 
pit in which the table works. Hereaboute the 
space under the platforms is allotted to the stores 
of the refreshment de ment; therefore instead 
of cutting up this area by continuous walls, isolated 
brick piers were built, as shown in Fig. 119. 
Since the vertical height from the ground-level to 
rail-level was extremely limited, it was desirable, in 
the interests of the refreshment department, to 
keep the constructional depth of the table and its 
supports as little as ible. The pivot is carried 
on the large brick pier, and the four smaller ones 
on the centre line of the table support the inner 
ends of the compound girders, which carry the 
bridge rails, on which, by means of the 2-ft. 
diameter wheels, the table is moved from one 
position to another. The outer ends of the com- 

und girders are carried on the main girders A, 
B. C, and D, these girders carrying in addition the 
platform joists which protrude over the pit. At 
the right-hand side of Fig. 119 is shown a short 
portion of special age support necessitated b 
the exigencies of the adjacent stairway, whic 
connects the platform with the booking-office in 
Great Charles-street. A strong steel buffer arrange- 
ment is fixed at the back of the pivot of the sector- 
table, where the three lines of way over the table 
converge. The floor of the pit is made of concrete 
9 in. thick, laid in between rolled joists 7 in. by 
4 in. by 16 lb. per lineal foot. 

Fig. 116 shows that the table is pivoted at the 
dead-end of the platform, while, at the other end, it 
is capable of traversing an arc of 8 ft. 4 in., and it is 
supported by four cast-steel travelling wheels, 2 ft. 
in diameter on tread. It is capable of carrying a 
maximum axle load of 20 tons, the distributed 
working load being 142 tons, the test load having 
been 170 tons. The table is operated by means 
of a motor and gear fixed to the underside, 
which drive spur reduction gear, working a 
ground barrel for winding ropes, by which the 
table is moved in either direction. There are three 
converging roads on the table, formed of —— 
rail, 118 lb. per yard. The provision of these 
prevents the possibility of an engine running off 
either of the platform roads into the pit. The table 
is controlled by a hand-lever fixed at the side of the 
platform. By means of the table the engine of an 
incoming train is traversed over so that it may 
leave by the unoccupied track, thus avoiding waste 
of engine-power. e table is interlocked in such 
a = as to secure that it cannot be operated with- 
out the knowledge of the signalmen. It was con- 
structed by Messrs. Ransomes and Rapier, Limited, 
of Ipswich. 

The principal contractors for the work previously 
described were Messrs. H. Lovatt, Limited, of 
Wolverhampton, who have carried it out in a most 
capable and satisfactory manner, the work through- 
out being of a high-class character. 

The whole of the engineering works were designed 
by, and carried out under the supervision of, Mr. 
W. Y. Armstrong, M. Inst. C.E., the New Works 
Engineer to the Great Western Railway, the 
Resident engineer being Mr. C. E. Shackle, A.M. 
Inst. C.E., and the Clerk of Works Mr. J. Jackson. 


(To be continued.) 
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History from the First Mohammedan Invasion to 

Present Day. By E. B. Havett. With Illustrations. 

London: John Murray. 
Tue columns of this journal are hardly suited to 
the discussion of the merits of Indian architecture, 
the sources whence it drew its inspiration, or the 
treatment it has received at the hands of English 
connoisseurs and experts. But there are, un- 
doubtedly, points in the art of construction where 
the knowl and experience of the engineer come 
to the assistance of the builder. One is reminded of 
these points of contact when the author discusses 
problems connected with the geometry of the arch 
or the principles of dome construction. In the 
former case there is evidence of gradual transition 
from the bracket to the arch, made tentatively, and 
apparently not without distrust, remembering the 
beautiful work accomplished by beam and bracket. 
With the dome the Indian craftsman exhibited 
greater boldness and a better knowledge of the 
strength of materials. He proceeded by two 
methods : either by building up the dome in hori- 
zontal courses of stone, or by erecting stone ribs 
resting upon an octagonal base to form a structural 
frame, and filling up the intervals between the 
ribs with horizontal masonry. There came a time 
later when the arch and the bracket were com- 
bined, the bracket forming the constructional part 
and the arch being used as a symbolic and decora- 
tive element. Similarly the dome underwent 
transformation, but such matters are accidental, 
and do not touch the real scope of the work. 

To regard this book from an engineering point of 
view would be to misconceive utterly the object of 
the author. Mr. Havell writes to establish certain 
positions, and to prove that views accepted b 
authority are untenable. To vindicate the excel- 
lence of Indian art, to establish its exact relation- 
ship with, or independence of, Mohammedan 
teaching or other influences, is a worthy object, 
and we regret that the author has not been able to 
accomplish it without exhibiting hostility to earlier 
writers. This course is not tactful, nor does. it 
strengthen the argument. We could have wished 
that the author had sought to establish his point 
that Indian architecture was a great independent 
force, without adopting so polemical an attitude. 
Evidently he is angry that justice has not been 
done to the esthetic feeling exhibited by the 
Hindu, and thinks it monstrous that the excellence 
attained and displayed in the reigns of Jahangir 
and Shah Jahan should be attributed to the rejec- 
tion of Hindu influences and the substitution of 
Mohammedan ideas. He fights strenuously for 
the cause of Indian culture, contending that it 
reached its highest artistic expression before the 
Mogul dynasty was established; but we remain un- 
convinced. Art is not progressive in the same 
sense that science is. It is imitative: there are 

riods of growth, culmination, and decline, and if 

— is ~ be —, the introduction of a new 
thought and a eparture are necessary. 
Social upheaval, such as that which accompanied 
the advent of the Mogul power, may have been 
needed to quicken genius and invest imaginative 
art with increased force. Certainly craftsmanship 
was at no period of decadence when arose the 
Taj Mahal, which has been rded as a typical 
example of the pure Mohamm art, and in which 
no one has discovered the slightest suggestion of 
Hindu influence. But this building, Mr. Havell 
asserts, is more Indian than St. Paul’s Cathedral 
or Westminster Abbey are English. There have 
not been wanting those who, possibly jealous of such 
a jewel in an Eastern land, have sought to attri- 
bute its erection to Western architects, and have 
selected an Italian, Geronimo Veroneo, as the 
artist who conceived this monument. This is a 
fiction that can be dismissed, but it is not so easy 
to prove that its artistic beauty is due to the 
traditional influence of an indigenous school, or 
to assert that foreign artists were not inspired 
by the admirable models with which they were 
brought into contact. Mr. Havell’s special te 
ing is ingenious, but it leaves us dissatisfied. It 
would be unjust to him to try to summarise his 
argument in a few words. His evidence is cumula- 
tive, and he tries to get his verdict by the addition 
of small increments. We might, however, point 
out that Arabian and Saracenic artiste obtain their 
effects by the elaborate decoration of surfaces, 


the}@ due proportion of simplicity. 





‘“*The Indian 
—_ in beauty of a oe > " Boa 
ific engineering, ski nning, an ect 
masonic craftsmanship.” Phese are the qualities 
that are noticeable in the construction of the Taj 
Mahal, and it may be a strong point in the author's 
contention, or it may be part of a vicious circle of 
reasoning. This is y the place to pursue the 
evidence in detail, and it is referred to only to 
show the thorough character of the author’s exami- 
nation of the subject, and the fearlessness of his 
attack on entrenched positions held by authority. 
This confident attitude and ardent championship 
of Indian art explains another purpose that the 
author has in view. He is afraid, one might say 
he is assured, that the Government is not suffi- 
ciently sympathetic towards Indian handicraft. 
Hea that the Government methods are crush- 
ing out of existence all independent native art, 
and are committing a grave blunder in the form of 
training adopted. At the present moment there is 
a great opportunity for encouraging architectural 
development on native lines My creating a new 
Delhi that should be worthy of Indian traditions, 
and raise a high and correct standard. He dreads 
the tration of some monstrous incongruity, 
‘* some spick-and-span Greek-temple British post- 
office, which might have been imported ready-made 
from Bloomsbury or St. Pancras,” that might 
satisfy Western ideas of utility, but would be out 
of place amid Eastern surroundings. Further than 
that, the translation of the ideas of the London 
architect from paper into stone by Indian crafts- 
men would be to im on them an unsympathetic 
task, and produce but a lifeless result. ere are 
plenty of artists in India capable of doing remark- 
able work while still preserving the technique, the 
treatment and the traditions preserved in the 
Indian race. But to get the best from these they 
must plan as well as execute, and, says this un- 
an ype advocate for Indian work on Indian 
soil, ‘* it would be a calamity, both for India and for 


this country, if the only result of the building of 
the New Delhi is the establishment of another 
de ental school for teaching Indians modern 


pseudo-scientific methods, by which architecture, 
as far as concerns themselves, ceases to be an art.” 
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THE DEMOLITION OF THE OLD SOUTHWARK BRIDGE. 
MR. BASIL MOTT, M. INST. C. E., WESTMINSTER, ENGINEER; SIR WILLIAM ARROL AND CO., LTD., GLASGOW, CONTRACTORS. 
(For Description, see opposite Page.) 
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THE DEMOLITION OF THE OLD SOUTHWARK BRIDGE. 
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THe work of removing the old Southwark Bridge, 
preparatory to the construction of the new bridge, 
which has been designed by Mr. Basil Mott, M. Inst. 
C.E., on behalf of the Bridge House Estates Com- 
mittee of the City of London, has reached a stage of 
great interest. It. is now possible not only to appre- 
ciate the marvellous character of the design of the old 
bridge, but the completeness and mechanical soundness 
of the temporary work in use by the contractors, Sir 
William Arrol and Co., Limited, of Glasgow. Indeed, 
all interested in engineering, and particularly those 
associated with bridge-building, would find a visit to 
the structure at the present time of absorbing interest. 
The views which we publish of the work on this and 
the opposite pages, and on page 320, as well as the 
diagrammatic drawings given overleaf, afford some 
idea of the remarkable Seencien of the old bridge, 
which was designed by Rennie, and was regarded as 
the highest development, never since surpassed, of 
the cast-iron arched-rib bridge. In it, as is shown 
in Fig. 4, there were three spans, each of the shore 
spans being of 210 ft. clear, with a rise of arch of 
18 ft. 3 in., while the centre s was of 240 ft. clear, 
with a rise of 23 ft. 9 in. The piers and abutments 
were of masonry, with granite facings at both ends 





and sides, and they were founded on a timber plat- 
form supported by piles driven over the complete 
area. 

It is, however, in the superstructure that most 
interest will centre, because of the fact that the whole 
of the structure was keyed and largely held together. by 
long dovetailed wedges, with the minimum number of 
bolts. The material was entirely cold-blast cast iron, 
and the work of drilling it and breaking it up, after the 
bridge has been in use for 95 years, has proved that 
the metal was rp agence good. In each span there 
are eight arched ribs, spaced about 6 ft. 3 in. centres ; 
but contrary to modern practice, these ribs were not 
continuous, the transverse frames being continuous, 
while the ribs in each arch were made in thirteen 
segments, or voussoirs, formed of a flat slab varying 
in depth from 6 ft. in the centre to 8 ft. at the 
abutments, and about 2} in. thick at the top and 
3 in. at the bottom, with a beading all round the 
outer face, as shown in Fig. 7. Each segment of 
the arched rib was held in place by a long key abutting 
firmly against the rib onl & projecting fillet on the 
transverse frame, as clearly shown in the outline draw- 
ings, Figs. 6 and 8, and on the photographic views, 
Figs. 2, 3, and 5. Diagonal bracing was introduced to 





stiffen the arch laterally, and here again wedges were 
used between the ends of the diagonal and the rib, as 
shown in the section and plan, Figs. 6 and 8, and in 
the view, Fig. 2. Lattice-work spandrels were carried 
on each rib to support the deck-plating, and these are 
seen in several of the photographs reproduced. The 
deck-plates were flat, about } in. thick, stiffened by 
ribs cast on their upper side. They are connected to 
the + eg and to one another by square wrought- 
iron bolts. The sides of the bridge above the deck- 
level were formed of vertical plates, about 2 ft. 9 in. 
deep, bolted to the floor-plates. The road surface 
was level with the tops of the plates. The cornice 
and parapet were bolted to the top and side plates. 
The width of the old bridge between the parapets 
was 42 ft. 6 in., and here it may be stated that 
the new bridge is to be 55 ft. wide, while instead 
of three s there will be five spans. But it is not 
our intention here to deal with the new bridge ; we 
prefer to -— this until the work of building it is in 
—. e quote as follows from Sir John 

nnie’s autobiography regarding the erection of the 
arches in position :— 


“Timber staging was employed; it rested on piling 
driven between the cofferdams. The erection of the 
ribs was commenced in the centre, v the staging. 
and the work proceeded simultaneously on the whole 
bridge, it —— been found possible to co nstruct the 
staging so as to leave sufficient waterway for navigation. 
Each piece of each rib was carefully p upon the 
centering, resting upon nicely adjusted strong wooden 
double wedges, and connected together as they proceeded 
by the transverse frames and diagonal braces before 
mentioned. By this means the whole of the arches were 
constructed at the same time from the centre to the 
skewbacks or bearing parts of the piers and abutments; 
but in order to connect them properly with them it was 
necessary to devise # particular arrangement. For this 
purpose a transverse frame, similar to those for 
connecting the rib-pieces ther, was accurately em- 
bedded and fitted to the skewbacks or bearing places of 
the piers and abutments, resting on a bed of sheet lead, 
and the joints were filled in with melted lead aleo; this 
formed a solid and to a certain extent an elastic bearing, 
upon which the main ribs were ultimately to rest. At 
e ends of the arched rib plates next to the piers and 
abutments there was another transverse frame-plate of 
the same kind as those previously described, and fixed 
there in a similar manner. This brought the ends of 
the arches within 6 in. of the oe or bearing-plates 
fixed in the skewbacke. Between the frame-plates on 
the masonry and those on the arches solid cast-iron 
pepe 9 ft. long and 6 in. thick at the back, 2 in. at 
the bottom, and 9in. wide, three | behind each 
rib, were accurately fitted by chipping and filing, so that 
it would slide down to within 12 in. of the bottom. 
en these wedges were all accurately adjusted, at the 
same temperature, to the same depth, they were simul- 
taneously driven home by wooden rams to their full 
depth, so as to reach about an inch below the bottom 
of each rib. By this means the whole of the three 
arches were gradually brought to their bearing without 
being raised wholly from their centres. Matters were 
then allowed to remain in this state for a few days in 
order to give time for every part to come to its bearing, 
and to ascertain if there were any defect in any part. 
After the minutest search in every part, no defect could 
be discovered; the wedges between the centres and 
the undersides of the ribs were then gradually slackened, 
until the whole of the arches came to their full bearing, 
and were then removed entirely, leavi the arches 
perfectly free of support. During the whole of these 
operations from first to last, which occupied about a 
week, not the slightest accident or fracture occurred. 
The total subsidence of the main arch barely exceeded 
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24 in., while the subsidence of the two side arches 
barely exceeded 2in., which had been allowed for in 
construction.” 

The contract for the demolition of the old and the 
erection of the new bridge was let to Sir William Arrol 
and Co., Limited. The design and arrangement of the 
Cae plant is at least as interesting to engineers 
as the design of the finished structure. is firm have 
unexceptional experience in such work, and, in accord- 
ance with their general practice, they tackled the 
problem in a thoroughly broad spirit, recognising that 
money spent on temporary work had a most important 
influence not only on the economy of execution, alike 
in the demolition of the old bridge and the building of 
the new structure, but in time occupied. In this case 
also it was important to afford the maximum of con- 
venience for pedestrian traffic, and to iaterfere in 


Fig 6. 


CROSS SECTION THROUGH A.B. 





through separate conductors, and not through the 
rails. The main girders of the cranes are of the lattice 
type, 8 ft. deep, the span being 84 ft. The crab 
travels on rails between the main girders. These 
cranes are shown in the photographs, Figs. 3, 9, and 
—” The electric cables which were P mgrone by the _ 

i are placed on a gangway on the top of one o 
the othalllans, while the Goin mains are carried on 
a gangway outside the westermost footbridge. 

othe old bridge was closed to vehicular traffic on 
February 17, 1913, and hoardings were erected to 
form a passage 14 ft. wide across the centre of the 
bridge in order to accommodate the foot traffic until 
the temporary bridges were built on each side 
(see Fig. 9). Stagings were driven in the river 
around the old m iers, and in the centres 
of the shore spans. ithin these stagings the 


cranes were erected and in operation. After the 
diversion of foot traffic the temporary hoardings and 
all road metal, &c., were removed, exposing the deck- 
plates of the old bridge. As the last electric cable was 
transferred to the top of the footbridge the erection 
of the transverse girders and diagonal bracing was 
commenced, and at the same time sufficient floor- 
plates and spandrels were removed near the old piers 
| to allow the braced frames of the temporary work to 
| be erected on them, and angle-ties to the ribs to be 
bolted up (see Figs. 4, 5, and 10). When all cross- 
irders and bracing were completed, the hangers were 


tted in ition and the demolition of the ribs 
commen 
The scheme thus provided for the supporting of the 


old arch ribs from above during their demolition, in 
| order that the traffic on the river might not be stopped 
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the least possible way with the traflic on the river. 
This was no simple matter when one remembers the 
immense volume of traffic northwards to the city in 
the morning, and southwards from the city in the 
evening, while something like 1000 craft of all t 
pass under the bridge every twenty-four hours. e 
arrangements adopted — cannot fail to impress 
engineers in view of their completeness and suitability. 
t was decided to erect two foot-bridges on timber 
piers, one on each side of the old bridge. The piers, 
of course, had to be built around the existing masonry 
piers. The foot-bridges, which are each built up of 
two continuous lattice-girders, 16 ft. deep and at 10 ft. 


centres, have a length of 712 ft., made up in five 
spans, which, reckoned from the north shore, are 
respectively 85 ft., 151 ft., 194 ft. (cor ing to 


the centre span of the old bridge), 151 ft., and 122 ft. 
The timber piers are built up of 12-in. by 12-in. and 14-in. 
by 14-in. timber piles, driven into the bed of the river, 
and well braced ther, as clearly shown in Figs. 1, 
4, and 10. Not only are the foot-bridges utilised for 
all pedestrian traffic, but they carry the electric cables 
and water-mains formerly laid over the old bridge. 
On the top of the outer lattice - girders a railway 
track is laid for the three overhead electric travelling 
cranes, which are of 10 tons capacity. The two foot- 
bridges are 64 ft. apart, and spanning this distance 
are & series of transverse girders, 4 ft. deep, spaced at 
19 ft. 4 in. centres throughout the whole length of the 
bridge. These not only support platforms, where such 
are required, but carry channel stringers, from which 
depend hangers specially formed to support each rib- 
segment or voussoir during demolition (as shown in 
the views, Figs. 3,5, and 10). These channel-stringers 
extend the whole length of the bridge, and are arranged 
on both sides of the centre line, in order that two 
complete lines of old ribs right across the river ma 
be supported simultaneously. It will be understood, 
of course, that the stringers can be moved laterally in 
order that the hangers may be immediately over the 
ribs being demolished at any one time. In order to 
stiffen the temporary work laterally, a complete sys- 
tem of horizontal angle-bracing is put in in the plane of 
the top fil of the transverse girders. Longitudinal 
channel stringers at the ends of these cross-girders, and 
attached to the inner main girders, form the flanges of 
this bracing system, and, together with cross-girders, 
constitute a horizontal girder 63 ft. deep. This 
bracing is double in the centre span, and is in the 
plane of the bottom and to and of the trans- 
verse girders, as shown in Fig. 10. 

The three overhead electric travelling-cranes are of 
10 tons capacity. They travel the whole length of the 
bridge and can serve any point between the foot-brid 
The rails are laid on longitudinal timber beams 2 ft. 
deep, which rest on the top booms of the outer lattice 
girder of each foot-bridge ; at intervals there are steel 
stools. Electric current is supplied to the eranes b 


longitudinal rail-timbers. The return current is carried 
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groups of piles forming the temporary piers were 
driven. The shore 5 : of the foot bridge were 
erected on the old bridge, outside the hoardings, and 
launched —— on to the timber piers ready to 
receive them. The intermediate and centre spans 
were then erected by ove , temporary support 
being obtained, in the case of the intermediate spans, 
from the cutwaters of the old piers (Figs. 1 and 4). 
The former view shows the closing length of a foot- 
bridge girder being lowered into position in the centre 
span. When completed, the footbridges were tested 
with a load composed of bricks, the load being equal 
to the maximum which could come on the ~~ 
under working conditions; but although readings of 
deflections, &c., are taken every week, the greatest 
load has been far short of this maximum. 

On November 4, 1913, the pedestrian traffic was 


diverted on to the new foot-bridges and the old bri 
copper conductor-wires running on the outside of the on e new foo ges a 


completely closed to the public. Fig. 9 shows the 





state of the work at this date. By this time the three 
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by the closing of any of the spans by falsework. The 
method ne throughout the mon for cutting the 
cast-iron 2 pay spandrels, &c., is as follows :—Holes 
are drilled in a line across the piece to be broken, and 
into these holes hardened-steel drifts are driven. The 
force exerted by these drifts, which have a ‘‘slow” 
taper, 1s sufficient to crack and burst apart the cast 
iron. Fig. 2 shows the holes drilled in the long 
wedges in the cross-frames ready for the drifts. 
The majority of the drilling is done by electric 
drills, one of which is also shown in Fig. 2. The 
ribs, &c., when being drilled are supported by the 
odes, d ing from the stringers on the cross- 

irders, as described. Additional support is obtained 
in the centre of the shore spans and at the springings 


of all the by timber trestles on the stagings, 
from which the ribs are wedged up (Figs. 3, 4, and 5). 
These are well braced and connected to the 


temporary piers, and help to stiffen the old bridge late- 
rally during the process of removal. Addiiional safe- 
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guard against swaying is also provided by wire-rope ties 
estached to the ribs and a. by a system of 
diagonal ties connecting the middle ribs to a braced steel 
framework on the top of, and rigidly connected to, the 
old masonry pier (Figs. 4,5, and 10). From this frame- 
work angle-ties are also attached to the first segments 
of all the ribs on each side of the pier, in order to tie 
back the ribs to the pier, after they are ken, as 
they are apparently not anchored back to the pier, as 
far as can at present be seen (Figs. 4, 5, and 10). 

In the case of the centre span, as the floor and 
spandrels are removed they are, for extra safety, 
followed up closely by the hangers, which are fitted 
on each rib segment directly it is exposed. In the 
case of the shore spans, which have the additional 
support in their centres, the floor plates and span- 
y-_ ape removed from all the ribs. The hangers are 
fitted on to outside ribs in all spans, and screwed up to 
take the weight of the rib, and relieve it of any thrust 
(Figs 3, 5, and 10). The key segments are also cut in 
two, in the same way as the ribs. The two halves, 
after being drifted apart, are further separated by 
being jacked apart vertically, until they are able to 
swing clear, after which they are lifted by the crane, 
and lowered into a barge alongside the staging. When 
the key-piece is removed, the other segments, after 
the removal of the long wedges, and the bursting 
apart of the cross-frame, are lowered, in one piece, 
directly into a barge below by the crane (Fig. 3). 

As it was not permitted to have a barge waiting in 
the waterway, in the case of the centre span, it became 
necessary to cut the other segments, in addition to the 
key segment, in order to allow them to be lifted up 
through the lateral bracing on the transverse girders, 
and carried to a barge in the side span. As each 
segment of the face rib was removed, the hanger and 
stringers which supported it were shifted inwards to 
the next rib, which, when completely suspended, is 
being removed in a similar manner to the face rib. 
A the removal of the ribs continues on both sides, 
and the hangers travel inwards towards the middle, 
there will finally be the two middle ribs throughout the 
bridge suspended. These will then be removed 
together, working from the centre of the span equall 
towards the piers. The segments at the piers, which 
rest on the staging, and which are tied k by the 
angle-ties to the pier, will all be left in position till 
the last two ribs are removed, and will then be taken 
down together. When the whole of the superstruc- 
ture is demolished, the cofferdams round the old piers, 
the ends of which have already been driven, will be 
—- and the old masonry piers removed down 
to their foundations, about 35 ft. below high water. 





LIFE-SAVING APPLIANCES.* 
By Sir Joun Harvarp Bixzs, LL.D., D.Sc. 


Previous to the loss of the Titanic the life-savin 
appliances were regulated by rules made by the Board o 

rade under Section 427 of the Merchant Shipping Act of 
1894. Under these rules, boats, rafts, life-buoys, and life- 
belts were to be 
divisions A, B, C, D and E, and each division was further 
separated into classes. 

ivision A was for fcocign-guing steamers and those 
passenger steamers called Home Trade, which trade be- 
tween the United Kingdom and to ports in Euro 
between the River Elbe and Brest. Division B was for 
sailing ships. Division C was for steamers and sailing 
ships plying within the Home-Trade limits but not 
carrying passengers. Division D was for steamers carry- 
ing mgers within certain specified limits of the home 
oul dhenr the coast of the United Kingdom or between 
Great Britain and Ireland or the Isle of Man; also in 
estuaries and mouths of rivers ; also steamers and sailing 
ships employed in the inland trade, and small vessels 
which do not proceed to sea. Division E was for steamers 
carrying passengers on rivers and inland waters only, and 
also for tug-boats, lighters, dredgers, &c., which do not 
proceed to sea. 

The amount of boat accommodation which these shi 
should carry was determined by the gross tonnage of the 
ship and in accordance with a table published in the 
a dix of these rules, in which the minimum number 

ts to be placed under davits and the total cubic 
capacity of these boats was given. It ranged from two 
boats, having a total capacity of 250 cub. ft., for vessels 
between 100 and 200 tons, up to sixteen boats, having a 
capacity of 5500 cub. ft., for vessels of 10,000 tons and 
u No rules were made for vessels of more than 
16,000 tons, except that they were to have boat accom- 
modation the same as that for 10,000 tons. The boats 
for vessels in division A were subject to the qualification 
that if the boats under davits did not furnish 
sufficient accommodation for all on board, then 
“additional” boats or a life-rafts should be 
carried, so that in the case of vessels of less than 5000 tons 
gross one-half more than the cubic contents 
shown in the table should be provided, and in cases of 
vessels of more than 5000 tons gross tonnage three-fourths 
more than that shown in the table should be provided. 

In the cases of passenger vessels plying within the 
home-trade limits, and presumably of not more than 5000 
tons gross, the eame rules applied, except that the addi- 


*Paper read at the North-East Coast Institution of 
Engineers and Shipbuilders, February 27, 1914. 





Tr Ships were separated into | 12,000 





tional accommodation provided in life-rafts could be 
alternatively provided in buoyant deck-seats or other 
buoyant deck-fittings. In the case of foreign-going steam- 
ships not certified to carry ngers, boats on each side 
of the ship should Soe sufficient to accommodate all 
persons on board. In division B for sailing ships carrying 
passengers the boats required were to have accommoda- 
tion as in division A, except that in all cases where these 
boats did not furnish sufficient accommodation for all on 
board, the additional boats or approved life-rafts to the 
extent of three-fourths of the capacity required in the 
= should eee. 

or sailing ships not carryin 
be sufficient for all on mam with one boat in addi- 
tion. e were modifications to these rules for sailing 
ships carrying pao within the home-trade limits, 
but these are of no practical application at the present 
time. In division C, which is for steamships not carrying 
passengers, and plying within the home-trade limits, they 
were to have on each side of the ship with sufficient 
capacity to accommodate all on ; and in saili 
ships not carrying mgers and trading within these 
limits, they were to have sufficient boats for all on board. 
In division D they were to carry boats as provided in the 
table, and one-half more if these were not sufficient to 
furnish accommodation for all on board, except in vessels 
trading in the estuaries and mouths of rivers. In some 
cases modifications were made. In division E the number 
of boats to be carried was generally one. 

It will be seen from this that there was no attempt 
made to provide ‘‘ boats for all” except in the cases of 
vessels not carrying passengers. Of course, in many 
cases it happened that the compulsory amount of boat 
accommodation was sufficient to carry all on board, but 
in the cases in which the number of persons was too great 
to be carried in the specified amount of capacity, the 
persons unprovided with boat accommodation had to take 
their chance of being saved in some other way. In 
passenger vessels there was, however, no obligation to 
oe A boats for more than the number of persons on 

oard. 

The whole question of boat accommodation was under 
consideration by the Board of Trade, but a final solution 
had not been reached when the Titanic sank. The 
regulations referred to above were last revised in 1894, 
but in 1910 a further revision was e ing the serious 
attention of the Board of Trade, and early in 1911 it was 
decided to refer the matter to the Merchant Shipping 
Advisory Committee for consideration and advice with a 
view to extending the table in the appendix to the rules 
so as to provide for vessels of tonnage up to 50,000 tons 


In July, 1911, this Committee re 
that the table should be extend 


passengers there were to 


rted recommending 
in the manner indi- 











cated below :— 
ae , | _ Total 
Number | Number of | (Minimum 
of Boate | Additional Boats) Cuble Con- 
Gross Tonnage. tobe | tobe Readily | posts Re- 
Placed Available for | Guired b 
under | Attachment to p » neae " 
Davits. | Davite. sy 
(1) (2) (3) | (4) 
| ninonati 
cub, ft 
10,000 and under 12,000 16 5500 
” 20,000 16 2 | 6200 
20,000 ~~ 85,000 «16 4 |  @900 
36,000 * 45,000 16 | 6 | 7600 
45,000 and upwards .. 16 s | 8300 


No increase in the number of davits was suggested. 
The extra boats could best be carried so as to be launched 
from existing davits, and the decked lifeboats were to be 
capable of being stowed on top of one another or under 
an open lifeboat. The amount of “additional” accom- 
modation in the event of these boats not being sufficient 
for all those on was to remain as in the previous 
rules, and a strong recommendation was made that every 
encouragement should be given to secure the provision of 
vessels which, by their construction, had been rendered 
as unsinkable as possible, and also that vessels should 
have wireless telegraphy apparatus. 

In the 1894 rules the method of encouraging sub. 
division was to allow a reduction in life-saving accommo- 
dation to the extent of one-half of the ‘‘ additional ” 
accommodation in vessels subdivided to the satisfaction 
of the Board of Trade. The Merchant Shipping Ad- 
visory Committee recommended a further extension of 
this encouragement by proposing to exempt vessels 
divided into suffieient water-tight compartments, and 
having wireless telegraphy apparatus, from all the ‘‘addi- 
tional” life-saving accommodation. report was con- 
sidered by the Board of Trade and alternative suggestions 
were e by the Board’s officers; but 8 question having 
arisen about the form of the lifeboats, it was thought 
better to get that question settled before proceeding 
to revise the rules. is delayed the sending of a 
reply from the Board of Trade to the Advi Committee 
until after the disaster to the Titanic. All the 1 
however, were based upon the gross tonnage, but the con- 
struction of the boats, with special i 


ing aie, ee and freeboard, received much | boa 


consideration. e loss of the Titanic, however, created 
& new situation, and the Merchant Shipping Advisory 
Committee were asked to reconsider the revision of the 
statutory rules for life-saving appliances on British shi 
Before any reply was received from the Committee 

Government ordered a formal yo by Lord 
Mersey, assisted by five assessors, into the circumstances 
attending the founde of the Titanic. The Cour? 
commenced to sit on May 4 1912, and reported on July 30, 





and on the subject of life-saving appliances concluded 
that the gross tonnage of a vessel is not a satisfactory 
basis on which to calculate the provision of boat accom- 
modation, and that there seems much more to be said in 
favour of making the number of lives carried the basis, 
and for providing boat or raft accommodation for all on 
board. The Court thought that the rule which permits 
of a reduction of on account of good water-tight 
subdivision ought to be abolished as far as foreign-going 

enger and emigrant steamships are conessnel, unless 
justification be shown for deviating from this course; 
and that such ships should carry boats or rafts for all on 


On August 2, 1912, the Board of Trade appointed s 
Departmental Committee to advise them in the interests 
of safety of life upon stowage and launching of boats, 
and as to whether rafts should be allowed in substitution 
- boats, = to — — L under 7: conditions. 
ptain Young an ‘ er, two of the princi 
officers of the ioe Department of the Board of Toe 
drew up a memorandum to which the Board drew the 
Committee’s particular attention. In these rules, which, 
after modification, became statutory on March 1, 1913, 
was adopted the recommendation of Mersey’s Court, 
that the life-saving accommodation should be based upon 
the number of passengers on Acting upon the 
principle of boats for all, the Boats and Davits Com- 
mittee above referred to made an interim report in 
December, 1912, which dealt principally with the stowage 
question. They investigated the effect of the application 
to all existing ships of the Draft Rules as to the number 
of for which accommodation is to be provided in 
lifeboats, &c., on the assumption that if it is possible for 
existing ships to comply with these rules, there will be 
considerably less difficulty in the case of ships which may 
be built in the future. The difficulty of adapting existing 
ships to the new Draft Rules was great and urgent. 
Before attempting to deal with the possibility of ful- 
filling the requirements of these rules, it was first neces- 
sary to deal with the types of boats, and to see to what 
extent, if any, rafts could be used in substitution of 
boats: also as to whether the boats could be stowed on 
more than ove deck, and whether they could be trans- 
ferred across the ship from one side to the other, and, 
further, whether they could be carried in the ends of the 
vessel. Having reac conclusions on these points, the 
Committee applied them to cases in existi ips. Ob- 
viously, the difficulty in complying with the Draft 
Rules would only exist in vessels of special —_ or on 
account of the large number of passengers w! they 
were authori to carry. The general difficulty in 
foreign-going ships carrying passengers is that on account 
of the cargo batches forward and aft of the ery 
space it is difficult to find room for boats, and if the 
vessel is of low power and carries a large number of pas- 
a. the short length of machinery space may nob give 
sufficient room to stow the necessary number of life- 
saving appliances. In vessels of high power the length 
of machinery space is long, and the problem is not so 


difficult. 
The cases of 521 foreign-going vessels were 
examined. This was the total 


Sher balding Passenger 
number 
certificates from the Board of Trade on April 25, 1912, 


Of this number, 130, or about one-fourth, did not carry 
boats under davits sufficient for the total number of 
persons which the vessel was certified to carry. Of these 
130, 86 were certified for between one and two times the 
number of persons for which there is accommodation in 
the boats under davits, 27 for between two and three 
times, 13 for between three and four times, and four for 
more than four times the number for which there was 
accommodation. 

In the 86 vessels of which the certified number was 
more than three and less than twice that provided for in 
the boats, it was seen to be practicable to provide suffi- 
cient accommodation by ~~y! other boats under or 
alongside those actually in the ship. In the remaining 
44 cases, 20 of them would, in er to comply with the 
number of sets of davits required by the t Rules, 
have to have more davits. In five cases only did it seem 
to be im ticable to fit the additional davits required 
by the Draft Rules. ’ 

Means were suggested for carrying additional boats 
either by (1) doubling the open lifeboats with a decked 
boat underneath, or (2) by dispensing with about one- 
third of the open lifeboats and carrying three decked 
lifeboats snowed s one above another under the davits at 
which the open boats had been displaced, or (3) to stow 
boats in places away from the davits. By adopting these 
means it was found that in all except twenty-eight 
vessels the boat accommodation could be stowed 
immediately under the davits, although in four cases 
more sets of davits than the minimum ibed by the 
rules would have to be fitted. It was found that by 
allowing decked boats, three in height, to be stowed 
abreast of the boats under davits, that nineteen out of 
twenty-eight could have the necessary boats. In the 
remaining nine cases it was necessary to find the addi- 
tional accommodation in rafts, and in seven out of these 
nine cases this can be done without exceeding 25 per cent. 
of the total accommodation. The recommendation as to 
rafts was that in cases where all the davits had been 
fitted that could be called for by the Draft Rules, and all 

ts had been stowed under them im accordance with the 
Committee’s recommendations, that if then there was not 
sufficient accommodation for the persons to be carried, 
either boats or rafts could be adopted, but that in no case 
should the total number of rafts adopted be such as to 
provide for more than 25 per cent. of the persons carried. 
ith respect to the home-trade steamers, a similar 
method of investigation was adopted, and the most diffi- 
oult cases carefully examined, and it was found that in 
every one of them it was possible to provide satisfactorily 
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and efficiently accommodation in boats and deck-seats | investigations, and reported in May, 1913. The full | to their forms. The Life-Saving Appliances Rules, which 
and other buoyant tus for the full number of | report dealt with (1) the form, capacity, and stability of came into force on March 1, 1913, laid down very pre- 
persons which v is certified to carry, or for the ships’ boats ; (2) stowage of boats; (3) buoyant rafts and cisely how the cubic capacity of a boat is to be deter- 
percentage of that number for which boat accommodation | other buoyant apparatus ; (4) appliances for launching | mined, and the number of persons which a boat should 


1s” ) suece LINES OF BOATS 
Fig.1. Fig.3. A,B,C,0,& E. 
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Fig./4 ARRANGEMENT OF WEIGHTS 
Fig. 12. USED FOR INCLINING EXPERIMENTS. 
CURVES OF RIGHTING MOMENTS OF OPEN LIFE- OPEN BOAT. 
BOATS IN THE PARTIALLY SWAMPED CONDITION. 
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had to be found by the requirements of the Draft Rules. | ships’ boats; (5) mechanical propulsion of ships’ boats ;|be deemed fit to carry in relation to its cubi ity. 
In order to oomey with these requirements, in some cases | (6) miscellaneous matter connected with life-saving appli- | Subject to certain oualidentions, the cube cane ot = 
extra davits would have to be fitted, and in some cases ances. In the interim report, which dealt with the ques- — boat is to be ascertained Ly multiplying the product 
larger boats. These investigations and recommendations tion of stowage and rafts, it was assumed that boats of the length, breadth, and depth by Hf 6. The depth 














led to some changes made in the Draft Rules before | chosen dimensions would be suitable for carrying a definite | measured amidships shall not in an » exceed 45 
ox became statutory. | eueher of In reviewing this assumption a | cent. of the breadth, so far as sat Gomthe ene be Bw 


he Boats and Davits Committee completed their study was made of the quality of ships’ boats in relation! in calculating the cubic capacity. Having determined 
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the cubic capacity, the number of persons open 
boat shall be deemed fit to carry shall be the num- 
ber of cubic feet ascertained and described above 
divided by 10. The cubic capacity of the decked life- 
boat is not determined, but the number of pages 
= ‘it may carry is determined by dividing the 
in square feet by four, subject to the height of the | 
of the deck amidships above the water when the boat 
ie londed being approved by the Board of Trade. The | 
pn capacity of the decked lifeboat is deemed to be the | 
number of cubic feet obtained by multiplying by 10 the 
number of persons the boat is deemed fit to carry. In| 
open lifeboats, in order to ensure sufficient stability, } es 
vision was made to limit the fineness of the form. is 
was given effect to by ——s that when the girths of 
the sections of quarter, half and three-quarters of the 
length were less t 80, 88, and 80 per cent. respectively 
of the sum of the boat’s breadth and twice the depth, 


referred to as A, B, C and D, were made with different 
fulnesses of midship section, and at the sections at one 
— length from the ends, and these are illustrated by 

igs. 1 to 9, on page 316. The A boat (Figs. 1 to 3) had 
girths of 914 per cent. amidships and 814 per cent. at the 
quarter length. The actual omen was 577 cub. ft., 
while in the B boat (Figs. 4 and 5) with 88 per cent. amid- 
bso and 81 per cent. in the ends (the amount uired 

by the rules), the capacity was 556. The boat C (Figs. 6 
and 7) having 15 in. rise of floor with these dimensions 
had 83 per cent. amidships and 80 per cent. in the ends, 
and an internal capacity of 540; while the boat D (Figs. 8 
and 9) of the same midshi section as C, but with an 
actual internal capacity a 500 cub. ft. only, required 
a girth Ty: of 76 at a quarter length from the 
ends. From this it will be seen that the effect of the 
new rules was to make a much fuller boat, but to add 
nothing” tothe value ‘of_it,from the point of view of 


LINES OF BOATS X Y AND «z 





























that boat C with the fine midship section and with one 

per 10 cub. ft. of capacity has more metacentric 
Peight than the fuller —_ and that the expected gain 
in stability on account of the increased fulness would not 
be obtained in the upright condition. 

Rigen ~yF stability 0 ye | hae ~ od — were made, and 
the results determined for num rs varying 
from 30 to 70. The righting moment when — = gunwale 
is immersed is plotted in Fig. 12 for numbers of persons 
ranging from 35 to 70. It should be noted in the case of 
an open boat that when the water reaches the gunwale it 
begins to enter the boat, and she is unable to balance the 
moment which is heeling her. The upsetting moment 
- nal an oe boat is therefore that which will just im- 


mwale. These upsetting moments are shown 
in in Fig. 13 Mes for the different boats. ese moments were 
determined ex 





imentally by placing weights on the 
gunwale of the boat. 
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the divisor should be increased from 10 to 12. In other| giving a total boat capacity as a provision for life| It will be seen that the upsetting moment for any 
words, a boat which did not have sufficient fulness to | saving. number of persons is greatest in the B boat, and that 
pass these girth tests should be reduced in passenger-| The next question that had to be investigated was, Is | with 65, A and C are the same. The maximum moment 
carrying capacity by one-sixth. In the case of existing | there any advantage from the passengers’ point of view | is reached in the second, third and fourth boats when 
vessels whose boats aid not fulfil these requirements, the | in having = extra fulness in the boat as tending to | laden with 50, 55 and 65 passengers respectively, but that 
divisor was adjusted portionately to the amount in ter safety? It Precha to the Committee that open | in the first boat the upsetting moment decreases in value 
which they fell chard a the desired fulness. These girths | lifeboats wi arge internal buoyancy were nod|as the number of persons increases. The actual values 
were associated with the definite sheer of 4 in. of each of these maximum moments are: for the second 


foot of length of the boat. 

The Boats and Davits Committee carried out a series of 
investigations upon open lifeboats of different finenesses, 
varying from 0.694 to DO. 6 of the ratio which the actual 
internal capacity bore to the product of the length, 
breadth and depth. It should noted that while pro- 
vision was made by the Board of Trade in their rules for 
ensuring that the boats should be of a definite amount of 
fulness, the internal capacity was determined by the 
same rule L.B.D. x 0.6, which had been used for pre- 
viously-built boats, which were ——_ much finer. 

The qualities of four 28-ft. were investigated. 
Their dimensions were 28 ha | 8 ft. 6 in. by 3 ft. 6 in. 
The value of L.B.D. x 0.6 is so that with the divisor 
10 they would each carry 50 people. The four boats 


tikely to sink nd went of tenewanee but. that when 
swamped they might capsize and throw the le out. 
They therefore took the e atability of these ts as a 
measure of their safety. The metacentric height with 
fifty on board was calculated and found to be 
about 20 in. in the two fuller boats A and B, 24 in. in the 
third boat ©, and 16 in. in the fourth boat D. From 
this it will be seen that as far as initial stability is a 
measure, the best boat was C, the one with 7 
girth ratio amidship and 540 cub. ft. of actual capaci 
Assuming that the internal capacity is a 

pumber of that could “7 carried, 
would be entitled at 10 cub. ft. h par pease to 


and 50 tivel 
ing would have 20h in. 304 in 
centric height respectively. It 





boat, 
2.79 foot-tons ; for the third, 2.61 foot-tons; and for the 
fourth, 2.41 foot-tons. For the first boat the corresponding 
moments with 50, 55 and cae be 2.76 foot 
tons, 2.69 foot- tons and 2.50 tons respectively. 
1 is not all the story. Itis to know some- 
thing about the stability of such boats in the flooded 
condition. The first two boats were flooded to the level 
pa er oie oe a wpe wdrnnede + Ty 
representi: num w cou. 
carried. ‘The so that their centres 
of the persons on board 
(Fig. 14). to thie eonditien tb wap toad that 6 owt. 
transferred from the centre line to the centre of the side 
inclined the boat to 16 
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the boat capsized. The second boat porninet of Sh cwt. 
being moved a similar distance, when the boat had a 
heel of 14 deg. and immediately ——— : 

Another boat, E, 26 ft. 8 in. by 8 ft. 2in. by 3 ft 4 in., 
was experimented u she had an internal capacity 
of 438, and a midship section (Figs. 10 and 11) as full as 
_ second boat, but with ends as fine as fourth. In 

ng n- 

54 when the boat had a heel of 

11 deg. In that condition she had the weight equivalent 
to forty-four people on board. __ 

It will be seen from these experiments that fulness by 
itself gives no greater com tive degree of safety in 
the swamped condition. e Committee therefore re- 
commended that the actual stability of a boat when fully 
loaded should be the criterion of its fitness to carry the 
intended number of ms. The stability of decked 

ts was favestignted in ® similar way on three boats of 
the following dimensions :— 


Height to Top of 


Boat. | Length. Breadth. =o Bulwarks when 








Extended 
re ft. in. ft, in. ft. in. 
x 28 8 6 5 3B 5 
Y 28 8 6 19 42 
- 28 8 0 3 9 


All these boats have collapsible canvas bulwarks. X, 
Figs. 15 and 16, is a boat of the Engelhardt type, filled 
with cork cuttings. Y, Figs. 17 and 18, has cellular 
buoyancy air-chambers, has no sheer, and is finer than 
the usual decked lifeboat. Z, Figs. 19 and 20, is onl 
partially decked, having a well in the centre. The full 
lines of this boat and its low centre of gravity give it high 
initial stability combined with long range, provided that 
the canvas bulwarks are watar-tight and that the boat 
remains unswamped. This boat can be swamped, but 
from experiments made upon it it was found that it did 
not capsize until a weight of 10 cwt. had nm removed 
from the centre to the side, while 6 cwt. capsized the first 
of the open boats in its partially swamped condition. The 
initial stability of these boats has been calculated for the 
light condition and for the loading with people sitting, 
and also for the same condition with people standing. The 
results of the upsetting moments are plotted in Fig. 22. 

It is to be noted that the open boats capsized when 
nunswamped at about 28 deg., while in the decked boats 
the angle at which the stability becomes zero is rather 
more. If, however, the boats are upset by weights placed 
near the gunwale (Fig. 21), and the weights remain fixed, 
then it is evident that the decked boat will upset when it 
reaches its angle of maximum stability, and not its angle 
of vanishing stability. The — of maximum stability 
in the boats X, Y, and Z is 19, 13, and 8 respectively. 
The inference to be drawn from this is that the decked 
lifeboat has not the same power to resist upsetting as the 
open boat when inclined to large angles; but if the open 
boat is inclined when swemped, she has less power. The 
number of persons assumed to be carried in these boats 
is 46 for X and Y and 49 for Z. In these conditions the 
upsetting moment is about 2.7 for X, 1.5 for Y, and 23 
for Z. The corresponding figures for the four open Loats 
with fifty passengers are 2.7, 2.75, 2.5, and 2.3 ft.-tons. 

X and Y cannot be swamped, and therefore maintain 
their stability in conditions where the open lifeboats 
would be swamped, and would lose a large amount of 
theirs. Improvements, however, were su ted in the 
decked lifeboats with a view to increasing their stability. 
It is suggested that permanent water-tight bulwarks be 
added, and buoyancy tanks be placed along the sides in 
the angle between the deck and the me in order to 
increase the maximum righting moment. In addition, 
means should be provided for rapidly dispersing the water 
which breaks on rd. In this way an ideal appliance 
for saving life at sea would be obtained—namely, a boat 
which is unswampable, self-emptying, and provides ade- 
quate shelter for passengers. e disadvantage of such 
& type is that in order that boats of this class may be 
stowed two or three in height means would have to be 
fitted for lifting the ugper boat out clear of the under one. 
Geneeety went woul ay Se gone: Fe | or three in 

eight in vessels carrying a large number of 
and in such cases it woalt be most desirable to ome wer 
«ppliances for handling the oats. A small gusset bend. 
winch fitted to the davits, te take the place of power in 
the event of its being unavailable, could be worked. 

It will be seen that the drift of the suggestions is in 
favour of the decked boat, because it cannot be filled 
with water, or easily overset. In vessels carrying a — 
number of passengers it is arranged to carry most of the 
boats of the decked type. S tions were made that 
five or six boats might be worked by one set of davits. 
most of them being decked boats. With all the possible 
improvements in boats of the ordinary dimensions, either 
open lifeboats or the improved d boats, they neces- 
sarily provide but a poor chance 0} safety even after they 
have heen snecessfully launched. At the best they are 
orld, because the least sea tends vo get people wet, and 
the risk of loss of life by exposure is not inconsiderable. 
Open boats crowded with people would not be by any 
means certain to survive the ordinary Atlantic weather. 
The opinion has been expressed by experienced comman- 
ders of mail steamers that the dangers of launching boats 
from large vessels are about equal to the dangers of 
swamping and capsizing after being launched. If the 


weather is bad to make it difficult to launch the 

boats, it will be too bad for these boats to survi 

after they have been launched. wey 
hese considerations forced the Committee to consider 

the possibility of making decked lifeboats sufficiently 

large to carry the 


people inside of them instead of on 








them. The depth of such a boat must be sufficient to 
enable people to stand upright in ig ame and to sit 
comfortably in any part. e depth determines the 
beam from stability considerations, and the length must 
be sufficient to give the boat a fairly ship-shape form. 
A design for such a boat was a. ts section is 
shown in Fig. 23. It was found that 250 people could be 
‘ey one in : boat 50 ry long by 15 ft. ware ene 
t. 8 in. deep. In a vesse ing 2000 ple they 
could all be carried in eight of thess | boats. Objections to 
such a type of boat can readily be urged. The difficulties 
of handling and launching obviously su t themselves, 
and the expense of the appliances for launching will be 
rohibitive if every boat is to have a set of davits to itself ; 
t in a large ship these boats could be abreast of 
each other right across the deck. Eight such boats 
would be stowed in two such rows, and could be worked 
by two sets of davits on each side of the ship. These 


Fig.Z3. LARGE DECKED-IN LIFEBOAT. 
50:0" x 15:0'x 6:8" 











must, of course, be powerful enough to handle the boats 
when loaded, but on the modern large passenger steamer 
so many things are now worked by power that it does 
not —- much courage to py be to boat-handling. 

Appliances which could lift a t from the middle of 
the ship and launch it over the side would obviously take 
one from the weather side and transfer it to the lee side 
by the use of the appliances on each side, so that all the 
boats could be lowered over that side. A large ship 
could generally make a good enough lee to safely lower 
these boats. An advantage which this type of boat has 
is that, even if the ship sinks before any attempt is made 
to lower any of the boats, they would float off with their 
full load on board, so that in a great many cases it would 
not be necessary to lower them. 


(To be continued.) 





Tue Moror-Propettep Tank -Suip ‘‘SgBastian.” 
—Last Friday and Saturday the motor-propelled ship 
Sebastian was lying in the Thames beside the Royal 
Albert Dock, having just arrived from Dundee, where 
she was built by the Caledon oe and Engineer- 
ing Company. Her motors, of 2000 indicated borse- 

wer and 1600 brake horse-power, were supplied by the 

‘cola Company, of Stockhoim. Each motor has six 
cylinders, 17 in. in diameter by 21 in. stroke, and runs at 
125 to 130 revolutions per mioute. It is of the two-stroke 
cycle single-acting type, with the scavenging pumps 
below the cylinders and in line with them. e air- 
compressing pumps are arranged behind the cylinders, 
and are driven off a rocking-sbaft, which is operated from 
the engine cross-head by links and levers. The only 
valves in the cylinder-head are a fuel-valve, and a loaded 
safety valve, which comes into operation in case of 
pre-ignition. There is for each set of engines a Diesel 
air-compressor, but the other auxiliaries are driven by 
steam. The Sebastian belongs to the Sebastian-Diesel 
Motor-Boat Company, of which Messrs. Lane and Mac- 
andrew, of 26, Great St. Helens, E.C., are the managers. 





Tue Junion Institution oF Encingrrs.—The 30th 
annual dinner of the Junior Institution of Engineers 
was held at the Holborn Restaurant on ay ome 
the President, Sir Boverton Redwood, Bart., D.Sc. 
F.R.S.E., presiding. Sir Oliver Lodge, F.R.S., Presi 
dent of the British Association and Principal of Birming- 
ham University, was the 4 —- and amongst a 
x 4 company present were Sir Frederick Black, Sir 
John Forsey, Professor Meldola, Professor 
Dr. Messe], Mr. O. G. Hen 
Mr. Ernest King (chairman), Mr. A. Clifford Swales, 
secretary. In proposing the toast of the Petroleum In- 
dustry Sir Oliver Lodge made a somewhat serious attack 
upon British science, which was, he implied, failing to 
take a fair share in work of exploring the secrets of 
Nature. Sir Boverton Redwood, in responding, said that 
in the petroleum industry there had been no lack of leaders, 
but that po ak ge been as it had been occa- 
sionally di t to find men proper! 
part in the work initiated, and it had. 
sary to go abroad in order to find men effectively trained. 
He was of the opinion that the University of Birmingham 
= instituting 2 ga for the | a i sing of 

ents in petroleum mining, ing up to the degree 
of Bachelor of oy in Petroleu ve : = 
signal service. . Ernest King, i or 
Institution, which was i tb and 
witty speech by Professor Meldola, said that the total 


Cadman, 
Mr. Bedford McNeill, 


mem p had now reached 1272 by an almost un- 
broken record of uring the past year situa- 
tions had been f for 102 members, and at present 


eS - out of the total membership were out of employ- 
men 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was quiet and i lar, and the turn- 
over was limited to 2000 tons of Cleveland warrants at 
503. 344. cash, 50s. 44d. eleven days, and E0s. 103d. three 
months. Closin ers quoted 50s. 4d. cash, 50s. 7d. 
one month, and 51s. three months. The tone was firm in 
the afternoon, but only 1000 tons of Cleveland warrants 
chan hands at 503. 11d. three months, and the market 
cl at 50s. . cash, 50s. 74d. one month, and 5ls. 
three months ers. On Friday morning there was 
little doing, but Cleveland warrants were firmer, and 
about 2d. up. The businees consisted of one lot at 50s. 7d. 
cash, with sellers over at that figure, and at 50s. 94d. 
one month, and 51s. 3d. three months. In the after- 
noon no dealings were recorded, and sellers of Cleve- 
land warrants quoted 50s. 7d. cash, 50s. 94d. one 
month, and 5ls. 2d. three months. On Monday ween | 
the market was again idle, and the price of Clevela 
warrants showed little change, as sellers quoted 
50s. 64d. cash, 50s. 9d. one month, and 51s. 3d. three 
months. The afternoon session was quiet and one lot of 
Cleveland warrents was done at 50s. 644. cash, with 
closing sellers at 50s. 7d. cash, 50s. 10d. one month, and 
51s. 2d. three months. On Tuesday morning Cleveland 
warrants were the turn easier, and 1500 tons were dealt in 
at 50s. 6d. cash, and from 50s. 74d. to 50s. 84d. one month. 
At the close sellers named 50s. 64d. cash, 50s. 9d. one 
month, and 51s. 2d. three months. In the afternoon the 
tone was again weaker, and business was limited to 500 
tons of Cleveland warrants at 50s. 7d. one month, with 
closing sellers at 50s. 5d. cash, 50s. 74d. one month, and 
50s. 114d. three months. When the market opened 
to-day (Wednesday) a firmer tendency prevailed, 
but the turnover was limited to one lot of Cleveland 
warrants at 50s. 54d. thirteen days, and the closing 
quotations were called 50s. 54d. cash, 50s. 8d. one 
month, and 51s. 1d. three months sellers. In the 
afternoon the market was a trifle dul], and Cleveland 
warrants amounting to 3000 tons were put through at 
50s. 5d. nine days, 50s. 7d. one month, and 50s. 104d. 
three months. The session closed with sellers quoting 
50s. a cash, 50s. 74d. one month, and 50s. 114d. three 
mont 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia has not been so steady during the past week, 
and the price has fallen off a little. e Jatter is only 
likely to be temporary, and is perhaps due to German 
makers reducing prices in order to unload some accumu- 
lation of stock. The current quotation for prompt lots 
is So 121. 7s. 6d. to 12/. 8s. 9d. per ton, Glasgow 
or Leith. 


Scotch Steel Trade.—The Scotch steel trade is rather 
quieter this week, and the recent improvement has not 
been maintained. Makers of ship-plates are getting 
slacker, and are daily finding a difficulty in keeping the 
mills running, and the forward prospects are none too 
assuring, as shipbuilders have not n king much 
new business during the past few months. The demand 
for black and galvanised sheets is rather easier, but for 
sections it is better, and there is a more active a= 
The export trade, oe not over brisk, is certainly 
not bad, as quite respectable lots are going abroad every 
week. Inquiries are satisfactory, and the outlook in this 
direction is fairly good. Prices are officially unchanged, 
but where uncontrolled by the Association they are a 
little easier, and will even be shaded further when real 
business is on offer. 


Scotch Pig-Iron Trade.—The Scotch pig-iron position 
is just a shade easier this week, and prices are more in 
buyers’ favour. The demand has fallen off a little, and 
dealing is on rather a limited scale, although English 
consumers are taking on regular quantities, and shipment 
lots are keeping up very well indeed. The ae are 
the market quotations for makers’ (No. 1) iron: yde, 
69s. ; Calder, Gartsherrie, Summerlee, and Langloan, 
69s. 6d. (all shipped at Glasgow); Glengarnock (at Ardros- 
san), 71s.; Shotts (at Leith) 69s. 6d.; and Carron (at 
Grangemouth), 70s. Hematite is still quiet, and shows 
little change in price. 

Shipbuilding.—The shipbuilding industry in Scotland 
is sti]l very busy, and the output for the past month has 
only once been bettered. The year 1914 has certainly 
started well, and if we only knew that order-books were 

ing filled up as fast as old contracts were being wiped 
off, then all would be well. But this is not the case, as 
the number of new orders reported since the turn of the 
year is not sufficient to give much enco t. The 
recent bookings point to duller times to the autumn 
unless freights improve and shipowners go in for new 


tonnage. output for the month of February was as 
follows :— 

Vessels. Tons. 
The Clyde .. pe = . CS 49,082 
The Forth .. yi pre dé 1 4,381 
The Tay .. = me ab 1 1,500 
The Dee... aa a ait 4 724 
27 55,687 


The Clyde output of 49,082 tons is the largest for the 
month of February since 1901, when figure was 
60,000 tons, aod te two months’ total of 71,354 tons is 
over the average output for the same two months of 
recent years. Perhaps the chief features of the past 
month’s business were the launching at Greenock by 
Messrs. Scott of the first Scottish built submarine, and 
the launching at Leith by Messrs. e and Ferguson 
of the steamer ever built on Forth. The 
latter, which was over 4000 tons, was for the East 
cate Company, Copenhagen, and was engined by the 
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NOTES FROM SOUTH YORKSHIRE. NOTES FROM CLEVELAND AND THE | {ye tetse send salle st ide. bo 195 60 gon ead as 
i SHEFFIELD, Wednesday. NORTHERN COUNTIES. Rhondda large has made 14s. 6d. to 15s. ; and No. 2smalls 
South Yorkshire Coal Trade.—The ballot decision of MippiesproucH, Wednesday. | have realised 8s. 3d. to 8s. 9d. per ton. Special foundry 
the South Yorkshire miners is influencing colliery-owners| The Cleveland Iron Trade.—Sellers of pig iron have | coke has brought 27s. to 286. ; good foundry coke, 236. to 
to husband supplies in anticipytion of higher prices | this week shown more disposition to meet the mar 25s. ; and furnace coke, 19s. to 2ls. per ton. As regards 
should the strike threat ise. Weakness in steam | and their concessions have brought in buyers, with the| iron ore, Rubio has made 17s. 9d. to 186. 8d. per ton, 
coal is leas noticeable now that supplies have been | result that a fair amount of business has been put through. | upon a basis of 50 per cent. of iron, and charges, includ- 

cosenet or oe Sows os A shipping | The sales recorded have been to meet genuine needs, and | ing freight, insurance, &c., to Cardiff or Newport. 

e 


tisfactory 

volume of ——s Ln gg ay nee For oo 
prices are y . improvement is hav 

e cecating effect on forward Nem ati In house | 
the demand is slackening off. At the dépéts weakness 
is evident. With a full output there would be a consider- 
able surplus. Now that the ~~ ~ are — gas-fuel 
requirements are not so re malls are a market. 
There has been a lot of selling below the official price. 
Stocks are rapidly on the increase. Coke is still a very 
weak market, and is being subjected to forced selling at 
special rates. Quotations :— Best branch hand-pi » 16s. 
to 178.; rs a Silkstone, 14s. to 15s.; ‘byshire 
best brights, 12s. to 13s.; Derbyshire house, 11s. 6d. to 
12s. 6d.; Derbyshire best large nutes, 11s. 6d. to 12s. 6d.; 
Derbyshire best small nuts, 9s. 6d. to 10s. 6d.; Yorkshire 
hards, 11s. to 12s.; Derbyshire hards, 10s. to 1ls.; rough 
ee Saas ee 


Iron and Steel.—Considering the unsettled state of the 
steel trades, the steadiness of the raw-material market is 
remarkable. Many consumers of hematite and basic iron 
have now covered their requirements for three months 
ahead. In the open market sales for immediate use reach 
a fair volume, but consumers are not buying big quanti- 
ties, They are adopting the ‘‘wait-and-see” policy. 
Common irons are firm. Lincolnshire sorts are quoted at 
54s. 8d. for forge, 54s. 8d. for foundry, and 53s. 8d. for 
basic. Derbyshire sorts fetch slightly better prices. 
They have this week been the subject of increased 
buying. There is a strong tone in hematites; West 
Coast is quoted at 73s. 6d., and Kast Coast at 68s. 9d., 
delivered in Sheffield. Both quotations are nearly 1l. 
under the res of six months ago. The billet and 
bar trade makes very slow ——- towards improvement. 
— are frequently made that the 
for finished products is disproportionately low, having 
regard to the price of raw materials. Owing to the big 
surplus in production, quotations greatly vary. Scrap o' 
e 


all kinds isa de; market. wing extent of 
labour unrest, coupled with ineneeel © cost of transit, | 7, 


darken the outlook in the general steel trades. Some 
manufacturers take a distinctly y view of the situa- 
= a — _— a state of os 
that compares favoura with preceding peri: o 
normal activity, and while some departments in the 
lighter branches are on short time, o' dealing with 
heavy work are working bothday and night shifts. Were it 
not for the trouble that is threatened in the engineering 
trades, the general position could be regarded as satis- 
factory, or, at any rate, not far short of satisfactory. 
In war materials a o of demands is being experi- 
enced, which quite off-sets the depression in other direc- 
tions. Continental admiralty and army departments 
are reported to be taking record quantities. Activity 
in the manufacture of forgings an coatings, for ship- 
—s centres is y pronounced. e home 
demand for railway axles, springs, and tyres is still 
very , but overseas demands are well maintained. 
The New Zealand Government is among the last to 
ye a | nage my order, which is ; i ou by 
seve rms, for springs, tyres, and truc ti 
The big contract on hand for the East India Railway is 
nearing completion. British corporations are taking 
heavy tonnages of tramway rails, but in actual wagon- 
building very little trade is passing, and a revival appears 
to be far distant. Makers of gate ap 
orders from mining centres. Motor are selling 
very well, and a p ing business is being done 
in aeroplane parts. of edge tools, 

and rasps experience a steady flow of orders on 
home and ex account. Steel-billet makers are 
making slightly better headway against Continental 
competition. 





SoutH-WEsTERN PoLyTroHNic INsTITUTE, CHELSEA.— 
Lord Chelmsford, G.C.M.G., will present izes and 
certificates to students of evening classes and day college 
on March 27, at 8 p.m. The laboratories wor! 
will be open to public apeeees about 9.15 p.m. Tickets 
S admission may be obtained on application at the 

nstitute. 





INTERNATIONAL SymBois.—The General 
the International technical Commission, Mr. C. 
Le i draws our attention to the fact that the 
symbols for the ial differential, 5, and the k W h (in- 
stead of our h) were incorrectly re 
article on the International Electrotechnical Commission 
on page 225 of our issue of February 13. We are sorry 
for these slight inaccuracies. But, much as we sym- 
pathise with the efforts of the International Electro- 
technical Commission, we are afraid that printers will 
not always have the required type ready at hand. The 
small or big K in kilowatt does not much matter, of 
pom Nn Fon enine hy Sy Fh Hy ht 
comma (1 oO ecl point) is y 
more French than German. That ts hist eclentiy aoseent, 
but the decimal comma is now universal in Germany 
(though not in Austria, as he points out), whilst some 
French scientists or journals use the comma sometimes 
for separating the decimal fraction from the whole 
number, and sometimes for subdividing integers. 


ice obtainable | steel 


saws, files, q 
both 





it is gratifymg to report that business is not being em- 
barrassed by any outside speculative operations. ost 
of the transactions have been for early delivery, but there 
has also been inquiry on forward account. After sales of 
No. 3 oe pig at 5is. tench ys 104d. was 
accep’ now few are pre to pay more 
than 50s. 9d., whilst No. i has become 638. 84. : No. 4 
foundry, 50s. 3d.; No. 4 f 50s.; and mottled and 
white iron, each 49s. 9d.—all for early delivery. Fairly 
substantial sales of Nos. 1, 2, and 3 East Coast 
hematite pig have been made at 62s. for early deli- 
very, $ is now recognised as the 

market quotation. It now 
of hematite mixed numbers 
ago at 69s. delivered were net, which is equal to about 
62s. 9d. here. So far as can be ascertained, there is 
practically nothing passing in foreign ore. Quotations 
are a little easier. ers as a rule still quote on the 
cantly, Suk Gncbtben, 0 th Sh kebwoull ka oak 
quality, but, doubtless, a 17s. 9d. basis wou 

and, as a matter of fact, a sale has occurred at below 
the latter figure. Freights Bilbao-Middl 
been fixed at 4s. is a marked feeling of firmness 
in coke, and as more ovens are to be put out, manu- 
facturers declaring that current prices are unremunera- 
tive, quotations are not likely to decline. For av 
blast-f qualities, delivered at Tees-side works, the 
price is now fully 17s. 


Stocks and Shipments.—The stock of Oleveland pig 
iron in the public warrant stores now stands at 131, 
tons, all of which, with the exception of 43 tons of 
standard iron, is No. 3 quality. ring the month of 
February the stock of Cleveland iron was reduced by 
2429tons. There are warrants in circulation for 119,500 
tons of No. 3 Cleveland pig. Shipments of iron and 
from the Tees during the month of February were 
on @ satisfactory scale. Those of pig iron ave 
3985 tons per working day, the loadings being 
returned at 95,651 tons, 84,889 tons of which went from 
Middlesbrough, and 10,762 tons from Skinningrove. 
‘or the previous month the clearances reached 89,451 
tons, or a daily average of 3727 tons, and for February a 
year ago the a were given at 106,542 tons, or 
an average of tons per working day. All the iron 
cleared from Skinningrove went to Scotland. Of the 
iron cleared from Middlesbrough, 44,643 tons went 
abroad, aud 40,246 tons coastwise. As us Scot- 
t buyer, taking 19,140 tons, whilst 
Wales received 11,009 tons; France, 7639 tons; Bel- 
gium, 6213 tons; Sweden, 5763 tons; Germany, 5120 
tons; Italy, 4541 tons; and Holland, 3275 tons. The 
loadings of manufactured iron during last month amounted 
to 12,695 tons, 6109 tons going foreign, and 6586 tons to 
home customers ; and those of steel to 40,824 tons, of which 
37,531 tons went abroad, and 3293 tons coastwise. India 
was the largest buyer of both manufactured iron and 


steel, taking oe tons of the former, and 10,241 tons of d 


the latter. er buyers steel were :—New 
South Wales, 5656 tons ; the Argentine, 5179 tons; West 
Australia, 3317 tons; Japan, 2573 tons; and Natal, 
2029 tons. 

Manufactured Iron and Steel.—The position in the 
manu iron and steel trades is turning out much 
more satisfactory than was at one time anticipated. 
Large orders for shipbuilding material have been placed, 
and more activity has been 
tional steel. Producers have fairly good order-books, 
and are busily employed. —- consider the present 
, an 





NOTES FROM THE SOUTH-WEST. 
Cardif.—The steam-coal trade has been somewhat un- 
settled, ape pen i i 


to 

on board. In view of this state of affairs, fresh busi- 

ay Ba Be By ponent, Agen Sam Oe. 
ers have contin’ a@ waiting » a8 they 
zn hen omen ay 


general 
i that the sales 
to Sheffield a few weeks | 8m coal will 


own for rails and construc- | The h 


;| 10, Great Marlborough 

-|an 

= | Roeee 

-|re over 
bpairs : 


arrivals have been beavier and the | The 





More Welsh Coal.—It is considered that the Sirhowy 
Valley is likely to become a second Rhondda, 
— been important Spee & Se Cae. An 

groes is to be reopened. There is an 
acres where the house and steam-coal is 


the old pits are in full swing. 
completed by the Cay vestment Trust, Limited, 
which recently pu the Henllys colliery, in the 


Swansea Valley, for the acquisition of ano large 
adjoining concern, the Yatradowen colliery, Upper 
about 1000 acres of anthracite 


Cwmtwrch, which contains 
coal. 
Dowlais.—The Bessemer and Siemens furnaces have 


only been working about half their full time; the Goat 
Mill has also been only working y; t hae cleared 
off a contract for heavy steel -mill has 
completed a quantity of steel 


had about its output of ——. 
curbs, &c. The collieries have been employed 
Great Western Colliery.—At the twenty-fifth meeting 
of the Great Western iery <ongene, Lanes 5 
on Saturday at Bristol, the chairman (Mr. C. J. Lowe) 
said the accounts for 1913 exhibited satisfactory re- 
sults, the output, 1,077,345 tons, being the largest yet 
attained b: company in any one year. Good prices 
also ruled for coal during 1913, and this enabled the com- 
pony to overcome the increase in the cost of production. 
ages had been unusually high, the company’s work- 
a ge having participated in its pean. Durin 
913 the company expended 57,9781. upon capi 
account, almost entirely upon new development at Cwm. 





Tae University or Suerrietp.—The Council, at its 


mestiog on the 2nd inst. cepted Mr. L. Southerns, 
B.A. (Cambridge), B.Sc. (London), to the post of Assistant 
Lecturer and Demonstrator in Physics, in succession to 
Dr. R. T. Beatty, resigned. 


Tuames Moror-Barcg.—A trial trip was made on the 
Thames on Tuesday last of the first of a series of motor- 
barges, the Match, delivered, for trading between the 
Thames and Medway, to the London 1 
Com ny Limited, by Messrs. Perman and Co., Limited, 
82.83, I enchurch-street, E.C, Her principal dimen- 

ing :—Length, 86 ft. ; beam, 18 ft, ; 
depth, 6 ft. 6 in. ; loaded draught, 5 ft.6 in. The 
ead-weight capacity is 110 tons. e propio 
machinery consists of a two-cylinder two-cycle hot-bul 
Kromhout marine oil - ine, driving the propeller 
through gear and clutch. two cylinders are 11}4 in. 
in diameter, with a 12,',-in. stroke, and develop 70 horse- 
power at 330 revolutions, giving the craft a speed of 
about 7 knots. engi trol is on deck, within 
reach of the steersman. fuel used is “Solar” Texas 
oil, the consumption of which is about 5 gallons hour. 
ull was built by Messrs. F. 





sions are the ee | 


r. 
Braby and Co., Limited, 
Deptford, and the engine by Messrs. Plenty and Son, 
Limited, New . A very successful ron was made 
down to Woolwich and back to Temple Pier. 





Tue Ds Dron Bouton OoacHBUILDING AND ENnat- 
NEeERING Works.—De Dion Bouton (1907), Limited, of 
W., bas peveatty prumies 
and coachbuildi works at Hendon. 
works will d with the are 
uls, and will take over the work pre- 
on at the De Dion repair shops in 
Islington. The oe works form, however, a 
new venture for the English De Dion Compeny. In 
addition to the building and renovation 
De Dion cars the works will be 
work of this class from outside. 
is situated on the 


viously 


tion oy ted with plugs f electri 
tion- ti wi jugs for supplying current to ic 
working machinery, smiths’ fires, &. A high class of 
body onl hy FTL SF work is 
done by pholstering, painting, vemuniog, and 
all work for the a of the les is 
carried pot y ny weg Gna The ings were finished last 
November, and were fully equipped the end of the 
year. whole of the work from the marking out of 
the site was completed in twenty weeks. 
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THE DEMOLITION OF THE OLD SOUTHWARK BRIDGE. 


MR. BASIL MOTT, M. INST. C. E., WESTMINSTER, ENGINEER; SIR WILLIAM ARROL AND CO., LTD., GLASGOW, CONTRACTORS. 
(For Description, see Page 313). 
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NOTICES OF MEETINGS. 


Tae Lonpon Association or Foreman Encinerrs.—Saturday, 
m., at the Pe pn 8 street Hotel, E.C. rly 
meeting for e electi and to receive Mr. F. G. 
Watkinson’s report upon nie visit as Gelagate to Birmingham, and 
other reports. 

Tue Bririsa FOUNDRYMEN’ 8 AssociaTION : LANCASHIRE BRANCH. 
—Saturday, March 7, at 4 p.m., at the Municipal School of Tech- 








nology, Manchester. Owing to ill-health, Mr. Hailstone will be 
onal to fulfil his en ment. A short paper, entitled ‘‘ The 
Foundry Chemist,” be given by Mr. Alfd. Harrison, of 


Castleton, to be followed by a discussion. 
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March 7, at 7.15 p.m., at the Institute, Wolverhampton-street, 
Dudley. Mr. Arthur Ross, F.1.0., F.C.S., will read & paper on 
“ Water Movements in Boilers—Natural and Induced.” 

Tut Surveyors’ Instrrution. — Monday, March 9, at 8 
The discussion on Mr. Christopher Turnor’s paper, enti tled 
“Comments on the Land Inqu Committee’s (Rural) Con- 
clusions,” will be resumed. Mr. Edwin Savill, Member of Council, 
will re-open the discussion. 

Tur ON OF MECHANICAL Enornesrs: Grapuatses’ Sxc- 
TION. —Monday, March 9,at8pm. A paper e titled “ densing 
Plants” will be read by Mr. Ralph J Kk duate, Manchester. 
Chairman, Mr. — vey, Vice-President. 

Tue INSTITUTION OF Orrick ELECTRICAL EN@InrERs.— Monday, 
March 9, at 6 p.m., at the Institution of Electrical Engineers. 
Mr. A. C. Booth will read a paper on ‘‘ Machine Tel 

Tue Roya Sanrrary Insrrrurs. — Tuesday arch 10, at 
7.30 p.m. Discussion on ‘ Social Conditions in Relation to Public 
Health.” Papers to he read by Miss Hilda Clark, M.B., B.S., on 
‘The Prevention of Tuberculosis from the Social Side,” and by 
Mr. F. E. Fremantle, M.A., M.B., F.R.C.P., D.P.H., M.O. 
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InstiTuTION oF OIviL ENGINBERS.—Tuesday, March 10, 
8 p.m. Papers to be further discussed :—‘* Rail-Steels for Electric 
Railways,” by Mr. William Willox, M.A, M. Inst. C.E. *‘* Rail- 
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March 11, at 8 p.m., in the Hall of the Institution of Mechanical 
Engineers, Storey’s "Gate, St. James’s Park, 8. W. Mr. Ts "We 
Lanchester will read a el on “ Engine- -Balancing.” 
invitation may be obtai to the Secretary of the 
Institution, ~ Queen ‘Anne's Gate, Westminster, 8.W. The 
meeting will be aoe at 7.45 by the annual general meetin 
when the annu rt for 1913 will be presented, and the r 
of the election for ¢ uncil announ 

Tae INstrrution OF ELECTRICAL ENGINEERS. —Thureday, March 12, 
at8p.m. ‘The Design of Rolling-Stock for Electric Railways,” 
by Mr. H. E. O’Brien, Associate Member. 

Tue Roya. Instrrution Or Great Barrain.—Friday, March 13, at 
9 o'clock. A discourse will be delivered by 8 r Walter R. 
Lawrence, Bart., G.C.LE. The subject is ‘‘ An Indian State.” 
Afternoon lectures next week at 3 —— = | March 10. 
Professor Sir John H. Biles, LL.D., 
fessor of Naval Architecture, Guavom, on “ ‘Modern Ships. (2) 
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M. Inst. C.E., Professor of Engineering Science, Oxford, on 
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B.Sc., D.L.C. “ The Asymmetric Distribution of the S 
Electronic Radiation Preduced by X-Radiation,” by Mr. A. Ar 
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THE RAILWAY SITUATION. 
AccorpIneG to the Board of Trade returns some 
15 per cent. of the 1335 millions sterling, which 
for the British railways constitutes the total 
nominal capital issued, is ‘‘ water,” consisting 
of nominal additions, unrepresented by assets, 
made on the consolidation, conversion, or division 
of stocks. It does not appear explicitly from 
the Board of Trade figures whether, in making this 
estimate, allowance has been made for ‘‘ negative 
water ” due to the issue of much stock at very sub- 
Since in general the premiums 


British railways, some deduction for the balance 
should be made in any estimate as to the amount of 
‘* water” in our railway capitalisation. Even so, 


331 | however, it is by no means certain that our lines 
os could be repruduced de novo to day at a materially 


lower expenditure than that represented by their 
nominal capital. Had the railway companies not 
allowed very much more for depreciation and re- 
newals than is sanctioned by the income tax autho- 
rities at Somerset House, the expenditure now 
credited to capital would have been materially 
increascd, or, alternatively, the whole standard of 





service would be notably inferior to that now 
afforded. For many years past some of our com- 
panies have not credited to capital the cost of a 
single locomotive. Old engines have been replaced 
by new, but though the new are both more powerful 
and more costly than their predecessors, the whole 
of their cost has been debited to revenue. 

The problem as to what is a fair valuation of our 
railway system is likely to be the matter of some- 
what passionate debate in the near future, should 
the question of nationalisation enter into the 
region of practical politics. The sole possibility of 
such a change proving other than disastrous from 
the financial standpoint lies in the question as to 
whether or no the lines can be acquired for very 
materially less than their present capitalisations. 
Should this policy be a oe it may be considered 
certain that the higher administrative staff will be 

tly reduced in numbers. ne with the 
Metra litan Water Board has, however, demon- 
strated once more that the attempt to economise in 
brains by reducing the number of those empowered 
to exercise initiative is the reverse of profitable. 
Moreover, the retrenchment thus effected has by no 
means proved a net gain, since the reduction in the 
technical staff has been accompanied by a very large 
increase in the statistical and clerical departments, 
so that the actual administrative charges are, it is 
said, even larger than when the work was shared 
between eight companies, with their independent 
boards A like result would undoubtedly follow a 
licy of-railway nationalisation, so that nothing 
but an unfavourable sequel can be anticipated for 
such a policy, unless the railways can be acquired 
for but a small fraction of their present nominal 
capital, and the advocates of the change will there- 
fore be put to it to discover some basis of valuation 
which will lead to this result. 

Under the Act of 1844, the railways can be 
acquired at twenty-five years’ purchase of their aver- 
age dividends for three years preceding the date of 
nationalisation. There is a proviso that this divi- 
dend shall not be taken at more than 10 per cent., 
whatever the actual rate; but this is naturally a 
dead letter in the state of affairs as they actually 
exist. The rate of dividend was the main factor 
in the arbitration as to the value of the Metro- 
politan Water undertakings. For some time matters 
proceeded happily, and the Chairman waxed elo- 
quent upon the various improvements which he 
asserted were being made ‘*‘ without cost to the 
rates.” Now, however, it is being urged, with 
vehemence in some quarters, that the above basis of 
valuation led to an excessive price being paid. The 
other alternative in such a case is to fix the value 
by that of replacement de novo. So far as the Metro- 


m., | politan Water aoe wagon: a is concerned it is, how- 
uth | ever, ym to doubt whet 


er this would have very 
— ly reduced the actual figure paid, and it 
ht conceivably have augmented it. Main-laying 
ndon streets is exceedingly expensive, and the 
pede sia sites for reservoirs and filter-beds are very 
much more valuable now than when acquired by 
their original owners. Similarly, though the 
Be of our railway lines is high, it is 
—_ whether the actual cost of replacement 
novo would not necessitate an even higher rate 

of expenditure. 

Returning to the important question of watered 
railway stock, it may be noted that the amount varies 
very greatly with different companies. The new 
standard form of railway accounts, now adopted for 
the first time, affords some interesting data on this 
head. The railwaycompany with the largest nominal 
capital is the Midland, with a total of 203,620,1501. 
issued. But of this figure no less than 62, 000,0001. 
consists merely of nominal additions to capital. 
made on conversions and the like. In the case of 
the Midland Company, moreover, the discounts 
on issued -stock have exceeded the premiums by 
3,766,860. The cash actually put into the line 
and accessory undertakings ap to be about 
130,000,0001., which is equivalent to about 21,7001. 
per mile of single track (owned or lea»: d). Of this 
total length, 1878 miles are represented by sidings, 
whilst there are 1353 miles of double-track line, 
260 miles of three-track, and 235 miles of four- 
track road. 

The London and North-Western Railway stands 
second, with a nominal capital of 133,840,3861. Of 
this total, 9,393,932] represents nominal additions 
on conversion of stock, but this is more than offset 
hy the fact that the premiums received exceeded 
discuunts by 10,010,3151., so that on this basis the 
Louden and Nuith-Westeru Railway is undervalued 
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by its nominal capital. The length of line (reduced 
to single track) owned wholly, partly, or leased, is 
5770 miles, of which 1439 miles are sidings, 271 
miles four-track road, 307 miles three-track road, 
and 1571 miles double-track line. The capital 
expended on the line and its adjuncts is returned 
a Eten or about 21,100/. per mile of single 
rack. 

The Great Western is another railway which is 
apparently undervalued by its nominal capital, 
which is given as 105,496,1191. Of this over three- 
quarters of a million was written off on various 
conversions, whilst the balance of premiums over 
discounts was 10,817,6551., so that the nominal 
capital undervalues the undertaking by over 10 
per cent. The total mileage reduced to single 
track is 6645, of which 1571 miles are sidings, 
1643 miles doub!e-track, 192 miles three-track road, 
and 80 miles four-track road. The actual capital ex- 
pended amounts to 112,872,5361., equivalent to about 
17,0001. per mile of single track. 

The value of the rolling-stock represents about 
14 per cent. of this expenditure in the case of the 
Great Western line, the corresponding figure for the 
Midland Railway being 13}, and for the London 
and North-Western Railway 104 per cent. 

Of the provincial lines, the North-Eastern and 
the Lancashire and Yorkshire Railways may be con- 
sidered typical examples. The total capital of the 
former is returned at 72,453,1711., of which 
7,340,6241. represents nominal additions. The 
balance of premiums and discounts is 2,059,7991. in 
favour of the first-named. The lines owned wholly 
or in part have a total mileage (reduced to single 
track) of 2224, of which 816 miles represents 
sidings. There are 86 miles of four-track road, 
110 miles of three-track, and 556 miles of double- 
track railway. The capital expended on the lines 
has been 63,856,8261., or about 28,6001. per mile of 
single track. Of this total, the value of the 
rolling-stock is equivalent to 13} per cent. The 
North-Eastern Company have a nominal capital of 
82,020,8481., of which 12,210,000/. represents 
nominal additions. As an offset to be deducted 
from this the premiums received total 5,939,6911. 
more than the discounts, so that the true value 
of the “water” is apparently about 7} per cent. 
The mileage reduced to single track is 4886, of 
which 1552 miles consist of sidings, 108 miles of 
four-track road, 146 miles of three-track road, and 
1249 miles of single-track line. The actual expendi- 
ture is returned as 84,862,8281., of which the value 
of the rolling-stock is equivalent to 16.8 per cent. 

The past year has, on the whole, been a very pros- 
— one for the railways, but the gross increases 

ave, to a very large extent, been swallowed in 
additional charges. The London and North- 
Western Railway Company, for example, have had 
a record year; the net receipts amounted to 
6,334,5951., which is an increase of 933,0001. Ex- 
penses, however, increased by 716,0001., of which 
a very large fraction is attributable to increased 
wages. Tne Great Western Railway Company’s 
receipts again showed an increase of 1,071,0001. on 
the year. At the same time charges increased by 
718,0001. These figures may be taken as fairly 
typical. The increased wages cost is, of course, not 
wholly due to increased rates of pay or shorter hours, 
but in part to the necessity of emp!oying additional 
hands to meet the necessities of the exceptional 
traffic. Such additional labour is necessarily some- 
what inefficient, and a feeling of good comradeshi 
also has its effect in inducing the old hands to deak 
off a little, so as to avoid the risk of ‘working the 
new men out of a job.” In the case of the London 
and North-Western Company, for example, of the 
half-million total increase in the pay bill, only 
300,0001. was due to the extra rates of pay. The 
companies have, of course, to pay, in addition, 
insurance charges, which in the case of the London 
and North-Western line were equivalent to nearly 
1 per cent. on the net recei The total wages 
bill is equivalent to about one-fourth the gross 
recoipts. The 4 per cent. increase in rates de- 
manded by the railway companies is claimed to be 
= far from meeting the increased wages cost. 

he very large amount of capital which must be 
ventured to provide employment for one railway- 
man is trul samashehle—evenngiog over 2000I. 
per head. is is, of course, out of all proportion 


greater than in other large industries, and the 
tendency is for it to increase. In the shipbuilding 
industry the capital risked per workman amounts 
to no more than 180l., according to an estimate 
made by Dr. J. Inglis. 





One of the great problems of the day is the 
arrangement of some reasonable us vivendi with 
labour. Notices for the termination of the exist- 
ing agreement as to conciliation boards have been 
handed in pretty generally. To no small extent the 
difficulty with A amen resides in the circumstance 
that whilst the men demand more wages, the 
capital for necessary extensions and developments 
can only be obtained if these wages are actually 
earned. The men, however, in many cases object 
to the adoption of the only means by which this 
desideratum can be attained, since every improve- 
ment in operating methods devised by the 
administration of a railway line, by enabling more 
work to be done per head, checks temporarily 
rates of promotion. Hitherto, undoubtedly, 
there has been somewhat too great a tendency 
to substitute regulations for explanations, and to 
adopt generally the attitude of the Roman cen- 
turion. Direct access to officers or directors with 
powers of initiative may do much to make matters 
work more smoothly, and many of the companies 
are proceeding on these lines. On the Great 
Eastern Railway, for example, the company is 
represented on the Conciliation Board by a speci 
director, and a somewhat similar oe | is being 
pursued by other lines. Much of the trouble 
experienced in the past has been due to a feeling 
on the part of the men that the companies were 
evading the terms of various awards. It will be 
the business of these special diplomatists to remove 
such apprehensions before matters come to a crisis. 

The average fare paid on the British railways 
has long been a matter of controversy ; it is, in 
fact, very difficult to estimate it accurately in view 
of the enormous number of workmen’s, season, 
excursion, and other special tickets issued. Making 
reasonable estimates for the fares paid by work- 
men and season-ticket holders, it may be doubted 
whether (inclusive of first-class fares) it exceeds 
a passenger-mile. f f 

e problem of meeting the competition in 
suburban traffic is still engaging the anxious atten- 
tion of the companies concerned. By the reduc- 
tions made in its fares, the Great Eastern Railway 
appeared to have at length succeeded in diminish- 
ing the attraction towards the trams; but this 
expedient is proving ineffective against the more 
strenuous competition of the motor-bus. The route 
of the tramways is fixed and cannot be changed 
without the incurrence of heavy expenditure, and 
it is open therefore to the railway wig on to 
meet tramway competition by lowering fares on 
— routes whilst maintaining them elsewhere. 

e motor-bus, on the other hand, is tied to no 
definite route, and should a railway company 
render a particular route unprofitable to the bus, 
the whole fleet can be shifted to another route and 
compete afresh with another branch of the railway. 
In this matter, the Great Eastern Railway Company 
is icularly unfortunate, since its own money 
and credit have been employed by municipalities it 
serves for the instalment of competing tramway 
systems. This speculation has, in certain cases, 
now proved so unremunerative that there have been 
serious proposals that the undertakings shall be 
sold for what they will fetch, and a very large 
share of the loss will in any case have to be met 
by rates paid by the railway, which is itself suffer- 
ing from the same competition that is making the 
tramways unprofitable. In West Ham alone the 
Great tern Company pay 45,0001. per annum 
in rates and taxes. 

The London and South-Western Company is also 
attempting to meet the intense road competition by 
a reduction of fares, but this is recognised as only 
a —_— palliative, it being necessary to compete in 
efficiency of service as well as in price. Experience 
in London shows that up to distances of 2 miles 
the motor-bus can compete effectively even with the 
highly efficient underground services, so that the 
trunk lines may definitely abandon any hope of 
regaining any substantial proportion of such traffic. 
For longer distances electrified lines yield, however, 
good results. The London and South-Western Rail- 
way are accordingly pushing on with their electrifica- 
tion scheme as rapidly as possible, and the first 
— round by Kingston, Twickenham, Richmond, 
and back is to be completed by the end of the year. 
The whole of the contracts for the electrical work 
have been placed in this country. 

The experience of the London, Brighton and 
South Coast line in this connection is full of promise. 
In spite of keen competition from motor-buses and 
tramways the traffic carried by the electrified lines is 








six million passengers per annum more than in the 
last year of steam traction, and proportionately 
better results may be expected from the exten- 
sions now in p , e section from Balham 
through Norbury to West Croydon and Walling- 
ton is expected to be ready for service next — 
The North London Railway Company, which still 
suffers very severely from its competitors by road, 
should get some relief next spring, when the electri- 
fication between Broad-street and Watford is ex- 
pected to be completed. At the same time trains 
will be run via the Bakerloo tube from: Watford to 
Charing Cross, the junction with the London and 
North-Western Railway being made at Queen’s 

‘ark. 

Whilst the Great Northern Railway Company are 
not yet prepared to electrify any of their main lines, 

et their intention to make a physical junction at 
yton Park with the Great Northern and City 
line, which is now owned by them jointly with the 
Metropolitan Railway, probably constitutes the 
thin end of the wedge. 

The Midland Railway Company have undertaken 
to electrify the Tilbury line, and to make very sub- 
stantial improvements in the means of access to 
Fenchurch-street station. This will involve the 
construction of 14 miles of two-track line on viaduct 
through the East End of London, from Stepney to 
Bromley. Other work will include the widening 
to four tracks of 7} miles of line from Barking to 
Upminster, and the construction of a new junction 
with the Romford branch at Hornchurch. The 
cost is estimated at 900,000/. The North-Eastern 
Railway, it will be remembered, have an interest- 
ing scheme in hand for the working by electricity 
of the mineral traffic between Shildon and New- 
port. It was announced at the Fuca meeting 
of the shareholders that the Board considered this 
as an experiment, which, if unsuccessful, would be 
financed out of revenue. This company purchases 
its current, the rate paid for power being 1.077d. 
per unit. 

The London Underground railways have done 

retty well, with the exception of the City and 
South London line, where the number of pas- 
sengers have diminished by 7.3 per cent., and the 
receipts by 9} per cent. Further steps are being 
taken by the underground administration to 
facilitate interchange traffic. To this end new 
escalators are being fitted at Baker-street and at 
Charing Cross. The former will connect the tube 
with the Metropolitan Railway, and the latter the 
Hampstead and Bakerloo tubes. On the lines 
controlled by the London Electric Railways Com- 
pany the receipts were 715,319/., which is a dimi- 
nution of 32931. The expenses, on the other hand, 
rose 467 per cent., of which 4000/. was repre- 
sented by wages, 6401. by insurance, and 90001. by 
the cost of coal. The rise in the price of the latter 
has been a serious matter for all companies, and no 
reduction is anticipated before the second half of 
this year. In this connection it may be noted that 
the Metropolitan Railway report states that by 
installing Bennis stokers at Neasden it has proved 
possible to use a cheaper coal. The fuel cost 
per unit here is said to be 0.239d. This com- 
pany is, in future, to furnish the current for 
the operation of the Great Northern and City 
Railway. Arrangements have been made with the 
London and South-Western Railway Company for 
the running of electric trains between the City and 
Richmond, and it is, moreover, intended to open 
new stations at Goldhawk-road and at Uxbridge- 
road. The electric working of the East London line, 
of which seven months’ experience had been gained 
at the date of the report, is stated to have been 
disappointing. Lifts are, however, to be installed 
at Wapping Station, which is expected to lead to a 
material increase. 

The wisdom of the ‘‘ Tube” administration in 
acquiring control of the motor-buses is now evi- 
dent. e working of these has ved most 
successful. The profits made amount to 18 per 
cent. on the capitalisation, so that, unless the rise 
in the price of petrol brings a check, the competi- 
tion with the trams is likely to be still more 

ingent in the near future. All the omnibuses 
have by now been fitted with life-guards, which are 
known to have prevented already 46 otherwise fatal 
accidents. As rather more than half of the fatali- 
ties were caused by unguarded rear wheels, the 

should effect a very material improvement 
in the ratio between deaths and total accidents. 
The drawback of the omnibus has not, so far, lain 
in the number of accidents it caused, being not 
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materially worse than other vehicles in this 
regard, but in the high proportion which proved 
fatal. In 1912 there was on the average one 
fatal accident for each 443,058 miles run. During 
the early portion of this year this mileage has 
been increased to 1,020,752. Some 676 million 
passengers were carried in 1913, the average fare 
being 133d. per passenger, which may be com- 
pared with the average fare on the London electric 
railways. which is given as 1.70d. As instancing 
the reliability of the omnibuses, it is stated that 
99.8 per cent. of the schedule mileage was run. 

Many of the great railway companies also run 
omnibus services, but these make a much less 
favourable showing than do those in the Metropolis 
Thus the motor services of the London and North- 
Western Company earned 27,4241., but the expenses 
exceeded this figure by 1908/. The Midland Railway 
services did even worse, the receipts being 24981., 
and the expenditure 4911/. The North-Eastern 
Railway was somewhat more successful, but a net 
gain of 4881. out of receipts totalling 17,552/. 
can hardly be considered satisfactory. e Great 
Western Railway, however, did fairly well, making 
a net gain of 11,9771 out of gross receipts amount- 
ing to 52,6571. 

The railway steamers constitute another service 
which, in many cases, shows a balance to the debit 
side of the account, as the following typical figures 
indicate :— 


Gross Receipts Net 
from Steamers. Loss. 
£ £ 
Great Western Railway . 180,329 27,629 
Midland Railway... ... 136,091 9,361 
London and North-Western 
Railway ies 216,796 24,621 


The principal Continental services stand, how- 
ever, in a more satisfactory position, the South- 
Eastern and Chatham services showing a profit of 
125,5801., on receipts amounting to 341,8141., 
whilst the Brighton services brought in 99,0661., of 
which the net profit was 39191. The competition 
between the two routes in question will shortly be 
accentuated. 

Subsidiary services conducted at a Joss are fre- 
quently justified on the plea that they are indirectly 

rofitable. The fact, however, that they show a 
oss year by year must be most disheartening to 
those more immediately responsible, and it would 
seem that if they do produce profit to the line, 
which is the sole effective plea for their main- 
tenance, they should be credited with this. At 
present profits really attributable to these services 
appear in the accounts under other headings. The 
principle that every service must be run at a profit 
is undoubtedly sound; but where this profit is 
indirect, the book-keeping difficulties in crediting 
it to its true source are, of course, serious. 

The time between London and Paris via New- 
haven is to be substantially reduced this summer ; 
whilst for a long period past the South-Eastern 
Company has been engaged in strengthening bridges 
and easing curves so as to make possible some 
improvement in the very moderate performances of 
its boat trains. Incidentally it may be noted that 
this com: transported last year 23,000 tons of 
Kent coal. The quality, however, is stated to be 
unsuitable for steam-raising, though exceptionally 
good for gas-making. 

The canals are another department of the railway 
undertakings which, in most cases, involve more 
in expenses than the revenue they bring in. 

An interesting example of the way in which rail- 
way companies are treated by local authorities 
was referred to at the South-Eastern and Chatham 
Company meeting, when it was explained that the 

lans for erecting buildings in the forecourt of 
Eudgate- Hill Station, the private property of the 
company, were held up for three years until the 
company to purchase relief by handing over 
a portion of the land in question. 

The South-Eastern Company has, as is well 
known, suffered severely from passenger transport 
by road, and it appears that the competition is now 
being felt in the goods traffic. In fact, it was 
stated that, owing to this factor, it would hardly 
be practicable to make the s' ted 4 per cent. 
increase in rates, so far, at least, as the products of 
Kent were concerned. These motor services are 
daily taking greater extensions, having the great 
advantage of reducing transhipment costs. One 
large London firm now covers with its services 
an area of 18,000 square miles. 

As was very natural, the remarks of Lord Claude 





Hamilton with reference to the appointment of 
Mr. Thornton as manager of the Great Eastern 
line have created much comment at the various 
meetings held. Whilst it was recognised that 
Mr. Thoraton’s special experience may prove of 
the greatest advantage to that particular railway, 
strong exception has been taken to Lord Claude’s 
assertion that all British railway companies made 
no effort to develop promising young men by 
iving them opportunities of acquiring experience 
im more than in one specialised department. This 
was specifically denied at several of the meetings, 
and certain companies, such, for example, as the 
North-Eastern Railway Company, have established 
a system by which selections are made from the 
clerical staff and also from public school and 
university men for appointments as traffic appren- 
tices, and are then given a special course of training 
designed to afford as wide an experience as possible. 
The scheme seems a good one, with the exception 
of the circumstance that the opportunities in ques- 
tion are apparently reserved to the clerical staff, 
and are not open to equally able young men on the 
technical side. An engineer's training is of very 
special value to those who have to handle humanity 
as well as materials, and some of our ablest general 
managers have first won their spurs in this depart- 
ment. The whole question was, however, con- 
sidered by us in an article on railway appointments, 
which appeared in our issue of the 20th ult., 
page 255. 
ome rather interesting figures may be deduced 
from the reports in their new form as to the per- 
centage of idle mileage run by goods locomotives. 
With passenger trains the percentage is insignifi- 
cant, but with goods and minerals it is necessarily 
large. Some examples are as follow :— 


Loaded Mileage, Goods Locomotives 


. Total Mileage. 
Midland Railway ‘at foe 0.644 
London and North-Western 
Railway we ast ad 0.648 
Great Western Railway 0.69 
North-Eastern Railway 0.595 


Most of the idle mileage is attributable to 
shunting operations. 

The low ratio in the case of the North-Eastern 
line is probably unavoidable in view of the enormous 
mineral traffic, which far exceeds that carried by 
any other line, some 59,916,000 tons being trans- 
ported during the year. The bulk of this consisted 
of coal or other fuels, on which the average freight 
was ls. 4.05d. per ton. The accounts, however, do 
not in their present form give ton-mile statistics, 
but these may, perhaps, be required at a later date. 





RECENT DISCOVERIES IN PHYSICAL 
SCIENCE. 

For his course of lectures at the Royal Institu- 
tion this session, Professor Sir J. J. Thomson, 
O.M., F.R.S., has chosen as his subject ‘‘ Recent 
Discoveries in Physical Science.” The first lecture 
of the course was delivered on Saturday afternoon 
last, and the speaker discussed the nature of the 
forces exerted by atoms on each other, and the bear- 
ing of these on chemical affinity. This subject will 
be pursued further in the lectures to be delivered 
on March 7 and 14, whilst in the fourth lecture, on 
March 21, the theory of metallic conduction will 
be taken up. Characteristic Réntgen radiation 
will form the subject of the fifth lecture, on 
March 28, and specific heats at very low tempera- 
tures will be dealt with in the concluding lecture 
of the course, to be delivered on April 4. 

In opening his discourse, Professor Thomson said 
that of all the properties of atoms none exceeded 
in interest and importance those concerned in the 
actions exerted between one atom and another. 
On these, in fact, depended not only such proper- 
ties of matter as stiffness and tenacity, those 
involved in changes of state from solid to liquid, 
and from liquid to the gaseous conditions, the 
presence of crystals in some cases, and their 
absence in others ; but in addition to these there 
was also involved the whole of the vast subject of 
chemistry. Both the physicist and the chemist, 
when they pushed their investigations far enough, 
found that they were striving towards the same 
goal. The problem of the physicist, however, 
related rather to the action of atom on atom when 
free, whilst the chemist was concerned rather with 
the interaction of the atoms within the molecule. 
The foundation of both investigations was, however, 
the same. 





For his own part, he was inclined to t that 
one section of chemistry had been labelled ‘* physical 
chemistry,” and he would not be surprised if it 
proved that the greatest advances in atomic theo: y 
were made, not in this department, but in that 
part of chemistry which dealt with the structure 
of chemical compounds. The questions involved in 
the action of one molecule on another had been in 
debate for a very long time. Cauchy, Laplace, 
Boscovich had all made important investigations ; 
but it would not, he thought, be going too far 
to say that the results they had obtained were not 
quite so definite as might have been wished. For 
his own part, he believed that greater definiteness 
would be secured by pursuing another line of 
research, which, so far as he knew, had been 
originated by a very remarkable man, the late Mr. 
W. Sutherland. Mr. Sutherland had contributed 
to the Philosophical Magazine nearly forty papers, 
but the speaker was afraid that it must bender tted 
that these papers had not attracted the attention 
they deserved. In part this was due to the circum- 
stance that Mr. Sutherland excelled asa philosopher 
rather than as an expositor. When, however, one 
got at his meaning, his views appeared to be, at 
bottom, of very great value. 

Sutherland assigned to each atom a specific 
attracting power. He regarded an atom of hydro- 
gen, for instance, as exerting a certain force on 
another atom. The law of this force (that was to 
say, its variation with the distance between the 
atoms) was, he held, the same for all atoms, but 
its magnitude depended on a specific constant, 
different for each element; hence there was one 
value for an atom of hydrogen, and a different value 
for an atom of oxygen, and so on. Sutherland 
sought to determine the value of these constants 
through certain hypotheses as to the nature of 
the forces exerted. He assumed that each atom 
contained both a positive and a negative charge, 
but that the negative charge was not in quite the 
same position as the positive one. There was thus 
a residual external field, each atom resembling a 
little magnet with its positive and its negative pole. 
Such a combination, Professor Thomson said, would, 
like the magnet, exert a force, and constituted in 
fact what was known as an electric doublet. The 
moment of this doublet (that is to say, the product 
of either ch by the distance between the two 
charges) was, in Sutherland’s view, characteristic 
of any particular atom. Sutherland calculated out 
the value of these moments for various elements, 
basing his calculations on the principle that if atoms 
did exert force on each other, it would be necessary 
to do a certain amount of work to remove an atom 
from a mass of many others, and that this work 
would depend upon the magnitude of the forces 
involved. Sutherland succeeded in finding an 
expression for this work in terms of the moments 
of his electric doublets. 

In the process of evaporation, Sir Joseph con- 
tinued, each atom or molecule evaporated was 
removed from the midst of very many other atoms 
or molecules. The molecules were, in short, torn 
away against the attractive forces exerted by those 
left in the liquid. The work spent in overcoming 
these attractive forces was measured by the latent 
heat, and Sutherland was accordingly able to 
express this latent heat in terms of the moments of 
the atoms of the liquid evaporated. In this way he 
calculated out the numerical values for these 
moments as tabulated below :— 


Moment 

Element. of Electric 
Doublet. 

H 0.75 x 10-1" 

oO 1.7 x 10-8 

N 18 x 10-8 

Cl 44 x 10-* 

Br 6.0 x 10-'8 

I 6.2 x 10-18 


These values were obtained in part, as already 
indicated, by a comparison of Sutherland’s theo- 
retical expression with the actual value of the 
latent heat, but also through another line of 
investigation based on data as to the surface tension 
of liquids. 

Having in this way obtained the value of the 
moments for h , oxygen, and carbon, it 
should be possible to calculate the latent heat for 
any compound of these elements, and obtain in this 
way a very efficient check on the validity of the 
theory p . On this check being applied, the 
amount of agreement between calculation and 
observation was sufficient to show promise; but the 
discrepancies made it evident that there was still 
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some factor not taken into account, and which 
seriously affected the results. 

The essence of Sutherland’s theory, Sir Joseph 

roceeded, was that the electric doublets were con- 

ned to the atom, each atom being accordingly 
neutral, containing as much positive as negative 
electricity, so that, on this view, we did not get in 
compounds one atom with a positive charge balanced 
by another atom with a negative p aon If, 
however, the atoms in a compound were individu- 
ally charged, then the value of the latent heat would 
not depend on the atom only, but on the arrange- 
ment ~ these atoms within the molecule, and the 
moment of the electric doublets would vary from 
compound to compound. Sutherland assumed, 
however, that compounds of this character did not 
exist, but that in every compound each atom was 
individually neutral. 

There was, however, Professor Thomson pro- 
ceeded, some reason for believing that chemical 
compounds could be divided into two great classes, 
remarkably different in their properties. In the one 
class Sutherland’s hypothesis held true, and the 
atoms were not charged, whilst in the other t 
individual atoms in the molecule were apuiiile 
charged. The distinction between the properties 
of the two classes was very remarkable. All 
chemically active compounds, such as H,O, NH,, 
HCl, and HCN, belonged to the second class, and 
the atoms within their molecules carried charges. 
In these bodies, in short, we had a condition of 
intra-molecular ionisation, one atom being posi- 
tively electrified and another negatively charged. 

He would, he proceeded, first try to show that 
there was the difference, above set forth, between 
various chemical compounds, and that in one 
class of these there were electric charges on the 
atoms of each molecule; for that very reason 
these molecules could produce strong chemical 
effects. This he would show by proving that such a 
body could be electrified without adding electricity 
to it, or subjecting it to friction, but merely by 
straining it, the strain being brought about solely 
by a change of temperature. Taking a crystal of 
tourmaline, Professor Thomson showed that if this 
crystal were dipped in liquid air, opposite ends of 
it became oppositely charged. 

The dipping of the crystal in liquid air, Professor 
Thomson pn Satay caused it to contract, and this 
contraction was different in amount in different 
directions. There thus ensued a re-arrangement 
of the molecules inside the crystal. The atoms 
of the tourmaline were, he continued, no doubt 
electrified even at the ordinary room temperature, 
though the crystal showed no evidence then of this, 
having got itself covered with a conducting film, 
which acted as a shield, and prevented any ex- 
hibition of an external field. hen, however, the 
internal arrangement of the crystal was suddenly 
changed, the skin could no longer counterbalance 
the interior electrification, as it was a bad conductor, 
and a temporary electrification was obtained. 

The experiment he had shown indicated, Pro- 
fessor Thomson proceeded, the existence of bodies 
of which the constituents were charged up. The 
most direct proof of the existence of bodies, in 
which the constituent atoms were neutral elec- 
trically, was to be derived, he proceeded, from the 
fact that when a gas was dissociated by a moderate 
rise of temperature it did not become a conductor. 
Nickel carbonyl, for instance, dissociated readily at a 
very moderate temperature. If, when this split up, 
one constituent was negatively, and the other posi- 
tively, electrified, there would result a collection 
of itive and negative particles free to move, 
and if a potential difference were applied, a current 
would result. This experiment had been tried 
repeatedly at the Cavendish Laboratory, and no 
trace of conductivity had been found in the disso- 
ciating gas, so that the constituent atoms of this 
compound were certainly neutral, and there was 
here no intra-molecular ionisation. 

Nickel carbonyl was, however, a somewhat compli- 
cated compound, and it might be claimed that it did 
not provide the best chance for the separation of 
oppositely-charged atoms. The molecule of carbon 
monoxide consisted, on the other hand, of only two 
atoms, and since oxygen was intensely electro- 
negative, there would appear to be a good chance 
that on dissociation the carbon would be found 
with a positive charge, and the oxygen negatively 
electrified. 

This could, he continued, be tested as follows :— 
When positive rays were obtained by means of a 
discharge-tube, it was found that some of the 





molecules constituting these rays broke up after 
having through the negative electrode and 
left the discharge-tube. In the photograph, below, 
there was, he said, evidence that this had occurred 
with some molecules of carbon monoxide. The 
carbon line in this figure was represented by a, and 
the oxygen line by 8. The fact that molecules of CO 
were split up thus could be recognised by deter- 
mining the energies the rays carried with them. So 
long as a molecule of CO was complete both its 
constituent atoms were travelling at the same speed. 
The carbon atom had, however, a mass of 12, whilst 
that of the oxygen was 16. After the molecule was 
split up the original kinetic energy of the molecule 
was divided between the constituent atoms in these 
proportions, so that the carbon atom carried }% 
of the original energy, and the oxygen 3g. The 
carbon had thus less energy than the oxygen. The 
smaller the energy carried by a positive ray the 
more it was displaced in the positive ray photograph. 
Looking at the carbon line a, it would be seen 
that this was bright near the origin, then faded 
away, and again became bright further on. This 
second bright portion was produced by carbon par- 
ticles split off the carbon-monoxide molecule after 
the latter had passed out of the discharge-tube. 
The oxygen line showed a corresponding variation 
in brightness, but the atom being heavier, this 





second bright bead was not so far from the origin 
as the corresponding carbon bead. On making 
accurate measurements, it was found that the rela- 
tive displacement of these beads was exactly pro- 

rtional to the relative masses, so that both came 
rom a common molecule. Had the carbon been 
positively charged, and the oxygen negatively 
charged, the beading would be observable on the 
carbon line only, and the fact that it was found 
on both lines indicated that the constituent atoms 
of the carbon-monoxide molecule existed inside this 
molecule in the neutral state. 

It would thus be seen, Professor Thomson con- 
tinued, that in many compounds there was no 
charging up of the constituent atoms, whilst in 
others the atoms did carry charges. 

In this connection the figures in the annexed 
table, showing for a number of compounds a com- 

ison between k — 1 and ,? — 1, were, the lec- 
turer said, of much interest, k denoting the specific 
inductive capacity of the bodies listed, and » the 
refractive index. 


Gas. k-1, P-L 
Air 0.00059 0.00059 
ie 0.00026 0.00028 
mm . 0.00094 0.00092 
co 0.00069 0.00067 
H,0 | 0.0070 0.00029 
NH, _. 0.0071 0.00075 

0.0025 0.00089 


cae ints . 
CH,;.O8 .. ee 0.006 0.0011 
From this table it appeared that the value of k 
and »” was identical for air, and practically so for 
H, CO, and CO. When, however, we came to water 
vapour we had k — 1 = 0.0070 and »*— 1 = 0.00029, 
so that the former was nearly 25 times the latter. 
In the case of ammonia the ratio, it would be seen, 
was about ten times, for HCl it was rather less than 
thee times, and for methyl alcohol about six times. 





The enormous difference between the bodies 
listed in the upper part of the table and those 
tabulated in the lower was due to the fact that in 
these latter compounds there was a charge on the 
constituent atoms. Moreover, not only had these 
gases an enormous specific inductive capacity, but 
this varied greatly with changes of temperature. 
Some figures observed with methyl alcohol were 
as follow :— 


Temperature. k-1. 
deg. Cent. 

93.2 264 
103.1 237 
120.5 218 
129.1 204 
148.6 198 


The values given for k—1 were, in this case, of 
course, relative values, and not absolute values. 
With such gasés as air, H, CUs, and the like, the 
value of k was independent of the temperature ; 
but it would be seen that with methyl alcohol that, 
as the temperature changed from 93.2 deg. Cent. 
to 148.6 deg. Cent., the value of k—1 diminished 
from 264 to 198. 

This very rapid diminution of k — 1 with tem- 
perature changes was, Professor Thomson went on, 
characteristic of bodies subject to intra-molecular 
ionisation, and he would try and explain how it 
came about that when the individual atoms were 
charged this temperature effect ensued. If a 
molecule of this kind were placed in a field of force, 
it would try to set itself in a definite direction—that 
in which its axis pointed along the line of force. 
The more it succeeded in maintaining this position 
the bigger would be the specific inductive oy 

Why did it arise, therefore, that all the molecules 
did not point in the required direction when under 
the action of electric force? It was because they 
knocked against each other, and by their mutual 
collisions knocked their axes out of line and pre- 
vented them pointing in the right direction. The 
more violent the collisions the more the axes were 
disturbed, and the less they would be set along the 
line of electric force, and the smaller in consequence 
the contribution made to the specific inductive capa- 
city. Since the molecules knocked each other about 
more at high temperatures, a rise of temperature 
would (with compounds having charged atoms) 
diminish the specific inductive capacity. 

If, on the other hand, a conducting sphere were 

laced in a field of force, this force would, it was true, 
Induce positive and negative charges at opposite 
poles of the sphere, but no knocking about of the 
sphere would shift the position of these charges. 
A collision might, in short, knock the sphere about, 
but it could not knock the electricity about. Hence, 
in the case of compounds with uncharged atoms, 
the specific inductive capacity was unaffected by a 
change of temperature. 

The phenomena involved could, Sir Joseph pro- 
ceeded, be illustrated by means of a group of 
small magnets mounted on pivots. He had on the 
table a rectangular coil of wire traversed by a 
current, the magnetic field due to the current being 
balanced by a compensating coil traversed by the 
same current, so that the effect on a magnetometer 
was nil. On placing inside of the rectangular coil a 
tray of small mounted magnets, these set them- 
selves along the line of force, and the balance 
being thus destroyed, the etometer showed a 
large deflection. On vigorously shaking the tray, 
however, thus throwing the magnets out of line, 
the deflection diminished nearly to its original zero 
value, and on then leaving the tray at rest the large 
deflection was slowly regained as the little magnets 
gradually came to rest again. Replacing the 
magnets by corresponding pieces of soft iron, Pro- 
fessor Thomson showed that the deflection of the 
magnetometer was unaffected by even the most 
vigorous shaking. 

By the aid of the kinetic theory of gases, the 
lecturer went on, it was possible to calculate the 
effect of temperature in preventing the setting of 
molecules with their axes along the direction of an 
electric field. The speaker had made this calcula- 
tion for the gases tabulated in the lower half of the 
table already given. The expression he had 
obtained was :— 

ba + 0:88MP x 10-3 
=a T . 

In this formula k was the specific inductive 
capacity, a a constant independent of the tempera- 
ture, and equal to k, when k was itself equal to the 
square of the refractive index of the compound. 

By M was denoted the moment of the doublet 
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constituted by the charged atoms of the molecule, 
whilst T denoted the absolute temperature. This 
expression gave the value of k for a gas having the 
same number of molecules per cubic centimetre as 
corresponded to atmospheric pressure and 0 deg. 
Cent. 

By making measurements of k the value of M 
could be determined. In the case of ammonia the 
result was that M = 1.5x10-"; for water, M = 
2.1 x 10-*. It would be seen that, in view of the 
factor 10-“, the moments were very small. On 
comparing them with the corresponding moment of 
the doublet in an atom of iodine, it appeared, how- 
ever, that the work required to separate two mole- 
cules of NH;, if these were placed in the position in 
which their mutual attraction was strongest, was 
twice as great as that required to separate from 
each other the two atoms constituting a molecule of 
iodine. 

If, however, as this calculation showed, the 
attraction which represented the residual aftinity 
of two molecules of NH, was greater than that 
between the atoms of a molecule of iodine, how 
was it that at ordinary temperatures iodine was 
very little dissociated, whilst at these temperatures 
there were at the same time very few double mole- 
cules in a mass of NH, ? The reason was that if one 
took two atoms of iodine, the charges being free to 
move inside the atoms, these atoms could attract each 
other, however the two were presented to each other; 
whilst the atoms in a molecule of NH, being them- 
selves charged, two molecules of NH, would attract 
only if the right ends of the atoms were opposed, 
but there would be repulsion if the two molecules 
were shot against each other with an opposite 
orientation. It was, in short, only when the mole- 
cules struck each other in a few favoured positions 
that they would stick together. He , Sir 
Joseph continued, also calculated the moments 
for various alcohols. For ethyl alcohol the value 
of k was very considerably less than for water, 
having the value 26 as compared with 81. The 
question arose how was this to be reconciled with 
the near equality in the values of M ? 

The explanation was that, in a given volume, 
one did not get nearly so many molecules of alcohol 
as of water. The weight of a molecule of alcohol 
was greater than that of a molecule of water, whilst 
at the same time the density was much less. Both 
these factors reduced the number of molecules 
contained in a cubic centimetre. 

The speaker had accordingly calculated out k on 
a different basis from that usual. On dividing k, as 
ordinarily determined, by the number of molecules 
in a unit volume, the quotient obtained represented 
the molecular specific inductive capacity. The 
figures thus obtained were, he said, tabulated in 
the last column of the annexed table, from which 
it would be seen that this molecular specific induc- 
tive capacity was much more constant than was k 
as ordinarily estimated :— 


Substance. k. + 
Radical, — OH. 
Water ... — als oe 81.7 81.7 
Methyl alcohol, CH; . OH ... 32.1 79.0 
Ethyl alcohol, C, H,. OH ... 21.7 84.0 
Propy]l alcohol, UC; H, . OH 20.5 85.0 
Glycerine, C, H; (OH), 56.2 79.0 
Radical, — CN. 
Aceto-Nitrite,CH,.CN ... 35.8 100.0 
Propro-nitrite, C2 ii, CN ... ie 27.2 102.0 
Benoxyl-cyanide, C, H; . OH, CN 16.7 109/A 
Ethylene-cyanide, (OH,), (ON), i, ae 127/A 





SUPPLEMENTARY NAVY ESTIMATES. 

Tue First Lord of the Admiralty offered, in the 
House of Commons on Monday, convincing reasons 
for the passing of the ey eon pd estimates, 


rendered necessary ely use of greater pro- 
gress having been e in contract work for the 
Navy than had been expected, and partly also by 


contingencies, of which Parliament was advised 
during the latter days of the last session. As the 
total amount of these supplementary estimates— 
namely, 24 millions—was unexampled, it was 
appropriate that a full explanation should be 
made. But as the Navy programme for the coming 
financial year must be presented to the House 
within the next week or fortnight, and as it was 
not desirable to enter upon general questions until 
this programme was divulged, Mr. Churchill was 
placed under a disadvan His statement 
nevertheless afforded useful information upon two 
or three important questions affecting naval defence. 





The largest item in the Navy Supplementary 
Estimates is connected with the shipbuilding and 
naval ordnance votes. For instance, there has 
been earned in the manufacture of propelling 
machinery 588,000/. more than was anticipated ; 
in the manufacture of armour for ships, 668,000I. ; 
and in the manufacture of projectiles and ammuni- 
tion, 270,0001.; other items in connection with new 
construction and naval armament make up a total 
addition of 1,445,000/. Mr. Churchill admitted that 
the original estimate of possible progress was con- 
servative, but he had warned the House a year 
ago that if, as he hoped, better progress was 
made in executing the programme which Par- 
liament had sanctioned, it would be necessary 
for him to come to the House later for supple- 
mentary estimates. We think it is satisfactory 
that better progress has been made than was 
anticipated. 

A sum of 437,000). is due to the beginning 
earlier of the three contract battleships of the 
1913-14 programme, in consequence of the failure 
of the Canadian Naval Aid Bill to into law. 
In recent years the contract ships have rarely 
been laid down in the year in which they were 
authorised, but this year these vessels have been 
commenced at a much earlier date, the Ramillies 
having been laid down at Messrs. W. Beardmore 
and Co.’s works on November 12 last, the Resolu- 
tion at Messrs. Palmer’s works at Jarrow-on-Tyne 
on the 29th of the same month, and the Revenge 
at Messrs. Vicker’s works at Barrow-in-Furness 
on December 22. Thus these three vessels have 
been accelerated to the extent of three or four 
months as compared with former conditions. 

As to the amount of excess expenditure, there 
is further explanation in the fact that there are in 
progress, in shipyards throughout the country, 
fourteen great ships and sixty-two smaller vessels 
of various kinds, in addition to submarine craft. 
On the hulls of contract ships 207,0001. less had 
been earned than was anticipated. The shipbuild- 
ing programme is thus still in arrears, owing to 
many causes, including shortage of labour in some 
trades ; but everything is being done, not only by 
the Admiralty, but by the respective contractors, to 
advance matters as much as ible. The stead 
diminution in the volume of merchant-ship wor 
being laid down gives ground for the belief that the 
shortage of labour will not be so seriously felt in 
the immediate future as in the recent past. Thus 
such work as the First Lord of the Admiralty 
proposes to begin early in the next financial year 
will be most acceptable. 

The next important question dealt with by Mr. 
Churchill had reference to progress in aerial flight. 
This department of the service, for which Cap- 
tain Seow F. Sueter, C.B., is responsible, 
has made ie progress during the past few 
months, and there is therefore required a sup- 
plementary vote of 250,000. for the present 
year. The new airships ordered, however, in- 
volve an ultimate expenditure of 475,0001., apart 
altogether from the work which will undoubtedly 
be included in next year’s programme. For the 
first time, official information has been given 
regarding the contracts entered into for the build- 
ing of airships. Messrs. Vickers are building at 
Barrow-in-Furness one large rigid and three small 
non-rigid dirigible airships. e rigid ship is 


approximately a Zeppelin of the latest type, and 
the others are of the Parsifal type. essrs. 


Armstrong, Whitworth and Co. have received an 
order for three large semi-rigid airships of the 
Forlenini type: The first of these will be con- 
structed in Italy, and the others in this country. 
Large sheds have been built by both firms at 
a heavy capital outlay, while the Admiralty 
themselves have constructed two additional air- 
ship sheds, one in the Medway near Chatham, 
and the other in Norfolk, which will constitute 
bases for the airship fleet soon to be in being. 
It is quite evident, from Mr. Churchill’s speech 
on Monday last, that he proposes a further deve- 
lopment of this new branch of the defensive 
forces, because he stated that, although still in an 
experimental stage, the naval air service has now 
reached a point when it has ‘‘ begun to share the 
military responsibilities of the Royal Navy, and is 
about to become an effective factor, both in fleet 
operations and in coast defence.” 

The third important item in the supplementary 
estimates is for fuel, lubricating oils, &c., for the 
Fleet, the total excess expenditure under this head 
being 773,000/. Of this total, over half a million 





is due to oil-fuel alone. In order to enable the 
Admiralty to over-ride price combinations in time 
of peace, and to come safely through military risks 
in times of war, it has been decided that in peace 
times we shall have considerably more than three 
years’ supply for the whole of the Fleet in com- 
mission, including the manceuvres. From month 
to month it is intended that consideration will be 

iven to the addition of oil-burning ships to the 

leet, so that any increased call for oil-fuel may 
be anticipated by the increased volume of oil in 
store. As a consequence, there has had to be 
steadily increased the oil-tank accommodation, and 
here the expenditure of the year must be regarded 
as corresponding to capital outlay. At the same 
time contracts or other effective arrangements are 
to be made so as to ensure sufficient oil to enable 
the Navy to conduct a whole year’s war, irrespec- 
tive, of course, of the oil actually in store. There 
has been animadversion as to the extensive reliance 
of the Admiralty on oil, icularly in the building 
of ships which use this fuel exclusively. A recent 
return shows that the total number of vessels 
built or building to be fitted for burning oil-fuel 
only is 166, including five battleships, 16 light 
cruisers, 109 destroyers, and 36 torpedo-boats, 
while vessels built and buildi to burn oil 
and coal together, or alternatively, number 89, 
of which 38 are battleships, 18 battle-cruisers, 
22 light cruisers, and other craft. In this matter 
the Admiralty have been acting on the advice 
included in the interim reports fy Lord Fisher’s 
Commission, and Mr. Churchill read a state- 
ment, prepared by Lord Fisher by authority of 
the Commission, in connection with this subject. 
His lordship stated that (1) the ‘‘ advantages to be 
derived from the use of oil fuel, and the impera- 
tive necessity for such use if the Fleet is to be 
maintained in a condition of the highest attain- 
able efficiency, are conclusively established by 
the Commission’s first interim report; (2) the 
Commissioners are of opinion that the oil re- 
sources of the world are amply adequate to meet, 
the requirements of the Fleet if suitable measures 
are taken to secure supplies; (3) large reserves 
should be accumulated in this country, and, with 
certain other storage centres on British territory, 
the extent of these reserves should bear a pre- 
scribed relation to the consumption under peace 
requirements, and this will give a definite basis.” 
The other important items in the supplementary 
estimates had reference to the increased wages in 
the dockyards and the increased prices under the 
Victualling and Clothing Board, which together 
amount to a sum of about 200,0001. 





KADIATION OF GAS MOLECULES 
EXCITED BY LIGHT. 

On Friday last Professor R. W. Wood, of Johns 
Hopkins University, Baltimore, delivered the first 
Guthrie lecture before the Physical Society of Lon- 
don, meeting in the Imperial College of Science. By 
request of the new President of the Society, Sir 
J. J. Thomson, O.M., Professor G. Carey Foster, 
‘one of the antiquities of the Society,” as he 
introduced himself, first explained in a few appro- 
priate words why the Society should commemorate 
its founder, Professor F. Guthrie (born 1833, died 
1886). In the autumn of 1873, Guthrie, on his own 
account, sent out circulars to physicists, who then 
held the first meeting of the Physical Society in 
the spring of 1874, Modern physics, Professor Carey 
Foster remarked significantly, was in its infancy 
in Guthrie’s student days, and, like Faraday and 
Regnault, he had approached experimental physics 
by studying chemistry under Bunsen and Kolbe. 
Sir Oliver e, ‘‘another antiquity, a student 
both under Guthrie and Carey Foster,” having added 
a few remarks in his humorous vein, Sir J. J 
Thomson called upon Professor Wood, who, he said, 
was nowhere approached as an experimenter. 

Professor Wood spoke freely without consulting 
his manuscript, and said that his printed lecture 
might read differently. His subject concerned the 
structure of molecules, which he studied by ob- 
serving their behaviour under excitation. A tuning- 
fork mded to acoustical waves of its own piteh, 
and molecules of sodium and mercury vapour 
emitted, under certain conditions, vibrations of the 
light sweeping them. There must be some- 
thing in the molecule to act when light fell upon it; 
but we had no clear conception of the mechanism, 
though mathematical deductions had been based 
upon experiments on emission and absorption 
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by Helmholtz, Planck and others. Helmholtz 
had explained absorption by introducing a fric- 
tional term into the equation of motion of the 
atom, and had thus found an expression for 
anomalous dispersion. Planck had suggested that 
the molecule re-emitted the energy abstracted from 
the incident beam ; but the experiments of those 
days concerned only the fluorescent light of solids 
and liquids which was not of the same wave-length 
as the incident light. When several tuning-forks 
of different pitches were mechanically coupled 
together, they would all respond to excitations of 
the wave-length of one of them. The vibrating 
mechanism of the molecule might be of that 
kind. Recent researches had helped us to some 
conception of the structure of the molecule and 
atom, but those speculations dealt only with 
the outer shell, not with the inside, and we 
had no simple model. In such investigations 
a single weapon like spectroscopy was alone of 
little use ; for the spectroscope and the ordinary 
methods of exciting spectra by the aid of flames, 
arcs, &c., gave all or nothing, and the resulting 
complex spectra were impossible to interpret. He 
had himself tried to excite the molecule at ordinary 
(not high) temperature | rapidly alternating elec- 
tro-magnetic fields, which excited monochromatic 
light. He had intended to proceed from the 
simple to the complex ; but, as was usual, he had 
come to relatively simple phenomena only at a late 
stage, and he would on this account follow rather 
the converse than the real historical order. 

Imagine, Professor Wood continued, the simple 
case of a gas or vapour, each molecule of which 
was able to resonate to one single vibration. Pass 
white light through the gas; a black line would 
appear, and that was called ‘ selective absorption.” 
Now take monochromatic light ; it would not pass. 
Heat was evolved by the absorption, and that heat 
might affect, possibly—for there was little experi- 
mental evidence—both the translational and the 
rotational velocity of the molecule ; but it was not 
understood how the en absorbed by the gas 
molecules was transformed into heat, and how the 
mean velocity of the molecules was increased by 
the excitation of vibrations in them. To investi- 
gate this problem he had taken a quartz bulb, 
a a drop of mercury in it, and evacuated the 

ulb until it contained only cold Hg-vapour at a 
pressure of 0.001 mm., too little to be detected 
chemically or spectroscopically. 

When a cone of ultra-violet monochromatic mer- 
cury light was concentrated upon and into that 
bulb, however, the cone appeared luminescent by 
scattered light (Fig. 1) (the whole effect was in- 
visible, of course, and had to be studied photo- 

phically by exposures of five minutes and more). 
Fn this case the light energy was stopped, not ab- 
sorbed, but re-emitted as light ; a so-called absorp- 
tion was often re-emission, and a single molecule 
with a single vibrating electron gave out energy 
with absorption. There was, however, also a 
fainter luminescence outside the cone, and that 
might either be a kind of secondary fluorescence, or 
be due to the fact that the mean free path of the 
mercury molecules in the conical beam was large 
enough to let the molecule penetrate without that 
cone, and continue to vibrate there. To test this 
possibility he had arranged the apparatus in such 
a manner that the cone would, on the one side, be 
bordered by a quartz plate, which would stop the 
molecules from leaving the conical beam ; the outer 
fluorescence had hardly been diminished by the 
interposition of the plate, he had found, and the 
phenomenon therefore seemed essentially to be due 
to secondary fluorescence. 

To test this question further, Professor Wood 
replaced the bulb by a cubical box provided with 
uartz windows, and passed a parallel beam into it. 

e relative luminosities within the beam and 
without it were then as 4 to 1, and when the total 
intensity was diminished by ac mitting some nitrogen 
or other gas into the box—that is, into the highly- 
rarefied mercury vapour—the decrease was much 
stronger in the space without the beam than within. 
In the calculations which Professor Wood made in 
connection with these experiments, he assumed that 
there was no true absorption in the mercury vapour 
alone, but that there was absorption both within and 
without the beam in the presence of some other 
gas. The fluorescent light emitted by the mercury 
vapour now proved to be much purer than the 
incident light, whilst a a slit never 
admitted light of one wave-length only. The bulb 
constituted a cold mercury-vapour lamp, and this 








test for mercury vapour was so sensitive that the 
fluorescence was always observed in Professor 
Wood's laboratory unless it had just been venti- 
lated. 

The lecturer then stated that when the mercury 
in the bulb (so far cold) was heated so that the 
vapour deasity increased, the length of the light 
cone diminished until finally it was confined to 
the vapour close to that portion of the quartz 
wall which appeared light, there being no light 
cone proper and no luminosity outside it ; this is 
indicated in our Fig. 1 by the thick arc. At 
higher temperature the mercury vapour acted like 
a metallic mirror, actually reflecting the beam of 
light. Calculations might hence be made, but the 
phenomena were complicated, because a molecule 
might be excited directly by the beam and indirectly 
by the other molecules about it. At room tem- 
perature the mercury molecules were closely packed, 
there being one in a cube approximately of wave- 
length dimension. 

en these experiments were made with sodium 
vapour (instead of Hg vapour), the effects were 
similar, and, in addition, visible; but the sodium 
attacked glass vessels. First a yellow cone was 
seen ; it shortened as the vapour density increased, 
and finally the vapour close to the bulb-wall alone 
appeared yellow ; this was demonstrated, and was 
visible even in the non-darkened room. As a 
simile, Professor Wood remarked, one might 
imazine the bulb to be filled with water in the 
first instance ; a luminous cone would appear in the 
water ; if a drop of milk were added to the water 
a scattered light would be seen, but when it was 
all milk the light would not penetrate into the 
milk, and only the wall would shine. Again, this 





re-emitted sodium light was much purer than the 
incident light passing through the slit from the 
sodium burner. The incident light would consist 
of the broad D, and D, lines, somewhat as in 
Fig. 2, whilst the re-emitted light from the bulb 
would consist only of the central cores in that 
diagram. The reflecting power of this re-emitted 
light was very high. To study it, Professor Wood 


a very small fluorescence both at lower and at 
higher temperatures, whilst the pressure curve 
was different. A, gas could in this sense pre- 
vent itself from 4isplaying fluorescence, and in 
the case of bromine the fluorescence was only 
noticeable at a very small vapour pressure. 
The explanation of these phenomena was that 
in pure gases the unencumbered electrons were 
the carriers of the charge, and moved and vibrated 
with great velocity, but when the electrons col- 
lided with neutral molecules they attached them- 
selves to the molecules according to their mutual 
= and the vibrations of the greater masses 
were damped ; the atomic weights of the substances 
were notdirectly concerned, since helium had a much 
less effect, e.g., than hydrogen, though it was four 
times as heavy. 

Professor Wood then passed to the already men- 
tioned peculiarity that one wave-length might 
excite vibrations of different wave-lengths, as in 
the case of mechanically-coupled tuning-forks. The 
question was whether these different vibrations 
were independent of one another. He had studied 
this qe during the past winter at Paris. The 
sodium lines D, and D, appeared always connected 
with one another, and they could not be separated 
by the spectroscope. He had succeeded in doing 
this by the aid of polarisation, however. Professor 
Wood demonstrated this separation. The essential 
part of the ——— consisted of a rectangular 
quartz prism, 80mm. by 60 mm. and 32 mm. high, 
and the combination was: sodium flame, first double 
image prism, split condenser with quartz plate 
interposed, and second double image prism. This 
arrangement gave four images, two of the D, and 
two of the D, line, the dimensions of the quartz 
block being such that, when the light fell on the 
block obliquely, the two rays D, and D, were 
polarised at right angles to one another. The 
combination, moreover, yielded all the incident 
light ; for by rotating the quartz block the two 
D, (and the two D,) could be brought to coincidence. 
Thus the two D lines of sodium were independent of 
one another. But in resonance spectra (iodine, &c. ) 
the lines were connected. The spectrum of iodine 
was far more complicated than had been assumed, 
Professor Wood stated. He showed a photograph 
of a A covering the distance between the 
two D lines of sodium ; there were 120 lines in that 
space, and the whole iodine spectrum literally 
contained thousands of lines. Their appearance 
changed profoundly with small changes in the 
structure of the existing line ; illuminated by the 
double lines of mercury the spectrum consisted of 
many doublets. When the green mercury light 
was filtered through bromine, certain iodine lines 


covered a bulb outside partly with magnesia (by | disa 


burning magnesium wire), which was a better 
reflector than white paper, and placed a concave 
mirror outside the bulb, so that the image on the 
sodium mirror was reflected back partly on mag- 
nesia and partly on the vapour ; then the reflecting 
powers of the two contiguous patches were appa- 
rently equal, whilst originally the white magnesia 
ap to be a much better reflector. 

ese and other experiments, the lecturer pro- 
ceeded—and this is one of his chief points—proved 
that, with truly monochromatic light, there was 
no true absorption in a pure at low pressure. 
But if another gas were introduced, the scattering 
of light in all directions one ay age and true 
absorption was observed, though the transmission 
spectrum might almost remain unaltered. He 
had studied this problem, in conjunction with 
J. Franck, chiefly by experimenting with iodine 
vapour, into which they gradually introduced 
various gases. Plotting the emcee | fluorescence 
of iodine as ordinate against the pressure of the 
foreign gas as abscissa, they had found that helium 
made least difference in the fluorescence ; thus the 
helium curve had the maximum ordinate, which 
decreased little when the helium percentage in- 
creased. The other gases had stronger effects, 
especially when more concentrated, so that a series 
of curves resulted, all below the helium curve, in 
the order: helium, argon, hy en, nitrogen, 
oxygen, carbon dioxide, chlorine. Thus the inert 
gases had little effect, and the more electro-nega- 
tive gases greater weakening effects. Iodine itself 
ranged below chlorine again ; that meant that if 
the density of the iodine vapour was increased, the 
luminosity decreased. The law was complex, how- 
ever, when tem ture and ure of the iodine 
vapour changed ; and iodine had, in fact, its maxi- 
mum fluorescence at ordinary temperature, and 





isappeared. 
Finally, Professor Wood referred to ‘‘the new 
radiant emission from sparks,” which he first de- 
scribed in 1910, when investigating whether the 
Schumann waves (of the shortest wave-length then 
known) from a spark gave rise to a fluorescence of 
the air. In the recent experiments, which he had 
conducted together with Hemsalech, he produced the 
spark behind a slit, from which a fluorescent beam 
pee sags | studied) of air seemed to rise. 

e spectrum of that beam resembled in its water- 
bands the oxy-hydrogen flame spectrum ; since the 
beam was stopped by pes | a quartz plate over 
the slit, the rays could not be Schumann rays. 
The fluorescence was much stronger in nitrogen 
than in air. When a (horizontal) jet of air was 
blown across the (vertical) air-beam, the jet seemed 
to wipe out the fluorescence at the point where the 
two columns crossed. When the experiment was 
made with nitrogen (both in a nitrogen atmosphere 
and with a blown jet of nitrogen) the green fluor- 
escence was five times stronger than in air, but it 
was shifted outside the beam, and the shifting was 
always to the left, e.g., whether the jet was blown 
from the right-hand side or from the left. The 
weakening or intensifying effect was hence depend- 
ing upon wave-length, not upon convection alone. 
When the experiment was conducted in a closed 
box, and a gentle current of commercial nitrogen 
(which always contains oxygen) was introduced 
at some distance from the beam, no effect was 
observed ; but when the nitrogen was introduced 
as a jet close to the beam the fluorescence 
brightened up. Professor Wood thought that the 
fluorescence was connected with oxygen, though 
it was not observed in pure oxygen. 

As these phenomena were again invisible, he 
had once more resorted to iodine to obtain visible 
effects. Blowing nitcogen across the beam in 
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iodine vapour, he had noticed the fluorescence. But 
when he covered the slit with a plate of fluorspar, it 
vanished, though not immediately and entirely ; it 
looked as if something opaque to the spark-rays 
settled on the fluorspar plate, and when he arranged 
the experiment so that the plate was constantly 
being wiped, the effect was there. These radiations, 
he considered, must be of much shorter wave- 
length even than the Schumann rays. 





NOTES. 
PassencerR SuspeNDED Ropeways. 

In our issue of December 26, 1913, we drew 
attention to the research by Professor G. Benoit 
and Mr. R. Woernle, of the Technical High School 
at Karlsruhe, on the ‘Strength and ety of 
Wire-Ropes.” Fuller particulars of the theoretical 
and experimental researches, so far conducted, 
have meanwhile been given by Mr. Woernle in a 
monography, published by the firm of M. Krayn, 
‘of Berlin, entitled ‘* Zur Beurteilung der Draht- 
seilschosebebahnen fiir Personenbeforderung, mit 
Beachtung der Sicherbeit der Drahtseile, dn 
dere der T'ragseile,” which may briefly be rendered : 
‘*Contribution to the Possibilities and Safety of 
Suspended Ropeways for Passenger Traffic.” This 
book of fifty-eight pages, small quarto, contains, in 
addition to the account of the researches already 
mentioned, a section on the historical develop- 
ment of suspended ropeways, and critical des- 
criptions of some notable plants—namely, the 
Wetterhorn Lift (system pA sei and the 
suspended ropeways Lana - —— (system 
Ceretti and Tanfani), Bozen - Kohlern (system 
Bleichert), and Rio de Janeiro-Assucar (system 
Pohlig). The crossing of rivers and gorges by the 
aid of suspended ropes is, of course, ancient and 
fairly common with primitive races. But people 
still harbour the prejudice that those means of 
conveyance have not become much safer than they 
were in olden days, and when the only convenient 
way of —— certain peaks is by the aid of a 
car suspen m a lofty rope, most le 
prefer erm below. Mr. Wesel arrives bt the 
conclusion that this prejudice is unjustified, though 
existing plant might certainly be improved. It 
stands to reason that such transport may be as safe 
and comfortable as that by lifts, which ple do 
not hesitate to use; and, as a matter of fast, the 
author only knows of one fatal accident to nger 
ropeways. This accident occurred in 1894, on a 
line crossing the River Tennessee, in the United 
States, near Knoxville; the pull-rope broke, and 
the automatic brakes so suddenly stopped the car, 
which was sliding back at high speed, that one 
passenger was killed and two were injured ; the 
other eight passengers were finally lowered by ropes 
down iuto a boat on the river, 200ft. below. Apart 
from accidents, these constructions have brought 
many disappointments to their originators, who 
have spent much ingenuity on their work. Yet a 
good many ropeway projects are now under con- 
sideration in Alpine districts, where they offer the 
one advantage over other means of transport that 
sudden heavy snowfalls, stopping all other traffic, 
will hardly interfere with them. The increasing 

pularity of winter sports in the mountains may 
facilitate the execution of these projects. 


Soutn Mancuurian Ratiway. 


Among the many enterprises in which Japan 
is interested in Manchuria, none can compare in 
size and importance with the South Manchurian 


Railway. A feeder in the first place for the 
markets of the interior, it is in the second place 
the nucleus of the Japanese colonies, small and 


large, scattered up and down the country; and 
to it they are indebted not only to a great 
extent for their means of subsistence, but also 
for most ef the amenities and conveniences of 
life. It is the railway that erects hospitals, 
establishes and maintains schools, interests itself 
in road-making, public works and sanitation, in 
fact, virtually everything that concerns the public, 
except the protection of life and the administra- 
tion of justice. Such are some of its functions 
outside the leased territory. And though within 
that territory its activities are in some respects 
curtailed, as can only be expected, in others its 
importance is even more accentuated, because many 
more people are dependent on it. In Dairen, for 
instance, its employees number thousands, it owns 
and occupies almost all the old Russian administra- 
tive quarter, and the entire sea frontage, with the 


wharves belonging to it, it has leased and covered 
with buildings a big block of land on the south-east 
of the town, and just outside has planned and 
erected not only some of the largest and most 
modern railway shops in existence, but alsoa model 
village for the workmen and their families. The 
original railway was built as the result of an agree- 
ment between the Russo-Chinesre Bank and the 
Pekin Government, and it was after the termination 
of the Russo-Japanese War that it pissed into the 
hands of the South Manchurian Railway Company, 
established by Imperial decree ; but the company 
did not assume ownership till the spring of 
1907. As soon as the control passed into the 
hands of the railway company, preparations were 
made for the conversion of the whole track to 
British standard gauge, and for the doubling of the 
line as far as Suchiatun, a station 286 miles from 
Dairen. This work, which necessitated also new 
embankments, new bridges, and the laying of a 
new track over half the length of the line, was 
brought to a successful conclusion in 1909. This 
was a sufficient proof of the energy and push 
of the Japanese, but they also gave further evi- 
dence of their foresight. It will be remem- 
bered that during the war the Japanese, with 
the object of. facilitating the transport of troops 
and stores through the mountainous country 
lying between Antung and Mukden, laid down 
hurriedly a light railway, and after the war, fol- 
lowing considerable negotiation and discussion, this 
line was relaid, and the standard gauge substituted 
for the make-shift one then in use. In this way 
one uniform gauge came into existence along the 
whole South Manchurian system. In addition to 
its ordinary functions, as a means of communica- 
tion between the markets of Manchuria and the 
sea, the line had from its inception been destined 


by its constructors to form part of the great — 


trans-Continental railway system which links the 
Far East with Europe; after considerable nego- 
ciation the South Manchurian Railway gained its 
object, and now both passengers and goods can 

id Dairen or Antung without difficulty or 
inconvenience to the Chinese Eastern Railway and 
the general trans-Siberian service. Thus not only 
is the leased territory put into direct overland con- 
nection with the railway systems of Europe, but 
also Japan, as there is now a very quick service 
connecting Japan with the railways of Korea, 
which again lead direct to Mukden. Tokyo is thus 

in direct and rapid railway communication 
with Mukden, with a very short sea-passage. 





New Harsour Works in Canapa.—The Harbour 
Commissioners of Vancouver, B.C., have decided to pro- 
ceed immediately with harbour development works of 
considerable magnitude, and have acquired a large area 
of land, known as the Kitsilano Indian Reserve. Pre- 
liminary schemes have already been pre , the esti- 
mated cost of which is understood to be about 3,000,000/. 
sterling. The Harbour Commissioners have appointed 
Mr. A. D. Swan, M. Inst. O.E., Montreal, to prepare 
the plans and act as consulting engineer. 





PrrsonaL.—Messrs. the Judson - Jackson Company, 
Limited, 50, Marsham-street, Westminster, on, 
8.W., inform us that Mr. W. Aspinall, who has been 
with Messrs. Schuchardt and Schutte for the past seven 
years, has joined their staff as machine-tool expert. 
—Miss C. Griff informs us that she has recently moved 
to 52, New Bond-street, London, W., and that she 
— on work for ladies, such as advising them 
about fixing lighting-plant, &c., in their houses, and all 
work in connection with fitting gas-engines, purchasing 
ee &c., for lady farmers.—We are informed 
that Mr. A. T. Young been appointed general 

of the British Electric Plant Company, Limited, 
78, St. Vincent-street, oo Mr. — until the 
end of January, manager of the company’s ion office. 

Tue Copper Market.—In their monthly report, dated 
the 2nd inst., Messrs. James Lewis and state that, 
after advancing from 66/. 13s. 9d. for cash on the 
2nd ult. to 66/. 16s. 3d. on the 4th, Standard co 
fell away to 64/. 16s. 3d. on the 9th, but recovered to 661. 
on the 10th, the returns of the American refiners proving 
much more favourable than was expected. From this 
point there had since been oan decline to 641. Closing 
values were 641. 5s. cash and 64/. 15s. three months — 
Sales amounted to about 23,500 tons. The demand for 
electrolytic co) had of late been very restricted, 
manufacturers being fully supplied with copper previously 
purchased. r 
and 67/. 5s. per ton c.i.f., but these prices wou 
have to be reduced ere long in order to effect sales on any 
scale. The production of co in the United States and 
elsewhere continued to expand, and was likely to be much 
larger this year than last. On the other hand, consump- 





tion promised to be considerably less. Shipments from 
the United States for Febr amounted to 34,384 tons. 
European stocks had 
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891 tons during the month. | and 


THE NAVIES OF THE WORLD. 


THERE has just been issued—rather earlier than 
usual—the Parliamentary return formerly identified 
with the name of the late Sir Charles Dilke, and now 
with that of Mr. Dickinson, showing the comparative 
strength of the fleets of Great Britain, France, Russia, 
Germany, Italy, Austria-Hungary, the United States, 
and Japan on January 1 last. The return omits 
battleships, battle-cruisers, and cruisers over 20 years 
old, and distinguishes both built and building battle- 
ships, battle-cruisers, cruisers, light cruisers, torpedo 
vessels, destroyers, torpedo-boats, and submarines. 
The term ‘‘cruiser” is used to designate all vessels pre- 
viously classified in this return as armoured cruisers 
and protected cruisers first class, and the term “light 
cruiser” is used to designate all vessels previously 
classified as protected cruisers second and third classes, 
unprotected cruisers, and scouts, according to the 
new Classification of the British Fleet 

The following is a summary of the return :— 
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Battleships : | 
—_ ¥ 58 | 21 s 35; 9 14 0) 7 
uilding 14 10 | 6 6 2 2 
Battle-cruisers oe 
Built .. ej—|—| ¢1—-|—i-} 2 
Building 1/—|} 4) s8}—|— —| 8 
Cruisers : | 
Built 47+ | 24) 12| 9) 9| 2/17") 15 
Buildi et Cecedll Heed Hoeectl Hoeetl Heel Henne Hones 
Light cruisers : 
~ | 6 | 8| 2) 48/14!) 9/18) 1 
Buildi | 2 |—| 8| 6 4); 8|— Ee 
Torpedo vessels | | | 
Built .. | 26 si—|—| s}1/ 8] 8 
Building ; @i—j—|;}—|—|—] 2 |— 
Destroyers | } 
Built | 201 80 | 95 132 | 80 | 15 | 52 | 51 
Building | 86 | 7) 45) 12/16) 8/14) 2 
Built . 106} |158 80 | 04 | 68 | 21 | 33 
Building | — |—p—|—|] ie | oT 
Submarines 
Built .. 69 50 2 24) 18| 6 2 Wb 
Building 29 S| % 14] 2] 6/21) 2 











* Including three vessels over 20 years old. 
t Including eight vessels over 20 years old. 


t Including 36 torpedo-boats of new type. 


The United States also possess ten armoured coast- 
defence vessels. 





THE CORROSION OF BALL-BEARINGS. 
To Tae Epitor or ENGINEERING. 

Sir, = recent issues of a wae es 
appeared from readers giving particu of some o} Vv 
detrimental effects of castor-oil upon ball-bearings. The 
writer of one of these notes proceeded to forecast a pos- 
sible similar effect upon gearing working in a castor-oil 
bath, and he imagined a deterioration. With 
respect to that forecast, we beg to say that for the last 
sixteen years we have sent out, and have had under our 
constant observation, very large numbers of such gears, 
and so far no such effect has become apparent. 

Last week, however, we had an o nity of measur- 
ing the total loss of thickness which the teeth of a cast- 
iron worm-wheel had suffered duri eleven years’ 
constant work in a very busy passenger-lift in Newcastle- 
on-Tyne. On one side the loss amounted to 0.008 in., and 
on the other to 0.006 in. This loss must include the 
hypothetical loss by acid action, as well as that due to 
friction, though we rather suspect the former to be nil. 

The worm working into this wheel is of mild steel, in 
conformity with our established practice. The wear on 
this could not be directly measured, but the total back- 
lash indicates that it cannot amount to more than 0.01 in. 
on each surface. 

As to the state of the surfaces after many years of 
work in a castor-oil bath, our experience is that no mirror 
ever exhibits a higher ay Our conclusion is that no 
injury to gearing is in the least degree probable from the 
use of castor-oil. 

Yours faithfully, 
Smrrn, Mason, and Srevens, Limirep. 
Abbey Works, Northampton, February 27, 1914. 





MANCHESTER ENGIngERS.—The shareholders’ meeting 
of the Manchester Engineers’ Club, Limited, and the 
annual meeting of members of the club were 
held at club premises, Albert-square, Manchester, on 
March 3. The results up to date have been highly satis- 
factory, and although no definite estimate of the financial 
result can be arrived at until the first twelve months’ 


a oe A, a gures * the 
halance-sheet presen were encouraging. en 
the club was o the manent was 584, which was 


the year, and now stands 
at 645. The club, th trustees, hold 150] shares in 
the Club, Limited, which gives the club a controlling 
interest. Subsequent to the ——- a house dinner was 
served, followed by a well-attended smoking concert. 


* [The letters referred to a; on 81 of our 
issue of January 16; page 128 of the issue of January 23 ; 
page 162 of the issue of January 30.—EKd. E.) 
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INDUSTRIAL NOTES. 


In a former issue (see e 180 ante) we gave a few 

ints concerning the new South African Disturbances 

ill. This Bill, which has now been passed, makes a 
bold attempt to deal with picketing troubles. It 
contains the following clauses :— 

‘* Any person who, in order to induce or compel 
any other person to abstain from working, or con- 
tinuing work, or engaging himself to work for any 
employer, or, on account of that other person having 
worked, or engaged himself to work, for any employer, 
(a) Threatens or suggests the use of violence to or re- 
straint upon that other person, or any of his relatives, 
or dependants, or threatens or suggests any injury to 
the property of that other person, or any of his rela- 
tives or dependants ; or (b) Besets the premises where 
that other person resides or works, or is seeking 
work, or happens to be, or any approach or place 
adjacent to those premises ; or (c) Hides any tools, 
clothes, or other property owned or used by or in 
charge of that other person, or deprives him thereof 
or hinders him in the use thereof; or (d) Having 
followed that other person, or any one of his relatives 
or dependants, along a public place, or accosted him 
or any of them therein, behaves towards him or any 
of them in a disorderly or offensive manner, by jeers, 
jibes, or other like conduct, shall be guilty of an 
offence.” 

The Bill deals also with other points, such, for 
example, as intimidation or annoyance with a view to 
induce anybody to join a union, the use of opprobrious 
epithets, blacklisting, and tres on employers’ 
property. The maximum penalties for this class of 
offence are a 200/. fine, or two years’ imprisonment, or 
both. 

The Bill further gives the South African Govern- 
ment power to deport persons convicted of public 
violence, or other offences, as undesirables. Other 

rovisions enable the Government to proclaim martial 
aw when found necessary. 

The Government's action in this matter is having a 
marked effect. Many of the men had been ‘ - 
fully ” induced to join the unions after the troubles of 
July last ; a large proportion of them, however, are 
now abandoning these bodies and refuse to have any- 
thing to do with the ‘‘ labour leaders.” 





The annual meeting of the Chamber of Shipping was 
held at Liverpool-Street Hotel on Friday, the 27th 
ult., when Mr. J. H. Warrack, the new President, 
delivered an address. In the course of this, he stated 
that one of the difficulties which shipowners had to 
contend with was the uncertainty and loss caused by 
labour disputes and the tendency of dock labourers 
to limit the amount of a day’s work. Pending the 
diseovery of some satisfactory method of preventing 
disputes, they could only press for the amendment 
of the Trade Disputes Act in the direction of pro- 
tecting those men willing to work. 

A pro to re or to amend the Trade 
Disputes Act in so far as it deals with ‘‘ peaceful 
picketing” was unanimously adopted towards the close 
of the meeting. In the course of the debates ‘‘ peaceful 

icketing ” was described as ‘‘ organised hypocrisy.” 

othing, it was also said, had done more to embitter 
and prolong strikes than the Trade Disputes Act. 


The Tyne, Wear, and Blyth riveters tendered, on 
Saturday last, February 28, one week’s notice to cease 
work on the present price-lists, which the men declare 
to be obsolete. Three weeks ago the men tendered a 
month’s notice, which the employers refused to accept. 
The men are acting in agreement with the Boiler- 
makers’ Society. It is hoped that an agreement will 
be arrived at before to-morrow, since neither the men 
nor the employers wish the yards to be at a standstill. 

The situation was dealt with by Dr. G. B. Hunter at 
the annual meeting, held on Tuesday last, of Messrs. 
Swan, Hunter and Wigham Richardson. In the course 
of a speech he made, Dr. Hunter said :—‘‘ We are 
threatened with a strike. The men handed in their 
notices last Saturday, and whether there will be a 
stoppage or not I do not know. Employers meet 
riveters to-morrow. Wedo notthink they have any- 
thing to complain of, but we are always es to 
meet our men and hear what they have to say. If it 
is reasonable it will be fairly considered. But if they 
seek to use the revision of the piecework price-list as a 
pretext for raising the piecework rates, that is not 
reasonable, and I hope and believe their demand will 
be firmly resisted, not only by the local employers, 
but by the Shipbuilding Employers’ Federation, even 
at the cost of a general strike, which, of course, the 
employers, as well as workmen, would prefer to avoid. 
It is remarkable that in the shipbuilding trade, as in 
many other trades, it is the men who make the highest 





earnings who are often the least contented, are 
always scheming and trying to increase their wages. 
It seems to be a mistake to suppose that, as a general 


rule, you can make men contented by paying them 
high wages. Why is that? I sympathise most with 
the lowest-paid men.” 








A deputation from the Textile Workers’ Union 
waited upon Mr. McKenna at the Home Office on 
Thursday, the 26th ult., to ask for legislation to 
abolish fines in the cotton trade, and also for the 

rohibition of artificial humidity in weaving-sheds. 

e deputation numbered 100. Mr. J. W. Ogden 
(President of the Weavers’ Union) said that the 
employers thought that the abolition of the right 
to fine would destroy discipline and lead to Bad 
work. He contended that that was an entirely wrong 
view, as could be proved by the fact that ina a 
number of factories where fines were not im e 
discipline did not suffer. Mr. J. Cross (Weavers’ 
Union) spoke on the abolition of artificial humidity. 
He stated that the present position could be remedied 
if the methods of sizing were improved. 

Mr. KeKenna, in reply, admitted that what had 
been said on the question of fining had made a great 


impression on his mind. He recognised that a system | ; 


of fining must operate with peculiar severity and 
harshness, and in some cases injustice, in the trade of 
the weaver. Fining as a disciplinary measure existed 
in most trades, and he believed that as a disciplinary 
measure it was not even confined to trades, but was 
sometimes even extended to trade unions. As to the 
wisdom of the method for disciplinary purposes, Par- 
liament had up to the present decided in the affirma- 
tive. He reminded his hearers that the Committee 
who had considered the matter had recommended that 
the system of fines should be kept alive under safe- 
guards, and said that the Home Secretary responsible 
tor introducing legislation was bound to attach great 
weight to the recommendations of a Committee of that 
kind. He pro to introduce this Session a new 
Truck Bill, and in that Bill he intended to deal with 
the subject of fines. He considered that they had made 
out a case for the weavers, showing that their con- 
ditions were quite distinct from those of most other 
trades, and it might, therefore, be proper in any Bill 
to have special — to the circumstances of individual 
trades. He could tell the deputation that he should 
pro that the Committee of the Commons who con- 
sidered the Bill should not under any circumstances 
make the question of the maintenance of the fining 
system a Government question. 

With regard to the question of the abolition of 
steam, Mr. McKenna said he agreed on its merits 
with everything that had been said as to the desira- 
bility of doing away with artificial humidification, but 
they could not do away with it and still maintain the 
existing trade. A considerable part of the Lancashire 
export trade to India and China was such that if they 
forbade the export of heavily sized , and of 

s of inferior yarn, the immediate effect would be 
a diminution of the trade. They should consider the 
matter very carefully, and remember that the question 
was one which might affect the employment of tens of 
thousands of people. So far as he could go in assisting 
them to get rid of the evils, he would work to the 
utmost of his power. 


Mr. McKenna received at the Home Office on 
Monday last a deputation representing the Cotton- 
Spinners’ and Manufacturers’ Association, when the 
subject of fines and artificial humidification in weaving- 
sheds was put before him from the employers’ preee. | 

int. Some of the members of the Federation of 

aster Cotton-Spinners also attended. Mr. Bartley 
Dennis, M.P., who introduced the deputation, said 
that the employers urged that discipline could not be 
maintained, and the regular quality of the goods 
assured, without some system of fining, and that in 
weaving-sheds, where numbers of young ple were 
employed, it was absolutely ae ee anesiien 
of humidification ought to be carefully inquired into 
before legislation was passed. In some of the weaving- 
sheds there was no humidification, but in the om 
where Indian shirting was made it was imperative. 
Mr. F. A. Hargreaves, joint ee of the Associa- 
tion, stated that returns over a period of three months 
from 425 manufacturing firms, employing 99,000 
weavers, showed that the average weekly earnings of 
the weavers were l/., and that the average fine per 
weaver was less than $d. a week. The fines imposed 
for faulty work represented only a small proportion 
of the loss to the employer, and if they were abolished, 
the only remaining alternative would be to discharge 
the offenders. 

After several members of the deputation had spoken 
on both subjects, the Home Secretary said that in the 
absence of an improved size, which was so much de- 
sired, humidifying, it was agreed on all hands, must go 
on, ora large part of the trade be abandoned. He was 
anxious to hit upon the best method of humidifying 
in order to get rid of evils which everybody knew must 
exist in hot weather. As i the system of fines, 
the deputation had given him some strong evidence as 
to the necessity of securing some method of assurin 
themselves that carelessness should not go unpunished, 
in order that there might be an inducement to the 
operatives to be ul. They did not want the 

ishment in itself, and he understood they repu- 
i with warmth the suggestion that they wished 











to derive any pecuniary interest from it. At the same 
time they agreed that if some other and equally effeo- 
tive, or better, method could be discovered of ensuri 
that the operative should not be careless, they woul 
be perfectly willing to adopt such a method. He 
understood them to say that in their experience fining 
was the best method adopted so far. He would be 
glad to get from Sir Frank Hollins a re as to the 
effect of reducing the fine by one-half where the 
operatives called immediate attention to defects in 
the work. He should be glad to know what the effect 
of that had been in inducing care on the of the 
operatives. Whatever steps the Home Office might 
ultimately consider advisable, they might rest assured 
that the fullest weight would be given to their argu- 
mente. 





The strike of miners in the Rotherham district 
is now considered as practically settled. Notices 
have been posted at the pits of the three collieries of 
Messrs. John Brown and Co.—namely, Aldwarke 
Main, Rotherham Main, and Carhouse, and at the 

its of the Dalton Main Collieries, Limited—i.c., 

wood and Silverwood, stating that :— 

“It is intended to pay at this colliery the new 
minimum, subject to the resolutions of the Conciliation 
Board, dated October 21, 1912, January 6, 1913, and 
April 15, 1913. The collier who does not earn the 
minimum wage will therefore be paid 7s. 3d. plus the 
additions to the 1888 rate sanvided Ser by those resolu- 
tions. It is also intended to pay, on the first pay day 
after the resumption of work, to colliers entitled 
thereto, the arrears for the weeks ending February 11 
and 18, thus bringing the arrears to date.” 

It had been decided, however, that before the men 
resumed work they would await the result of the ballot 
of the miners in the South Yorkshire area. Should a 
colliery decline to pay the 7s. lld. minimum, the 
miners of the Rotherham districts would help their 
comrades to obtain this minimum. This ballot, we 
are informed, has shown that a large majority are in 
favour of a strike in support of the miners of the 
Rotherham district (who now wish to resume work). 
It was ultimately decided to postpone the strike for 
the present, since a meeting has been called to take 
oy at the Westminster Palace Hotel, London, on the 

1th inst. The action of the Rotherham colliery owners 
in posting the notice quoted above has acted as a 
brake upon the men’s leaders in their deliberations. 
In the meantime, and pending the result of the leaders’ 
meeting next week, the Rotherham miners will prob- 
ably remain idle. 





The London building industries’ difficulty remains 
unsolved, and the men are still out on strike, although 
a number of attempts at a settlement have been made. 
One proposal has been to call a meeting of representa- 
tives of the unions, twenty in number, forming the 
London Building Industries Federation, when the men 
should agree that the difficulty be put before the 
National Board of Conciliation, and should recommend 
that the employers be asked to follow a similar course, 
the Board’s decision to be final. In regard to this, 
however, no progress seems to have been made 
so far, and matters continue revolving in the same 
vicious circle, inasmuch as the men’s leaders claim 
that the employers should be compelled to recog- 
nise the unions, and that rules sho: be drawn up 
and eed upon both by the employers and the 
unions. On the other hand, the employers put 
forward the fact that the rules made with the unions 
have been repeatedly set at nought by the men, and 
that the unions will not enforee them. This was pre- 
cisely the cause which led the employers to insert the 
penalty clause for non-compliance with the latest rules, 
a clause which the men objected to, and which led 
to the present dispute. On Tuesday last, the adminis- 
trative committee of the National Federation of 
Building Trade Employers of Great Britain and Ire- 
land, held a meeting in London, when, after hearing 
the statements made by the London employers, it 
was unanimously decided that further support should 
be accorded them. The committee requested the 
chairman to call a special meeting of the executive 
council at an early date to consider the situation 
further. The executive council will meet on Tues- 
day next. Representatives of the men’s unions are 
also sitting. 

With reference to the note we published in a 
former issue (see 161 ante), concerning the ques- 
tion of wages at Messrs. Vickers’ works, we under- 
stand that the men have accepted by a large majority 
the firm’s offer of a 2s. per week advance, Siting from 
the first full week in — and a further ls. per week 
advance, dating from the first full week in October, 

vided no reduction in working hours is made. 
he decision was arrived at following meetings be- 
tween the firm’s representatives and members of the 
A ted Society of Engineers, the Steam-Engine 
Makers’ Society, the United Machine - Workers’ 
Society, and the Toolmakers’ Society. 
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RECORDING WEIGHBRIDGE. 
CONSTRUCTED BY MESSRS. 








THE advantages of a weighing-machine which will 
give an accurate and reliable printed record of the 
weights are sufficiently obvious, but the difficulty has 


been to devise a mechanism proof 
ment either by stupidity or fraud. roblem in- 
volved has been the subject of prolonged study and 
much experiment by Messrs. Samuel Denison and Son, 
Limited, Leeds, who have, as a result, produced the 
machine which we illustrate on this page. The prin- 
ciple governing the design of this machine is that the 
printing apparatus cannot be operated until the steel- 
yard is accurately and freely balanced. The latter con- 
dition has been the more difficult to satisfy, as provi- 
sion had to be made inst the weighman propping 
up the _ into its position of balance and then ad- 
justing his weights to as much above or below the true 
value as prudence would permit, and printing off this 
as the actual weight. to checkmate an attempted 
fraud of this kind, Messrs. Denison have surrounded 
the steelyard by a revolving casing, which in one 
position allows access to the yard for the adjustment 
of the weights. With the casing in this position, 
however, the printing apparatus is locked, and can 
only be unlocked by swinging the moving portion of 
the casing round into such a position that the arm is 
rege mage enclosed. An attempt to prop up the arm 
in the manner suggested above would prevent the 
closing of the casing, and until the casing is closed the 
printing mechanism cannot be operated. 

Referring to our illustrations, the fixed portion of 
the casing is represented in Figs. land 3 bya. This 
is essentially a portion of a cylinder placed underneath 
the arm pom covering an arc of about 120 deg., as indi- 
cated in Fig. 3, in which an end view of this fixed 
portion of the casing is represented. The moving 
= b of the casing is also a section of a cylinder, 

ut of slightly smaller diameter, and mounted at the 
back on a ball-bearing, as indicated, and at the front 
on @ pivot. As the end view in Fig. 3 shows, this 
portion of the casing subtends an arc of rather over 
240 deg. 

Iu the position shown in Fig. 3 the casing is open, 
giving access to the weights, and it will be seen that 
the upper and moving portion abuts with a —_ 
against the fixed end-plate a. When revolved roun 
into the closed position, a second stop comes into 
contact with the other side of the end-plate, and 
the printing mechanism is then released, and can be 
operated, provided always that the arm of the machine 
is in balance. The gear by which the printing mechan- 
ism is locked and unlocked consists of two levers c, c, 
geared together, as shown in Figs. 1 and 2, and 
coupled by & connecting-rod to a locking-bar. The 
— shown tends to impel this bar to the right, 

@ printing mechanism being unlocked by a motion 


— derange- 
e 





in this direction. So long as the casing is open, & 
cam-plate formed on the inner edge of the movable 
portion of the casing a this motion, and keeps 
the printing gear locked. If the casing is closed, & 
notch in the cam-plate is opposed to the right-hand 
end of d, and the latter can therefore move, pro- 
vided it is not still held back by the rod which couples 
its other end to the leversc,c. The upper ends of 
these levers, it will be seen, are bent at right angler, 
and with the beam in its ition of balance van 
enter 8 slot in a plate carried by the left-hand exten- 
sion of the yard-arm ; but if the beam is not balanced, 
they foul one edge or the other of the slot, and the 
locking-bar d is still retained in the locked position. 

The actual locking of the printing gear is effected 
by the extension ¢ of the locking-bar d. The upper 
end of this is bent at a right angle, and with the bar d 
in a locking position this bent end fouls the box /, 
which carries the paper, loose tickets, and ink ribbon. 
When unlocked this box can be pressed up against 
the printing-wheels by means of the handle g. These 
printing-wheels are actuated by racks attached to the 
sliding weight on the steelyard. Provision can be 
made for including on the record the date, number 
of weighing, gross and tare weights. 

When the apparatus is required to record on tickets 
only, a somewhat simpler method of preventing fraudu- 
lent or careless use of the printing gear is provided. 
It suffices, in fact, to arrange that the ticket can only 
be inserted when the locking-bar d is in the proper 

ition. In all other itions a shutter obstructs 
the slot through which the ticket is entered. 

It will be noted that during the action of balancing, 
the steelyard is as free as it is in the case of an 
ordinary machine, and the delicacy of the balance is 
therefore wholly unaffected by the provision of the 
printing mechanism. 

As has already been pointed out, it is not possible to 
operate the printing mechanism if an attempt is 
made to block up the arm into its balanced ition. 
To prevent fraud by fixing together the indices i, j 
(Fig. 1), which would, of course, serve a similar 
purpose, the index j is made to rotate with the 
movable portion of the casing. 

In conclusion, we may add that a number of these 
machines are already in use at the London Docks for 
the weighing of imported meat. 





CURRENT RAILWAY CONSTRUCTION. 
Wokrks u 
and brough ean ys a ys also yes 

t into use ; Pp le 
with the remaining portion beoeeen, Chalk Farm and the 
west end of Kensal Green tunnel at Willesden. Cast- 
iron tunnels at Kensal Green and Chalk Farm have been 
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commenced. An electric power-station a 
Stonebridge Park is in progress, and the 
greater part of the steel framing has been 
erected. Contracts will shortly let for a 
carriage repair-shed, and also for six electric 
sub-stations and for new carriage-sheds at 
Willesden and Watford to accommodate 
electric rolling-stock. Track-work for the 
electrification of the West London line 
between Willesden (high level) and Earl's 
Court has been nearly completed. Additional 
platforms have been provided at Broad- 
street and Bricket Wood stations. A down 
loop at Welton and an up loop at Weedon 
and Stafford have been completed and brought into use. 
Permanent-way is being laid upon a new line at Coventry, 
and it is expected that the line will be opened for traffic 
during the coming summer. liminary works have 
been carried out in connection with the reconstruction of 
Nuneaton station. The widening of the Trent Valley 
section between Armitage and Rugeley has been com- 
pleted, and alterations and additions to a low-level goods 
yard at London Road Station, Manchester, are nearly 
finished. The widening of the Chester and Holyhead 
section has been commenced between Abergele and 
Lliandulas, and it is expected that the widened section 
will be opened in the course of this year. The expenditure 
of the company upon capital account last _ was 
839,311/ ; of this amount, 126,909/. related to lines open 
for traffic, 37,015. to new lines, and 123,914/. to widening, 
&c., works. 

Good progress has been made by the Great Western 
Railway upon lines in course of construction—viz., the 
Ealing ~ gree Bush line, a section of the Wolver- 
hampton and Bridgnorth between Wolverbampton and 
Kingswinford, and the Clydach, Pontardawe, and Cwm- 
gorse section. The Swansea district lines have been 
opened throughout for goods and mineral traffic, and the 
doubling of the West Cornwall section between Pen- 
withers Junction, near Truro and Chacewater, has been 
nearly completed. A contract is about to be let for the 
construction of the Trenance Valley branch, near St. 
Austell ; it will be useful for facilitating the movement 
of chinaclay. The new station at Snow Hill, Birmingham, 
has been completed, and works at Moor-street are pro- 
gressing satisfactorily. The widening of afurther section 
of the railway south of Birmingham been completed, 
and steps are being taken to complete the widening from 
Olton to Widney Manor. Works in connection with the 
extension and improvement of the Paddington terminus 
are now considerably advanced, and part of the new 
accommodation has m brought into use. In connec- 
tion with the enlargement of Newport Station, the 
widening of a bridge over the Usk and the erection of 
new goods offices have been taken in hand. The expen- 
diture on capital account for 1913 was no less than 
1,427,362/. In this considerable total lines open for 
traffic figured for 446,952/.; new lines not open for traffic 
for 134,031/.; and widening works, &c., for 60,7691. 

In the couree of the past year the Midland Railway 
Company expended a further 442,341/. upon capital 
account. Of this amount, 78,1671. was paid out in respect 
of the construction of new lines not yet open for traffic, 
and 5777/. for widening works. The outlay upon lines 
open for traffic was 113,659/. Last year’s ——Z upon 
lines not yet = for traffic included 7 . paid out in 
connection with what are known as the Bradford through 


The North-Eastern Railway added 701,857/. last year to 
its ital account. In this total lines open for traffic 
figured for 199,870/., and new lines for 57,8671. As 
lines owned jointly. 12,001/. was expended upon the Hull 
joint dook lines. Other expenditure for new docks in- 
cluded 44,157/. upon the West Dunstan staithes, 163,499/. 
upon the Hull joint dock, and 15,282/. upon Salt End 
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jetty, Hull. A further outlay of 20,0207. was made last 
year upon machinery at existing docks. 

The Caledonian Railway has nearly completed a new 
station at Port G w, and works in connection with 
the reconstruction of the Stirling and Aberdeen stations 
are being continu Tenders have also been invited for 
a new station at Carstairs Junction. 

The Central London Railway has at present no new 
works, properly so called, in hand, but the company 
expended during the —_ year 55,777/. on lines open for 
traffic. The principal item in this outlay was the exten- 
sion to Liverpool-street (38,148/.) ; an outlay of 5,513/. 
was also made for automatic signalling. 

The Great Central Railway is : 
with works in connection with a deviation, and a new 
railway and wey bridge over the Trent at Keadby. 
The Darnall Tunnel! has y 
of the widened line has been brought into use; the re- 
mainder of the widening is ceeding. Substantial 

has been made with widening between Wrawby 
Senstion and ee A contract has also been let 
for widening the line between Doncaster and Th 
and the work is now progressing. Works are in 
for improving the ventilation of the Woodhead Tunnel ; 
one of the shafts will be shortly completed. Working 
drawings are in hand for an extension of the fish dock at 
a. Traffic anticipations in connection with the 
King’s Dock at Immingham have been fully realised, and 
it has been found necessary to provide a commodious 
wool-shed, which is sgureeting completion. It is ex- 
pected that the new joint lines of the Hull and Barnsle 
and Great Central Railway Companies between Gowdall 
and Braithwell will be opened for traffic in the course of 
the present year. ; ; 

The Great Eastern Railway has opened a light line 
between Elsenham and Thaxted. Working by electrical 

wer has also been brought into operation upon the 

tast London line. 

The Great Northern Railway has completed a line 
between Kirkstead and Little Steeping, as well as a down 
slow line between Little Bytham and Stoke. The Kirk- 
stead and Little Steeping section has been opened for 
traffic. The Little Bytham and Stoke line been 
eee tone on into operation. pe og — line ap 

infield a tevenage good progress has been made wi 

a contract between Cufttley and Hertford, which was let 
in 1912. Last year another contract was let for the 
remaining portion of the line between Hertford and 


Stevenage, a distance of 8 miles 35 chains. Pretty good | be d 


Pp’ has been made with this further section. 
The Highland Railway has s' the main 
irders, {t. span, of the Oykel Viaduct, Invershin. 
he company has also completed the switching-out of 

Tomatin and Moy stations for night woes. siding 

for timber traffic has been opened at Fodderty, on the 

Strathpeffer branch. Widening works from Clachna- 

harry to Bunchrew were finished in June, and the 

widening has now been pushed northwards to Clunes. 
The Hulland Barnsley andthe North-Eastern Railway 
Companies have not yet been able to open the Hull joint 
dock. The delay has principally arisen from the diffi- 
culty in obtaining deliveries of equipment. Water has 
been let’ into the dock ; pressure is being put upon the 
contractors for the machinery and a and it is ex- 
pected that the dock will be opened for traffic in the 
course of the summer. A Bill has been deposited in 

Parliament for powers to enable the Hull and Barnsley 

Railway to acquire additional land for an extension of 

siding accommodation at Springhead and Sandholme. 
The principal new works undertaken by the Lanca- 

shire and Yorkshire Railway last year were extensions 
at Liverpool (Exchange station) and Southport (41,007/.) ; 
additional sidings at Horbury, Newton Heath, Bank 

Hall, and Colne (44,237/.) ; workshops at Meols Cop and 

Southport, and a wagon-repairing shop at Newton Heath 

(10,3492.); and a sub-electric power-station at Ormskirk, 

and machinery for Formby and Bank Hall (18,3934.). 

The whole expenditure of capital in 1913 was 474,9941., 

and it is proposed to expend $84,8101. during the current 


year. 

The new capital expenditure made by the London, 
Brighton, and South Coast Railway last year was 
99,4182. ; the greater part of this expenditure was in- 
curred in equipping suburban lines for electrical working. 
The first section of railway put in hand was that between 
Balham and Wallington, through West Croydon. 

The London and South-Western Railway has made 
good progress C t 
eleven new platforms on the south side are now in use, 
and a further section of offices has been completed. At 
Hampton Court Junction, near Surbiton, a fiy-over line 
to Hampton Court is in course of construction. At 
Southampton the enlargement of the Trafalgar graving- 
dock has completed, and the dock has been used by 
several large steamers, including the White Star liner 
a The last year’s capital expenditure was 

5972. 

The installation of Bennis tes for boilers in the 

merating station of the Metropolitan Railway at 

easden has enabled that company to make use of less 


expensive descriptions of coal, and considerable economy | The 


has resulted in uence. In order that current for 
working the Great Northern and City line may be ob- 
tained upon the most economical basis, provision is being 
made for its supply from Neasden generating station. 
Contracts have oe placed and the works are in 

gress ; they include the erection of a sub-station with the 
necessary equipment at Dra Park, the installation of 
additional switch-gear at Moorgate-street sub-station 
and the requisite connecting cables. The East London 
Railway was o for e train-working at the 
close of March last year ; in acoordance with an arrange- 
ment entered into with the lessee companies of the East 


been opened out and a portion | and the 


with the enlargement of Waterloo Station ; | On 


pro- | laid on October 29, 1913, by the Lord Ma: 





London system, a train service is being provided and 
worked by the Metropolitan Railway. A new station 
wpe’ yay tee = ape ee ge 
or traffic. ts are 6 wi 
the London and South-Western Railway for run- 
ning a through electrical service on that company’s 
lines between the City and Richmond via the Hammer- 
smith line. The widening of the Metropolitan Railway 
between Finchley-road and Wembley Park, and the 
reconstruction of stations at Finchley-road and Neasden, 
have advanced rapidly, and‘#ections of the widened lines 
have been brought into use. The erection of general 
offices at Baker-street has been completed. The recon- 
struction of the Praed-street Station, near Paddington, 
is nearly completed. In order to afford increased facili- 
ties for through communication between the Metropolitan 
Baker-street Waterloo Railways at r- 
street, an agreement has been entered into with the 
London Electric Railway Company for the installation of 
escalators at that station. A contract has been let for 
carrying out the work, and the necessary excavations 
have been proceeded with. 

The Metropolitan District —yy & completed the 
construction of flying-junctions at I’s Court, and the 
new line has been brought into use. Works in progress 
at Charing Station, which are being carried out in 
conjunction with the London Electric Company, will 
shortly be = A satisfactory means of interchange 
will be established at this point between the Metropolitan 
District and the Bakerloo and Hampstead lines of the 
London Electric Railway. The station thus recon- 
structed will become a large exchange centre for pas- 
senger traffic. 

As regards the North British Railway, works in con- 
nection with the Kirkland yard, Methil, and a new loop 
and storage —_ Inverkeithing are making satis- 
factory progress. e erection of a new engine-shed at 
Polmont is well in hand, and one at Dunfermline has 
been commenced. A carriage-cleaning shed at Cowlairs 
7 opretees anepe, See & new wagon-reps cme | 

op at St. Margaret’s is pay rogress. Sidi 
are being laid at the new yard at Sighthill, ‘ad te 
Cadder shunting-yard has been completed and brought 
into use. The Methil No. 3 dock, which was opened in 
January, 1913, is in effective operation, and a large 
quantity of has n exported from it; six hoists 
have been completed, and are in working order. A 
considerable amount of work, however, still remains to 


one in altering the old hoists and adjusting sidings 
which feed them. A sea-wall at Denheath has been 
Redford has 


completed. A new line from Lochore to 
also finished. A contract for certain Lothian lines 
was let to Messrs. Hugh Symington and Sons, of Glasgow, 
in September, and they have abenty done a considerable 
amount of work. 

* The heaviest works upon which the South-Eastern and 
Chatham Railway was en year were the 
Marine Station at Dover (31,842/.); a new station at 
Margate West (29,985/.); and the reconstruction and 
strengthening of bridges (25,4071.). 

The North London, the North Staffordshire, the Taff 
Vale, and —— other —— had no important 
works in hand last year. he Glasgow and South- 
Western Railway has let a contract for widening the 
line between Dalry and Kilwinning. The principal 
works undertaken by the ty Railway last year were 
additional coal-tips on the south side of No. 1 dock 
(15,6902.), and an extension of the north hydraulic 
engine-house (9409/.). The most important work in hand 
upon the eae system was a new station at Caerphilly 
(16,156/.). arious widening works were also under- 
taken. The constructive energies of the Great Northern 
Railway of Ireland have been principally directed to 
widening works at Belfast and new sidings at Adelaide 
and Windsor. An expenditure of 3681/. was also made 
last year upon workshops and machinery at Dundalk. 
The Great North of Scotland Railway expended 25,306/. 
last year upon the passenger station at Aberdeen, used 
jointly with the North British. 








Tue British Navy.—In place of naval manceuvres, a 
test mobilisation of the al Fleet Reserve will be 
carried out in July. Men be onging to Classes A and B 
of the e will be called out for 
from Wednesday, July 15, to Saturday, July 25, inclu- 
sive, the first and last days being allowed for Ts 

completing this training, men of Classes A and 

will receive a special bonus of 1/. in addition to the usual 
pay during manceuvres, and they will not be required to 
perform any further drill or training in 1914 and 1915. A 
notice giving full instructions will shortly be sent to each 
man of these classes. The Immediate Class of the Royal 
Fleet Reserve will be called out for 28 days’ training, in 
accordance with the regulations for this class. 





InsTITUTE OF MaRrine Encinggers.—The twenty-fifth 
annual meeting of the Institute of Marine Engineers was 
held at the Liverpool-street Hotel, London, E.C., on 
Thursday, February 26, Mr. Thomas L. Devitt presiding. 
annual report showed that the membership of the 
Institute at the close of the financial year stood at 1408, 
@ net increase of 58 during the session. The total sum to 
the credit of the City Premises Fund amounted to 
8193. 5s. 8d. The foundation-stone of the building was 
(Sir David Burnett, Bart.), and consid — had 
been made with the work. The Titanic i i 
Staff Memorial Fund had realised the sum of oO 
this amount 300/. had been over to the South- 


ampton ial Committee for the erection of a 


memorial at that port. Sir Archibald Denny, Bart., 
LL.D., was elected i 


ent for the session 1914-15. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


give below a few data on several colonial 


and 

jects, taken from the Board o 

Journal. Further information mg 

projects can be obtained from the Commercial Intelli- 

gence —_ Board of Trade, 73, Basinghall-street, 
ion, L 


Australia : The Commercial Intelligence Branch of the 
Board of Trade has received a copy of a report of the 
Victorian Parliamentary Standing Committee on Rail- 
ways reco ing the construction of a 5-ft. 3-in.-gauge 

ailway from Cavendish to Toolondo, via Balmoral, a 
distance of 43} miles. The estimated cost of the under- 
taking is 175,1051. Another report of the same com- 
mittee recommends the construction of an electric street 
railway, having a double track with side poles, from 
Sandringham Station to Black Rock (a — seaside 

ort Phillip), 


WE 
forei 


resort and residential area on the shores of 
a distance of about miles. The estimated cost of 
the work is put at 4001., of which sum 29,0001. is 
allotted for track and overhead construction, 4200/. for 
motor-generators, feeder-cables, and car-shed, and 6000/. 
a ene eo line to ne 
an vide the necessary iti rolling-stock wou 
isedivee further outlay of 38,500/. 

New Zealand: The Imperial Trade Correspondent at 
Dunedin reports that the ——— of Invercargill has 
obtained authority to raise a loan of 42,400/. for expendi- 
ture on a sewerage scheme, public baths, and con- 
veniences, a tram sprayer for street-watering, extension 
of electric-lighting and power system, and extension and 
improvement of fire-alarm system. 

rkey in Asia: H.M. Consul-General at Beirout 
reports that a concession has been ted to a number 
of notables in that town for the drain of an area of 
75,000 deunums (about 16,700 acres) of the marshlands of 
Houle, north of the Lake of Houle. Of the area to be 
drained, 10,000 deunums (about 2200 acres) are already 
under cultivation, and 10,000 deunums are to be left as 
marshlands. The drainage must be completed within 
six years. 

orocco : With reference to calls for tenders for the 
construction of a section of the road between Laraiche 
and Alcazar, and also of a section of the Moujehadin 
road at Tangier, H.M. Consul-General at Tangier now 
reports that the contracts have been aw: , ab reduc- 
tions of 13} ~ cent. and 4 per cent. on the estimated 
cost, to Mr. F. Bogliano, an Italian subject at by 
and to Mr. J. B. , & French citizen at that place, 
respectively. 





CanapIAN Natura Gas.—The Canadian Western 
Natural Gas, Light, Heat, and Power Company has just 
reported progress for 1913. The consumption of the com- 
pany’s gas has reached 26,000,000 cub. ft. per day, and 
as the present pipe-line has only a capacity of 33,000,000 
cub. ft., while consumers are being added at the rate of 
nearly 500 per month, the ~ © another pipe to 
Calgary is under consideration. ides 180 miles of 
main line terminating at Calgary, branches are in opera- 
tion at Macleod, Claresholm, Nanton, Okotoks, Brooks, 
and Sandstone. The capacity of eighteen drilled wells 
at Bow Island is 178,000,000 cub. ft. per day. The rock 
pressure exceeds 600 lb. to the sq. in.; and as this pres- 
sure has remained practically the same as when the first 
well was drilled, it is considered that the supply of gas 
will probably last for several years more. The expendi- 
ture of the eareg Se rights to bore for gas, real estate, 

lant, pipe-lines, &c., amounted at the close of 1913 to 

,747,340 dols. The company — last year 35,000 dols. 
in royalties to the Canadian Pacific Railway Company, 
as a large proportion of the gas was obtained from = 4 
em to that one, On the other hand, the 
Canadian Pacific paid the Natural Gas Campany 65,000 
dols. for gas, the scale of payment being at the same 
rate as that charged to other parties—viz., 15 cents per 
1000 cub. ft. 





LauncH or A Moror-Suip at WILLINGTON Quay-on- 
Tyng.—On Thursday, February 26, there was launched 
from the aa of the Tyne Iron Shipbuilding Company, 

Willi agp pay dors a twin-screw motor- 
vessel, built to the order of the Societé Anonyme d’Arma- 
ment d’Industrie et de Commerce, Antwerp. The vessel 
is built to the higher class at Lloyd’s, and is of the 
following dimensions :—Le over all, 390 ft.; breadth, 
extreme, 51 ft. 3 in.; depth, 29 ft.; and is designed to 
carry nearly 7000 tons dead weight on Lloyd’s summer 
draught. e vessel is for carrying petroleum and other 
oils in bulk, and is fitted with a very complete oil- 
pumping installation, —s oil-pumps of © size 
‘or working against a heavy back pressure, and a separate 
system of oo openings for dealing with water only, so 
as to avoid possibility of mixing with oil. It is also 
— with a complete system of steam heating-coils and 

re-extinguishing steaming-out arrangements in each oil- 
tank and each oil-fuel bunker. The main engines are 
two six-cylinder ‘‘ Wer r” marine Diesel motors of 
the usual four-cycle single-acting type—the diameter of 
the cylinders being 560 mm.; the stroke, 1000 mm.; the 
pando 4 125 revolutions per minute ; and the output, 2200 
brake horse- = ree will give a speed of 114 knots 
when fully —supplied by the Nederlandsche 
Fabriek van Werktuigen en Spoorwegmaterieel, Amster- 
dam. Two large high-pressure boilers are being installed 
in the engine-room and arranged for liquid-fuel 
for driving the auxiliaries i i 
other the oil and =o deck machinery 
including winches, capstan, tric -light engine, and 
steam steering-gear. 


— 
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LIQUID AIR AND ITS APPLICATIONS.* 
By M. Gzorces CLAvuDE. 

Tue liquid-air industry finds its origin in the experi- 
ment of Cailletet, made in 1877, when it was shown that 
on the sudden expansion of air from a very high pressure 
t was temporarily precipitated as a mist or fog. 

e world’s output — air now amounts to at least 
100,000 litres (3532 cub. ft.) per hour. The whole of this 
industry, which may still be considered in its wee is 
based upon some three or four simple —- of which 
the most important is embodied in the exchanger. By 
this exchanger gas already cooled by its own expansion 
removes heat from the which is still to undergo 
expansion, with the result that the tem ture is con- 
tinuously lowered till a point is reached at which some 
of the gas, after its expansion, is condensed to the liquid 
form. As is well known, from liquid air oxygen and 
nitrogen can be separated by a process of rectification. 
There is, however, another process besides rectification by 
means of which the oxygen and nitrogen in liquid air can 
be se from each other. Oxygen boils at 
—182.5 deg. Cent., and nitrogen at —195.5 deg. Cent. 
By creating a vacuum above a mass of liquid air the tem- 
perature of the latter can be reduced to —211 deg. Cent. 
At this temperature, nitrogen, though its boiling-point is, 
as stated, higher than that of oxygen, solidifies, whilst the 
oxygen remains liquid, a sort of sponge of solid nitrogen 
being formed with liquid oxygen occluded in its pores. 
From this sponge the oxygen can be squeezed out, or 
alternatively drawn off by means of a magnet. : 

In the method of separating the two gases by rectifica- 
tion, the process of interchanging heat is now so perfect 
that the evaporation of 30 litres of liquid air suffices to 
liquefy 29 litres of fresh air, so that to separate the 
oxygen from the nitrogen of 30 litres of air, it is only 
necessary to supply energy sufficient for the liquefaction 
of 1 litre of air. 

La Société l’ Air Liquide has constructed plants capable 
of producing 130 cubic metres of oxygen per hour, which 
involves the liquefaction of some 30 tons of air per day. 
The plant in question is exceedingly compact, so that the 
whole of the machinery requi to liquefy 300 million 
cubic metres of air per day, separating out 50 million cubic 
metres of oxygen, could be accommodated in a room mea- 
suring 20 metres by 30 metres. The cost of the oxygen thus 
obtained would not, under favourable conditions, exceed 
20 francs per ton, or about the price of broken stone. 
The ible applications of such cheap supplies are 
boundless. By the use of the oxy-acetylene flame, rubies 
are now being made in large quantities, as well as sap- 
phires and topazesas largeas nuts. The most useful appli- 
cation of liquid oxygen is, however, to the cutting of 


































CATALOGUES. 


Filing Letters, &:c.—We have received from the Shan- 
non, Limited, Ropemaker-street, E.C., a pamphlet 
illustra and describing their vertical system of filing 
letters and other documents. 


_Time-Recorders.—The Gledhill-Brook Time-Recorders, 
Limited, 43, Market-street, Huddersfield, have sent us 
an attractive booklet relating to their ‘‘Kmpire” time- 
recorders, and “‘Clipper” job-costing equipment. The 
———— mechanism of the machines is illustrated and 
described, and the system of working is fully explained. 

Chucks. — A catalogue of chucks manufactured by 
Messrs. A. H. Schiitte, of Cologne, has been received 
from the Judson-Jackson Company, Limited, of 50, 

-street, Westminster, 8S.W., who are the sole 
agents for these chucks. Full particulars, including 
prices, are given of 3 and 4-jaw geared scroll-chucks up 
to 22 in. in diameter, independent 4-jaw chucks up to 
36 in. in diameter, 3 and 4-jaw combination chucks up to 
36 in. in diameter, universal 2-jaw chucks up to 12 in. in 
diameter, and also of special chucks for capstan lathes, 
turret lathes, milling-machines, and cutting-off i 
All the chucks have solid bodies of either cast iron or 
steel. The catalogue also deals with drill-chucks. 


Small Lathes.—Some examples of work done on their 
34-in. and 4-in. lathes are illustrated and described in a 
booklet published at the price of 6d. by Messrs, m- 
mond Brothers, Limited, of Ryde’s Hill, near Guildford, 
Surrey. e work, all of which was carried out by 
amateurs, includes a 3}-horse-power mctor-cycle engine, 
a 24-horse-power petrol-engine, and a 4-horse-power gas- 
——, as well as many very creditable models. 

ers’ own descriptions of the work are or in nearly 
every case, so that other amateurs should get valuable 
hints by perusing the booklet. Its main purpose is, how- 
ever, to demonstrate the capacity of the firm’s lathes, 
and this is certainly accomplished in a very effective 
manner. 


case, by the use of comparatively heavy currents; in 
these instruments the current passing through the 
microphone is only about 0.07 ampere. Attention is 
also called to the facts that the speaking current does 
not pass through to source of supply, t the micro- 
phone is contained in a removable water-tight capsule, 
that the instrument cases are also water-tight, and that 
the transmitter diaphragm is of aluminium, and not 
carbon. The advantages of this method of construction 
are pointed out, and some of the standard ty 
struments are illustrated. Theee include ordinary in- 
struments for general use, a special instrument for use 
in engine-rooms and other noisy situations, instruments 
mounted on pillars for use on deck, and a three-way 
selector switch for connecting an instrument to different 
parts of a shi Messrs. Siemens carry out complete 
installations of these telephones. 


Steam-Traps.—A catal of steam-traps and acces- 
ao, —_ “ e —— ~ ee ~ _ 
gineers, Limited, Empress Fou ° . 
Manchester, has been received from + firm. The 
first trap dealt with is Goold’s patent expansion trap, 
which is claimed to have = points of superiority over 
other traps of this type. The most important of these 
is that very large valve area is obtai with very little 
strain on the expansion tubes, so that the latter will not 
take on a permanent set after prolonged use. This result 
is obtained by employing a small pilot-valve with its 
seat in the large main valve. The pilot-valve is kept in 
—y bya pring. and both it and the main valve are 
ept closed by the age when only steam is present 
in the inlet-pipe. hen the latter cools owing to the 
presence of water, the pilot-valve is opened by the move- 
ment of the whole valve body, which brings the valve 
spindle into contact with a stop, as is usual with this 
ype of trap. The pressure on the main valve being thus 
ieved the valve opens, and the = discharges full 
bore. When the disc is completed, the valve closes 
so rapidly that there is no escape of live steam. The 
catalogue gives full particulars, and mentions prices of 
three sizes, having outlets of # in., lin., and 14 in. in 
diameter, their discharge capacities being 800, 1500, and 
3300 gallons per hour respectively. They are made for 
all pressures up to 300 lb. per sq. in., and will work over 
a very wide range of pressures without adjustment ; by 
turning a set-screw, however, they can be set to any 
working pressure. Another interesting trap, of the 
floating-bucket type, also makes use of « pilot-valve to 
equalise the pressure on both sides of the main valve, 
thus allowing the latter to be of full-bore capacity ; these 
traps are made with the samo sizes and capacities as the 
expansion traps previously mentioned. The catalogue 


Electrical Heating Apparutus.—The Schniewindt Elec- 
tric Company, of 40 and 41, Staniforth-street, Birmingham, 
have sent us a price-list of electric heaters, the heating 
elements in which consist of their well-known resist- 
ance-grids composed of resistance-wires interwoven with 
asbestos threads to form a kind of fabric. The heaters 
work at a comparatively low temperature, so that oxida- 
tion is very slow, and the air passing through the appa- 
ratus is not decom d. The heaters have very little 
heat capacity, so that they begin to heat the air almost 
immediately they are switched on, a fact which renders 








‘gen - them especially suitable for temporary or auxiliary | also gives full particulars of Heintz-type expansion traps, 
iron and steel. This is accomplished by heating the| heating of apartments normally heated by other means. | spirit-capsule ¢ pe expansion traps, and special traps of 
metal first with an oxy-acetylene blow-pipe to the tem- | Several designs of heaters are Mustrated, and full parti- Sees i i ~ 


perature at which the oxide is readily fusible, and then 
directing on to the surface a fine jet of cold oxygen. In 
this way thick armour-plates can be cut almost as readily 
as butter. 

Another use for cheap supplies of oxygen is to be 
found in blast-furnace practice, and very promising 
results have been obtained with a 100-ton blast-furnace 
at the Ougrés works in Belgium. By adding oxygen 
to the blast, so as to increase the percentage present 
from 21 per cent. up to 23 per cent., a saving of 50 kg. 
to 60 kg. has been effec in the coke necessary for 
smelting 1 ton of iron, and at the same time the out- 
put per hour is increased by 10 to 15 per cent. The 
cast iron obtained is of excellent quality, very rich in 
silicon, and a great extension of the system has accord- 
ingly been arranged for. 

t has long been known that a mixture of liquid oxygen 
with such eubstances as cotton-wool and the like forms 
a very powerful explosive. As originally tried, how- 
ever, certain serious difficulties were encountered ; but, 
after many attempts, M. Claude has, working in conjunc- 
tion with M. d’Arsenval and M. Violet, succeeded in 
making this type of explosive suitable for commercial 
use. The method adopted is to fill into bags a special form 
of lamp-black. These filled bags before being used are 
soaked for a few minutes in liquid oxygen. After this 
they will, if lighted, burn quietly and with remarkable 
slowness ; but if detonated, are about as powerful as 
dynamite. The explosive can suit the most varied condi- 
tions, for blasting the hardest rocks or the soft iron ores 
of Lorraine. The cartridges are, of course, absolutely 
inert until charged with liquid oxygen. Misfires con- 
stitute no danger, since it is only necessary to give time 
for the oxygen to evaporate. e fumes resulting from 
the explosion are, moreover, freer from carbon monoxide 
than those from other explosives and the cost is only 
half that of dynamite. e difficulties of transport 
have been entirely surmounted. The nitrogen needed 
for cyamide is also obtained from liquid air. For this 
——- a purity of 99.9 per cent. is needed. In the 
ractionating o —_ air neon is obtained as a by- 
product, one of M. Claude’s plants being capable of pro- 
viding 50,000 litres per year. 





LANTERN - Siipzss.—The General Electric Comqear 
Witton, and 67, Queen Victoria-street, London, E.C., 
inform us that they have prepared a series of slides 
which re mt the latest practice in electrical work, 
and which it is believed will pe a source of consider- 
able interest to scientific and engineering societies. A 
description of each slide has been prepared, and accom- 
panies the slides, which the General Electric Company 
will loan with ge to any responsible engineer. 
Application should be made to the company’s advertising 
department, 67, Queen Victoria-street, ion, E.C. 


* Abstract of a yer read before the Société de 
Ingénieurs Civils de France, November 21, 1913. 






































e latter type for use in connection with the steam- 
heating of railway carriages; prices are stated and 
capacities given in all cases. 

Locomotives.—We are indebted to the Baldwin Loco- 
motive Works, of Philadelphia, Pa., U.S.A., for copies 
of three of their “‘ Records,” numbered respectively 73, 
74, and 75. The first of these contains an article entitled 
**Recent Development of the Locomotive,” by Mr. 
George R. Henderson, the article being sepeiatel from 
the Journal of the Franklin Institute; Mr. Henderson 
is consulting engineer to the Baldwin Locomotive Works. 
Record No. 74 relates to petrol-driven locomotives for 
industrial ot see In these engines, which are built 
under the Ehle patents, steam-locomotive practice has 
been followed as far as ible. They are built in four 
standard sizes, weighin Bh. 5, 7, and 9 tons respectively, 
and each size is capable of running at speeds of about 
5and 10 miles per hour in either direction. Their general 
construction is illustrated and described in full, and 
several examples are illustrated by reproductions of photo- 
qre hs showing the engines at work. The other record 

-* with locomotives of the 28-2 or ‘‘Mikado” type 
for heavy goods traffic, and points out their advan- 
tages over engines of the Consolidation type. It 
is mentioned that the wheel arrangement of the 
“Mikado” type permits a long boiler barrel to be 
used in combination with a wide and deep fire-box, so 
that the steaming capacity of the ine can be made 
very t. Also owing to the greater boiler power the trac- 
tive force of ‘‘ Mikado ” engines falls off much less rapidly 
as the wrt~ than is os case with Consolidation- 
type engines. An interesting diagram in support of this 
statement is included. The diagram shows that at 
30 miles per hour the tractive force of a ‘‘ Mikado” engine 
is 50 per cent. of the tractive force at starting, while for 
a Consolidation engine with the same weight on the driv- 
ing wheels the tractive force is only 35 per cent. at the 
same 8 ; the “‘ Mikado” engine is thus 43 per cent. more 
powerful than the Oonsolidation engine at the speed 
mentioned. Several other advantages for the ‘‘ Mikado” 
type are mentioned — = of seventeen inn of this 
type are given together with reproductions otographs 
of each. In one of these the total welebt el toe ee 
alone is 133 British tons, and of this amount about 102.5 
tons are carried on the driving wheels. The cylinders 
are 26 in. in diameter with a stroke of 32 in., and the 
tractive force exerted is over 27 tons. Eighteen of these 
engines, which are fitted with Schmidt superheaters, were 
built for the Virginian Railway during 1912. 


culars are given of each; prices are also stated for se 
resistance-grids. We have also received from this firm 
an illustrated price-list of electrically-heated hot plates 
for industrial, domestic, and scientific purposes. 


Speed-Indicator.—A circular relating to the ‘‘ Vilex” 
speed-indicator has been received from Messrs. Walter 
C. Hill and Co., 28 and 2, St. Swithin’s-lane, E.C. The 
instrument, which is similar in size and ae toa 
watch, comprises a revolution-counter and chronometer, 
both of which start simultaneously when the centre is 
pressed into the end of the shaft, and stop when the 
pressure is released. The dial of the instrument gives the 
actua! number of revolutions and the time in fifths of a 
second, so that the revolutions per minute, which may be 
anything up to 10,000, can easily be calculated. The 
instrument 1s automatically reversible, so that the direc- 
tion of rotation is immaterial, and it is provided with a 
release by means of which the dial hands can be set back 
to zero instantaneously. Another distinct advantage is 
that no winding up is necessary, and the possibility of 
overwinding is thus avoided. The circular states the 
price of the instrument, complete in case, with three 
interchangeable centres to suit all conditions. 


Feed-Water Heater.—A four-page circular, illustrating 
and briefly describing Clausen’s patent direct-contact 
feed-water heater, has reached us from the manufacturers, 
Sir W. H. Bailey and Co., Limited, Albion Works, 
Salford, Manchester. The heaters, which are intended 
for use with marine and stationary engines, consist of a 
rectangular box provided with a wrought-iron lid, and 
divided into two compartments, the smaller of which is 
square in plan. Steam from the low-pressure casing and 
from the auxiliaries, together with greasy water from the 
hot-well, are led into this com nt in such a manner 
that the water is set into rapid whirling motion. The 
grease which rises to the surface collects at the centre of 
the vortex formed, whence it is skimmed off by a pipe 

rovided with a suitably-shaped mouth-piece. e 

eated water through an opening in the bottom of 
the partition into the next com ent, whence it is 
drawn off by the feed-pumps ; 4 float in this compartment 
regulates the supply of water to the heater, so that the 
level is =a constant. The apparatus also removes air 
from the feed-water, and a pipe is provided in the lid to 
allow the separated air to escape. Prices are stated for 
three sizes for use with ines ranging from 200 to 1500 
indicated horse-power. me testimonials from marine 
engineers who have used these heaters are also printed. 


Telephones for Steamers.—A four-page pamphlet relat- 


ing to their water-tight loud-speaking marine-type tele- 
toed has come to hand from Messrs. Siemens 





ANGLO - AMERICAN Exposition, Lonypon (May 


TO 
Ocroper), 1914.—We are informed that the executive of 
rothers | the i 


Anglo - American Exposition have appointed an 


and Co., Limited, of Woolwich, Kent. The pamphlet | influential Ocean Transport Committee. The Exposition 
points out the chief features of these instruments, men- | will afford a unique ity of bringing all the in- 
tioning among them that the loud- i properties | dustries connected with ocean to the notice of 
are obtained by special construction of the microphone 


visitors. It is supported b y Renee soph oa and the 
and by special connections, and not, as is usually the United ; 


Government of States. 
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RESISTANCE OF BILGE-KEELS.* 
By Professor C. H. Peasopy, Member of Council. 


THE experi tal boat Fulton, belonging to the Massa- 
chusetts Tnstitute of Technology, was used during the 
i summer to investigate the resistance of bilge- 
‘or which — the boat was exceptionally ada 
both because the apparatus on the boat permits of the 
determination of small variations in resistance, 
because the prototype, the U.S. Navy sug Sotoyomo, 
after which the Fulton was modelled, was investigated 
Naval Constructor D. W. Taylor, U.S.N., at the Wash- 
ington Model Basin, and her stream-lines were reported 
by him in the Transactions, vol. xv., page 1. 

The stream-lines for the Fulton, soceesty reduced 
from those of her pestetves, were laid out on her hull 
while she was hauled up in the spring, and are repre- 
sented in Fig. 1, together with the various bilge-keels 
used for experiment. stream-lines shown are for 
6 knots 8 of the Fulton, corresponding to 10.31 knots 
of the prototype. ; 

After a careful study of the stream-lines on the hull, 
and a consideration of the customary way of applying 
bilge-keels, it was decided to take for the normal bilge- 
keels a length of 15 ft. and a depth of 3in. All the keels 
were ? in. thick, made of oak and through bolted to the 
a ey were set approximately at the middle of the 
length. 

In order to pet fuller and more certain indications 
of the effect of bilge-keels, the depth of the keels was 


Fig. i 
FAIRED LINES OF “FULTON” 
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doubled and trebled. In addition, experiments were 
made with the 3-in. keels abnormally extended toward 
both bow and stern; these extensions were both 2 ft. 
long, giving a total length of about 19 ft. 

othe depth of the keel was doubled by bolting an 
additional 3-in. strake through both the normal strake 
and the planking, and the depth was in like manner 
trebled by bolting a third 3-in. strake outside. When the 
boat was fitted out, the bare hull was given two coats of 
anti-fouling paint, and keels, 9 in. deep and 15 ft. long, 
were fitted as described, properly painted. As the ex- 
periments proceeded, the extra strakes were cast off by 
driving out the bolts which secured them, plugging the 
holes with wood. After the double and treble depths of 
keel were cast off, the boat was hauled up and the bow and 
stern extensions of the 3-in. keels were fitted. Experi- 
ments were made with extensions at both bow and stern ; 
afterwards the stern extensions were cast off and experi- 
ments were made with the bow extensions only. The keels 
in all cases were faired down to edges at both ends 
to form fair-waters 24 in. long. here the bow and 
stern extensions were fitted these fair-waters were cut 
away, so that a square butt joint could be made. 

After the bow and stern extensions of the 3-in. keels 
were tested and cast off, the fair-waters were replaced at 
the ende of the normal 3-.in. keels, thus restoring the boat 
to the original condition. Experiments were now 
repeated on this normal 3-in. keel, and, finally, after it 
was cast off, the experiments made for the bare hull. 
Our previous experience had shown that the surface of 
the hull, once properly painted, would stay in good con- 
dition throughout the season in the Charles River basin, 
consequently the surface was not changed in way, 
not even when the boat was hauled up.to apply the bow 
and stern extensions of the keels. Experiments with 
the normal 3-in. keels before and after hauling out, and 
comparison of experiments with the bare hull as made 
this year and last year, confirm this conclusion. = 

The resistance of bilge-keels under normal conditious 
are but a few per cent. of the total ship’s resistance, and 
are determined by the differences of resistances with 
and without keels; consequently the utmost care and 
refinement of experimental methods are necessary. The 
apparatus on the Fulton is that described by the writer 


in an article to be found on 87, vol. xix., of the 
Transactions ; with care end al this eqgessten eon bo 


made to yield the necessary degree of ision for the 
work in hand, as will be made evident , the diagrams 
which show the original observations, It is proper to 
say here that the suecess of the year’s work depends 
* Paper read before the Society of Naval Architects 
and Marine Engineers at New York, December, 1913. 











directly on the skill that has been developed by Pro- 
fessor — A. —s both a — 

conditions, and in watching using appa- 
ratus. His experience convinced him that only perfect 
weather conditions would enable us to get the certainty 
and precision needed for this work, that perfection 
of condition was seized when it came, whether by day or 
by niight—very commonly at 4 o’clock in the morning. 
He was assisted loyally and intelligently by Mr. J. P. 


and | Constable. 


The course for the experimental runs was about 675 ft. 


by | off the north-western sea-wall of the Charles River Basin, 


abreast of the new location of the Institute of Tech- 
nology. It is marked by small can buoys, and landmarks 
have selected to aid in steering a straight course. 
The ends of the course this year are marked by certain 
electric-light poles on the park-way along the bank of the 
basin ; these formed our back-ranges, and the fore-ranges 
were poles set on an iron fence on the sea-wall. At 
night the fore-ranges were lighted by lanterns hung on 
them; the back-ranges were regularly lighted by the 
lamps of the park-way. This course is just short of an 
ighth of a knot ; quite sufficient for our purposes. 
e observations during a run were :— 


1. The time on the course. 

2. The thrust of the propeller. 

3. The revolutions of the propeller. 

4. The power input to the electric motor which drives 
the geepelier. 


Subsidiary observations were taken of the direction of 
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the run, the direction and intensity of the wind, and time 
by _stop-watch. 

_ The first three were recorded on the tape of our record- 
ing device described in the article of 1911; the fourth 
item was read by the second observer, who also attended 
the recording device and adjusted the thrust mechanism. 
As in all the preceding work on our self-propelling 
models, the boat was carefully kept at normal displace- 
ment and trim for all the runs, and only the two observers 
were aboard at their proper stations during any ron re- 
corded. © writer was able to give personal attention 
to the work until the first set of experiments on the keel 
of triple width were ont hn the results plotted, 
after which the responsibility for all of the work was 
transferred to Professor Everett. 

‘ sequence of experiments was controlled by condi- 
tions as has been stated ; it is convenient to consider them 
in the following logical order ; the dates are given simply 
as a matter of interest :— 


1. Bare hull, August 15. 

2. Normal 8-in. keels, July 28 and August 12. 
3. Normal 6-in. keels, July 11 and July 18. 

4. Normal 9-in. keels, July 9. 

5. 3-in. keels, bow extension, August 7. 

6. 3-in. Reels, bow and stern extensions, August 2. 


From the dates it ap that the most important 
work—namely, with the hull and with the 3-in. keel 
of normal length (15 ft.)—came late in the season, when 
the work had settled into routine and acquired the greatest 
degree of certainty. 





One propeller was used throughout the season ; it had 
a diameter of 30in. and a pitch of 394 in. ; it was the third 
one of the series of three used in 1912, being selected as 
gi the most convenient conditions for running. All 
the observations were plotted as they were collated with 
revolutions as abscissz ; a sample set of curves is shown 
by Figs. 2, 3, and 4. 

Fig. 2 shows the speed in knots for the two series 
of runs made on July 28 and August 12 with the normal 
3-in. keels; as has been said, these runs were made 
before and after the boat was hauled out to attach 
the extensions to the 3-in. keels at the bow and stern. 
The boat was ~~ > to be in the same condition on 
the two dates; the curve justifies this assumption, and 
shows further that work could be repeated with cer- 
tainty. The small black points represent observations 
taken on July 28, and the circles show the observations 
taken on August 12. The curve will be accepted as 
representing the mean for each series of observations. 
The dispersion of points is caused by a slight current in 
the basin, due to the wind that been blowing, for 
none of the runs were made when there was a 
that could have an a effect. This matter will 
be discussed more fully hereafter. 

Fig. 3 shows the thrust as recorded automatically b: 
the thrust and recording mechanism for the series of 
tests on A t 12. The curve shown by this plate is 
accepted as the correct curve of thrust in pounds of the 
eer shaft, for all the runs under all conditions—+.e., 
or the bare hull and for all the various arrangements of 


bilge-keels. 


! 


Meeks 


205, 


Rens 


Fig. 4 represents the observations of input to the elec- 
tric motor in kilowatts on the dates of July 28 and 
August 12; black points referring to the former date, and 
adele to the latter date. Diagrams for the other series 
of tests are as satisfactory and need not be reproduced. 
From curves like those of Fig. 4 have been deduced the 
usual curves of power on speed, as given in Fig. 8. For 
this purpose the rating of the motor by brake tests in 
1912 is accepted, because the. motor and mechanism are 
in substantially the same condition, and any possible 
change cannot sensibly affect the increments in power due 
to adding bilge-keels. 

Having offered sample diagrams and claimed for them 
the degree of precision demanded for the work in hand, 
it is proper to account for the dispersion of points in 
Fig. 2, and to ge! the application of the curve of 
Fig 3, even when the observed points show deviation 
rom 1t. 

The experience of former years having shown the ill 
effect of a breeze, only favourable weather conditions 
were accepted this season, with the breeze so light that 
it had no appreciable effect. Nevertheless there was an 
appreciable deviation of results obtained from runs back 
and forth over the course. Collation of all the series, as 
in the following table, shows that these deviations were 
caused by currents in the basin, due apparently to winds 
that had blown before the runs were made. ese cur- 
rents were very feeble and could not be detected by any 
of the usual methods of measurement, although they 
a may eight to twelve hours after the me ceased 

lowing. 

Tasie I.—Currents in Charles River Basin Due to 

Previous Effect of Winds. 


| Velocity 














| Direction Direction Total 
Date. | o 0 Deviation | of 
Wind. Faster Runs of Curves.| Current. 
1. 2. 3. 4. 5. 
knots knots 
July 9 None 8 0.10 .05 
» il ” oe _ -- 
i a Abeam N 0.10 0.05 
» 28 None N 0.15 0.07 
Aug. 2 oe With N 0.04 0.02 
wo at i N 0.12 0.06 
ih fo None s 0.06 0.08 
» ss With 8 0.18 0.09 
os ws) See 8 0.04 0.02 


It will be seen that five of the days showed no per- 
ceptible breeze, and on one day the breeze was abeam ; 








on the other three days there was a barely perceptible 
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breeze. The third column of the table gives the direction 
in which the runs took the least time ; for those experi- 
ments marked ‘‘ with” in column 2 the faint breeze was in 
the direction of the faster runs. Column 4 shows the 
total deviation of curves drawn through points for runs 
back and forth a the course ; to avoi —— oe 
separate pairs of curves rtaining to y an 
August 12 are omitted from Fig. 3. 6. last column of 
the table gives the current in knots. 

The curve of thrust of the propeller on revolutions 
shown by Fig. 3 depends on the acceleration imparted by 
the propeller to the water acted on. It very clearly is 
independent of current; so that all the points for runs 
back and forth fall on or near the curve, as shown in 
Fig. 3. Making the usual assumption that the accelera- 
tion is proportional to the real slip (so called), it appears 
that the thrust should vary slowly with the resistance, 
and since the resistance due to bilge-keels is but of few 
per cent., it might be expected that a curve of thrust on 
revolutions once well located could be applied to all the 
various series of experiments. Such, in fact, was found 
to be the case for tests made on August 12 and 15, all the 
points lying on or near the curve of Fig. 3. 

Figs. 5 and 6 show examples of deviations of points 
from the accepted curve of thrust on revolutions for the 
bare hull and 6-in. keels. The record of the testa for 
bare hull show that when the observations represented by 
the points shown by double circles were taken a breeze 
sprang up, and died down again; this may be an ex- 

tion of the relatively small deviation shown. Fig. 6 
is in e, different condition, as there is deviation of points 
near the extremeend of the curve. The observed thrust 
curve for runs of July 9 on the 9-in. keels has been 
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BILGE KEEL 3 INCHES DEEP; 
SHOWING EXPERIMENTAL 
OBSERVATIONS. 
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rejected as unreliable, and the standard thrust-curve 
accepted in place of it. 

Having in mind that the thrust of the propeller was the 
most direct evidence of resistance due to bilge-keels, the 
thrust mechanism was overhauled thoroughly and watched 
with care. The first records for the 9-in. keels gave a 
fair curve, which appeared to be acceptable, so the 9-in. 
keels were cast off ; the curve for the 6-in. for runs 
on July 11 differed so far that doubt was cast on the 
records for both sets thus far tried. It was decided to 


such as speed 

and form part of the basis of this report. Thereafter the 
thrust mechanism was repeatedly overhauled and watched 
sedulously, and gave consistent and satisfactory results 
except for the variations shown by Figs. 
sequently I have no hesitation in offering the results of 


FOR BILGE KEEL 3 INCHES 
SHOWING EXPERIMENTAL 
OBSERVATIONS. 








and power, were found to be consistent, 


5 and 6. Con- 
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OBSERVATIONS. 
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Scale for 


15 ft. length), as given in Fig. 7, were constructed from 
the proper curves of speeds on revolutions, and from 
the accepted s curve of thrust on revolutions. 
The thrust curve is that shown in Fig. 3, and Fig. 2 
shows the curve of speeds for the normal 3-in. keel. 
Fig. 8 is consequently aréswmé of all the experiments on 
the normal length keels. _ 

Fig. 8 gives the power input in me ot ney | to the 
electric motor for experiments on the hull and 
for keels of normal length, derived from curves like those 
in Figs. 2 and 4. From these curves and from brake 
tests made in 1912 the horse-power applied to driving 
the propeller shaft has been computed and also used as a 
basis of determining the effect of the keels. 

The main dimensions of the Fulton are as follow :— 
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#5 35 65 
(3857.6) Scale for Speed-Krots. 
tests on the resistance of bilge-keels based on the accepted 
eurve of thrust on revolutions as shown by Fig. 3 for all 
our series of experiments, even including those tests, such 
as.for the 9-in. keels, for which the direct observations 
are unsatisfactory. 


observations for power for all the series of tests are con- 


sistent and satisfactory, and confirm the results based on 


nds on 
speeds in knots for experiments on the ease eal and 
reject those records for July 9 and 11; other records, |with the 3-in., 6-in., and 9-in. keels (all of normal 


our accepted thrust-curve. 
The several curves of propeller thrust in 


CURVE OF THRUST ON 
REVOLUTIONS PER MINUTE 
FOR BARE HULL; SHOWING 





I have the less hesitancy because the 


Length, load water-line 80.9 ft. 
Beam ... an ane 
Draught, mean = = 3.26 ,, 
Displacement, fresh water : Rae tons . 
oO} speed vee one ... 6.4 knots per hour 
Wetted surface peat se 298 aq. ft. 
The ete had the following lengths measured at 
the middle of the depth :— 
3-in. keels... bee ang 15 ft. 2.5 in, 
6-in. keels... ca tor i ar 
9-in. keels ‘in . a a 
The wetted surfaces, including edge ( in.), were as 
follow :— 
3-in. keels, sq. ft. 17.1 per cent. ... 0.057 
6-in. keels, sq. ft. 32.4 per cent. ... 0.109 
9-in. keels, sq. ft. 47.8 per cent. ... 0.161 


6. 


CURVE OF THRUST ON 
REVOLUTIONS PER MINUTE 
FOR BILGE KEEL 6 INCHES 
SHOWING EXPERIMENTAL 
OBSERVATIONS. 





per. for per 

The per cents. given are those of the keel areas to the 
wetted area of the bare hull. 

The bow and stern extensions of the 3-in. keels were 
each 2 ft. long. The surface of all four was 4.5 sq. ft. 

The most direct experimental determination of the 
resistance of bilge-keels can be made from the increment 
of thrust of the propeller-shaft_ above that required for 
the bare hull. 

Taking first the 9-in- keels, since we are dealing with 
small differences, we may deduce the following table:— 
Tasie II.—Resistance of Bilge-Keels. 



































| Thrust. Pounds. |), remen t| Resist. | 
8 Petty rere 7) from ance 
nots. | Bare |With 9-In.|Differ-| Fair Com. Ratio. 
| Hull.| Keels. | ence,| Ourve. puted, | 
®t & 3. 4 5. 6. we 
3.00 | 41.7) 460 | 43 4.5 4.0 1.12 
85 | 682 65.0 6.8 6.0 6.3 1.13 
4.00 | 79.0 87.6 8.0 8.2 6.8 1.20 
4.5 |106.6|; 117.6 | 11.0 11.2 8.5 1.32 
6.00 |146.2| 16.8 | 16.6 14.5 10.4 1.89 
6.25 | 176.0! 196.0 | 20.0 16.4 1.8 | 146 
6.5 221.0| 245.0 | 24.0 18.5 128 | 1.60 
6.7 166.0; 290.0 | 24.0 20.2 13.2 | 1.68 
5.9 | 807.0) 329.0 | 22.0 22.0 14.1 1.57 
6.1 339.0} 369.0 | 20.0 240 14.9 | 16 
6.38 | 365.4) 384.5 | 19.1 25.8 15.8 | 168 


The quantities in the second and third columns of the 
above table are from the thrust curves for the bare 
hull and for the 9-in. keel in Fig. 7, and the differences 
are set down in the fourth column. These differences 
naturally show some irregularities, which I have ventured 
to fair out. Considering that it takes at least 2 1b. at 
the shaft to make it move, the —- a gree to be allow- 
able. The frictional resistance of the keels has been 
computed for the several speeds by the aid of equation:— 

Rr = FS V" = 0.011 x 47.84 x V?-%4 


and set down in column 6. Anyone who chooses may 

y recompute with an values of coefficient 

and ex t which he ers ; it will not c the 

conclusions. The ratios of the measu and 

the computed resistances of the bilge-keels give the con- 
clusions that are to be drawn from this source. 

A conservative conclusion from the evidence here pre- 
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sented may be :—For as -length ratio of 0.7 or 

the resistance of bilge-keels may be compu 
from friction only. At a -] h ratios the 
resistance of bilge-keels may fas much again as that 
computed for friction only. 

It is interesting to note that the areas of the normal 
3-in. keels is 0.057 of the wetted surface of the hull, and 
if the same value for f and n can used, the frictional 
wate mauee is that fraction of the frictional resistance of 
t u 

The surface of the fore extensions of the 3-in. bilge- 
keels is 4.5 sq. ft., or 0.015 of that of the bare hull. The 
frictional resistance at 6 knote may be computed at 
1.35 lb., which is less than the limit of accuracy of our 
thrust mechanism. ; ’ 

The curve of thrust on speed for the 3-in. keels, with 
both bow and stern extensions, as plotted, was found to 
be hardly distinguishable from that for the normal 
3-in. keels ; at lower speeds it appeared to fall slightly 
below, and at higher speeds to rise slightly above, that 
curve ; but the differences were easily within the limit of 
accuracy of our observations. Consequently our observa- 
tions, so far as they give any evidence, indicate that the 
bilge-keels may be uced so far in proportion, as 
shown in Fig. 1, without undue increase of resistance. 
It will be noted that the extension at the stern does not 
much interfere with stream-lines, but at the bow the 
extension crosses the stream-lines at appreciable angles. 

The experimental determination of the power required 
to drive the Fulton with and without bilge-keels is given 
in horse-power input to the electric motor by the curves in 
Fig. 8. +74 is immediately evident that these curves, in 
general characteristics and distribution, conform to the 
curves of thrust in Fig. 7, and quently they confirm 
those curves, and in ticular justify the thrust curves 
for the 9-in. keels. e curve for the 9-in. keels has 
been chosen as most convenient for analysis ; inspection 
of Fig. 8 shows that the conclusions drawn from such an 
analysis may be applied to the narrower keels, and in 
particular to the normal 3-in. keels. 

At the several speeds in column 1 of Table III., the 
kilowatts input to the motor was read and set down in 
columns 2 and 3 for the bare hull and for the 9-in. keels. 
From the brake tests of 1912, the equivalent brake 
horse-powers were taken and set down in columns 4 and 
5. ese brake tests of 1912 were made at length and 
with suitable precautions; the motor and shaft were in 
substantially the same condition during the experi- 
ments of this season as when the brake tests were made, 
and no ible change of conditions would have an 
appreciable effect on our conclusions. 

@ efficiency of the eo was taken from tests 
made at the Wechingten odel Basin by Naval Con- 
structor D. W. Taylor, U.S.N., on a 12-in. model of the 
propeller used. The real slip (required for use with the 
report of such a test), was found from the apparent slip 
on the assumption of a 10 per cent. wake. ad a larger 
wake factor been used, the efficiency would appear to be 
smaller than here given ; but no possible change in pro- 
peller efficiency would affect our conclusions to any 
considerable degree. 


Taste IIIl.—Power for Bilge-Keels. 




















| | equivalent 5 Sa | 
Kilowatt Brake 3 Propeller 23 | 
Input. Horse- Horse-Power. | 5™ 
Power. a 
slalala clalal | BS | 
ls) 3/312 6 2/2) 8 /*s\s| : 
AHMAR CINE 
| & E | 5 Sie Eis] 2 
ia E = E 3 | a\/a\m@la | 3 
iets jap 8 (er o;°|*™ | 12 
"RO 0.60) 0.7750.55 072 0.71/0.391 0.6110. 120 0,087 | 8.2 ms 
8.6 0.88) 1.10 [0.88 1.08 0.71/0.625,0.767 (0.142! 0.05725) — 
4.0 1.25 1.54 |1.28) 1.56 0.71 /0.909)1.108)0.199) 0.084 | 2.4) — 
4.5 /1.77) 2.16 |1.85 2.80 (0,70|1.295)1.61 (0.315) 0.117) 2.6) — 
6.0 2.67 8.11 2.75, 8.41 0 70)1.826)2.89 (0.465) 0.160 2.9) — 
5.263.20 3.90 |3.52 4.28 0.70 2.465)3.00 10.585) 0.182 2.9 | 0,92 
6.5 4.21 6.12 |4.65, 5.75 0.60/3.21 |3.97 |0.760| 0.211 | 3.6| 0.24 
6.7 6.84 6.88 |6.85 7.30 |0.68/3.98 |4.96 0.88 | 0.231 | 3.8! 0.22 
6.9 6.45) 7.65 7.38) 8.74 |0.66/4.87 (5.77 (0.90 | 0.25535 0.19 
6.1 7.45| 8.87 8.60/ 10.18 (0.66 5.68 \6.64 |0.96 | 0.280 8.4 0.17 
G8 8.45) 10.00 9.70/11.80 [0.65 /6.30 7.85 |1.05 0.806 | 3.4 | 0.17 
! | 





Multiplying the brake norse-power by the propeller 
efficiency gives the power delivered a the propeller as 
set down in columns 7 and 8 of Table IIL.; the difference, 
set down in column 9, is shown as the basis of comparison 
with the eqn required to overcome the frictional resist- 
ance of the keels. This is equivalent to assuming a hull 
efficiency of unity for both the bare hull and the hull 
with 9-in. keels attached. Plausible assumptions con- 
cerning the effects of bilge-keels on wake gain and thrust 
deduction might make appreciable in the differ- 
ences here chosen as the basis for conclusions; but it has 
been considered best to abstain. 

The horse-powers required to overcome the friction of 
the 9-in. bilge-keels have been computed by the equation 

Hy = 0.00307 V R 

and set down in column 10, and the ratios of columns 
9 and 10 are given ty column 11, Ry - +S — 
it appears that the power requi to drive ilge- 
keels is two and abel to three and a-half times es 
computed from the friction of the keels. The ratio is 
therefore more than twice that found from the thrust of 
the shaft. The discrepancy cannot be to error 
or uncertainty of observation or computations, but is 
presented as a real difference of results from our two 
methods of investigation. 

Finally for the higher speeds there is given in column 





DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents 1s. in the case of tin-plates, hematite, Scotch and Cleveland iron, and 1l. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to 801b. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box of I.C. cokes. 


12 the ratio of the increment in power due to 9-in. keels| Eayprian State Rattways.—The Egyptian Budget 
to the power for the bare hull. If it be assumed that | for 1914-15 shows an increase of £E721,000 in the railway 
the increment for 3-in. keels is one-third as tas for | expenditure for the year. This additional charge is the 
the 9-in. keels (as appears probable from Fig. 8), we | result of an exceptional expenditure for rolling-stock. 
may conclude that the power required to drive keels of 
the normal Mp sy omy may be six to seven per cent.of| THe LATE Mr. Wiiitam Henry Jounson. — We 
the power for bare hull. The same figure can be used | regret to have to record the death, which occurred on 
directly for brake horse-power or for indicated horse- ie the 19th ult, of Mr. William Henry John- 
power, since the reduction factors for a given speed are|son, B.Sc., of Woodleigh, Dunham Massey, elder son 
the same for the bare hull and for the hull with keels. of the late Mr. William Johnson, of Beech Grove, 
Acknowledgments :—The following gentlemen, all of | Bowdon, and —_.~ director of the firm of Messrs. 
Boston, Mr. Henry A. Moras, Mr. Lewis A. Crossett, | Richard Johnson, Clapham, and Morris, Limited, Man- 
Mr. Frederick C. Fletcher, and Mr. Herbert M. Sears, | chester. The d was educated in Germany and at 
bo As rously provided for the expenses of this year, | University College, London, where, in 1870, he took a 

r. Harrison Loring, jun., sent a receipted bill for | first-class honours in science. He then joined his uncle, 
transportation ; to all and to each I wish to record here| Mr. Richard Johnson, and later entered the firm of 
my gratitude. Messrs. Richard Johnson, Clapham, and Morris, above 
referred to. It was mainly owing to his influence and to 
his desire for better surroundings for his ae that 
** ANNUAIRE DE L’ Execrricrré, 1914.”—This is the title | his firm, in 1902, established their new works at Newton 
of a French year-book published by the French journal | Heath. He privately purchased at the same time 8 acres 
La Lumitre es, 142, Rue de Rennes, Paris, at the | of land to provide a recreation ground for his employees. 
price of 4 francs. It gives, arranged according aden Mr. Johnson was a vice-president of the Institute 
ments, the electric-current distribution companies the | Metals, which he was largely instrumental in founding. 
electric-traction compames. The information includes | He always took a keen interest in education, and was a 
the names of the towns, the concessionnaires, the location vernor of the Manchester Grammar Schvol, and Presi- 
of the power-stations, power available, form of current, | dent of the Mill-Girls’ Institute, Ancoats. He was in his 
current pressure, and cost per kilowatt-hour. sixty-fifth year, 
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ELECTRICAL APPARATUS. 
29,456/12. B. Heap and the Chloride Electrical 


Storage Com . Pendle’ ' 
Accumulators. [2 Figs.) December 21, 1912.—This inven- 
tion relates to electric accum and has for its object to 


provide improved means for preventing spilling of the electrolyte 
through the ventaperture. According to this invention, the said 
means comprise a vent tube to the aperture, a chamber around 
the tube having an ingress aperture of area at its lower side, 
and a non-return valve thereon controlling access to the chamber. 
A chamber ais formed around the accumulator vent aperture b 
on the inner side of the accumulator cover or top d. The 
chamber is provided with an inlet controlled by a ball or non- 
return valve k. In the normal position of the accumulator, any 

generated therein can gain access through apertures o in the 

-valve cage, and above the valve to the interior of the chamber 
a, and to the vent aperture b in the accumulator top. When, 
however, the accumulator is inverted, the non-return valve falls 
upon its seat and prevents any acid entering the chamber or 





compartment around the vent aperture. The dimensions of the 
chamber or com! ment are, or the position of the non-return 
valve is preferably such that when the accumulator is inverted, 
the amount of free electrolyte is not sufficient to cover the valve. 
The chamber a may, if desired, extend from end to end and from 
side to side of the top of the accumulator above the plates, or it 
may be relatively narrow. In the former case, suitable vision 


is made through the chamber for the terminal rods p of the plates 
and for the passage of electrolyte to or from the plug. It 
is preferred, however, to employ a relatively small ber, as 


shown, so that in no position of the accumulator will the acid 
cover the lower end of same. The vent is formed from the tubular 
passage g, extending from the cap upon the accumulator cover 
or lid into the chamber, so that even should a quantity of electro- 
lyte gain access to the chamber a, due to continued shaking or 
tilting of the cell, it will not spill out of the accumulator until 


the compartment is at least more than half full. (Accepted 
December 31, 1913.) 

1855/13. The British Thomson-Houston Com ° 
Limi di and A. P. Y wo: 


London, oung, Kenil 
Electricity Meters. [1 Fig.) January 22, 1913.—This 
invention re! to electricity meters of the type in which a 
dise of conducting material rotates in a bath of mercury, and 
has for its object to provide such instruments with a sealing 
device for effectively closing the aperture in the chamber through 
which the disc spindle passes, so that the mercury cannot escape 
while the meter is not fixed in its operative position, or is being 
transported from one place to another. This invention consists 
in providing a sleeved disc on the spindle above the chamber, 
which fits the spindle sufficiently tightly to rotate therewith, but 
which can be caused to slide on the spindle when required, and 
in providing mechanism adapted to be operated from outside the 
meter-casing for forcing the disc down on to the top of the 





chamber - cover. In carrying this invention into effect, a is 
@ small sleeve of brass or other suitable material, having a disc 
or flange b at its lower end. This sleeve, which surrouuds the 
spindle c, and ‘has a good sliding fit thereon, is normally held 
away from the opening in the top of the mercury chamber cover 
by means of a light spring d also carried by the spindle. A lever e, 
pivoted at one end on the front of the chamber-cover, passes over 
the top of the chamber, so that part of it can e: the sleeve 
Sostspene ft Apecinc ep ealk poms coon gs 
8 spring /. packing 9,0 own 
the bottom of the ae ae into the path of 
lever ¢ in such a manner that the spindle is raised it raises 
the lever with it and tensions the ig f, thereby allowing the 
d to raise the sleeve away the of the chamber. 
hen the spindle is lowered the spring f overcomes the spring 





d | pivoted coaxially with the steering-wheel h, the whole 


and forces the sleeve disc b downwards on to the top of the 

chamber, which may be recessed to receive it. The lower face 

cf the disc may be covered with chamois leather, so that a tight 

t is obtained. The packing spindle may be raised or lowered 

y means of a cam A situated in the terminal box below the 
meter-casing. (Accepted January 7, 1914.) 


6891/13. E. Rosen! Bowdon. Synchronous 
ectric es. (2 Figs.) March 20, 1913.— 

This invention relates to synchronous dynamo-electric machines, 
and has for ite object to provide improved nts for 
starting the same into synchronous operation. Specification 
No. 9644, of 1912, describes an arrangement for starting syn- 
chronous machines by means of a starting motor in which a series 








or e equivalent connection is provided between the 
——_ of - a and = -yo- ry —— for 

e purpose of effecting in one operation e speeding-up 
and the synchronising of the synch machine with the supply 
current. A ding to P invention, the pw above 
mentioned is attained by using r) starting motor of the self-starting 





sy ype p y direct-coupled to the rotary con- 
verter or other synchronous machine to be started. The inven- 
tion will be more clearly understood by referring to the draw- 
ing, which shows diagrammatically the application of the invention 
to asynchronous motor with a rotating field magnet. A is the 
rotating field magnet or rotor, and B is the stator of the syn- 
chronous - motor, the winding of which can be con- 
nected through the switch © to the supply mains D, which may 
be assumed to be high-tension mains. Coupled to the syn- 
chronous motor by means of a shaft E is the rotor F of the start- 
ing motor, the stator G of which is connected tothe low-tension 
winding H of a transformer J, while the high-tension winding K 




















(6491) 


of this transformer can be connected by means of a starting- 
switch L tothe supply mains D. The direction of rotation of 
the set is here indicated by the arrow as counter-clockwise, and 
it will be observed that the rotating field magnet A of the syn- 


chronous motor is shown in this figure as angularly displaced in 
a forward direction, that is to say, it ‘“‘leads” the field magnet 
or rotor F of the starting motor by a determined le a. For 


starting the switch L is closed ; the roter F will then start due 
to eddy currents induced therein, and will eventually pull into 
synchronism. The advantages gained by the above-mentioned 
angular displacement between the rotors of the synchronous and 
starting motors will be apparent from occnsideration of the follow- 
ing it two synchronous motors have the same number of poles 
and are fed from the same supply, one of them being loaded and the 
other running idle, the rotor of the loaded motor will lag behind 
the rotor of the idle running motor. In the — just 
described, assuming both motors were connected to the supply, 
it would be quite possible to so arrange matters by a proper 
choice of the angle a, that the starting motor would perform all 
the work (that represented by friction, windage, &c.), while the 
synchronous motor neither returns nor absorbs power from the 
supply. In such a case, therefore, after the starting motor has 
pulled. into synchronism, the rotating field magnet of the syn- 
chronous motor may be excited, and the switch C closed without 
causing any disturbance in the line. Afterwards the starting 
switch L can be opened. (Accepted January 7, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


5/12. . W. Lanchester, Dirmingham. In- 
Se ae (2 Figs.) ovember 28, 


1912.—The nt invention relates to improvements connected 
dentine of internal-combustion engines, especially b 
electrical starters employing a high-speed electromotor thro’ 
the medium of . The invention refers more particularly 
to systems employing coupling or interlocking of the mechanisms 
controlling the ignition timing and throttle, and the switch by 
which the electromotor is set in motion in order that the engine 
shall not be started unless the ignition and throttle are suitably 
adjusted for starting. The invention consists in providing in a 





mechanically or electrically interlocked starting system, a switch 
controlled by the hand-levers which normally control the throttle 
and ition in such a manner that the levers must be set to a 

ined position so that the ignition is retarded and the 
rottle more or less closed before the starting circuit can be 


com In carrying the invention into effect, a switch is 
pro in the circuit a of the starting motor, and in sucha 
position relatively to the throttle and k advance levers b 
and c wely that it can be operated by the movement of 


and a con e 


the steering-wheel, 


335 
arranged that the switch is closed by means of a and can 
be by either the throttie-lever b or the Thy 


to 

respectively. The stop g is 
pI the throttle-lever } is near the closed - 
tion, and the ignition controlling lever is in the position at which 
the k is most retarded, the switch contacts ¢ and d remain 
When either of the levers 

t, advancing the spark or 

amoun 


ch under the action of the . 

b or c is moved beyond a aaa 
the throt t, the switch is 
Seen) Se eatien of he eneing, and o tevek be then Dele. 


motor-starting circuit a, so that it is impossible to 
start the motor until the controlling levers of the engine are in 


mod Tg) that the throttle is nearly closed the spark 
retard: (Accepted January 7, 1914.) 
GUNS AND 


8868/13. E. Schneider, Le Grouset, Vrames. Gun- 
Gassingee. riage (5 Figs.) April 15, 1918.—This invention relates 
w “ca 


of the kind wherein the gun is 
provided a de’ ble anchoring member forming a pivot 
around which the carriage can move through an angle 





360 deg., 
the member being connected with the trail by means of a tension- 
rod. According to this invention, the detachable anchoring member 
is constituted merely by a support or platform carrying a pivot 
hored to the g by means of spades integral with it or by 
means of blades guided in slots therein, the correct disp! 
of the gun. aro vot being ensured by means of 
arms integral with a tension-rod that connects the pivot with the 
trail, the arms forming a cross-member and stop which maintains 
the wheels of the gun-carriage at a constant distance from the 

















Fig.2. I | 

Fig.1, ——~ iL. it 
a) le e4| 
—— if ‘li 
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axin of the pivot. 


The gun 
comprises a trail a carried by the 
The anchoring member, formi 
form ora support /, which 
upper face, a pivot d. The platform can be anchored by means of a 
se 


-carriage, of any known construction, 
axle b provided with wheels ¢, c. 

a central pivot, comprises a - 
es, projecting from the centre of ite 


ies of spades. The latter may be in with the platform, 
or they may be constituted by separate b! é that engage in 
co ing slots in the body of the platform. U the 
pivot d engages the eye of a tension-rod g, connected with trail 
at ita rear part by means of a universal and detachable joint. The 
| is in with two arms g!, pro ing laterally from the 
h In this manner a cross-member is formed which maintains 
whan tho quagursiage to Gayiaseh arcana this povet Sec’ toute 
when gun if pivot for n- 
ing. (Accepted December 81, 1913.) 
LIFTING AND HAULING APPLIANCES. 
9236/13. R. F. Carey, Leigh-on-Sea, Essex, and 
R. Waygood and Co., London. Friction- 
(5 Figs.) — 19, 1913.—This invention relates to 
gearing for the transmission of power, and more particularly to 
an improved reducing-gear whereby the motion of a —- 
shaft may be transformed into a rotary motion of considerably 
lower speed. This invention is larly intended for use in 
connection with small lifts, hoists, and the like Cr by 
electric or other motors, but it may also be applied to — 
transmission for other purposes. According to the present inven- 
tion, the driving-friction roller is mounted upon an eccentric 
or crank-pin of which the eccentricity can be varied so that the 
frictional contact with the driven member is maintained under 
sufficient Sees peemaee inequalities between the frictional 
surfaces are allo for, and adjustment is provided for wear of 
the rolling surfaces. The motor a by which the hoist is operated 
carries upon its spindle b an tric or crank ¢ upon which is 
mounted a friction-roller d, which may be provided with a wear- 
ing surface or tyre of suitable material. The rotation of the 








eccentric c causes the roller to move in a circular path in which 
ite peri; travels round the internal surface e! of the drum e, 
which is mounted in suitable 


. 80 
arranged that the rollerd remains in frictional e nt with 
the drum ¢ throughout its travel; in order to allow of adjust- 
ment of this throw to compensate for wear of the rolling 
surfaces, or to allow of a heavier load, the eccentric o may be 
carried on an adjustable arm as, for instance, upon a dove-tail 
slide i, adapted to be moved across a dri - 


plate j, and adjust- 
able by means of a screw =, eee an intermediate or 





ite outer periphery, this groove serving to receive the 
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rope or the like. The drum or the free portion of the - 
groove is utilised to receive the brake-shoe m or wedge, by which 
the rotation of the drum is stopped when desired. The shoe may 
be mounted upon a brake-lever n passing beneath the drum, and 
operated from one end by a cam o, eccentric or equivalent, 
mounted upon or in engagement with the spindle p of the switch 
or controller of the electric motor; the other end of the brake- 
lever n is preferably supported by an adjustable fulcrum-pin q. 
The switch or controller may comprise, for example, spring-arms 
and contacts, and be arranged to provide two or more raising and 
lowering positions with an intermediate braking ition in 
which the cam © applies the brake-shoe m against the drum ¢. 
(Accepted January 14, 1914.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


29,810/12. The Hon. Sir C.A. Possene, Wewenstiven 

. Thrust-Beariogs. (6 Figs.) ¢. 27, 1912.—This 
invention relates to thrust and other bearings of the type in which 
a plurality of bearing-blocks are so owe su upon a 
carrying member that they can tilt in order to facilitate the 
ingress of lubricant between the bearing surfaces. The present 
invention consists in a thrust or other bearing of the type indi- 
cated, in which the pressure elements are symmetrically sup- 
ported from acarrying member in such a manner as to be free to 
tilt about an axis contained in any plane lying at right angles to 
the direction of relative motion between the bearing paste, and 
containing the centre of figure of the bearing surface. In ouee 
this invention into effect, as shown, the t a is provided with a 
flange b, the sides of which form the thrust or baer | faces. The 
thrust-block comprises a casing divided horizontally into two 
parts,candd. Both parts are provided with a spherically-shaped 
rtion in which rests the correspondin apm ne of a carry- 
ng member ¢. This spherical contacting su 8 indicated by 
the letter f. The carrying member e carries the brasses g, g of a 
bearing ae the shaft a. One face of the carrying mem- 
ber ¢ is substantially parallel to the face of the thrust-collar b of 


Fig. Fig.2. 
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the shaft a. This face is recessed, as shown, to take three pres- 
sure-blocks A. At the back of each of these recesses is bored a 
holeinto which are inserted pins i, having flat surfaces preferably 
projecting slightly above the surface of the carrying member ¢ ; 
the exposed face of each of these pins i is pre’ Tet case- 
hardened. Each of the ame or pressure-blocks / in its rear 
face has a similar hole formed in it, and a similar pin j inserted 
therein. The exposed face of this pin jects above the surface 
of the pressure-block A, and is reunded 80 as to form a spherical 
surface, this face being also preferably case-hardened. Pressure- 
blocks h supported in this manner may be provided on both sides 
of the thrust-collar b, in cases, such as the one described, when 
the thrust forces on the shaft may act in either direction. It 
will be seen that by this invention each bearing or pressure-block 
’ is spherically pivoted upon the carrying member e¢, and is free 
to move about any axis passing through the point of contact of 
the spherical face of the = j upon the flat face of the pin i. 
us each pressure-block A is free to adjust itself to the face of 
the thrust-collar ) on the shaft a, with which it con not- 
withstanding any irregularities which may exist or arise in the 
alignment of the supporting structures of the thrust-block in 
relation to the moving surfaces, (Accepted December 31, 1913.) 


10,458/13. B. Weisengrund, West Drayton. Gear- 
Wheels. (3 Figs.) May 3, 1913.—This invention relates to 
ge ee gr in toothed gear-wheels. For toothed -wheels 
which have to run at high velocity, particularly for certain 
marine work, it is often n to choose a design which 
combines strength and rigidity with lightness. In order to 


obtain +— combined with rigidity it is > in, 
to this invention, to apply the —s tangential and, f 
desired, di spokes to toothed gear-wheels in a similar 


and the like. In wings, a represents the rim of 
wheel, b the boss, fixed to the rim, provided with an 
internal thread, d tension-nute, externally threaded, adapted 


manner to that at mt adopted in connection with pulle 
the dra : the 
¢ shoes 





© screw in the shoes, ¢ Cagney connget spokes, made 
of round bars bent to hook into holes formed in flanges on the 
boss b, the bent ions of the os being —_ at the end 
and held in posi | means of nute. The r ends of the 
spokes ¢ are formed with enlargements or collars m ada. ~ co 
rest against the inside of the tension-nuts, or against a» +h. ¢ or 
collar n, provided with a spherical seat, a correspondin, seat 
being formed on the inside of the tension-nute, whereby the 
spokes are free to adapt th ives to a natural position without 
Sbacts? the lid pdag. which whe Uapenally commana. 
ock-nuts f. e a es g, which are y » 
pa Se 
tangential spokes, and are prov or pu 

the rigidity of the wheel. Vdccepted January 7, 1914.) » 


MOTOR ROAD VEHICLES. 
495/13. W. J. Iden and the Equipment 
Limited, London. V Sortage. 
2 Figs.) January 7, 1918.—This invention relates to v le 





shall give a smoothly-running vehicle under widely-varying condi- 
—— _ Hitherto - — has been nage By the case " 
v widely-varying loads, especial! motor-omni- 
buses, in ig the ging so that if the riding were 
smooth when the vehicle is heavily loaded it should not be hard, 
that is to say, non-resilient, when lightly loaded ; the variation 
of stress on ings of a motor-omnibus from no load to full 
—_ — order of + ag nn to meet this ——4 
culty in springing of vehic! it n to supple- 
ment the action of an ordinary leaf by euuhiatiion 
therewith of an auxiliary ing of spiral form which, in some 
instances, has been of conical shape. According to this imvention, 
where an auxiliary spring is employed to assist a leaf spring, the 
auxiliary spring is of the telescopic conical volute kind having 
one or more of the turns towards the smaller end of stiffer cross- 
section than those towards thelargerend. The term ‘“‘ telescopic” 
is herein employed to indicate that when the spring is sufficiently 
compressed, each turn is capable of entering the convolution of 
the one next er than itself, so that the whole spring can be 
compressed axially within limits determined by the greatest axial 





STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


6699/13. Aktiebolaget Ljungstroms Angturbin, 
en, Sweden. Steam-Turbines. (2 Figs.) 

March 22, 1912.—The present invention relates to a toothed gear- 
ing for steam-turbines of the double-rotation having two 
shafts disposed in the same axial line, and ly to those 
which have a high rotation and are ada to drive 
propellers. The invention relates to a known construction in 
which the two shafts drive two wheels on a common shaft by 
means of an even and an odd number of toothed wheels, and 
consists in the wheels on the common shaft so as to 
embrace a smaller central wheel which meshes with a wheel on 
the driven shaft. By this arrangement a very concentrated and 


stable form of is obtained. a indicates the turbine, which 
is of the double-rotating type, so that the two shafte b and b! 
Fig. 7. 








length of asingle turn. Bolted to the usual leaf — A, just 
above the axle, is a cap-piece B, the bolte being wn at Al, 
The cap-piece is provided on its upper side with a projection B!, 
bored and screwed to receive a tapered-pin B2. To the body C of 
the vehicle is attached a bracket O! provided on its lower side 
with a downwardly projecting flange C2. The conical volute 
spring D is constructed from a strip of metal of constant thick- 
ness and of tapering width, the narrowest part of the strip being 
used to form that portion of the spring which is of 
diameter, this being clearly seen in Fig. 1. Thetwo turns at the 
ends of the spring have their outer surfaces formed at right angles 
to the axis of the spring so that they may contact fully with the 
aforementioned bracket ©! and projection B!. In practice the 
strength of the spring is so adjusted that when the vehicle is 
unloaded the normal expansion thereof will just cause it to press 
slightly upon the bracket and the projection so that when the 
vehicle is without load there shall be no play between the epri 
and its end cupgerts The lower part of the pin B? is fora ball 
distance el with the interior of the ng in order that, if 
the latter is displaced by a sudd erk, it shall return to its 
normal central position. (Accepted January 7, 1914.) 





2881/13. G. W. Socteaes ant E. F. Goodyear, 
Dudley. Detachable heels. (2 Figs.) February 4, 
1913.—This invention relates to the type of detachable wheel for 
motor and other vehicles rosy | a detachable hub adopted to 
encircle a permanent hub, and in which a securing member is 
adapted to be screwed upon or in relation to the permanent hub 
to secure or retain the detachable hub thereon. It has been the 
practice to furnish the securing member with means by which it 
may be locked when in position. According to the present in- 
vention, a detachable hub is provided comprising a permanent 
hub or member and a detachable hub or member, the latter being 
retained in relation to the permanent hub or member by a 
securing member furnished with locking means, and in which a 

ber is adapted be bled upon or in relation to the 
hub, or upon or in relation to the securing member, for the - 
pose of avoiding disen ment of such locking means. oy 
convenient embodiment of the mt invention, the applicants 

t the improvement to the type of detachable wheel described 
in Specification No. 4875, 1910. In a construction according to 
this prior specification, the detachable hub a is furnished with a 





y 
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hide 
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incorporated 

a tcooue phat dy isthe doe 

its p r ve . e oO! el sec- 
oo with the annular channel f the hubs, the bol 
disposed within the channel. A to 
the bolt is provided with a lug or projection e, which is adap 
to pass through a perforation in the inner wall d! ; that is to say, 
the wall of smaller diameter, of the channel-shaped securing 
member d. When the bolt ¢ is in en mt, the extremity of 
the lug or projection e is flush with the inner surface of the 

member, but when the bolt c is not in engagement, the 

lug or projection projects into the interior of the circle of such 
—- rr I an internal Se. The — _ 
pertaining to permanent hub, or a part pertaining thereto, 
adapted, when the cap is in position, to occupy a position in such 
relation to the inner surface of the securing member d at which 
the perforation occurs that the cap 
en poor the bolt ¢ from coming 
r) the lug or projection e thereon 
in a di towards the centre of the hub. (Accepted January7, 





springs, and has for ite object the provision of a spring which 


1914.) 





rotate in opposite directions. On these shafts toothed wheels c, cl 
are mounted, which gear with the larger toothed wheels /, f! 

ted on shaft e, the wheel c gearing directly with /, 
while wheel c! is connected with larger wheel f1 by means of the 
intermediate wheel d. The wheels /, f1 will thus rotate in the 
same direction and at the same Between the wheels /, f} 
smaller toothed wheels g, g! (or in some cases a single wheel) are 
mounted, the wheels g, g! engaging the large or most-slowly 
rotating toothed-wheel i, moun on the propeller-shaft or the 
like h. The wheel i is placed between the wheels /, f1, which 
arrangement, together with the fact that the other wheels are 
arranged as symmetrically as possible, causes a concentrated and 
stable form of the whole gearing device. Between the shafts b, b! 
on one hand and the th on the other hand, the number of 
toothed wheels will be odd on the one side and even on the other 
side. (Accepted January 7, 1914.) 


TEXTILE MACHINERY. 





915/13. W. Kelso, Belfast. Hackling Flax. (3 Figs.) 
January 13, 1913.—This invention relates to the hackling tools of 
machines for hackling flax, and is di ed to so construct and 
arrange the tools in the machine as to remove from the nearly 
finished flax stricks or bundles any knots or lumps or tangies. 
The invention consists in placing the attaching screw-holes in 
such a position relative to the line of pins in the stock that the 
tool so arranged will be out of pitch with the opposing tools of 
the opposite sheet, and therefore the points of the pins on the 
opposing tools will come much closer to each other. The sheets 
or rounds of hackle tools A are mounted on rollers B and C in the 
ordinary way. In the last two sheets or rounds A of each machine 
are situated two or more pairs of the improved tools D and E, 
say about five in the round in sheete of 30 those in one sheet 
being midway between two pairs in the adjacent sheet. The 
improved knot-extracting tools D and E ig. 2) are made 
in In the tool E the pins ¢ are p in the usual 

tion in the stock, and preferably inclined slightly forward 
or in the direction of travel, though they may be — 
at right angles as usual, the screw-holes and screws being in the 









ordinary ition relative to the pinse. In the tool D the pins d 
are also inclined forward or in the direction of travel, and prefer- 
ably to a greater extent than in the tool E, in order to make a 
closer bite. The screw-holes screws are 
row of pins d, and the tool stock reversed on sheet, = other- 
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THE NEW WATER SUPPLY FOR 
THE CITY OF NEW YORK. 
By CuHaries Preuini, C.E. 

THERE is no city that has at the present time a 
tog scheme for improvements than the City of 

ew York. Each succeeding administration marks 
its advent to power by a series of plans for the 
betterment and comfort of the inhabitants of the 
metropolis. The mammoth works that have thus 
been undertaken, with correspondingly lavish,(ex- 





imperial engineers, and also their skill in the 
deviation, conveyance, purification, and distribu- 
tion of large supplies of water. It will encourage 
the City Fathers of New York in their present 
efforts to be reminded of the noteworthy fact that 
though ancient Rome required nine different aque- 
ducts to maintain its water supply, their great 
metropolis has only one. True, the historic aque- 
ducts of old each conveyed but a stream of water, 
while the modern structures accommodate veritable 
rivers. 





prepare a practical scheme, the commission consist- 
ing of Messrs. Freeman and Hering and Professor 
W. H. Burr. The commissioners, with a large staff 
of engineers, took the field in March, 1903, and in 
the following September presented their report, 
accompanied by many plans and details, costing the 
city 3,000,000 dols. 

n these various reports recommendation was 
made that the new supply of water should be taken 
from rivers. Mr. Hering proposed to utilise those 


| on the left bank of the Hudson north of the Croton 
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nditure of public money, bring to mind the 
initiative and enterprise of the Romans in the time 
of the Ceesars. 

Of the many enduring structures of the Romans, 
none convey a better idea of their engineering 
achievements than the aqueducts which they con- 
structed to convey good water supplies to their 

reat.centres of population, and especially to the 
Git of the Seven Hills. In the long series of 
arches that have outlived the destructive action of 
time, we admire the ability and audacity of those 
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The actual supply for New York is derived from 
the Croton River, which drains an area of 328 
square miles. Ata convenient place on the river, 
a high dam was built and an artificial lake formed 
which contains not less than 32,000,000,000 gallons 
of water. This lake forms the main storage reser- 
voir of the present water system of the city, which 
supplies 250,000,000 gallons per day. Other dams 
were afterwards built across various creeks and tri- 
butaries of the Croton River, in order to increase 
the storage and provide against a water famine 
during the hot summer months (see the map, Fig. 1, 
above). By means of these additional structures 
nearly all the available water of the Croton water- 
shed was utilised, thereby ensuring a continuous flow 
of 325,000,000 gallons per day. When originally 
proposed, this Croton supply was considered to be 
amply sufficient for the wante of the city for many 

ears to come. The population, however, increased 
. leaps and bounds, so that the daily consump- 
tion is now more than 500,000,000 gallons daily. 
Further particulars of this great scheme were 
published in vol. viii. of Traction and Transmission, 

es 180 and 224. 

n 1897 the question of a new water supply was 
taken up in a business-like way by the Manu- 
facturers’ Association, and Mr. R. Hering was 
requested to study and report on the matter. This 
report formed the basis of all subsequent studies 
concerning the contemplated additional supply. A 
special commission was finally appointed in 1902 to 





watershed in order to have an almost continuous 
series of artificial lakes which would communicate 
with those already in existence. This suggestion 
was simple and practicable, and would have pro- 
vided the necessary supply of water at a moderate 
cost ; but the rivers which he intended to use have 
their source in the” neighbouring State of Con- 
necticut, a fact that woe probably give rise to 
difficulties in the near future, when the cities of 
that State might want to develop their own supplies. 
Subsequent reports limited the rivers to be utilised 
to those entirely within the State of New York and 
situated on the right bank of the Hudson. Nearly 
half-a-dozen rivers rise in the Catskill Mountains, 
from which a daily supply of 800,000,000 gallons 
could be obtained ; and in casean unlimited supply 
were needed to meet the wants of increased popula- 
tion, it could be readily derived from the numerous 
lakes and rivers of the Adirondack Mountains. The 
engineers who recommended rivers as a source of 
supply have been criticised for so doing on sanitary 
grounds ; but it may be urged in extenuation that 
the quantity of water required is great, and that 
the time-limit is very short. 

The additional water supply system, now under 
construction, is derived from the various watersheds 
of the Catskill Mountains, as given in the table on 
the next page. A glance at Fig. 1 will show 
where these are situated. 

For the present, the Esopus watershed is the 
only one to be developed, as it has the greatest area 
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and daily yield. The aqueduct, however, is bei 


constru to convey the d total of 660,000, 
gallons a day when needed. 
Estimated 
Sq. Miles Million Gallons 
Esopus Oreek ... = 255 250 
Roadout Creek ... ai 131 
», . tributaries ... 45 27 
Schohaire Creek <r 228 136 
Catskill Creek ... ben 163 100 
» tributaries... 82 49 
Total ... ne 904 660 


The development of this great watershed con- 
sists of adam which is built across Esopus Creek 
at Brown Station, 10 miles west of the City of 
Kingston (see Fig. 1), and of dykes across the Beaver 
Kill. A lake is thus formed 12 miles long and 
1 mile wide, which, having a capacity of 127,000 
million gallons, will be the main storage reservoir 
of the system. The reservoir to a larger scale is 
shown in Fig. 2, page 337. An aqueduct 94 miles 
long, on the hydraulic gradient, will connect this 
reservoir to the distributing system at Hill View, 
a little north of the City of New York. ‘The aque- 
duct will pass under lakes and rivers in deep 
siphons, or pressure tunnels, while many valleys 
will be crossed by means of steel-pipe siphons. 
The upper part of the aqueduct is on the west shore 
of the Hudson River, while the lower part is on the 
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east shore, as will be seen from the map. 


It was 
accordingly deemed advisable to have a storage 


reservoir on this east side also. Kensico has been 
selected as the best location, and it has been 
decided to build a dam at this spot, 250 ft. high 
and 1830 ft. long, so forming a lake capable 
of providing an available capacity of 20,000 
million gallons. The distributing reservoir will 
be at Hill View, Yonkers, just north of the city 
line, and will have a capacity of 800,000,000 
gallons. From this point the water will be con- 
veyed to the various boroughs of the city in a pres- 
sure tunnel, deep down in the rock beneath the 
boroughs of Manhattan and the Bronx, under the 
Harlem and East rivers, to a point in the heart of 
Brooklyn, from which it will be conveyed through 
iron pipes near the surface to the boroughs of 
Queens and Richmond. The pipe-line to the 
latter borough involves the crossing of the Narrows 
at a place where the width is about 1000 ft. The 
capacity of the actual distribution system will be 
increased by connections controlled by pressure- 
regulatora through shafts which are spaced along 
the tunnel at the rate of one per mile. The 
aqueduct is shown in profile in Vig. 3. 

The planning as well as the carrying out of a 
work which calls for an expenditure of noarly 
200,000,000 dols. was entrusted to a Commission 
known as the ‘‘ Board of Water Supply,” now con- 
sisting of Mr. Charles Strauss, chairman ; Messrs. 
Charles N. Chadwick and John F. Galvin as 
members, with Mr. Joseph P. Morrissey, secre- 
tary. The force of the Board is divided into three 
bureaux—viz., the Administration, the Engineer- 
ing, and the Oondemnation of Lands. The 


auditor, a book-keeper, a chief clerk, and their 
assistants. The Real Estate Department deals with 
damages and the acquisition of property by agree- 
ment. The head of the Engineering Bureau is 
Mr. J. Waldo Smith, with Mr. Merritt H. Smith 
as deputy chief engineer, and Mr. Thaddeus Merri- 
man, department engineer. Connected with this 
bureau are three consulting engineers: Messrs. 
Alfred Noble, John R. Freeman, and Professor Wil- 
liam H. Burr. The work of the bureau is divided 
into three departments, corresponding to the charac- 
ter and location of the different sections of the work, 
with a department engineer at the head of each. 
The field departments were divided geographically, 
with a division engineer at the head. The head- 
quarters department is located in the city, and is in 
charge of Mr. Alfred D. Flynn. It includes the 
general administration of the engineering bureau, 
the general designs of the various works, investi- 
gations, special inspections, and other similar 
matters. The reservoir department is in charge of 
Mr. Carleton E. Davis, and is located at Brown 
Station, about 10 miles west of Kingston. It in- 
cludes the storage reservoir, the dams, dykes, and 
other works, besides investigations on the water- 
sheds of the Catskill region. The northern depart- 
ment is located at Poughkeepsie, and is in charge 


of Mr. Ralph N. Wheeler. It includes the portion of 
the aqueduct between the Ashokan reservoir and 
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Peekskill. 


The southern department is located at 


building of a larger dam at Tangore, about a mile 
farther east. Owing to its lower foundation, the 
Tangore dam would have been 75 ft. higher than 
the across the Esopus Creek, and its estimated 
cost would have been at least 5 per cent. greater, 
while the location itself would have precluded the 
separation of the reservoir into two basins. After 
careful deliberation, it was decided to give up 
Tangore and build the main dam at Olive Bridge. 
The position of this dam may be seen in Fig. 2. 
For the benefit of the contractors, the Reservoir 
Department, in its preliminary work, made a large 
number of borings and test-pits for the purpose of 
locating quarries and sand-pits to be used in con- 
structing the dams and dykes. The underground 
investigation was carried out by means of diamond- 
drill borings, test-shafts, and trenches. The last two 
were dug mainly for the purpose of verifying the 
results of the borings as well as of affording addi- 
tional data concerning the character of the material 
to be encountered. It was concluded from thess 
operations that, at the pro site of the dam at 
Olive Bridge, the Esopus Creek flows through rock 
orges with ledge rock near the surface on the south 
4 whereas beyond the north bank were found 
drumlins of glacial drift with tough, impervious 
deposits too deep to allow the building of a dam at 
bed-rock. The investigation of the Ashokan reser- 





voir included the topographical survey of the 
locality, the relocation of 13 miles of the Ulster 
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White Plains, and includes the t of the 
aqueduct which is south of Peekskill, as well as 
the Kensico and Hill View reservoirs. This de- 
partment is in charge of Mr. Frank E. Winsor. 

There is also a city aqueduct department, in 
charge of Mr. Walter E. Spear. This department 
has charge of the construction of the distributing 
tunnels and conduits within the city limits. 

The Board of Water Supply decided, as men- 
tioned above, to bring into use first of all, and as 
soon as possible, the required additional supply 
available in the Esopus watershed. Though the 
creek bearing the name of Esopus runs almost dry 
in the summer months, it contains a large quantit 
of water during most of the year, reaching as hig 
at times as 34,000 cub. ft. per second. To secure a 
continuous supply it was found necessary to im- 
pound a large volume of water in a storage reservoir, 
which the engineers of the Freeman-Burr-Hering 
Commission decided to locate near the confluence 
of the Beaver Kill and Esopus Creek, about 10 
miles above Kingston. Accordingly, in September, 
1905, a reservoir department was appointed, and 
ts in charge of Mr. Carleton E. Davis, with 

eadquarters at Brown Station (see Fig. 1). Pre- 
liminary work was soon begun, consisting in the 
preparation of plans for a dam at Ashokan, in 
collecting information for contractors, in surveying 
the property to be condemned, in examining water- 
sheds, and in other hydrographical work. 

In determining the location of the main dam, two 
alternative plans were considered, one of which 
was to construct the main dam across Esopus 
Creek, at Olive Bridge, closing, at the same time, 
the Beaver Kill, and other gaps in the basin, 





means of dykes, while the other contemp'ated the 


and Delaware railroad, as well as of numerous 
highways ; also soil sampling, a study of the 
character, the depth, and treatment of swamps, 
sources of pollution and turbidity in the creek, 
the intercepting of sewers for towns on the water- 
shed, and the relocation of sewers in the City of 
Kinyston. 

The property survey included the making of ab- 
stracts of title and preparing maps for the condemna- 
tion of the land, the location of cemeteries, the census 
of the population, and the traflic along the highways. 
It was found that within the area occupied there were 
seven villages with a permanent population of 1900 
and a summer population of 2900. Reconnaissance 
surveys were also made of the Rondoutand Schoharie 
watersheds (see Fig. 1), and borings were made to 
ascertain the nature of the soil with a view to 
constructing a tunnel to connect the two water- 
sheds, whenever it should be found necessary to 
increase the supply derived from the Esopus Creek. 
The hydrographical work consisted in observations 
of rainfall and stream-flow in all the watersheds. 
The colour and turbidity of the main streams of 
the four watersheds were also investigated, and data 
were collected for use in water-power claims, which 
necessitated the careful examination of twenty-eight 
small streams that were encountered on the site 
of the Ashokan reservoir. 

As finally decided upon, this reservoir is formed 
by the Olive Bridge dam and the Beaver Kill 
dykes. The basin is closed at the easterly end by 
the Hurley dykes, aggregating a le 4 of 1.6 
miles, with a maximum height of ft. The 
reservoir itself is divided into two basins by a 


by | separating dyke and weir. The water-level will be 


590 ft. and 587 ft. above mean tide for the westerly 
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and easterly basins respectively. The total avail- 
able capacity of the reservoir is estimated at 
127,000,000,000 gallons. The reservoir will be 
about 12 miles long and 1 mile wide, with nearly 
40 miles of shore-line. The construction of the 
reservoir has involved the rebuilding of 30 miles 
of highways and nearly 13 miles of railway, which 
traverse practically the entire length of the reser- 
voir. The main features of the work are the Olive 
Bridge dam, the Beaver Kill and West Hurley 
dykes, and the dividing weir. 

The great dam at Olive Bridge, required for 
the Esopus Valley scheme, consists of a central 
masonry portion 1000 ft. long, which rises to a 
height of 210 ft. above the bed of Esopus Creek. 
Each end of the masonry is flanked by an earthen 
wing, which together are about 3600 ft. in length, 
as shown in the plan, Fig. 4, page 338. The top 
of the dam is 640 ft. above mean sea-level. The 
greatest thickness at the base is 200ft., while the to 
which is traversed by a roadway, is 26 ft. in width, 
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As will be seen from Fig. 4, the central section is 
flanked by two earth embankments, known as the 
north and south wings. They are 800 ft. wide at 
the base and 34 ft. at the top, and contain nearly 
2,000,000 cubic yards of earthwork. The wings 
have concrete-core walls, which are 10 ft. thick at 
the base and 4 ft. at the top. The exterior slopes 
of the embankments vary with the height ; thus on 
the up-stream face slopes of 1 in 2}, 1 in 2}, and 
1 in 2 were adopted. These various slopes are 
separated by 10-ft. berms, protected by heavy rip- 
rap stonework. On the down-stream face of the 
embankment the slopes are 1 in 3, 1 in 23, and 1 
in 2, and are separated by 10-ft. berms, as in Fig. 4. 

The crest of the dam in the central portion, as 
well as on the wings, has been placed 20 ft. above 
the water-level of the western basin, which is 590 ft. 
above sea-level. In this way, the roadway on the to 
of the dam will be 20 ft. higher than the wahendeval 
of the reservoir, and consequently will be free from 
the action of ice and waves. A view of the dam 
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The slopes of the up-stream and down-stream sides 
are indicated in Fig. 5, which is a section through 
the dam at the centre. An enlarged drawing of 
the upper part is given in Fig. 6. The up and 
down-stream faces are formed by concrete blocks of 
large dimensions, while the great bulk of the interior 
masonry is made of cyclopean concrete. The dam, 
which was completed in September last, is pro- 
vided with expansion joints running through its 
entire thickness. These joints are made of con- 
crete blocks off-setting, as shown in Figs. 7, 8, 9, 
and 10, annexed ; they will remain water-tight with 
the expansion and contraction of the masonry. To 
prevent the masonry from being bonded at the 
Joints, one of the vertical faces of the wall is coated 
with asphalt. The masonry dam has vertical in- 
geo which give access to two galleries 
that run almost the entire length of the dam, as 
may be seen in Figs. 5, 6, and 11, the latter being 
& vertical longitudinal section through the dam. 
These galleries are at different elevations, the upper 
one being at the water-level of the reservoir, and 
the lower one close to the present surface of the 
ground. The total volume of the masonry in this 
central portion of the main dam is estimated at 
550,000 cubic yards. 








tially completed is shown in Fig. 12, 

t may also be seen in Fig. 13, where are a 
the core walls of the wing dykes. 

The Beaver Kill dykes, which form another part 

of the reservoir enclosure, and are situated not far 

from the Olive Bridge dam, have a total a of 
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2.3 miles, and are known as the West, the Middle, 
and East dykes respectively. These dykes, which 
will be finished this year, are built, like the 
wings of the main dam, with concrete-core walls 
and embankments sloping on both sides, and 
reaching a maximum width of 650 ft. The top of 
the West dyke will be at an elevation of 610 ft., 
while the top of the two other dykes will be 
607 ft. above sea-level. The dimensions of the 
core wall vary with the to phy of the locality, 
and are of a uniform thickness of 4 ft. at 14 ft. 
below the top of the embankment, both sides of 
the wall having slopes of 1 on 0.05. The weight of 
the wall will thus increase with de until the 
und is reached, after which it will be carried 
own to the rock formation in trenches with vertical 
sides. The waste weir is located near the extreme 
end of the East dyke ; it is 1000 ft. long, and has 
the shape of an ogee dam. Itis built between two 
heavy concrete retaining-walls, which support the 





earth embankment of the dyke. The top of the 
weir is 587 ft. above sea-level at the water-level of 
the eastern basin of the reservoir. It is 10 ft. 
high, and is built of cyclopean masonry. An earth 
embankment is constructed on the up-stream side 
of the weir, and covered with heavy rip-rap work. 
The water that over the weir is collected in 
a short channel which is connected with Esopus 
Creek. It was found necessary in order to close 
up three large gaps in the Ashokan reservoir to 
build the Hurley dykes. These are completed, and 
together have a len of 1.3 miles; they are 
known as the West Hurley, the Woodstock, and 
Glenford dykes, and are built on the same design 
as the Beaver Kill dykes, described above. 

The Ashokan reservoir is divided into the West 
and East basins by means of a dyke and weir con- 
structed across the reservoir at the end of the 
West Beaver Kill dyke. The position of this weir 
may be seen in Fig. 2, p 337. The basins 
are at different elevations, ‘the water-level of the 
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western basin being 590 ft., while the water in the 
eastern basin is 587 ft. above sea-level. The divid- 
ing dyke is 1100 ft. long, and for a length of 700 ft. 
is built similar to other dykes. The upper gate- 
chamber is located at this point; it regulates the 
water from both basins by means of inlet channels. 
It is at this gate-chamber that the aqueduct proper 
begins. From the gate-house to the end of the 
dividing dyke the aqueduct is built within the foun- 
dation of the core wall, which is deep and wide, as 
shown in Fig. 14, e 341. The dividing weir, 
which is also 1100 ft. long and built of cyclopean 
masonry, is ogee in shape, as shown in Fig. 15. A 
characteristic feature of this weir is that twelve 

jiers are constructed within the dam, each 8 ft. wide. 
These piers carry a concrete bridge for a roadway 
running along the weir and dyke, which will allow 
of communication between the opposite shores of 
the reservoir and also with the upper ae 
One of the piers is shown in plan in Fig. 16. 

The construction of the main dam and dykes, 
including the dividing dyke and weir, together 
with the upper gate-chamber, was awarded to 
the McArthur Brothers Company and the Winston 
Company for the sum of 12,669,775 dollars ; the 
Hurley dykes were consigned to the McArthur 
Brothers Company for 971,275 dollars. The time 
allowed for the completion of the work was 84 
months for the first contract, and between 24 and 
36 months for the second. The McArthur Brothers 
Company and the Winston Company erected an im- 
portant and very efficient plant, which has enabled 
the work to be carried on ee and also in a 
very economical way. The plant consisted chiefly of 
a main power plant which provided compressed air 
for drilling and hoisting lyn per ; @ railroad 
system for the transportation of materials to and 
from the scattered working points; a concrete 

lant, together with a system of cableways for the 
fandling of materials across gorges, as well as on 
the tops of dams and embankments. 

The main power plant was located near the Olive 
Bridge dam, and consisted of five water-tube boilers 
of horse-power capacity each, providing steam 
for four Ingersoll-Rand compressors of an aggregate 
capacity of 12,000 cub. ft. of free air per minute. 
The com air was conveyed through a system 
of iron pipes to distant pointe, where it was used for 
drilling rock in the quarries and in the trench ex- 
cavation, as well as for motive power in the hoisting 
engines which served the derricks and cableways. 
Two dynamos, of 250 and 125 volts respectively, 
driven by independent ines, supplied current 
for the lighting of the different sections of the 
work and cam 





Within al ‘around the reservoir a regular 
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Fig. 13. 


railroad system consisting of nearly 20 miles of 
tracks of heavy rails was laid down. The main 
line had a double-track section connecting the 
Ulster and Delaware railroad at Browns Station to 
the main plant near Olive Bridge. From the main 
plant branch lines were constructed connecting 
every important point of the work, such as the 
block-yard, cement-house, crushers, quarries, and 
sand-pits ; it also passed under the cableways, so 
that the materials carried by the cars might be 
hoisted and transferred to the required working 
points. The rolling-stock included 9 locomotives, 
96 flat cars, 6 gondolas, 75 Western dumping-cars, 
and a locomotive crane for lifting loaded cars or 
other heavy weights. 

The cement plant, located near the end of the 
north wing of the main dam, consisted of a crushing 
and a mixing plant, as well as the block-yard. It 
was served by the contractor's railroad mentioned 
above, which carried wagon-loads of cement to the 
cement - house, stones from the quarry to the 
crushers, and sand to the bins. The crushers were 


three in number: one No.9 McCully machine broke 
the large stones into fragments, while two No. 6 
Austin crushers broke the output of the former 
into fragmentary materials of the required size, as 
specified, to pass through 2}-in. rings in a revolving 
screen. Wher<rushed, the stones were carried by 
a bucket-elevator into a storage-bin of 1200 cubic 
yards capacity. A cement-house of 4000 barrels 
capacity was situated near by, and was connected 


conveyor. The stone-bin and the sand-bin were 
also connected with the mixing-platform by belt- 
conveyors. The materials from the measuring 
hoppers at the end of the conveyors entered four 
cubical mixers of 24 cubic yards capacity each, 
and discharged their contents into cars running on 
narrow-gauge tracks leading to the cableways and 
block-yard. Crushers, conveyors, and mixers were 
all operated by means of a 275-horse-power engine, 
the steam being supplied from the boilers of the 
central plant. 

The concrete blocks for the two faces of the 





with the mixing-platform by means of a belt-|b 
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masonry dam were built on long platforms served 
by the narrow-gauge tracks and by a row of ten guy- 
derricks. The blocks were built on wooden forms, 
of dimensions that varied with the position in the 
structure which they were to occupy. The forms 
were made of planks bolted together on the outside, 
and lined with sheet steel on the exposed side, so 
as to obtain a smooth surface where required, while 
roughening was adopted on other faces of the 
lock in order to secure a good bond in the 
masonry structure. When the concrete that had 
been poured and rammed into the form had settled 
—forty-eight hours being allowed—the form was 
removed, and the block taken up by derricks and 
deposited on the piles for seasoning during a full 
month. The daily output of the plant was 150 
blocks on the average. 

The main dam and the dykes were constructed 
by means of cableways. In the construction of 
the dam at Olive Bridge, four Lidgerwood travel- 
ling cableways were stretched across the gorge at 
Esopus Creek. The two outer were used in the 
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construction of the embankments of the wings, 
while the two inside cableways were employed in 
the excavation of the foundations and also for the 
construction of the masonry both in the centre 
dam and the core wall of the two wings. These 
inside cableways were located so that one of them 
could serve the front while the second served the 
back of the main dam. The concrete blocks for 
the faces, the large stones of the cyclopean masonry, 
as well as the concrete, were conveyed by the ser- 
vice railroads under the cableways, from which 
point they were hoisted and conveyed to the re- 
quired place, where they were deposited, either 
directly on the spot or in front of the work. In 
the latter case, the materials were raised by means 
of stiff-legged derricks, which were erected in great 
number on both faces of the dam. The four 
Lidgerwood cableways had a clear span of 1530 ft. 
each, with a lifting capacity of 15 tons. The 
towers, 93 ft. high, were built on trucks running on 
two sets of tracks, one of three rails and the other 
of two. These tracks permitted the cables to be 
moved so as to cover a total distance of 600 ft. up 
and down stream, sufficient to allow the materials 
carried by the skips to be delivered at any point of 
the construction. 

The Beaver Kill dykes are being built by means 
of three Lidgerwood travelling cableways, two of 
1630 ft span at the western and middle dykes, and 
one of 1148 ft. at the upper gate-chamber. 

The construction of the reservoir gave employ- 
ment to 3000 men. Great precautions were adopted 
to maintain the best sanitary conditions and to pre- 
vent anything that might affect the soil on the 
reservoir site. The contractors erected villages for 
the workmen instead of the usual camps. The 
ee had good sewer systems and sewage-dis- 
posal plant, as well as water supp! with filtration 
plant, ice-houses, cold-storage buildings, commis- 
sary department, and bakeries, besides a garbage- 
collecting system and incinerating plant to dispose 
of the refuse. There was also a hospital, with 
doctors and trained nurses, to attend to accidents. 
Schools, banks, gardens, and even musical enter- 
tainments were provided for the workmen, 


(To be continued.) 
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Das Maschinen Zeichnen. Bigriindung und Verauschauli- 
chung der sachlich notwendigen zeichnerischen Darstel- 
lungen und thres Zusammenhanges mit der praktischen 


Ausfiihrung. Von A. Riepier, Professor an der 

Kgl. Tech. Hochschule, zu Berlin. Zweite, neubear- 

beitete Auflage. Berlin: Julius Springer. [Price 

10 marks. } 

“Tue first edition of this book was a declaration of 
war against serious evils, which at that time held 
sway. The book —— its object com- 
pletely. As, however, the fight was waged only 
with a general objective method, illustrated by 
obvious examples, the book met with much recog- 
nition, and the large edition was in a short time 
exhausted.” These are the first words of the 
author’s preface. His first edition appeared in 
1896, with 129 pages and 256 illustrations. It was 
out of print in a few weeks. The second edition, 
which lies before us, appeared in 1913, with 234 
pages and 436 illustrations, and suffered, or en joyed, 
the same fate. The English reader will find it 
difficult to realise the phenomenon of a technical 
work selling like a novel. We shall endeavour 
to account for it. 

Firstly, as to the contents of the book. We 
have never seen an English book on the same plan, 
and we do not expect to do so for some long time to 
come. The first page attempts a psychological 
analysis of the faculties needed in drawing. Ideas 
in the platonic and scientific senses are held to be 
the objects of artistic and technical drawing respec- 
tively, and the played in these branches of 
activity by imagination, intuition, creative power, 
and the uncreative or critical faculties are outlined. 
The concluding seven pages of the book constitute 
a chapter on drawing paper, instruments, and 
ssemeal manual dexterity ; these the English author 
usually includes in his first chapter. Following the 
introductory psychology are unnumbered chapters 
on Machine Drawing in its Noumenal Relation to 
the Organised Mechanical Engineering Industries, 
Correctness of Machine Drawings, Dependence of 
Design on Considerations of Strength and Manu- 
facture, the Object of a Drawing and the Con- 
sequent Mode of Treatment, Completeness and 





Clearness of Drawings, Working Drawings, Abbre- 
viated Methods, Sketches, oulding and the 
Doctrines of Form, Finishing of Drawings, Print- 
ing, &c., Numbering, Ordering and Preservation of 
Drawings, Photographic Printing and Other Copy- 
ing Processes, and the above-mentioned concluding 
— on Drawing Instruments, &c. 

ere are sev main under-currents to be dis- 
cerned in the book ; conspicuous is the emphasis of 
the modern methods of division of labour and 
sharing of responsibility. Valuable information is 
given on the standardisation of parts and on plans 
for repetition work ; actual plans from some of the 
leading German factories are reproduced as illus- 
trations. Lengthy schemes of drawing-office routine 
and works management are included, and excel- 
lent advice on the preparation of tender drawings 
is given. So many draughtsmen, when preparing 
drawings for tenders, forget that those who examine 
them are often unfamiliar with orthographic pro- 
jection ; vividness and clearness are essentials as a 
rule. The author deprecates with reason the prac- 
tice, so common in Germany, of inviting tenders 
without defraying even in part the cost of pre- 

ring the drawings ; this often seriously handicaps 
ess wealthy firms. Une of the most welcome 
features of the book is the ition of the fact 
that different drawings have different objects, and 
every drawing should be made with the object 
clearly in view. Thus drawings for tenders, for 
advertisements, for the workshops (both fitting 
and pattern-making), for records and for patent 
specifications, all these are treated with exceptional 
lucidity. But there is much that might be called 
superfluous, and there is in places a great lack of 
proportion between details only necessary for the 
beginner and grand principles only appreciable to 
the man of experience. ere are tedious trifies 
abont the folding of drawings, and there is much 
about the preparation of photographic prints which, 
with the ‘* modern” principle of the division of 
labour, seldom or never falls to the work of the 
draughtsman. 

The name of Riedler is unknown to but very 
few engineers. Those who know his work and his 
teaching would look for sound practical sense and 
experience. These are to be found in the book 
under review. Admirable examples are given of 
the evils of sudden changes of cross-section, and 
how to avoid them. Clearances in bolt-holes are 
advocated universally that erection may be easy, 
and to take up shear various arrangements of rings 
and pins are shown. Blind holes are essentially 
different when bored in the lathe and in the drilling- 
machine ; the designer should know this, and make 
his drawings to suit workshop processes and facili- 
ties. .The importance of robust core prints in pre- 
venting a floating core, and in permitting the 
removal of the core, is duly emphasised, and such 
labour-saving devices as the turned cylinder cover of 
larger diameter than the unturned cylinder flange 
are well brought out. The design of a machine is 
not merely a problem in calculation, and this our 
author emphasises to his needful compatriots. It 
is so often much easier to guess a form and check 
ite strength afterwards than to calculate the form 
a priori. In all drawing the essence of the pro- 
blem should be to bring out the essentials and to 
make conspicuous those things wished to be seen. 
Various methods of doing this are shown in the 
book ; heavy lines, shading, and arrangement of 
parts being the chief. Dimensions, of course, are 
a vital part of every working drawing and much 
trouble and error may be caused by faulty systems 
of dimensioning. Besides, the appearance of the 
drawing may be greatly impaired or enhanced by 
the arrangement of the dimension lines. In many 
drawing-offices views are placed on the paper with- 
out reference to convention. The author gives 
many examples showing the danger of this and 
emphasises the importance of adhering to one 


m. 

So much for the author’s matter ; his manner is 
quite as unusual. Those who have attended his 
lectures will hear Professor Riedler again as they 
read this book. Drastic. severely critical, not 
always free from pessimism, sometimes unsym- 
pathetic, often sarcastically humorous, always 
clear ; such is his style. The schools, the German 
Patent Office, the Verein Deutscher Ingenieure, 
German manufacturers, and most, if not all, authors 
of books on machine drawing come in for his can- 
dour. The poor misconstituted individual who has 
been misplaced in the engineering profession is 
told that ‘‘ he who does not completely understand 
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working drawi and their relation to manufac- 
ture, and who does not carry out the drawings 
rightly and conscientiously, is for engineering prac- 
tice useless.” On matters pedagogic Riedler shows 
unusual sagacity, mixed with much intolerance for 
the short sight of others. He forgets the frailties 
of parents and the tastes of the individual. He 
dogmatises where he might more wisely suggest ; 
and while the reader of tender years or imbecility is 
carried off his balance by the force of exposition, 
the mature mind is left irritated when not amused. 
There is no more persuasive rabbi than Riedler, but 
his attitutle is often not judicial. In engineering 
design there are often several equally good courses 
from which the most suitable is to be chosen, and 
the choice is often a personal, and sometimes a tem- 
peramental, matter; so far as his book shows, our 
author has not quite grasped this fact. Professor 
Riedler is emphatic in denouncing the faulty 
drawings which are so often placed before the 
beginner as types. We cordially agree with him, 
and would make no further remark but for the 
obtrusiveness of his own criticisms. He throws 
many stones, and though his house is by no 
means of glass, yet he leaves some windows 
exposed, San of his drawings lacks a very im- 
portant dimension, another is not quite correctly 
projected, and a third makes no provision for the 
withdrawal of cores ; all of these lacune are dealt 
with by our author as very important things to 
avoid. A man of extraordinary originality is 
probably not always best fitted to write text-books ; 
examples are plentiful in many branches of scientific 
and technical literature which show the lack of 
perspective and harmony that often results. But 
there are other things of importance, especially to 
the adult reader. Leading draughtsmen and 
employers will find much of transcendent value in 
Professor Riedler’s book, and if they do not always 
follow him, at least he will make them think. In 
either case they cannot but feel grateful toa man 
of his eminence and fame for putting in most 
vigorous terms his views on a subject which is too 
often considered elementary and abandoned to the 
treatment of the incompetent. We should be glad 
to see an English edition of the work published. 





TMispecially as Applied to the Theory of Optical Inatre. 
as t€ ) nstru- 
ments. By on P. C. SouTHALL. ~ York: The 
Macmillan Co, Second Edition. [Price 253.]} 
Tuat a second and enlarged edition of this book 
should be demanded is welcome evidence of the 
desire for sound teaching, and of the readiness to 
adopt those. methods of treatment, which have 
recommended themselves to the most advanced 
students of optics, both practical and theoretical. 
It has often been remarked that in this country we 
have not apprehended the importance of optics as 
an industry, and have been inclined to underrate 
the assistance that theory can offer to practice. 
Optics, it is urged, has been treated as a sort of 
ornamental fringe to physics, tolerated because it 
permitted the construction of a variety of intricate 
and fascinating problems, with which candidates in 
the examination-room might be discomfited or 
delighted, according to their success in solution. 
From the practical side, however, the science has 
never been treated very seriously, though of late 

ears some attempts have been made, of which this 

k is not the least notable, to draw closer the 
relations between theory and a Optics does 
not make the powerful a to the public that 
elestricity and chemistry do, and, as a consequence, 
ite study is not encouraged by the endowment of a 
professorial chair, and, what is of more importance, 
we have nothing in this country that is at all com- 
parable with the works at Jena. We have no 
school of practical = no facilities that provide 
efficient teaching. The prestige that surrounds the 
firm of Zeiss is not only a national asset of con- 
siderable value, but ite disciples—men of the 
calibre of Abbe and Czapski—have raised the 
standard of optical work by exhibiting the condi- 
tions of a severe test and the criteria which the 
finished product has to meet. 

Professor Southall’s book comes to emphasise 
this need of keener ~ ae tion. It is founded 
upon, or at least it has benefited by, the treatment 
successfully applied by the staff of the firm of 
Zeiss, but it incorporates what is useful in 


Continental literature and goes far to make up the 
leeway that became evident on the publication of 
the treatises of Professor Whittaker and Mr. Dennis 
Taylor. But though weadmire the beauty and the 





teen of the analysis, and regard the book 
as of enormous educational value, we are inclined 
to ask how far practical opticians are likely to avail 
themselves of the researches of theory. In some 
lens combinations, the skill and experience of the 
optical engineer have enabled him to produce an 
mirable result, though he could not explain 
the principles upon which he worked or the reason 
for his success. We have heard some of the most 
eminent opticians assert that the figuring of an 
object-glass, for example, is an art, and not a 
scientific product. The curves of theory are never 
reproduced, they are only accepted as approxima- 
tions, and can never be reali in practice. We 
have seen an excellent optician making a Ramsden 
eyepiece; when asked how he knew it was a 
Ramsden, he replied, ‘* If you can see your thumb- 
nail through the combination it is a Ramsden, if 
you can’t it isa Huyghenian.” No doubt there is 
a great deal of this literal rule-of-thumb work ; the 
solution of mary problems in the workshop is not 
that of the laboratory, and we must admit that the 
confidence gained by practice gives an air of un- 
reality to Professor Southall’s excellent treatise. 

By way of further illustration, we may take 
Hamilton’s ‘‘characteristic function,” as it is 
called-—a development of Fermat's principle of least 
time. The method outlined by Hamilton, says 
the author, ‘‘is fascinating on account of its 
generality.” It has appealed to Schwarzschild and 
other mathematicians, who have restated it in terms 
of the variables used by Seidel. The author admits, 
however, that the greatest difficulty is encountered 
in turning this theory to account, ‘‘and so far as 
the practical optician is concerned, the Hamiltonian 
method has not been found to smooth his way.” 
Yet Lord Rayleigh has shown that Seidel’s con- 
dition for the removal of coma is easily deducible 
from Hamilton’s principle, and Abbe has shown 
experimentally that the ‘‘sine condition,” as it is 
termed, was admirably fulfilled in the object-glass 
of the Konigsberg heliometer. It may, too, be 
said that no satisfactory wide-angled microscopic 
objective exists in which the principle is neglected. 
Here, apparently, the craft of the workman has 
outstrip the theory of the mathematician, for 
we greatly doubt if any optical engineer attempted 
to apply Seidel’s aberration formule in designing 
an optical system. ‘‘The greatest practical value 
of these general formule,” says Professor Southall, 
**is to guide the optician to a correct basis for 
the design of his instrument, and to supply him, 
so to speak, with a starting-point for a trigono- 
metrical calculation of the particular system which 
he aims to achieve.” The application of the general 
principles, here so ebuledly set out, to the con- 
struction of special types of optical instruments is 
a further but necessary step, and one which Pro- 
fessor Southall half promises to make. uipped 
as he is for the task, it is to be hoped that he will 
undertake it. 

As this is the second edition of a valued book, it 
may be assumed that the contents and arrangement 
are fairly well known. In these days, when the 
undulatory theory of light is on its trial, and the 
behaviour, or it may be the existence, of ether as 
a vehicle for the transmission of waves is questioned, 
it is pleasant to follow with ease and certainty the 
well-ascertained facts concerning the direction in 
which light is propagated, on which may be built 
up a definite system, independent of all con- 
siderations as to the physical nature both of light 
and of the media through which it is propagated. 
In the discussion of refraction through a prism, no 
fears are raised that the familiar ground will be 
undermined by new theories. In the chapters on 
reflexion and refraction of paraxial rays at spherical 
surfaces, and the refraction through thin lenses, we 
are also on tolerably familiar ground. The strength 
of the new analysis becomes more apparent on 
approaching the theory of optical im . Here 
Abbe and the Jena school attack the subject in a 
manner that will be novel to many but convincing to 
all, though the geometry is not so simple as the 
author persuades himself. Projective geometry has 
found so few applications in practice that it has been 
regarded rather as a mathematical exercise than an 
engine of research. The method is an extension of 
a suggestion of Maxwell’s, who had shown that 
an optical i , however it may be produced, 
provided it is free from certain defects of astig- 
matism, curvature, and distortion, must have certain 
definite geometrical relations with the object. 
Abbe advanced beyond the ground occu ied by 
Maxwell. He perceived not only that the true 








theory of formation of images was independent of 
the physical agency or mechanism employed in 
their formation, but how this thought could be 
developed by assuming as a fundamental character- 
istic of optical imagery a point-to-point corre- 
——- by means of rectilinear rays between 
object and image. From this assumption, Abbe 
deduces the general laws of optical images, whether 
for a simple or rw optical system. The 
problem resolves itself into one of ‘‘collineation,” 
and can be treated by known methods, however 
new and lexing it may be to find that the 
principal foci are simply the vanishing points of 
anharmonic ranges, or that conjugate foci on the 
principal axis are homographically related. 

But as no optical system is perfe+t, for the plane 
mirror giving a virtual image without magnification, 
though valuable as an adjunct, can hardly be 
regarded as an optical instrument, the theory is 
necessarily complicated by numerous irreconcilable 
difficulties known as aberrations, arising both from 
the polychromatic nature of light and from the 
surface of the lens. While treating of paraxial 
rays in which the incidence points of the rays and 
the object-points whence they emanate are so close 
to the axis, that all powers of these angles higher 
than the first could be neglected, the conditions of 
collinear correspondence could be fulfilled ; but with 
the demand for brighter images and wider fields, as 
in photography, such a treatment became in- 
adequate. A more complete system of spherical 
aberration was worked out by Seidel and Petzval, 
who took account of magnitudes of the third order 
of smallness. Koenig and Van Robr have since 
modified Seidel’s plan by considering separately 
the effects of longitudinal aberration on the axis, 
distortion, astigmatism, curvature of the field, and 
coma, and this plan the author has followed, giving 
also Seidel’s general theory. Colour aberrations 
are discussed in a separate chapter. In the last 
chapter, on the field of view and the mauagement 
of diaphragms, practical matters which had rather 
retreated into the background come prominently 
forward. The position of stops or diaphragms to 
restrict the apertures of the bundles of effective 
rays, and also to limit the extent of the object that 
is reproduced in the image, are matters that have 
hitherto been left rather to chance. Doubtless on 
the side of completeness, nothing is left to be 
desired, but the method seems long and apparently 
entails laborious calculations, whenever the stop or 
object is moved. 
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Tue Late Proresson HERMANN RieTscaEL.—Hermann 
Rietschel, who died at Charlottenburg on February 18, 
has, in Germany, been called the old master of scientific 
heating and ventilating. His father was the ous 
sculptor, Ernst Rietschel, of .Dresden, where Hermann 
was born in 1847. Trained at Dresden and at the 
Gewerbeakademie, of Berlin, on | Rietschel established, 
in 1872, in conjunction with Rudo f Henneberg, the firm 
of Rietschel and Henneberg, which soon made a name in 
the domain of heating and Mo Bay plants. About 
ten years later Rietschel severed his direct connection 
with the firm, and devoted himself entirely to scientific 
studies. In 1885 he was appointed of i 


NEW WORKS AT PORTSMOUTH 
DOCKYARD. 
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Tue Siipinc anp F.ioatine Calssons FOR THE 
New Locks. 

Tue sliding caissons closing the outer entrance 
to the two locks, which have a width of 110 ft. or 
119 ft. between copings, are of exceptionally massive 
ions. beng, Aeneas designed and constructed 

y Messrs. Swan, Hunter and Wigham Richardson, 
Limited, of Wallsend-on-Tyne all Sunderland, and 
drawings of them are reproduced on the two-page 
Plate No. XXXV. (Figs. 42 to 56); while on 
page 344 are two perspective views, showing the 
work of building the caissons. The caisson for 
Lock C was temporarily erected in the contractors’ 
yard, as shown in Fig. 58 It was dismantled and 
re-erected in its permanent position in the lock. 
The caisson for Lock D was constructed on its side, 
as shown in Fig. 59, and launched. After it was 
righted into the vertical position it was towed to 
Portsmouth. 

As regards the design, it may be said that the 
interior compartments are so dis and pro- 
portioned that by keeping the tanks at the ends of 
the air-chamber (Figs. 42 and 45) quite full of 
water there will be an excess of weight over 
buoyancy, and therefore a pressure on the ways 
at all levels of the tide, so that there is no 
danger of the caisson floating. For the removal 

f the caisson Out of the groove these end tanks 
are pumped completely empty, to bring the 
caisson to a suitable draught. The caisson may 
also be used as a floating caisson with 3-in. free- 
board by admitting water to the end com 
ments in sufficient quantity to bring the caisson 
to the required draught. Ample stability exists 
in all the conditions mentioned, the metacentric 
height being never less than 3 ft. The scant- 
lings have been determined to fulfil the following 
specified stresses, after allowing for holes :—Tension, 
6 tons per sq. in.; shear, 5 tons per sq. in.; and com- 
pression, after also allowing for influence of length, 
6 tons per sq. in. The caisson is built to stand a 
head pt pode. 4 ft. below coping on one side, while 
the opposite side is empty, and at the same time 
to carry a rolling load of 72 tons on four wheels, 
the wheel-base being 6 ft. 6 in. Openings in the 
ends of the caisson are provided, in order that the 
water may find free passage to or from the camber 
when the caisson is being drawn in or out. 

The caisson, as shown in Figs. 43 and 44, has keels 
of flat plating under each wall-bottom to bear upon 
the two granite ways, which are laid at an inclination 
of 1 in 40, on which it slides forward across the 
entrance and back into the camber. Along the 
inner and outer faces of the caisson are greenheart 
timbers secured by angle-irons. A lifting camber- 
deck is fitted over the chamber into which the 
caisson slides. This is shown in Fig. 52, Plate 
XXXV., and in course of construction in Fig. 57, 
page 344. Falling hand-rails are fitted at each side 
of the roadway deck, and are designed to work 
automatically. Provision is made for a railway of 
4 ft. 8} in. gauge, to run over the caisson and camber- 
deck (Fig. 43). Automatic switches are fitted on 
the camber-deck and shore to allow lateral move- 
ment of the caisson without breaking connection. 

It will be noted from the drawings reproduced 
on Plate XX XV. that the caisson is divided hori- 
zontally by decks marked A, D, and E, Figs. 42 
and 43, and the space between D and E decks is 
divided into five compartments. The four end 
compartments are u for water ballast, while 
the centre compartment forms an air-chamber. The 
compartments above deck D and below deck E are 
open to the sea through sluice-valves. 

The pumping plant is shown in detail in Figs. 46 
and 47, and consists of a Hayward-Tyler 9-in. by 
9 in. by 10-in. horizontal duplex power pump, de- 
signed to discharge 20,000 gallons per hour with 
an initial air pressure of 50 lb. persq.in. A pair 
of Stone’s *‘ Downton” — , 7 in. in dia- 
meter by 12 in. stroke, are fi in the air-chamber, 
and are arranged to be worked from the roadway 
deck by a hand-capstan operating gearing arranged 
in a chamber below the deck. Two sluice-valves of 
an area of 10 sq. ft. are provided and fitted close 
to the sill for flushing the lock. The valves are of 
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by means of steel-pitched chains working around 
inner and outer sprocket-wheels (Fig. 52), and a 
hauling beam is fitted to these chains and attached 
to the caisson to admit of slight lateral play by the 
caisson. To prevent shock at the end of the travel 
of the caisson two volute-spring buffers are fitted. 

The hauling engine, which also operates the 
camber-deck lifting-gear, is a double-cylinder com- 
pressed-air engine with ing. Fig. 48 shows an 
elevation of the engine with the , Fig. 49a 
cross-section, Fig. 50 a plan, and Fig. 51 is a sec- 
tion at the lifting-screws, near which also are seen 
the brackets for the hauling-chain. The engine is so 
arranged as to allow either chain to be moved sepa- 
rately or both together. The engine, through the 
gearing and chains, is capable, with an air pressure 
of 50 lb. per sq. in. at the engines, of exerting a 
pulling stress on the caisson from the entrance into 
the camber, or vice versa, at low water of ordin 
spring tide, equal to 14 times the pull or pus 
needed to move the caisson. The whole of the 
gearing is so arranged as to enable the caisson to be 

auled either way, or the camber-deck to be lifted, 
by hand power if required ; portable capstans and 
bars are provided for this purpose. The various 
motions required for starting, stopping, and revers- 
ing the hauling engines, and for lifting and lowerin 
the camber-deck, are brought under the contro 
of one man, stationed near the entrance of the 
caisson chamber, or close to the engines. The rods 
and clutches are so arranged as automatically to 
make it impossible to start the hauling engines 
until the camber-deck has been properly lifted, or 
to lower the camber-deck before the caisson travel 
is complete. The machinery operating the caisson 
and raising and lowering the camber-deck was made 
pman and Co., Limited, 
Gateshead-on-Tyne. 

The lifting camber-deck, shown in Figs. 52 to 54 
consists of two main girders with two smaller girders 
fitted intercostally fore and aft between the deep 
transverse girders (see Fig. 67). The camber-deck is 
hinged in the way of the dam at the engine-pit, 
the detail of the hinge being shown in Figs. 55 
and 56. The deck is raised by means of a worm 
(Fig. 51) which gears with a shaft operated from 
the engine for hauling the caisson out of and into 
the camber. When the deck is tilted up to the 
required angle, the caisson can be drawn into or out 
of the camber, and, by the reverse action, it is 
lowered when the caisson is in the camber or lock. 
Sufficient clearance is allowed between the underside 
of the deck girders and the highest portion of the 
caisson deck. The roadway of the lifting camber 
deck is similar to that of the caisson. 

The floating caissons closing the inner entrances 
of the two locks were constructed by Messrs. Work- 
man, Clark and Co., Limited, of Belfast, and are of 
the usual type, although of large dimensions. The 
interior is divided by water-tight decks and bulk- 
heads into five chambers. Above the air caisson 
there are three water-chambers, one at each end of 
the caisson, and the other centrally located. Sea- 
water is admitted direct into the two end chambers 
by means of valves. The middle or air chamber is 
open through trunks down to the lower water- 
chamber, centrally located, and is also open to sea- 
water through fiood-valves. A water-ballast tank is 
provided immediately under the roadway deck in the 
centre of the caisson. A scuttling-tank is also pro- 
vided, and may be filled through valves worked from 
the roadway deck, in order to sink the caisson and 
hold it in its position; or the contents may be 
driven out by compressed air when it is desired to 
lift the caisson. In this case the water is driven 
into the upper tank. In addition to compressed 
air, hand-pumps are provided as a stand-by. The 
roadway deck is formed of solid plating covered 
_ oak, and a cart track is made in the centre 
ine. 

(To be continued.) 





MANCHESTER Sup Oanat.—The capital expended by 
the Manchester Ship Canal Company stood at the close 
of 1909 at 16,790,491/.; at the close of 1910, at 16,798, 5261. ; 
at the close of 1911, at 16,838,958/. ; at the c'ose of 1912, 
at 16,865,249/.; and at the close of 1913, at 16,829,222/. 
The return obtained upon these amounts in each year 
was :—1909, 1.73 per cent.; 1910, 1.79 per cent. ; 1911, 
1.78 per cent. ; 1912, 1.86 per cent.; and 1913, 2 02 per 
cent. The financial position of the Canal Company is, 
accordingly, slowly improving, but at the present rate of 
progress nearly twenty years will have to elapse before 
the company works out to an all-round dividend of 3 or 
34 per cent. per annum. benefits conferred upon 
Lancashire by the canal have, however, been undoubtedly 
very great. 
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cam-shaft, driven by gearing, is carried along one side 
of the engine. This is machined from the solid, and 
is supported in three long bearings. The cams 
uperate vertical tappet-rods, which, in turn, operate 
rockers. Owing to the ingenious arrangement of the 
rockers only one tappet-rod and rocker is necessary 
for each cylinder. The operation of the —— 
mechanism will be clear from the figures. Each 
cylinder head carries a double bracket with a ana 
at the top end, on which the rocker works. Below 
the rocker there is a laminated spring, the ends 
of which hold the valves up against their seate. 
As the rocker operates it depresses the valves in 
turn against the action of the spring and opens 
them. To save weight the tappet-rods are hollow and 
the rockers are perforated. The length of the —— 
rod can be adjusted by means of nuts. At their lower 
ends the tappet-rods pass through guides and are 
secured to cam-shaft rockers. These rockers have two 
arms set at 60 deg., which work on the upper and 
lower sides of the cam-shaft which has double cams. 

The lubrication system is by pump throughout, fresh 
oil being continually cupetied. The pump is situated 
in the reservoir, which can be seen at the right-hand 
end of the engine in Fig.2. The pump has steel pisto1s, 
which are actuated by helical gearing from the crank- 
shaft, and work in phosphor -brovze barrels. Oul- 
pipes are led to the main bearings, the cylinder- 
walls, the base-chamber, and the radial-load and 
thrust ball-races. The pipes are of weldless steel. 
The big ends dip each into a separate trough, so that 
the big-end bearings are adequately lubricated, even 
when the engine is tilted. The gudgeon-pin bearin 
is lubricated by splash. Two carburettors are fitted, 
each serving three cylinders, a single control-rod 
qo the two sleeve-throttles. The carburettors 
give uniform consumptions at all powers. (gnition is 
from Bosch high-tension magneto. On the 120-horse- 
power engine there are two magnetos, each firing on 
@ sepsrate sparking-plug. The plugs, which are 
covered on the outside by a fibre and porcelain cap, 
are set opposite each other in the cylinder-heads, so 
that two-point ignition is secured. ith one of the 
magnetos a Bosch starting-magneto is incorporated. 
The underlying principle of the arrangement lies in 
the use of a miniature hand-operated magneto, by 
operating which a succession of hot sparks is set up 
in the cylinder whose turns it is to fire. The dangers 
of propeller swinging are eliminated, as the engine 
need only be primed through the compression ta) 
and turned two or three times, when on turniug the 
self-starting handle it will start right away. To the 
90-horse-power engine only one magneto is fitted, but 
two-point ignition is retained. 

We hope at an early date to deal in more detail with 
these interesting engines, but before closing this brief 
account should say that the 90-horse-power engine has 
cylinders 120 mm. bore by 140 mm. stroke, and the 
120 horse-power engine cylinders of 130 mm. bore by 
140 mm. stroke. Both engines can develop more than 
their nominal horse-power, the maximum of the larger 
size being about 140 brake horse-power. The s is 
low, being only 1200 revolutions per minute, so that 
propeller-slip loss is cut down to a minimum without 
the use of any reduction gear. The weight of the engine, 
including radiator with water, water in jackets, and 
all lubrication and ignition devices, is 44 lb. per brake 
horse-power for either size. The petrol consumption 
is 0.6 pint per brake horse-power per hour, and the 
oil consumption 0.025 pint per brake horse-power per 
hour. ‘These are very economical figures, especially 
for oil. The engine, as is well known, has been made 
in very large numbers, a recent important order being 
samy seg of the 120-horse-power size for the British 

Jar Office. 





INDUSTRIAL NOTES. 


Tue report to the Government of South Africa, 
issued by the Commission which was appointed to 
inquire into labour conditions ruling in the Union, 
recommends periodical inquiries into the cost of 
living, the establishment of a non-political advisory 
council to deal with native questions, the appoint- 
ment of an industrial commissioner to administer 
legislation relating to trade unions and disputes, the 
problem of low wages, the establishment of concilia- 
tion boards, the passing of s Factory Act, the 
regulation of shop hours, the centralising of the 
administration of all mining und industrial legis- 
lation, &c.—a most comprehensive programme, as 
will be seen. The Commission states that the cost 
of living on the Rand is 40 per cent. higher than in the 
United States and 80 per cent. higher than in any 
European country. On the other hand, wages are 
40 per cent. higher than in the United States, and 
225 per cent. higher than in any European country. 
Toe workman on the Rand is certainly as well off as 
the American workman, ard much better off than 
the European workman, which latter point would 
appear evident from the above figures. The miners 
on the Rand earn more than any other class of work- 
men, but their wages are not unreasonably high 





considering the disadvantages under which they 
labour. 

The Commission finds that the competition of natives 
and Indians in skilled trades is a negligible quantity, 
and that the white skilled workmen do not appear to 
be losing ground as the result of competition with 
coloured people. It is thought undesirable—and this 
will appear to many to constitute a very delicate 
point indeed—that caertens should be placed in the 
way of non-white labour by the State or by local 
authorities, so as to prevent the advancement of such 
non-white labour to any kind of work of which it 
is capable. The Commission discountenances the 
Government decree of & minimum standard rate of 
wage, whether general or local, and finds that volun- 
tary agreements between employers and employed 
are more likely to result in mutually satisfactory 
conditions of employment than State action. Another 
important finding of the Commission is to the effect 
that if satisfactory agreements are to be made and 
labour unrest to be allayed, it is essentia] that the 
employers should recognise the trade unions. 


In regard to the difficulty which has arisen with the 
riveters of the Tyne, Wear and Blyth shipyards, 
concerning the revision of their price-list, a conference 
was held on the 4th inst., at Newcastle, between 
representatives of the Tyne and Wear Shipbuilding 
Employers’ Associations and of the Tyne and Wear 
Committees of the Boiler-Makers’ Society, when it 
was agreed to suspend the men’s notices for one week 
pending a further conference. A further conference 
was held at Edinburgh on Wednesday last, the 11th 
inst. ; we hope to be able to report satisfactory results 
in our next issue. 





The national executive of the Engineering Em- 
ployers’ Association and the national council of the 
Amalgamated Society of Engineers held a conference 
in Sheffield on Friday last, when, we understand, a 
settlement was arrived at in the matter referred to 
in our note on page 295 ante. The men, it will be re- 
membered, asked for an all-round advance of 5s. per 
week, an eight-hour day, and the restriction of over- 
time to 32 hours per month. The conference was 
held with closed doors and no statement was made of 
the result; according to informal news, however, an 
agreement seems to have been entered upon which is 
satisfactory to both sides. 


We understand that an agitation has been started 
for the improvement of wages in the Sheffield brass 
trade, and that the National Society of Brassworkers 
has arranged for a number of meetings to take place 
with the view of gathering into the union the workers 
who are not members. At the first of these meet- 
ings, Mr. C. McStocker, Birmingham, made the follow- 
ing statement :—‘‘ The trade union had been in exist- 
ence forty-two years, but the ——— in Sheffield 
had persuaded their employees to keep outside it. 
Sheffield had stood still so far as wages were con- 
cerned, but the time had come when Sheffield must go 
forward. It was no great hardship for the employers 
to pay better wages—they at once put up the prices, 
pod made a profit out of the transaction. The society 
did not make any unreasonable demands, but only 
asked for what was fair and just. If anyone thought 
they were trying to organise for strike pu s he 
was making a mistake. They did not believe in 
strikes ; they never did the society any good, nor the 
employers. They believed they could do all they 
wanted by negotiation, and their efforts had always 
been successful. He promised that as soon as sufficient 
men had joined the society to warrant it, application 
would be made for an advance. They wanted not only 
higher wages, but better conditions. They wanted 
healthier workshops, and they also had something to 
say about female labour. They had appointed a com- 
mittee, who were waiting to see the Home Secretary 
on the subject. They h 
girls,’ or polishers as they called them there, and they 
said it was a disgrace not only to the town, but to the 
country, that women should be employed in that 
capacity. There was in Sheffield female labour to 6 
very large extent, and the society were going to see 
what they could do to get the women out of the trade 
as much as ever they could.” 





A meeting of the Manchester and District branch 
of the Chartered lnstitute of Secretaries was held on 
Thursday, the 5th inst., when Professor 8S. J. Chapman 
made a few interesting statements. He said that the 
enhanced cost of living was a cause of labour unrest 
which mainly affected the higher grades of the work- 
ing classes, but in the case of the less highly-organised 
grades it synchronised with the operation of certain 
other causes, which in themselves would have pro- 
duced a serious state of discontent and disturbance. 
Some people saw in what they labelled Syndicslism a 
new and tous phenomenon, but although Syn- 
dicalism undoubtedly had its influence, he re- 
garded it as a symptom rather than a cause. If there 
was no Syndicalism there would be collectivism or 


in Birmingham some ‘ buffer | ah 





some other name to indicate the aims of the disturbed 
classes. This type of unrest was constantly recurring, 
and he did not regard the present manifestation as 
more serious than others in the past had been. Nor 
did he think that it would disappear in our time, but 
there was no reason on this account to think that 
nothing could bedone. With each recurrence efforts 
had been made to find out why the disturbance was 
violent, with the object of mitigating the seriousness 
of future outbreaks. ' 

One reason for dissatisfaction, he added, was to be 
found in the fallacy, ‘‘ entertained on both sides,” 
that the height of wages depended on the pressure 
which could be exerted by the workers against the 
employers. No doubt that idea had been fostered by 
the success which had followed the application of 
minimum-wage regulations in thiscountry. He would 
maintain, however, that this principle was only 
applicable in the case of sweated wages, by which he 
meant wages below their economic value. The fallacy 
was implied in extravagant claims which did not admit 
of compromise. He believed that these errors would 
tend to disappear in so far as wages systems approxi- 
mated to that which prevailed in the Lancashire cotton 
industry, in which the workers felt, as a result of the 
method of bargaining which was in operation, that they 
were getting some proportionate share of the product. 
Although he did not think that this kind of unrest 
would disappear in the next ten years, he was of 
opinion that by alterations in wages conditions the 
violence of the disturbances could be mitigated on 
future occasions. 





At the same meeting, Sir Arthur Haworth, the new 
president of the branch in question, said that ‘* the 
question of labour unrest was now looked upon from 
a broader point of view than it was a few years ago.” 
We believe this to be the case from the employer's 
side only. 

The helping of the labouring classes has frequently 
been found a most thankless, not to say disappointing, 
task. The writer of this note decided a few months 
ago to help a navvy who had been out of work for 
twelve weeks. He set him to lay a fresh lawn in his 
garden on a Saturday morning, paying him at the rate 
of 9d. per hour, the wage he received as a navvy. 
The man accepted and worked until noon, but could 
not be prevailed upon to work during the afternoon. 
His reply was that *‘ Saturday afternoons was the only 
holiday we have.” The view taken by the great 
majority of workmen, especially the less - educated 
classes, 1s that their interests must be dominant, and 
that their circumstances must be made, often by others, 
to_conform to fixed ideas or customs. The gain with- 
out inconvenience must accrue to them. 


Mr. 8. J. Ditchfield, presiding at the last half-yearly 
ordinary meeting of the Seaham Harbour Dock Com- 
pany, stated that during the past half year the local 
shipments at the harbour amounted to 1,024,100 tons, 
as compared with 1,063,909 tons for the corresponding 
— of last year. The decrease in shipments was 

ue to the lower outputs at collieries throughout the 
district. Since the introduction of weekly pays pro- 
duction had diminished, and the high rate of wages 
now being earned by miners had led to an increased 
amount of lost time, from which all the collieries in 
the country were suffering, more or less. The com- 
pany’s wages bill last year greatly exceeded that 
tor 1911. 





The following paragraph is taken from the Bulletin 
for the present month of the American Association of 
Commerce and Trade, in Berlin, Germany :—A leading 

ublic-spirited citizen on the Delaware and Hudson 

Road, says the Wall Street Journal, had announced 
that he was about to build a factory to help the town 
along. Some time later he was approached by a village 
working man. ‘“‘ Well, we are ready for you to go 

ead. You announced some time ago that you were 
ready to start with your factory. We have been hard 
at work getting ready for it. A federation of the 
trade unions has been formed, and after a great deal 
of discussion we have at last decided upon how many 
hours we will work, what wages we want, what hands 
you can employ and what you cannot, what foremen 
and what superintendents yuu will need, and all the 
other .: that the working men have a right to 
demand. You must have seen the accounts of our 


meetings in the Pe rs. How is it that you are not 
ready to start building the factory?” ‘‘I have no 
capital.” ‘‘No capital?” ‘No. I turned it over to 


the State Board of Lunacy to hold in trust for me, 
with instructions that if I ever demanded it back they 
should put me in a straight jacket.” 


With reference to the London building trade dis- 
oe we may state that the Executive Council of the 

ational Federation of Building Trade Employers 
held meetings on Tuesday last, the 10th inst., when a 
resolution was passed to the effect that ‘‘ before any 
definite action is taken by the National Federation, 
the Council of the London Master-Builders’ Associa- 
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tion and two members of each of the London 
branches of the trade unions involved be invited 
to meet the National Board of Conciliation for the 
building trades in conference for the purpose of con- 
sidering and suggesting some satisfactory means of 
securing the honourable observance of trade agree- 
ments.’ 

The executive further expressed the opinion that 
‘* the Board should invite to sit with it representatives 
of the head-quarters of the operatives’ unions affected 
who are not already represented on the Board.” 


The Midland Iron and Steel Wages Board held 
their annual meeting at Birmingham on —— the 
9th inst. The annual report showed that puddlers’ 
wages under the sliding scale advanced from 10s. 3d. 
to 10s. 9d. in the summer, but afterwards dropped to 
10s. To these figures had to be added the bonus of 
6d. per ton conceded two years ago. The chairman, 
Mr. G. Macpherson, said it was proposed to alter the 
rules so as to admit representatives of Yorkshire, 
Lancashire, and Derbyshire to membership on the 
Standing Committee. Last October they elected to 
full membership one Staffordshire and five Lancashire 
firms, and they had since received accessions of 
strength from Yorkshire, Derbyshire, and South Staf- 
fordshire. The ition of the Board to-day was 
stronger than it ever been before. During the 
thirty-eight years’ existence of that or a similar 
organisation mutual confidence had grown up between 
both sections, and they had not a single strike. 
It had been computed that the Midland Beard regu- 
lated the affairs of 30,000 workmen, a figure which 
had lately increased. Moreover, the wages of blast- 
furnacemen in South Staffordshire were regulated by 
the sliding scale. During the recent trade boom, 
instead of losing their opportunities by industrial 
warfare, the employers in the sphere of the Board had 
had good prices, and the men had good wages and 
continuous work. Iron had gained very much in 
favour during the last six or seven years. If it turned 
out to be true that prices had achieved a permanently 
higher level owing to increased cost, wages would, of 
course, remain relatively higher. With regard to the 
Welsh Committee formed in connection with the 
Board, it now ruled the whole of the sheet trade of 
Great Britain. Mr. James Cox, secretary to the 
Ironworkers’ Association, stated an interesting point 
to the effect that far from being in a dying state, iron 
was making headway, and he believed the Midlands 
would be turning out a larger tonnage ten years hence 
than they were to-day. 





Very interesting information was given in the 
course of the annual meeting of the Association of 
Chambers of Commerce of the United Kingdom, which 
was held on Tuesday last at the Whitehall Rooms, 
London. Sir Algernon Firth, in his presidential 
address, stated figures concerning our trade and finances 
during 1913. Naval defence and various public ser- 
vices were alsodealt with. It was further announced 
that resolutions on the Trade Disputes Act, 1906, had 
been tabled by Leds, Leith, and Bradford. The 
resolution put forward by Leeds recorded the opinion 
‘*that so-called sympathetic strikes, which force into 
idleness workpeople who are willing to work, strike 
at the root of the liberty of the subject, and are 
inimical to the true interests and prosperity of the 
nation,” and that ‘‘ one cause of the present unrest, 
with its attendant consequences, is the Trade Dis- 
putes Act, 1906, which authorises ‘ peaceful picket- 
ing,’ and relieves trade unions from the consequences 
of their acts.” The resolution, after noting the 
action taken by the Association in connection with 
the Act, affirmed that the Act should be amended in 
two directions, namely : (1) by limiting the number 
and powers of pickets, and (2) by applying the 
ordinary law of agency, with proper limitations, 
to acts committed by or on behalf of trade unions. 
By agreement between Leeds and Leith, the latter’s 
motion was amalgamated with the former’s by an 
addition to the Lasts resolution of words urging 
the Government ‘to take immediate legislative 
action in the direction desired.” The resolution 
thus completed was carried, after discussion, in the 
course of which Mr. R. K. Calvert, Leeds, stated that 
in regard to labour unrest, legislation was not free 
from blame, but there was a tendency to-day for 
people to look to the Government for help which they 
themselves ought to provide. But the policy of the 
workers in demanding higher wages for lower pro- 
duction resulted merely in raising prices against them- 
selves, and labour unrest Pam d 4 The vuperation of 
the Trade Disputes Act had greatly increased this 
unrest. The right of combination among workmen, 
and the right to strike, were admitted by all, but they 
involved also the right to work and the sanctity of 
agreements. The impression had been created by the 
Act that the trade unions were above the law, and 
also beyond the moral law in to the enforce- 
ment of industrial agreements. ere was a feeling, 
he added, that the resolution did not go far avai 





and that instead of asking for the control of picketing, 
they should ask for ite abolition. 

On behalf of the Bradford Chamber, a resolution 
was moved urging the Prime Minister to instilute 
ye inquiry into the working of the Trade Disputes 

ct. 


Mr. A. J. Hobson, of Sheffield, who seconded, said 
he thought inquiry would prove to be the only way to 
get the Actaltered. Sooner or later they would have 
to prove their case to the effect that the Act had not 
been a judicious measure, and he did not think a 
change of Government would make much difference. 

Sir A. Mond, M.P., supported the demand for 
inquiry, and observed that he regarded the discussion 
of the Leeds resolution as waste of time. A strong 
case would have to be made out before alterations 
in the Act could be secured. 

Discussion arose as to the position in which the 
executive would be placed by the passing of this reso- 
lution in view of the definite proposals of the Leeds 
motion. Ultimately the resolution was withdrawn. 





FLYING-MACHINES. 
To THe Epiror or ENGINEERING. 

Sir,—After an expenditure of about 5000/. of my own 
savings, and all the time I could spare during the past 
fifty years, I, at last, have my reward. 

nm the 2nd inst., in answer to a question asked in the 
House of Commons, the First Lord of the Admiralty 
admitted that the British Government is using the 
subject-matter of my 1884 patent; but the patent rights 
having expired in 1898, I have no claim for reward. 

To have had my name mentioned in the British House 
of Commons is an almost overwhelming honour, and with 
that as my reward I must be content. 

Being of a grateful disposition, I should like, Sir, with 
your permission, to place some further information at 
the service of the Government. Instead of supportin 
their flying-machines in the air by means of flimsy, ill- 
shaped wings of canvas, they should use narrow, scien- 
tifically-shaped blades. By so doing they would obtain 
greater with less horse-power, and other advan- 
tages. Every engineer knows, or ought to know, that to 
obtain the full lifting effect from the inertia of an elastic 
fluid like air, the blades cannot well be too numerous. 

The scientific advisers of the Government have spent 
a lot of time and money in trying over and over again my 
experiments made previous to 1884, but they have not 
discovered anything new. Instead of making experi 
ments on their own account they should consult some of 
your back numbers, commencing in 1893; they would 
then learn how to support in the air a weight of more 
than 70 lb. per horse-power. To com this ratio with 
that now obtained would be simply ludicrous. 

I may be asked why, with all this expenditure of time 
and money, & successful py was not evolved 
years ago. The answer is as follows :—All my machines 
were excellent with regard to lifting heavy weights with 
small engine power, also for longitudinal stability ; but 
they were totally devoid of lateral a. with the 
result that the machines were blown over sideways, and 
reduced to fragments before they had acquired an alti- 
tude of 6 ft. from the ground. 

New machines were built with the centre of parte 
lower and lower, but this made matters worse, and it was 
not until the brothers Wright, of America, came forward 
with their wing-warping arrangements that I could see 
the error of my pe again proving the truth of the old 
en, ‘*we live and learn.” By this time I had “shot 
my bolt.” 


Yours faithfully, 
Horatio PHILuIPs. 











PISTON KNOCK IN INTERNAL- 
COMBUSTION ENGINES. 
To THE Epitor or ENGINEERING. 
Siz,—Am I entitled to conclude that when I can pro- 
duce a phenomenon at will that I then can attack in all 
riety -— theory pertaining thereto? The well- 
nown pounding of an internal-combustion engine, which 
is noticed at times when the engine is heavily loaded, has 
been termed the ‘‘ ignition knock,” and if I am informed 
correctly, this phenomenon has been ascribed to the gases 
rather than to any mechanical action of the engine. 

Of late, I have come to the conclusion that the “‘ignition 
knock” is purely a piston slap—t.c., the loosely-fitting 
piston hitting the cylinder, thereby producing the noise. 
I had come to this conclusion some time ago, but was 
obliged to hold my judgment in suspense because one of 
my engines (of the converted type), although it had a 
ringless piston which was well fitting, still made itself 
heard by the ‘ignition knock.” 

I am raising now this question, and I would like to hear 
from those who had experience with the ‘‘ bomb calori- 
meter,” a vessel in which gases under pressure are “fired,” 
to study their action, assuming them to be similar to the 

confined within the cylinder of an internal-com- 
Conten engine. Is the noise produced in the bomb 
calorimeter similar to the “ignition knock ?” Or is it at 
all possible to produce a noisy explosion in a bomb 
calorimeter? If noise can be there produced, what are 
the circumstances? A minute description, if so, will be 

iated. I have no first-hand knowledge of the bomb 
cnlorimeter in this respect, but I believe that it is impos- 
sible to produce the “ignition knock” with it. : 

During my work on an 8-in. by 14-in. converted engine 
of about 2 tons weight, I have experienced the 
‘ignition knock,” but I have no difficulty in producing 
eoth hasets at pleasure by the reduction of the oil supply 
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which oils the piston—restoring the proper amount of oil 
causes the ‘‘ignition knock” to disappear. 

My explanation of the phenomenon is simple: In this 
engine the ey is without rings or the like, compression 
is held solely by the oil film between cylinder and piston, 
both cylinder and piston are sup’ ly truly circular ; 
this, however, is not the case, in this engine differences 
as high as 0.008 in. existing. a 

It is obviously impos-ible to maintain an oil film of 
such thickness, with the result that the piston is not 
properly supported; by thinni the already inade- 
quate oil film the piston hits cylinder producing 
a knock. This can be carried further by reducing the 
oil flow still more ; the engine comes then to a stop with a 
groan. A mere turning by hand three or four times, 
together with a proper amount of lubricant flowing, is all 
that is necessary to it the starting of the engine, 
which then will continue as if nothing had happened. 
The load or the speed of the engine had not been inter- 
fered with—more, the engine had been even run at such 
lean mixtures, using kerosene as fuel, that the 
would not ‘* fire” the c my regular igniter taking 
its place, which fires the charge, since it is independent 
of the consistency of the contents of the cylinder. ‘ 

It is well known that the adding of exhaust gases will 
eliminate or reduce the quay theengine. I must 
confess that although I found that this is so, I do not 
understand the reason for it. I would like to hear, 
from those who have given this matter thought, what in 
their estimation is the cause of the phenomenon ; there are 
those who assert that the admixture of exhaust gases 
slows down the oe | of the mixture within the com- 
bustion chamber, and, if this is correct, it would seem to 
me to be only a proof of the previous assertion that the 
“ignition knock” is but a piston slap, since the slowing 
down of the burning mixture will bably mean that 
the highest pressures usually showing in an indicator 
card are missing, and that the burning of the mixture 
counts more in the sense of a than that of a blow, 
which probably takes place with a mixture which contains 
but the usual amount of exhaust gases left in the cylinder 
from the previous explosion. 

Yours very truly, ; 
P. G. Tismer (The Tismer Laboratories). 

New York, February 27, 1914. 





‘AERIAL SCREW-PROPELLERS.” 
To THE Eprron oF ENGINEERING. . 

Siz,—With reference to the article entitled ‘“‘ Aerial 
Screw-Propellers” on page 259 of your issue of Febru- 
beg to point out that the “‘ experimental 
mean pitch” advocated by Mr. F. H. Bramwell to be 
used for determining slip was advocated by Froude 
(who terms it “‘effective pitch”) many years ago, and 
was adopted by him, and by other experimenters, for 
the analysis of model screw experiments in water. 

One of the most familiar and difficult problems relatin 
to the screw propulsion of ships is the determination o 
the exact relation between the nominal and effective 
pitch of full-sized screws. 

I am, yours faithfully, 
A 


, . W. Watson. 
9, Loxley-road, Wandsworth Common, 8. W., 
March 6, 1914. 





Conrracts.—Messrs. Richard Garrett and Sons, 
Limited, of Leiston, have ordered a large Erith’s auto- 
matic dryer for oak scantlings, similar to those supplied 
by Erith’s ———_ Company, Limited, 70, Grace- 
church-street, London, to other firms.—Messrs. Joseph 
Kayeand Sons, Limited, Lock Works, Leeds, state that 
they have just received further orders from the British 
Navy for 4468 of their patent seamless serrated oil-cans, 
fitted with their patent seamless spouts, making « total 
of 60,048 of this particular pattern alone, to be distributed 
next month, April, to the different dockyards. 





Tue Farapay Socrety.—On Friday, the 27th inst., 
in the rooms of the Chemical Society, Burlington House, 
London, W., ou discussion on ‘ Optical Rota’ 
Power ” will take place. Professor Percy F. Franklan 
F.R.S., will preside. The meeting will be open to 
Fellows of the Ohemical Society and Members of the 
Physical Society of London. thers interested in the 
subject, and desirous of being present, should apply to 


the Secretary of the Faraday Society. The following 
rovisional mme has been :—At 5p.m., 
rofessor Dr. 


ans Rupe, Basle, will wr t 
‘“*Some Contributions to the Knowledge of Infiu- 
ence of Certain Groups on Rotatory Power.” Pro- 
fessor Dr. H. Grossmann, Berlin, will read a en 
on “New Studies in the Rotatory Dispersion of Tar- 
taric Acid and Malic Acid.” Professor Dr. Leo Tschugaeff, 
St. Petersburg, will communicate a Baa on ** Ano- 
malous Rotatory Dispersion.” Dr. T. M. Lowry and 
Mr. T. W. — will — —_ — for 
measuring rotatory dispersi wi @ paper on 
‘‘Normal and Anomalous Rotatory Dis ad At 
6.30 to 8 p.m. the meeting will adjourn for dinner at 
the T lero Restaurant. At 8.15 Dr. T. M. Lowry 
and Mr. H. H. Abram will read a paper on “An 
Enclosed Cadmium Arc for Use with Polarimeter.” Dr. 
R. H. Pickard and Mr. J. Kenyon will read a paper on 
**The Relations between the Rotatory Powers of the 
Members of Homologous Series.” Dr. T. S. Patterson 
will read a paper on ‘‘ The General Behaviour of Optio- 
ally Active Compounds as regards the Dependence of 
Rotation on Temperature Dilution Nature of Solvent, 
and Wave- of Light.” The meeting will then be 





open for discussion 








348 





ENGINEERING. [Marcu 13. 1914. 








MOTOR-CRUISER AND PARAFFIN MARINE MOTORS. 
CONSTRUCTED BY MESSRS. JOHN I. THORNYCROFT AND CO., LIMITED, ENGINEERS, SOUTHAMPTON. 






Fig. 


Art the Aero and Marine Exhibition, which is to open 
at Olympia, Addison-road, Kensington, next Monday, 
there will appear at the stand of Messrs. J. I. Thorny- 
croft and Co., Limited, of Caxton House, Westminster, 
and Southampton and Basingstoke, motor-launches 
and marine and stationary oil-motors. Among these 
is a 35-ft. launch complete, which we illustrate in 
Figs. 1 and 2, annexed. This represents the modern 
class of motor-cruiser designed for comfort rather than 
speed, and a study of the design will show what a 
very much larger space can be got for accommodation 
with internal-combustion engines than with steam of 
equal power. 

The dimensions are :—Length over all, 35 ft.; beam, 
8 ft.; and draught, about 2 ft. 3 in. Wood is used 
for the hull, the planking being mahogany, copper- 
fastened to steamed timbers of Canadian elm. The 
deadwood is not cut away entirely, but the keel runs 
well aft, so as to steady the boat in a seaway and to 
facilitate beaching. It will be noticed that the stern 
is of the now fashionable shape introduced on the 
Thornycroft torpedo-boats many years ago. 

The accommodation consists of sleeping - cabin, 
saloon, with two sofas large enough to sleep on, 
lavatory with w.c. alongside the engine-room, pan 
and cooking-stove in the engine-room. Aft of this 
there is a cockpit, while the after-peak contains the 
fuel-tank. 

Power is provided by a two-cylinder Thornycroft 
engine, having cylinders 44 in. in diameter by 6 in. 
stroke, which is capable of developing 15 brake horse- 
power when running with paraffin fuel. In order to 
avoid the use of lamps, the engine is started on petrol, 
and when hot enough the paraffin is turned on. 
Starting is consequently easy and entails no previous 

reparation. It should be noted that this launch is 
intended for general cruising, and is specially arranged 
to be easily under the control of one man. The steer- 
ing-platform is therefore fitted at the port side of the 
cockpit, and the reversing-lever is within reach of 
the steersman’s right hand. 

This firm will also show a 25-ft. launch of the fast 
type, capable of a speed of 21 miles an hour, fitted 
with a four-cylinder engine, having cylinders 4 in. in 
diameter by 7 in. stroke, and capable of developing 
38 brake horse-power at a speed of 1000 revolutions 
per minute, and upwards of 50 brake horse-power if 
run at a higher speed. 

A varied assortment of marine internal-combustion 
engines are also shown, as well as examples of oil- 
motors direct coupled to engines and dynamos. These 
range from 150 to 74 brake horse-power, and we illus- 
trate the largest and smallest in Figs. 3 and 4. 

The larger engine (Fig. 3) has six cylinders, 84 in. by 
12in. Reversing gear is dispensed with, the engine 
being reversible. mpressed air is used to start it in 
either direction required. In order to facilitate this, 
and get rid of the drag of the propeller when revers- 
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FLYWHEEL-BALANCING MACHINE. 
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ing, @ disconnecting clutch is fitted. Lubrication in | 
this engine is by pump and sight-feed. The engine is | 
built under Lloyd’s survey and develops 150 brake 

horse-power at 550 revolutions per minute. 

The smaller engine (Fig. 4) is of the single-cylinder 
type, having cylinders 4} in. in diameter by 6-in. stroke, 
and will give 74 brake horse-power when running on 
paraffin at moderate revolutions, It has fore or aft 
starting gear, and is fitted with a governor and 
with single-lever control. The general constructional 
features of this engine are of the conventional type, 
and will be seen from the illustration ; but a special 
feature is that the reversing gear is incorporated with 
the engine. This is an obvious improvement on the 
ordinary arrangement of a separate reversing gear 
bolted down to the engine bearers, as, in the first place, 
it avoids the possibility of the engine and reverse gear 
getting out of line, and, in the second, saves space. It 
also tends to cheaper construction, as all the expense 
of lining up is avoided. 





FLYWHEEL-BALANCING MACHINE. 

Ir is only cf recent years that questions of the 
dynamic balance of rotating machine parts have become 
of general interest to engineers. This has resulted 
from the very great increase in angular velocities 
which has been the characteristic note of the develop- 
ment of mechanical engineering during the past few 
years. The balancing of an engine’s fly-wheel to run 
at 80 revolutions a minute is relatively simple, a 
satisfactory static balance being sufficient to ensure 
regular running. When the so-called high - speed 
steam-engines were evolved there was still little diffi- 
culty, particularly as the fly-wheels were commonly 
machined all over. With petrol motors, on the other 
hand, in which speeds nowadays attain at times o 
figure in excess of 3000 revolutions per minute, a 
satisfactory static balance is no guarantee whatever 
of an absence of vibration when running. It is neces- 
sary in such cases that the wheel be dynamically 
balanced, an operation which is often both tedious 
and troublesome. The machine which we illustrate 
in Figs. 1 and 2 has accordingly been devised to 
simplify this important adjustment. 

The necessity of attaining dynamic balance in the 
case of high-speed rotors is at once evident on 
reference to Fig. 3, which represents four equal balls, 
C, D, E, F, mounted on equal arms attached to the 
shaft AB. Such a system would obviously be in 
dynamic balance as well as in static balance. Suppose, 
however, the two balls D and Eremoved. The system 
is still in static balance, but on setting the shaft 
rotating the TT’ force of the one ball pulls 
one way, and that of the other the other way, and 
there would be serious vibration at any but a very 
low of revolution. In fact, the two-ball system 
a ow run steadily about such an axis as GH 
or . 

The makers of wood-working machinery, which is 
usually run at high speeds, have always had to take 
cognisance of these facts, and to make sure that their 





tools were in dynamic balance as well as in static 
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balance. To facilitate the attainment of dynamic 
balance in such machinery an American firm of wood- 
working-machine builders have long employed the 
— machine which is represented in Figs. 1 and 2, 
above, and this machine is now being introduced 
into this country by Messrs. Schuchardt and Schutte, 
of 34, Victoria-street, London, S.W. 

In Fig. 1 the machine is shown with the fly-wheel of 
@ motor-car engine in — for balancing, whilst 
in Fig. 2 this fly-wheel has been removed for the 
better display of the arrangements for mounting and 
driving the wheel. The machine consists essen- 
tially of a vertical spindle driven by bevel friction 

ear from the horizontal shaft, visible to the left in 
Fig. 1. This driving-shaft is provided with a friction 
clutch at A. The left-hand end of this shaft slides 
with a feather through the belt-pulley shown, and the 
end is coupled up with the ball-weighted lever B. 
By means of this lever the spindle can be gentl 
speeded up. Owing to the above arrangement it will 
be seen that a careless operator cannot overstrain or 
break the machine by attempting to set a heavy fly- 
wheel instantaneously in motion. The friction clutch 
and the friction drive ensure that this shall be effected 
gradually. 

The fly-wheel to be balanced is mounted on a man- 
drel accurately fitting its central hole. The mandrel 
is itself hollow, and carries a plug of hardened steel, 
which can be adjusted axially. At the bottom of this 
plug a cup is formed by which the fly-wheel rests on 
the top of the hardened-steel centre shown at C, 
which fits into the vertical spindle of the machine, 
with which it runs absolutely true. The level of the 
plug on the mandrel is adjusted so that the wheel is 
supported near its centre of gravity. The fly-wheel, 
mounted in this position, is then balanced statically by 
sticking a little clay to the inner side of the rim where 
and as required. By noting the weight and position 
of this clay, the wheel can be brought into static 
balance by drilling a hole of suitable size and depth 
at the opposite side of the wheel. 

Static balance having been obtained, the process of 
obtaining dynamic balance can be ed with. 
It will be seen from Fig. 2 that an arm D extends 
up on the one side of the central support. This is 
arranged to fold down when not required, as is in- 
dicated by the similar arm on the other side. When 
the wheel has been statically balanced, as above de- 
scribed, the two arms in question are raised to eng 
with it, as is indicated in Fig. 1. The friction-clutch 





Fig, 2. 


is then operated, and the two arms in question compel 
the wheat te rotate with the main spindle. When 
full speed is obtained, the friction clutch is opened, 
and the wheel continues to run with the momentum 
already acquired. It now tends to drive the vertical 
spindle, instead of vice versé, but can only do so 
through the vertical driving-arms D. These, how- 
ever, being jointed, as already explained, immediately 
fold down, and the wheel therefore runs absolutely 
freely on its pivot with its acquired momentum. 

The stand, shown to the right in Fig. 1, has an 
adjustable arm, which is brought over the edge of the 
wheel, and by means of chalk a series of concentric 
rings are traced on the upper surface. If the wheel 
is already in dynamic balance, these rings extend 
completely around the circumference ; but, in general, 
they are Soak to be interrupted at one part. This 
indicates that though the wheel is in static balance 
—that is to say, that though the opposite sides of it 
are of equal weight—the centre of gravity of the one 
side lies below the point of support, whilst that of the 
other is above it. The centre 0 vity is highest for 
that side of the wheel where the chalk circles are 
broken. The wheel is accordingly stopped, and olay 
added to the opposite side, after which the chal 
lines are rub out and a new test is made in 
exactly the same way as before. The clay addition is 
again adjusted in accordance with the indications 
given by the new set of chalk-lines, the tests being 
a until a perfect balance is obtained. 

he positions in which the clay has been added are 

then permanently marked and the clay weighed. The 
wheel is then balanced by drilling holes in the rim 
of the wheel diametrically opposite, the diameter and 
depth being calculated from the weight of the clay. 





Merattic Permanent Way.—The ——~ of chairs 
and metallic sleepers from the Uni Kingdom in 
January amounted to 10,461 tons, as compared with 
10,435 tons in January, 1913, and 6004 tons in January, 
1912. The largest shipments were made to British 
India, viz., 6720 tons, as compared with 8206 tons and 
$218 tons respectively. The value of the exports in 
January was 65,896/., as com with 63,769. in 
January, 1913, and 28,6997. in January, 1912. 





Nicut SHeiter ror Commercta, Moror-Oars Anp 
Drivers.—The Commercial Motor - Users’ Association 
Incorporated), 89, Pall Mall, S.W., have issued a hand- 

k containing street plans of the chief towns in 
England, and giving i of depots, market 
laces, and hotels approved for night shelter accommo- 
sation Much other useful information for users of com- 
mercial motor vehicles is included in the book, for which 
a charge of one shilling is made. 


Tue InstiTvTION oF Rarttway-SicNaL ENGINEERS.— 
The second annual general meeting of the Institution of 
Railway-Signal Engineers was held at St. Pancras on 
3rd inst., when Mr. J. Sayers was elected president for 
the ensuing year. A paper ¥ Mr. G. H. Crook (Member) 
on ‘* Characteristics and Efficiency Factors of Some 
Typical Electric Si ing Circuits ” was presented at the 
discussed at the next general meet- 
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VERTICAL TURNING AND BORING-MILL 
FOR TURBINE WORK. 


Tue constantly increasing dimensions of turbine 
casings have rendered necessary the construction of 
larger and more powerful machine-tools than hitherto 
used, combining rapidity in operation with precision. 
A machine which meets this double object is one which 
we illustrate in the views, Figs. 1 and 2, on this and 
on page 352, and which has been designed and built 
by the Kalker Werkzeugmaschinen-Fabrik Breuer, 
Schumacher and Co, A.-G., Cologne-Kalk. 

In most works, the firm state, the turbine casings 
are rough-forged, and the larger portion of the 
material in excess is then removed by rough-turning. 
The extent to which this rough-turning work has to 
be carried out is shown by the fact that a rough 
forging weighing as much as 70 tons is, in German 

ractice, machined down to an ultimate weight in the 

nished condition of 15 tons only. Such machines, of 
the largest patterns, for turning and boring turbine 
casings, and adapted materially also to other work of 
a similar class, have been built by Messrs. Breuer, 
Schumacher for a large number of manufacturers in 
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Germany and in other countries. They have there- 
fore gained much experience in this speciality, an 
experience which has led them to carry out a series 
of improvements cuiminating in the machine which 
we illustrate in our present issue. 

Fig. 1, on page 352, shows the machine fitted with 
@ boring-bar for the boring out of turbine casings. 
Fig. 2 illustrates it with the boring-bar removed, the 
machine thus being ready to take any vertical turning 
work. Fig. 3, annexed, shows the driving-gear. 

The standards weigh each 25 tons, they are 7 m. 
(23 ft.) high ; the machine takes pieces having a maxi- 
mum height of 4m. (13 ft. 14 in.), which it can turn to 
@ maximum diameter of 5 m. (16 ft. 4}4 in.). Special 
stress is laid upon the fact that the machine is most 
easily served. To this end, all the tool-holders, 
saddles, and slide-rests are provided with stands, from 
which the man in charge can follow the working. 

The electric motor is controlleel by a distance re- 
leasing device operated by a press-button, and is of 
45-horse-power, of the ordinary type, working in con- 
nection with gear designed for eighteen different speeds. 
Change over is effected by the sliding of the wheels 
and the simple action of couplings. This dispenses com- 
pletely with loose running wheels, aud prevents the 
engaging of a wrong gear. Motion is transmitted to 
the horizontal face-plate by conical geared pinions 
which engage a wide-toothed rim cast in steel and 
fitted beneath the face-plate ; this latter is of specially 
strong construction, with a view to taking the 
heaviest pieces required; it revolves on beari 
which are adjustable for wear, and is supported in a 





central step-bearing. There are four reversible claw- 
arms provided on the face-plate, which are easil 
made absolutely secure. Lubrication of the pat 
followed by the face-plate is ensured by a number of 
spring-supported rollers of cast iron. 

The two standards provide, together with the cross- 
head and several cross-pieces, a thoroughly rigid 
system, which prevents all vibration even when the 
tool is taking the heaviest cut. The crosshead is 
strongly ribbed; it has three guide-paths, and is 
operated vertically by a special motor. In order to 
prevent the occurrence of any damage the travel of 
the crosshead is stopped automatically when it reaches 
the extreme positions. The tool-slides are onl 
guided on the two lower guides of the crosshead, 
and for this reason the guides are made long and 
narrow, whereby great mobility is secured, and no 
knocking-up is possible. The throwing into gear 
of the tool-slides is carried out independently by 
two separate toothed feed-wheel boxes, which pro- 
vide for sixteen different feeds vertically, horizon- 
tally, and obliquely. The reversal from the cutting 
stroke to the rapid return stroke, both horizontally 
and vertically, is obtained by acting upon a lever, on 
releasing which the machine takes another cutting 
stroke. 

The tool-dise is a steel casting of strong propor- 
tions, and the tool-holder, with the cramping-plate, 
is counterbalanced. The tool-slides can be inclined 
round 45 deg. on both sides of the vertical by worm- 
gear ; they can also be shifted horizontally and ver- 
tically by hand for fine adjustments, and also rapidly 
regulated mechanically at a constant s In order 
to prevent the occurrence of any damage on starting 
ond, on automatically stopping, the feed mechanism 
is provided with a special disengaging coupling. The 
lateral tool-slide travels on a wide saddle-guide on the 
standard, and acts automatically horizontally and 
vertically, being also partly adjustable for machining 
conical surfaces. Vertically it is adjusted mechanically, 
hand adjustment of tool-slide and revolving disc being 
also provided for. 

The boring device for the simultaneous boring out 
of turbine casings consists of a boring-bar 400 mm. 
(15 in.) in diameter, a boring-bar support on the cross- 
head, and the boring-head. he latter is of face-plate 
shape, and can be changed according to the diameter 
of bore, the tool-holder fittang any boring-head. The 
feed of the latter is given automatically by two 
threaded spindles inside the boring-bar working in 
conjunction with the feed-wheel sets; star wheel 
setting is also provided. 

The machine has a total weight of about 140 tons. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, February 26. 

In the Pittsburg district the steel-making capacity 
hes been increased to 70 per cent. and a gradual increase 
is in progress. February, usually a dull month, has 

nm encouragingly active. Specifications on old con- 
tracts are coming in freely. During the past week 
new orders have Be nee off. Many steel mills are 
working to 80 per cent. of their ingot capacity. This 
may be increased. The pig-iron production last year 
was 30,966,301 tons, against 29,720,937 tons in 1912, 
according to recent verification. In ten years the 
pig-iron output has increased 90 per cent. A some- 
what similar increase is probable in the future. The 
greatest disappointment to the industry and the rail- 
roads is the long postponement of the Interstate Com- 
merce claim of adesired 5 per cent. advance in freight. 
It is now announced that a decision will be made before 
July 1 instead of September 14. The railroads continue 
to purchase the least possible. If the decision to be 
—— by or before July 1 is favourable, it prob- 
ably means a very busy time for the steel industry 
ee | all other related industries during the latter 
half of the year. Iron and steel prices show no 
change. Second quarter quotations on sheets are not 
given. Pipe for oil is very active ; a 200-mile line is 
to be built in the State of Indiana. An Ohio concern 
has ordered 177 miles of 16-in. pipe ; other lines are 
to be built. It is very evident that a vast volume of 
business is held up. The tariff and currency legisla- 
tion has not produced the anticipated disturbances. 
Pending “‘ trust ” legislation will be hurried through. 
The general trade of the country, as shown in bank 
clearings, shows moderate improvement. All kinds of 
buying is conducted along conservative lines. The 
miners and their employers representing the bituminous 
coal-field of a half-dozen States have been dead-locked 
for over a week in this city endeavouring to come to 
terms, which at present writing look as far cff as ever. 





Finspury Trosnicat Cotteck Otp Srupents’ Asso- 
CIATION.—The above society have arranged to hold their 
eighth annual smoking concert at the Waldorf Hotel, 
Aldwych, W.C., on 27 next. The chair will be 
taken by Mr. H. A. Humphrey, M.Inst.C.E. Tickets, 

rice 1s. each. can be obtained on application to 

. 8. A. Smith, Hon. Secretary, at 66, Elystan-street, 
Cheleea, S.W, 





NOTES FROM THE NORTH. 
Gtascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was dead idle, and Cleveland warrants 
were quoted a shade easier at 50s. 44d. cash, 50s. 74d. one 
month, and 50s. 11d. three months sellers. In the after- 
noon Cleveland warrants got firmer, but business was 
confined to two lots at 50s. 7d. and 50s. 8d. one month, 
and closing sellers quoted 50s. 6d. cash, 50s. 84d. one 
month, and 51s. 1d. three months, On Friday mornin 
the tone was firmer, but dealings were again small, an 
consisted of one lot of Cleveland warrants at 50s. 8d. 
eleven days. At the close sellers named 50s. 7d. cash, 
50s. 10d. one month, and 51s. 2d. three months. The 
afternoon session was quite idle, and sellers of Cleveland 
warrants made no change in the forenoon closing prices. 
On Monday morning the market was very quiet, and “—_7 
one lot of Clev warrants changed hands at 50s. 5d. 
cash. The my \owny were easier, with sellers at 
50s. 54d. cash, 8d. one month, and 5is. 04d. three 
months. In the afternoon there was little doing, and the 
turnover consisted of one lot of Cleveland warrants at 
50s. 11d. three months, and closing sellers named 50s. 44d. 
cash, 50s. 74d. one month, and 50s. 11}d. three months. 
On Tuesday morning a dull tone prevailed, and the onl 
business was one lot of Cleveland warrants at 50s. 74d. 
one month. Sellers’ closing quotations were nominally 
firmer at 50s. 54d. cash, 50s. 8d. one month, and 5i1s. three 
months. The afternoon session was quite idle, and prices 
of Cleveland warrants were called dearer, sellers naming 
50s. 64d. cash, 50s. 94d. one month, and 51s. 14d. three 
months. When the market opened to-day (Wednesday) 
the tone was good, but no dealings of any kind were re- 
corded. Cleveland warrants were quoted nominally dearer 
at 50s. 84d. cash, 50s. 11d. one month, and 51s. 3d. three 
months sellers. In the afternoon the market maintained a 
strong tone, but there were few buyers, and the turnover 
was only one lot of Cleveland warrants at 50s. 94d. twelve 
days. At the close sellers named 50s. 9d. cash, 51s. one 
month, and 51s. 3d. three months. 


Sulphate of Ammonia.—A stesdy feeling bas ruled in 
the sulphate of ammonia market during the past week, 
but business does not show any great expansion The 
current price is unchanged at from 12/. 7s. 6d. to 12/. 8s. 9d. 
per ton for prompt lots, Glasgow or Leith. 

Scotch Steel Trade.—Conditions in the Scotch steel trade 
are rather unsettled at the present time, and the con- 
tinuance of the association is threatened. Foreign ccm- 
petition is at the root of the trouble, as German plates 
are not only coming in here, but are gaining ground 
in some of our best foreign markets. Makers of sections 
are only securing a moderate amount of work, and there 
is a threat to cut prices. Black and galvanised-sheet 
makers are fairly well employed. New business for 
almost any department is exceedingly difficult to secure. 
and the steel industry all round is not in a very flourishing 
state at the present time. Official prices are unchanged. 


Scotch Pig-Iron Trade.—The position in the Scotch 
pig-iron trade shows little change, as the demand is 
not pressing, and producers are quite able to meet all 
requirements. The output is, of course, a good deal 
larger lately, owing to the increase in the number of 
furnaces in blast, but there are hopes that an early ex- 
pansion in the trade demand will soon be felt. Hematite 
is in poor request. The following are the market quota- 
tions for makers’ (No. 1) iron:—Clyde, 69s. ; Calder, 
Gartsherrie, Summerlee, and Langloan, 69s. 6d. (all shipped 
at G w); Glengarnock (at Ardrossan), 71s. ; Shotts 
(at Leith) 69s. 6d. ; and Carron (at Grangemouth), 70s. 





Our Locomotive Exports.—The value of the locomo- 
tives exported from the United Kingdom in February 
was 383 525/., as compared with 200,927/. in February, 
1913, and 159,8912. in February, 1912. In the first two 
months of this year engines were exported to the value 
of 771,207/., as compared with 411,072/. and 331,2191. in 
the corresponding periods of 1913 and 1912 respectively. 


Perspective Mapk Easy.—The average student ex- 
iences considerable difficulty in realising the position 
in space of the reference-points, lines, and planes which, 
in geometric perspective drawing, have naturally all to 
be represented on a single plane. Mr. C. E. Barham, of 
28, Wellesley-road, Colchester, has hit upon the ingenious 
plan of illustrating the subject with stereoscopic dia- 
grame, in which the plan figures, when viewed in a stereo- 
scope, show every line and plane in its proper relative 
position. The series of diagrams, together with a de- 
scriptive pamphlet, is issued at the price of 6s. 2d., post 
free, from the author. 





OsmiuM-PLaTINUM ALLOY.—Owing to the increasing 
scarcity of iridium, attempts have been made to find a 
substitute for this metal in platinum alloys. According 
to the United States Patent 1,055,199, and to a brief 
ene wd communication addressed to the American 

lectrochemical Society, F. Zimmermann, experimenting 
in the laboratory of Baker and Co., Newark, New 
Jersey, has succeeded in alloying platinum with osmium. 
Osmium itself has a strong affinity for oxygen. Butit is 
claimed that when both the metals are very pure, an 
——s alloy of higher electric resistance than 
Pt-Ir, and, further, of great tensile strength and hbard- 
ness, is said to result. Both the metals must be highly 
refined, and alloys containing up to 10 per cent. of 
osmium are recommended, in which the osmium is said 
to replace 24 times its weight of iridium. This fact 
would be surprising, since the densities of osmium and of 
iridium are practically equal, 22.42 and 22.48; but the 
communication does not make clear on what properties 
this comparison is based, 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The threatened county 
strike is reducing forward business to an absolute mini- 
mum. Not knowing what the next week or so may bring 
in the way of labour disturbances, producers are con- 
serving their — as far as circumstances will allow. 
The longest period over which they will agree to deliver is 
afortnight. The —- of several pits in the Rother- 
ham district has already reduced supplies by over 12,000 
tons a day. Consequently, heavier demands are being made 
upon working collieries in the same district, and practically 
the whole of the output of all descriptions is going into 
consumption. What stocks there are are mostly of 
house coal, the demand for which has dwindled down to 
very much smaller magnitude owing to the advent of 
the warmer weather. ith a more restricted output the 
steam-fuel market has assumed a stronger tone. Weak- 
ness in the industrial demand has given place to com- 

laints by Sheffield steel firms of short supplies. -Prices 
— accordingly stiffened. Smalls meet with an im- 
proved demand, but the same weakness is present in 
coke. except, however, in the case of steel coke, which is 
rapidly absorbed at increasing rates. Business in gas 
fuels is rather quiet. Quotations:—Best hand 

ci ee noe tight Ik to tier Dottie b 
r ire ts, to 3 ire house, 
oe 6d.; best large nuts, 11s. 6d. to 12s. 6d.; 
best small nuts, 9s. 6d. to 10s. 6d.; Yorkshire hards, 11s. 
to 12s.; Derbyshire hards, 10s. to 11s.; —oe 
to 8s.; seconds, 5s. to 6s. 6d.; smalls, 2s. to 3s. 6d. 

Tron and Steel.—Though a fair volume of business is 
being done for immediate delivery, there is very little 
forward buying in the local iron market. Those con- 
sumers who have not already covered requirements are 
held in check by two factors. One is the general demand 
for considerably higher rates on contract account, and the 
other the uncertainty of what is to be the future of the 
iron and steel manufacturing trades, having toa 
sharp decline in new business and the unset state of 
labour. Spot sales, however, are sufficient to take away the 
bulk of the output without leaving ~— stocks, and being 
able to hold their sli ? position, makers 
are fairly well satisfied. byshire official quotations 
remain at about 56s. for foundry and 52s. for forge, 
delivered in Sheffield, and Lincolnshire rates at about 
53s. 8d. for forge, and a shilling more for foundry. 
Hematites are a fairly robust market. Advanced prices 
are maintained in both East and West Coast sorts. The 
outlook in bar iron is less assuring. The South Yorkshire 
Bar Iron Association has decided to reduce its basis price 
by 5s. per ton to 7/. 5s. per ton delivered, less of 
cent. kers are anxious to enforce the assurance that 
there is no further weakening in the market, and that 
the reduction is merely an adjustment to bring the South 
Yorkshire price into line with that of the Lancashire 
Association and with other official associations. But it 
is impossible to overlook the effect of foreign under- 
selling, which increases rather than declines in severity. 
The question of engineers’ wages, which has com- 
— primary interest in the steel trades, is at 

t nearing settlement, the masters provisionally 
having agreed to pay an immediate advance of 2s. per 
week and to give a further advance of 1s. per week in 
six months’ time. But more important to the trade than 
the actual advances con is the fact that they 
are embodied in a three years’ peace agreement. What 
this means to the trades concerned can be estimated by 
their prosperity during the term of years over which the 
expiring agreement has operated. Coming ata time when 
new business shows a very welcome improvement, this 
approaching settlement of what at one time threatened to 
assume the proportions of a grave dispute has brightened 
the industrial outlook. The Brightside Foundry and 
Engineering Company have just secured big contracts 
for the completion of engin — plant at 
shire Hospital, Buxton, and for the Scarborough Board 
of Guardians. Other ineering firms are working 
regularly. Here, as throughout the general steel trades, 
a is still very low, though this is hardly to 
be taken as a critorion of the condition of trade, seeing 
that many steel manufacturers, whose order-books do not 


disclcse a very promising state of affairs, are working on | ; 


contract arrears. The demand for engineers’ tools is very 
heavy. In armament-making, and the manufacture of 
shipbuilding requirements, departments are working at 
the very highest pressure, and have no immediate _ 
pect of a diminution in activity. Wagon-building 
remains quiet. At t stability is almost solely due 
to oversea orders. eon Sheffield firms are sharing a 
contract placed by an Indian railway company for 3500 
springs ; tyres, -bolts, and boiler-tubes are also being 
made for the Buenos Aires and Western Railway Com- 
pany. The lighter trades are well es te | The over- 
sea demand for files and saws is particularly good. On 
the other hand, there is a marked falling off in bookings 
for mining and agricultural implement aoe, Local 
makes of steel billets are still being undersold. is 
& weak and unsteady market. ‘ 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—The iron market is quiet, 
with — | & moderate business ing, but values of 
Clevelan pig are steady and firm. abe. Bolckow, 
Vaughan and Co. are ing a furnace from special 
iron on to Hast Coast hematite pig. The renewal of the 
report of the removal of Se inetd one «= ig iron to 
Russia has not materially aff this market, but such 
& step should have some beneficial influence here. No, 3 


-|show an ers now 
quoting 50s. 8d. cash, and sellers naming 50s. 94. cash. 


e Devon- |}, 


> Cleveland pig is 51s. 3d. f.o.b.; No. 1 is 53s. 9d.; 
0. 4 foundry, 50s. 9d.; No. 4 forge, 50s. 6d.; and mottled 
and white iron, 50s. 3d.—all for early delivery. A 
few inquiries are reported for East Coast hematite pig, 
but there is little actual business i Ag Second 
hands are prepared to sell Nos. 1, & and 3 at 62s. 
for early delivery, and that is recognised as the general 
market quotation, though many makers ask a rather 
higher price. Forward quotations for all descriptions 
of pig iron are rather above the prices ruling for early 
delivery. So far as can be ascertained, there is nothing 
pats in foreign ore. Prices show a tendency to ease, 

t in the absence of transactions they are nominal. 
Sellers quote on the basis of 18s. ex-ship Tees for Rubio 
of 50 per cent. quality, but would accept less. Doubtless 
no difficulty would be experienced in placing orders at 
17s. 9d., and consumers consider that the basis should not 
be above 17s. 6d. Coke prices vary a good deal, and are 
difficult to fix. Makers still declare that current rates 
are unremunerative, and as a consequence they are putting 
out more ovens. Thus, with ts of less coke on 
market, sellers are taking a firm stand. Some firms will 
not —- less than 17s. for average blastfurnace coke 
delivered at Tees-side works, but that is more than con- 
sumers are pared to pay. Middles h warrants 
vance of 4d. on the week, 


_ Stocks and Shipments.—The stock of Cleveland pig iron 
in the public warrant stores now stands at 129,494 tons, 
all of which, with the exception of 43 tons of standard 
iron, is No. 3 quality. Since the beginning of the month 
the stock has been reduced by 2588 tons. Shipments of 
pig iron from Tees to date this month are on only a 
moderate scale, averaging 3409 tons per working-day, the 
total despatches being returned at 30,681 tons, 26,934 tons 
of which have gone from Middlesbrough, and 3747 tons 
from Skinningrove. To the same date last month the 
loadings were given at 35,301 tons, or a daily average of 
3922 tons, and for the corresponding part of March a year 
ago the clearances reached 61,471 tons, or an average of 
tons per working day. 


Manu Iron and Steel.—In the manufactured 
iron steel trades work is coming in fai:ly well, and 
most of the producers are booked with orders up to six 
months ahead. Principal market quotations stand :— 
Common iron bars, 7/. 10s.; best bars, 7/. 17s. 6d. ; best 
best bars, 8/. 5s.; packing iron, 6/.; iron ship-plates, 
61. 15s. ; iron ship-angles, 72. 10s. ; iron ae, 71, 158. ; 
iron gi ——— 7l. 53.; steel bars (basic), 6/. 15s. ; 
steel (Siemens), 6/. 15s. ; steel ship-plates, 62. 10s. ; 
steel ship-angies, 6/. 2s. 6d. ; steel boiler-plates, 7/. 15s. ; 
steel joists, 6/. 12s. 6d. ; steel strip, 62. 15s. ; steel hoops, 
71.—all less the customary 2} per cent. discount; cast- 
iron columns, 7/. 7s. 6d. ; cast-iron railway chairs, 4/. 5s. ; 
light iron rails, 7/.; heavy steel rails, 67. 10s.; steel 
railway me 7l. 5s.—all net at works ; oe 
yy amg ts, 24 gauge, in bundles, 11/. 5s. f.0.b.—less 

per cent. 





NOTES FROM THE SOUTH-WEST. 

Cardif.—The steam-coal trade has continued quiet, 
intending buyers still following a waiting ——. Stormy 
weather over the week-end had the effect of causing 
further steamer delays, and with heavy stocks of coal, pit 
stoppages are being feared in some quarters. Some 
colliery-owners were, however, in a fortunate position 
as regards both orders and available steamers, and 
such sellers have not been incli to consent to any 
change in quotations. House-coal, patent fue), and coke 
have shown little change. The best Admiralty large 
steam coal has made 18s. 6d. to 19s. per ton; best 
qualities, 18s. to 186. 6d.; oti secondary 
ees 17s. 6d. to 17s. 9d.; ordinary qualities, 
— to 17s. 3d.; best bunker smalls, 10s. 9d. to 11s. 3d.; 


upon a basis of 50 per cent. of and charges, includ- 
ing freight, ineurance, &0., to Cardiff or Newport. 

Llanelly.—The demand for tin plates has improved and 
prices have shown more firmness. have also been in 

ood demand, and local works are _—_ to be fully 
Booked for some months. The Gorse Galvanising Works 
have started a new mill. Activity in the coal trade has 
been maintained, and the anthracite collieries are in full 
operation. 

Swansea.—On Mentos. a meeting of the Swansea 
Harbour Trust, Sir iffith Thomas, the chairman, 
reviewed the experiences of the Trust during the past 
year. He said there had been a constant increase of 
trade, the progress made in 1913 wy | been nearly 
png 4 tons. — had been oun ry vey but 

no other ° previous years the greatest increase 
bd boon 700,000 tone The increase in coal shipments 
had been 600,000 tons, and in patent fuel, 200, 
There had also been a record shipment of tin plates— 
222 tons, or, practically, double the shipments 


namely, 
of 1900. e thought that tin-plate manufacturers were 
easily de; ; his opinion was that the tin-plate trade 


was a highly recuperative one. 

A Brune Bridge.—A bridge which carries the Great 
Western Railway over the river near Bristol cattle 
market is undergoing repair. Some years ago fears 
were entertained that the bridge, which had to carry 





heavy loads, was too slender a structure ; but a careful 





examination showed that it was quite strong e1.ough, 
notwithstanding the great increase in the weight of loco- 
motives. 

The Great Western Railway Company, at Swansea.— 
The Great Western Railway Company is expending 
100,000/. in providing sidings, &c., at Swansea, to relieve 
the existing congestion at the docks. Between 60,000/. 
and 70,0001. is also to be expended in improving the con- 
ditions for passenger traffic in and out of Swansea. 





Britiso Eneing, Borter AND Exxcrricat INnsuRANCE 
Company, Limitep.—At the annual meeting of the 
above company, held in Manchester, on Tuesday last, 
March 10, the chairman (Mr. Longridge), in moving the 
adoption of the report and balance-sheet, remarked that 
as regards premium income there had been a satisfactory 
increase in each separate department of their i 
but there had also been an increase in claims. In calcu- 
lating the loss ratio for their class of business the cost of 
inspection must be added to actual disbursements for 
claims, and the figures showed that the insurance of 
electrical plant was more costly than even the insurance 
of engines, which again was very much more costly than 
insurance of boilers. The maintenance of an efficient 
staff for the work of inspection was, of yy expen- 
sive matter, but any reduction under this head would 
inevitably result in an increase of claims, and that inspec- 
tion was appreciated as a preventive measure was shown 
by the very satisfactory way in which firms continued to 
renew r policies even though for a sequence of years 
there had been no claims to be — on them. The great 
increase in the volume of work necessitated removal 
to new more commodious premises at the corner of 
Fennel-street and Long Millgate, which it was hoped 
would be occupied within the next six months. It was 

to pay a dividend of 5s, and bonus of 3s. per share, 
which, after transferring 10,000/. to reserves, would leave 
28187. to be carried forward to next account. Sir George 
Hayter Chubb and Mr. Norman Fletcher were re-elected 
as directors, and Messrs. P. and J. Kevan were re- 
appointed as auditors. 





Launcu oF A Fioatine Doock.—The shipbuilding yard 
of Messrs. William Hamilton and Co., Limited, launched 
on the 26th ult. a type of vessel which, as far as the Clyde 
is concerned, is peculiar to this firm. The vessel in 
question is a steel double-walled floating dock of the box 
type. The dock has been built to the order of the 
British Admiralty. It is us a unit, pe pou 
sary pumping machinery being situated in one of the side- 
wale The dook is provided with two rows of keel-blocks, 
one on each side, but arrangements are made so that, 
when desired to dock one vessel only, one complete ret 
can be placed at the centre. The dock is also provided 
with a large number of shifting bilge-blocks, with sliding 
pad-pieces on top. These pad-pieces can be brought into 
position whenever the vessel takes the keel-blocks by 
means of chains and blocks operated from the top of the 
side-wall. Mechanical shores, operated from the side- 
wall deck, are ory for centring the vessel being 
docked and for holding the vessel in position until the 
ordinary shores are got into position. A large all-round 
crane is fitted to side- wall, capable of traversing the 
whole length of the side-wall, and —s heavy 
weights. A complete electric installation been pro- 
vided thoroughly to light up the dock for general purposes, 
to provide light for carrying on repairs at night, and to 
furnish current for vessels using the dock. To provide 
against fire, either in the dock or in the vessel using the 
dock, a complete fire service has been installed. This 
service can be used for washing down veseels in dock prior 
to painti The valves regulating the docking are all 
controlled oem of levers placed in a deck-house at 
one end of the side-wall. 


Prrsonat.— Mr. A. Robertson, A.M.I.N.A., M.TI. 
Mech. E., East India Chambers, 23, Leadenhall-street, 
E.C., bas been appointed agent for the sale of the quick- 
revolution steam-engines and quick-steaming boilers of 
Messrs. T. A. Savery and Co., Limited, for don and 
district.—Mr. F. W. Dennis has retired from the firm 
of W. F. Dennis and Co., Albert Buildings, 49, Queen 
Victoria-street, London, E.C., as from February 19 last, 
but this will in no way affect the conduct of the busi 
which will be carried on as heretofore by Mr. F. A. B. 
Lord and Mr. J. E. Hood, who has now been admitted 
a partner. Mr. L. H. Hurburgh will also assist in 
the management.—Messrs. William 9 ay Brothers, 
a and Messrs. Denny and .» engineers, 
both of Dumbarton, notify us that they have assumed 
Mr. Geor a as a partner, - January Sa 

yrne manager of the 
on business of Messrs. and Co., 
Limited, in place of Mr. H. B. Powell, who is retiring 
after bis long connection with firm. Major Byrne 
was lately assistant superintendent of the Royal Small 
Arms Factory at Enfield.—We are requested to state 
on ei ba serious fire on March 9 at ad ~_) of 
Meputins Machine Com , Limited, Bir- 
mingham, will not cause any dela: ed diveny of mag- 
netic separators, as the fire at the demonstrating 
and separating works, and does not affect the manufac- 
turing plant.—Mesers. A. and P. Steven, Provanside 
Engine Works, 181, St. James-road, Glasgow, have 
——— W. H. Flood, late manager of the 
i go of the Thames Iron Works, as 
manager of ir London branch, at 10, Charles-street, 
riars-road, 8S.E.— The Haarlemsche Machinefab- 
riek, of Haarlem, Holland, the builders of the Figee 
cranes, &c., have appointed Mr. B. J. Allison, of Tower 
Chambers, 118, London-wall, E.C., their sole repre- 
sentative for the United Kingdom and Colonies, 
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BRITISH MANUFACTURES AND 
CHINESE DEVELOPMENT. 

ENGINEERING manufacturers throughout the 
world continue to look with eager intent upon the 
approaching development’ in China and the con- 
sequent potentialities for extensive business in 
that immense republic. It might be said, in- 
deed, that no country on the globe is at — 
than 
China, and since Britain has heretofore assisted 
China with capital, and with the best advice and 
the most reliable manufactures, it is natural that 
there should be deep interest in this country 
as to the means adopted for ensuring a con- 
tinuance of our commercial connection with the 
great republic of the East. As regards capital, 


x we have invested in China about 40,000,000/.— 


a@ sum much greater than that provided by a» | 
other nation. It is, indeed, three times as muc 


9}as the French nation has forwarded to China, 
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It is consequently gratifying to know that the 
British Engineers’ Association is making its influ- 
ence felt in the direction of safeguarding, if not 
also extending, our industrial interests in China. 
At the annual dinner of the Association, on Friday 
last, it was announced that the membership had 
increased during the year from 93 to 204, can that 
the capital involved in the businesses of the members 


d| not directly accrue to 





was now 80 millions, as compared with 39 millions 
sterling a year ago. The aims of the Association 


16,/ were most aptly described by Dr. Chin-Tao Chen, 


the Chinese Comn.issioner of Finance, as ‘‘ to pro- 
tect British manufacturers and Chinese consumers, 
to further British trade and fair dealing by 
enlightening and educating the Chinese — 

ritish 


to appreciate the quality and value of 
oods, and, most re of all, to cultivate the 
friendly relations and goodwill of the two nations.” 
These are most commendable objects, and their 
realisation is being carried out, under the presidency 
of Mr. Douglas Vickers, with a due regard to the 
high ideals which have so long characterised the re- 
lation of British manufacturers with foreign clients. 
The scheme of the British Engineers’ Associa- 
tion, to judge by recent criticisms, seems to be 
misunderstood in some quarters. In some journals 
there have been letters based on this misunder- 
standing, and because of this we have refrained 
from publishing similar communications. The 
British Engineers’ Association is not ape | a 
combination designed primarily to secure orders 
for individual members. Indeed, as Mr. Vickers 
clearly pointed out at the dinner, it was con- 
ceivable that equal proportions of orders might 
1 members of the Asso- 
ciation, because the aim was rather to permit 
of closer association between the Republic of the 
East and Britain as nations, r being had 
not alone to trade, but to the many incidental 
relationships which themselves indirectly foster 
trade. The Association have consequently con- 


, | fined themselves for the present to sending out to 


China a chief commissioner, an assistant, and an 
engineer, whose function, collectively, is to keep 
the Association and the individual members 
thoroughly well advised of all that is — in 
China, particularly in respect of contracts, and of 
openings and possibilities for new trade. There 
has just been prepared a subject-matter index, in 
which are classified the productions of all the 
members, and it is the business of the Chief 
Commissioner to see that such book is available 
for merchants in China. Admittance to the Asso- 
ciation, too, is scrupulously guarded, so that 
membership may be accepted by possible clients in 
China as a guarantee that the work entrusted to 
them will done with the most satisfactory 
results. Again, the bond between the ‘two coun- 
tries is being immensely strengthened by the equip- 
ment of e engineering department of the 
University of Hong Kong entirely by British 
appliances, and members of the Association have 
spent on these 10,0001. during the past _ By 
this means young Chinese engineers will be trained 
in their profession with a full conception of the 
excellency of British-made manufactures. To the 
same end openings for Chinese students are being 
found in workshops of the members of the Associa- 
tion, so that there will be in the future greater know- 
— and ——— of the design and efficient 
qualities of British ucts by the mon who will be 
— responsible for engineering work in China. 
erhaps, however, two of the most beneficial 
ambitions of the Association are to amend the 
commercial law of China, and to simplify the 
arrangements for granting to Chinese clients 
an extension of credit by British manufacturers, 
With regard to the former, Dr. Chin pointed out 
that it was recognised in China that grave dis- 
advantages accrued from the legal system, because, 
under the law of China, all cases in dispute were, 
in the consular and mixed courts, determined 
according to the law of the defendant in each case. 
There consequently existed.an element of un- 
— in every contract between a foreigner 
and a Chinese, since neither knew, when makin 
a contract, under which law any dispute whic 
might arise would be decided. In the view of Dr. 
Chin the only final solution would be for China to 
frame commercial laws corresponding to those of 
the nations of Europe, and to arrange that all dis- 
putes should be settled under such unified law. The 
Association is wisely directing its efforts towards 
this end, and there seems no reason why China 
should not, by a careful study of the commercial 
judiciary system of all European countries, arrive 
at a system acceptable to all. As regards the 
second of the functions referred to, there is no doubt 
that, in view of the existing financial conditions in 
China, long credit is desired by clients, and it 
pore ay - a individual — to 
carry the financial obligations of suc - 
ments. The Association, however, has appolabed 
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a strong committee for dealing with this matter, 
and, as Mr. Wilfrid Stokes, the chairman of the 
Association, pointed out, there is every prospect 
‘*of making such arrangements in the near future 
with regard to finance as will allow members to 
shoulder contracts that otherwise it would have 
been impossible to contemplate.” 

Criticism of the Association is not so much 
directed towards the scheme as the scope 
of its propaganda work. Other nations organise 
groups of manufacturers with a view of securing 
contracts, and consequently the cost of membership 
and the expenditure in China is enormously greater. 
On the other hand, the membership fee of the 
British Association is only 101. 10s., and there can 
be no question about the advantage gained being 
full value for this expenditure. It is not intended 
directly to supersede individual action, either 
through correspondence or by direct representation 
in China, for the securing of orders. The aim is 
essentially national in its character, and thus it is 
possible for competitors to enter the Association 
with a full consciousness that there will be equality 
of treatment for all. At the same time it does not 
preclude any single firm or any combination of 
firms from carrying out the larger scheme of 
work to secure orders in China by acting upon 
the advice and assistance of the Association, 
and by direct contact with possible merchants 
and clients in China. Thus the Association must 
be regarded as a national institution, firstly, 
to support all British industries, and, secondly, 
to assist towards the success of the effort of indi- 
vidual manufacturers or of producers who combine 
together for the prosecution of their individual 
interests. It will seen that the former aim is 
directly contributory to the latter, and that the 
procedure in each is complementary to that of 
the other. The one important gain in having such 
a comprehensive national association is that the 
assistance of the Foreign Office in this country 
and the various departments of the Chinese Govern- 
ment can be solicited without any possibility of 
the Government departments being suspected of 
supporting the interests of one producer against 
those of a competitor. The Foreign Office in this 
country have very properly set themselves against 
any action which may lay them open to the charge 
of preferential treatment. Criticism of the Foreign 
Office in this respect is to be deprecated. The 
result of the formation of the Association has 
been to enable the Foreign Office to assist British 
engineers collectively through the Association with- 
out any possibility of a charge of invidious distinc- 
tion being made. The same applies in China, and 
if this were the only result of the organisation, the 
claim might reasonably be made that they had done 
much to resist organised effort on the part of other 
countries to lessen our business connection with 
the Far East. But, as we have pointed out, there 
is still left the further possibility of individual and 
direct effort to secure work on the part of one 
manufacturer or of a collection of manufacturers, 
who could, through member-hip of the Association, 
secure all the benefits of information and pro- 

ganda work which is being prosecuted so success- 
ully at the present time by the organisation. 





RECENT DISCOVERIES IN PHYSICAL 
SCIENCE. 

In opening his second lecture at the Royal Insti- 
tution «n Saturday last, Sir J. J. Thomson, O.M., 
F.R.S., said that he had tried on the last occasion 
to show that chemical compounds could be divided 
up into two classes. In the one class the com- 
ponent atoms of the molecule were electric doublets, 
carrying both a positive and a negative charge, and 
were thus individually neutral, whilst in the other 
class the individual atoms in the molecule were not 
neutral, but one atom was positively charged and 
another negatively. As the criterion for determin- 
ing to which class a compound belonged, he had 
taken the specific inductive capacity of the com- 

und when in the gaseous state, the comparison 

ing made in this condition because there were 
then the same number of molecules per unit volume. 

Taking the specific inductive capacity as the test 
of ‘‘intra-molecular ionisation” of the above kind, 
chemical compounds could be readily classified into 
two groups. Some, in short, were found to obey 
Maxwell's law, which was that the specific inductive 
ameely of a body was equal to the square of its 
index of refraction, with the additional pro 
that the specific inductive capacity was then inde- 





pendent of the temperature if the measurement 
were made at constant volume (thus keeping con- 
stant the number of molecules involved). With 
other bodies the value of the specific inductive capa- 
city bore, it was found, no relation to the square of 
the refractive index, and with these bodies there 
was a very great decrease in the value of k when 
the temperature was increased. In his previous 
lecture he had tried to show that such an effect 
would naturally follow if the atoms of the molecule 
were charged. Proceeding in this way, the com- 
moner bodies were found to fall into the two groups 
shown below :— 





Group No. 1. Group No. 2. 
Hy CO, H,O 
Oo O82 NH; 
Ne | CU's 8 
He | CH, HC 
Cle Ce Hg CH, OH 
co Ne2O CoH; OH 
| CH Cl; 
| 


In the first group, Sir Joseph continued, the 
atoms of the molecule were neutral, and in this 
group it would be seen were included the whole of 
the elementary es. Even chlorine was found 
here, though this body might perhaps be expected to 
prove an exception. It appeared, therefore, that in 
all the normal gases the atoms were, as a net result, 
uncharged, each containing an equal amount of posi- 
tive and of negative electricity. In thesecond group 
the vapours listed ed molecules of which the 
constituent atoms were distinctly charged with a 
surplus of either positive or of negative electri- 
city. The whole of the bodies in this group, it 
would be observed, were gases with very pronounced 
chemical and physical qualities. The number of 
bodies which could be examined in the gaseous 
conditions was, however, not large; but the same 
method of examination could be applied to liquids 
if for the specific inductive capacity as ordinarily 
determined were substituted the specific inductive 
capacity per molecule, this being necessary, use 
some liquids had a much larger number of molecules 
per cubic centimetre than others. When the mole- 
cular specific inductive capacity was determined in 
this way, it appeared that certain radicals gave 
every evidence that their constituent atoms were 
charged. Some results are shown below :— 








Specific Inductive Capacity. 





Radical. Compound. ———— 
As Ordinarily Relative Value 
Measured. per Molecule. 
j HOH ei 81.7 81 
OH , CH;,0OH . 32.5 79 
C)H;0H 21.7 84 
CH;CN.. 35.8 100 
ON ..  { O.H,0N 27.2 luz 
CH3NO. 38.2 116 
NO, .. { CeHsNOy 29 5 117 
CH;9NS _- 144 
ONS .. {| OntoNS = 126 
120 


CO. OH 


1 | 


{ HCO OH .., 
CH;CO. OH .. 
In the foregoing it would be observed that 
the radical CN made a higher contribution to 
the molecular specific inductive capacity than did 
hydroxyl. NO, gave a higher value still, and 
this, in turn, was exceeded by CNS. An inter- 
esting point about these latter sulpho-cyamide com- 
pounds, Professor Thomson proceeded, was that 
they could be obtained both in normal and in iso 
forms, the arrangement of the radical being different 
in the two. 

It turned out that this different arrangement of 
the radical was accompanied by a corresponding 
difference in the value of the specific inductive 
capacity, the contribution of the radical to this 
‘ot get of being, in the iso form, little more than 

alf of what it was in the normal form. The 
difference between the two conditions appeared to 
be of the following character. Representing the 
radical as 





C-N-S, 
then, in one set of compounds, the carbon carried 
& positive charge, whilst the negative charge was 
on the nitrogen atom, thus :— 
C-N-S. 
+ - 
In the other set of compounds the negative charge 


was carried by the sulphur atom, thus, and the 
positive charge was on the nitrogen atom, thus :— 


C-N-S. 
oo we 


The distance between the two charges was not 
the same in both cases, and hence the moment of 
the resultant electric doublet was greater in the one 
case than in the other. 

The radical CO . O H, it would be seen from the 
table, gave markedly different contributions to the 
molecular specific inductive capacity in different 
cases. This arose because both of its constituents 
were themselves charged. Hence, if the consti- 
tuents were arranged in the one way, the total effect 
would be greater than the effect of either acting 
alone; whilst if the arrangement were such that the 
moment of one constituent opposed that of the 
other, the effect would be less than that of either 
acting alone. In formic acid this radical gave a 
value of 120 for its contribution to the molecular 
specific inductive capacity, whilst in acetic acid the 
contribution was only 21. This was an enormous 
difference. 

Speaking generally, when a radical was itself built 
up of components which had moments of their own, 
the arrangement might be such that these moments 
were added to each other, whilst in other cases the 
disposition might be such that the effects were sub- 
tracted one from the other. In the former case the 
contribution made to the specific inductive capacity 
of the compound into which they entered might be 
very high. Such a body was formamide :— 


for which the value of this contribution was about 
the highest known, amounting to 210 per molecule. 
Every radical in organic compounds of O, N, Hand S 
behaved in this way, the atoms being always 
charged. When such radicals cntered a compound 
the only part of this compound charged was, in 
most cases, the radical itself. 

In some cases there was a possibility of a diffe- 
rent distribution of charges on the hydroxy] radical. 
The one case might be represented as 

OH 

-+ 
there being a positive charge on the hydrogen and 
an equal negative charge on the oxygen atom. In 
this case, when this radical formed part of a 
molecule, the remainder of the molecule need not 
be charged. The more usual condition was, how- 
ever, that the oxygen atom carried two negative 
charges, thus :— 
H 
+ 


and by these it was linked up with other 
charges in the rest of the compound molecule. 

In the case first mentioned, where the oxygen 
carried only one negative charge and the hydrogen 
one positive charge, these being the only charges in 
the molecule, the hydroxy] acted as an acid radical, 
as, for example, in formic acid. In alcohol, on the 
other hand, it had basic properties, and in this 
the oxygen atom carried two negative charges. 
The behaviour of the radical was totally different 
in the two cases. When hydroxyl combined with 
acid properties, the oxygen atom carried only one 
charge, and if acted on by suitable reagents, 
hydrogen was split off from the hydroxyl by the 
severance of the bond between it and the oxygen. 
This hydrogen passed off into solution, which then 
—- an excess of hydrogen ions. 

hen, on the other hand, compounds in which 
the hydroxyl entered with basic properties were 
similarly treated, the whole of the hydroxy] radical 
was itself split off, and the solution contained as a 
result an excess of hydroxy] ions. 

With bodies “as charged atoms, such as those 
in Group II. of Table I., the resultant moments 
were, Professor Thomson said, very much greater, 
and the forces between adjacent molecules much 
larger than in the case of ies with unc 
atoms. For example, experiment showed that the 
molecules of water had a very great attraction for 
each other, and that there might be considerable 
difficulty in breaking a column of water in two. 
This might appear oxical, since ‘‘ weak as 
water” was a verb. Nevertheless, it was true 
that the tensile strength of water was by no means 
despicable. 

In this connection he might say that one of the 
most remarkable instances of boldness in scientific 
prediction was when Young, about 100 years ago, 
insisted on the great tensile strength of water in 
making what was the first estimate ever brought 
forward as to the range of molecular action. i 
i calculation of Young's had been forgotten until 
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rediscovered by Lord Rayleigh a few years ago. 
Young com the surface tension of water to 
its tenacity, and came to the conclusion that its 
tensile strength was about that of iron. This 
estimate, Sir Joseph continued, was the most 
remarkable case of clear insight and audacity which 
he had yet come across. 

To illustrate the tensile strength of water and 
to compare it with that of oil the lecturer heated 
up two sealed tubes, of which the one, at the tem- 
perature of the room, was ee completely filled 
with air-free water, and the other with oil. By 
heating these tubes the fluids were caused to fill 
them completely, and it was then shown that they 
could be cooled back nearly to the room tempera- 
ture without the forming again of a void. A ten- 
sional force sufficient to stretch the water from its 
normal volume to a materially larger one was thus 
sustained by the fluid. The tensile strength thus 
exhibited was, Professor Thomson said, about 
13,000 atmospheres in the case of water, and much 
less in that of oil. 

The reason why water was ordinarily so weak 
was, he said, due to the fact that it was difficult to 
get a sample which was not already cracked by the 
air dissolved in it. Ordinary water was, in fact, 
‘* cracked all to pieces” by this dissolved air, and it 
was not fair to judge the strength of the liquid 
from specimens which were, in effect, already 
broken. 

In addition to this great tensile strength, the 
liquids of Group II. had another striking property 
—that of dissociating salts dissolved in them, the 
effect of which was to render the solution a good 
conductor of electricity. Everyone knew that 
water possessed this property ; but it was also true 
of such bodies as ammonia. Liquid anhydrous am- 
monia was, for example, a very good insulator, just 
as pure water was. If, however, a little sodium 
was dissolved in this liquid anhydrous ammonia 
(which was obtained by condensing ammonia by 
liquid air), the blue solution thus produced was 
quite a good conductor. 

It was natural, Sir Joseph went on, to expect that 
the surrounding of salts by molecules of the second 
group of bodies, in which, as stated, the atoms 
carried charges, would help the molecules of the 
salts to split up into negatively-electrified particles. 
Taking the case of hydrochloric acid, Professor 
Thomson said that the hydrogen carried a positive 
charge, and the chlorine a negative one. If sucha 
molecule were immersed in water, then, as the 
atoms of the water molecules themselves carried 
charges, if a negatively-charged atom of the water 
molecule came into the immediate neighbourhood 
of the positively-charged atom of hydrogen in the 
HCI molecule, whilst the chlorine atom was similarly 
brought into the neighbourhood of the negatively- 
charged atom of water, the tendency would be to 
pull the hydrochloric acid molecule apart. Once the 
two were separated, they would find themselves im- 
mersed in a liquid with a high specific inductive 
capacity, and there would be but little attraction 
tending to bring them together again. 

The mutual attractions between molecules of 
bodies having charged atoms was, in fact, very con- 
siderable, and was well exemplified, he said, by the 
difficulty of preparing anhydrous ammonia. This 
attraction between ammonia and water Professor 
Thomson exemplified by throwing on toa screen the 
shadow of a jet of steam. He showed that if a piece 
of cotton-wool charged with ammonia were brought 
near this steam jet at the point of issue, there was 
a very marked darkening of the shadow, due to the 
fact that the attraction of the ammonia for the 
steam molecules greatly facilitated the condensation 
of the latter. 

Proceeding, Professor Thomson said that he had 
in the foregoing brought forward evidence to show 
that in many compounds the constituent atoms of 
the molecule carried charges of electricity, and he 
wished now to discuss the distribution of electricity 
within these molecules. Whatever view were taken 
as to the structure of the atom, it was necessary to 
admit with Helmholtz that different elements had a 
smaller attraction for a charge of negative elec- 
tricity than had others. Thus an atom of sodium 
or potassium had a smaller attraction for a negative 
charge than had chlorine, or, as it was usually put, 
they were more electro-positive. This implied that 
& certain amount of work would become available if 
a negative charge were taken from atoms for which 
the attraction was weak, and transferred to one 
which had a strong attraction for a negative 


particle. 





Hence when a neutral electro-positive atom com- 
bined with a neutral electro-negative atom, there 
was a tendency for a negative charge to pass from 
the electro-positive atom (thus leaving it positively 
charged) and go over to the electro-negative atom, 
rendering it negatively electrified. In carbon-mon- 
oxide, for instance, there was a tendency for a 
negative charge to pass from the carbon atom to 
the oxygen one, and were it merely a question of 
the electricity “ feeling more at home” in the one 
place than the other, the transfer in question would 
always take place. What then was it which 
stopped the electricity passing from the one atom 
of the molecule to the other? It was obvious 
that in such a transfer there would be a certain 
gain of work, and the question remained, why was 
this work not gained ? 

In attempting to answer these queries it was 
n in the first place to remember that 
electricity had itself an atomic structure, and must 
therefore pass in definite units from one point to 
another. The transfer of a negative charge must 
accordingly be either complete or not at all. The 
two atoms of carbon monoxide might be com 
to the two coatings of a Leyden jar, the molecule 
constituting in effect a Leyden jar of very small 
capacity. To transfer a stated quantity of electricity 
to a Leyden jar required the expenditure of a 
definite quantity of energy, which was greater the 
smaller the jar. If, for example, q units of elec- 
tricity were passed into a Leyden jar, this involved 
an expenditure of energy equal to 

a. 
capacity 
Hence the smaller the capacity the greater the 
expenditure of energy necessary to get the q units 
into the jar. 

If, then, the carbon and the oxygen atoms of a 
molecule of CO represented the coatings of a jar, 
there would, since oxygen had a greater attraction 
than carbon for negative electricity, be a certain 
amount of energy available for the charging up of 
the jar, by the transfer of a negative charge from 
the carbon to the oxygen. If this were less, how- 
ever, than one-half the square of the charge divided 
by the capacity, the transfer would not take place. 
The work needed for the charging up of the “‘ jar” 
and the amount available due to the difference in 
the attractions of the carbon and oxygen for nega- 
tive electricity might, he said, both be expressed in 
terms of the voltage through which the charge must 
fall to effect the work in question. If expressed in 
this way, the voltage of the ‘‘ jar” was greater than 
the voltage which represented the work available, 
no transfer of the charge would take place. 

The potential to which the addition of a charge 
would raise a jar wasvery large when the capacity was 
small. By increasing this capacity a transfer might 
be effected which would otherwise be impossible. 
When, therefore, another molecule was added on 
to certain systems, not so much work was required 
as before for the passage of a charge from an electro- 
positive to an electro-negative atom. Hence, if a 
molecule were surrounded by other molecules, or 
were attached to these other molecules, a charge 
might pass from the carbon to the oxygen, which 
it could not do so long as the two stood alone. 

In organic compounds the presence of the CO 
radical did, it was found, give an increased value 
of the specific inductive capacity, and the radical 
in question had therefore become charged on enter- 
ing the compound. This was due to the increased 
capacity of the ‘‘ jar” constituted by the compound 
molecule, owing to the proximity of the other atoms 
forming it. 

An interesting example of this was afforded by 
the work of Werner on the series of compounds 
formed between platinum chloride and ammonia. 
Uf these a number were known containing various 
amounts of ammonia. Of these (PtCl,)(NH,),, 
containing only two molecules of ammonia, be 
longed to Class I. of chemical compounds, the 
atoms not being charged. Adding another mole- 
cule of ammonia to get (PtCl,)(NH;,),, the specific 
inductive capacity was represented by 96, a figure 
which in the case of (PtCl,)(NH,), was raised 
to 228. The next compound in the list 
(PtCl,)(NH;);, had not yet been isolated, but 
(PtCl,)(NH,), gave the value 522. In the first of the 
compounds enumerated, the capacity of the system 
was too small to admit of the transfer of a charge. 
An increase of capacity by the addition of another 
molecule of ammonia diminished the work neces- 
sary by so much that the transfer took place, 





although the work available to this end remained 
unchanged. As more molecules were added the 
charge carried by the chlorine atoms increased, it 
would be seen, very rapidly. 

Another way of looking at the matter, Professor 
Thomson proceeded, was as follows :—Referring 
to Fig. 1, let the two atoms of the carbon monoxide 
molecule be represented by C and O. Each carried 
a positive and a negative charge, but the oxygen 
being more electro-negative than the carbon atom, 
there was a tendency for a negative charge to pass 
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from the carbon to the oxygen ; but this was insuf- 
ficient to overcome the attraction of the positive 
charge carried by the carbon atom. This latter 
could, however, be diminished by bringing up an- 
other atom, as indicated by the dotted circle in 
Fig. 2, and this would increase the possibility of the 
negative charge going across. In this way compound 
molecules, although they might have uncharged 
atoms when isolated, might become charged up 
when in the liquid state, or when combined to 
form more complex compounds. 








THE EROSION OF CANAL BOTTOMS 
BY BOAT PROPELLERS. 

A Few years ago Professor Oswald Flamm, of 
the Charlottenburg Technical High School, demon- 
strated by the aid of photographs that the revolu- 
tion of a ship’s propeller imparted a spiral motion 
to the water, and he suggested that the propeller 
drew the water in from all sides by a kind of 
suction effect and discharged it again in an axial 
spiral current. We reproduced some of his photo- 
graphs at the time. Further experiments in this 
connection have led him to the view that the axial 
— current to the rear is mainly responsible for 
the erosion of canal bottoms, which has generally 
been ascribed to some propeller action, though its 
nature is not well understood so far. This erosion 
may become a serious source of trouble, for two 
reasons. When the canal bo‘tom is washed out, 
water may leak out of the canal ; this is particularly 
objectionable in raised canal beds, because the 
escaping water has to be replenished. In the 
second instance the threatened erosion of the 
canal banks and bottom obliges the authorities 
to limit the speed at which boats may be propelled 
on canals and thus impedes shipping; the oppo- 
nents of canal construction and improvements have 
not failed to bring up this argument. 

Professor Flamm’s experiments now deserve 
attention, not only because they seem to indicate 
the real cause of the erosion, but also because they 
show that the erosion may be avoided by a very 
simple alteration of the rudder. Speaking at the 
Berlin branch of the Verein Deutscher Ingenieure 
in December last, Professor Flamm, with the help 
of the kinematograph, demonstrated that when s 
a was kept stationary, and turned at 

500 revolutions per minute, the bottom of the 
canal—consisting of loose sand and clay at a depth 
of about 3 m. (10 ft.)—was little disturbed by the 
motion, as long as there was no rudder behind the 
ae ey When the rudder was put in its place, 

owever, being held in the longitudinal axis of the 
boat, a strong erosion was observed, a hole about 
12 metres long and wide and up to 1.6 metres in 
depth being produced in the course of two hours. 
This erosion, Professor Flamm pointed out, was due 
to the fact that the spiral current from the propeller 
struck the rudder and was deflected downward by 
the vertical plane. Dr. Geber, of the Versuchsan- 
stalt fiir Wasserbau und Schiffsbau, had tried to sup- 
press the erosion by providing two rudders, placed 
the one to the right and the other to the left of 
the keel-line. The expedient had been successful 
to a certain degree, but only as long as the rudders 
were kept in the fore jon | aft line. When the 
double helm was put to port or starboard, the 
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erosion became worse than it had originally been ; 
that trouble again could be mitigated by fixing the 
two rudders far a from one another, so that 
they always remained outside the spiral current. 
Such a double helm was expensive and very cumber- 
some, however, and the two rudders were exposed to 


Professor Flamm therefore tried another remedy. 
He fixed to the lower of a rudder of the usual 
type and dimensions a horizontal bottom-plate, a 
little longer than the rudder itself, as a rule 
apparently, projecting at the rear, and of a width 

ter than the height of the rudder. This 
orizontal plate stop the current which the 
rudder itself had deflected downward ; whether 
it turned the current towards the side was not 
mentioned ; perhaps the current is broken up 
and dissipated. hen such a plate was used, at 
any rate, there was no erosion of the bottom 
to speak of after twe hours, and since the experi- 
ments were later, on behalf of the Government, 
continued on the Oder-Spree Canal, any note- 
worthy erosion of the banks would hardly have 
escaped attention. The horizontal plate prevented 
erosion at all positions of the rudder, whilst with 
the ordinary rudder without the plate erosion was 
always noticed. In alluding to these experiments 
during the discussions of the November meeting of 
the Schiffbautechnische Gesellschaft, Professor 
Flamm mentioned that he had, so far, experi- 
mented with ten different tugs on the canal, and he 
had almost always been successful ; the dimensions 
of the plate had to be adapted to the conditions, 
and the expense for providing the rudder with a 
suitable plate had been about 5/. The plate, more- 
over, seemed to increase the axial thrust, by as 
much as 10 per cent. in some cases, probably 
because the plate served as a guide-vane. It was 
further noteworthy that steering was decidedly 
facilitated by adding the plate. If these observa- 
tions should generally be confirmed, the addition 
of the horizontal plate to the rudder may become 
an important innovation ; the experiments were 
started less than a year ago. 





SURFACE COMBUSTION. 

Tue Friday evening lecture on February 27, at 
the Royal Institution, was delivered by Professor 
W.A. e, who discoursed once again on ‘‘ Surface 
Combustion,” and gave some particulars as to the 
commercial application made so far. 

In opening his lecture, Professor Bone said 
that during some researches made in 1817 Davy 
found that if a platinum wire were made hot, it 
incandesced brightly if plunged into a mixture of 
gas having such an excess of non-combustible con- 
stituents as to be non-explosive, and the wire con- 
tinued to glow brightly until nearly the whole of 
the free oxygen had disap ed. This reaction 
Professor Bone illustrated by heating a platinum 
crucible over a gas-flame to redness, and showed 
that if the were momentarily extinguished and 
then turned on again the platinum crucible was 
kept in a state of glow without the appearance of 
flame or any striking back into the burner. During 
the twenty years following Davy’s discovery, he 
said, many experiments were made by chemists on 
this phenomenon of flameless combustion, and it 
was found that metals of the platinum group, 
in particular, specially promoted the reaction, and 
that of all gases hydrogen was the most sub- 
ject to this influence of a hot surface. A contro- 
versy as to the real character of the phenomena 
arose between Faraday and de la Rive, the latter 
maintaining the view that surface combustion 
SS upon rapidly alternating oxidations and 
reductions of the active surface, whilst Faraday 
was of opinion that the gases were condensed at the 
surface and were thus brought together under high 
pressure. The sole tical result of the twenty 
years’ research was the Dobereiner platinum lamp, 
and interest in the subject ceased about 1836. 

Ata later date Deville proved the dissociation 
of gases at high temperatures, and his work led to 
the view that as surfaces promoted dissociation, it 
was important to keep gaseous fuels away from 
such surfaces. It was now known, Professor Bone 
said, that if a surface accelerated the dissociation 
of products of combustion, it must also have the 
converse property of promoting oxidation. In 1887, 
Mr. Fletcher, of Warrington, showed some very 
remarkable experiments. He injected on to a red- 
hot ball of iron wire, a mixture of coal-gas and air. 
Under these conditions he found that flameless 





combustion ensued, and that enormous tem - 
tures could be attained. Mr. Fletcher established 
three important facts—viz., that the phenomenon 
was only produced under certain suitable condi- 
tions; that the combustible mixture must come 
into intimate contact with the surface whilst the 
latter was at a high temperature ; and that in the 
absence of such a surface flameless combustion 
was impossible. 

The speaker’s own researches dated, he said, from 
1902, at a time when he was investigating the com- 
bustion of gases at temperatures of under 500 deg. 
Cent. He then proved that all surfaces had an 
accelerating effect upon the rate at which combustion 
proceeded at ap ge below the ordinary igni- 
tion point. He also found that this effect was asso- 
ciated with an absorption of the gas, which was 
probably simultaneously ionised, and that in the 
process the surface became electrified. The surfaces 
used in promoting combustion in this way, he 
observed, often suffered from pitting. Thus a grid 
of bright silver wire used to promote the combustion 
of oxygen and hydrogen at temperatures below 
400 deg. Cent. was subsequently found to present a 
frosted appearance, due to the pitting produced by 
the reacting gases. At temperatures below the 
ordinary ignition-point the efficiency of surfaces 
varied considerably, but the difference became less 
at higher temperatures, and apparently entirely dis- 
—- at bright incandescence. 

y passing an explosive mixture through a 
porous plate, intense, but flameless, surface combus- 
tion could, he continued, be produced at the 
delivery face, where the gases, combined with very 
great rapidity. It was not generally realised, he 
said, that in flames combustion took place very 
slowly when reckoned in units of molecular time. 
Electrolytic gas was notoriously rapid burning, yet 
if ignited, the initial speed of the flame was only 
20 metres per second, the duration of the reaction 
being 100 million times as great as that of the cycles 
of gaseous impact. Even when detonation ensued, 
the explosive wave travelled at only 2200 metres 
per second, and the duration of each molecular 
reaction was still a million times as long as the 
average time between two successive collisions of a 
molecule. 

The effect of surfaces in promoting chemical 
combination could, he proceeded, be conveniently 
illustrated by an experiment due to Professor Strutt. 
Professor Strutt filled a glass bulb with nitrogen at 
a pressure of ;4; mm. of mercury. To this bulb was 
fitted a side tube, in which rested, with an easy 
sliding fit, a rod of oxidised copper. On ing an 
electric discharge through the tube, the active 
form of nitrogen was obtained. When the dis- 
charge ceased the nitrogen gradually reverted to its 
inactive state, a glow being produced by the recom- 
bination, and this glow lasted fully 10 to 15 seconds. 
Repeating the experiment, Professor Bone showed 
that if the rod of oxidised copper was allowed to 
slide into the bulb immediately the electric dis- 
chargeceased, the glow disappeared instantaneously. 
This experiment, he said, well illustrated the con- 
centration of chemical action at a surface, and had 
a close analogy to the phenomenon of surface com- 
bustion. In this the incandescent solid had a 

ecific réle, and was not a mere looker-on. As to 
the precise manner in which it acted, no view could, 
however, be put forward with entire confidence. 
Sir J. J. Thomson maintained that in combustion 
not merely atoms and molecules were concerned, 
but also electrons, and had suggested that the fact 
that a highly heated surface emitted charged par- 
ticles was a fact of importance in this connection. 
It might be found that the action of the surface 
depended upon the formation in its immediate 
vicinity of layers of ionised gas. 

By experiments made a mm Professor Bone 
continued, it had been proved that in the case of 
flameless combustion promoted by hot porous 
material, the rate of combustion was very greatly 
accelerated, and that the excess of air needed for 
eomplete combustion could be reduced toa minimum. 
Owing to this fact, very high temperatures could be 
attained without the use of regenerators, and the 
large amount of radiation a caused the 
rate of heat transmission to neighbouring bodies 
to be very high. For many purposes furnaces 
heated by surface combustion were both highly 
economical and very easy of control. In one appli- 
—_ of the method the nore yay om " — 

iaphragm (see Fig. 1) having ac r of sheet 
metal at the back, and supplied with a combustible 
mixture under a slight pressure. The gas in com- 





bining posgetians passed through the diaphragm, 
and underwent flameless surface combustion at the 
surface of exit. The diaphragm consisted of granules 
of firebrick, graduated to suit the e@ com- 
bustion at such a diaphragm was limited, he said, to 
the surface layer, and to perhaps } in. below ; and 
although this surface became extremely hot, the back 
was kept quite cool by the flow of the cold gases. 
Perfect combustion was obtained with a very slight 
excess of air. In fact, could the uniformity of the 
gas supply be relied on, the air might be supplied 
in the theoretical proportions. As the combustion 
did not depend on a supply of oxygen outside the 
diaphragm, these diaphragms would work equally 
well in an atmosphere of CO, or of nitrogen. He 
thought such diaphragms might have many obvious 
domestic —— and even be applied for 
apartment-heating. For grilling and similar opera- 
tions of cookery they would be much more econo- 
mical than electricity, and equally advantageous in 
other regards. They had been adopted in a large 
confectionery works for concentrating sugar, the 


Fig.2. 
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copper pans being heated by a 13-in. diaphragm 
situated below it, which replaced the old flame- 
burners. Ten to twelve heats were made per day, 
each heat lasting 20 minutes. As compared with 
the old flame-burners, the consumption of gas had 
been reduced at this factory to one-half its former 
amount. The heat, being transferred to the pan by 
radiation, was picked up much more efficiently than 
was heat from a flame, with which a cool non-con- 
ducting layer was always formed in contact with 
the metal surface. 

The diaphragms could obviously be used for 
evaporating liquids by a top heat. This was very 
advantageous in certain conditions; it being, for 
example, very difficult to concentrate a solution of 
sodium silicate by bottom heat, whilst it was very 
readily effected by top heating with one of these 
diaphragms. 

In a second adaptation of the principle the 
gaseous mixture was fed into a bed of porous 
= material at a speed greater than that of 

k-firing. The crucible or other object to be 
heated was embedded in the granules, and was 
very rapidly heated when surface combustion was 
eatablished in these. Crucible furnaces, such as 
represented by Fig. 2, had been constructed on 
these lines as well as muffle furnaces. The com- 
bustion was instantaneous and very rapid, a tem- 
perature of 1300 deg. Cent. being easily attained 
within five minutes. This system was applicable 
to all furnace o tions. It was, moreover, not 
essential that the porous bed should be deep. 
With rich such as coal-gas or natural gas, 
the upper limit of temperature was fixed by the 
refractoriness of the porous materials available, 
and he might state that a Seger cone, No. 39, had 
been melted in a crucible furnace. The correspond- 
ing temperature was 1808 deg. Cent. Platinum could 
be melted very easily by using coal-gas and without 
eration, a temperature ot 2000deg. Cent. being 
attainable. With Mond gas the limit of temperature, 
without regeneration, was 1500deg., but by regenerat- 
ing sufficiently to heat up the explosive mixture to 
300 deg. or 400 deg. Cent., much higher tempera- 
tures were attainable with these poor gases. ith 
any gas the heating was very uniform and the 
temperature v controllable, being practically 
governed by the weight of gas burnt. Tests made at 




















MARCH 13, 1914.] 


ENGINEERING. 


357 








Leeds between a surface-combustion muffle furnace 
and an ordinary gas-fired muffle furnace showed that 
for a temperature of 700 deg. Cent. in the muffle 
the former required only 70 per cent. as much gas 
as the usual type, whilst, for a temperature of 
1400 deg. Cent., only 40 per cent. as much gas was 
needed. These figures had been confirmed in a 
series of trials at New York in competition with 
the best American gas-fired furnaces. 

Many difficulties had been met with in prac- 
ticalising the system, the new conditions making 
n the acquirement of new experience, but 
these ait culties were being very successfully solved, 
and the furnaces were being practically applied to 
the melting of brass and aluminium and to the heat- 
ing of forging-furnaces. At Sheffield a large 
copper-tube annealing furnace was in commercial 
operation. In brass-melting, with 50-lb. to 60-lb. 
charges, the consumption was 1} cub. ft. of gas 
per 1 lb. of metal melted and poured. 

The 


As for boilers, it was well known that 
fired boilers had not been very successful. 

rincipal gases available for this purpose were 
Blaat- urnace gases, the surplus of coke-oven gases, 
and producer gases, whilst in the United States and 
a few other parts of the world natural gas was 
sometimes to be obtained. It had been estimated 
by a recognised authority that in a gas - fired 
boiler of the usual type the efficiency did not 
exceed 55 per cent. when the fuel was blast-furnace 
gas, and 65 to 70 per cent. with coke-oven gas. 
With boilers fired on the surface - combustion 
principle, an efficiency of nearly 95 per cent. was 
attained. The original experiments on boiler-heating 
by surface combustion had been made with a tube 
3 in. in diameter and 3 ft. long, packed with granu- 
lated fire-clay, and closed at one end with a fire- 
clay plug perforated with a }-in. to #-in. hole. This 
tube traversed a trough containing water. The 
fuel was forced in through the hole in the plug 
faster than it could back-fire, and surface com- 
bustion was established on the granulated material 
near the feeding end of the tube. 

The combustion inside the tube was complete 
within a distance of 3 in. from the plug, and 88 per 
cent. of the net heat was transmitted to the water. 
Of this total, 70 per cent. passed through the first 
foot of the tube, 22 per cent. through the next foot, 
and only 8 per cent. through the third foot. In the 
earlier portion of the tube the heat passed mainly 
by radiation, whilst in the rest of the tube the 
granules served to baffle the flow, thus causing 
the usual cool non-conducting film next the tube- 
wall to be washed away. ough the maximum 
rate of heat transmission was very great, the tube 
did not anywhere attain to a red heat. 

In consequence of the success of this initial 
experiment a small experimental] boiler was built, 
having ten tubes. A feed heater of nine tubes 
packed with granular material was also provided, 
and was very effective in cooling down the gases 
leaving the boiler. On test an evaporation of 
21 6 lb. (from and at 212 deg.) per square foot per 
hour was attained, the ratio of heat transmitted 
to heat available being 0.943. In a subsequent 
test by a German commission a still better result 
was achieved. Using gas of 510 B.Th.U. per cubic 
foot, the rate of evaporation (from and at 212 deg.) 
was raised to 33.9 lb. per square foot per hour, the 
ratio of utilisation being 0.938. 

Six months’ experience with the experimental 
boiler proved so satisfactory that when an inquiry 
was received from the Skinni ve Iron Works 
for a boiler of ten times the size, to be worked 
with surplus gas from the by-product plant, an 
order was accepted under stringent guarantees as 
to output and efficiency. The design was prepared 
by Mr. Michael Longridge, whose advice had been 
most valuable during the whole of the early experi- 
ments. The boiler a diameter of 10 ft., it was 
4 ft. long from front to back, and had 110 
3-in. tubes ked with refractory granules. A 
feeding-chamber was fitted to the front of the 
boiler, into which the explosive mixture was fed at 
4 pressure of 1 in. to 2 in. of water. A suction-fan 
giving a vacuum of 20 in. was arranged behind the 
feed-heater, and exhausted the gases through the 
tubes. The plant was started in November, 1911, 
and was run fora month, night and day, before being 
tested. The steam was furnished at a pressure of 
100-Ib. gauge, and the feed was of 4 deg. hardness. 
On ing the condition of the oiler at the 
end of the period stated, the tubes were found 
quite free from scale, which was, in fact, shredded 
off as fast as formed, owing to the extremely high 





rate of evaporation. The boiler was then taken 
over by the customer, and run for a further period 
of three months, night and day, when the outbreak 
of the coal strike caused a cessation of work. When 
re-started, it again ran night and day for five 
months, at the lapse of which time it was subjected 
to a careful 10-hour trial by an eminent American 


—— 
n this trial 49,824 lb. of water were evaporated, 
the rate being 5500 lb. per hour. The ratio of heat 
transmitted to net heat was 0.927. The power 
required for the exhaust fan was equivalent to only 
2 per cent. of the total output of the boiler. The 
net over-all efficiency was thus just 90 per cent. 
The following figures gave a comparison between 
the performance of this boiler and that of a good 
coal-fired marine boiler :— 


Surface-Combus- Marine 
. tion Boiler. Boiler. 
Heat in water .. 92.7 percent. 75.5 per cent. 
Heat losttochimney 3.0 __,, | ai 
Heat lost, unburnt 
fuel... ini om - 23 «we 
Radiation losses ... 4.3 ,, 4.0 
Rate of evaporation, 
pounds per sq. ft. 
per hour ... os 14 4 


In order to ascertain whether the tubes had 
suffered by the intense rate of heat transmission 
during so many months, one tube was chosen by 
the engineer who conducted the test, and cut out of 
the boiler, and then tested in comparison with a 
new tube. Asa matter of fact, the old tube gave 
a little better result than the latter, and, more- 
over, no difference could be found in the metal 
at the front end of the tube and that at the back. 

A similar boiler had been put down by Krupp in 
the Ruhr district. Ata preliminary trial an evapo- 
ration from and at 212 deg. of 6700 lb. per hour 
was achieved with an efficiency of 924 per cent. 
An official trial had since been made, and though 
Professor Bone could not anticipate the publica- 
tion of the figures, he could say that they fully 
confirmed the Skinningrove results. In this con- 
nection he ventured to refer to a personal matter. 
The boiler in question had been invented and 
developed at Leeds by English chemists, with the 
aid of Mr. Michael Longridge, and was in every 
respect an all-British product. Nevertheless, it 
was being referred to in Germany as the Schnaebel- 
Bone boiler or the Bone-Schnaebel boiler. At 
some future time he might deal further with this 
matter, but for the present would merely enter a 
strong protest against any attempt to claim for 
Germany any whatever in its invention. 

From the constructional point of view nothing 
could be simpler or more compact than the boiler in 
question. There wasasimple shell 10ft. in diameter 
and only 4 ft. long, requiring no expensive chim- 
ney. The front plate never reached a temperature 
higher than that of the water inside the boiler, and 
this fact, in conjunction with the shortness of the 
tubes, greatly reduced the straining actions. There 
were no scaling troubles, and there was very 
effective natural circulation. Each tube formed a 
complete unit, and as it took but five minutes to 
light up, tubes could be cut in or out to suit the 
load, so that the efficiency could be kept the same 
at small and at high outputs, being within wide 
limits quite independent of the load. 





ECONOMY AND STANDARDISATION 


IN NUTS. 
THERE is, perhaps, no constructional] detail in 
which the advantage of standardisation is more 


strikingly manifest than in the screw-bolt and nut. 
It is indeed difficult to realise the extent of the 
service rendered to the world in general, and to 
engineers in particular, by Whitworth when, in 
1841, he standardised the ordinary bolt-thread by 
comparison of numerous specimens of the various 
threads then in use and the selection of the average 
best. The choice then made on so sound a basis 
was confirmed in 1906 —— Engineering Standards 
Committee. In 1841 Whitworth found that the 
thickness of the nut was generally equal to the 
diameter of the bolt; but he does not appear to 
have considered the diameter of nuts or s er 
sizes. So long as nuts were made by hand these 
were necessarily irregular, but with the introduc- 
tion of machine-made or hot-pressed nuts the size 
of nuts across flats became standardised. The 
sizes in general use were adopted by the Engineer- 
ing Standards Committee for Nuts, Spanners, 
and Rolled and Bright-Drawn Sections of Steel 





‘ 


and Alloys for the manufacture of nuts and bolts 
by machining from the solid bar. 
The Committee have provided for each nominal 

size :— 

a) A minimum for finished black nuts. 

b) A minimum for finished bright nuts. 

c) A maximum for any nuts. 

d) A maximum width between the”jaws of any 


spanner. 
(e) A minimum width between the jaws of any 


spanner. 

Obviously c must be less than e, and the difference 
between d and } and d and a must be so little that 
the widest spanner in good order will not bear 
excessively on the corner of the nut. 

To illustrate this, the sizes for a §-in. bolt are :— 
(a) 1.080 in. ; (b) 1.092 in.; (c) 1.100 in. ; (d) 1.105 in. ; 
(e) 1.102 in. 

The adaptability of the standard nut to use with 
a standard spanner is one of its most valuable 
features—possibly the most valuable. To the de- 
signer onl manufacturer using screw - bolts and 
nuts it is important that the nut should be of 
an invariable standard size, so that it can be pro- 
cured from stock, or made from a stock size of 
material, and that it shall be certainly strong 
enough for any use to which it may be put—i.e., 
fool-proof in relation to design. To the suheoquent 
erector or user of the structure or machine to which 
the nut is applied it is of primary importance that 
it should fit his spanner and should not require a 
special spanner or a monkey wrench. It is not, 
however, of so great importance that it should fit 
the particular spanner with which ite bolt is 
nominally associated. 

The standard size of nuts dates from the time 
at which nuts were almost always of wrought iron 
and made by methods pony | considerable risk 
of error in dimensions, and in the concentricity of 
the hole ; and of the = of cinder cracks in 
positions materially affecting the strength of the 
nut. eir sizes necessarily cover a large margin 
for contingencies, and are therefore capable of 
reduction when these contingencies are absent. 
Such reduction may be attended with economy 
of design sufficient to justify departure from the 
standard size. 

In order to ascertain generally the conditions 
under which such reductions are permissible, the 
l-in. nut may be taken as of fairly representative 
proportions, and its dimensions considered in 
relation to the various ways in which failure is 
possible—viz. :— 

(a) By axial compression of the body of the nut. 

(b) By crushing of the end or seat. 

(c) By bursting. 

(d) By the shearing off of the bolt-thread. 

(e) By the deformation of the thread under 
steady pressure. 

(f) By the abrasion of the thread under moving 
pressure. 

(g) By having the corners rounded and worn off 
by the spanner. 

It may be assumed that failure should not occur 
under any of the conditions () to (e) with a less 
load than will break the bolt through the core. 
Whether (/) is to be considered, and the extent to 
which (g) requires consideration, depends upon the 
conditions under which the nut is used. 

Axial Compression.—In relation to its capacity 
to carry the axial compression, the 1-in. nut has 
a minimum diameter across flats of 1.65 in., and a 
minimum sectional area around the top of the 
thread of 1.57 sq. in. 

This area is nearly three times that of the core 
of the bolt (0.554 sq. in.), and is therefore more 
than ample to carry the axial compression. An 
area equal to that of the core of the bolt would be 
given by a hexagon 1.26 in. across flats, and as this 
is less than that required by other conditions, the 

ibility of failure by axial compression need not 
further considered. (Fig. 1, e 358.) 

Bearing on Surface around Hole.—The standard 
l-in. nut affords an area of 2.35 sq. in., less the 
area of the hole, and when bearing on metal similar 
to that of the nut has an obviously large margin. 
The minimum bearing required for a nut subject to 
full load after screwing up only, as in constructional 
or permanent work, may be taken at two-thirds of the 
core area, allowing a pressure between the bearing 
surfaces 1.5 times the permissible stress in tension. 
This area, 0.37 sq. in., is given round a 1y,-in. hole 
by a hexagon 1.21 in. across flats. A nut of this 
diameter would therefore carry the full permissible 
load on the core of the bolt, but would be subject 
while being screwed up to some abrasion. is 
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may be negligible if the bolt is _ to be screwed 
up once for all against material which does not, 
like wood, require several turns at approaching full 
load to tighten the bolt. In the case of a nut screwed 
up against brass or other soft metal a greater area is 
necessary even if the bearing is permanent. Fifty 
per cent. in excess of the core area is given by a 
nut 1.42 in. across flats, but for nuts securing a 
brass flange against king, or > ei frequent 
removal, the standard size is probably not too large, 
and any reduction may render a steel washer de- 
sirable. 

Bursting.—To be secure against failure by burst- 
ing, the minimum section, axially through the 
tapped nut on its least diameter, must be capable 
of carrying the whole of the outward component 
of the load on the inclined threads. The angle of 
the Whitworth thread is 274 deg., and the out- 
ward component may be taken with sufficient 
accuracy at half the axial load (Fig. 3). The 
stress is tensile, and if the material of the nut is 
equal to that of the bolt, the least section of the 
nut should be equal to half the area of the core— 
that is, for the 1-in. bolt, 0.28 sq. in. The area of 
the standard nut is 0.73 sq. in.—i.e., 


Width of 
( Nut. 


1.65 — 

This provides a margin which experience has 
found to be sufficient, for uncertainty of struc- 
ture in wrought iron, irregularity in centring, by 
which more than the proper proportion of stress is 
thrown on one side of the nut, and also for the 
irregular distribution of the force transferred from 
bolt to nut, which tends to concentrate the burst- 
ing force near the supporting end of the nut. 
Assuming material as reliable as that of the core 
of the bolt, a method of manufacture which ensures 
concentricity, and a nut of reasonable proportion 
of depth, the least diameter affording security 
against bursting would appear to be 1.292 across 
flats (? in. bright nut) { in. deep, giving an area at 
the sides of 0.32in. ‘This allows a very narrow 
margin for errors in centring, but the standard 
ij-in. black nut 1.370 a/f, with a depth of }} in., 
gives an area of 0.365 and a fair margin. 

Shearing the Thread.— With the Whitworth form 
of thread it is scarcely possible for a nut of ductile 
material to fail by a clean shearing of the thread at 
the roots. Failure by deformation would precede 
actual stripping of the threads. 

Pressure on Thread.—To provide against deforma- 
tion of the thread by excessive pressure, a consider- 
able margin is required ; owing to the possibility of 
undetected bad workmanship, irregular distribution 
due to errors in pitch caused by faulty lead in taps, 
and the like. e rounded portions at top and 
bottom of the Whitworth thread may also be ex- 
cluded, because it is practically impossible to have 
so accurate a fit that they will come into bearing 
simultaneously with the flat surfaces. Excluding 
these the projected bearing area of a Whitworth 
thread is two-thirds of its depth (Fig. 3). The depth 
is 0.64 pitch, and the total area for a nut of any 
depth and number of threads is approximately 


1.25 dt; 


or if the thickness ¢ of the nut is equal to the 
diameter, 


Depth. 


lin. x 


of Screw. 


Mean ew.) 
0.920 = 0.73 


1.25 d?. 


As the standard 1-in. nut is 1 in. deep, and the 
core has an area of 0.55, the pressure on the threads 


at the point of rupture of the core is ed , or 44 
per cent. of the tensile strength of the bolt. A nut 
of half the depth would carry the load if applied 
after screwing up. 

To screw the bolt up to a working load of 
15,000 Ib. per sq. in. on the core, with a pressure 
not exceeding 10,000 lb. persq. in. on the threads, 
requires that the nut shall have a depth of 


0.55 x 15.000 _ 9.63 in. 
1.25 x 10.000 

Although a good bolt-thread will stand this in 
screwing up for a reasonable number of times if 
lubricated, it would be quickly worn away by 
frequent use. For constant use to transmit motion 
the limiting pressure may be taken at 3000 Ib. per 
sq. in. for steel on steel or bronze. 

This requires that to work up to the load of 
12,000 lb. per sq. in., that would probably be put 
pm the core under these circumstances, the nut 
should have a depth of 





0.55 x 12.000 
1.25 x 3.000 

Nuts which can be set up by hand against load 
are frequently strained beyond 12,0001b. per sq. in. 
on the core of the bolt, and it will readily be seen 
why a standard nut under these circumstances 
perishes by the wear of the thread. 

The proportion of thickness to diameter adopted 
by the Engineering Standards Committee for the 
new series of nuts for use with the British standard 
fine pitch of thread varies from 0.70 to 0.85, and is 
least in the small sizes, .{; and ,5,, which are most 
liable to damage from overscrewing. While the 
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relation of area of thread to diameter and depth of 
bolt is only slightly affected by the pitch, and is 
therefore practically the same for the fine as for 
the Whitworth threads, the core area of the fine- 
thread bolt is greater, and the fine-thread bolt 
requires for screwing up to 15,000 Ib. per sq. in. 
on the core a depth of 


0.597 x 15.000 _ 9.68 iv, 
1.25 x 10.000 

Spanner Wear.—The capacity of a nut to resist 
spanner wear is not capable of precise determina- 
tion, and it is obvious that where nuts are subject 
to rough usage from spanners in bad order, no 
reduction in their diameter is desirable. If care- 
fully used, with spanners in good order, reduction 
in the diameter of the nut increases but slightly 
the critical bending moment in the jaws of a 
spanner. For a standard 1l-in. nut this moment 
is approximately 10/9 of the turning moment 
exerted on the nut. In the extreme case of a }-in. 
nut used on an inch bolt it is somewhat greater, 
and the metal outside the jaws of a j-in. spanner 





for this rer requires to be of at least the sub- 
stance of that usually provided on a 1-in. spanner. 
It is necessary, therefore, that attention should be 
given to the provision of spanners of ample strength 
if hard screwing up, as in constructional work, is 
to be done on nuts of less than the standard size. 
The ordinary engineer’s spanner for a ?-in. nut 
corresponds closely in dimensions and strength of 
metal around the jaws with the Engineering 
Standards Committee’s standard spanner for 1-in. 
oa. and should therefore be sufficient for ordinary 
work. 

Summary.—The conclusions deduced from the 
1-in. standard nut may be summed up in convenient 
form as generally applicable to other sizes by con- 
sidering the dimensions given as in terms of the 
diameter. This is not strictly correct, as the pitch 
and proportion of core to external diameter is not 
constant, and any particular case must be worked 
out for itself, if in any respect approaching the 
limit :— 

Minimum 
Diameter Minimum 


(across flats) Thickness or 
of ow Depth of Nut. 
ut. 


To resist axial compression 1.26 


To afford sufficient bearing around 
1ys-in. hole :— 
applied after screwing up, 
bearing on similar metal oe 
Load applied in screwin 
brass or other me 
than nut.. oe as ee 
For security against bursting :— 
Extreme limit .. we a 
n ten n 
For sufficiency of thread :— 
Load applied after screwing up 


Screwed up to full load 
For continuous screwing 
full load oT teat tag Be 
For rough usage with spanner - 1.67 (std.) 

For one nut that fails by bursting or by insufficient 
bearing, hundreds fail by wearing out or stripping 
the threads, and the question of depth is one that 
requires more consideration than it has apparently 
received at the hands of the Standards Committee, 
who have at present the anomaly of a standard 
depth of 0.70 to 0.88 d for the fine-thread nut for 
automobile construction, and d for the weaker 
Whitworth bolt. Fortunately the depth of a nut 
can be varied with the least expense or trouble, 
particularly if made by machining from rolled or 
drawn hexagon bars. 

Practical Examples.—For the practical considera- 
tion of a few examples it will be better to leave the 
1-in. nut, which seldom can be strained by hand up 
to anything like the value of its bolt, and take for 
consideration the g-in. nut, which has for a long 
time been recognised as the smallest size adapted 
for rough usage, although the substitution of steel 
for iron renders ;%;-in., and even 4-in., bolts almost 
as difficult to injure by hand with a reasonable 
spanner as the §-in. bolt of thirty years ago. 

(i.) Assume that in structural work or the perma- 
nent jointing of parts of an engine or machine it is 
desired to use a g-in. bolt under circumstances in 
which economy in nut dimensions is of primary im- 
portance, owing to the clearance required and the 
effect on general dimensions ; or possibly because 
parts or patterns are available which have been 
designed to clear the nuts of a smaller bolt which has 
been found to be too small. A nut ;% in. thick will 
have an effective thread area of 1.25 x § x y= 
0.34 sq. in., and if oiled will bear from 10,000 Ib. to 
15,000 lb. per sq. in. without injury, corresponding 
to 17,000 ib. to 25,000 lb. per sq. in. on the core 
of the bolt, and requiring from 30 lb. to 60 Ib. 
pull on a 10-in. spanner, according to the value of 
the coefficient of friction. This depth is therefore 
ample, and the nut may be a standard diameter 
g-in. nut ,;% in. deep, if the depth is the only 
objection to the standard nut. If it is necessary 
at the same time to reduce the diameter, a nut of 
4-in. standard gauge will give a bearing of 0.385 
sq. in. around a 4}-in. hole, and its seat will 
therefore be as good as the thread against abrasion. 
A uut of ,%-in. gauge would have 0.236 bearing on 
the base, and would neither be crushed nor burst 
by anything that would be carried by the core of 
the bolt, but should only be used where it will be 
screwed up once for all and with care, and its 
depth should not be less than } in., to retain some 
margin of safety against bursting. 

(ii.) Assume a #-in. nut is required in a position 
in which it is to be constantly screwed up, as for 
clamping purposes, to the full permissible load of 
its core, and for at least a considerable fraction of 
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and that the pressure on the threads should be 
limited to 3000 1b. per sq. in., to secure a good life. 
The core 0.20 eq. in. permits a load at 12,000 lb. 
per sq. in. of 2400 lb. 
2400 
3000 x 1.25 xg 
and the nut should be 1 in. deep. 

This is the actual depth given in the ‘*‘ American 
Machinist Handbook” for ‘‘planer nuts” used 
for clamping work. 

For such a nut the standard size gives a bear- 
ing area around the hole of 0.078 in. anda pressure 
of 3400 lb. per sq. in. with 12,000 Ib. on the core, 
and even the reduction to ; nominal or 1.002 a/f 
sanctioned by the Standards Committee for auto- 
mobile nuts seems undesirable for a deep nut in 
constant use unless the nut and its seat or washer 
are hardened. 

Sinall Nuts.—In the case of small nuts the reduc- 
tion in size is more marked than in the examples 

iven. The following are sizes which, if made from 
Bright stock with carefully centred holes, will stand 
anything that may come upon them after screwing 
up, and will in many cases afford sufficient area of 
base for wear :— 


Bolt Diameter. Nut. 
in. 14 in. deep x 0.710 a/f (3 nominal) 
in. z's in. deep x 0.520 a/f (+ nominal) 
Py in. ys in. deep x 0.440 a/f (.°; nominal) 
in. 4} in. deep x 0.338 a/f (4 nominal) 


Conclusions.—It will be noted that the field for 
reduction in the size of nuts is generally, although 
not entirely, limited to cases in which the base is 
not subject to abrasion from constant or frequent 
work ; and a caution may be added against the 
assumption, which might be made from a casual 
review of the illustrations given, that there is scope 
for a considerable general reduction in the size of 
nuts. 

The cases which promise the most ‘favourable 
results from a departure from the standard nut are 
those in which the dimensions of heavier and more 
expensive parts depend upon the clearance required 
for the nut, and those in which the weight of the 
completed structure is of such paramount import- 
ance that the weight of the nuts becomes in itself 
important. 





NOTES. 
THe Enpowment Funp or THE NortH-East 
Coast InstiTuTION. 

AN appeal has been issued by the Council of the 
North-East Coast Institution of Engineers and 
Shipbuilders for subscriptions to the endowment 
fund which it was decided some time ago to raise 
in order to place the finances of the organisation 
onthe most favourable basis. Although it is only a 
few weeks since we wrote on the splendid work 
being done by this Institution, and on the impor- 
tant place it fills in the several agencies for the 
advancement of applied science (see page 160 ante), 
we return now to the subject in order that we may 
commend the present scheme as worthy of wide 
and liberal support. Formed thirty years ago, 
the Institution has now a membership of 1200, 
and it may be conceded that no similar society 
has more suggestive papers or more virile dis- 
cussions at its meetings. Indeed, on several occa- 
sions it has succeeded by the scope of the contri- 
butions, and the full and intensely practical 
character of the discussions, in focussing the atten- 
tion of the whole technical world on all the vital 
points of an issue of commanding importance to 
engineers. A typical case was the prolonged 
debate two years ago on the relative possibilities of 
the Diesel engine, suction-gas engine, reciprocating 
steam-engine, and geared turbine for propelling 
ships. One might also say that no point has since 
emerged as the result of accumulated experience 
which was not then clearly brought to a definite 
issue. Other instances might be quoted to show 
that since all meetings are well attended, espe- 
cially by young shipbuilders and engineers, 
who are encouraged to speak, a great influence 
is exerted upon the efficiency and economy of 
work done in the manufactories of the dis- 
trict. This is the real standard of the utility 
of institutions, especially of those in provincial 
centres. The ideas enunciated at the meetings, 
and still more those which are the product of the 
germs with which members become inoculated at 
the meetings, bear fruit in the works, to the advan- 
tage of the industry, from the scientific and national 
standpoints, and of the employers. There is no 





question about the excellence of the work of the 
North-East Coast Institution when measured by 
this standard ; and when one reflects that, taking 
shipbuilding alone, the value of the output of the 
district in 1913 was, at a moderate estimate, ten 
million sterling, it will be admitted that the sum 
desired for the Institution’s Endowment Fund— 
25,0001.—is a very small one. Already 3879/. bas 
been subscribed, but more than a third of this 
has been given by two members. We commend 
this view of the Institution’s work, as stated, to all 
employers, whether individuals or limited liability 
companies, and hope that they will subscribe accord- 
ing to the value of the work done. In some other 
districts we know of liberal recognition of corre- 
sponding scientific propaganda work; if it were 
equalled on the part of a few firms in the North- 
East Coast, the sum aimed at, and much more, would 
be provided at once. No doubt the plea put forward 
by the Institution will be saseendl. We certainly 
wish it the success it merits. 


Miuitary AVIATION. 


Of the Supplementary Naval Estimates recently 
introduced by Mr. Churchill, 260,000/. are required 
for aeronautics, and last week (page 325 ante) 
we gave details of the work being done. Some 
interesting facts relating to the state of avia- 
tion in the Army were given by Colonel Seely 
in his Memorandum on the Army Estimates for 
the coming year, during which 1,000,000/. is re- 
quired for this branch of the Service. Of the 
facts given the most notable is that the Army air- 
ships were handed over to the Naval authorities 
at the beginning of this year, and that, in 
future, lighter-than-air craft for both naval and 
military service will be under the administration 
of the Admiralty. This certainly seems to be a 
very satisfactory step, which should simplify organi- 
sation, hasten development, and lead to more 
efficient service. The establishment during the 
past year of a department for inspecting aviation 
supplies, and for periodically examining aeroplanes 
and engines, is also another step in the right direc- 
tion. ese machines are well known to be par- 
ticularly liable to deterioration in service, and at 
least one fatal accident has been traced to a cause 
which could have been discovered by efficient 
inspection. The recurrence of such accidents 
should therefore be prevented by the new depart- 
ment. Careful inspection should also do much to 
keep the greatest ible number of machines in 
service by notifying small defects at their incep- 
tion. The number of machines in the possession of 
the War Office on the 25th ult. was 161, as com 
with 100 at about this time last year. During the 

riod no less than eighty-seven aeroplanes have 
~— struck off the list and replaced, so that most 
of those now in use should be modern machines 
in first-class condition ; a large number of new 
machines are also on order. Up to the present 
the authorities have been hastening very slowly in 
the matter of aeronautics, in the constant dread 
that machines in their possession would be rendered 
obsolete by new inventions, and this policy has 
left us far behind some of the Continental nations. 
The comparatively large expenditure proposed is 
therefore absolutely necessary to build up an effi- 
cient air service, which, as Colonel Seely very rightly 
remarks, cannot be improvised. British manufac- 
turers, who have received but little encouragement 
in the past, will also welcome large orders. 


Tue InstrruTION oF NAVAL ARCHITECTS. 


A most commendable change has been made in 
the arrangement of meetings of the Institution of 
Naval Architects during the forthcoming session, 
which begins on Wednesday, Aprill. No evening 
meetings for the reading and discussion of papers will 
be held. Only on exceptional occasions were evening 
business meetings well attended, for the reason 
that members from different parts of the country 
and from abroad found that they only met old 
colleagues and friends at each su ing session 
of the Institution, and such reunions took a social 
form in the evenings. While on Wednesday there 
will be, as usual, the annual dinner, members are 
invited on Thursday evening to a reception at the 
Royal United Service Institution, and this is sure to 
bea very popular function. Apart from this, the pro- 
gramme of papers should draw a large attendance. 
The first paper promises a comprehensive discussion 
on warship design, as Mr. T. G. Owens, who, as naval 
constructor for the Vickers Company, designed 
so many ships on behalf of his firm, is to deal with 





‘*Some Questions Relating to Battleship Design.” 
As there is such a wide cleavage of opinion on many 
features of battleships, and as we are at present 
in a more or less transitory stage, there is promise 
of a useful exchange of views. At the afternoon 
meeting, for which a specified hour is now given— 
another commendable change—there will [ two 
papers, both dealing with tank experiments—the 
one by Mr. W. J. Luke, the naval director of 
Messrs. John Brown and Co., Limited, Clyde- 
bank, on ‘* Further Experiments upon Wake 
and Thrust Deduction,” and the other by Mr. 
G. 8S. Baker, of the William Froude Tank at the 
National Physical Laboratory, on ‘‘ Model Experi- 
ments on the Resistance of Mercantile Ship 
Forms.” The Diesel engine promises to take up 
the greater part of attention at the forenoon meet- 
ing on Thursday. Mr. J. T. Milton, Chief Engineer 
Surveyor at Lloyd’s, will read a paper on the 
present position of this type of engine for marine 
work. Ro one is better fitted to deal with this 
subject from the merchant navy point of view. Pro- 
fessor Dalby will deal with the results of trials 
made on a small Diesel engine, in which accurate 
indicator diagrams were obtained by means of a 
new form of optical indicator. The other paper 
at this meeting is on superheaters in merchant 
ships, and is by Mr. Harry Gray. Forthe Thursday 
afternoon meeting there are again three papers :— 
On “ Elasticity and Endurance of Steam Pipes,” 
by Mr. C. E. Stromeyer ; on ‘‘ The Foster Strain- 

eter,” by Mr. W. R. Gerald Whiting ; and on 
‘* A Torsion-Meter with Visible Seale,” by Dr. K. 
Suyehiro. The first paper on Friday morning is anti- 
cipated with considerable interest. It may be remem- 
bered that for the summer meeting last year Mr. 
Leonard Peskitt, the naval architect of the Cunard 
Company, promised to prepare a paper on ‘*The 
Design of Steamships, from the Owners’ Point of 
View,” but there was not sufficient time to complete 
the paper, and only a phase of the work—and that 
more commercial than technical—wasthen dealt with 
by him. Now Mr. Peskitt will fulfil his promise, 
and as he has been responsible for the design of 
so many merchant ships, his views are invested 
with considerable importance. The two other 
papers at this forenoon meeting are on problems of 
stability. At the afternoon meeting the holder of 
a post-graduate scholarship of the Institution— 
Mr. Arthur Cannon—will describe his further 
research work on rolling, &c., and Mr. H. E. 
Wimperis will deal with the measurement of the 
velocity of roll. It will thus be seen that the 
secretary, Mr. R. W. Dana, has succeeded in getting 


pared | together a varied programme, blending eminently 


practical and suggestive theoretical subjects, all of 
immediate importance to the profession. 


A New Tyre or ArtiricraL Manure. 


In a paper read before the Society of Arts on 
Wednesday evening last, Professor W. B. Bottomley 
described a new type of artificial manure which 
would seem to threaten serious competition with 
the products of the electric furnace. It has long been 
known that the nitrogen required by plants can- 
not be obtained by them directly from the air, but 
must be presented to the roots in a fixed form before 
it can be assimilated. In 1886 it was noted that 
certain leguminous plants developed on their roots 
bacterial nodules, the bacteria in question having 
the power of fixing the atmospheric nitrogen to 
the benefit of its host, the union between the 
two constituting a form of symbiosis. High 
hopes were entertained that inoculating soils with 
cultures of these nodule bacteria would give a 
great increase in fertility, but these anticipations 
were almost wholly frustrated. Similarly, when 
** Azotobacter” was discovered in 1901, and was 

roved to have greater powers as a nitrogen- 
lene than any other, hope again ruled high that 
by inoculating soils with fluid cultures of this 
bacterium the fertility would be notably enhanced. 
Here again the net result was failure. The 
matter has, however, been pursued further at the 
botanical laboratory of King’s College, and Pro- 
fessor Bottomley claimed that these researches had 
been attended with complete success. It was found 
that suitably treated t formed a most excellent 
medium for the growth of this bacterium, and soils 
manured with this peat have shown a marked 
enhancement of their fertility. Before inoculating 
the peat with the bacterium in question the raw peat 
has to undergo a preliminary treatment by another 
bacterium, which was found to have the power of 
converting natural peat into a humated neutral 
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medium. Attempts to achieve the same end by Hawkri Common, about 4 miles from Dulver- 
neutralising the Gentle acid of the peat by alkalies SHE LATS BR ee eae ton, his horse grazing close beside him. Death is 


resulted in complete failure. The peat after inocu- 
lation with the special bacterium is kept at constant 
temperature for a week or ten days, after which 

riod it is sterilised by the action of live steam. It 
is then inoculated afresh with a mixture of azotobacter 
chroococeum and bacillus radiacola, and after a few 
days’ incubation at 26 deg. Cent., is ready for use. 
The following table shows the effect of the treatment 
as proved by analysis. Analyses of a garden soil 
onl other manures are also given for comparison :— 








Soluble | Soluble | Total 

Ts Humate. | Nitrogen. | Nitrogen. 

r cent. | per cent. | per cent. 
Raw peat... . P08 attr 1.267 
Bacterised peat 15.194 2.694 4.310 
Garden soil .. oe 0.012 0.026 | 0.427 
Fresh stable manure oe 0.433 | 0.291 2.533 
Well-rotted stable manure “ 1.46 | 0.439 2.848 

One- year-old peat-moss litter | 

manure... oe oo ee 1,05 0.826 2.587 

An important point is that the azotobacter con- 


tinue to flourish after the t has been added as 
manure to the soil to be fertilised, thus fixing further 
nitrogen. Ina series of comparative experiments 
made on an exhausted soil the new manure showed 
the following percentage of advantage over its 
competitors :— 








Crop. a | Artificials, | Farm Dung. 
per cent. percent. | percent. 
Potatoes 128 75 41 
Turnips 100 47 | 26 
Beet .. 281 54 | 43 
Onions 110 110 | 46 
Carrots 260 20 28 


With fertile soils the addition of a very little of the 
treated peat is stated to give a very large increase 
in the rate of growth. This is believed to be due 
to the presence in the peat of accessory food bodies, 
for which a special search is now being made. 





Careers FoR University Men.—There has been issued 
by Messrs. Bowes and Bowes, of Trinity-street, Cam- 
bridge, a pamphlet entitled ‘‘Careers for University Men,” 
being articles written by Mr. H. G. Roberts, M.A., 
Secretary of the Appointments Board for the Cambridge 
Magazine. The price is 6d. This pamphlet gives the 
experience of the Appointments Board in relation to the 
facility, or difficulty, which the university man finds 
in securing a post in the world. It contains much in- 
formation in relation to appointments, both cfficial and 
private, and displays much confidence in the ability of 
the educated man to obtain a good living in many various 
branches of industry and cc 


‘co. 








Ou-Enoins-Propetitep Suips or THE East ASIATIC 
Company.—The chief interest in the annual seport of 
the Kast Asiatic Company, Limited, is, as far as our 
readers are concerned, associated with the oil-engined 
ships connected with the fleet. The vessels now in ser- 
vice are the Selandia and Jutlandia, each with Diesel 
engines of 2500 horse-power, and the Annam and Siam, 
with engines of 3300 horse-power. Regarding the 
year’s working of the vessels, the directors state 
that they have amply fulfilled the hopes expressed 
in the two preceding reports, having worked satisfac- 
torily in every respect, and realised considerably larger 
net profits than the steamers. Work is far advanced in 
the substitution of Diesel for steam engines in the 
Bandon, Chumpon, and Pangan, vessels of about 3480 
tons, with machinery of 1600 horse-power. These vessels 
are expected to be refitted in April, May, and June 
respectively. The steam-engines taken from these vessels 
are to be fitted into the Transvaal, Rhodesia, and Natal, 
three vessels, each of 4000 tons and 7000 tons dead 
weight. The adoption of steam machinery in these 
vessels, in preference to oil-engines, is probably due to 
the fact that they are intended for the South African trade. 
In addition, there have contracted for, to be 
delivered during this year or next year, five more motor- 
ships ; the two largest, the Malakka and the Tongking, 
will each be of 10,000 tons dead-weight capacity, wi 
engines of 3300 indicated horse-power ; the Fionia, of 
7000 tons dead-weight capacity, with engines of 4100 in- 
dicated horse-power, was illustrated and described on 
page 44 ante, and the Falstria and Lalandria, each of 
7 tons dead-weight capacity, with engines of 2500 in- 
dicated horse-power. © directors state that, in view 
of the success of the Diesel motors, the company have 
oo - build a saili oe woe wa tons 

-weight capacity, with a large sp of canvas, giving 
her a fdr speed in the wind zones. This ship will be 
fitted with an auxiliary screw driven by a Diese] motor of 
about 600 horse-power, which will give the ship a speed 
of about 7 knots in calm weather, a 


, and so carry 
through the calm and variable zones. This ship will 
utilised for the training of officers and crew for the com- 
pany’s motor and steam vessels, The total fleet of the 
company will then have a gross of 37,000 


and a dead-weight carrying capacity of 67,000 tone, an 
will be engaged not = the 
China-Japan, West-Indian and 


Siam service, but on the 
Pacific routes. 








JACOMB-HOOD. 


WE regret to have to announce the death, which 
occurred very suddenly on Friday last, the 6th inst., of 
Mr, John Wykeham Jacomb-Hood, who had held since 
1901 the position of chief resident engineer to the 
London and South-Western Railway Company, and 
whose portrait we reproduce on the present page. 


Mr. Jacomb - H was born in Lewisham on 
January 12, 1859 ; he received his earlier education at 
Tonbri School, and his engineering training at the 
Crystal Palace School of Engineering. In the year 


1877 he was articled. for the usual term of pupilage to 
the late Mr. Jacomb, M. Inst. C.E., chief engineer to 
the London and South-Western Railway Company, 
after which term he held subordinate appointments in 
the service of the same railway company. From 
1880 to 1883 Mr. Jacomb-Hood was in charge of new 
works under the district-engineer in the central 
district. From 1883 to 1885 he was resident engineer- 
in-charge of the construction of new lines in Hamp- 
shire, and of the widening of existing lines. In the 
years 1885 and 1886 he occupied the post of resident 
engineer-in-charge of the main line widening works 
from Hampton Court Junction to Woking, and from 














Photograph by J. S. Moore and Sons. 
Tue tate Mr. J. W. Jacoms-Hoop. 


Waterloo to Nine Elms. For the following period, 
from 1886 to 1888, he was the resident engineer-in- 
charge for the construction of the Netley and Fareham 
Railway; and in June, 1888, he was appointed 
district engineer-in-charge of the London district, 
when he had under his care the maintenance and 
reconstruction of permanent way works, as well as 
the construction of all new works. In 1897 he took 
charge of the Western district, having his head- 

uarters at Exeter. He then succeeded Mr. Edmund 

ndrews as the chief resident engineer at Waterloo 
in 1901. 

We may add, further, that at different periods of 
his career, which Was all spent in the service of the 
London and South-Western Railway Company, Mr. 
Jacomb-Hood assisted in the construction of Ryde 
= and railway in the Isle of Wight, being engaged 

ter upon the widening of the main line between 
Clapham Junction and Surbiton ; taking charge of the 
construction of the new central bridge at Southampton, 
and of the renewal of a wrought-iron viaduct at 
Redbridge over the River Test. The new works at 


Eastleigh were designed and carried out by him, and | anal 


he also rebuilt Clapham Junction, Salisbury, Basing- 
stoke and other stations on the London and South. 
Western Railway. His most important work has been 
the enlarging and the reconstruction of Waterloo 
Station, a work which is still being proceeded with. 

Mr. Jacomb-Hood was a member of the Institution 
of Civil Engineers and of the American Society of 
Civil Engineers. He was president of the Permanent- 
Way Institution during the year 1911, and was a Major 
of the Engineer and Railway Staff Corps. He was, 
further, an ardent member of the English Church 
Union, and for a number of years was chairman of 
the Kingston and Surbiton branch of the Union. 

His death occurred very suddenly, as above stated. 
On Friday last he rode out to meet the Dulverton 
Hounds, and later in the day he was found lifeless on 





attributed to heart failure. 





PROPAGATION OF ELECTRIC WAVES. 

Tue Committee pr by the British Asso- 
ciation for the study of radiotelegraphic investigation 
has arranged for a special investigation of the effect 
on the propagation of electric waves of the total 
eclipse of the sun on August 21, 1914, and has issued 
the following explanation :— 


The forthcoming total eclipse of the sun affords an 
exceptional and important opportunity of adding to 
—- knowledge of the tion of electric waves 
ee iy in sunlight and in darkness, and across the 

ies of illuminated and unilluminated regions. 
The eclipse will be total along a strip extending from 
Greenland across Norway, Sweden, Russia, and Persia 
to the mouths of the Indus. In Russia the duration of 
totality will be a little more than two minutes. 

are two main points calling for investigation 

during the eclipse. In the first place, the pro) tion 
of signal-bearing waves through air in the um and 
penumbra will probably obey laws different as 
— tion - ——- ed bye bey = illumi- 
na air. In the second pi the s requency, 
and character of natural electric waves, and of atmo- 
spheric disc may vary. The variations may occur 
either because the propagation of natural waves from 
distant sources is facilitated or impeded by the eclipse, 
or, possibly, | the production of natural electric 
waves or atmospheric discharges is for some unknown 
reason affected by the eclipse. 

These points have previously been investigated only to 
a slight extent. The observers of signals during the solar 
eclipse of April 17, 1912, nearly all that the 
strength of the signals was ter during the eclipse 
than an hour before or after. There was only one special 
observation of strays during the same eclipse, when very 
pronounced and remarkable variations were recorded 
during the passage of the shadow-cone across Europe. 

To YY ¢5 the propagation of signals across the 
umbra it will be n to arrange for wireless tele- 
graph stations on either side of the central line of the 
eclipse to transmit signals at intervals while the umbra 
passes between them. This transit of the umbra occupies 
about two minutes. It is thus very desirable that 
the Scandinavian and Russian stations should transmit 
frequently throughout several minutes before, during, and 
after totality. But stations other than those favoured by 
their proximity to the central line should endeavour to 
keep a complete record of the variations of signals during 
the eclipse. Stations in Europe west of the central line 
and stations in the Mediterranean and in Asia Minor may 
find notable changes in the strength of signals, particularly 
long-distance signals, between the hours of 10 a.m. and 
3 p.m., Greenwich time; and it is probable that the 
stations of India and East Africa, and ships in the Indian 
Ocean, may feel the effect of the penumbra in the after- 
noon. On the other hand, ships in the Atlantic and fixed 
stations in Eastern Canada and the United States, will 
probably be affected by the penumbra in the early morn- 
ing. At Montreal the eclipse (partial) is at its test 
phase at 5.52 a.m. standard time. It is possible that the 
eclipse may have some influence even when it is invisible. 

The investigation of strays is of as great interest as 
that of si So far as is yet known, the natural 
electric waves reaching wireless telegraph stations in 
latitudes higher than 50 deg. appear to travel mostly 
from the south. Thus the greatest changes produced in 
strays by the eclipse will bably be experienced at 
stations in Scandinavia and Russia, to reach which the 
waves must cross the path of the umbra. At the same 
time changes of some kind are to be expected in other 
districts than these, and it is therefore desirable that 
statistical observations of natural electric waves be made 
all over the world, and especially at places within an 
earth quadrant of Southern Kussia. It is also desirable 
that meteorological observations, including those of atmo- 
8 ic ionisation and potential gradient, should be at 

e dis of the Committee when considering the 
records of strays and signals. 

The Committee propose to prepare and circulate special 
forms for the collection of statistics of signals and i 
especially within the hemisphere likely to be affected by 
the eclipse; they will endeavour to make provision for 
the transmission of special signals at times to be indicated 
on the forms; and they will offer for the consideration of 
the authorities controlling stations near the central line a 
simple programme of work. The discussion of the ob- 
servations, and the comparison with meteorological data, 
will be carried out by the Committee ; and digests of the 
statistics, ther with the conclusions drawn from the 
ysi ill be published in due course. 

The Committee would be greatly aided in the organi- 
sation of this investigation if those possessing the neces- 
sary facilities and willing to make observations during 
the eclipse would communicate with the Hon. Secretary, 
Dr. W. Eccles, University College, London, W.C., at 
the earliest possible date. 








Our Rams AproaD.—The new year is Soames 
favourably in connection with our exports, althoug’ 
Fe was not so progressive a month as January. 
The shipments of rails in February amounted to 35,484 
tons, as compared with 41,849 tons in February, 1913, and 
34,951 tons in February, 1912. In the two months ending 
February 28, this year, rails left the Uni 

the extent of 93,388 tons, as com 

the first two months of 1913, an 
two months of 1912. 


ingdom to 
with 77,372 tons in 
70,709 tons in the first 
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VEHICLE FOR MINE RESCUE WORK. 


CONSTRUCTED 
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To rescue, revive, and treat entombed and injured 
miners, and thus to reduce the loss of life and lessen the 
injuries resulting from the pericdic disasters in the 
coal-mines of the United States, the Bureau of Mines 
of the Department of the Interior has evolved a new plan 
of relief work involving the extensive use of motor 
rescue trucks of a special design, — with all the 
paraphernalia known in the science of relief work. 

The first vehicle of the new type, built according 
to Government specifications, was constructed by the 
White Company, of Cleveland, Ohio, and delivered to 
the Bureau of Mines in Pittsburg, Pa. It is a veritable 
hospital, carrying every piece of portable equipment 
that is useful in rescuing miners, quenching flames, 
resuscitating the unconscious and administering first 
aid. Included in the equipment are two pulmotors, 
six oxygen tanks, fifty regenerators, an oxygen pump, 
two stretchers, a life-line, box of explosives, lanterns, 
tents, fire-extinguishers, complete telephone system, 
and a full complement of hose, axes, saws, miner’s 
tools, and medical and surgical supplies. The equip- 
ment is complete even to the extent of providing the 
bird and cage that are used in detecting poisonous 
gases in mine galleries. 

A majority of the members of the American Mine- 
Safety Association, who saw the first truck in opera- 
tion during their recent Convention in Pittsburg, 
predicted a big reduction in casualties. A mine explo- 
sion, with all its effects except human injury, was 
staged during the Convention. The truck, with its 
full equipment, was tested by Government representa- 
tives, while moving-picture operators, also employed 
by the Government, recorded every act and movement 
to show absent mine-operators how lives can be saved 
and danger lessened. 

The Bureau of Mines has proposed that mine-owners | 
in each district shall establish motor rescue-stations at 
central points, from which the district may be served. 
This phase of safety in mine-work was one of the 
principal topics of discussion at the Convention, all 
of the members of the Association showing a keen 
interest in the new motor vehicle. Inasmuch as instant 
access to everything is essential, the truck body has 
been built with a special place for everything it 
carries, and everything must be in its proper place. 
To this end, the entire carrying space, except for the 
crew of trained rescuers, consists of compartments of 
varying size and odd shape, nearly all opening on the 
outside of the truck by means of snatch-hooks. 

Under the driver’s seat are carried ten Draeger 
reviving outfits. Six oxygen tanks are carried beneath 
the body on a specially-built subframe and cradle, the 
tanks lying crosswise of the truck, so that they may be 
pulled out quickly when necessary. On the left side 
of the chassis frame there is attached an oxygen pump, 
which is operated by the power of the motor. In the 








| King’s College, London, on Thursday. February 26, P 
| R. Meldola, President, in the chair, Mr. William Macnab 





back of the driver’s seat there are hooks for a 5-ft. 


crowbar and tent poles. Immediately at the back 
of the driver’s seat, and extending the full height 
of the truck, there is a series of compartments 
opening on the outside of the truck. These compart- 
ments carry a tent, 22 ft. of hose, three miner’s picks, 
three miner’s shovels, one 4-lb. sledge, and two word 
axes. At the back of these compartments are two 
seats, arranged lengthwise, with folding lazy-backs, 
and protected by a brass railing. Beneath the seats 
there is a series of smaller compartments. Beneath 
the rear steps there is another compartment, with 
doors at enh athe and at the end. There are also 
shallow drawers to take saws, hose couplings, re- 
ducers, spanners, and 200 ft. of 4-in. rope. 

The central compartments along the sides of the 
body contain one life-line reel, a telephone system, part 
of which is carried into the mine, and an assortment 
of compasses, braces, bits, chisels, hacksaws, blades, 
and snatch-blocks. Suspended on the outside of the 
body on specially-designed hooks and clamps are 
stretchers, fire-extinguishers, axes, lanterns, &c. Two 
special boxes are built on the running-boards to accom- 
modate a large number of mine-lanterns, and small 
boxes are built on the rear wall of the forward com- 

rtment to carry two first-aid boxes and a — 

he truck is equipped with an 8-in. swivel headlight, 
mounted on the dash, and is fitted with non-skid tyres. 
It is painted battleship grey with black striping. 





‘*EXPLOSIVES ” AT THE INSTITUTE OF 
CHEMISTRY. 


AT a meeting of the Institute of Chemistry, held * 
rof. 


delivered the first of two lectures on ‘‘ Explosives.” He 
said that whatever opinions might be held as to the use 
of explosives in war, there could be no difference of 
opinion as to the benefits rea) from the use of indus- 
trial explosives, which have lightened and expedited the 
work of the engineer and miner to an enormous extent. 
Remarkably little alteration had been made in the 
composition of gunpowder, which was the explosive in 
practical use until about forty years ago, when ‘‘ cocoa,” 
or brown prismatic powder, was uced to meet the 
requirements of the larger guns which were being made. 
The discovery of gun-cotton had led to t hopes of 
more efficient explosives for guns and blasting being 
available ; but there were so many serious accidents, and 
it was so unreliable in its behaviour, that for a number of 
years little progress was made. Abel first made gun- 
cotton a ly serviceable @xplosive, by devising the 
process for treating it in a paper-pulping machine, which 
reduced the fibres of the gun-cotton to a very fine state 
of division, which enabled the acid to be thoroughly 
washed out and a sufficiently stable material produced. 
When Nobel began to make nitro-glycerine as a blast- 
ing explosive, a new era commenced; nitro-glycerine 
had now become the main constituent of the blast- 
ing explosives most widely used. To Vieille belonged 





the py making the first reliable smokeless powder 
for guns ,by thoroughly gelatining nitro-cellulose, and 
Nobel succeeded in taming the two violent explosives 
—nitro-glycerine and nitro-cellulose—by gelatining 
them together, and producing a safe and powerful pro- 
pellant. These two powders were the starting point for 
all the smokeless powders subsequently produced. The 
various types of other explosives were described, in- 
cluding the combinations of ammonium nitrate with 
aromatic nitro-compounds, &c., and those containing 
chlorates and perchlorates. 

The two modes ef explosion—combustion and detona- 
tion—were discussed. Gunpowder was mentioned as an 
instance of the first class, called a ‘“‘low” explosive, in 
contradistinction to dynamite, which was a detonating 
and ‘‘high” explosive. The velocity of the explosion 
wave in dynamite was 6000 metres per second. The 
detonator was an important item in connection with 
blasting explosives, for it served to fire and develop 
the full force of the “high” explosive class. For 
many years fulminate was the chief ingredient of the 
detonator charge, but now trinitrotoluol or picric acid, 
or tetranitro-methylaniline was used as the chief ingre- 
dient, with a small priming charge of fulminate, and, 
more recently, lead azide, and also tetranitroaniline had 
been tried. Increased power could be obtained by the 
use of a detonating fuse of trinitrotoluol inserted along- 
side of the charge of explosive, especially in deep holes, 
as the trinitrotoluol detonated with greater velocity than 
the blasting charge, and caused it to explode more 
simultaneously than when ordinarily fired by a detonator 
placed in the top cartridge. The second lecture will be 
delivered on March 26. 





RoyaL AGricutturaL Society or Enotanp —The 
entries for the implement department of the Society’s show 
to be held at Shrewsbury close on Friday, March 20. 





Damier ScHOLARSHIPS FOR Puri, APPRENTICES.— 
We have received from the Daimler Company, Limited, 
&@ memorandum and particulars concerning a new 
scheme for the admission of apprentices to the Daimler 
Works, Coventry. The information has been com- 
municated to the professors of the technical colleges 
throughout the kingdom. The main feature of thescheme 
is that the Daimler scholarship plan has been broadened 
very considerably, and each year—in January—the com- 
pany will award a number of tcholarships valued at 25, 
50, 75, and 100 guineas, to the pupils who have shown 
the greatest keenness and ability in their work. For- 
merly, scholarships were limited to one major and four 
minor scholarships. Under the new system, it will be 
possible for any pupil to win a scholarship if his work 
reaches a sufficiently high standard. In making the 
awards, the memorandum states, due consideration will 
be given to the pupil’s prior record of technical training, 
as well as to his keenness in his daily work in the shops. 
The experience afforded covers touring cars and com- 
mercial vehicles, and the departments to which pupils 
may be admitted are practically the whole of the depart- 
ments forming the works. The total period of pupilage 
depends on the pupil. 
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FORMULA FOR THE WINDAGE OF 
STEAM-TURBINE WHEELS.* 


By E. BuckINcHAm. 


1. Introduction.—When a wheel of any sort is 
driven at a constant speed, the power absorbed in 
windage depends on the speed of rotation, the size 
and shape of the wheel and its fixed surroundings, 
and the nature of the medium in which it is being 
driven. 

For the present we shall eliminate the influence of 
variations in shape by confining our attention to 
wheels of some one shape, differing cnly in absolute 
size. The term “shape” shall, however, be under- 
stood to include the shape of any fixed bodies which 
are near enough to the wheel to affect its windage ; 


for instance, the casing of a steam-turbine wheel or | P’ 


the pole-pieces, &c., around a dynamo armature ; and 
the whole system of rotating body and fixed surround- 
ings shall remain geometrically similar to itself. 

eels of the same shape can then differ, as regards 
windage, only in size, and this may be specified by 
the value of a single linear dimension, such as the 
diameter of the wheel. 

For a given wheel ata given speed, the behaviour 
of the medium depends on its mechanical properties. 
If the medium is homogeneous, like air or dry steam, 
these are determined by its compressibility, density, 
and viscosity, of which the first two determine the 
speed of sound. Now we know that up to about 
two-thirds the s of sound in air, or, say, up to 
800 ft.-seconds, the resistance encountered by a pro- 
jectile in flight is not appreciably affected by the 
compressibility of the air, which at all lower speeds 
acts sensibly as if it were an incompressible fluid. 
But the peripheral speeds of rotating machine parts 
are usually less than 800 ft.-seconds, and the speed 
of sound is greater in steam than in air. Hence it 
seems quite safe to assume that in most practical 
cases the compressibility of the medium plays no 
sensible part in the phenomena of windage, that 
the resistance offered by the medium to the rotation 
of a body, depends on and is determined by its density 
and viscosity alone. The following developments are 
based on this assumption, which is certainly valid for 
sufficiently low peripheral speeds. 

We may now —— for wheels of any one sha 

the power P absor in windage is determined by 
the diameter D, the number of turns per unit time n, 
the density of the medium p, and its viscosity », or, 


more briefly, 
P = f(D, 2, p, #) (1) 


The nature of this dependence and the form of the 
function f must be determined empirically by experi- 
ment on wheels of the particular shape in question. 

2. General Form of the Windage Hquation.—Al- 
though the specific form and the numerical constants 
of equation (1) must be found by experiment, some 

eneral information may be got from the reer of 
Tinensionsd a The essence of this familiar 
principle is that if an equation, which contains only 
numerical constants and symbols which represent 

hysical magnitudes, is to give a correct and general 
Soseription of some relation which exists among these 
magnitudes, it must have such a form that its validity 
does not depend on our choosing a particular set of 
units for measuring the magnitudes concerned. This 
is evidently true, because the selection of a particular 
set of units is arbitrary and a mere matter of con- 
venience or expediency, whereas the relation to be 
described is a physical reality which exists quite 
independently of any choice on our part. 

To satisfy this requirement, the equation must con- 
sist of terms which all have the same dimensions, and, 
without going into details, it may be said that the 
application of the condition proves that if equation (1) 
is correct in stating that P depends only on D, x, p, 
and « it must have a form which is reducible to :— 


i a s & a 
parwpen(sty)® a 

The summation, =, may include any number of 
terms ; their coefficients N and exponents a are con- 
stants for any given shape of wheel. The reasonin 
is purely algebraic and is rigorous : no equation whi 
is not reducible to the general form (2) can be anything 
better than a short-range interpolation formula. 

3. The Relation of Windage to Speed as Found by 
Experiment.—Since P depends on four independent 
variables, there are, in principle, four distinct ways in 
which the problem of determining the N’s and a’s of 
equation (2) might be attacked ; but it is evident that 
the plan of measuring the power absorbed at various 
speeds by a given wheel in a given medium is likely 
to be the easiest and most accurate. An examination 
of published data on —- confirms this expecta- 
tion, and shows also that the few data obtained by 
the other ible methods are only adequate to serve 
as rough checks on the results of this one. 


* Partly taken from the Bulletin of the Bureau of 
Standards (U.S.A.), vol. 10. 





Letting D, p, and » remain constant, we have for 

each term of equation (2) :— 
N p!-¢ D5-2 wa = const. = B 
and equation (2) takes the particular form 
P= ZBn— (4) 
This looks rather formidable, in view of the fact that, 
so far as we know a priori, there may be any number 
of terms, and the B’s and a’s may have any values 
whatever. But the apparent difficulties of deter- 
mining the B’s and a’s from a series of observations 
on P = @ (n) vanish if it is found that a single term 
suffices to represent the facts within the observational 
errors. 

Luckily this turns out to be true for turbine 
wheels of ordinary shapes and sizes within the usual 
ractical ran of s and properties of the 
medium. If the observed values of log P for any 
given wheel are plotted as ordinates inst the cor- 
responding values of log n as absciss#, the resulting 
points all lie on a straight line within the experi- 
mental errors. We may represent this line by the 
equation :— 


(3) 


y=a+ Ba, 


log P = log B + (3 — a)logn . (5) 
log B being the intercept on the axis of log P, and 
(3—a) the slope. These values may be directly 
from a line drawn by inspection, for the accuracy of 
such experimental results as have been published does 
not justify any further refinements. pon removing 
the logarithms we have the relation of windage to 
speed in the simpler form :— 


P=Bn'-4, 


and equation (4) requires only a single term. 

Although the experimental values thus found for 
(3 — a) range from 2.5 to 3.5, no connection is appa- 
rent between these variations, and either the shape of 
the wheel or any other circumstance of the experi- 
ments, and it seems likely that they are due ali to 
observational errors. The values are grouped about a 
general mean 3, and the best-looking experiments— 
namely, those of Stodola*—on a bladeless dise and on 
five turbine wheels of various proportions and dia- 
meters, all give values very close to 2.9. We there- 
fore conclude that in practice we may set :— 


P = const x n3 » 
as a first approximation, or more probably :— 
P = const x n? 


or 


(7) 


(8) 
when a higher precision is warranted by the circum- 
stances. 

4, Simplified Forms of the General Equation.—The 
fact that the power-speed relation can be expressed by 
a single term as in equations (7) and (8) was not 
deduced from experiments in which p, D, 4, and the 
shape were always the same, although they were 
constant in any one experiment. Hence it must be 
regarded as generally true over the ranges of these 
variables actually covered by the experiments. It 
follows from this, at all events for variations within 
the ranges just mentioned, that the general equation 
(2), of which (4) is merely a particular form, needs 
only one term, and that it may therefore be written 

P=N pi-« ni-@¢ [5-2 we. (9) 

The value of a must also be that found from the 
experiments at varyiug speed, so that we have the 
more specific form :— 

P = N pn? D5 (10) 


approximately enough for most purposes, with the 
probability that the equation :— 

P= N p"%n29 D48 p01, (11) 
represents the facts, for wheels of ordinary propor- 
tions, somewhat more exactly. These are empirical 
equations which hold over certain ranges of the 
variables ; whether they can safely be used for extra- 
polation outside these ranges is a matter for further 
research. 

5. The Shape-Factor N.—The coefficient N, which 
may be called the ‘‘ shape-factor,” depends on such 
elements of shape as the ratio of blade length to dia- 
meter, the ratio of the axial clearance between blades 
and casing to diameter, the profile of the disc, the 
number of rows of blades, &c. But since it depends 
only on shape and not on absolute size, the influence 
of D being already accounted for in equation (9), any 
correct expression for N in terms of the elements of 
shape can contain only ratios of the linear dimensions 
of the wheel and casing, ther with such other 
abstract numbers as the angles of the blades, the 
number of blades per row, &c., and it cannot contain 
n, p or #, which, like D, are already otherwise ac- 
counted for. 

If all our quantities are measured in terms of some 
absolute system of units, N is an absolute or dimen- 
sionless constant, and its numerical value for any 





* Stodola; ‘‘Die Dampfturbinen,” Fourth Edition, 
1910, page 121. 





given shape will be independent of the magnitudes of 
the olin cake; will, for example, be the 
same if we use the absolute metre-second-kilogram 
weight system as if we use the absolute inch-day-grain 
weight, or the absolute foot-second-pound weight 
system. But if we use arbitrary units, such as horse- 
power for P, pounds per cubic foot for p, revolutions 
per minute for n, inches for D, and absolute inch- 
minute-grain weight units for 1, the numerical value of 
N will depend on how these arbitrary units happen 
to be related to one another ; and since the engineer- 
ing units incommon use are of this arbitrary kind, the 
set of units to be used must be ified when a 
numerical value of N is given as applicable to wheel 
of any one a 

For a wheel of any ticular design the sha 
factor may most simply Cy detentions by driving the 
wheel in air at some known speed, measuring the 

wer absorbed in windage. If we measure D and 

d from the tables the values of p and u for air at 
the pressure and temperature which prevailed during 
the run, we have all the data needed for finding N by 
equation (10) or (11). If we wish greater refinement 
we may determine a more exact value of a by repeating 
the experiment at various speeds, and may then insert 
the resulting experimental value of a in equation (9) 
before computing N. 

6. Physical py oo mg of the Equations.—When 
a solid body and a fluid are in relative motion, there 
are, in the vicinity of the solid, various currents or 
layers of the fluid moving t one another with 
various velocities. The continual cross-transmission 
of momentum by the mixing of adjacent currents 
tends to equalise the velocities ; and to maintain the 
state of motion against this damping action requires 
work by the agent which is keeping up the motion. 
This is made manifest by the drag between the solid 
and the fluid as a whole. 

If the relative motion is slow enough, the fluid 
moves in stream-lines, the cross-mixing of different 
layers takes place only on a molecular scale by 
diffusion, and for any given configuration of the cur- 
rents the rate of mixing is measured by the viscosity 
of the fluid. The retarding drag is therefore directly 
proportional to the viscosity, as is well known to be 
the fact for water or air flowing slowly through pipes. 
It isto be presumed that at a low enough speed the 
windage of a turbine-wheel would be proportional to 
the viscosity and that we should have :— 


P=N7n?D*°y, 


but we have no adequate data for testing this 
inference. 

Whatever be the shape of the solid body and the 
nature of the fluid, when the relative speed is high 
enough, the stream-line flow breaks up into turbulent 
motion, and the mixing of different layers of the fluid 
now oceurs mainly on a molar scale by cross-currents 
and eddies, instead of on a molecular scale by diffu- 
sion. Sinoe the transfer of momentum is proportional 
to the interchange of mass, the rate of transfer in any 
— configuration of the motion will be mainly 

ependent on, and nearly directly proportional to, the 
density of the fluid, and will be little affected by 
diffusion. In the limiting case of very great turbu- 
lence, diffusion, and therefore viscosity, may be of 
vanishing importance, the behaviour of the fluid being 
determined solely by its density. This conclusion 
agrees perfectly with what is known of the flow of 
fluids through pipes, the importance of viscosity 
decreasing as the motion is made more turbulent by 
increasing the speed of flow or by roughening the 


pipe. 

For turbine-wheels driven at ordinary speeds, the 
motion of the medium must already be very turbulent, 
at all events about the blades, so that we must expect 
the viscosity of the air or steam to be of small or 
vanishing importance. Accordingly, if u a at 
all in equation (2), it can only be in terms with small 
exponents, which may all be well enough represented 
by a single term with a small exponent. Equation 
(11) illustrates this, while equation (10) represents the 
limiting case in which the influence of viscosity has 
vanished, and the retarding torque exerted by the 
medium is directly proportional to its density. 

7. Tests of the General Equation.—Although deduced 
from experiments in which speed alone was varied, 
equations (10) and (11) agree with the reasoning just 
set forth, and also with such incomplete experimental 
evidence as we have on the effect of variations in 
density. In addition to the paucity of the data on 
this point, we know very little about the viscosity of 
steam, but in practice it is generally admitted* and 
embodied in empirical wi formule, that the 
windage is proportional to the density of the medium 
when that is air or dry steam, and that the influence of 
viscosity is negligible. 

The only remaining method of testing the equations 





; “* Power,” 27, page 50, , 1907. 
of the Steam-Turbine,” Second Edition, 
218 and 221. Stodola ; ‘‘ Die Dampfturbinen,” 
ition, 1910, page 125. 
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is by comparing geometrically similar wheels of dif- 
ferent diameters, and data for this are almost totall 
lacking. I have found very few cases where two wheels 
can be assumed to have been even approximately 
similar, and to have had, therefore, somewhere near the 
same shape coefficient. In these cases the relation :— 
P« pn? DS 

is confirmed as approximately as can be expected. 

8. The Effect of Blade Length on the Shape Factor. 
—Taking it as established that equation (10) is a suffi- 
cient approximation for whats any one shape, we 
have to go on to the question of how the shape factor 
depends on the shape and what sort of values it has in 
practice. 

The shape of a steam-turbine wheel and its casing 
may v in @ great many ways, even within the 
limits of commercial practice, and it would be an 
endless task to find by experiment the exact depend- 
ence of the shape factor on all the elements of shape. 
We therefore make a concession to the difficulties of 
the problem by paying attention only to the wheel 
itself—i.e., we eliminate all questions about the casin 
by removing it altogether and using data obtain 
from wheels run in the open air. 

The most important things to be considered are now 
as follow :—The profile roughness of the disc ; the 
ratio of blade length to disc diameter ; the pitch, 
width, and angles of the blades ; the number of rows ; 
and the presence or absence of shrouding. We first 
limit our considerations to wheels with one row of 
shrouded blades. We next assume that the variations 
ef pitch, width, and angles which occur in actual 

ractice are of minor importance, and that the sha 
actor depends mainly on, first, the profile and rough- 
ness of the disc, and, second, the blade-length ratio 


> Our courage in making these somewhat violent 


simplifications will appear less surprising when it is 
remarked that they are unavoidable if we are to 
make anything out of the available published data. 
Any expression for N in terms of these two ele- 
ments must consist of a disc term, not involving 


l to which N reduces when the blades are shortened 


vy,’ 


D 


indefinitely, plus a blade term which involves . and 
vanishes with it. The simplest expression of this 
sort, and the one to be tried first, is :— 


N=A+B(5\* 


with A, B, and & constant. It is not, of course, to 

be expected that all discs, re; ess of profile and 

roughness, will give the same disc coefficient N = A, 

but we assume that the variations are not important, 

and set A = constant till forced to do something else. 
By writing equation (12) in the form :— 


log (N- A) = log B + k log ¢ ; (13) 


we see that if a value of A can be found such that 
when log (N — A) is plotted against log a the result- 


(12) 


ing points lie in a straight line, equation (12) is satis- 
fied, k is the slope of the line, and log B is its inter- 
a= the axis of log (N— A). 

hen Stodola’s observations on wheels run in the 
open air are treated in this way, it is found that 
with the proper constant value of A four of the five 
points may be made to lie very close to a line with 
the slope k 2. We therefore adopt the fixed 
exponent 2, and write equation (10) in the form :— 


P=prD[ A+ B(5) | . (14) 


9. Numerical Values of the Disc and Blade Coeffi- 
cients.—In giving numerical values we shall measure 
P in horse-power, P in pounds per cubic foot, n in 
revolutions per minute, and D and / in inches. 
values of the dise and blade coefficients from four of 
Stodola’s five wheels are then :— 

A=1.0 x 10-6; B = 593 x 10—'6, 


TABLE I.—Stodola’s Observations on Unenclosed 























Wheels in Air. 
eiatcwer , om icnsieniine 
I IL 11. IV. | Vv. | VL vi. | VIL 
| P (Obs.) 
| Dise Maxi- | Power minus 
~| 4 | Dia | mum | Ab- | j6 | P(Cal-| P (al- 
D | meter | Speed sorbed. | * leulated)|culated) 
| D. n. P. } in per 
| | Cent. 
| in. rpm | hp. | 
D can | 34.86 , 1600 | 2.906 | 1.569 | 2315 |- 0.4 
C 0.0864 | 26.50 2200 1.778 | 1.786 | 1736 |+ 24 
A 0.0806 | 19.88 | 2200 | 0.536 | 2.319 | 0.446 | + 18.0 
E | 0.0476 | 45.47 980 | 2.895 | 2264 | 3.000/- 35 
B_ 0.1190 | 19.84 2100 | 1850 | 9306 | 1833 /+ 0.9 
N is defined by P = N p n3 DS, and the density of the air 
is assumed to have been p = 0.0699 Ib. per cub. ft. 


P (caleulated) = 10-16 p n3 Ds| 1 + 598 (5 y | 


The | P® 





and the agreement of observed with computed values 
of P may be seen from Table I. It is satisfactory 
except for wheel A, and the result for this wheel 
cannot be brought into agreement with the others, 
except by changing one or both of the coefficients. 
Any single value of P may, of course, be made to 
satisfy the equation by any value of either coefficient 
if the other is chosen accordingly, but the interesting 
question is whether a constant B and a nearly con- 
stant A will suffice. If we set A = 1.39 x 10-% 
and B = 593 x 10-"*, as before, the observation for 
wheel A falls into line with the others. 

Values of A may also be obtained from Stodola’s 
experiments on a flat, bladeless disc of boiler-plate 
and from Ojell’s experiments* on a paper disc of 47 in. 
in diameter, which was apparently stiff enough that 
it did not flutter. 

Those of Holzwarth’s results, which give P« n’, 
mo J also be represented fairly well by equation (14), 
although the experiments were made on wheels run 
in casings. The values obtained from these various 
observations are given in Table II. 


TaBe II.—Disc and Blade Coefficients of Equation (14). 


| 





a | Disc | A B 
Diameter. | x 1016| x 1016 











ip. | 
Stodola’s wheels B, C, D, E in open 
i ant * whl et es cael Oe 593 
Stodola’s wheel A in open air os 19.9 | 1.89 593 
Stodola’s bladeless disc in open air 21.1 0.63 -— 
Odell’s disc in open air ée - 47.1 | 0.5 — 
Holzwarth’s wheels, enclosed, in 
steam ee ee ee os 20 (0.54) (248) 
Ditto ditto 30 0.86 414 
Ditto ditto 40 0.32 414 
Ditto ditto 50 0.22 414 











For wheels of ordinary forms run at ordinary prac- 


tical speeds in the open air we may therefore adopt 
the equation :— 


‘ A 
P=10 pw Ds[ 1+ 600( 5)" | 


as being as good an approximation as we can get from 
the available meron | data. 

10. The Influence of Axial Clearance.—For informa- 
tion on this point we have only Stodola’s comparative 
runs of three of his wheels in the open air and in 
casings. The results are given in Table III. 


Taser II1.—Stodola’s Experiments on Varying Clearance. 








| Il. Il. Iv. | V. VI. 
ing ee D Axial | 
| D | inch Clearance | 16 N. | Ratio. 
- | 00 2.32 
A 0.0396 | 19.88 0.079 1.28 | 0.55 
| ra) 2.26 
E 0.0876 | 45.47 0.0066 | 0.57 | 0.25 
| ea) } 9 31 
B 0.1190 | 19.84 0.0079 | 868 0.88 


In column V. of the table are given the values of N 
in the equation P = N p »* D® for the axial clearances 
given in column IV., the clearance © meaning that 
the wheel was run in the open air. In column VI. 
there is given for each wheel the ratio in which the 
windage was reduced by the presence of the casing. 

It appears from this table that the effect of a cloee 
casing is much greater on the blades than on the disc. 
By comparing wheels A and B we find that the pre- 
sence of a casing, which left at the blade edges an 
axial clearance of about 0.008 times the disc diameter, 
reduced the resistance considerably more in the case 
of B, which had blades three times as long as those of 
A, the ratio of reduction being 0.38 for the long 
blades as against 0.55 for the short ones. If we com- 
re wheels A and E, which did not differ very 





widely as to blade-length ratio, we find that reducing 
the clearance from 0.0079 D to 0.0056 D—i.e., to two- 
thirds—decreased the resistance, expressed as a frac- 
tion of the open-air resistance, by about one-half, or 
from 0.55 to 0.26. 

These few isolated data are evidently not a suffi- 
cient ground for any general quantitative statement 
about the effect of clearance on windage, but they 
may be valuable as a basis for guesswork in cases 
which happen to be nearly similar to those men- 
tioned. 

In this connection we may also note the results 
obtained by Stodola in comparing wheels run in the 
normal or forward direction with the same wheels run 
backward. In open air the resistance backward was 
in one example as much as 5.4 times the resistance 
forward, though in other examples the ratio was not 
so large. But enclosing the blades reduced the dif- 
ference very much, and the longer the blades and the 
greater the part of the resistance due to the blades 
the greater is this effect of the casing, so that with 


very small clearances the resistance when the wheel 
is run backward is very little greater than when it is 


run forward. With wheel B for which 4 = 0.119, 


when the axial clearance was 0.008 D, the resistance 
backward was only 13 per cent. more than the resist- 
ance forward. 

ll. Remarks on Further Experimental Facts.—In 
the foregoing discussion the symbol P has everywhere 
denoted the power required to drive a wheel against the 
resistance of the otherwise stagnant medium surround- 
ing it, and the experiments noted have referred to 
this state of affairs. But the conditions of ordinary 
practice are different, and it remains a question 
whether, in designing a steam-turbine, a wi cor- 
rection based on even completely satisfactory data of 
the kind considered could be considered reliable. The 
only answer that can be made to this question is that 
we do not know; and the best, because the only, 
thing we can do at present is to compute windage 
corrections for designing bi as if the turbine 
were to be driven indepen ently from without, acting 
merely as a brake, a condition which occurs in the 
case of marine turbines with reversing s or with 
cruising stages which are by-passed at full power. 

Another pertinent question is, How much ought the 
computed windage loss to be reduced when a part or 
all of the blades are working in the ordinary manner, 
with steam from the nozzles passing through them ? 
The experiments of Lasche, quoted by Stodola, and of 
Jasinsky* are not sufficiently comprehensive to tell us 
more than that the windage decreases as the admission 
arc increases and fewer blades are idle. With rect- 
angular nozzles and a continuous steam belt, it will 
probably be not far wrong to multify the blade term 
of the computed resistance by the fraction of the whole 
circumference which is not occupied by open nozzles— 
i.e., by the fraction of the whole number of blades 
which is idle at each instant. 

The experiments we have considered having referred 
only to dises or single-row wheels, one further ques- 
tion remains : How does the wi —i.e., the value 
of N in our ti depend on the number of rows 
of blades ? “Here again we have only the most ~ 4 
information. Experiments by Lasche, quoted by 
Stodola, gave for wheels with from one to four rows, 
but otherwise, presumably, similar, resistances which 
stood in the following relation :— 

Number of rows of blades 1 2 3 4 
Relative resistance . 180 18 16 24 


But the experiments were on wheels which were not 
closely en , 80 that they do not give us much 
practical assistance. The increase of resistance with 
the number of rows of blades would probably be = 
much less rapid if the wheels were run in casings wit 
fine clearances. 

12. Summary.—l. The power P required to drive 
a turbine wheel of diameter D at n revolutions per 
unit time against the resistance of a homogeneous 
medium of density p and viscosity », when the peri- 
pheral speed does not exceed one-half that of sound, 
may be represented by an equation of the general 


form :— 
= pn Lad , 
P=pn D' 6(—*ra) (L.) 
in which the form of the unknown function ¢ depends 
solely on the shape of the wheel and its casing. 

II. Throughout the practical range of the experi- 
mental data, equation (I.) has the simpler form :— 

P = N p!-“n3-« Do us (II.) 
the numerical constant N having a value which is 
determined solely by the shape of the wheel and 
casing. All the reliable data which we have agree 
with equation (II.) or with direct deductions from it. 

III. At low speeds the value of a is nearly unity, 
and the resistance is directly proportional to the 
viscosity of the medium. At the speeds at which 
stationary turbines are usually run, a is a small 
quantity, and we have approximately :— 

P=NprD* . (ILL) 

A closer approximation is obtained by setting 
a = 0.1, whence :— 

P = N p?9 n29 D8 0.1. 

IV. For wheels of ordinary shapes, running either 
in the open or in casings with feisty tango clearances, 
the “‘ shape coefficient” N may be expressed approxi- 
mately by the equation :— . 

N=A+B (5) 








. (IV.) 


in which is the ratio of the blade length to the 
disc diameter. The disc coefficient A increases with 
roughness of the disc ; the blade coefficient B decreases 
when the clearance round the blades is decreased, but 
no more definite statements are warranted. 

V. (a) For designing purposes we may first compute 





* See EncingeRina, vol. Ixxvii., page 30, January 1, 
1904. 





* Jasinsky, 2s. d. ‘‘ Ver. Deutsch. Ingen.,” 53, pages 
492, 538; 1909, I. 
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the windage loss by the following equation deduced 
from Stodola’s results :— 


| l | 
— 4 3 

P = 10—-" pn DS 1 + 600 ( £) 
In this equation 


P = the horse-power dissipated ; 2 

p = the — of the medium in pounds per cubic 
‘00t ; 

n = the in revolutions per minute ; 

D = the diameter, in inches, at the root of the 
bi 


lades ; 
l = the length of the blade in inches. 


The equation is applicable to wheels of ordinary 
shapes with one row of shrouded blades, running in 
the open or in casings which leave large clearances, in 
a homogeneous medium such as air or dry steam. 

(b) Reducing the clearances, especially round the 
blades, reduces the windage. In some cases the 
amount of this reduction may be estimated from 
Table III., but no general quantitative statement is 
possible. The reduction affects mainly the blade term. 

(c) Open-ended blades have more resistance than 
shrouded blades, to which equation (V.) refers, but 
there are no data to show how much. When the radial 
clearance over the aoe is small, the presence or 
absence of shrouding will have little effect. 

(d) A wheel run backward experiences a greater 
resistance than the same wheel run forward—i.e., in 
the normal direction. When running in the open the 
difference may be considerable, but if the clearances 
round the blades are small, the resistance backward 
is not much greater than the resistance forward. 

(e) Each additional row of blades increases the re- 
sistance. When run in the open, a four-row wheel 
may have two and one-half times the resistance of a 
one-row wheel, but there are no adequate data pub- 
lished. With short blades and fine clearances, the 
effect of increasing the number of rows will be much 
less than that indicated. 

(f/) A wheel run in wet steam experiences somewhat 
more resistance than in dry steam or air of the same 
density, but we have very little information on this 

int. 
vo) Fquation (V.) gives the power absorbed when 
the wheel is driven from without. If the wheel is 
working in the usual manner, we may reduce the blade 
term in the ratio of the number of idle blades to the 
whole number. 

(h) The values given by equation (V.) may be too 
large, especially for smooth wheels with short blades ; 
for the disc coefficient used, viz., A = 10, is 
a than the values deduced from other experiments. 

I. The necessary indefiniteness of many of the 
statements made under V. is due to lack a experi- 
mental data. No formula based only on our present 
knowledge can be trusted to give accurate results, and 
no formula which has not the general form (II.) should 
be used for extrapolation beyond the limits of the 
experiments from which it was deduced. Kqua- 
tion (V.), if used as indicated, probably gives safe 
maximum values. 

Readers who are interested in the details of the 
computations involved in the preparation of the fore- 
going ) a will find the subject treated somewhat 
more fully in Reprint No. 208, from the Bulletin of 
the U.S.A. Bureau of Standards, vol x., which may 
be had upon application. 


(V.) 








Prussian Trounicat High Scnooits —During last 
year no less t 607 students passed the diploma 
examinations at the five Prussian technical high schools 
(Berlin, Hanover, Aachen, Danzig and u). 
this aggregate, 129 students belonged to the section for 
architects, 176 to the section for civil or constructional 


24 to 
the section for shipbuilding, 10 to 
marine engines, 42 to the section for chemistry, 46 to the 
section for iron works, &c., and 12 to the section for 
mining. During the same period as many as 99 engineers 
were promoted to the status of Dr. Eng., and of these 8 
were architects, 16 civil or constructional engineers, 25 
mechanical engineers, three belonged to the sections for 
shipbuilding and marine engines, and 17 belonged to the 
sections for chemistry and metallurgy. 





DicrionaRY OF THE INORGANIC Compounns. — We 
have received several parts of this dictionary, which is 
edited by Mr. M. K. Hoffmann, for account of the Verein 
Deutscher Chemiker, and with the support of the 
Deutsche Chemische Gesellschaft. It is published by 
the Verlag von Johann Ambrosius Barth. h number, 
measuring 11 in. by 7} in., containing two and 
$e Degas, conte 8 marks. It deals, as its title implies, 
with the inorganic compounds; thus, for example, 
Or, chromium ; Cr. Ni, , nickel-chromiam ; Orz Niy Fe, 
iron-nickel-chromium, &c., indication being added in each 
case, giving the names of the scientists metallurgists 
who ~ called en = = pe bale pe every 
particular com . tes num patents, 
ep eden g ag Be OG ES reports, 
in which further information can be traced. Thus 
Nix Fe, Mn. (W. F. Barret, W. Brown, and R. A. 
Hadfield, Journ. Inst. Electr. Eng , 156, 674 (1902), &c. 





LIFE-SAVING APPLIANCES.* 
By Sir Joun Harvarp Bixgs, LL.D., D.Se. 
(Concluded from page 318.) 

(ii.) Stowage of Boats.—The stowage question was fully 
dealt with in the interim report of the Boats and Davits 
Committee, but the ey then made largely dealt 
with existing ships. Further tions were made in 
the final report with reference principally to new ships. 
= me mapa oe" — : ents for transferri 
the boats across the deck in foreign-going passenger an’ 
emigrant ships should be made compulsory, poe y oon 
of its being necessary to move boats against a heavy list, 
mechanica ee were desirable. The stowage of 
boats on decks below the uppermost deck was not recom- 
mended for general adoption, but it was realised that in 
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some cases it might be a necessary expedient when it was 
not possible, Fhe of the ing and hatches, to fit 
all the sets of davits required by the life-saving appliances 
rules on the uppermost deck. here the boats on one 
deck were immediately below the boats on another, pre- 
cautions must necessarily be taken to prevent the upper 
boat being lowered on the underneath one. It is obvious 
that the adoption of the large decked boats referred to 
above would make the problem of stowage easier to solve. 
Pa . reference to 2 eee passenger vessels 
‘he main suggestion was that as large a proportion of the 
life-saving appliances as was reasonable should be in the 

2 i and that the recommendations for 
foreign-going vessels already mentioned should apply 
to these vessels. It was seen, however, that the condi- 
tions of service made it more difficult in the case of the 
home-trade vessels to make rigid regulations than in the 
foreign-going vessels. On the other hand, the nature 
of the trade made it reasonably possible to carry a 


* Paper read at the North-East Coast Institution of 
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Engineers and Shipbuilders, February 27, 1914. 








considerable number of rafts and buoyant deck seats. 
These might possibly be carried in a greater proportion 
in some cases than in the foreign-going vi In 
vessels which do not carry passengers, the new life-savin 
appliances rules have made no material alteration, | 

Committee did not therefore deal in detail with these 
classes of vessels. 

(iii.) Pontoon Rafts and other Buoyant Apparatus.—In 
considering the question of rafts and whether they should 
be allowed in substitution for boats, it became necessary 
to consider types of rafts and to determine what could be 
recommended for adoption so as to be a good substitute 
for boats. The question of the buoyancy of rafts had been 
provided for by the Board of Trade in the previous rules, 
and the allowance of 3 cub. ft. of buoyancy for each person 
for which the raft was certified, which has been the tice 
of the Department, appeared to be quite cattdnateny. 
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The rafts which fulfilled this condition were not always 
satisfactory as to stability. 

Experiments were carried out on three types of rafts, 
as shown in Figs. 24 to 26, and the curves of righting 
moments as determined y | the experiments are shown in 
Fig. 27. I» will be seen that the A raft, in which all the 
buoyancy is placed in the extreme edge of the raft, is, as 
one would naturally expect, much more stable than the 
others. For comparison the corresponding curves of 
righting moments of the decked boats X and Z are 
given. From this diagram it will be seen that the 
A type of raft does not com badly with the best 
decked lifeboat. At 30 deg., where the maximum stability 
occurs in these rafts, the righting moment of the A raft, 
with 30 persons on it, was as great as that of the Z boat 
with 49 persons, assuming in the latter case that the 
canvas bulwarks are water-tight. The dimensions of 
these rafts are 16 ft. long and 9 ft. wide, while the 
dimensions of the decked boat Z are 28 ft. long and 8 ft. 
wide. The size of the raft is kept small in order to fulfil 
b conditions laid down by the mittee, which are as 
ollow :— 
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1. It should be reversible and fitted with bulwarks of 
wood, canvas, or other suitable material on both sides. 
These bulwarks may be collapsible. 

2. It should be of such size, strength, and weight that 
it can be handled without mechanical appliances, and if 
necessary thrown from the vessel’s decks. There is, 
however, no reason why rafts should not be launched by 
means of derricks, cranes, or other appliances, if time 
and circumstances permit. They could also be launched 
by means of sliding ways, which could be either tempo- 
rary or permanent. 

3. It should have not less than 3 cub. ft. of buoyancy 
for each person for which it is certified. 

4. It should bave a deck area of not less than 4 sq. ft. 
per person, and the platform should not be less than 6 in. 
above the water-level when the raft is | 

5. To secure the greatest stability, the buoyancy tanks 
should be placed as near as possible to the sides of the raft. 

he term ‘‘raft” conveys to many minds the im- 
pression of something extemporised, and therefore liable 
readily to break to pieces. e picture of Robinson 
Crusoe on a raft is not unfamiliar, but the rafts now pro- 
pense are deserving of serious consideration. It is 

lieved that the more they are studied the better will be 
the opinion of them. They can be given more stability 
than an open or decked lifeboat. ey require no apphi- 
ances for launching, and when thrown from a vessel’s 
deck it is immaterial which side floats uppermost. 
Seamen who have had experience of rafts say that on a 
lee shore they are the only things which cam successfully 
land people. The recommendation to adopt these in lieu 


of boats in large vessels to the extent of 25 per cent. of | b 


the total persons to be carried seems to be quite justifi- 
able. When five or six boats have to be got out with one 
set of davits, the time must necessarily be long, and the 
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deck must be almost of a necessity lumbered up with a 
lot of boats and their appliances, so that the rapid hand- 
ling of the boats is not easy. Anything which can with 
safety relieve this situation must be an advan 

Buoyant deck seats, life-buoys, and life-jackets were 
carefully considered. As in the case of life-rafts it was 
found that buoyant deck-seats which stood the uired 
test of 32 lb. of buoyancy per n, which been 
called for by the Board of [rade rules, were, in some 
cases, lacking in stability. An investigation was made 
showing the relation between the amount of buoyancy 
and stability, and it was seen to be possible to im the 
further condition on buoyant deck-seats—namely, that 
they should be capable of supporting the weight of 32 lb. 
per foot of length along one edge without capsizing. 

In double-decked seats, 8 ft. long and 4 ft. wide, it was 
found that with buoyancy tanks, 18 in. wide and 15 in. 
deep, placed at the sides, the decked seat would support 
a weight of 42 lb. per foot of length. The assumption 
that each person in the water requires 32 Ib. of bouyancy 
while a toa decked seat involves the further con- 
dition that all the people who are holding on to the decked 
seat may be holding on to one side only. If the seat can 
support 32 lb. per foot of length on one edge, it means 
that people floating as closely as one person for each foot 
of length can hold on to the buoyant decked seat without 
upsetting it. Seats fulfilling these conditions will there- 
fore be effective life-saving appliances, especially in 
narrow waters where persons may not have to remain 
a. without being rescued. ; 

ith reference to life-jackets, it was evident to the 
Committee that these are a most valuable appliance for 
saving life in an emergency, and therefore the rapid dis- 
tribution of life-jackets to passengers is a matter of prime 
importance. ments in some vessels cortaialy do 
not lend themselves to this condition. In some river 
steamers hundreds of life-belts are stowed together down 
below where it would be exceedingly difficult to serve 
them out rapidly to he Committee there- 
fore recommend that a suitable portion of life-jackets 
should be stowed as near the seats as possible, and in the 
case of double-decked seats, the seats between the tanks 
might conveniently be used for sto’ life-jackets. 

(iv.) Applé ‘or L hing Ships’ Boats.—The Com- 
mittee were inundated with pro, purporting to deal 
successfully with large numbers of boats. They considered 
every proposal, and divided them into six groups :— 

1. Chutes or slipways: No practical solution of the 
problem of launching boats at sea in an emergency in 
this way was found. 








2. Cradles: Several schemes for lowering boats were 

- forward, but they were all rejec on account of 

to the boat itself if the vessel should move when 

the t was just water borne, as the cradle might come 
up and upset or seriously d the boat. 


amage 
3. ene pee: None of these appliances were 


deemed reliable. 
4. Cranes and derricks: No system was put forward 
which appeared to the Committee to be capable of over- 


coming the serious difficulties of lowering boats from a 
single point of suspension, and they seemed to be only 
e — in the cases of ships with small freeboards. 

. Gantries: Characteristic of these proposals is that 
of rows of boats stowed athwartships to be handled by 
traversers running on one or two overhead rails. No 
doubt by means of gantries it is possible to handle ex- 
—_ a large number of boats ; but unless the over- 


ead rails are so —_ that they would not prevent the 
boats floating off before they were launched they would be 
objectionable. 


6. Davits: The Committee arrived at the conclusion 
that there are several types of davits in existence which 
fulfil all the requirements which they considered neces- 
sary. They were of opinion that, in general, it is safest 
to lower a boat as close to the ship’s side as possible. Jack- 
stays to which lizards could be attached may be extem- 

rised in many cases, and in such cases lowering the 
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ication of wireless telegra and submarine si a 
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of minor detail, it may be well to refer to the Committee’s 


re 

: - noe ee floati: Le x and Gots henme is one 
whi received a great consideration, especiall: 
from amateurs. It is obvious that if a deck-house cot 
be so arranged thatit would serve the purpose of habita- 
tion and all the requirements of passenger steamers while 
the ship is afloat, and could be readily made suitable to 
carry when the ship sank, it would be valu- 
able foe the life-saving appliances. Ib is, however, 
necessary to treat this subject not from the point of view 
only of a deck-house which will float off, but from the 
point of view of a deck-house whose normal function 
1s that of accommodation for passengers. Satisfactorily to 
solve this problem it would be to design a ship 
in all its details with thig object in view. Anyone 
familiar with the numerous pipe and other connections 
and the deck-house and the openings in it, and the 
general arran t of it, will see what a great amount 
of consideration would have to be given to the problem 
before it could be said to have been satisfactorily solved. 
So far as the Committee were able to discover, no one had 
produced such a design, and therefore it was impossible 
to form an opinion of the practicability of such a scheme. 

The large decked boats referred to already are the 





, ts could be satisfactorily performed by of 
avites. 

With reference to the application of power, this should 
never be allowed in complete substitution for hand > 

ut only in addition to it. The requirements which 
davits should fulfil must vary with the number of boats 
to be served by one set. en there is only one boat 
the recovery of the falls is of no importance, but efficient 
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mechanical gear is necessary to control completely the 
turning out of the boats against a considerable list. 
When two boats are served by one set of davits, means 
for the rapid recovery of the falls must be provided, either 
by non-toppling blocks or a second set of falls. When 
more than two ts are served by one set of davits, in 
addition to the requirements already stated, there must 
be positive control of the davits in all positions ; wire 
falls led to drums fitted with hand-brakes for controlling 
the lowering of the boats should be fitted. 
ments must made co that the trim of the boat can 
adjusted while it is being lowered, and a quick return 
geared hand-winch should be fitted for rapidly recovering 
the falls. With reference to disengaging gear, the Com- 
mittee recommend that sume approved gear should be 
fitted in all open boats by which both ends of the boat can 
be simultaneously released, and that this should be 
standardised, so that the boatmen should more readily 
become familiar with it. 

(v.) Mechanical Propulsion of Ships’ Boats.—It was 
recommended that the carriage of ically-propelled 
applian «s should be opti for all steamships, but that 

ipowncrs should be allowed the option of carryimg one 
mechanically-propelled boat if they so desire, whatever 
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the number of boats carried on the ship. In general | f 


two motor-boats om each side should be aufficient. It is 
preferable to carry a small number of high-powered 
boats rather than a large number of low-powered boats. 
The difficulties of efficient supervision and maintenance 
of a large number of engines, and the ensuring that 


or more men conversant with the working of a motor | the 


could "gostones to each motor-bost led to a 
sion. paraffin was recommended as safest 
and if the email 


comma <i ys es conbtaini one § 
charge ’ possibility of leakage, evaporation 
pean atten danger is minimised. The 


rom 
motor-boats should carry fuel for at least 100 miles. 
(vi.) Miscellaneous Matters.—Embarkati of 





tion 
sengers into boats, allocation of places in boats to 
sengers, and the equipment of boats, boats’ f 








t approach to the floating deck-house that can be 
said to have been practically worked out. They are, how- 
ever, quite inde: lent of the ordinary uses of the ship, 


and serve no useful purpose until a great emergency arises. 
INTERNATIONAL CONFERENCE ON Sarety or Lirg at Sra. 


The subject of life-saving appliances formed part of 
the consideration of the International Conference whose 


Fig. 37. CLASS IT. 2A. 
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work has recently been completed. The Board of Trad 
oo — study of the om, < | pone an 
avits mmittee, prepared a t of life - saving 
appliance rules which was submitted to the Conference 
referred to a special committee. This draft was 
most freely discussed line by line, modified after 
discussion, and finally adopted in the form in which it 
could be made part of the Convention of the Confer- 


ence. 

The International Conference came to the conclusion 
that boats should be divided into two classes. Claes I. 
— of eee Sivions (a) o - —— —_ internal 

yancy , Fig. 28; (B) open lifeboat with internal 
and external Tuapaeen, He. 29 ; (c) open lifeboat havi 
a well deck above the water-line, with fixed bul- 
warks, Fig. 30. Olass II. was also divided into. three 
classes : (epee lifeboats havi re gaat the sides 
collapsible, Fig. 31; (B) pontoon lifeboat the same as ‘‘ 0,” 
except that the bulwarks are collapsible, Fig. 32; (c) 
pontoon lifeboat having a flush deck and collapsible bul- 
warks, Fig. 33. In addition to these Hioewving apgtgness 
pontoon rafts of the type proposed by the Bri 
and Davits Committee were approved. Regulations for 
the admission of motor-boats to a limited number were 
Detail conditions were laid d i i 
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case of 1(C) and 2 (B) boats in 60 seconds, and 2 (C) in 
20 ds. 


secon! 
The freeboard of pontoon life-boats, classes 1 4 San Each 


2 (b), shall be sufficient to give 35 per cent. reserve buoy- 
ancy when the of the deck in the well is not less than 
4 per cent. of the length of the boat above the load 
waterplane amidships, and 14 per cent. at the ends of 
the well. In the flush-deck boat 2 (C) the standard sheer 
must be 3 per cent. of the length, and the freeboard in 
to, Da must be about 22 per cent. of the depth of 
the t. 

Fach administration is empowered to accept any other 
type of boat or raft if it is satisfied by trial that it is as 
elective as the above boats or rafts. 

The capacity of open boats shall be determined by 
Simpson’s rule, if the owner so requests, 
by multiplying the length, breadtb, and 
Provisions are made for a variation of sheer from a stan- 
dard of 1 per cent. of the boat’s eer at points one- 
quarter of the length from the midship section. No 
greater depth of the midship section than 45 per cent. of 
the breadth shall be allowed in calculating the area of the 
midship section, and the depth at one-quarter of the 
length from the midship section shall not exceed 45 per 
cent. of the breadth + Fn cent. of the boat’s — = 
The number of persons which the boat shall be certified 
to carry shall not exceed the eubic capacity divided by 10 
in the case of class 1 (A), or divided by 9 in the case of 
class 1 (B), provided that proper seating accommodation 
is provided for this number. The number of persons 
found by the above rule in a boat exceeding 4 ft. in depth 
is not to be allowed till the boat has been tried in the 
water with this number of persons on board wearing life- 
belts. In boats which are either very fine or very full 
the number of persons be restricted by approved 
formule. In o lifeboats of class 2 (a) the number of 
persons certified shall be found by dividing the area 
of surface within the fixed gunwale by 36 provided 
that seating accommodation for these is sufficient, and 
that the freeboard of these boats in inches shall be from 
30 to 33 per cent. of the length in feet, according to the 
length of the boat. In pontoon lifeboats the freeboard 
must be sufficient to allow of a weight of at least 165 Ib. 
per person carried. In the case of open lifeboats, 
class 2(A) or pontoon lifeboats, the capacity in cubic feet 
shall be deemed to be the number of ns the boat is 
certified to carry, multiplied by 10. All boats should be 
correctly and clearly marked with permanent cters 
indicating the dimensions of the boat and the number of 
persons certified to be carried. No boat having a capa- 
city of less than 125 oub. ft. should be allowed. 

Numbers of Boats and Davits to be Provided.— Davits 


must be provided in relation to the length of the boat| vach ad 


and in accordance with a table given, in which the 
number varies, in vessels 165 ft. in length, where there 
are two sets of davits, to v ft. to 1030 ft. 
in length, where thirty sets of davits shall be provided. 
The number of open boats for the co’ 

shall be two and twenty respectively. In cases w 

it is not reasonable or |practicable to place in a ship this 
number of sets of davits the administrations may sanc- 
tion a number € sets of davits not less than the = mage 
of open boats; but in cases where a large proportion o 
the Somber of persons carried in the ship is provided for 
in boats 50 ft. or more in len the number of sets of 
davits may be reduced, provided that where the number 
of sets of davits is less than that required by the table, 
the arrangements are such that all ts can be placed 
in the water under standard specified conditions in a time 
to be determined by a proper formula. In cases where 
the lifeboats attached to davits do not provide accommo- 
dation for all persons, additional lifeboats shall be carried 
to such number and capacity that the total capacity of 
lifeboats attached to davits, and additional lifeboats, is 
not less than that given ina table in which the capacity is 
in relation to the length of ship, varying from 980 cub. ft. 
in vessels 100 ft. to 120 ft. im length to 48,750 cub. ft. in 
veasels 995 ft. to 1030 ft. in length. _ 

In cases in which this total capacity does not provide 
accommodation for at least 75 cent. of passengers, 
then additional lifeboats shall be provided to make u 
the accommodation to this amount. The additi 
lifeboats for making up to the amount in the table, or to 
75 per cent. of the persons carried, may be either boats of 
class 1 or class 2. accommodation required to com- 
plete it to that necessary for all may be either 
in boats of class 1 or class 2, or of pontoon rafts. In no 
case need the boats be sufficient t» accommodate more 
than all persons, nor need the number of sets of davits 
be more than sufficient to carry the number of boats 
required. Sections of the boats in class 1 and class 2 are 
shown in figures. ; 

Equipment for Boats and Rafts.—The equipment of 
each boat consist of :— 


1 single banked set of oars and 2 spare oars. 
1} sets of thole-pins or crutches. 

See eee eae ee 

1 Bailer. 


er 
1 Galvanised-iron bucket. 
1 Rudder, tiller and ropes. 
1 Boat hook. 
2 Hatchets. — 
1 Efficient trimmed lamp. 
it or masts. 
At least one good sail and proper gear for each. 


An efficient compass. 
In the case of North Atlantic vessels pro- 
vided with wi installation, only a limited number 
of boats need be equipped with masts, sails, and com- 


th 
Pontoon-lifeboats are not to have a plug-hole. 
They must be equipped with at least two efficient bi 
ts, 


pumps. the body of which shall require to 


but otherwise 
depth by 0.6. | the 





adjusted in order to provide the 
shall not be allowed as 
pontoon-raft 
rowlocks, and self-igniti 


buoyancy, 
- of ade or yee t. 
equip with five oars, five 
lifebuoy light. Where shi 
carry rafts, rope- eo readily availa 
for embarking passengers on the rafts. In addition to 
the above, every boat and raft shall be equi with a 
life-line, a sea-anchor, a painter, and one of oil, a 
vessel for distributing it on the water capable of being 
—— to the saneee, 2 Ib. <“ visions ie 
water for person, self-ignitin; ights, 
and a eye ay > box of —— iy 4 ‘ 

Stowage and Launching of Boats and Rafts.— Arrange- 
ments shall be made for as number of boats and 
rafts as is practicable being launched on either side of the 
ship. Where boats are carried on more than one deck 
—y ay for lowering them shall be such as shall 
vent those lowered from the lower deck being fouled 

rom the deck above. The davits shall be strong enough to 
allow the boats to be lowered fully laden when the ship has 
a steady list of 15 per cent., and must be fitted with gear so 
that the boats can be turned out when the ship has themaxi- 
mum list under which it is possible to lower . When 
more than one boat is served by a set of davits the falls 
must be prevented from fouling when they are recovered. 
Any administration may accept any appliances in lieu of 
davits if they are satisfied by actual trial that the appli- 
ance is as effective as davits for placing the boats in 
the water. The administration, on adopting a new — 
will send particulars of it and its trials to the o 

administrations. The life-jackets must be capable of 
floating in water for 15 hours with 15 1b. of iron suspended 
= —— 7 > ow ae should be A iile jrok the 

oyancy of which depends upon air-spaces. 'e-jacket 
for each person on board should be provided, and, in 
addition, a further number shall be provided of a size 
suitable for children. 

Each life-buoy shall be capable of floating in water for 
at least 24 hours with at least 24 lb. of iron suspended 
from it. It shall be of solid cork or any other a: ved 
material, but must not be stuffed with rushes, vings, 
cork, or hair; nor shall it, if it depends for its buoyancy 
on air, require inflation before use. Twelve lifebuoys 
shall be carried by all ships under 400 ft. in length, 
eighteen for ships from 400 fv. to 600 ft. in length, twenty- 
four for ships from 600 ft. to 800 ft. in length, and thirty 
for ships over 800 ft. in length. One-half of the lifebuoys 
in the ship shall have self-ignited lifebuoy lights. 

The above rules are for new ships, the construction of 
which has been commenced after July 1, 1914. For all 
other ships the above requirements should be carried out 
not Jater than June 30, 1915, with the exception that 
ministration may exercise its discretion with 
reference to the following :— 

The boat or raft which has been accepted by the 
administration on board an existi vessel may be 
accepted until January 1, 1920. Pontoon-lifeboats need 
not have the bottom and deck made of two thicknesses 
nor have the additional amount of freeboard specified 
before January 1, 1920. The minimum number of sets 
of davits may be reduced by one in the case of ships 
240 ft. to ft. in le , and by one on each side in 
vessels of 460 ft. in le and over, vided that ample 
provision is made for launching the boats. The require- 
ments as to strength of boats and davits and the fitting 
of gear to turn them out against a list need not be in- 
si on. 

Manning of Boats.—Sufficient boatmen shall be carried 
to man boats carrying 60 persons or less, with 3 boat- 
men ; 61 to 85 persons, 4 tmen ; 86 to 110 persons, 
5 boatmen, and one additional boatman for every extra 50 

which the boat is capable of carrying. An efficient 
tman is defined as a member of the crew who has been 
taught launching and detaching lifeboats and the use of 
oars, and has proved himself qualified to handle lifeboats 
and isable to understand and answer the orders relating to 
lifeboat service and duties. Each efficient boatman must 
have a certificate of his efficiency issued under the autho- 
rity of the ryt : y 
‘anning 0, ps. — oreign-going passenger-carry- 
ing ships must be sufficiently and Sdictently manned for 
the purpose of safety of life at sea, 

Boat and Fire Drill and Organisation of Crew for Driil 
in an mp fry pe are made for stationing 
the crew and for muster list assigning definite duties for 
the launching of boats attached to davits, preparation of 
other boats and life-saving appliances, closing bulkhead 
~ > ree &c., muster of passengers, and of extinction 
of fire. 

Musters and drills shall be held at least once a fort- 
night either in port or at cea. These regulations are 
provided in great detail, but as they do not affect the 
construction of the ship these details have not been 
given in paper. 

iat ye my = sega and Feng econ sales yon 
means to oregoing apply to letection pre- 
vention of fire, but the ddibuins affect the construction 


of the ship. Adequate means shall be provided for 
Scesem au cite te te variate comm : » 
&c. In all compartments lighted by light alone 


oil or candle lamps shall be kept at the exits and kept 
ing throughout the night, except in vessels which 
noe an independent source of lighting — the deck 


an ent service for ting exits, pro- 
ia eddition wo he ciiey queed Ighitganten. 
in to 1 8 

For extinguishi Se cane 0 drills thers 

1 pasonger one hj A 
over ve 

» fone fi ee hme 

or pumps avai ‘or fire-extingu purposes, 
which are capable of giving an —- eapply of water, 
delivered in two powerful jets sim y, for use in 





any of the vessel. Service-pipesshall be fitted givin 
an adequate supply of water with at least two powerfu 
jets, which can be simultaneously brought to bear upon any 
ns Se cees Se pues or crew when the water- 
tight doors are . In addition there are to be carried 
a sufficient nuraber of approved fluid fire-extinguishers. 
Provisions are required for delivering water in at least 
two powerful jets and also an — supply of steam to 
be conveyed to any filled with cargo, except that in 
vessels of less than 1000 tons gross the steam supply need 
not be insisted u At least two fluid fire-extinguishers 
shall be geovided in. the machiner =. Two smoke- 
helmets and two at lamps shall be stowed on board 
and shall be kept in different places. 
he requirements as to boat and fire drill and for the 

detection and extinction of fire shall be enforced before 
January 1, 1915. It is submitted that these —- 
and requirements are simple and efficient, and that they 
will add greatly to the safety of life atsea in cases of 
emergency. benefit of international agreement on 
these questions is obvious. As minimum requiremente 
t will be satisfactory, but there is nothing to prevent 
individual shipowners from improving upon them in any 
way that they may see fit. 
7 work of the Conference in this department, and 
in all others, was carried through in the most reasonable 
and harmonious way, and in the words of Mr. Sydney 
Buxton, the President of the Board of Trade, at the 
termination of the delegates’ work :—‘‘ The proceedings 
have been throughout conducted with a single-hearted 
—_— to arrive at ~ best om) ; and have been — 

y good-will, good feeling, an temper. the 
questions before you have been considered exhaustively 
and in the most business-like spirit; and the object 
throughout has been to arrive at effective conclusions, 
which, while greatly increasing the security of life at sea, 
should be on —— and common-sense, and 
stand the test of time and of experience. You have 
aimed at securing a high international standard of safety 
by minimising the possibility of disaster due to external 
causes; by minimising the danger to the ship in the 
event of collision or untoward event; and, finally » in the 
last resort, by — the provision of the t and 
most speedy means of saving the lives of those on 


This condensed account of the work in connection with 
safety of life at sea, which culminated in the International 
Conference, has given with a view to affording an 
opportunity for discussion on the part of the mem 

this Institution. Whatever your criticism may be of 
the work, I can never do better in reply than to quote 
the words of our President, Lord Mersey :—‘* Our answer 
must be that we have done our bes t we have done 
it with anxious care, and, as we believe, in the true 
interests of those who travel by sea.” 





Coat 1n Russ1a.—The Russian Geological Committee 


estimates the coal deposits of Russia and the Caucasus to 
contain some 70,000,000,000 tons to 75,000,000,000 tons of 
coal. In the Dombrowo basin there are 2,500,000,000 


tons, and in the Donetz basin 56,000,000,000 tons. The 
extent of the Ural coal deposits is more difficult to arrive 
at, but those of the Caucasus are calculated to contain 
30,000,000,000 tons. The capacity of the coal deposits in 
Asiatic Russia is estimated at a similar total. e main 
centre is the Kusneyk basin, which no doubt is destined 
to play an important part in the future development of 
Asiatic Russia. Eastern Siberia is calculated to contain 
some 150,000,000 tons of coal, but the geological con- 
ditions of that portion of the vast empire are, so far, but 
incompletely known. For comparison sake, it may be 
interesting to note that the coal deposits of Germany are 
calculated to contain some 180,000,000,000 tons, of which 
80,000,000,000 tons are in Westphalia. The coal de- 

its of Austria are estimated to have a capacity of 

000,000,000 tons, those of France of 12,000,000,000 tons, 
and the coal deposits of America figure with the imposing 
aggregate of 1,600,000,000,000 tons. The immense dis- 
tances within e Russian empire make the t of 
too expensive to various districts, and naphtha, 
this and other reasons, a fuel of much 

portance, 

Tue British Fire-PrRevention COMMITTEE AND TESTS 
with First-Arp Fire Appuiances.—The British Fire- 
Prevention ittee, who have already published 
very useful standard specifications and reports on the 
construction of portable chemical fire-extinguishers, 
have decided to extend their investigations by inquiring 
— relative — of the various eet a 

tary non-proprietary) which are bein 
y used in this clas of first-aid appliance, an 

also by inquiring into —e questions —— to the 
pressure generated in such extinguishers under varying 
conditions. The Extinguisher Research Sub-Committee 
of the British Fire-Prevention Committee will thus con- 
tinue its investigations during the next three months, 
and the first testing date in respect to the new series of 
tests has been announced to take this week. It 
should be added that the British Prevention Com- 
mittee now —_—— standard specifications for chemical 
to inquirers u written appli- 
can LG sae postage enahesell, odes ry = 

. B. F. P. C. offices, 8, Waterloo-place, London, 
8.W. The British Fire-Prevention ee having 
received various comments as to dry powder similar 
first-aid a sore se Sem G8 apa See 
—s eee on Non-Liquid — id Appli- 
ances various non-proprie ie 
materials, chemicals, and a fence, Ina cock 
d cement, fuller’s earth, 


ord ones as sand, Portlan 
&o., will be suLjected to careful investigation. 
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CATALOGUES. 


Gas, Oil, and Petrol-Engines.—Messrs. W. A. Walber 
and Co., of 38, Victoria-street, Westmirster, S.W., have 
sent us @ copy of their catalogue of ‘‘ Victor” and 
‘“*Vilvalle” engines for oil, gas, petrol, and other fuels. 
These ines are made in the vertical, horizontal, and 
portable forms, in sizes ranging in convenient steps from 
1 to 68 horse-power. Full particulars, including prices, 
weights, and shipping dimensions, &c., are given of all 
sizes, and each is assigned a code-word to facilitate 
telegraphic inquiries. 


Hot- Water Meters.—Messrs. Siemens Brothersand Co., 
Limited, Caxton House, Westminster, S.W., have sent 
us a pamphlet dealing with their disc-type water-meters 
for measuring boiler-feed water. The construction of 
these meters is illustrated and fully described in the 
pamphlet, and prices and particulars are given of ten 
sizes, With connections ranging from 14 in. to6 in. in 
diameter. The meters listed have cast-iron bodies suit- 
able for working pressures up to 180 1b per sq. in. ; for 
higher pressures cast-steel ies are supplied. One of 
the special features of these meters is that the rubbing 
and sliding parts are of graphitic carbon, so that no lubri- 
cation is required. 


Graphite Paint.—Messrs. J. Dampney and Co., Limi- 
ted, Bute Docks, Cardiff, have sent us some particulars 
of their ‘‘ Miraculum” ror paint.for protecting 
structural iron, steel, and other metal-work from corro- 
sion. The graphite used in this paint is manufactured 
in the electric furnace, and is said to be 98 per cent. 
pure, which is, of course, much purer than mined graphite. 
Tt is claimed to have great covering power, one gallon 


being capable of covering 800 to 900 sq. ft. on a smooth | Th 


surface. The colours made are dark green, dark red, and 
three shades of grey: but if other colours are required a 
finishing coat of ordinary oil paint can be applied over 
the graphite paint. ‘‘ Miraculum” paintis supplied ready 
for use, and can be applied in the usual way after the 
ironwork, &c., has been thoroughly cleaned. 


Oil-Engines and we g Eine the Westinghouse 
Brake Company, Limited, 82, York-road, King’s Cross, 
N., we have received a list giving prices and particulars 
of oil-engine-driven pumping sets manufactured by them. 
The engines used are the Westinghouse semi- 
Diesel type, illustrated and described in our issue of 
October 10 last, on page 505. In these sets, engines 
ranging from 7 to 120 horse-power are employed to drive 
centrifugal pumps by belts, or to drive three-throw hori- 
zontal ram-pumps either by belt or by direct coupling ; 
the centrifugal pompe are suitable for heads up to 50 ft., 
and the ram-pumps for heads up to 600 ft. Particulars are 
also given of a 10-horse-power engine direct coupled to a 
low-lift centrifugal pump for irrigation work, and of a 
portable pumping plant consisting of a 7-horse-power 
engine driving a rotary pump. 


Clay- Working Machinery.—A useful catalogue of clay~ 
working machinery for the manufacture of bricks, tiles, 
&c., has been issued by Messrs. C. Whittaker and Co., 
Limited, of ee Street Iron Works, Accrington. In 
this catalogue, which is well-printed and very freely 
illustrated, we find sections devoted to edge-runner 
grinding-mills with perforated or solid bottoms, semi- 
—— brick-making machines, plant for brick-making 

y the stiff-plastic process, and clay-working machinery 
generally. Among the latter are included pug-mills and 
mixers, clay-rollers, pipe-making machines, piano-wire 
and revolving screens, haulage ones wheel-barrows, &c. 
Full particulars, including weights and shi ing dimen- 
sions, are given for all the machines listed, and a good 
deal of information about the working of them is also to 
be found. There are also several reproductions of draw- 
ings showing general arrangements of complete brick- 
making plants. 


Forge Plants and Forges.—The latest edition of their 
sectional catalogue, No. 1132, dealing with forge plants 
and forges, has been issued by the Sturtevant Engineer- 
ing Company, Limited, 147, Queen Victoria-street, E.C. 
Several complete forge equipments recently installed by 
the company, and fitted with their exhausting plant for 
emoke and fumes, are first illustrated by re uctions 
from photographs. The clearness of these photographs 
is ample evidence of the efficacy of the firm’s smoke- 
exhausting arrangements, as distant objects are quite 
distinct in large smithies with all the forges working. 
The catalogue gives full particulars of steel - plate 
and cast-iron stationary forges with yp tee ag and 
down-draught boods, and also deals with portable forges 
with hand-power and electrically-driven fans ; prices are 
stated for these portable forges. Some illustrations of 
blowing and exhausting fans, fan-countershafts, galva- 
nised sheet-steel piping, air-valves, and smoke-dampers, 
are also included in the catalogue. 


Detachable Rim for Motor-Car Wheels.—A very artistic 
album of illustrations of motor-cars fitted with their 
detachable rims has been received from the Warland 
Dual Rim Company, Limited, Alma - street, Aston, 
Birmingham. The advantages of these rims are pointed 
out in & very brief prefatory note, and the remainder of 
the album consists of full-page half-tone reproductions of 
photographs of motor-cars fitted with them. The illus- 
trations, each of which measures roughly 7 in. by 6 in, 
are loosely mounted on stout brown paper ; they are well 
printed, and the whole effect is very pleasing, Thirty 

ifferent cars of the leading British and foreign makes 
are included in the album, which thus serves to illustrate 
motor-car design in 1913, and should be even more in- 
Teulet Gae ae ee it is to-day. 
Throughout the book there is a complete absence 
obtrusive advertisement, and for this reason, as well as 


of | after the boiler 





because of its attractive style, it will probably be 
examined and kept by persons who would throw away 
ordinary trade literature without a second glance. 


Testing Fuels, &°.—We have received from the West 
Ham Testing Laboratory (Principal, Mr. G. Lloyd Jones, 
A.M.LE.E., M.I.M.E.), of Baythorne House, Gordon- 
street, Plaistow, E., a pamphlet entitled ‘‘ The Labora- 
tory as a Servant of the i .” This institution 
= ertakes the physical and ~~ —_s of coals, 
oils, greases, spirits, water, cement, and other engi i 
materials, a also carries out trials of phe = | 
boilers ; the charges for all such work are mentioned in 
the pamphlet. Attention is called to the fact that con- 
siderable economy can often be effected in the working of 
factories and power plants by means of tests carried vut 
by competent authorities capable of properly interpreting 
the results obtained. Some testimonials from clients in 
support of this statement are printed on a slip accom- 
penying the pamphlet. In one of these cases a saving of 

per cent. in fuel cost was obtained as a result of the 
laboratory’s investigations and advice. The pamphlet also 
points out the advantages of purchasing coal according to 
its calorific value, and gives some notes on the properties, 
uses, and methods of testing coal that will be useful and 
interesting to persons who have not previously studied 
the subject for themselves. 


Gas-Engines.—From the National Gas-Engine Com- 
y, Limited, of Wellington Works, Ashton-under- 
ne, we have received a copy of their latest catalogue of 
large vertical gas-engines. These engines are of the 
totally-enclosed, multi-cylinder, tandem t o ing 
on the four-stroke cycle, and they are made with capa- 
cities up to 2000 horse-power for use with any kind of gas. 
e catalogue fully describes the engines, and illustrates 
several installations in which they are used for mill- 
driving or electric power production. Weights, dimen- 
sions, and other particulars are given of seven sizes, 
varying from 300 to 1500 brake horse-power. 
particulars of running costs are also given. 
of a 1000-horse-power engine running on ucer-gas 
from a plant using bituminous coal at 10s. 6d. a ton, and 
having apparatus for ammonia recovery, the net working 
cost comes out at 0.0937d. per brake-horse-power hour, or 
0.135d. Board of Trade unit of electric energy gene- 
rated. ith a 300-horse-power engine and suction-gas 
plant, using coke at 14s. a ton, the working costs are 
= as 0.24d. per brake-horse-power hour, or 0.34d. per 
rd of Trade unit. Working conditions, of course, 
vary greatly, but the above figures are said to represent 
average results, such as may be expected in practice. 


Mechanical Handling of Materials.—Bleichert’s Aerial 
Transporters, Limited, of Egypt House, 36, New Broad- 
street, E.C., haveissued an attractive booklet illustrati 
examples of mechanical transporting plant manufactu: 
by the firm. The examples include wire ropeway: 
bucket and belt conveyors, automatic telphers, an 
shunting plants for railway trucks. The illustrations 
of wire ropeways, which — a considerable part 
of the booklet, show these appliances used for carry- 
ing passengers and all kinds of materials, loading 
shi forming waste heaps, feeding blast - furnaces, 
and many other purposes, under widely - en 
conditions, and in many different parts of the world. 
Several examples of a special type of ropeway, 
which the firm call cable-cranes, are also illustrated. 
These are suitable for use in constructional work, excava- 
tion, and open mining, as well as in place of bridges for 
spanning rivers and ravines. The telphers illustrated are 
used for loading and unloading barges and railway trucks, 
with materials kinds, as well as for handling 
coal and other materials in factories and power plants, 
charging blast-furnaces, and other work of this nature. 
The booklet points out that mechanical appliances for 
handling materials are essential in almost all indus- 
ve especially where labour is expensive or difficult to 
obtain. 


Superheaters.—We have received from the Cruse 
Controllable Superheater Company, of Manchester, a 
pamphlet illustrating and describing their patent 


“Integral Units” system of constructing —, 
types of 


In the case 


These superheaters are suitable for use with 
water-tube and lindrical boilers, and also for inde- 
pendent firing. ey are built up of a number of units, 
each com of one, two, or more looped (or *‘ 2 
tubes. e ends of the tubes are expanded into a 
flat tube-plate provided with a suitable cover, and each 
unit is separately connected to the boiler and to the 
superheated - steam outlet. It is claimed that super- 
heaters built on this system are of a more economical and 
practical form, that more heating surface is got into a 
given space, and that the apparatus is more simple and 
easier to handle than other designs. After briefi 
describing the system, the pamphlet illustrates its appli- 
cation to Babcock and Wilcox, Stirling, and Lancashire 
boilers. With boilers of the latter type, the superheater 
units are connected to a horizontal transverse steam-drum 
on top of the boiler at the back. The drum is 
ivided into two compartments by a horizontal dia- 
phragm-plate, the lower compartment being in direct 
communication with the boiler, and the upper one being 
connected to the superheated-steam main. When the 
superheater is in use, the only way that steam can pass 
from the lower to the u Oy gy is through the 
superheater tubes, which are placed in the flue at the 
back of the boiler, as usual. A ts are, however, 
made for putting the two cham 
with each other if the superheater should be removed, and 
a valve connection is also provided between the chambers 
for the purpose of ——- and for ining them 
has been shut down ; this connection also 
allows steam to circulate through the superbeater tubes 


Some | board 


bers into communication | i E 





when firi up. The catalogue is fully illustrated 
usongheus” by reproductions of drawings showing the 
= arrangement of the apparatus; details the 
ifferent types of tube-plates employed are also illus- 


Corrugated Boiler Furnaces.—A catalogue of corru- 
gated furnaces for marine and stati boilers has been 
issued by the Leeds Forge Company, Limited, of Leeds. 
This ca’ relates principally to the firm’s new sus- 
pension-bulb furnace, which is claimed to have a greater 
resistance to collapse than any other corrugated furnace. 
It isa develo t of the original Fox furnace, and also 
embodies the Morieon suspension principle, its particular 
advantage being that, owing to the design and process of 
manufacture adopted, a greater uniformity of section, 
and a deeper girder, or supporting corrugation, is 
obtained than was ible in earlier designs. One of 
these furnaces, of 3 ft. 104 in. maximum internal diameter 
and only »; in. thick, was found to resist a pressure of 
1150 Ib. per sq. in. before giving way. This furnace, it 
may be interesting to mention, is said to be the largest 
ever tested in this way. As a result of the tests, the 
Board of Trade allow a coefficient of 15,000 for suspen- 
sion-bulb furnaces in the formula for working pressure, 
instead of 14,000, which is the coefficient used with other 
types of corrugated furnaces. The catalogue contains 
several illustrations, reproduced from photographs, show- 
ing the manufacture of the furnaces, and gives caloula- 
tions and tables of vs pressures for suspension-bulb, 
Fox, Morison, and Deighton furnaces, all of which are 
manufactured by the firm. i showing the data 
necessary for estimating for, and constructing, suspension- 
bulb furnaces are included, and full-page illustrations 
showing the different patterns made are also given. 
Other illustrations show various forms of end-flanges for 
the a different methods of placing them in 
position. The catalogue, which is well printed on very 
substantial paper, is bound in s oloth-covered 
8 with a leather back. It thus makes a handsome 
book, which is not only very creditable to the firm issuing 
it, but also calls attention to their productions in a most 
effective manner. 





Dry-Arn Fiurers ror Turso-Generators. — As is 
pretty generally known, there has at times been con- 
siderable trouble from dust depositing in the ventilation- 
ducts and on the windings of turbo-generators. This 
dust is carried in with the cooling air, and has been 
res ible for many short-circuits. To obviate this risk 
it me the practice to filter the air-supply. A 
convenient filter for this pu is now being introduced 
by Messrs. ers, Limited, of 53, Victoria Buildi 

hester, the special feature of which is that the 
filtering material is dry, and thus adds nothing to the 
moisture already in the air. The filters are built up in 
units, the standard size of the units ranging from 40 in. 
wide up to from 50 in. to 80 in. high. Each unit is closed 
with a filter-screen of pure wool yarn, mounted so as to be 
readily and easily fixed and removed. The yarn forms a 
very effective filter. t h offering little resistance to 
the air-current. When cleaning is required a set of 
screens is removed, and replaced by a spare set, and the 
dirty set have then the dust removed from them by means 
of a vacuum cleaner. This done they serve as a spare 
set, replacing another set of dirty screens when cleaning 
is apy One set of spares therefore serves for a 
very la ter. No woodwork is used in any part of the 
filters, thus obviating the danger of fire. 





Execrric VeHicLE ComMitres.—A meeting of this 
committee was held at the Institution of Electrical Engi- 
neers on February 20, when the Technical Sub-Com- 
mittee reported that they had given consideration to the 
question of a standard design of charging-plug. They 
recommended that the 150-ampere size of concentric plug 
and Cy me recently standardised by the Electric 
Vehicle tion of America, should be adopted as the 
Standard for Great Britain. They suggested that where 
a Pao somewhat larger capacity is required, it should 
have the same standard diameters as the 150-amperé plug. 
the contact-pieces being yn in proportion to the 
greater carrying capacity. e sub-committee’s recom- 
mendations were approved, and the secretary was directed 
to submit them to the YY -y- Standards Com- 
mittee, witha request that they would be good enough 
to consider the adoption of the design as the British 
Engineering Standard charging-plug. In regard to the 
most suitable type of flexible cable to use in conjunction 
with the plug, the sub-committee had ascertained the 
views of leading cable manufacturers as well as thoee 
held by H.M. Chief Electrical Inspector of Factories, 


y | and they found that the consensus of opinion was strongly 


in favour of the type of outer —— for flexible twin 
cable known as “cab-tyre thing.” The Electric 
Vehicle Committee holds similar views, and it is sug- 

sted that this type of cable should always be employed. 

ith reference to international standardisation, arrange- 
ments have been completed whereby the committee 
obtain the active help and tion in this work of 
the i, og mission. In 
regard to stan isation in ti itish Isles, arrange- 
ments have been made by which the actual work of ~~ 


by the British Engineering, Standards Coumtten, too 
ittee, 

ic Vehicle Committee ing with the former 

in matters ing to the ic vehicle, by sub- 


Standards Sub-Com- 
mittee on Electrical Plant. 
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HARRISSON’S ADJUSTABLE NOTCH FOR 
WEIRS. 


WE illustrate on this page a patent form of adjust- 
able notch, which has been designed to meet the want 
of a simple means of regulating and gauging the 
quantity of water discharged into Aum Its con- 
struction is simple, and in operation it has been, we 
understand, very effective, and, having few moving 
parts, it is not liable to get out of order. A front 
elevation of the appliance is shown in Fig. 1, and an 
enlarged transverse section in Fig. 2. Another form 
of the notch may be seen in Fig. 3, with an enlarged 
end elevation of the same in Fig. 4. 

The apparatus is made with both rectangular 
and Y notches, as may be desired, although our 
illustrations only show the former. The principle 
of both is the same—namely, a fixed weir with 
an adjustable plate, having one edge that can 
be moved either horizontally or, in some cases, 
vertically. In the example we illustrate the fixed 
weir W p consists of a frame carrying a sliding-piece 
8 P, running in guides G, by means of which the 
width of the opening can be regulated, the arrangement 
being clearly shown in Fig.1. The exact width of the 
opening at any position of the sliding-piece is shown 
on the scale along the top of the frame. With this 
arrangement any quantity of water less than the maxi- 
mum can be discharged and measured bysimply moving 
the slide or panel into the required position, and the 
slide can then be fixed by means of the locking 
arrangement L A on the -. The type of weir shown 
in Fig. 3 has the bottom edge arranged on an inclined 

lane, so that by moving from right to left the 
eon is raised as well as the width reduced, and the 
area of the opening is thus reduced. In the elevation 
the opening is of full size, the top of the sliding shutter 
8 P coinciding with the fixed frame. The left-hand 
end of the shutter is shown by a vertical line between 
the two slides G G, and the right-hand end by the 
vertical line below the figures 1 and 2 on the scale I. 

These weirs are wosetiod with scales to indicate the 
depth of water flowing over the weir, and also the 
size of the opening. In the case of the rectan 
weir the ings are direct, but in the case of the 
inclined plane the depth of water flowing over the 
weir is got by subtracting the height indicating the 
level of the bottom edge of the weir from the height 
indicating the level of the water. 

These weirs are also made with V-shaped notches 
in which the notch is of the usual right-angled form. 
An adjustable plate having an inclined angle can be 
moved across the notch in the fixed plate, thus reducing 
tne area of the orifice without altering the form. In 
this case there are gradations on the fixed panel on the 
up-stream side which show the surface level of the 
water above the lowest possible position of the weir, 
so that b 
between the fixed gauge and the gauge along the 
cross-bar the octal flow of water passing over the 
weir can be obtained. 

These weirs are made by Messrs. Glenfield and 
Kennedy, Limited, Kilmarnock. 





Tue Russian Iron Inpustry.—At the instance of the 
Industrial Organisation of Russia, interesting statistics 
have been drawn up concerning the iron industry of the 
country. Information on the same subject is contained 
in a report prepared for the Ministry of Finance, which 
surveys the growth and development of the Russian iron 


industry during the decade 1903-1912, and deals with 

roduction and with the capacity of the iron works. 
The latter point is one of considerable importance. 
The following 


figures show the production and the 
capacity as ae 2 cast iron and sem i- manufactured 
goods :— 





subtracting the depth of the readings T 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 


‘ We give below a few data > yy pad 
oreign engineering projects, en from the Board o, 
Trade Journal. "Further information on these projects 
can be obtained from the Commercial Intelligence 
Branch, Board of Trade, 73, Basinghall-street, London, 


Canada : The Imperial Trade Correspondent at Toronto 
reports that two lish engineers in Toronto wish to 
represent United Kingdom manufacturers of engineering 
goods, such as steam, railway and electrical supplies. 
Communications from United ws manufacturers 
should be addressed to the Imperial Trade Correspondent, 
P.O. Box 176, Toronto. 

South Africa : H.M. Trade Commissioner reports that, 
according to the Orange Free State Provincial Gazette, the 
Harrismith Town Council is taking steps to raise a loan 
of 10,000/., to include 65001. for gas-engine plant and 
27501. for an additional water-main. With reference to 
the proposed loan of 960,000/. for public works to be 
carried out by the Town Council of Durban, the Imperial 
e Correspondent at that city reports that the expendi- 
ture of 388,775. out of loan funds has been approved for 
the current financial year, including :— 


lar | E.C. 


£ 
Hardening of roads 25,000 
Municipal abattoir _ 30,000 
Infectious diseases hospital 10,000 
Storm-water drainage ... 38,357 
werage ... nt 10,881 
Water works “ 21,881 
Tramways construction ... 37,234 

Telephone construction ... 24,7 
New Town Hall... “i 4,980 
Electrical work 37,873 


France; The Acting British Corsul at Rouen reports 
that a contract been p for the rebuilding of the 
Rue Verte State Railway station at Rouen, at an esti- 
mated cost of 2,230,830 francs (about 89,230/.). 

Switzerland: The Feuille Fi Suisse contains the 
text of an 80 years’ concession which has been awarded 
to MM. Paul Frochaux, Charles Veillard, Casimir Gicot, 
and Albin Beyeler, for the construction and working of a 
railway line, the motive power to be either electricity or 
steam, from Cerlier (Erlach) to Landeron, and from 





Landeron to Préles via Ligniéres, Nods, and Diesse. The 





Cast Iron. 
, | 
Producti Capacity. | Producti Gunite 
tons tons tons tone 
1903 2,420,000 | 4,700,000  2,610,L00 4,150,000 
1906 2,640,000 | 4,800,000 | 2,650,000 4,900,000 
1909 2,820,000 | 5,250,000 | 3,070,000 | 5,070,000 
4,140,000 | 5,850,000 | 4,420,000 | 5,700,000 


1912 ..| 
| ' 


As regards finished products, the figures are as under :— 


Production. Capesig. 

tons ons 
1903 2,170,000 8,700,000 
1906 2,250,000 4,070,000 
1909 2,610,000 4,550,000 
1912 3,660,000 5,190,000 


From the above it will appear that the works within 
the Russian iron industry have not been working to their 
full capacity during the last ten years. Some concerns 
have stopped running, whilst others have increased their 
output, not, however, to the greatest possible extent. 
During the decade under review the production of pi 
iron short by 42 per cent., that of semi-manufactu 

Se er euee Lacie 

ry cent. of w represents eapacity 
the different works, 


line, which is to be single track and to have a gauge of 
1 metre, has to be completely finished and ready for 
working within two years from the date of commence- 
ment of the work. © cost of construction, organisa- 
oe gamma &c., is estimated at 1,750,000 francs 
Siam: H.M. Consul-General at ey one reports that 
— are — by ay poy thern rr pone 
partment for the supply o ie carriages and spare 
ts. Specifications and forms of tender may be obtained 
the offices of the Southern Railway in Bangkok on 
payment of the sum of 13 ticals (1/.), which will not be 
returned. Sealed tenders, marked ‘‘Tender for Bogie 
Serre sai hea eecateraceer 
. J. M. Sinclair, Ac r, Roya’ 
Siamese State Railways, kok. Prices are to be given 
i souees sterling c.i.f. delivered into lighters in the 
is of gora, and also f.o.b. at the port of shipment. 
It will be observed that the time for the receipt of 
tenders is limited, and this intimation therefore will be of 
use only to firms having agents in Siam who can be 
instructed by cable. 


_ Costa Rica: H.M. Consul at San José reports the pub- | Euro) 





lication in the Gaceta, San José, of a contract entered 
into between the Governor of the Province of Limon and 


into 











Messrs. R. M. Fernandez and T. Mangel, both of Limon, 

for the construction of a tramway in the latter town. 

The motive power is to be either petrol, compressed air, 

or electricity, and the gauge either 75 cm. or 90 cm. 

(about 2 ft. ~~) or 2 ft. 11} in.). The tramway is to 

tp oni beyond the town to Cieneguita, a distance of 
miles. 





Rarip Moror-Car Construction.—The Ford Motor 
Company (England), Limited, Manchester, inform us 
that in a single ordinary working day, without an 

ial stimulus, they assembled in their Trafford Par 

Works no less than 110 Ford cars. The assembly 
included also the fitting of bodies and the addition of 
all accessories. This, they claim, is a record for this 
country. They add that the Ford car is not a cheap car, 
either in materials or labour. Ford cars are composed 
largely of vanadium steel, the finest and most expensive 
steel known to metallurgy, and that as for labour cost the 
wages of the workmen in the Ford Factory at Manchester 
are not only well above all trade union rates, but are 
often double the wages paid anywhere in the motor 
industry, or for a similar class of ur. 





San Franoisco Exircrricat Conersss, 1915.—We are 
informed that the following have been nominated hono- 
rary members of the Committee on O isation of the 
above congress, by Mr. C. O. Mailloux, dent of the 
American Institute of Electrical Engineers :—The Right 
Hon. Lord mae O.M., F.R.S.; the Hon. Sir Charles 
Parsons, K.C.B. ; Sir Oliver a F.R.S. ; Sir J. J. 
Thomeon, O.M., F.R.S.; Dr. R. T. Glazebrook, C.B., 
F.R.S.; Dr. Silvanus P. bee F.R.S. ; Mr. W. 
Duddell, F.R.S.; Dr. Gisbert P ; Dr. S. Z. de 
Ferranti; Professor J. A. Fleming, F.R.S. ; Mr. W. M. 
Mordey ; . Alexander Siemens; Colonel R. E. 
Crompton, C.B., honorary secretary, International Elec- 
trotechnical Commission. Honorary members, represen- 
tative of all the countries in which a National Committee 
of the International Electrotechnical Commission is 
established, are also being appointed. A printed circular 
giving information relative to the congress is under 
preparation by the executive committee. 


MOLYBDENITE IN QUEENSLAND. — The Queensland 
miners are excited at the rise in the market price of 
molybdenite, says the North Queensland ister, 
4001. per ton having lately been paid for this ore, there 
being every indication that the price may soon reach 
500/. per ton. is, in fact, such a feverish demand 
for molybdenite by the ammunition and armour manu- 
facturers of Eu that it would not be surprising to see 
the price rise to this latter figure. Every day cables are 
received in Sydney announcing an advance in the price 





and ing for supplies. ustralia is recognised as 
embracin e deposits of molybdenite in the 
world. ly i © present year for Whipstick molyb- 
denite, found near Pambula, on the south coast, the price 


of 77s. 6d. per unit, or 387/. 15s. per ton, was paid by 
German buyers for 92 per cent. ore. To-day the owners 
of the mine are offered 80s. per unit, or 400/. per ton. 
The parcel of ore in question, beught by a German firm, 
increased largely in value whilst in transit from Australia 


to Germany. _ dy oy for — pw 
been increasing, sup) as been decreasing. e 
age from Wolfram Camp, Queensland, and also 
rom other of Australia, has fallen more than 


one-half, whilst there has been no increase from the 
mines in Norway. The scarcity of the metal, despite the 
increased price, has caused considerable alarm amongst 

consumers, one of whom went so far as to send 
aul mannan ta teaaee that a parcel of 10 tons for 


shipment was to be got at any price. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE AOT OF 1907. 
‘The number of views given in the Specification Drawings is stated 
in each case ; where none is mentioned the Specification is not 
Where inventions are communicated from abroad, the Names, &c., 
of the Communicators are given in Lr Opice, 
an A 25, So " were Buildings, Chancery-lane, W.C., at 
The date of the advertisement of the mee of a Complete 
eee 8. Sat ae. an oe abstract, unless the 
atent has been sealed, when the date of sealing is given. 
A Sesame ene, 68 eng hans aaREe Gx mente : é 
the oat the Foims @ S qpeion to the grant of a 
Setent on ony of the ~tebinae se” 


ELECTRICAL APPARATUS. 


144/12. C. O. Bastian, London. Electrical Heat- 
tus. [2 Figs} October 4, 1912.—This inven- 
tion relates to spiral resistances, without a central 


support 
or core thereip, for electrical heating apparatus, of the kind 
wherein the wire has a layer or coating of insulating materia), for 
mounting in position within or in tubular or other en- 
velopes or supports for electrical heating apparatus adapted for 
very high temperatures. Now the present invention consists in 
spirally winding upon a mandrel a single layer of wire, with the 
<ontiguous convolutions thereof actually in contact with one 
another, then removing the single layer of such spirally-wound 
wire from the mandrel for subsequent employment as a resistance 





-without the support of the mandrel on which the same has been 
‘wound, and forming on such wire before or after such winding a 
coating of oxide of its own metal A is a spirally-wound t- 
ance wire provided with an oxide ont, and located inside a 
tubular support, such as quartz tube B. e ends of the tubular 
support B are located in the attachments C, each of which latter 
is provided with a contact D. In practice it is important to 
provide :a wire a of the wire A at each end in a straightened 
or other than spiral form, of sufficient length to prevent the 
portion @ of the wire A and/or the contact D being ralsed to such 
a high temperature as that of the spiral A in working. (4ccepted 
January 14, 1914.) 


465/13. R. W. Paul, London. Measuring Instru- 
ments. [2 Figs.) January 7, 1913.—This invention relates to 
the construction of magnetic compasses, magnetometers, galvano- 
meters, and the like instruments, of which a pivoted magnet or 
system of magnets form apart. Its object is to damp or to render 
periodic the moving t in a simple and effective manner by 
means ofair friction, without introducing the necessity for accurate 
ae such as would be necessary uuless the —— were sup- 

rted by strained s nsions in the manner already known. The 

nvention consists in the provision of a damping vane of circular 
or partly circular form pivoted approximately at its centre by a 
single pivot, and wholly or partly surrounded by a concentric 





Fig.1. 


spherical chamber. netometer 
or compass constructed according to th vention, with a damp- 
ing-chamber of hemispherical shape. A is a light vane, which can 
conveniently be made of aluminium; B a disc or dial in which 
the damping-chamber is formed ; C a pivot attached on a vertical 
radius of the vane ; D a jewel or other support for the pivot ; E 
a bar net fixed to the vane; and F a pointer indicating on the 
scale. e clearance between the vane aud the hemispherical 
chamber is reduced to a minimum, and the whole may be enclosed 
in asuitable casing. Fig. 2 shows a similar arrangement, but with 
= of spherical shape. (Accepted January 14, 


Fig. 1 shows in oe am 
is 


27,956/12. G. W. Johnson, Lon (Firm 
Heraeus, G.m.b.H., Hanau-on-the-Rhine, Germany. witch- 
ing De {3 Figs.) December 4, 


W. C. 


) 
vices. 1912.—This invention 
relates to electro-magnetic switching devices in which two 
magnetic poles energised by a single winding act on an arma- 
ture, the armature being attracted to one pole or the other, 
according as the current in the winding exceeds or falls below a 
definite value, and the invention has for its object to provide an 


~~ Fig 200 


improved construction of electro-magnetic switch for starting 
mercury-Vapour or other electric lamps, electro-motors, and the 
like, which are switched in with a large reducing resistance, a 
part of which resistance is to be automatically short-circuited 
after a certain lapse of time. For this pu an electro-mag- 
netic arrangement must be vided which does not at once 
respond to high initial current intensities, but only operates 
when the current sinks below a certain value. According to this 


invention, the switching device comprises a pivoted lever carrying 
. oe ty mate, Se yy" end of the —_— 
ever being arran to project between two like magnet es 
disposed —s = other me by a poet 
winding. One of the poles acts as a on- with 

to the other, and serves to effect the weieahiee ever ene 
current intensity decreases to a certain value. In accordance 
with the arrangement shown in Fig. 1, the switching armature a!, 
when no current is flowing, lies on a stop 6. On switching ina 
suitable current, it is kept in this position by the pole p, despite 
the action of 8S. If the current sinks below a certain value, the 
action of 8 preponderates and the contact is short-circuited. By 
adjusting the stop b, and altering the ay of al, relatively to 
p and §, the current intensity at which the turning over is to 
take place can be easily adjusted. The peculiar action of this 
arrangement is to be ascribed to the increasing dispersion of the 
lines of force from the pole which accompanies a decrease of 
current intensity. In consequence of the air-gap between a! and 


Pp, & considerable dispersion takes place, the of iron 8 in 
Fig. 1 or Fig. 2 absorbs a of the dispersed lines of force, and 


as their number pt 


rapidly than the number of lines of 
force passing from a! to p, owing to the rsion increasing 
with the decreasing current, the action of 8 on the 


armature a! predominates. Fig. 2 shows a modification in which 
the armature a! is rigidly connected with a eecond armature a2. 
When no current is flowing, a? is at such a distance from the 
pole p that a! is much more powerfully attracted then a%. The 
striking over of the switch-lever is effected as in the arrangement 
shown in Fig. 1, by the pole S, as the part a! is, under a weak 
current, attracted more powerfully by S than by p. Then, and 
only then, when the switching-lever has passed over the greater 
part of its path, the part a2 comes within such a distance of the 
= p that a stronger action takes place when the short cireuit 
made. (Accepted January 14, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


1117/13. C. Whitfield, 5: Gas-Producers. 
{4 Figs.) January 15, 1913.—This invention refers to producers 
for use in the making of produce: , and it relates in particular 
to sar am of the type designed to deal with light fuels—i.e., 
- —— a ee meg of which - liable 

pass w ie gas and choke the passages leading to point 
where the gas is required. A ing to this invention, and as 
applied to a producer, the outlet of which in plan converges 





down from a large to a comparatively small size, and is fi 
with a junction-box, a pipe is connected to such box, which, at 
its lower end, dips into an ordinary settling-tank. That part of 


ary 
the pipe next the box is of smaller diameter than the lower part, 
at the junction of the parts of smaller and larger diameters 
is a conical nozzle. By means of this nozzle, which forms a 
restriction, the pulsation action of the suction of the engine on 
the gas in the producer is checked. In that part of the pire 
connected with the junction-box is a water-supply jet by which 
the sides of the pipe and nozzle will be kept ae pay = washed, 
and thus relieved of any tar, &c., tliat may tend to lodge in the 
pi As shown, the gas outlet a, which is preferably straight- 
sided, is much wider in plan at the end nearest the interior of the 
producer than at the end furthest from such interior. To the 
metal part a! of the gas outlet is connected the junction-box 6, 
provided with the usual cleaning and inspection-doors, and from 
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this box depends a short pipe c. Connected to this pipe at 
its lower end by a tapered connecting-pipe d, is a pipe ¢, this 
pipe being larger in diameter than the pipe c. Supported by a 
flange or ledge in the lower end of the pipe c is a conical nozzle /, 
the lower part of this nozzle exte into the tapered con- 
necting-pipe d. Fitted tangentially to the pipe c near its upper 
end is a water-supply pipe gy. By means of this pipe water 
delivered therefrom flows in a spiral path around the inner face 
of the pipe c, thereby keeping the same constantly washed and 
free from tar and dust. e lower and open end of the pipe ¢ 
dips into a settling-tank h. Near its lower end the pipe ¢ is 
connected by branch pipe A! to a further pipe i, which, at its 
lower and open end, also dips into the tank h. At its upper end 
the pipe i communicates with the engine, &c., via the pipe j, and 
also, as shown, via a tar-extractor. It should now be seen that 
the feature of the invention is the contraction of the for 
the gas by means of the nozzle /, whereby the action of the engine 
during each suction stroke is prevented drawing over the dust 
from the producer, the proportions of the nozzle f being such 
that the suction of the engine has no appreciable pulsation effect 
on the bulk of the gas within the producer, and thus allows the 
dust to remain in a quiescent state, or nearly so, within the 
producer. Theaccumulated dust will be removed in the ordinary 
course of stoking. Nozzles of different degrees of taper may 
be substituted for the nozzle f, according to requirements. 
(Accepted January 21, 1914.) 


GUNS AND EXPLOSIVES. 


498/13. Sir A. T. Dawson and G. T. Buckham, - 
don. Gun-Carriages. (5 Figs.) Jan. 7, 1913.—Thisinvention 
relates to gun-carriages of the kind in which the trail is com- 
posed of two longitudinal members or beams which are capable 
of being swung apart laterally to enable a large angle of traverse 
of the gun to be obtained, and also to enable the gun to be fired 
at high angles of elevation in any ition of traverse between 













Lon 


| ite excreme training angles, one of these members or beams being 


pivoted by means of a universal joint, and the other by 
means of an approximately vertical joint. The chief object 
of the present invention is to avoid the necessity of providing a 
transverse bar passing through the trail-beams and serving to 
support the rear t of the under-carriage, which bar con- 
stitutes an essential feature of certain proposed forms of the above- 
described type of gun-carriage. According to this invention, 





one of the trail-beams is connected to the axletree or to the 


under-carriage by means of a universal joint as aforesaid, and 
the other trail-beam is connected to the axletree or under- 
in such a manner that this beam can cals more iene 


beam being so constructed and 
resist the tendency of the 
A is the axletree, and A! the u 

the t-hand and left-hand trail-beam 


. B, 
shel. in tho 
exam) shown, the ri 


t-hand trail-beam is the one that is 
connected = univ: joint to the axletree or to the under- 
carriage. is universal joint may, as shown, be constituted by 
a substantially vertical pivot-pin b and a sleeve B* which is free 
to move angularly about the axletree A. The pivot-pin b con- 
nects thetrail-beam B to the sleeve B*. It will be seen that by 
reason of this arrangement the trail-beam B can be moved in 
any direction, the pivot-pin } and the sleeve B* permitting 
movementa to take both laterally and vertically. The left- 
hand trail-beam B! is connected to a rearwardly-extending arm 











b* which may be keyed to the axletree A, as shown in Fig. 1, or 
may be made integral with the under-carriage, the under- 
carriage being also either keyed to or made integral with 
axletree. The arm h* is made of wedge-sh or 
mation (Fig 8), the portion of smaller d bein; 
This arm fits in a recess in the trail-beam B! 
with a bearing surface b!* to engage with the rear end of the 
arm. The arrangement of the parte constitutes a ies of 
spliced joint between the trail-beam and the joint 
taking most of the stresses which would otherwise tend to frac- 
tare or bend the pivot-pin J!; which is, as shown, at 
the forward end of the beam. The loosely-mounted sleeve B* 
forming A mg of the universal joint of the right-hand trail-beam 
B may , a8 shown, be Fe sewn with a rearwardly-projecting 
arm 2, of wedge or tapered formation as aforesaid. under- 
carriage A! is provided with a bearing a! to receive the training 
ivot of the upper carriage and with suitable clips or guides a® 
lor the engagement of a projection or flange on the upper car- 
riage during traversing. (Accepted January 4, 1914.) 


22,740/12. Sir A. T. Dawson and G. T. Buckham, 

Breech - Guns. {9 Figs.) October 5, 
1912.—This invention relates to percussive firing mechanism for 
breech-loading guns of the kind in which the striker is released 
by a trigger or firing-handle mounted on the gun-carriage. Ac- 
cording to this invention, the gun-cradle is provided with a pivoted 
device suitably connected with the firing-shaft, and having a 


curved surface with which the t or firing handle, or a part 
moved thereby, is capable of en ing at any elevation of the gun 


e 
the 
red for- 
the rear. 
which is formed 




















to transmit movement to the fi ng shaft and thereby fire the gun. 
A is the gun, B the gun-cradle, B! one of the trunnions, and CO the 
gun-ca\ e. D represents the device which is pivoted at d to 
the cradle. D! is the trigger or firing-handle, and D? the firing- 
shaft. E is the elevating id wheel or lever. The device D 
8 
dD } ii 
Oa | 
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in the form of a curved plate, the pivot d of which is arranged 
liel to the trunnions and in front thereof when the gun is 
orizontal. The firing-hanille D! is pivoted at d! on the carriage 
C, preferably at a point behind the trunnions. A roller d'*, 
carried by an arm of the handle, bears against either the front 
or, as illustrated, the rear surface of the curved plate D, under the 
influence of a , which is not shown. The curvature of the 
plate when the latter is in its normal position is concentric with 
the trunnions. The curved plate may be connected either 
—— or through a two-armed lever to the rod D® (constituting 
the firing-shaft) carried on a guard-plate attached to the cradle, 
the rear end of this rod being pivoted to a link d? which lies in 
loose contact with an arm D* on the gun; this arm is suitably 
7 ee with the rear of the striker. (Accepted January 14, 
1914. 


HYDRAULIC MACHINERY. 


6,807/13. J.A.Towler,Rodley. Hydraulic 
(2 Figs.} June 22, 1913.—This invention relates to controlling- 
gear for or connected with elec’ y-driven hydraulic pumps, 
such as are employed for pumping water under pressure to 
accumulators. e invention consists in providing in connection 
with the controller-actuating ram a cataract cylinder whose 





piston is formed with an aperture passing over a shaft fixed 
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cataract p 9, and of eq diameter to the 
shaft, so as to be a sliding fit thereon, which shaft 11 is reduced 
in diameter at intervals so as to form a series of annular recesses 
liz, while the unreduced portions of the shaft 11 between the 
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recesses constitute piston-valves lly, which are equal in number 
to the contacts of the electrical controller. The piston-valves lly 
prevent the passage of fluid through the aperture 92 of the 
iston 9 during the time the latter is travelling over them, while 
he annular recesses 117 enable the fluid to pass through the 
said ae 9x during the time the piston 9 is travelling from 
one piston-valve lly to the next. On the ram 1 being actuated 
to rotate the Sere shaft 6, its rate of travel is 
verned by the movement of the cataract piston 9, which forces 
e regulating fluid from the one end of the cylinder 8 to the 
other by way of the needle and ball-valves 10, 102; and on the 
iston 9 passing over any one of the recesses 112 of the shaft 11 
ts movement is accelerated owing to the fact that a quantity of 
the ney yf fluid is enabled to pass quickly from one side of 
the piston 9 to the other, which accelerated movement is checked 
during the time the piston 9 is passing over the piston-valve 
portion lly of the shaft 11 by reason of the latter preventing the 
of the ppgulating fluid through the piston aperture 9z. 
e alternate slow and quick mov of the cat t piston 9 
are communipated to the contrcller-actuating shaft 6 so as to 
cause the lier fingers to move slowly over the contacts and 
y mee J across the spaces between the said contacts. (Accepted 
anuary 14, 1914.) 


MINING, METALLURGY, & METAL-WORKING. 
mae. L. Fermanand Ferman and Co., Limited, 
ulds. (3 Figs.) 


for Heating 
January 2, 1913.—This invention relates to improvements in s 
naces for heating moulds and the like, and has for its object to 
provide means for ensuring the uniform and regular heating of 
the mould or die or the like, even when the metal of the particular 
body to be heated is unevenly or irregularly distributed as is 
often the case, and has also for its object to facilitate the opers- 
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tion of transferring the mould die or the like to and from the 
furnace. According to this invention, a rot: table is provided 
within the furnace, and on the table are adjustable guide-rails 
upon which the mould or die or the like can move when trans- 
ferred to and from the furnace. The walls of the furnace, which 
is of a usual type, and which may be heated by oil, gas, coke, or 
other means, are indicated by A!, the heating entering from 
the flues or passages B! through apertures ©!. The furnace is 








tory material and the edge of the table. The blocks do not 
extend above the level of the table. The table is supported by 
peesing, through a sleeve G!, the 
ers table resting on the edges of 
the sleeve Gl. The sleeve G! is connected to the frame- 
work of the furnace. The lower end of the spindle F! is hollowed 
to receive a vertical shaft J! which is secured thereto by a pin, 
and the lower end of which is provided with a bevel-wheel K!. 
The lower end of the shaft J! is received in a bracket L!, and in 
order to allow of the alteration in the le of the shaft J} due 
to in temperature, the shaft is provided with al 
key M! which engages with pores key-way in the bevel- 
wheel K}. Thus the shaft J! can through the bevel-wheel K! 
without affecting the transmission of motion to the rotary table 
El, A bevel-wheel N! is vided to with the bevel-wheel 
K1, the pevel-wheel N! being slidably keyed on the horizontal 
shaft O!, which is situated beneath the furnace, and is supported 
in suitable bearings P!. The Ol is driven from any con- 
venient source. The rotary table E! is provided with a firebrick 
or refractory covering S! suitably secured thereto, and on the 
covering S! are provided two guides or rails Q!, upon which the 
mould or die or other body can move 80 as to be pushed into or 
withdrawn from the furnace. These guides or rails Q! are pro- 
vided so as to have their gauge altered to suit the particular 
mould or die or the likeemployed. In use, the gauge of the rails 
or guides on the rotary table within the furnace is adjusted to 
suit the mould or die or other body employed, which is then 
transferred to the rotary table within the furnace. This table is 
then set in rotation through the driven shaft ©! and the bevel- 
wheels N! and K!, and the heating operation carried out. The 
table can at any time be brought temporarily to rest to allow for 
the heating of any particular part of a body. At the required 
moment, the mould, die, or the like is withdrawn from the furnace 
and > i transferred to the operating table. (Accepted January 
14, 1914. 


21,194/13. A. F. Petch, London, and W. Caspary, 
Dur . Fo Moulding-Machines. 
(2 Figs.) September 19, 1913.—This invention relates to foundry 
moulding-machines, more particularly to those of the pneumatic- 
jolt ramming type, and the object of this invention is to provide 
means by which such machines can be constructed and operated 
in a simple and efficient manner. This invention consists in a 
jolting device in the form of a mechanically reciprocated piston 
which, by increasing and diminishing the compression of a pneu- 
matic cushion interposed between such piston and the moulding- 
table, transfers the — to the moulding-table. The 
crank-shaft a is tupported in bearings in the frame k, such crank- 
shaft being provided with fiy-wheel a1. Crank-shaft a is con- 
nected by means of a connecting-rod b to a piston ¢, such piston 
working in a cylinder, preferably formed as part of the main 

ng k. Over the outside of this cylindrical portion is free to 
sl‘de anothercylinder, which preferably forms part of the moulding- 
tabled. Between the upper face of cand the lower face 
of the cylindrical portion of the moulding-table d there is a clear- 
ance space f, whilst the downward movement of the table d is 
limited by a flange ¢ on the main casting k. It will be obvious that 
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when the table d is allowed to fall, and the cylindrical — of 
the same strikes the flange e, the impact or jolt effects the 
packing of the sand in the moulding-box, which is placed on the 
moulding-table d. The interior of casting k below the piston c 
encloses an air-tight space i, and between the space i and the 
space f there is a connection channel, in which is inserted a 
valve gy. The valveg is normally closed by a spring or the like, 
and permits a passage of air from space i to space /, and nor- 
rally preventing the movement of the air in the o te 
direction. A screw hf is provided, which can be regulated by 
hand. so as to displace the valve g from its seating, so that 
@ more or less obstructed flow of air can take place between 
space f and space i. On the upward movement of the piston 
e the air in space f is compressed, and when the moulding- 
table d, with the piston c, has aecended to its highest - 
tion, it descends, whilst the moulding-table d, in consequence 
of the momentum and the expansion of air in the space /, ascends 
further until it comes to rest. The table d then falls until 
the cylindrical portion strikes the flange ¢ on the main casting k. 
This motion is repeated with — a oe and continued 
until the necessary compression of sand in the mould is effected. 
(Accepted January 21, 1914.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


43/13. The Lancashire Dynamo and Motor Com- 
Manchester, A. P. Wood, Hale, and 
Electri -Operated 


Sak 














Didsbury. 
Ss. (35 Figs.) January 1, 1913.—This in- 
vention relates to switch-gear and operating mechanism therefor, 
by means of which an electric-motor is wel to actuate a planing- 
machine traverse-feed screw or the like—such, for example, as 
described in the mg aye No. 19,616 of 1911. According to 
the present invention, the feed-motor energising-circuit is con- 
trolled by two switches, or by two contacting parts of the one 
switch, arranged in series in the circuit, and to which switches or 
angular movement is im by the tappet-gear and by 
he feed-motor, respectively, in such manner that after the 
itch- actuated by the tappet-gear has closed the 
circuit, the switch or switch- actuated by the motor, as the 
latter effects the cutting-stroke, opens the circuit at the end of 
the stroke, but is left in such position that on the next move- 
ment of the tappet-operated part the circuit is again closed ; the 
angular movement may be of a reci ing character, or it may 
be alternate intermittent rotation of the two parts in the one 








direction, the necessary electrical connections being effected by 
virtue of the relative movement between the two parts. M is the 
motor-armature, the m of which actuates the feed-screw 
of the tool and the motor-operated switch P. Me is the field- 
winding Of the motor ; G is the generator-armature, which is con- 
stantly driven by a suitable driving-motor and which is connected 
in series with M ; Gs is the generator-field, and Gd is a discharge 
resistance. 2 SS Se SO comeenen eee Se ft ane 
- mains, preferably through a eS 
reversing-switch J. This circuit is referred to as the motor- 
energising circuit, and the switch-gear hereinafter referred to is 
preferably inserted in this circuit, P being the switch operated by 
the feed-motor, and Q the switch operated by the tappet-gear of 
the tool. O iga switch adapted to close the circuit of Gs inde- 
pendently of P, Q, and K, and is used when the motor is required 
to operate the feed-screw for traversing purposes. S is a brake 














resistance, which is adapted to be connected across the arma- 
tures G and M to arrest rotation when the circuit of Gs is broken ; 
the switch for controlling S is preferably combined with the 
switches Pand Q. The ae is connected to the switch Q 
80 as to move it at successive strokes alternately to and fro be- 
tween the contacts a and b, the switch P is geared to the motor, 
and as it rotates it makes contact with either contact A or 
contact B. When Q makes contact with a, and P makes 
contact with A, the circuit of Gs is complete through K ; the 
motor and switch P are rotated till P breaks contact with A, 
whereupon the motor stops, the switch P then making contact 
with B ; on the next stroke of the tappet-gear Q is moved to 3, 
whereupon the motor is in started and continues to rotate 
till P leaves B, whereupon the motor stops, leaving P in contact 
with A, and so on. Q | be operated directly by the tappet- 
gear or through a solenoid energised by a tappet-operated switch. 
(Accepted January 14, 1914.) 
PUMPS. 

7936/13. D. Cockburn and D. MacNicoll, Glasgow. 
Pumps. (2 Figs.) April 4, 1913.—This invention relates to 
valve-gear primarily for direct-acting pumps, and has for its 
object to provide improved means, which at the end of each 
stroke of the pump will put the valve proper in such a position 
that it will be moved through the rest of its travel directly by the 
action of the fluid pressure—i.ec., without involving the use of 
mechanical devices for ry the movement of the valve. 
1 is a slide-valve, and 2 a cylindrical member, which is held in 
position by means of pins 2a, and sliding relatively to which is 
&@ second member 3 jally enclosing the first member 2 and 
serving as a piston, the enclosed space 4 between the back of the 
slide-valve 1 and said member 3 communicating with the exhaust- 
port 5 of the pump steam-cylinder 6 through ducts cut in the 
slide-valve 1. Mounted on a pin 8, working in a slot 9 formed in 


Fig.1. 
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the valve-spindle 10, which latter is operatively connected by 
means of link-work to the piston-rod 10a, are a pair of rocking- 
arms 11 pivoted at 12 on arms 13 secured to a fixed part of the 
pump, and adapted on the reciprocating movement of the spindle 
10 to be moved to one side and to the other side of the centre 
line 14 perpendicular to the axis of the spindle 10, the centre line 
passing through the pivotal centres of the rocking-arms 11. With 
this construction, when the rocking-arms 11 are brought beyond 
the centre line 14 by the movement of the valve-spindle 10, tre 
pressure of fluid passing through a clearance space between the 
member 3 and the casing, acting on the rear face of the 
member 8, imparts a rocking movement to the link 15, 

at one end to the piston- 16, pivoted at 17, and connected at 
the other end to the pin 8 by the links 18, thereby effecting a 
further shifting movement of the slide-valve 1 in the desired 
direction. The operation on the return stroke of the spindle 
is the same as that on the initial stroke. (Accepted January 21, 





1914.) 
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THE NEW GREAT WESTERN RAILWAY 
STATION AT BIRMINGHAM. 
(Concluded from page 311.) 

Wirs this issue our series of articles descriptive 
of the new Great Western Railway Station at 
Birmingham is brought toaclose. We have already 





dealt with the location of the station, its general 
lay-out and ite chief buildings, and very extensive 


roofs, and there now only remains to describe the way fittings, and consequently the most complicated 


main features of the signalling installation. 


as the New Yard sidings, and two more dead-end back of the up and down platforms respectively, 
roads shown as Snow Hill sidings, the last named and four bay lines running into the north end 
having only been obtained at considerable cost, by of the main 8 ging ese are indicated in 
increasing the width of the bridge over Great plan, Fig. 132, by the numbers by which the 

platforms are known. Thus the down relief line 


Charles-street, as shown in Fig. 8, page 7 ante, | 

thereby materially adding to the girder work over, serves platforms Nos. 1 and 2, and the down main 
the parcels-yard. The whole of these sidings are| line platforms Nos. 5 and 6. 

approached from the north end of the station;| At the south end of the station the whole of the 
> + wa the most important blocks of permanent-| lines converge into two main running-tracks, the 
\tieatle t tunnel at that end rendering it imprac- 


signalling arrangements, are located at that end. ticable to widen the site for the purpose of laying 











Fic. 129. Norra Box Lockinc-Frame. 


A hn signal-box is shown, both inside and 
out, in Figs. 128 and 129, while two types of signals 
are shown in Figs. 130 and 131. 


be had to certain points to which reference has 
been previously made, but which it may be well 
briefly to recapitulate—viz , owing to exigencies of 
Space it was not possible to provide more than a 
relatively small amount of siding accommodation. 
18 18 represented by the three short dead-end 
sidings shown on the plan as Northwood-street 
sidings, the four larger sidings and turntable known 


Fig. 132, on the| 
next page, shows the permanent-way and signalling | 
arrangements, and in considering it regard should | 
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Fic. 130. Sranparp Great WesteRN Bracket 
Siena, with Movaste-Siipe Rovute-Inpicator. 

















Fic. 131. Ittomiatep Rovute-Inpicator S1GgNat. 


We may also recall the fact that the locomotive | additional lines. At this end the permanent-way 
dépét for Birmingham is situated some distance | no special features other than the con- 
south of Snow Hill Station—viz., at Tyseley—at | nections serving the docks for dealing with fish, 
which place, also, the coaching stock is stabled and | milk, horse, motor, &c., traffic. North of the 
cleaned, except and in so far as it is possible to | station there are four running lines. Between the 
accommodate coaching stock in the sidings referred | platforms the two up lines run side by side, and the 
to in the preceding paragraph. These sidings at | two down lines side by side; but after leaving the 
Snow Hill are connected with the several platform | platforms at the north end the up and down main 
lines by a diagonal road and five pairs of slip-| and the up and down relief lines are respectively 
points. Other features to be borne in mind in| together. This arrangement and the scissors cross- 
considering the signalling installation are that|ings in the centre of the platform-lines consider- 
there are four main tracks between the island | ably assist the manipulation of traffic, for when two 
platforms, plus two relief lines passing at the|trains are admitted together to, ¢.g., the down 
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is noticeable for its compactness ; the width is only 
12} in., the height 4 ft., and the 224 levers are 
contained in a length of 37 ft. 6in. The levers are 
not provided with catch-handles—a spring bolt, 
working in the top locking groove, engaging with 
and holding the tappet in each of its correct final 
positions, as also in the right positions for the 
check-lock to operate when the check-lock et 
receives the return current. When the check-lock 
is in the locking position it is securely locked there, 
and cannot be released by vibration or accidental 
movement. ‘Therefore the release is entirely de- 
pendent on the attraction of one of the armatures, 
so that the movement of the lever can only be 
completed after one of the check-lock magnets has 





into the middle or locking position by means of;should any signal controlled by the points be 
small projections on the tappet, which projections | ‘‘ off,” it would immediately go to the “on” or 
operate during the movement of the tappet past | ‘‘danger” position. 

its middle position, thus rendering it impossible} In the case of the South box ma how- 
for the check-lock to occupy the free position to|ever, constant detection was adopted. This did 
allow of the complete movement of the lever unless | not entail any alteration in the design of the frame 
the return current from the points or signals has | or the scheme of detection so far as arranging for 
correctly energised the check-lock magnet, and | the signals to detect individual points; but the 
thereby released the check-lock. The check-lock | signal-motor circuits are led through route switches 
is applied to point-levers in both directions, the in the signal-box, these being actuated by the 
complete movement of the lever being prevented return indications from the respective facing-points. 
until (1) the points have fully responded to the | Further, the signalmen are provided with a visual 
movement of the lever, (2) the detection is com-| indication of the position of each facing-point by 
pleted, and (3) the return current for operating the ' means of small fiag indicators fixed behind the 
check-lock magnet has been received. In the case point-levers. The indicators show white for the 
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Fic. 133. Factne-Point 





Lay-Out, Soutn Box. Fie, 134, Pornt-Derector, 


normal position of the points, and black for the 
reverse, half black and half white denoting 
‘*wrong.” 

Point Mechanism.—The point motor mechanism 
is enclosed within a cast-iron case, and consists 
of a reversible motor and suitable gearing and 
connections. A friction-clutch is provided in 
order to prevent damage to the motor in the 
event of the proper movement of the point-levers 
being obstructed or being forced open by a ‘‘ run- 
through.” With trailing points the motor is 
coupled direct to the tongues, but with facing- 
points the movement is transmitted to a rocking- 
shaft, which operates the locking-bar and plunger- 
bolt. The bolt is not completely withdrawn until 
the locking-bar has reached its highest position, 
thus preventing a wrong movement of the points 
while vehicles are passing over them. When the 
bar is in its highest position, motion is communi- 
cated to the point-tongues, and the required 
movement is made. The movement of the motor 
ceases when the switch-tongue is in full contact 
with the stock-rail, the motor-switch being so 
arranged that the current is then automatically cut 
off, whereupon the current passes through the 
detector contacts, and operates the check-locks in 


Fies. 135 anp 136. Types or Grounp Sienals. the signal-box locking-frame, as already described. 


been energised. The feeders leading from the 
source of the electrical supply are connected to 
bus-bars in the frame, and each circuit is protected 
by a fuse. 

The reversing switches connecting with the point 
motors and the switches controlling the signal 
motors are operated directly by the movement of the 
tappets, the tappets being jointed to the levers at 
their upper ends by link-couplings. The mechanical 
locking is contained in grooves in boxes at the back 
of the frame. The check-locks operate directly on the 
tappet, and are actuated by the check-lock magnets 
for the respective normal and reverse positions of 
the levers. The armatures of both check-lock 
magnets are so interlocked with each other that it 
is impossible for both to be in the attracted position 
at the same time. The check-lock, and the arma- 
ture to which it is attached, are forcibly brought 


As is usual in power equipments, rocking-shaft 
of signal-levers the check-lock is applied to pre-|lay-outs are employed for all facing-points, the 
vent the complete return of the lever from the} plunger and lock - bar being driven from one 
reverse to the normal position, the object being to| rocking-shaft. There are inside and outside locking 
ensure the correct return of the signal-arm to the| or Setlien- bene, as necessitated by the permanent 
‘*danger ” position. way. At some places where outside bars were 
Throughout the North box installation outside | necessary two separate bars had to be fixed, one 
detection is employed, the signal-motor circuits | outside either stock-rail. The standard length of 
being led through the detectors of the facing-pdints | bar—viz., 50 ft.—has been provided throughout ; 
in the track to which they relate, each signal being | where a continuous bar could not be fixed, owing to 
detected as far as the next signal in advance of it. | the complex permanent-way fittings, two or more 
The detector contacts—one for each position—are | pieces aggregating 50 ft. in length, and connected 
contained in a separate cast-iron box fixed near the| to work together, were employed. 
point motor. The detection circuit is complete for} The facing-point lay-out in the South box instal- 
the return indication only when both tongues of | lation is slightly different from that of the North 
the points are absolutely in their correct position, | box so far as the point-machine and detector are 
with the bolt firmly home. The withdrawal of| concerned. The motor in each case is reversible 
the bolt, or the opening of the points to a fraction | and of 4 horse-power, but instead of driving through 
of an inch, breaks down the detector circuit ; and | worm-gearing and a friction-clutch a small clutch 
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is fitted inside the gear-wheel mounted on one end 
of the transverse worm-shaft, Fig. 133. Through 
spur-gearing and the worm-shaft the motor drives 
a circular plate, the correct limit of rotation of 
which is determined by a stop. The plate is keyed 
to a vertical spindle, and the latter carries on the 
outside of the case the driving disc for actuating 
the rocking shaft. The point-detector, Fig. 134, 
contains switches for controlling the detection as 
well as the motor circuits. This is actuated by a 
separate independent connection for each tongue, 
and also for the bolt in the case of facing points. 
After the first movement of the plunger both fields 
of the motor are connected to the negative terminal ; 
so that it is possible for the signalman instantly to 
reverse the motor, if necessary. The plunger also 
makes the final movement of the detector switches 
in either position of the points, whereby the motor 
circuit is broken and the control circuit made. 

Signals.—The signals are also operated by 
motors and gearing attached to the signal-post. 
The shaft of the motor is connected direct to a 
worm which engages with teeth on the rim of a 
circular coupling-magnet. The latter is free to 
revolve on the motor shaft, upon which it is 
mounted, and a disc forming the armature of the 
magnet is firmly keyed to the shaft. The shaft 
projects through the case, and has at its extremity 
a pinion which gears into a vertical rack-rod, to 
which is connected a lever and rod for actuating 
the signa]-arm. 

To lower a signal-arm current passes by way of 
the switch operated by the lever in the locking- 
frame through the circuit connecting with the 
coupling - magnet and the motor. e magnet, 
being energised, forms with its armature a mag- 
netic clutch. The motor’s revolving motion is 
transmitted through the worm. gearing, pinion, and 
rack to the signal-arm, which it lowers, whereupon 
the motor circuit is automatically broken ; but, 
the coupling-magnet circuit being still intact, the 
coupling-magnet remains energised, and the — 
arm is held off until the et circuit is broken. 
Upon this being done, the clutch ceases to act and 
the signal gravitates to the ‘‘ danger ” ition. 
Provision is made to prevent the lowering of a 
signal from accidental or other interference. The 
switch-box contains the switch for giving the 
return indication to the signal-box when a move- 
ment has been completed, these switches being 
actuated by the signal-arm alone. In some in- 
stances there are switches and contacts for closin 
the circuits of other signals—e.g., when the si 
circuit of a distant signal is led through contacts 
controlled by switches operated by the home and 
starting signals, preventing the distant arm being 
lowered when the home or starting arms are in the 
** danger” position. 

A feature of the equipment of signals is the 
extensive use of route-indicator signals, to obviate 
multiplicity of signal-arms. Of these there are two 
types, one (Fig. 130) having sliding screens, any 
one of which may be selected by a simple pro- 
cess and “= ~ into view when the signal-arm 


is lowered. hen lowered, the screen is illumi- 
nated by five 140-volt 16-candle-power lamps. 
The other type (Fig. 131) is provided with a hood 


containing a series of compartments arranged hori- 
zontally and fitted with screens bearing indications 
which are invisible except when illuminated. On 
lowering the signal-arm, the particular screen that is 
to be selected is illuminated by four 140-volt 16- 
candle-power incandescent lamps, the indication 
appearing in bright lettering on a dark background. 

e dwarf, or ground, signals (Figs. 135 and 136, 
page 373) were specially designed so that a single 
motor might suffice for a one, two, or three-arm 
signal. Each arm is provided with a coupling-magnet, 
and the motor, through the vertical shaft, drives all 
the coupling-magnets be per The movement of 
the correct arm is secured by selection. As only the 
coupling-magnet to be energised is capable of form- 
ing with its armature the necessary magnetic clutch, 
it follows that movement is alone imparted to the 
selected arm, the other unenergi coupling- 
magnets merely rotating without effect. 

All the South box signals, other than the distants, 
are electrically lighted, one 16-candle-power 110-volt 
incandescent lamp serving each. The North box 
signals, where fixed on the station platforms, are also 
electrically lighted, the others having long-burning 
oil-lamps. 

With the exception of the distant signals none of 


not, the functions of a repeater being performed by 
the check-locking. 

Track - Oirewits.—All the main running lines 
between the two signal-boxes are completely track- 
circuited, the track circuits directly controlling all 
the stop signals. 

With two exceptions the track circuits are of 
the double-rail direct-current type, the current for 
each circuit being furnished by a 2-volt 100-ampere- 
hour accumulator. Between each pole of the 
battery and the rail there is a resistance of about 
5 ohms. The McKenzie, Holland and Westing- 
house Power-Signal Company’s standard neutral 
track relays of 9 ohms resistance have been used. 
Switches are provided on the platforms, to be 
actuated by the platform staff whenever a line is 
occupied by a vehicle or vehicles without an engine. 
The exceptions to this general system of track- 
circuiting are two lines worked on the Siemens 
system, in which both running rails have insulated 
jointe and one rail is earthed. The 140-volt power 
current is reduced to about 2 volts by means of a 
resistance, and then connected so that it flows 
through the unearthed rail and energises a relay in 
the signal-box which controls the Is. When 
a vehicle enters the track it earths the permanent 
controlling current, thereby de-energising the relay 
in the signal-box. 

In the first-named system the track relay con- 
trols the signal circuit through a repeater relay of 
500 ohms resistance, operated with a 12-volt 
current. The control is arranged by connecting 
the positive wire of the signal circuit through the 
contacts of the relay ; therefore, when the track is 
occupied, the signal is replaced to ‘‘danger” if 
** off,” and if ‘‘on” is held in that position. In 
the former case the signal-lever is not ‘‘ back- 
locked” from the track, so that it may be fully 
Ss to the normal position at any time. 

n the signal-boxes there are track-indicators to 

show the signalmen whether or not the lines are 
occupied. A feature of the Birmingham equip- 
ment is that in the case of the main lines through 
the station track-indicators are fixed in both signal- 
boxes, showing the signalman the state of the 
tracks in the rear of his home signals, as well as 
the man whose signals are centrolled by that track. 
The indicator takes the form of a small banner 
enclosed in a circular case, the banner being in an 
inclined position when the track is clear, and hori- 
zontal when it is occupied. 
For the bay and avoiding lines 50-ft. weighted 
fouling-bars are used as an alternative to track 
circuits. These control the signals and signal- 
levers in the same way as the track circuits. Indi- 
cators are provided in the signal-boxes to show 
whether the bars are clear or fouled, a white 
indication appearing when the bars are clear, and 
red when they are fouled. 

Messrs. Siemens Brothers and Co., Limited, of 
Westminster, were the contractors for the signalling 
installation, the signal-boxes, point and signal- 
fittings, being provided by the Great Western Com- 
pany’s staff; and the whole of the work being under 
the supervision of the Great Western Railway 
Signal Engineer, Mr. A. T. Blackall, M. Inst. C.E., 
to whom we are indebted for much of the informa- 
tion here given. 





THE NAVY ESTIMATES. 

Wrrs the general policy of the Navy programme, 
and particularly with the provision made for the 
future requirements of defence, we deal in our 
leading article; here we propose to set out the 
details of the Navy Estimates, so far as they may 
interest our readers. There is no disputing the 
fact that the egate sum provided under the 
Estimates for = year 1914-15—51,550,000/.—is 
stupendous. But it is equally obvious from a 
study of contemporaneous history that we, in 
this country, have no alternative but to make 
absolutely sure of our position, because our 
trade, if not also our very existence, depends 
upon our ability to command, under any con- 
tingency, the trade routes from the sources of 
supply of our raw material and to the markets of 
our finished products. Even when the supple- 
—- estimate of 24 millions sterling, recently 
passed by the House of Commons, is added to last 
year’s total, making it 48,809,300/., the provision 
for the forthcoming financial year shows an in- 





the semaphore signals need to be electrically re- 
peated, whether within sight of the signal-box or 


crease of practically 4 millions sterling, or, to 
be precise, 2,740,7001. There is the 


of the increase is due to the pay and victualling 
—and following naturally come the automatic 
increases in the non-effective votes (30,000/.). 
The numbers voted for the year now closing were 
146,000, which represesented the maximum, and 
not the average as in former years. For next year 
the totals are to reach 151,000, an increase of 5000, 
which is due not only to the greater number of 
vessels maintained in commission, but to the larger 
complements required for. each ship. Of the in- 
crease, 121 will be commissioned officers, 214 sub- 
ordinate officers, 169 warrant officers, 1914 petty 
officers and seamen, 2232 boys, and 350 Royal 
Marines. Of the increase in the estimates over the 
actual eo during the current year(including 
the supplementary vote), wages account for437,8001., 
victualling and clothing for 74,0001., medical estab- 
lishments and services for 19,9001., educational ser- 
vices for 15,3001., Royal Naval Reserves for 13,900/., 
while for civilians employed on Fleet services in- 
volved in Vote 4, instead of ‘‘ martial law,” the 
increase is 15,8001. The totals for these respective 
votes are indicated in Table I., which shows the 
figures for each of the past ten years. It will be 
seen that the personnel has gone up in this period 
from 127,656 to 151,000, while the wages bill has 
required an increase of 2,000,000/., and victualling 
and clothing nearly 1,000,000/. These are, how- 
ever, natural results of the increased demand made 
on the Fleet in consequence of the augmentation 
of foreign fleets, particularly in respect of the 
number of ships maintained continuously in com- 
mission. 

Turning now to the votes in connection with the 
augmentation and maintenance of the Fleet, it will 
be seen from Table I. that the three items under 
Vote 8 account for an increase of 1,278,0001I., 
and that for armaments of 828,3001., as com- 
— with the expenditure of the closing 

nancial year, the supplementary vote being 
considered. The expenditure on new construc- 
tion shows an increase of only 769,0001., the 
total for the coming year being 15,282,950/. ; 
but this, of course, does not include naval arma- 
ments, which come under Vote 9. With these the 
increase for ships, machinery, armour, and arma- 
ments is over one million. e inadequacy of the 
increase is referred to in our leading article. This 
also applies to the number of new ships to be laid 
down. But here it may be stated that it is proposed 
to begin the construction of four battleships, one at 
Portsmouth and one at Devonport ; on the former 
of which 132,0901. is to be spent, while for the 
latter 115,899/. is allowed. Obviously the intention 
is not to lay down the ships until about September 
or November. Asin the berths available in both 
yards the Royal Sovereign and the Royal Oak were 
only commenced in January last, it would be im- 
possible to find room for the two new ships until 
the end of the year. The two contract ships, how- 
ever, will be given out at an earlier date, as on 
each of them the anticipated expenditure before 
April, next year, is 350,380). Of the four light 
cruisers, one is to be laid down soon at Pembroke, 
and for it 72,9611. is voted. Three others are to be 
given out to contract at a later date. 

Twelve torpedo-boat destroyers are to be ordered, 
obviously not until the autumn, since only 314,6121. 
is provided for them. As regards submarine craft 
the only information available is that one vessel 
will be laid down at Chatham and a large number 
at contractors’ yards, the total ear-marked for the 
latter being 262,967. On air-craft 167,0081. is to 
be spent during the year. The only new auxiliary 
for the Fleet contemplated is the purchase of a 
vessel for carrying seaplanes, experiments in 
launching such from a cruiser, during the last 
manceuvres, having proved sufficiently satisfactory 
to justify a ship being added to the Fleet for this 
special purpose. On this vessel about 80,0001. is to 
be spent next financial year. The new pro- 
gramme will represent an ultimate expenditure of 
14,817,0001., excluding the air service. This com- 
pares with 18,824,7001. for the new programme in 
the estimates of a year ago, so that there is a reduc- 
tion of 4,000,000/., consequent on there being one 
battleship, four light cruisers, and three torpedo- 
boat destroyers less. 

Regarding the vessels to be advanced and others 
to be completed during the next financial year, 
definite figures are given in Table III. It will be 
seen that there are to be completed five battleships. 
These include the Emperor of India and Benbow 
of the 1911-12 programme, the Queen Elizabeth 





addition in the personnel of the Fleet—450,000/. 





and Warspite of the 1912-13 programme, and the 
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battle-cruiser Tiger of the 1911-12 programme. 
There are eight other battleships to be advanced, 
and all of these, it is anticipated, will be commis- 
sioned before the spring of 1916. It isa signifi- 
cant fact that a year ago it was anticipated officially 
that of the battleships then in progress four would 
be completed before March next year, whereas in 
the Navy Estimates now issued the date of com- 
pletion is advanced until the following financial 
year. This occurs so repeatedly, owing to contin- 
gencies over which neither the Admiralty nor the 
contractors have complete control, that the time 
has come when a longer period should be allowed 
for the building of these great battleships in order 
to ensure their completion at the time when they 
are required for the Fleet. It is therefore satis- 





wealth, while of destroyers twenty have passed 
into the Fleet, the great majority of these being 
equal to steaming 30 knots under easy conditions. 
Of submarine-boats nine have been commissioned, 
all of the ‘‘E” class, but two were for Australia. 
The work at present in progress includes thirteen 
battleships, one battle-cruiser, sixteen light cruisers, 
thirty torpedo-boat destroyers, twenty-four sub- 
marines, and a number of vessels for carrying oil 
fuel and for various fleet services. These figures, 
of course, do not include the new vessels to be 
laid down. 

The amounts allotted for various constructional 
work are set out in Table IV. The amounts 
given here for 1913-14 do not include the supple- 





mentary votes just passed. It will be seen that in 


surface. The inference seems to be that less 
work is to be done, and much of this must 
be in connection with new shipbuilding. On 
the other hand, the efficiency of the dockyards 
in connection with the refitting of ships has 
never been more satisfactory. The standard time 
for the refits is now limited to four weeks, 
so that everything has got to be expeditiously 
done. The consequence is that the fleets at sea 
are maintained at their full strength for a much 
longer period of the year. For metalsand material 
for shipbuilding in the dockyards 1,247,0001. is 
pests iar increase of 66,1001. It is noted 
that 800,000/. is required for paint, and that this 
is 112,8001. more than in the previous year. There 
is a decrease of 57,6001. (nearly 10 per cent.) on 


TABLE I.—SHOWING THE NUMBERS BORNE AND THE ACTUAL EXPENDITURE ON NAVAL SERVICES FOR THE 





YEARS 1905-6 TO 1912-13 (INCLUSIVE) AND THE 























ESTIMATE FOR 1913-14 AND 1914-15. 
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1905-06 127,667 | 6,835,909 | 2,157,427 | 265,457 | 13,279 151,076 (73,083 | 385,060 | 2,625,285 | 4,905,075 7,781,483 | 2,858,131 | 1,798,635 | 497,529 | 342,201 | 832,798 | 1,229,008 | 397,750 2,565) 33,151,841 
1906-07 127,431 | 7,064,887 | 1,865,994 | 253,274 | 12,857 | 155,705 \62,328/ 346,291 | 2,490,448 | 3,092,134 8,388,514 | 2,725,458 | 1,759,972 | 404,174 | 347,034 | 840,779 | 1,276,138 | 384,506 1,564) 31,472,087 
1907-08 127,228 | 7,025,029 | 2,036,956 | 254,442 | 12,879 160,198 60,342 | 351,495 | 2,717,202 | 3,345,921 | 7,452,262 | 2,106,795 | 2,453,573 | 359,012 | 357,686 | 857,668 1,320,856 | 375,202 | 3,548) $1,251,156 
1908-09 127,909 | 7,158,415 | 2,374,422 | 253,803 | 12,521 158,369 |66,836 | 365,969 | 3,025,074 | 4,010,655 | 7,174,464 | 2,031,361 | 2,172,744 | 430,744 | 365,904 | 868,666 1,334,730 | 366,615 | 10,017| 32,181,309 
1909-10 127,968 | 7,241,953 | 2,422,677 | 247,151 | 11,240 143,932 |66,788 | 363,444 | 3,141,887 | 4,336,988 | 9,137,848 | 2,452,122 | 2,677,200 | 456,991 | 384,819 | 893,882 1,372,196 | 378,620 4,428) 35,734,015 
1910-11 | 180,817 | 7,358,118 | 2,518,505 | 252,255| 9,134 150,914 170,281 882,098 | 3,437,242 | 4,474,794 12,295,575 | 2,817,512 | 3,013,561 | 522,485 | 393,746 | 906,764 | 1,421,872 | 893,208 1,272) 40,419,336 
1911-12 132,792 | 7,486,817 | 2,723,606 | 259,022 | 3,770 147,904 |73,105| 387,359 | 3,522,581 | 5,105,368 '11,969,102 | 3,800,266 | 3,167,529 | 558,361 | 405,943 | 937,300 , 1,457,515 | 406,649 2,060) 42,414,257 
1912-13 | 136,443 | 7,720,886 | 2,841,949 | 279,011 | 3,459 | 146,646 |72,205 | 406,084 | 3,753,340 | 5,845,052 12,620,100 | 4,365,953 | 2,990,839 | 556,199 | 431,336 | 971,752 | 1,517,636 | 406,962 | 3,760) 44,933,169 
1913-14* 146,000 | 8,362,200 | 3,018,000 | 272,200 | 99,5(0 159,700 |66,200| 476,000 | 4,151,100 | 6,584,600 13,351,300 | 4,716,000 | 3,508,000 | 617,600 | 450,000 | 1,005,800 | 1,662,100 | 409,000, — | 48,809,300 
1914-15 151,000 | 8,800,000 | 3,092,000 | 292,100 | 115,300 | 175,000 (64,700 | 480,900 3,989,800 | 7,087,400 14,287,800 | 5,544,300 | 8,595,500 | 523,700 | 483,500 | 1,003,700 | 1,606,900 | 399,400, — | 61,650,000 

(Esti- 
mate). ! 





* Includes the Supplementary Estimates. 





t Vote 4 was until this year for Martial Law, which has been transferred to Voie 11 in 1914-1915, and Vote 4 now becomes 


Civilians Employed on Fleet Service. 


TABLE II.—Snowine THE Net ExpenpirurE rrom Navy Vorres anp Loans on Account OF NAVAL 


SERVICES FOR THE YEARS 1901-2 To 1912-13, TOGETHER WITH THE ESTIMATES FOR 1913-14 AND 1914-15. 
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| |Total Expenditure) 





Total Expenditure) ss Exclusive of Expenditure 
from Navy Votes, |Annuity in Repay- Annuity ae eee Total of Expenditure on 
, | ment of Loans Columns (3) |New Construction 
Year. (Net). under the Mavel | (Column (2) under Naval and (4). } (Vote 8). 
Works Acte Deducted from | Works Acts. | 
. Column (1)). 

q) (2) | (3) (4) (5) (6) 

£ £ | £ £ £ £ 

1901-2 30,981,315 122,255 30,859,060 2,745,176 33,604,236 8,865, 
1902-3 31,003,977 297,895 30,706,082 3,198,017 33,904, 8,534,917 
1903-4 85,709,477 502,010 | 35,207,467 3,261,083 38,468,550 11,115,783 
1904-5 36,859,681 634,238 | 36,225,443 3,402,575 39,628,018 11,263,019 
1905-6 83,151,841 1,015,812 32,136,029 3,313,604 35,449,633 9,688,044 
1906-7 31,472,087 1,094,309 30,377,778 2,431,201 32,808,979 8,861,897 
1907-8 31,251,156 1,214,403 30,036,753 1,083,663 31,120,416 7,832,589 
1908-9 $2,181,309 1,264,083 30,917,276 948,262 31,865,538 7,406,980 
1909-10 35,734,015 1,325,809 34,408,206 —_ 34,408,206 9,697,551 
1910-11 40,419,336 1,322,752 39,096,584 _ 39,096,584 18 077,689 
1911-12 | 42,414,257 1,322,752 41,091,505 _ 41,091,505 12,526,171 
1912-18... * 44 933,169 1,322,752 43,610,417 _ 43,610,417 13,401,358 
1913-14(estimated)| 48,809,300 1,311, 47,497,742 — 47,497,742 14,513,500 
51,550,000 1,811,558 _ 15,282,950 


1914-15 (estimated) 


Taste III.—Ships in Progress. 





Battleshi; . 
and Battle. ouight De- Sub- 
Cruisers. ruisers. | stroyers. marines. 


To complete— 1913 1914 1913 (1914) 1913 |'914 1913' 1914 
2 2 3 _ 3 2 


Dockyards .. 3 j— 
Private works 4* 3 23 | 6 | 35 | 29 8 18 
To advance— | 
Dockyards .. 2 2 2 4; — | —|2 1 
Private works 6t 6t 6 3 } 2| 6 4 
To commence— | | 
Dockyards .. 2 2 8311 — -- 1 1 
f; 3 2 5 | 8/| 16 | 12 11 | Not 
Private works | stated 
19 17 21 20 61 43 32 _ 


| 
* Includes Australia for Australian Navy. 
”” Malaya. 
Sydney for Australian Navy. 
” two for Australian Navy. 
factory to note that in the ease of the three contract 
battleships given out in the t year the work 
done up to the end of March will in the case of the 
venge involve a payment of 202,8181., in the 
Ramillies 205,3901., and in the Resolution 170,8601., 
whereas for each ship only about 25,0001. was pro- 
vided. It is further satisfactory that this year’s 


contract battleshi 
catiles Geta, ips are also to be begun at a much 


So far as the 


have been sati actory. There have been commis- 


sioned four battleships and two battle-cruisers, 
including the Australia, which belongs to the 
a mmonwealth, and is the flagship of their new 
eet. Five light cruisers also have been commis- 
sioned, including the Sydney, also for the Common- 
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ne 


t year is concerned, the results 


50,238, 442 | 


TaBLE 1V.—Amounts Allotted for Various Constructional 
i Work 














rease —. 
Dockyard work — £ | £ £ 

Wages .. .. ..  ..| 8,184,879 | 3,223,044) - 88,165 
Metals and metal articles ..| 1,247,000 | 1,180,900; + 66,100 
Paint, &. .. ..  ..| 800,000| 687,200) + 112,800 
Electrical torpedo and other 

appliances .. we ..| 598,000, 655,600; - 57,600 
Fuel and lubricant for Fleet, 3,609,300 | 2,610,500} +- 998,800 
New craft, &c., for coaling 465,000} 444,000} + 21,000 

Contract work— 

” Serr | 8,270,000 | 8,547,117} - 277,117 
Propelling machinery 4,703,759 | 3,759, + 944,397 
Armour .. oe ee 2,495,000 | 2,081,861 | + 463,139 
Gun-mountings ~ 2,553,016 | 2,106,004 | + 448,012 
Auxiliary machinery. . --| 176,885 | 183,146; — 6,261 
Machinery fordockyards, &c.| 361,100; 277,300| + 83,800 
Aircraft .. oe ee ..| 875,000 118,800 | + 261,700 
Guns... ee ee ++] 1,449,200 | 1,224,000| + 225,200 
Projectiles and ammunition; 2,457,350 | 1,638,160 | + 819,190 
Torpedoes and gun-cotton .. .100| 324,900) - 26,800 
Small arms torpedo mate- 

rial, &c. oe os ..| 600,450; 638,690) + 61,860 








connection with dockyard work the wages bill is 
less by 88,165/., the amount being 3,134,8791.— 
this, too, notwithstanding the fact that the number 
of workmen borne on the establishment lists in the 
dockyards has been increased ; but there is obviously 
a decrease in the workmen not on the establishment 
list. Increased rates of wages have been given, and 
these have involved an additional cost of rather 
more than wend annum, so that the decrease 
of 88,1661. meas by the time represented by 





the wages is much greater than appears on the 


as above, for 


the vote for electric torpedoes and other appliances, 
which amounts to 598, . The largest increase 
is for fuel. During the next year nearly 1,000,000I. 
more will be spent than was anticipated for the 
past year; but, as was mentioned in connection 
with the supplementary vote, the actual expendi- 
ture during the year now closing was augmented 
to the extent of 773,0001. On oil the to A a 
diture for the next year is to be 3,609, a 
result of the extensive use of liquid fuel in all types 
of ships. 

The disposal of the money for contract work is 
indicated also in Table 1V. Upon hulls it is 
anticipated that 3,270,000l. will earned, and 
this sum is 277,117/. more than is the case for this 
year. Upon propelling ener ge the increase is 
944,397], the total allocated for work being 
4,703,7591. ; but it will be remembered that the 
supplementary estimates provided 588,000.. under 
this head, so that the increase for the comin 
year is only 356,397/. more than the act 
expenditure in 1913-14. The amount for aux- 
iliary machinery for ships (176,885/.) is practically 
the same as in the present year. This year’s vote 
on air-craft (113,3001.) was divided over several 
items ; but to this sum 250,000]. was added in the 
supplementary vote, so that the 375,000/. for next 
year does not show any real increase on the actual 
expenditure. The armour vote is almost half a 
million greater, and totals nearly 2} millions sterling; 
but the supplementary vote under this heading was 
668,C001., so that there is actually adecrease. Gun- 
mounti account for 2,553,0161., or 448,0121. more 
than in the present year. There is an increase of 
225,2001. in the vote for guns, for which 1,449, 2001. 
is allowed, and of 819,1901. for projectiles and 
ammunition, upon which the estimated expenditure 
is 2,457,3501. It will thus be seen that under the 
principal headings the naval construction votes are 
all increased considerably. 

As regards the works department, satisfactory 


ge is reported in practically every respect. 
e@ new dockyard now bei construc at 
Rosyth, for which the princi contract is 


3,945,0001., appears in the year’s Estimates for 
676,000/. When this is spent there will still be 
needed 1,355,000. to complete the contract. The 
small basin for the destroyers and submarines, 
and a portion of the reclamation works to the east 
of this basin, are practically completed. The 
masonry work in connection with ving-docks 
Nos. 1 and 2, and the excavations for the third 
graving-dock, as well as for the large basin for 





the accommodation of ships, are proceeding. 
Upon a new magazine, which is to cost 270,000I., 
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DETAILS OF 1600-BRAKE-HORSE-POWER MARINE OIL-ENGINE. 
CONSTRUCTED BY USINES CARELS FRERES, SOCIETE ANONYME, GHENT, BELGIUM. 
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affurther 80,5001. will be spent this year, leaving 
31,5001. to complete it. e@ plan in connection 
with storage accommodation for oil-fuel has been 
considerably extended, and the ultimate expendi- 
ture will now be about 210,000/. A good start will 
be made this year with it, as 95,000/. is allotted for 
the work. It is intended next year to complete 
the oil-fuel tanks at Invergordon, on the Cromarty 
Firth ; these will have cost about 135,000. Excel- 
lent progress has been made with the defence work 
at Cromarty, and the main portion of the scheme is 
now complete. Land is also being acquired for the 

rmanent accommodation of the marines engaged 
in these defence works. A new shop and store will 
be completed this year at the Greenock torpedo 
factory, the total cost being 36,0001. 

As the new locks at Portsmouth, of 
which there is being published a comprehensive 
description in the current volume of ENGINEERING, 
it is announced that one of the locks is in use and 
the other is expected to be available in the autumn. 
The cost of these is put down at 1,209,000I., of 
which 120,000/. will be spent during the next 
financial year. The extension of No. 14 dock so 
that it may accommodate the largest ships is being 
carried out at a cost of 136,0001., and it also is 
expected to be completed in the autumn, the 
amount remaining to speni being 48,0001. The 
recent fire at Portsmouth Dockyard involves the 
‘*reprovision” of buildings, and these will cost 
35,0001., but during the ensuing year only 5000I. 
will be spent on them. At the Royal Naval 
Barracks a new block for warrant officers is to be 
erected, and the cost in this case will be 10,5001., 
but only a small beginning is provided for. For 
the accommodation of additional cadets at the 
Royal College at Dartmouth, a new building, cost- 
ing 90,000/., is proposed, and a corresponding 
building is to be put up at Osborne ; in this latter 
case, however, 36,4000. will be spent next year, 
whereas for the Dartmouth building only 5000I. is 
provided, 
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Some general information regarding the develop- 
ment of the air service was given in the article 
on the supplementary estimates (page 325 ante). 
The statement of work accompanying the First 
Lord’s Memorandum indicated that considerable 
success attended the operations of air-craft in the 
various manceuvres and exercises during the 
year, and, as already noted, a seaplane-carry- 
Ing ship is to be purchased, so that during 
manceuvres seaplanes can fly from it. Progress 
has been made in the establishment of a series of 
seaplane bases round the coast, five of which are 
already completed, and the formation of the others 
is proceeding rapidly. The accommodation for 
seaplanes, according to the estimates, will cost 
73, -» Of which 51,5601. will be spent durin; 
the ensuing year, while for aeroplanes the to 
estimated expenditure is 22,3501., of which a large 
amount has enke been earned by the contractors, 
leaving only 33501. for next year. In addition, 
there is in pi at Sheerness accommodation 


for seaplanes at a total cost of 26,8001.; this will 
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be completed this year, the sum remaining to be 
—_ being 12,6507. As regards airship sheds, 
the estimated expenditure according to present 
intentions is 284,500/., and for the next year 
94,4401. is to be voted, leaving 96,0601. for com- 
pleting the work. The principal airship station is 
on the Medway, where the erection of two im- 
mense sheds is being pressed forward. A site for 
another station has been procured, and it is con- 
templated to erect a third station inland, princi- 
pally for training purposes. The military airship 
section has now been amalgamated with, or rather 
absorbed by, the naval department, and there is 
great activity in this department in connection with 
experiment in mechanism and war tactics—bomb- 
dropping, wireless telegraphy, and gunnery. There 
have been four complete courses for naval and 
military officers at the Central Flying School, and a 
fifth is now in progress. About thirty naval 
and military officers have been trained in each 
course, and a number of men in both services have 
also been trained in air work. At the naval flying 
school at Eastchurch a great amount of training has 
been done, icularly of engine-room artificers, 
artisans, and other similar ratings in connection 
with flying, and care and maintenance of aeroplanes. 
In addition, there is to be organised a special entry 
for civilians as officers and mechanics in this branch 
of the Service. 

A remarkable feature in the statement of the 
work done by the various departments is the com- 
plete omission of any reference to the engineer- 
ing department. It may be that the very im- 
portant developments now in progress justify such 
reticence ; but, on the other hand, there are many 
items of which some note might have been made. 
As to ordnance, it is stated that the reserves for the 
Fleet have been fully maintained. The armament 
for air-craft has received attention ; all ships are 
now being fitted with guns capable of a high angle 
of elevation, for use against fighting craft in the 
air, As regards wireless telegraphy, a high state 
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of efficiency was demonstrated during the man- 
ceuvres, and experiments are in progress in connec- 
tion especially with submarine-boats and air-craft. 
It is noted that ‘‘the results of the gunnery 
practices have been satisfactory. The increase in 
the allowance of ammunition during the last two 
years has been fully justified.” There are several 
other items which will interest our readers. 
Already notification has been made of the greater 
attention being devoted to such subjects as engi- 
neering, gunnery, and torpedo work by officers 
who are specialising in these respective depart- 
ments. Following the .sub-lieutenant course there 
are now to be specialised courses at Green- 
wich, preparatory to the officers devoting them- 
selves to work in the practical departments—in 
the case of prospective engineering officers, for 
instance, at Keyham College, which is to be opened 
for this purpose on April1. Following this course 
a further specialised session is to be taken at 
Greenwich. A reference is made to the arrange- 
ments for promoting fifty artificer engineers and 
engine-room artificers to the rank of mate (E) 
during the next five years. Those thus promoted 
will take a special course in engineering before 
attaining the rank of engineer-lieutenant, when 
they will come under the regulations applicable to 
this rank in every respect. 





CARELS’ MARINE OIL-ENGINES. 

Tur paths along which various firms have attacked 
the problems associated with the application of the 
Diesel oil-engine to marine propulsion form an inte- 
resting study ; comparisons could be drawn between 
the various distinct and other lines of development and 
method by which designers have attempted, quite 
apart from economical considerations, to solve these 

roblems. Such is not now our pu ; but here the 
atest marine practice of the ak me Ghent firm 
of Messrs. Carels Freres is described and fully illus- 
trated. Messrs. Carels were one of the first in 









the world to take up the development of the Diesel oil- 
engine, and were amongst the pioneers in the appli- 
cation of the oil-engine to marine propulsion. The 
two-stroke cycle is considered by them to be the 
most suitable for the conditions to be met. In our 
issue of December 13, 1912 (vol. xciv., 807 and 
808), the Carels engines for the motor-ship Fordonian 
were fully described, so that many of the leading 
features need not be dealt with here; but in the 
light of the sections, and the many details which we 
are now able to reproduce, a much fuller description 
of the engine can be given than has hitherto been the 
case. The leading features will be described only in so 
far as they tend to elucidate the details. - 

The engine now under notice is one which is to be 
fitted to an oil-carrying ship at present being built for 
the British Navy in one of the Royal dockyards. 
The engine was exhibited at the Ghent Exhibition 
of last year, and was briefly described in our issue of 
August 1, 1913 (vol. xevi., page 161). It develops 
1600 brake horse-power in its six cylinders of 510 mm. 
(20 in.) diameter by 920 mm. (36 in.) stroke when 
cunning at 130 revolutions per minute. This gives a 
designed mean effective pressure on a brake horse- 
power basis of 62.5 lb. per sq. in., which figure ensures 
an ample margin for continuous running at sea. 

The ment of the engine into three sets, each 
of two cylinders, with the vertical shaft between 
cylinders Nos. 2 and 3, calls for some comment in 
view of the more usual practice of aa the 
cylinders in two sets of three, with the vertical shaft 
between cylinders Nos. 3 and 4. Undoubtedly the 
former arrangement gives a longer engine, with 

ter weight and a less stiff crank-shaft, greater 
ength of pipes, intermediate castings, and cam-shaft ; 
but it makes for easier standardisation of four and 
six-cylinder engines than the arrangement of two sets 
each of three cylinders. 

The bed-plate, columns, and method of carrying the 
cylinders and the piston-loads are in accordance with 
steam-engine practice, and as such require no descrip- 
tion. The application of a built-up crank-shaft of 
Siemens-Martin steel to Diesel - engine work is a 
speciality of Messrs. Carels, and is well shown in 








Fig. 1, on Plate XXXVI. The crank-shaft as well as 
the bed-plate is in three pieces. The stroke-bore ratio 
of 1.8 is to some extent determined by the use of a crank- 
shaft of this form; and with the type of scavenging 
ey ple four valves in each cylinder head— 
should make for a comparatively cool cylinder for the 
power develo; The connecting-rods, of the usual 
marine form, are noticeable for the strength at the top 
end, the two forks being joined together by a solid 
mass of metal, as shown in Fig. 6. The views, Figs. 1, 
2, and 3, show clearly the means adopted to carry the 
stress from the cylinder-cover bolts to the main 
columns, the stress being carried down the outer wall 
of thick metal to the bolts on the outside and sides 
of the column tops only. The stress on these bolts 
will be some 3000 lb. per sq. in. In Fig. 2 the 
inspection-doors for the examination of the jacket 
space are also seen. 

Each B.  . e~ is @ separate casting—in this 
case, h close-grained cast iron, with an ultimate 
tensile strength of 30 kg. 8q. mm. (19 tons per 
sq. in.). The liner is simply pressed into the oe 
der casting, and the means of water - cooling the 
exhaust-bars by coring out water-passages is well 
shown in Fig. 3. At the bottom of the liner is » 
lantern-ring ig. 4) communicating with 
which is connected to the ecavenging-pump suction, 
serving thus to prevent the escape of gases past the 
piston-rings from the combustion-space into the engine- 
room. The joint between the liner and the cylinder is 
well shown in Fig. 1 ; it necessitates a comparatively 
large clump of metal adjoining the combustion —— 
The cylinder-head is spigoted into the liner, as shown 
in Fig. 5, and is, of necessity, of somewhat complicated 
design, to permit of the introduction of the seven 
valves (the fuel-injection valve, starting-air valve, 
safety-valve, and four scavenging-valves). The open 
design adopted where the fuel-injection valve-casing 
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passes through the lower wall permits of the good 
water-cooling of that valve, and the form of the head, 
which is dished upwards, gives a good combustion 
space with the form: f ~~ top adopted. Cast steel 
was formerly adopted hy Messrs. Carels for this part, 
but proved unsatisfactory. For the engine under 
consideration cast iron is used. 

The entrance of the sc wwenging-air to the scavenging- 
valve is shown atc in Fig. 5. The piston is in two 
parts, the upper part being of box type to form the 
cooling-water chamber, and the lower portion being 
an internally-ribbed shroud merely to cover the exhaust 
ports and retain the lantern — in place at the top 
of the engine stroke. The method of carrying the 
two parts of the piston is well shown in Fig. 4, and 
the form of piston crown dished inwards allows for 
expansion and gives an excellent shape of combustion 
space. The piston is water-cooled by means of walking- 
pipes, and the cooling water divides into two pipes by 
the side of the water space and returns back down the 
centre of the piston-rod (see Fig. 4). A fly-wheel, 
which in this case does not serve for a turning-wheel 
—a separate wheel is provided for that purpose—is 
fitted on the forward end of the thrust-shaft, and is of 
a size sufficient to reduce the irregularity of turning to 
about ;4,5 at full speed. 

Driven from the forward end of the main crank- 
shaft by an overhung pin, as shown in Fig. 1, is a four- 
cylinder compressor of the well-known Keavell quad- 
ruplex type. The stroke is 10 in., the diameter of each 
low-pressure cylinder 19} in., with an intermediate- 
pressure cylinder of 14 in., and a high-pressure cylinder 
of 7 in., which gives 16.4 cub. ft. of free air per brake 
horse-power per hour for fuel injection, with a margin 
for charging starting-air reservoirs. An auxiliary 
compressor of the same type and of half this capacity 
is supplied as a stand-by, and is driven by an auxiliary 
Diesel engine at 270 revolutions per minute. 

The scavenging-pumps are driven by links and 
levers from the crossheads of units Nos. 4 and 5, and 
have a diameter of 30.25 in. and a stroke of 28 in., 
giving a ratio of scavenging-pump volumes to cylinder 
volumes of 1.2 to 1. is capacity is low, but the 
exhaust-ports extending all round the bottom of the 
cylinder makes 84 deg. opening of the scavenging- 
valves ample (see Fig. 28), and renders the scavenging 
quite efficient. Suction-pipes for these double-acting 
pumps are placed high up in the engine-room, where 
there is no chance of drawing in water or impurities. 
Valves for the pumps, Figs. 2 and 3, are of the auto- 
matic-plate type, there being for each end of each 
pump seven such valves. From off the pump levers 
are also driven, as shown in the plan, Fig. 3, two cool- 
ing-water pumps, one from each of the main units, 
Nos. 4 and 5. The cooling-water circuits are the 
cylinder and cylinder-heads and the exhaust pipes, 
the pistons, and the compressor. All the piston- 
cooling water is delivered into a funnel at the side of 
the columne, and leads from the other circuits are also 
led to the same source, so that the engineer-in-charge 
can see the amount of cooling water which is passing 
through the pistons and can ascertain the tempera- 
tures of the various circuits. From the main unit 
No. 2 there are driven two bilge-pumps and a com- 
pressor for supplying compressed air for driving the 
steering-engine and supplying compressed air to 
the syren when the ship is at sea. This steer- 
ing compressor is made by Messrs. Reavell, and 
is of a special type, capable of supplying air at 
100 lb. per sq. in., or, when automatically required, 
at 300 lb. per sq. in. By this means when a vessel 
is manceuvring in and out of port, and a large quantity 
of air is required both for the steering-engine and 
for the syren, the pressure is increased to lb. per 
sq. in. The capacity is 119 cub. ft. of free air per 
minute from the low-pressure, and 33 cub. ft. from 
the high-pressure stage. The low-pressure diameter 
is 15 in., and the stroke is 9 in., with a speed of 130 
working strokes per minute. 

Lubrication to all the main bearings, with the excep- 
tion of the top ends of the connecting-rods, is carried out 
by the ordinary system, and the bearing pressures are : 
for the main bearings, 315 lb. per sq. in.; for the 
crank-pin, 865 Ib. per sq. in. ; a for the crosshead, 
1300 lb. per sq. in. For each crosshead a force-pump 
is driven, as shown in Figs. 6 and 7, by links from the 
connecting-rod top end-brass. For the cylinder lubri- 
cation Mollerup lubricators are provided, delivering 
the oil in three leads to each aGtete, as shown in 

the section of cylinder No. 5 in Fig. 3. 

There are two separate exhaust-pipes, one for each 
set of three cylinders; external water-jacketing is 
not provided. The heat is extracted from the exhaust 
gases by means of sprinklers in the ape ty in 
the path of each cylinder exhaust. The angle of the 
exhaust outlet from the cylinder is well shown, and is 
necessitated by the design of cylinders with feet. 
Dismantling might be inconvenient with this method 
but for the expansion-joints provided in the main 
exhaust-pipes. The method of extracting the heat 
from the exhaust gases by sprinklers is cheap and 
simple, but may give rise to corrosion within the 
exhaust-pipes. It serves to prevent, to some extent, 





the engineer in charge from tuning up his engine by 
the indications given by the exhaust. 

The design of the fuel-injection valve is shown in 
Figs. 8 to 14, page 376 ; it is of the pressure-balanced 
type, with only a light spring required to return the 
valve to its seat. The method adopted for working the 
valve is interesting, and is shown by the plan, Fig. 8. 
The fuel-injection valve-lever D, Fig. 19, page 377, acts 
on the cup E, Fig. 9, supported b e sleeve F. 
This latter actuates the main spindle G, to which is 
keyed the actuator H for raising the valve and 
admitting the fuel and the fuel-injection air to the 
cylinder. The spindle G is packed at its bearings at 
both ends, and is lubricated through oil-leads. is 
lubricating oil is supplied by a separate force-pump. 
Plugs for access are ) wry at J. The fuel-injection 
air-inlet is at K, and that for the fuel oil at L. Valves 
are provided on all the fuel-injection air-leads to each 
cylinder to shut off the air in the event of the break- 
down of any fuel-injection valve. The many sections 
given will make the construction of the casing, 
atomiser, pulverising washers, orifice-washer, and nut 
entirely clear. Connections for the fuel and fuel- 
injection air are also shown. 

he advan of this type of drive for the fuel- 
injection valve is obviously to prevent, as far as pos- 
sible, ‘‘ sticking” of the valve by replacing recipro- 
cating ‘motion through a packed gland by rotating 
motion, and the neat method in which the valve I is 
operated prevents undue stress in the spindle G. A 
detail of the scavenging-valve is shown in Fig. 15, 
page 376, and the long guide with the grooves in the 
spindle for lubrication will be noted. 

The oe was fully described in our article 
on the Fordonian (see ENGINEERING, vol. xciv., 
page 807), and it is not proposed to deal with it here 
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further than to state that in Figs. 19 and 20, page 
377, the cam-shaft with the two fuel, two starting, 
and two scavenging-air cams for each cylinder will be 
seen. There is also shown the manceuvring-shaft, upon 
which are mounted the intermediate levers, with their 
wedge-pieces and tripping-gear for raising the fuel and 
starting-air cam-rollers from off their respective cams 
and placing them on the cam for the desired direction 
of rotation. These wedge-pieces serve to increase or 
decrease, as is desired, the lifts of the starting-air and 
fuel-injection valves, so that in the operation of 
reversing the starting-air is gradually cut out and 
the fuel-injection valve graiually put into action. 
This gradual action is the salient , IF sed of the Carels 
valve-gear, as in almost all other marine reversing-gears 
the fuel and starting air are suddenly put in and out 
of action. This manceuvring-shatt controls, also 
through cams, the lift of the suction-valves of the fuel- 
injection pumps, as is well shown in Fig.21. Thecam 
M actuates the spindle N through the bell-crank lever 
and the rod shown, and this in turn controls the lift of 
the fuel-injection-pump suction-valve O by holding it 
open throughout the stroke of the fuel-injection pump 
until such time as the fuel-injection valve is being put 
into operation by the action of cams similar to M upon 
the wedging mechanism referred to. 

The fuel-injection pumps, of which there are six on 
the engine under description—one for each cylinder— 
are moun in pairs, one pair for each set of two 
cylinders, and each driven by an eccentric from the 
cam-shaft. Each pump has a stroke of 55 mm. 
(2.16 in.) and a diameter of 25 mm. (0.98 in.), which 
gives a ratio of possible delivery to fuel actually used 
of 3.24 to 1. Underneath each pump is 4 save-all tray. 
The suction-valve is worked from the crosshead of the 

umps by links, as shown. With this pump, the 
Lage clearance volume, the single discharge valve, 
and the absence of king for the plunger, will be 
noted. The valves for the pumps are made of cast 
iron, The rod controlling the lift of the suction- 
valve from the manceuvring-shaft has two buffer 





springs provided in its length, so that whatever the 
position of the hand-regulator, to be described later, 
there will be no shock, while undue strain is avoided. 
Hand-regulation is effected by the lever shown in 
Figs. 1 and 2 acting upon the eccentric shaft P (Fig. 21) 
through the eccentric and rod upon the suction-valve 
linkage. Further, a valve is provided on the column 
No. 1 (Fig. 1) controlled by a cam on the manceuvring- 
shaft to shut off the starting air as soon as the valve 
gear is in the fuel position. 

In Fig. 28 is given the valve diagram for this engine, 
in which it will be seen that the reversing angle for 
the scavenging-air cams is 32 deg., and that for e fuel 
valves 36 deg. The reversing of the scavenging-air cams 
is carried out by altering the angular saatlenshie of 
the cam-shaft to the crank-shaft by this 32 deg., whilst 
for the fuel and starting air, as already explained, two 
cams are provided, one for ahead and one for astern 
working for each valve, and the manceuvring-shaft 
slides longitudinally 33 mm, (1.3 in.). The alteration 
in the angular relationship of the cam-shaft to the 
creak is ht about by means of the servo- 
motor, shown in Figs. 16 to 18, page 376, and Figs. 
22 to 26, page 378. pressed air, controlled by the 
valve R (Figs. 22 and 23), is admitted to the desired 
side of the Fich-geensase piston. At the end of the 
piston-rod is attached a rack which engages a spur- 
wheel on the shaft U, Fig. 26, the consequent rotation 
of which, through the linkage shown, raiees the ver- 
tical shaft by the requisite amount to displace the 
cam-shaft through the 32 deg. by the medium of the 
top and bottom spiral pinions on the vertical shaft. 
Hand-gear is provided through the wheel a, ei 26, 
for ing out this raising or lowering of the 
vertical shaft should the servo-motor gear be out 
of order from any cause. A locking device T is pro- 
vided to ensure that the worm § will not engage with 
the worm-wheel shaft U when the servo-motor is in 
action. The pinions on the vertical shaft and the 
wheels on the crank-shaft are of cast iron. The 
vertical shaft is carried, as usual, on ball-bearings. 

An interlocking device is shown in Fig. 14, which 
precludes the possibility of the servo-motor being put 
into action for the opposite direction of rotation before 
the engine has stopped running, for whichever course 
the valves are set. 

The movement of the manceuvring-shaft longitudi- 
nally through 33 mm. is effected by the vertical shaft, 
and the rotation of the hand-wheel a, Fig. 3, through 
eight complete turns carries out the complete reversal 
of the engine when once the vertical shaft is set for the 

uired direction of rotation. 

he means of moving the manwuvring-shaft through 
33 mm. is well shown in Fig. 1. When the vertical 
shaft is lifted, the rod b, Fig. 1, is also raised, and 
though the worm-segment c shifts the manvwuvring- 
shaft the requisite distance fore and aft. Rotation of 
the manceuvring-shaft is carried out, as already 
stated, by the hand-wheel a through the spiral gear 
at d, Fig. 1. In order that the action of this gear 
may be fully appreciated, a brief résumé of reversing 
this engine from stop is given. When the engine is 
running with six cylinders on fuel at full power, 
reve is effected (1) by the fuel-lever e, Fig. 2, 
being brought to the stop position, which prevents 
the suction-valves of the fuel-injection pumps from 
closing, and thus the engine quickly comes to stop. 
(2) e a of: the hand-whee] a rotates the 
mancuvring-shaft and withdraws the wedge-pieces 
in the fuel interlevers by the action of a spring, and 
through the medium of the cam on the manceuvring- 
shaft, so throwing three fuel-injection valves out of 
action. (3) Further turning of the hand-wheel cuts 
out the other three fuel-injection valves in an 
exactly similar manner, and also precludes the clos- 
ing the fuel-injection-pump suction-valve O 
by movement of the linkage, shown in Fig. 21. (4) 
Through a suitable cam and gearing the main com- 
ressed-air stop-valve on column No. 1 is opened 
this way the engine is now fully stopped. (5) 
Lever R, Fig. 23, may be moved to the astern position 
to put air on the astern side of the servo-motor 
piston, thereby setting the vertical shaft and the cam- 
shaft for astern running, as —_ angular relation- 
ro with the crank-shaft, carrying out the fore 
and aft movement of the manceuvring-shaft. (6) The 
turning of the hand-wheel a in the same direction 
as formerly puts, successively, three cylinders on air, 
six cylinders on air, three cylinders on air, and three 
cylinders on fuel, and finally, six cylinders on fuel, the 
fuel lever being suitably moved to adjust the working 
of the ae pumps for the power desired. Com- 
reversal can, in this way, be accomplished in about 
seconds. A small dial L, Fig. 22, is to the 
shaft of 3 merry ons» “ and shows to the engineer 
in o e exact cycle of operations. A governor is 
rhe a the cam-shaft to control the culien-ediens 

of the fuel-injection pumps through suitable lin . 

Weight may not be of primary importance with an 
engine of this type, but it may be stated that it works 
out at from 190 to 200 kilos. brake horse-power, 

iving a total weight of some 500 tons, or 5.33 brake 
rse-power per ton for this engine. 











380 





ENGINEERING. [Marcu 20, 1914. 








THE AERO AND MARINE 
EXHIBITION. 


ConsvERING the large scope of the exhibition of 
aeroplanes, motor-boats, marine, aero, and stationary 
motors, held by the Society of Motor Manufacturers 
and Traders, which opened at Olympia, Kensing- 
ton, W., on Monday, the 16th inst., the amount of 
space occupied is not so great as might have been 
expected. Instead of the whole of the annexe 
and galleries being used, as is the case when the 
exhibition of motor-cars is held, the exhibits are 
confined to the ground floor of the main _ hall. 
The number of exhibitors of both aeroplane and 
marine motors is somewhat less than might have 
been anticipated, considering the great increase 
in production. The reason for this is no doubt 
— that recent progress in both these manu- 
actures has mainly been in the direction of 
eliminating unsuitable types, rather than in adding 
new ones. Hence the number of new makes repre- 
sented is not very large, while several of those 
which have been at previous exhibitions have dis- 
appeared. In addition to this, the marine motor 
has in many cases grown into a large marine 
engine, unsuited for an exhibition of this type. The 
stationary oil-motor, also, is usually shown at other 
exhibitions, and therefore there are few examples 
at Olympia except those made by makers of marine 
engines. Aero engines are well represented, but do 
not show very great changes, and are not exhibited 
by a very large number of makers. 

In considering the general tendencies of the 
Exhibition, the most striking point is that both in 
aero and marine construction there is very little 
progress towards a conventional type. In spite of 
the much smaller number of exhibits, the Show 
is of far greater interest than one of motor- 
cars or motor-cycles. The reason for this is, no 
doubt, largely that there is a very great variety in 
the uses to which both the marine motor and 
aeroplane may be put. Thus the marine motor 
may be used either for a heavy cargo barge, when 
weight is of little importance, and economy both in 
first cost and running expenses the deciding factor, 
or, on the other hand, for a racing-boat, where 
lightness is the only important point. The aero- 
ane also may be used either for exhibition flying, 
when it is always near its shed and can get any 
special oils, «&c., or may be used for long-distance 
flights, where economy in oil and petrol is most 
important. 

A very satisfactory point that strikes one in look- 

ing round the Show asa whole is that both in aero- 
planes, motor-boats, and their respective motors 
the very large majority of exhibits are thoroughly 
good engineering jobs, and can be apparently relied 
on to do their work well. This is especially appa- 
rent in the motors. Both the aeroplane and 
marine motors are, in most cases, the more or less 
direct descendants of the motor-ear engine, and in 
the early days both of aeroplanes and motor-boats 
it was considered sufficient {8 use a motor-car 
engine with little modification. The requirements 
of marine and aero engines are, however, very 
different from those of a car engine, and failures 
were therefore numerous. It is now thoroughl 
recognised that, in one respect, the work of bot 
these engines is far harder than that on a car, as 
the latter is never run near its full power except 
for a few minutes at a time. In an aero engine, 
also, weight is much more important than on a 
car, while on the other hand a very much higher 
— can be got if the engine be really satis- 
actory. Hence methods of construction can be 
used which would be too expensive for car work. 
In marine work, in most cases, weight is less im- 
portant than on a car, but reliability and economy 
are more so, and first cost is sometimes a most 
important point. Low speed may also be necessary 
to suit the propeller. 

Taking the marine side first, the actual boats 





shown are in no way remarkable. The marine 
motors, however, can be divided’ roughly into | 
several classes. First, heavy engines suitable for | 
slow cargo-boats. These burn paraffin, often use 
hot bulb vaporisation and ignition, and run at rela- 
tively slow speeds. The two-stroke cycle is often 
used. Second, moderate weight engines suitable 
for passenger work and ordi pleasure launches. 
These are on the lines of the four-stroke car 
engine, but are much more substantially built, 
with cast-iron crank-cases in place of aluminium. 
They can usually be arranged for either petrol or 
paraffin to be used as fuel, an exhaust-heated 








82-B.H.P. AIR AND WATER-COOLED AERO ENGINE. 
CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR CAR OO., LTD., BIRMINGHAM. 
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vaporiser being used for the latter, and the engine | very low price, and this want is mainly filled by the 
usually sta on petrol. Then there are very | single-cylinder two-stroke engine of the simplest 
light engines for racing- boats, which approach | construction, often not fitted with a reversing gear. 
nearly to the type of the aero motor, and always| It is curious that while the two-stroke engine is 
burn petrol. In addition to,these, there is a large| being used for light motor-cycles on account of 
sale for very small motors, under 5 horse-power, at a! its alleged lightness, it is practically unused in aero 








381 


ENGINEERING. 


MARCH 20, 1914.] 








ey} JO sejduivxe mou e1¥ O10y], ‘“sIoyvUI Jepjo 
ou4 | oon. g]U0Ae [Te 48 ‘sequInU UI jenbe 4ysomTe 
ore sod44 po[ooo-10}8m pue Iv OY} Jo S]UsIEYpE OY} 
ertya ‘FT 03 ¢ wor siepulyfo jo Jequinu uw qyTH 
UWAOYS [198 OI¥ SoULZUO [eIpeI pu’ [wUOTEIp ‘TeOrZI0 | 
-rv04 488] S¥M C104} BY TOMONIASU00 Jo AZISI0AIp 
@UIVS O49 SI OI04} SIOJOU! OJON JO JOqIVUI O44 UT 
-£jseu1I0] UVYY [¥4YUVISQNns pus yoedu0D eroW But 
seuUTyOeU ey} JO UOs¥eT oY4 ‘Qqnop ou ‘sI sI0M 
es0y} YyM s[quuleyqo peeds seysty ey], “pesn 
seurjeuos Suteq JoMod-es10y 90g ‘seulyoeu O43 
jo zemod oy} esverour 04 Afpeqqnopun st Aouspue4 
oy], ‘sBurm 04} ueemqeq s7n48 64} 04 peyoLsyT 
ane qi0ys & ut Suteq sieZuessed puv A os ouy 
“‘poyouyse O1¥ SISseYO PUL [Ie} OY} YOY 07 OINGUOZ 
UIeM 043 Buteq sZuLa oy} Pi seouvjsur Aue ‘1040 
-Moy ‘O18 O1OYT, ‘SISS¥yo-Sulpuy] pue oculsue 043 
Burf11vo pue eingvey [eUe0 643 Buleq euoqyouG 
ey} ‘euvjdouow & ut se yonm Ajjensn st uoyon4s 
009 ey} ouvtdiq jo ed4y 10;0814 04} UY = ‘souLtdor0R 
Ul OSuvYS O7941] SI C104 BOIZONIYsSUOO [wIONES uy 
‘gays Ajoayereduioo s [1e} oY} JO 
yqZue] ey} eTtyA ‘wore on 410 jo sesvo Auvu 
ur puw ‘ed44 Sugjy-uou 049 jo sauvd [1¥9-3ey jo 
@5N OY} SpIBAo} st Aouspue, eyy, ‘10MO] O43 


uvy} uvds 109¥013 Ajqviepisuoo jo st euvtd doy ey} 





s190490 Ut oTty ‘ueds cules oy} ore sould 03 eT} 
osye souvjdiq ey} Jo eulOs UT “10430 OY} 10A0 OU 
Ayyeorj104 sould 049 oy} oavy ‘IoAeMOY ‘sourqouU 
UMOUY-[[oM OMIOG ~“yUuezxXe epee @ 04 me4Jo 
‘19M0] 04} JO CouvApE UI cuyd reddn ey} cowd 04 
uoMsodsip pexivu ¥ st er0y3 souydiq oy} UT 
*mo1j0eIIp 
eqisoddo ey ut fouspuc, & mou oq 03 suvedde 
e104} ‘Suidiea-3uta jo mn0avy ut suorepie dn oad 03 
o3v eur qz0ys & Aouspue, Su07s v sem e10y} o[Ig a 
9844 eg £104 S19] “YIpl 4vor8 jo nq ueds 
4104s A Lt ere fou Glas, 4104 st sButa 
044 JO oer seo soseo Auvul uy ‘[[euIs SB 
yond sivedde ozis ene ueds Sura =o wailed 
OY} SOUIYOU UIepoU! OY} JO OUIOS UI 4Nq ‘HBOIy BSB 
OUllZ OY} 4B UO peXoo, sem Yor ‘sul [[eUIs pues 
4poq punor e814, 410A & 4414 ouvdor0ee Ue pomoys 
id Aolpep, ‘sussopy 088 sivof oulog ‘s3ulM 
ey} JO ozIs ey} 09 uorsodoid ut ‘Apoq 10 oSetisny 
ey} JO ezIs OY} UI es¥eIOUI 4¥eI13 AI0A CY} SI OTONA 
@ sv ouv[doroe oy} 4noge 4utod ZuryL4s 4sour oY, P 
‘sour 
-ouow oZ1¥] Ajoarereduioo jo puv ‘souvidiq poqyees 
-9][3us 48¥j ‘T[eus Jo sojdmvxe ‘1oAemoy ‘ore O10, 
488} pue [[vus ouvjdouom ey} ‘ouryouu Mors 
‘oS18] & svm oURTdiq oY} 4eY3 Se vopt O49 Aj10ULI0,T 














1g°b27 


@) 


¥ 




















“Burddejzeao oq 03 ‘4083 ar ‘1vedde sed4_ om4 043 
jo suor eyy, “‘Buyvarmopeid yeyaoutos Auer 
-edde euvdiq o43 ‘siequinu oqe¥repisuco UI UMOYS 
Su1eq [148 ere seuvjdouow puv sougdig -‘o3¥ eu 
@UlOS SEA SIU} SY SIO_VU Surpes] oy} Zuourwe uoy 
-onz3su00 jo Aqo1r¥A & 48013 se sivedde o1043 ‘1040 
~mOY “OBLMIONIO “[1¥} OY} WII; AjoITVUe peT[oyUCO 
er¥ souTyoeul oy} pus ‘perveddestp ‘{je40;du100 you jt 
‘hyyeorjovid sey 4u0rj ut 10;8A97/@ ey} euLTdos0R oY} 
UI 484} ONT} SI 47 «“seuTZUe I1ey43 10 seuvjdoleR oY} 
ur 9yj1e ‘AgrurJosian sprvMo, sseiZ01d 07941] 4104 oq 
04 srvedde e104} ‘uoroes ouvdosee 043 04 But 
‘suorqoeitp 1edozd ey ul e4¥301 prnoys yory A ‘seutsue 
04} UeEM40q UIIOJ}ETd & WOIJ UOALIP eq 09 SE O8 
pesuviiv eq puv ‘pepuvy-4jo] pue 44811 eq prnoys 
seulsue oY} 98Oq MOI0S-UIM} © UI JO} ‘souNjI0d 
“Wl} JO 10;;8Ul BSI STYT, “UMOYS Suleq s}08 MOOS 
“UZ JO SCOUTSU! MO} OIE O10G} 4G S] 990207UT JO 
qujod seyyiny y “4j¥Ys-YULIO oy} JO pue pPI¥AIOJ 
24} 3¥ poowd uoqjo st jooym-Ay oY} ‘sIy} Jo quouI 
qvou 8 OXU 0} Joplo uy “yuemeAcrIdutt 
qvoid e Ajsnotaqo st pues ‘“SZurpuczxe ‘reaeMoy 
‘st es¥o HUBIO eUTZUe OY} UO Ives FZuIsIOACI oY} 
Zuyunowm jo coyoeid eyy, ‘oulsue oy} wor run 
ejeredos & Se OpEUI m09JO [4S SI sIyy pue ‘I1¥0Z 
jo wis0y owos fq poeyoge Ayjensn st Sursi0a 








‘sduind Axej01 
~s[noro Jey Joy sduind-se8unj;,q ‘eps euo wo 


oY WoUIMIOO @JOUI ere TOM 
e[qissecow syred Suryi0m ey} [Te eXvUI 04 Aouepue; 
% SI oJ0y3 YSnoyy ‘snoLTeA oOsTe ov s}UOWOSUELIE 
eal’, ‘“siepurydo jo srequina snolreA 10y posn oq 
avo uzeyged sopuryfo ours oy snyy, “4/3018 ueqyo 
puv ‘saved uy Ajyeroue3 4nq ‘2079 ws 4seo WOpjes or8 
sioparyfo 484} uoswer S143 103 A[qeqord s1 4] “sTeu0d 
“stp sepurj4o-44310 jo osje pue srepurtdo — jo 
SOUBISUI [VIOACS OI¥ O10} O[IYA “‘MOUTMIOD o4Inb ere 
szepurj4o xis pu ‘moj ‘om ‘o *pesn sioputydo 
JO 2OQUInG OG} G} BOFEpTEA © 1198 % o1eqy, 
“emmgny Oy} 
ut uoyonpord jo poyyour oy} eq Ajqeqosd [LH s1q} 
qnq { uormesteoeds 10j [[vUIs 004 SI s10}0UI OULIVUI 
jo 4ndqno ey} em 4ueserd oy} 4% 4¥q3 efqissod 
eqinb st 4y «6 *Aqo1reA e013 UI SIOjOU eXOIs-M0j 
pues 049 pue ‘sourSue Aavoy pue 4431, yI0q moys 
SIOFVU 10JOUI-ULIVU OTIOS 4Nq {eUT] OO 04 JTEsMITY 
peuguoo Ayje10u0e3 sey 10qeUI Yove ‘“yoxI¥UI ey} UO 
eq 94231 e10ey3 sod44 Auvur reAoMoy ‘sepezy 10;0ur 
zeyj0 Ul ‘IexvUI euo Aq UMOYS UOqJO JequINU oY 
qnq ‘uoriqryxg oy} ur uMoYs sed4y jo Aqorr8A OY 
Aya 4ou st si0joul eutreu ut 4u10d efqeyreue! VW 
“OT99T] 81093eUr Gy FIOM 
yorya ut sed4, outreur esoy3 at Ajuteur pue ‘s10j0u 





usu 


(reoee) 


















































- 

| 

a 
a 











Y 









































\ 
_ 
, 
! 
ith 
Seaaaep Sma _) 
T 




















; 7 


ss) 

e> 
& 

Ry 


‘AVHONINUIG ‘SUAANIONA ‘GALINIT ‘ANVdWOO UVO'MOLON GNV TOOL AWTASIOM AHL Ad GaLONULSNOO 
‘HUOLOW ANIYVN NIAAVAVd GNV IOULHd AWACNITAOS HAMOd-ASHOH-AMVUA OF 


382 


ENGINEERING. 





[Marc 20, 1914. 








rotating engine, but only in very small numbers. 
In the majority of engines the valves are in the 
cylinder heads, either vertical or inclined at an 
angle, and they are often put in from the inside, in 
which case it is necessary to take off the cylinder to 
replace a valve. Steel cylinders are very common, 
and when the engines are water-jacketed the jackets 
are usually of copper or brass sheet. In the case 
of the vertical engines it is usual to have a bearing 
on each side of each crank. 

Having thus dealt with the main lessons to be 
gathered from a general inspection of the Exhibi- 
tion, we will now turn to some of the individual 
stands. 

A very complete exhibit in the engine section is 
made by the Wolseley Tool and Motor-Car Com- 

ny, Limited, of Adderley Park, Birmingham. 
This covers examples of the two forms of aero 
engine built by the firm, and some seven types of 
marine motor. We give various drawings of the aero 
engines on page 380 and Plate XXX VII., while the 
larger one is also shown in Fig. 21, Plate XX XVIII 
Both engines are of the vee pattern, with eight 
cylinders, and in geperal details are of much the same 
construction. Thesmaller engine, however, has air- 
cooled cylinders and water-cooled exhaust-valve 
boxes, while the larger has both cylinders and 
exhaust-valve boxes water-cooled. The smaller 
engine is illustrated in Figs. 1 to 6 on page 380. It 
has cylinders 3} in. bore by 5}-in. stroke, and a 
normal speed of 1650 revolutions per minute. The 
engine is guaranteed to develop 82 brake horse- 
power at this speed. At 1800 revolutions per 
minute the engine will give 96 brake horse-power. 

The cylinders of the engine are all cast separately, 
and, as will be seen from the end view given in 
Fig. 1, are mounted on the aluminium crank-case 
at an angle of 45 deg. The inlet and exhaust 
valves are anthaaiedl operated by overhead 
rockers, controlled by tappet-rods worked from the 
cam-shaft, which is carried above the crank-shaft 
in the vee between the cylinders. As we have 
already said, the cylinders are air-cooled. One of 
them is shown in detail in Figs. 2to6. They are 
formed from solid-steel forgings, and are machined 
all over. They are secured to the crank-case by 
small clamps, which embrace the flange shown at 
the bottom end of the cylinders in Figs. 2 and 3. 
A register is given by the small notch in the flange 
shown in Fig. 6. The water-cooled exhaust-valve 
boxes can be seen in Fig. 1, which shows the 
nozzles for the connection of the water-pipes. 
Circulation is from a gear-pump driven from the 
end of the crank-shaft. The pistons are machined 
from the solid, and are fi with two cast-iron 
sealing-rings and with two phosphor-bronze bear- 
ing-rings. These latter are placed one above and 
one below the gudgeon-pin. 

The cylinders, on opposite sides of the engine, are 
staggered so as to allow a separate big end for each 
cylinder. The big ends and main bearings are 
white-metal lined. The connecting-rods are of 
tubular section. The cam-shaft, which is made 
from the solid and case-hardened, is completely 
enclosed, and is driven by enclosed gearing from 
the crank-shaft. The propeller is mounted on the 
cam-shaft, and so runs at half the speed of the 
engine. A double thrust-bearing is fitted. Lubri- 
cation is by two gear ae. A separate sump- 
tank is used, and no oil is allowed to collect in the 
crank-chamber. The oil is strained through gauze 
on its way from the crank-chamber to the sump. 
One pump draws oil from the sump and passes it 
to the feed-tank through a cooler. The other 
delivers oil from the tank under pressure to the 
main bearings and thence through ducts in the 
crank-shaft to the crank-pins. The cylinder walls, 
gudgeon pins, and cam-shaft are lubricated by oil 
thrown off from the crank-shaft. 

The carburettor is of the float-feed and spray 
type, and is mounted on the centre of the engine 
directly over the cam-shaft. It is fed under pres- 
sure from a separate tank by means of a pl 
air-pump driven off the cam-shaft. The engine 
works on a four-stroke cycle. Bosch dual ignition 
is fitted comprising high-tension magneto and accu- 
mulator and coil for starting p The engine 
weighs 385 lb. complete with all accessories read 
to fly, but not including radiator and fly-wheel or 
water. Before leaving this engine we should say 
that the object in fitting the water-cooled exhaust- 
valve box has been to get over the distortion of 
valve seats and so do away with the necessity for 
constant dismantling and grinding in of valves. The 
makers have found the system very successful 
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during a series of exhaustive tests carried out over 
the last twelve months. The construction of the 
exhaust-valve box is of much interest, but we have 
not said anything about it up to the present, as 
it will be more clearly dealt with in connection 
with the illustrations of the 130-brake-horse-power 
engine, in which it is shown in detail. 

e larger engine, shown in Figs. 7 to 20, Plate 
XXXVII., and in Fig. 21, Plate XXXVIII., has 
cylinders 5 in. bore by 7 in. stroke, and a normal 
speed of 1200 revolutions per minute. At this 
speed the engine is guaranteed to give 130 brake 
horse-power. In many cases, however, it has 
given 140 brake horse-power continuously at this 
speed. It weighs 700 lb. complete with all .acces- 
sories ready to run. The engine is designed 
rather for dirigible work than for aeroplanes. In 
general features it follows the one already de- 
scribed, as will be seen from Figs. 7 to 9. It is 
not necessary that we should again deal with the 
materials of construction or the lubricating or other 
arrangements. We wish, however, to direct atten- 
tion to the cylinder and exhaust-valve box con- 
struction, as shown in Figs. 10 to 20. As before, 
the cylinders are machined from a solid forging. 
There is no weld or joint in any working part. 
The cylinder-jackets are of copper. The jacketed 
exhaust-valve box is shown complete in Figs. 12 to 
14. The box is a self-contained unit, and is secured 
to the cylinder bya screwed gland, as indicated by 
broken lines in Fig. 12. The seat on the cylinder 
to receive the box is well shown in Fig. 10. 

The complete valve-box is built up from machined 
steel parts in a very interesting way, that gives a 
much lighter construction than could be obtained 
by a casting. There are six parts in all, of which 
four are indicated by different forms of section- 
lining in Fig. 12. The two parts not indicated in 
this figure are merely the water-pipe branches, 
which are shown in plan in Fig. 14. One of the 
main parts of the box is the outer casing, which 
carries the lip for the screw flange which holds the 
box on to the cylinder. The outer casing is formed 
in one piece with the valve-rod guide and with the 
cover of the box, which has an upturned ridge to 
hold the valve-spring in place. The second main 
part is the inner casing, which fits inside the outer 
casing in such a way as to leave an internal water 
space. The two casings are indicated by cross-hatch 
lines running in different directions in Fig. 12. 
The two parts are oxy-acetylene welded together 
at the points marked 2 in the figure. 

The inner casing is shown separately in plan in 
Fig. 15. As will seen, it is cut away to allow 
of the reception of the outlet-piece, which is de- 
tailed in Figs. 16 to18. The outlet-piece is welded 
to the inner casing along the edges indicated by x 
in Fig. 15, and is then parted off along the line a a, 
shown in Fig. 16. It is then welded to the outer 
casing, which is cut away to allow of its reception, 
as shown in Fig. 12. The box is then completed 
by the welding on of the outlet-flange, shown in 
Figs. 19 and 20, and the water-pipe connections, 
shown in Fig. 14. The outlet-piece is shown solid 
black in Fig. 12, and the outlet-flange with double 
cross-hatching. Welded joints are indicated by «x. 
In conclusion, we should say that an engine of 
this type has been entered by the Wolseley Com- 
pany for the forthcoming Naval and Military Aero- 
plane Engine Competition, as well as two of the 
82-horse-power size described above. One of these 
latter will have water-cooled cylinders, as well as 
water-cooled exhaust-valve boxes. 

The biplanes shown by Messrs. Vickers, Limited, 
of London, are fitted with ‘‘Gnome ” Monosoupape 
motors, which we illustrate and describe in another 
column. The first is a Type 27 scouting biplane, of the 
tractor propeller type. The passenger occupies the 
foremost of the two seats, which are arranged in 
tandem, and as the planes are staggered he gets an 
almost vertical view downwards. e over-all span 
of the machine is 27 ft. 9 in., and the over-all length 
20 ft. 7 in. The speed ranges from 50 to 100 miles 
per hour, and a height of 1000 ft. can be attained 
in 1} minutes with ger, pilot, and fuel and 
oil for 24 hours’ flight. The horse-power is 100. 

The second biplane is Vickers’ fighting-machine of 
ie machine, which we illustrate by 
three views on Plate XX XIX., has been designed 
entirely for offensive action in the air against other 
aeroplanes. For this purpose the gun has been 
mounted in the front of the machine, where it has a 
clear field of fire (Fig. 23). The firer has alsoa per- 
fectly clear view, and is sheltered from all wind by the 
design of the cowl. High speed has not been aimed 





at in this machine, but rather a good normal range 
of 8 of from 45 to 70 miles per hour, with a 
climbing capacity of 450 ft. per minute fully loaded. 
It has a radius of action of about 300 miles, and 
carries, in addition to pilot, passenger, and gun, 
300 rounds of ammunition. 

The fusilage (Figs. 24 and 25) is constructed 
entirely of high-tensile steel in such a way as to 
minimise the vibration and recoil of the gun, which, 
after a series of experiments, has been placed in such 
a way that its fire has no effect on the machine in 
flight. The dimensions of the machine are as 
follow :—Span, 37 ft.; length, 27 ft. 6 in.; height, 
9 ft. 9in.; supporting surface, 385 sq. ft.; weight, 
with pilot, passenger, gun and 300 rounds, aud 
4% hours’ fuel and oil, 1760 lb.; weight empty, 

lb. The engine is the latest type 100-horse- 
power Monosoupape ‘‘ Gnome.” 

Messrs. Milnes - Daimler - Mercédés, Limited, 
132-135, Long Acre, London, W.C., show examples 
of the well-known Mercedes aero and marine 
engines. We illustrate the former in Fig. 26, 
Plate XL. This is of the vertical six-cylinder 
type, having cylinders 120 by 140 mm. (4? in. 
by 53 in.), each pair of cylinders being cast 
together, of cast iron. The valves are placed in 
the cylinder heads at a slight angle, and. are 
inserted from inside, and are driven by rocking- 
levers from an overhead cam-shaft. This cam- 
shaft is driven by a vertical shaft at the after end 
of the engine by bevel gear. From this shaft two 
magnetos are also driven, thus giving two-spark igni- 
tion, and providing against breakdown. Four bear- 
ings are provided for the crank-shaft—‘.e., each pair 
of cranks is without intermediate bearing. Lubrica- 
tion is forced, a hollow crank-shaft being used. A 
centrifugal water-circulating pump is placed at the 
bottom of the vertical shaft, and the oil-pump is 
placed in the centre of the oil-sump. The water- 
jackets are of steel. Two carburettors are used, 
one for each set of cylinders, and are incorporated 
with the crank-case. The brake horse-power is 
105 at 1350 revolutions. This engine is a most 
interesting example of an engine constructed on 
motor-car lines, with vertical cast-iron cylinders 
in pairs, &c.; and the fact that this type can, if 
carefully made, compete with more special types is 
proved by the various duration and height records 
which have recently been broken with aeroplanes 
propelled by it. 

Messrs. Milnes - Daimler - Mercédés, Limited, 
also show a marine engine of the medium-weight 
type, having cylinders 120 by 160mm. (4? in. by 63 in. ) 
developing 45 brake horse-power at 850 revolutionr. 
This engine has all the valves in the cylinder heads 
driven by long push-rods from a cam-shaft in the 
crank-chamber. Water circulation is by plunger- 
pump ; lubrication is forced. A vaporizer for paraftin 
is provided, the engine being started on petrol. 
Reversing is by gear of the bevel type. 

One of the larger sized marine engines in the 
Show is the 160-horse-power Djinn marine engine 
shown by Messrs. Brazil, Straker and Co., Limited, 
Bristol. We illustrate this engine, which has several 
points of interest, in Figs. 27 to 29, Plate XL. 

The cylinders are 8} in. in diameter by 10} in. 
stroke, and are constructed in a somewhat peculiar 
manner. They are cast in pairs with open ends to 
the water-jackets. The flanges to these openings 
are faced, and the whole six cylinders are bolted up 
into a block, the end openings being closed by doors. 
This largely combines the advantages of separate 
castings and of block construction, for there is only 
one water inlet and outlet, and the cylinders are very 
rigid, while the same pattern can be used for two, 
four, or six-cylinder engines, and the jacket-cores 
can be very easily removed. The circulating water 
is taken in through a long perforated pipe to ensure 
even distribution. All the valves are placed on 
the starboard side, and all valve-caps are water- 
jacketed. Paraffin is used as fuel, and a separate 
vaporiser of the exhaust heated type is used for 
each pair of cylinders. Thus the gas goes direct 
from the vaporiser to the inlet-valve, and there is 
no length of inlet-pipe in which it can get cool. A 
separate throttle-valve of the ‘‘ Butterfly” type is 
used for each cylinder, and all are controlled by a 
Hartung governor. 

Starting is effected by compressed air led from a 
reservoir through a distributing-valve to each 

linder. The air-compressor for this is placed at 
the after-end of the engine on the port side, and is 

uped with the water-circulating, bilge, fuel and 
ubricating-oil pumps. The latter are all driven by 
a cross-shaft at cam-shaft speed, while the air-com- 
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THE 


“MONOSOUPAPE GNOME” 


AERO-ENGINE. 


CONSTRUCTED BY THE GNOME ENGINE COMPANY, ENGINEERS, LONDON. 
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pressor works at engine speed. The latter can be dis- 
connected from the engine and worked by hand if the 
air-reservoir should be emptied by carelessness or ig- 
norance. Seven bearings are provided for the crank- 
shaft, and are of very substantial dimensions, the 
end and centre ones being two diameters long. 
Lubrication is forced to both main and cam-shaft 
bearings, while the crank-pins have centrifugal 
lubricators. The main bearings are bronze, and 
the crank-pin bearings are lined with white metal. 

Reversing is effected by a gear of the epicyclic 
cone-clutch type mounted on an extension of the 
crank-case. In order to allow of a neat arrange- 
ment of this the fly-wheel is placed at the forward 
end of the crank-case, and therefore a large diameter 
can be used without fouling other parts. At the 
forward end of the engine there is a vertical shaft, 
carrying at its top the distributor for the accumu- 
lator ignition. A horizontal shaft is driven from 
this, and Bae. es on this are the distributor for 
the comp air and the magneto. The latter is 
enclosed in a strong cast-iron case. 

The crank-case is a substantial iron casting and 
has large doors on the port side, through which 
the pistons can be withdrawn without disconnectin; 
them from the connecting-rods. On the star 
side are doors through which the cam-shaft can be 
withdrawn sideways, while the reverse-gear is 
arranged so as to be easily dismantled. The engine 
can therefore be placed close to solid bulkheads at 
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each end ; 160 brake horse-power is developed at 
500 revolutions per minute. 

In addition to this engine Messrs. Brazil, Straker 
and Co. show a heavy-duty two-cylinder 6}-in. by 
8}-in. engine, developing 25 brake horse-power at 


450 revolutions. Also a two-cylinder 10-horse- 
power engine, and four-cylinder 20-horse-power 
engine, with cylinders 3} in. by 5 in., and a two- 
cylinder 15-horse-power engine with cylinders 
44 in. by 6in. All these use paraffin and have 
the reverse-gear mounted on the crank-case and 
the fly-wheel at the forward end. An oil-driven 
winch is also shown. 

Of marine motors, the Wolseley Company show 
six types, together with a 32-ft. launch, fitted with 
a six-cylinder engine. We have selected two 
examples for illustration. One of these, shown in 
section in Figs. 30 and 31, on page 381, is the 
30-brake-horse-power size, which gives this output 
at 1000 revolutions per minute and 27 brake-horse- 

wer at 900 revolutions per minute. The engine 
~~ a good typical example of all the Wolseley 
marine motor work. It has six cylinders, 3;%-in. 
bore by 5}-in. stroke, and, as shown in the figures, 
is fitted for running either on petrol or paraffin, 
although the engine actually shown at Olympia is 
arranged for petrol only. The general construction 
of the engine will be followed from the illustrations. 
The cylinders, of cast iron, are cast in pairs, with 





| water-jacketsand heads complete. They are bolted 
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|to the cast-iron crank-case. The pistons are of 
|cast iron, and the connecting-rods stamped, and 


of H section. The cam-shaft, with cams machined 
from the solid and case-hardened, is enclosed, and 
driven by a silent chain. The induction and 
exhaust-valves are both mounted underneath, and 
are interchangeable. Lubrication is by pump 
direct to the main bearing, while the big ends 
7 into troughs fed by the pump. Cooling is 
effected by a gear-pump driven off the end of the 
crank-shaft. 

For petrol working the carburettor is of the 
floating-weight tapered-needle type, fed by gravity 
or by pressure from a small air-pump. The engine 
shown in Figs. 31 and 32 is, however, fitted with 
a carburettor suited for working either on petrol 
or ffin. The engine can be started on petrol 
and turned over to ffin, or can be started on 
— by using a blow-lamp. As will be seen 
rom Fig. 32, the exhaust is carried through the 
paraffin vaporiser. Ignition is by Bosch high- 
tension magneto, with accumulator and coil for 
starting. A starting-handle with chain-drive is 
provided at the forward end of the engine. The 
fly-wheel is of cast iron, with a splined coupling to 
take the reverse gear. The approximate weight of 
the engine, with the fly-wheel, is 8} cwt. The other 
marine engine we illustrate, which is shown in 
Fig. 22, Plate XXXVIIL., is of the four-cylinder 
type, and develops 11 brake horse-power at 900 
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revolutions per minute, and 13 brake horse-power at 
1000 revolutions per minute. It has cylinders 3} in. 
bore by 4-in. stroke, and weighs 5 cwt. with 
its fly-wheel. In its detail construction the engine 
closely follows the one already described, so we need 
hardly refer to it further. We may say, however, 
that it is usually supplied with a single-lever 
reverse gear, which is mounted on common angle- 
bearers with the engine, so that no lining up is 
required when it is placed in a boat. The main 
thrust-bearing is embodied in the reverse gear. 

A new type of the well-known ro type is 
shown at the stand of the Gnome Engine Company, 
Limited, 57, Victoria-street, Westminster, S.W., 
which is entitled the ‘‘ Monosoupape,” on account 
of the separate inlet-valve being done away with. 
We illustrate this engine in Figs. 32 to 34, on 
page 383. While this shows the general construc- 
tion, it may be mentioned that several details have 
been somewhat altered in the latest model. 

The valve action is as follows :—In the centre of 
the cylinder- head’ is the usual exhaust - valve, 
actuated by a rocking-lever, while at the lower part 
of the cylinder there are ports which communicate 
with the crank-case, and which are overrun by the 
piston. About halfway down the working stroke 
the exhaust-valve opens, and the exhaust escapes. 
As a result of this early opening there is no pres- 
sure in the cylinder at the end of the working stroke ; 
hence, when the piston overruns the ports, there is 
no blow back to the crank-case ; the exhaust-valve 
remains open during the return stroke, and the burnt 
gas is expelled. On the suction stroke the valve 
remains open for a certain portion of the stroke; 
thus air is drawn into the cylinder. When the 
piston has travelled part way down the stroke, the 
valve closes. There is thus a slight vacuum in 
the cylinder at the end of the suction stroke when 
the piston uncovers the ports communicating with 
the crank-case, and a rich mixture of petrol and 
air is drawn into the cylinder from the crank-case, 
which is in communication with the inlet pipe. 
This mixture is so proportioned as to make the 
mixture in the cylinder correct when added to the 
air already there. 

The fact of air being drawn through the exhaust- 
valve cools the latter and its seat. Rocking-levers 
and push-rods are used to work the exhaust-valves, 
as in previous ‘‘Gnome” engines, but the valve gear 
is arranged so that the travel of the valve can be 
varied. The cylinders rotate round a fixed crank- 
shaft, as usual, both the main and big-end bearings 
being of the ball type. The magneto is fixed and 
driven by gear, a rotary distributor being fixed to 
the crank-case. It is noticeable that the whole of 
this engine is built of steel, no aluminium being 
used 


Lubrication is by oil-ducts through the hollow 
crank-shaft to the crank-pins, and from these up the 
hollow connecting-rods to the gudgeon-pins and 
cylinder walls. The valve-gear is lubricated by the 
oil thrown out of the tappet-rods, which is led up 
the hollow push-rods to ducts leading to the pins 
and moving parts. The or consumption is 285 
to 290 grammes (0.628 lb. to 0.639 lb.) per horse- 
power per hour, and oil 40 to 45 grammes (0.08 Ib. 
to 0.09 Ib.) per horse-power. 

The manufacture of these engines is now being 
commenced in England, and English-made parts 
are shown, the quality of work in which appears 
excellent. Compared with the older “Gnome” 
engine, the new type has the following main 
advantages :—Firstly, the inlet valve in the piston 
is done away with ; secondly, the speed of the 
engine can be varied over a great range; thirdly, 
the oil consumption is very greatly reduced. 

Two sizes of this type of engine are at present 
made—an 80 horse-power with seven cylinders, 
and a 100 horse-power with nine cylinders. The 
diameter and stroke in both cases is 110 mm. by 
160 mm. (4@ in. by 5§ in.). 

(To be contnued.) 





THE INSTITUTE OF METALS. 

Tux London general meeting of the Institute of 
Metals was opened on Tuesday afternoon last in 
the Institution of Mechanical Engineers, Storey’s 
Gate, Westminster, the chair being, at the outset, 
occupied by Professor A. K. Huntington, the 
retiring president. 


Report or THE Councin. 


The report of the Council was read by the 
Secretary, and showed that the number of members 


on the books on December 31 last was 626, being 
an increase of 20 on the total of the ery 
year. It was also stated that the work of the 
Corrosion Committee had been actively resumed, 
a copper - aluminium alloy and phosphor bronze 
having been added to the metals under investiga- 
tion, whilst special attention was being directed to 
the mode of action of estuarine waters, which ex- 
perience had shown to be sy harmful to con- 
denser tubes. Work on electro-chemical protec- 
tion, it was stated, is being continued. The Ma 
lecture this year will, it was announced, be deli- 
vered by Professor E. Heyn, of Berlin, the subject 
being ‘* Internal Strains in Cold-Wrought Metals, 
and Some Troubles Caused Thereby.” It was re- 
ported that the Birmingham section had had a 
very successful year, six meetings having been held. 
In a note appended to the report of the Council, 
Professor T. Turner, the Hon. Treasurer, stated 
the financial position of the Institute to be satis- 
factory, 85]. 15s. 4d. having been added to the 
reserve. 


Tue PResIpENT’s ADDRESS. 


After the reading of the report, Professor 
Huntington vacated the chair in favour of the 
new President, Admiral Sir H. J. Oram, and a 
hearty vote of thanks to the retiring President 
having been gone, Sir Henry proceeded to 
read his presidential address. This we publish 
in full in another Ee of the present issue. The 
main point brought out in the address was the 
increasing degree in which non-ferrous metals are 
being rep in the Navy by steels of various kinds, 
so that the weight of “oy and its alloys in a 
battleship is now only half as much, in proportion 
to the steel, as it was twenty years ago. The address 
also gave some highly interesting data as to the 
steps taken by the Admiralty to overcome the con- 
denser-tube troubles, which were a few years ago 
seriously affecting the efficiency of the Fleet. A 
vote of thanks to the President for his address was 
moved by Dr. Rosenhain and seconded by Mr. 
A. E. Seaton. 


THe ANNUAL DINNER. 


The annual dinner of the Institution was held 
on Tuesday evening at the Criterion Restaurant, 
among the guests being Sir H. F. Donaldson, 
President of the Institution of Mechanical Engi- 
neers, Mr. Bedford McNeil, President of the 
Institution of Mining and Metallurgy, Dr. R. T. 
Glazebrook, C.B., F.R.S., Professor R. Meldola, 
F.R.S., President of the Institute of Chemistry 
of Great Britain and Ireland, and Mr. Leslie 
Robertson, Secretary of the Engineering Stan- 
dards Committee. 


THe NOMENCLATURE OF ALLOYS. 


The proceedings of the Institute were continued 
on Wednesday morning, the 18th inst., in the 
Institution of Mechanical Engineers, the chair 
being occupied by the President, Admiral Sir 
Henry J. Oram, K.C.B., F.R.S. 

The first business taken was the reading, by 
Dr. W. Rosenhain, of a synopsis of ‘The First 
Report of the Committee on the Nomenclature of 
Alloys.” 

Dr. Rosenhain said that he hoped the meeting 
would realise that the Committee had felt to the 
full the gravity and importance of the matter 
entrusted tothem. The difficulties were, however, 
much more marked from the commercial stand- 
— than from the scientific. In the scientific 

iscussion of alloys there was little difficulty in 
making clear the real character of any alloys under 
investigation, but in commerce the same name by 
no means n ily implied the same alloy. It 
was mrt therefore, not merely to introduce 
a new ut to get rid of the old. The Com- 
mittee tried so far as possible to follow existing 
usage, but could not do so entirely. As matters 

» the confusion in the use of names was not 
confined to England and America, but applied 
also to France and Germany, though to a some- 
what less extent. The existing confusion was in 
itself good ground for undertaking a revision of 
the nomenclature. The Committee had decided to 
start with the copper alloys, and to attempt to define 
the terms ‘‘brass” and ‘‘ bronze” on a rational 
basis, founded upon the percentage chemical com- 
position. The Committee accordingly defined the 


term ‘‘brass” as an alloy mainly of zinc and copper, 
the latter element being in excess, whilst the term 





copper, the copper being again in excess. If other 
elements were present, the Committee advise that 
the name should be tacked on in front. They did 
not claim that the system proposed was an ideal 
one; in fact, he doubted whether an ideal system was 
possible, but what was n was uniformity in 
usage. The main difficulty was that the terms in 
question had at times a meaning in business different 
from the definition above given. They did not 
want to upset the man who had been buying a 
certain alloy under the name of ‘‘ bronze ” by call- 
ing this alloy ‘‘brass.”” Nevertheless, in specifi- 
cations and contracts, and in scientific papers, he 
hoped the recommendations would be followed, 
and, this done, it would not, he thought, be very 
long before uniformity was attained. 

In propostog s vote of thanks to Dr. Rosenhain 
and the Committee, Sir Henry Oram said that if 
they could induce people to follow the recommen- 
dations madé, great service to the country would 
result, and the Admiralty were prepared to do 
their share by adopting, in their contracts and 
specifications, the nomenclature a. 

Dr. J. E. Stead, who opened the iscussion, said 

that for his own part he would gladly adopt the 
nomenclature recommended, and hoped all other 
members would do the same. 
Mr. T. A. Bayliss, who followed, suggested that 
a copy of the report should be sent to all manu- 
facturers of alloys, asking them, when making 
quotations, to specify alloys under the systematic 
names recommended. As a manufacturer himself 
he had determined to adopt the new nomenclature 
in a that went out. 

Mr. H. H. A. Greer said that as both a buyer 
and seller of alloys he asked the Committee whether 
it would not practicable to subdivide up 
the bronzes and brasses under three headings, 
viz.—special, medium, and common—the classifica- 
tion being based on the copper content. In 
Scotland they had, for example, an alloy known 
as ‘* bush brass,” which was something between a 
brass and a bronze. A similar alloy was known in 
America as ‘‘composition metal,” but the propor- 
tions were far from fixed. Trouble arose accordingly, 
since purchasers were inclined, if the market gave 
reason, to reject a metal offered as not being ‘‘ com- 
position metal.” 

Mr. Bolton, the next speaker, said that he 
thought it should be the practice to specify the 

reentage of copper and zinc. The trouble was, 

owever, that certain manufacturers had fancy 
names, and so long as this was the case there would 
be difficulties. As a manufacturer himself, he 
much wished that the practice of specifying the 
composition were adopted throughout the trade. 

Sir W. E. Smith, C.B., said. that the difficulties 
attaching to the question had been well shown by 
previous speakers. He was not acquainted with 
the practice of large commercial firms, but the 
Admiralty had ey the practice advocated 
by Mr. Bolton. e Admiralty avoided the use of 

1 fancy terms, even gun-metal, and specified 
limits of composition, and also the mechanical pro- 
perties required where this was necessary. As 
— the necessity of precautions of this kind, he 
recalled a case in which the term ‘‘gun-metal of 
the usual Admiralty quality’ was considered sufti- 
ciently descriptive. As it chanced, some old guns 
were being sold, and a manufacturer bought these 
= and used them for the castings required. 

hese were found, on being proffered, not to 
be of the ‘‘usual Admiralty quality,” but the 
manufacturer maintained that he was justified in 
considering the metal in the guns sold as meet- 
ing the requirements of the specification. The 
matter did not come into court, but the case illus- 
trated well the necessity of uniformity and pre- 
cision in specifying limits for the composition of 
alloys. In addition to this, provisions as to the 
mechanical qualities needed were also necessary in 
certain cases. 

Mr. C. Billington, who spoke next, said that the 
recommendations of the Committee were very 
awkward for him. Some alloys contained, in fact, 
five, six, or seven different ingredients, the presence 
of which was nece to secure the qualities 
demanded by the engineer. The latter, however, 
had objections to certain of these, and if he knew 
they were in, would condemn the material without 
trying it. 

Professor T. Turner said that the proposals of 
the Committee had been brought forward at a 
meeting of the Birmingham section, which was 





** bronze ” was confined to alloys mainly of tin and 


attended by a fairly representative gathering of the 
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local trades. The recommendations, he might say, 
on that occasion met with practically unanimous 
approval, and some further suggestions were made. 
In view of this fact and the trend of the discussion 
that day, he thought all should so far as possible 
adopt the system of nomenclature recommended. 

In closing the debate, the President said that 
the tenor of the discussion showed that there would 
be some difficulty in meeting the views of all, but 
he believed that the Committee would be able 
to devise some scheme to meet the views of the 
manufacturers of special alloys. 

In reply, Dr. Rosenhain said that the important 
point was to give a lead, but he knew that there 
was any amount of further difficulties to be over- 
come. He feared that Mr. Greer’s proposal would be 
impracticable. No one would care to pure 
an alloy under the name of ‘‘common brass.” In 
fact, it was all-essential that the names selected 
should convey no suggestion of quality. As re- 
garded the fancy names adopted by manufac- 
turers, no attempt would be made to define 
them, but he believed such names would drop 
out automatically if the nomenclature suggested 
became generally adopted. Mr. Billington had 
advanced a difficult case. He would ask, however, 
if it was meant to suggest that the engineer could 
not find out what was actually in the alloy if he really 
wanted to. If a stupid engineer would not try a 
new alloy, or if a maker insisted on adding ingre- 
dients which were really of no use, the two must 
fight it out. He was particularly grateful to 

r. Bayliss for the suggestion that manufacturers 
should be circularised and asked to support the 
proposed nomenclature. 


Tue SoLipiFicaTION OF METALS FROM THE 
Liquip Strate. 


The first report of the Beilby Prize Committee 
on “‘ The Solidification of Metals from the Liquid 
State” was next read by Dr. C. H. Desch, who 
stated that the immediate object of the research 
was to test the foam-cell hypothesis of Quincke, 
who attributed the cell-like structure of metals to 
the separation of metal before solidifying into two 
liquids, immiscible like oil and water, with the 
consequent production of foam-cells, inside of which 
the crystallisation subsequently proceeded. The 
report he had drawn up was devoted to a history of 
the subject. It had been very difficult to search out 
all the papers which had been presented on the matter, 
since in many cases the titles by no means indicated 
the contents. The principal point brought out in 
the report was that there was more than one cause 
of the production of cellular structures in a metal, 
and at times the same formation had been attributed 
to different causes. In many cases such a structure 
was purely geometric in origin. Then there was 
Quincke’s hypothesis ; whilst another effective cause 
was the action of convection currents. In the 
case of aluminium bronze, again, Carpenter and 
Edwards had suggested that liquid crystals were 
formed before solidification—a phenomenon which 
was known to occur with certain organic com- 
pounds, but it was yet to be proved that liquid 
crystals had any effect on the solid crystals subse- 
quently formed. The general conclusion reached 
in the report was that cell structures might differ 
in origin, and that in particular cases the real 
cause could not be determined unless the process 
were carefully watched. Crystallisation from dif- 
ferent centres might result in the formation of 
polyhedra, but polyhedra were the result of vital 
action in the case of a honeycomb, and also in that 
of certain corals. A similar structure might also 
be produced by convection currents, but the final 
similarity of structure in these different cases was 
purely geometric in character, and in any investiga- 
tion on the subject it was accordingly necessary to 
make sure that resemblances found were more than 
a mere geometric symmetry between structures en- 
tirely different in origin. The matter was further 
complicated by the presence of impurities. A surface 
exposed to air might, for example, be contaminated 
by oxides, with a resultant structure not attribu- 
table solely to the metal itself. A great many 
papers, no doubt, had been unavoidably overlooked 
in preparing the report. Only that week he had 
come across some very interesting Italian work. 
He wished, before concluding, to express his in- 
debtedness to Dr. Beilby for his help on many 
points with which that gentleman was specially 
well acquainted. 

In declaring the report open for discussion, 
Admiral Sir Henry Oram announced that through 


the generosity of Dr. Beilby funds had been pro- 
vided for a continuation of the experimental work 
on the subject, which the Council had decided to 
entrust to Dr. Desch. 

Dr. G. T. Beilby said that he considered that 
the Committee had been particularly fortunate in 
their reporter. All would recognise the need of 
criticism, but Dr. Desch had not been critical merely, 
but had retained throughout a judicial frame of 
mind. This was very necessary in the prelimi: 
stages of such an investigation, but as the researc 
proceeded he thought it would be necessary for 
Dr. Desch to be more enthusiastic in favour of 
certain views than he had been as yet. A construc- 
tive policy would in the end be necessary, and to 
be effective this unavoidably involved a certain 
narrowing of outlook. In his own work the speaker 
had endeavoured to secure globules of metal 
which solidified under no constraint. This he did 
by fusing them at the end of a wire. The metal 
he had generally worked with was gold, in 
the hope that this being a noble metal, he 
would avoid disturbances from an oxide film, 
to the possibility of which Dr. Desch had drawn 
attention. Nevertheless, the speaker was quite 
prepared to believe that it was conceivable that 
even in this method of working some of the crystal- 
line sacks may have been derived from oxide films. 
There was, it seemed to him, another way in which 
clean globules might be obtained, as well as the 
—— plan of operating in high vacua. This, 

e suggested, might be effected by the subdivision 
of a large mass of the metal. For example, mercury 
readily formed globules if spilt on a clean surface, 
and if these could be instantaneously frozen, clean 
globules would be obtained. By operating with 
molten metals on these lines, the speaker thought 
that globules free from oxide might be obtained. 
It would be interesting to note whether in such 
globules the orientation of the crystals was uniform 
throughout. 

Professor A. K. Huntington, who followed, said 
he had been struck with the enormous amount of 
information given in the report, and had he not 
known Dr. Desch very well, he should have thought 
the time required for its preparation to be much 

ter than it probably actually was. Dr. Desch 
ad, however, an extraordinary power of rapidly 
assimilating Age on the subjects in which he was 
interested. He observed from the report that 
Weber and Lehmann had experimented with a 
mixture of alcohol, gamboge, and water, which 
struck the speaker as a particularly horrible con- 
coction. He had himself, however, observed 
similar phenomena with beef tea, the surface of 
which in certain cases divided up into perfect 
hexagons under the action of the convection cur- 
rents, which circulated in a perfectly definite way. 
With reference to the difficulty of getting actual 
crystals of a metal, he might say that it had come 
to his knowledge that if one acted on a beta alloy 
of copper and zinc with mercury, the crystals would 
part along their boundaries without being attacked 
themselves. In this way it was ible to get the 
actual surface of crystallisation. e pieces he had 
experimented with himself were mere slices, so 
that he had got portions of crystals only. The 
actual boundaries of his specimens had a roughened 
surface. He mentioned the experiment as it might 
be of interest to others to learn that it was possible 
in this way to get a parting of the crystals at their 
boundaries. He did not know whether the pheno- 
menon was to be attributed to the dissolving out of 
a cement by the mercury, or whether it was the 
result of a capillary action. It would, he thought, 
be of interest to determine the weight of mercury 
absorbed. 

Dr. W. Rosenhain, who followed, said that he 
had found the report of the greatest interest. The 
many references were most valuable, and, in fact, 
whenever he wanted references he always liked to 
get hold of a paper by Dr. Desch, knowing that he 
would find particulars there of all the papers the 
8 er himself knew of, and many more in addition. 

. Beilby had referred to the judicial character of 
the report. A judge had, however, not merely im- 

ially to weigh evidence, but to deliver sentence, 
and, reading between the lines, he thought there 
could be little doubt as to the sentence “Dr. Desch 
would award to Quincke’s hypothesis, which, he 
might add, would merely confirm the verdict of 
every other metallographist. In this connection, it 
must be added, that it was still necessary to prove 
that the structures of a metal were really cellular. 





The origin of the apparently cellular structure 





385 
was very evident when a solid solution was 
cooled fairly rapidly, so that the dendritic 


growth was well developed. The dendritic growth 
commenced from various centres and formed the 
apparent cells by mutual interference. It was not 
a case of the growth starting within a sack already 
formed, it being obvious that in each case there 
was only one centre from which the growth pro- 
ceeded. Dr. Desch, in his report, cuimeantel at 
one point on the small power of orientation pos- 

by silicates. This rather conveyed the 
impression of an orienting power within a cell 
somewhat analogous to the vital force at one time 
popular in explanations of certain physical pheno- 
mena. For his own part he thought the difference 
between the silicates and the metals lay entirely 
in the much lower velocity of crystallisation 
characteristic of the former. In another part of 
his paper Dr. Desch referred to the difficulty of 
studying isolated crystals of metals, stating that 
our Lasutetes of such was mainly derived from 
specimens of native metals. It was, however, pos- 
sible to form —— of antimony by the same 
methods that yielded the orystals of bismuth men- 
tioned by Dr. Desch, and he had specimens of 
antimony which, when submitted for examination, 
were regularly mistaken for bismuth. He had, he 
might say, succeeded in getting similar results with 
other metals, whilst iron crystals had been secured 
by reducing ferric chloride by hy m,and zinc 
crystals by sublimation, these being e enough 
to handle. As for the possible influence of surface 
tension, to which reference had also been made in 
Dr. Desch’s report, it should be remembered that 
the tendency of surface tension was to diminish 
the total surface of a body. It thus tended to 
deform a crystal into a sphere and, in the case 
of very minute crystals, actually effected this. How 
it was possible to ascribe dendrites to surface ten- 
sion he failed to see, since, with dendritic growths, 
the surface was more nearly a maximum than 
a minimum. Surface tension might, no doubt, 
and did in certain cases, round the edges of a den- 
drite, but notmore. Moreover, when recrystallisa- 
tion occurred after the deformation of a crystal, if 
surface tension played any part it would tend 
rather to restore a flattened crystal to its original 
form with smaller surface, than to promote what 
actually took place—viz., the breaking up of the 
strained pacer into a greater number of smaller 
crystals, with a total surface much increased. He 
was, therefore, inclined to the view that surface 
tension ba x no part in recrystallisation. 

Dr. J. E. Stead, who continued the discussion, 
said that a formation of crystals, similar to those 
formed by bismuth when allowed to grow from a 
cool surface, was obtained with ‘‘silicon steel,” 
containing about 4 a! cent. of silicon and practi- 
cally no carbon. If this metal solidified against a 
cold horizontal surface, the orientation of the 
crystals obtained was, on setting out from a certain 
height, the same for all. What actually happened 
was that, at the outset, the crystal growth started 
out in all directions. The dendrites, which grew 
up vertically, however, gained an advantage over 
those that grew at an angle, as with an equal 
rate of growth they reached up more quickly 
into the virgin fluid. Hence the crystallisation 
oriented in other directions than the vertical was 
crowded out, the final result in the upper layers 
of the metal being a uniformly oriented crystalli- 
sation. To get such a result, however, the 
absence of « eutectic was necessary. Were the 
latter present, since it remained fluid longer 
than the rest of the metal at each point of con- 
centration of this be aye eutectic, a fresh growth 
of crystals commenced, the free growth of the ver- 
tical dendrites being consequently destroyed. With 
silicon steel the resultant structure bore a close 
resemblance to that of the Giant’s Causeway. 
Similar growths, he might add, could be obtained 
on the e of a metal from one allotropic form 
to another. 

In reply, Dr. C. H. Desch said he would in his 
experimental work bear in mind Dr. Beilby’s sug- 
gestions of possible ways of obtaining masses of 
metal which solidified in freedom from external 
disturbances, and also Professor Huntington’s sug- 
gestion for the isolation of — grains by 
means of a Professor Huntington had 
referred to the hexagonal structure sometimes 
observable on the surface of beef-tea, and it 
was noteworthy that the fact that polyhedral 
forms could be produced by convection currents 








was first observed by Professor James Thomson 











386 


ENGINEERING. 





[Marc 20, 1914. 








thirty years ago in a tub of soap-suds. Professor 
Thomson had worked out the complete explanation 
of the phenomenon, but this was entirely forgotten, 
when it was rediscovered by Bénard in France a 
few years ago. He might add that horizontal 
partitions could also be obtained in a similar way, 
but not, he thought, in the case of metals. With 
respect to what Dr. Rosenhain had said, he did 
not wish to admit that he had as yet abandoned an 
open mind with respect to Quincke’s hypothesis, 
which, it should be remembered, was based on the 
results of many observations. It could not, there- 
fore, be dismissed off-hand. He quite agreed that 
crystallisation did start from isolated centres ; but 
this did not preclude the possibility that these 
centres had Genahen originated in something 
earlier. Tamman had worked out a mathematical 
theory as to the distribution of these centres, but 
it remained to be proved whether the distribution 
was really due to chance and amenable to the 
law of errors, or whether a partitioning before 
crystallisation, such as Quincke premised, governed 
their distribution. In paraffin-wax, for example, the 
convection cells became the final crystal boundaries. 
He still thought it very difficult to get isolated 
crystals. The bismuth and antimony specimens, to 
which reference had been made, were useless for the 
pur of the accurate measurement of the crystal 
angles, being really merely skeletons. In fact, he had 
Professor Pope’s authority for the assertion that 
for no one of the anisotropic metals was the crystal- 
lography accurately known. What he meant to 
imply by his reference to a power of orientation 
was that some metals formed much sharper dendrites 
than others. In bismuth, for example, the den- 
drites had perfectly sharp edges, and, even in a 
eutectic, bismuth gave sharp crystals. With copper 
and silver, on the other hand, the dendrites were 
always rounded. He quite agreed that the effect 
was mainly a matter of the velocity of crystallisa- 
tion. He had been much interested in what Dr. 
Stead had said, and quite agreed that the vertical 
crystallisation described was a result of the survival 
of the fittest. As to the comparison with the Giant's 
Causeway, it must be borne in mind that the basalt 
blocks were not themselves crystals, but masses of 
crystals having every kind of orientation. He 
believed the columnar structure of the basalt was 
really to be attributed to convection currents set up 
whilst the molten lava was cooling. 


Mountz Merat. 


The next paper on the list was by Dr. J. E. 
Stead and Mr. tf G. A. Stedman, and dealt with 
‘*Muntz Metal; the Correlation of its Composi- 
tion, Structure, Heat Treatment, Mechanical Pro- 
perties, &c.”" This paper we shall print in full ia 
our next issue. 

In introducing the paper, Dr. Stead said that he 
had just learnt that a similar investigation had been 
made by Martens and Heyn, who had found that if 
hard-drawn Muntz metal were immersed in mer- 
curous nitrate it ‘‘ went off” with a loud report in 
the course of ten minutes. He had himself con- 
firmed this observation that very morning. The 
explanation proffered was that the external surface 
of a hard-drawn rod was in a state of tension, the 
core being in compression. Martens and Heyn 
had confirmed this by drilling out the core, and 
had found that in this case the shell thus left, con- 
tracted. If this shell were then dip in mer- 
curous nitrate it was unaffected. urther, if a 
bar of hard-drawn Muntz metal were bent, the 
tension in the surface would be intensified on the 
outside of the bend and relieved on the inside. 
In that case, if attacked by the mercurous nitrate, 
it developed cracks on the tension side only. The 
specimens he had described in his paper as 
originating the inquiry were used to conduct very 
high-tension currents in a northern power-station, 
and after some years’ life automatically split in 
several places. e brush discharge due to the 
high-tension current caused the formation of nitrous 
fumes which had the same >ffect as the mercurous 
nitrate used by Martens and Heyn. The whole of 
the trouble could be obviated by annealing the bars. 

In declaring the paper open for discussion, Sir 
Henry Oram ceamunned onan at the absence of Sir 
Gerard Muntz, who had, he said, been seriously ill, 
but was now, he was glad to say, going on satisfac- 
torily. 

The discussion was opened by Professor Thomas 
Turner, who said that it was common knowledge 
in the trade that overworked Muntz metal was 
brittle, and he suggested that the authors might 





give their specimens to the museum of the Iustitute 
as samples of di metal. 

Professor A. K. Huntington who followed, said 
that he wished to express the appreciation of the 
meeting at the presence in their midst of Dr. Stead. 
That gentleman they had been accustomed to look 
on, not perhaps, as a man of ‘blood and iron,” 
but of “ brains and iron,” and to believe that there 
was not a bit of brass about him save, he hoped, in 
his kets. Dr. Stead expressed surprise at the 
efficiency of the zinc in protecting the copper from 
oxidation, but those in daily contact with the non- 
ferrous alloys were well acquainted with this fact, 
the zine acting in part by surrounding the copper 
with an atmosphere of zinc, and also by forming 
a protecting film of oxide. With respect to the 
view expressed, that a metal led to brittleness, he 
would himself hold that it caused weakness rather 
than brittleness. As the composition of a brass 
approached the 8 metal the elongation decreased to 
a minimum and then rose again as rapidly till the 
y phase was reached, after which it again dimi- 
nished. On the other hand, the yield-point followed 
an exactly opposite course, rising to a maximum 
in the 8, falling thence to y, and then rising again. 
It had been usual to associate the 8 phase with an 
increase in the elongation, but this was not the 
case. He would ask Dr. Stead whether his rod had 
been heated at all. (To this Dr. Stead replied that 
it had not, though the power-house was rather 
warm.) Professor Huntington continued, that 
heating electrically differed from ordinary heating, 
in that the core was hotter than the surface, and the 
surface was accordingly put into tension, and he 
had thought that perhaps some action of this kind 
had been res naible for the failure described. 

Mr. G. A. Boeddicker, who spoke next, said that 
the appearance of the rod exhibited by Dr. Stead 
was very familiar to him, reminding him of a very 
old friend. He would have no difficulty whatever 
in reproducing it in high-class German silver 
alloys. If a bar of this material were drawn cold, 
and put into the annealing furnace direct, it would 
break up, just like the rod shown by Dr. Stead. 
The remedy was known to the workmen as ‘‘spring- 
ing” the metal, though as to what the effect of this 
springing was the speaker had no idea. The rods 
were, in fact, put through a machine which bent them 
into corrugations, or else they were wound up into 
a coil, and if a very high-class alloy, the coil would 
be jumped on the floor. Thus treated, it could be 
annealed without further trouble. He would ask 
if the condition of Dr. Stead’s rod was not to be 
attributed to annealing ; the temperature, no doubt, 
was low, but it was maintained for a very long 
time. The soundness of the screwed ends could 
also be accounted for thus, as they were kept cool 
by their nuts. Had the material been German 
silver he would say that some annealing action of 
this kind was the real cause of the failure. 

Dr. G. D. Bengough said that it appeared that 
the authors had failed to look up the literature on 
the subject, as much of the ground covered had 
already been explored by Mr. Hudson and himself 
in 1908, the results being published in the Journal 
of the Society of Chemical Industry. In many cases 
the results agreed with those reached by Dr. Stead. 
In this investigation they found, as Dr. Stead said, 
that Muntz metal could be hardened by quenching, 
and they also found that there was a point of 
minimum ductility. Theannealings lasted 4 hour, 
4 hours, and 27 hours, in different cases, so that 
they had already accomplished much of the 
work the authors had referred to as still to be 
done. They differed from Dr. Stead’s results, 
in that they found no recovery of ductility at high 
temperatures. Even when the annealing was 
carried out at 840 deg. Cent. the elongation was 
only 10 per cent. Why the author’s results dif- 
fered here he could not say, but it might be noted 
that the annealing was much more prolonged. 
[Mr. Boeddicker here suggested that the composi- 
tion of the metal might be a factor in the differ- 
ence in these results, the amount of lead in Dr. 
Stead’s alloys being only ;4 per cent., which was 
exceptionally small.] One point, Dr. Bengough 
continued, which d appeared in his own 
research was the importance of the rate of 
cooling when the metal was quenched, it bein 
difficult to ensure that two bars were actually cool 
at the same rate. In the work of Mr. Hudson and 
himself the proportion of a and 8 had been actually 
measured for the different specimens, and compared 
with the tensile tests and the other mechanical 
properties of the alloy. In all cases it was found 





that the rate of cooling greatly affected the results. 
He might add that included in this paper were a 
number of photographs of fractures, which showed 
how the fracture passed through the a and £8 
crystals. These were obtained by Rosenhain’s 
method of copper-plating the fracture, and then 
sawing and polishing a section at right angles to 
this. In most cases the fracture passed chiefly 
through the a phase. 

Mr. Hudson, who followed, said that the method 
proposed in the summary of Dr. Stead’s paper 
for getting the greatest ductility nas hardly 
practicable. With soft-rolled metal annealed at 
840 deg. he had observed an elongation of 72 per 
cent. in 2 in. It was noteworthy that fractures 
of Muntz metal passed mostly through a, as 
Dr. Bengough had mentioned, and were thus con- 
fined mainly to the more ductile constituent. He 
was impressed with the fact that the zinc oxide 
scale analysed by Dr. Stead showed no copper. 
In his own work, though the scale did not contain 
much copper, the amount was still appreciable, as 
much as 10.2 per cent. being observed in the scale 
from a 70: 30 alloy. He questioned the advantage 
of the a a for developing the structure of the 
metal by fuming, as he thought etching developed 
the structure rather better. 

Dr. Rosenhain said that he by no means regretted 
the fact that Dr. Stead had gone over some of the 
same ground as Messrs. Bengough and Hudson, since 
when a new man tackled a subject we often got a 
new point of view. He had received from an electric- 
power station four years agoa very similar specimen 
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to that shown by Dr. Stead, but in this case drawing 
cracks could be detected even on the screwed ends. 
In this instance the bar had been subjected to no per- 
ceptible heating, but carried current at 40,000 volts. 
The consequent brush discharge formed nitrous 
oxide fumes, which entered the cracks, attacked 
the metal, and. by volume expansion disrupted the 
bar. He was much interested in one of Dr. Stead’s 
results—that in which, when alloy A was heated to 
470 deg., the 8 phase disappeared. He would like 
to know whether the 8 ne ay split up into a + y, 
as maintained by Carpenter and Edwards. It was 
also possible that the disappearance of the 8 phase 
might be due to loss of zinc. If neither of these was 
responsible, then it would be a question as to how far 
Shepherd's diagram required revision. Dr. Stead, 
in fact, suggested that the 8 line bent to the right, 
as indicated at Q in figure; but were this so there 
should be another line going across from this point, 
such as P(). He for some time suspected 
something of this sort, and that the a phase 
of the copper-zine series should be divided into 
two, the transformation being one accompanied 
by little thermal effect. One reason for this 
view was that the «a phase was quite ductile 
at low temperatures, but became brittle at high. 
This was in contradistinction to the usual behaviouw 
of alloys when the temperature change was un- 
accompanied by a transformation. He thought that 
whatever might be the other advantages of fumi 
gy for micrography, it could not be claim 

t the sections thus treated were flatter than 
etched sections. It was quite true that etching 
removed a considerable depth of metal ; but it was 
not the total depth that mattered, but the differ- 
ence in the level of different parts. In his work on 
slip-bands in 1896 he had measured the height of 
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these, and found it to be ‘ooo in., or about the 


wave-length of sodium light. With etched speci- 
mens the difference of level was too small to be 
resolvable, and must therefore be of the order of 
ain in. With the fuming process the films formed 
must be at least half a wave-length thick, or they 
would appear black. 

Mr. Arnold Philip, who followed, observed that 
it was common knowledge that regulating resist- 
ances were liable to become brittle, whether of 
brass, gun-metal, or German silver, and this whether 
the current was or was not enough to heat the 
conductors much above the ordinary atmospheric 
temperature. He thought the makers of such coils 
could contribute some interesting facts on this 
head. The phenomenon was most marked with 
alloys containing zinc. Possibly the break up of 
the rods under the action of mercurous nitrate was 
brought about in the same way as the splitting up 
of metals along the crystal faces by mercury, as 
mentioned that morning by Professor Huntington. 

Dr. Stead, in reply, said that the authors would 
certainly have incorporated a reference to the work 
of Messrs. Bengough and Hudson had they known 
of it, but the blame rested with the Publications 
Committee of the Institute, who had not called 
the authors’ attention to the previous work. He 
did not admit, however, that the field covered was 
quite the same, since Messrs. Hudson and Bengough 
had confined their attention to the conditions 
appertaining to practical annealing, whilst the 
authors had greatly prolonged the treatment. 
He was sure that his colleague would be glad to 
join him in handing over the specimens for 
the museum of the Institute, as requested by 
Professor Turner. He could confirm what Mr. 
Hudson had said as to the presence of copper in 
the zinc oxide scale derived from the 70 : 30 
alloy ; but when Muntz metal was annealed in a 
muffie the scale was absolutely free from copper. 
As the percentage of the latter metal was in- 
creased, however, it made its appearance in the 
scale. He did not think that Mr. Boeddicker’s sug- 
gestion was —- in explanation of the failure 
deseribed in his paper, the temperature not being 
high enough to anneal the metal in the slightest 
degree. He was much interested in what Mr. 
Boeddicker had said as to the necessity of ‘‘ spring- 
ing” German silver before annealing. Something 
analogous occurred when wire rod was coiled, 
thus placing the outside in tension, and the coil 
then immersed in acid. The occlusion of hydro- 
gen on the outside layers was sufficient in such a 
case completely to break the rod. If, however, 
the coil were loosened so as to relieve the tension, 
there was no trouble. In reply to Dr. Rosenhain 
he might say that he found no trace of a con- 
version of 8 in a and y, with specimens an- 
nealed at 470 deg. Cent. As to the suggestion 
that the disappearance of the 8 might be due to 
loss of zinc, he had not actually tested this, but he 
did not think that such a loss could occur at the 
temperature in question. However, he would 
make an analysis and definitely determine the 
matter. As to the relative merits of etching and 
staining, people must please themselves. Personally 
he had found that staining gave the most clearly 
defined y. The dark surfaces usually called y were 
dark merely because they were rough surfaces, y 
being really light coloured, and he thought it 
preferable to adopt a reagent that retained this 
colour. 

At the conclusion of the above discussion the 
meeting adjourned until the afternoon. 


(To be continued.) 





INDUSTRIAL NOTES. 

EMPLOYMENT in February, according to the Board 
of Trade Labour Gazette, was good on the whole. The 
coal-mining, engineering, and shipbuilding trades 
continued well employed, and there was a seasonal 
improvement in the building trades. In most of the 
other principal industries there was a slight improve- 
ment. It was reported by the labour exchanges that 
there was a continuance of the demand for labour in 
the shipbuilding trades. Some deficiency in the 
supply of women was ee in the clothing trades 
and in laundry work. in the iron and steel 
industries continued to fall, and, in spite of some 
upward movement in other trades, the net effect was 
a decline. Com with the conditions of 
February, 1913, employment showed a decline. The 
engineering trades were not so fully employed, and 
there was a slight falling off in shipbuilding. The 





number of pig-iron furnaces in blast was considerably 
less than in February, 1913. There was also a decline 
in the textile industries, especially in the woollen and 
worsted trades. On the other hand, there was an 
improvement in the building and brickmaking trades. 

he changes in rates of wages which came into 
operation in February affected 50,000 workpeople, of 
whom 7000 received increases and 43,000 sustained 
decreases, the net result of all the changes being a 
decrease of 1300/. per week. ‘The decreases were con- 
fined to the iron-mining and pig-iron and iron and 
steel industries, and affected, amongst others, 2500 
iron-stone miners and blastfurnacemen in Lincoln- 
shire, 5350 blastfurnacemen in Derby and Notts, 
South Staffs, and West Scotland, 3100 steel-melters, 
gas-producermen, and charge- wheelers in various 
districts of England and tland, 22,000 iron- 
= and iron-millmen in the Midlands and South 
Wales, and 8850 iron-puddlers and iron and steel 
millmen in West Scotland. 

The most important disputes during the month 
were those affecting the building trades in London 
and the coal-mining industry in South Yorkshire. 
The total number of workpeople involved in all dis- 
putes in on was 62,943, as com with 
61,783 in January, 1914, and 45,382 in February, 
1913. The estimated total aggregate duration of all 
disputes during the month was 827,300 working days, 
as com with 694,800 in January, 1914, and 
593,200 in February, 1913. 

The weekly number of vacancies notified to all 
labour exchanges for the four weeks ended February 
13, 1914, was 23,874, as compared with 19,680 in 
the previous five weeks, and with 21,383 in the four 
weeks ended February 14, 1913. The weekly number 
of vacancies filled for the same periods were 18,269, 
15,312, and 15,522 respectively. 


At the second meeting, held on Wednesday, the 11th 
inst., of the Association of Chambers of Commerce of 
the United Kingdom, various trade and national ques- 
tions were reviewed in detail; among these we may 
mention the nationalisation of railways. In this con- 
nection, Mr. L. A. Martin, London, moved a resolu- 
tion expressing the opinion that it is desirable that 
individual Chambers should tender evidence before 
the Royal Commission on Railways on the various 
questions within its terms of reference, and ‘‘ more 
especially as to the undesirability of the State owner- 
ship or nationalisation of railways, against which this 
Association has previously declared itself.” The Com- 
mission, he said, was anxious to have the views of 
traders. Several Chambers had given evidence, and 
others, including Leeds, were preparing todoso, In 
briefly comparing the conditions prevailing in this 
country with those in countries where the railways 
are State-owned, Mr. Martin said the English railways 
contributed in rates and taxes an amount equal to 2501. 
per mile, as against 52/. per mile in the case of Prussia, 
while in point of railway facilities he pointed out the 

rave complaint made 4 the commercial community 
in Prussia and Belgium of shortage of trucks and loco- 
motives. In Belgium, for example, some of the coal- 
mines were working from 10 to 20 per cent. less coal 
than normally owing to the impossibility of getting 
trucks, and in some cases the mines had had to shut 
down altogether from that cause and the congestion 
of traffic. 








On the 12th inst. Mr. R. K. Calvert, secretary of the 
Leeds Chamber of Commerce, gave evidence before the 
Railway Commission as to the grievances which a lar; 
number of members of his Chamber had against the 
railway companies. Mr. Calvert stated that there was 
now no power to change the classification of goods, 
only to add to it. In this connection his remedy was 
to set up 6 tribunal of three persons—one representing 
the traders, and one the railway companies, with an 
independent chairman, either a Board of Trade official 
or a lawyer. All requirements should be brought 
before this tribunal, who should also be given the 
power, without appeal, to alter, if necessary, the 
classification. He did not think the Railway Com- 
missioners were made much use of ; the expense of 
going before them was large, and the — 
gained were not sufficient to justify the expense. The 
tribunal he proposed would only be allowed to hear 
one lawyer from each side, and thus the expense would 
be reduced. If found to be satisfactory, this tribunal, 
Mr. Calvert added, might be used for deciding the 
questions of rates, — &c. He further 
stated that the Leeds traders were decidedly against 
nationalisation. 





The twentieth annual dinner of the Yorkshire 
Association of Students in connection with the Insti- 
tution of Civil Engineers was held at the Queen’s 
Hotel, Leeds, on ursday, the 12th inst. In the 
course of the speeches, Mr. Walter Hunter, in 
referring to the efficiency of the British engineer, 
mentioned that he had received a letter from a gentle- 
man in Shanghai, who said that he had had men from 


all the northern nations—Germans, Swedes, Italians, | ch 





and others—and that while a good many of them were 
superior to our men in their technical knowledge, yet 
he ~ ye the Englishman to any of them, because 
he that practical ability which, combined with 
the technical knowledge he , enabled him to 
carry through works very much better than other 
men. 

Another speaker, Mr. J. 8. R. Phillips, alluding to 
Mr. Hunter's comparison of German and English 
engineers, said that when he was in Germany he was 
struck by the fact that the children there did not 
seem quite so well able as ours to go anywhere and 
do anything, while the workmen in che printing trade 
whom he saw in Germany, although skilled men, did 
not seem to be nearly so handy as English printers, 
who were more resourceful than the German printers. 
He put the case to some Germans, and they admi:ted 
that although their children and youths were better 
trained ond more highly schooled than ours, yet the 
German workmen were not so efficient as the Bnglich- 
men who came up against them. He, Mr. Phillips, 
began to wonder whether we should do right if we 
were to im education on the German system, or 
whether we should not lose more than we gained by 
getting rid of a considerable amount of the rush and 
tumble that gave the Eng'ishman his character all 
over the wor 





The North British Locomotive Company held its 
annual meeting in Glasgow on Th y, the 12th 
inst., when Mr. Hugh Reid, the chairman, expressed 
his regret at the much-reduced output from the work- 
shops, both in value and in bulk. The directors, he 
said, earnestly trusted that the workers, in view of 
ae Continental and American competition, 
w settle down to steady work before their markets 
were permanently lost to them. Within the last two 
years their foreign competitors had built about 212 
locomotives for markets which formerly were virtually 
theirs exclusively. All these engines could quite 
comfortably have been built in British locomotive 
shops in the time required, in addition to the work 
that was actually produced, if the workmen had only 
maintained their former output. The prospects for 
the current year were satisfactory, although inquiries 
for locomotives at present were few and far between. 





Speaking at the annual dinner of the Association 
of Chambers of Commerce, held in London last 
week, Mr. Asquith said there was one aspect of 
the present trade situation of the gravest import- 
ance, to which he would like to call immediate 
attention, and that was the conditions of labour. If 
they took the three years 1911-12-13, he thought they 
might say they had continuously good employ- 
ment, which reached its highest point in the first 
half of 1913. There had been some elight indication 
of a slackening since then. Wages had undergone a 
steady rise, but there was also a rise—a very sub- 
stantial rise—in the prices of what the labourer 
consumed, There was a marked rise during 1911 and 
1912, and prices continued high during 1913. It was 
satisfactory to note that during the first quarter of 
this year the prices of food showed some reduction. 
Apart from that they might note with satisfaction the 
dying-down of the acute labour controversies of two 
years ago. Still, the time lost in labour disputes in 
1913 much exceeded the average, though subscautially 
less than in 1912. 

He added that his hearers would be deceiving them- 
selves if they did not admit that they had still to make 
up their minds for a considerable amount of industrial 
unrest. He had no remedy to offer, nor was it wise 
or prudent for any statesman to offer any remedy for 
the abatement, and still less for the cure, of this cause 
of serious anxiety. The growing strength of capital 
and labour organisations was not, in his opinion, 4 
phenomenon that ought to be regarded with dis- 
quietude. What was more disquieting was the grow- 
ing —— in many quarters—he would not say 
to rebe —— not to acquiesce in—a common 
decision of the organisation which represented a trade. 
The organisations on both sides done even 
during the last fifty years. It was essential to the 
harmonious development of each interest which contri- 
buted to our national wealth and pi rity that those 
great organisations should not lose their influence or 
their power, but, on the side of both the employer and 
the employee, that there should be a di ition, and 
@ growing disposition, to subordinate particular acts 
of a general character. In a freer interchange of 
opinion was to be found the best hope for real indus- 
trial future. 





* ForMULAIRE Du CanpIpaT-Incénizun.”—This is a 
small pocket-book in the French edited Wy Mr. 
Maurice Percheron, and published by Messrs. H. Dunod 
and E. Pinat, 47 and 49, Quai des Grands-Augustins, 
Paris, at the price of 4.50 francs. It measures 4} in. by 
84 in., and contains over 180 pages of useful figures and 
data on geometry, trigon , algebra, mechanics 

emistry, &c., for the use of students and engineers. 
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TESTS OF ARMOUR-PLATES OF THE SPANISH BATTLESHIP “JAIME I.” 
CONSTRUCTED BY SIR W. G. ARMSTRONG, WHITWORTH AND CO., LIMITED, OPENSHAW WORKS, MANCHESTER. 


Fie. 1. 


WE reproduce above two ae which we 
have just received from Sir W. G. Armstrong, Whit- 
worth and Co., Limited. These show the results of 
teats of one of the armour-plates for a barbette on the 
Spanish battleship Jaime I., now being completed at 
the Ferrol Arsenal by the Sociedad Espajiola de Con- 
struocion Naval. The trials took place on January 23 
last, but the photograph of the back of the plate could 
not be taken until the backing had been removed, and 
could not be published until formal permission had 
been obtained from the Spanish naval authorities. The 
late is of the K.C. type, was manufactured at the 
penshaw works of the firm, and measures 7 ft. 2} in. 
by 8 ft. 8} in., the weight being 11 tons 3 cwt. 3 qr. 
The tests took place at the Ridsdale range, the pro- 
jectiles used being of the Holtzer and Firth makes, 
weighing 380 lb., and drawn from supplies manufac- 
tured under the supervision of the British Admiralty. 
The gun used was of 9.2-in. calibre. The plate was 
mounted on 2 ft. of oak backing secured to skin-plat- 
ing, corresponding to that on the ship, by ten bolts 
passing through the skin-plate and the oak backin 
into the holes shown on Fig. 2. The Spanish Naval 
Commission was uae by His Excellency, the 
Chief, Captain Don Rafael Bausa, Lieut.-Colonel J. 
Marabotto, Major J. Bustamante, Major M. Alonso, 
Lieut.-Colonel J. Orti, Major C. Preysler, and 
Captain Tanayo. Mr. E. Sansom was present on 
behalf of the Sociedad Espaiiola de Construccion Naval. 
The first shot fired was a Holtzer projectile, which 
had a striking velocity of 1887 foot-seconds, equivalent 
to a striking energy of 9381 foot-tons. The second was 
a Firth projectile, with a slightly increased velocity 
—namely, 1913 foot-seconds, the corresponding energy 
being foot-tons ; and the third was a Holtzer 
projectile, the velocity being still further increased 
to 1940 foot-seconds, equal to a striking energy of 
9914 foot-tons. The maximum measurable penetra- 
tion was found to have been 3} in. The flaking 
seen on the first shot was largely the result of 
the impact of the second shot, while the third 














shot, also extended j*the (flaking where the second 
projectile had struck the plate. The flaking averaged 
only about 4 in. in depth in the case of the first and 
second shot, the maximum depth being about 1 in. 
in both cases—this was close to the point where the 
projectile had originally struck the plate. This 
tapered away to something like 4 in., and, as we 
have said, the average depth was about 4 in. The 
bulge of the back of the plate is well. shown in Fig. 2. 
In the case of the first round, the height of bulge was 
about 14 in. ; of the second, 1,%, in. ; and of the third, 
2 in. ; but in no case was there any evidence of crack- 
ing. The results are certainly very satisfactory, the 
total energy of the attack, 28,935 foot-tons, corre- 
sponding to 2594 foot-tons per ton of plate. 








ScoarBorovueH.—Boring for coal is about to be resumed 
in the Scarborough district, with the object of discovering 
workable seams. Some boring took place at Langdale 
- and Cross Oliff last year, but it was suspended during 
the winter. 





Tae Copren Market. — In their report, dated the 
16th inst., Messrs, James Lewis and Son state that the 
— for —- es peo Sean swe dull bog rng 

ortnight, prices grad eclining from 641. 11s. 3d. 
Can on the 2nd inst. to 621. 188. 9d. on the 13th. 
There was a recovery on the 16th to 63/. lls. 3d., closing 
values being 63/. 10s. cash, and 632. 18s. 9d. three months 
rompt. Sales amounted to about 12,500 tons. Electro- 
Fytic copper has been continuously pressed for sale, both 
by toe — an and dealers, but only moderate quantities 
could be placed, although the price was reduced to 
651. 10s. per ton net, c.i.f. Japanese cathodes were 
offering much below this figure. American refiners’ 
returns for February were not very favourable, production 
showing a daily increase compared with the previous 
month, and consumption continuing low, being 7303 tons 
less than the monthly average of last year. Stocks 
showed a decrease of tons, owing to continued heavy 
shipments to Europe. Deliveries for export, as returned 
by the refiners for January and February, were 76,721 








Fic. 2, 


tons, which figure exceeded the actual exports as_given 
by the Custom House returns by 6319 tons. 





Pgrsonat.—Mr. I. W. Richardson, Head Master of the 
Guildford Trades School, has been appointed Head 
Master of the Stanley Technical Trade School, Stanley 
Hall, South Norwood, 8.E.—The President and Council 
of the Royal Society have appointed the Right Hon. 
Sir Francis Hopw G.C ma. K.C.B., to a seat on 
the General Board and Executive Committee of the 
National Physical — soot pe in the place of Sir Arthur 
Rucker, F.R.S., resigned.—Mr. George Ellison, of Vic- 
toria Works, Warstone-lane, Birmingham, informs us 
that he has appointed Messrs. Kelsall and Parsons, 
87, Union-street, Glasgow, as his agents for Scotland ; 
and also Mr. A. B. Gott, Independent Buildings, Far- 

te, Sheffield, as his representative for South Yorkshire, 

ottinghamshire, and Derbyshire. — At the Borough 
Polytechnic Institute, 103, Borough-road, S.E., r. 
George A. Tomlinson, B.Sc., has been appointed Chief 
Assistant in the Electrotechnic Department, and Mr. 
George V. Bird, B.Sc., Assistant in the Engineering 
Department. 





Contracts.—The Mirriees Watson Company, Limited, 
send us a list showing that they have recently received 
orders for condensing plant from twelve cor tions, 
collieries, and other firms in this country.—The Edison 
and Swan United Electric Light Company, Limited, 
Ponder’s End, Middlesex, inform us that they have 
received the contract for the supply of ‘ Royal Ediswan ” 
lamps for the Dublin United Tresnen Company.— 
Messrs. Bennis and Co., Limited, of 28, Victoria-street, 
Westminster, inform us that they have recently received 
orders for stokers of various kinds for Yoko ; for 
the India Flour Mills Company, Limited, of Karachi; 
for the Technisch Bureau Voor Economische Stoom 
ductie, for use on a ferry-boat near Rotterdam ; and for 
H.M. Dockyard at Chatham. The current list of other 
home orders includes 42 sprinkler-stokers and self-clean- 
ing compressed -air furnaces, ides conveyors, ash- 

plants, ac. Many of these are repeat orders 
for brewers, millers, dye-works, rolling-mills, silk, cotton, 
—— manufacturers, engineers, collieries, and steel 
wor! 




















ENGINEERING, Marcu 20, 1914. 





1600-BRAKE-HORSE-POWER MARINE OIL-ENGINE FOR 


CONSTRUCTED BY USINES CARELS 


(For 


















































Scale for Figs 7,2 and 3. 

or Figs Foet 

Scale for Fig's.4 to 7. 
0 1 


Inszz 9 6 3 2 Feet 


Scavenging Pump 


Servo - Motor: 


oo 























PLATE XXXVI. 








& PRICE ENG 

















































































































A GF 
= 


seesmnasaaie 
Ve mp 





OR THE BRITISH ADMIRALTY. 


~ 
4 














socIETE ANONYME, GHENT, BELGIUM. 
Steering Compressor 


— i] Reversing Gear 





\R PoIL-CARRYING SHIP 1 


Ls 
| 

: 

= 


| 

\ 

' 

! 

; 
— 

















1 








ENGINEERING, Marcu 20, 1914. 


PLATE XXXVII. 





130-BRAKE-HORSE-POWER EIGHT-CYLINDER WATER-COOLED 


AERO-MOTOR AT OLYMPIA. 


CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, LIMITED, BIRMINGHAM. 
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(For Description, see Page 380.) 
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(To Face Page 380.) 
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PETROL MOTOR EXHIBITS AT OLYMPIA. 
CONSTRUCTED BY THE WOLSELEY TOOL AND MOTOR-CAR COMPANY, LIMITED, BIRMINGHAM. 


(For Description, see Page 380.) 














Fie. 22. 13-Braxe-Horse-Power Four-Cytinper Marine Moror. 
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VICKERS MILITARY BIPLANE AT OLYMPIA. 


CONSTRUCTED BY MESSRS. VICKERS, LIMITED, ERITH. 


(For Description, see Page 380.) 
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AERO AND MARINE MOTORS AT OLYMPIA. 


(For Description, see Page 380.) 


























Fig. 26. 








100-B.H.P. Mercépits Agro-Enoine ; Mitnes-Dammier-Marcépi:s, Ltp., Lonpon. 
























































Fics. 27 to 29. .160-Horse-Power Dsinn Marine Moror ; Messrs 


. Braz StRaAKeER AND Co., Limitep, Bristot. 











(To Face Page 381.) 
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NOTICES OF MEETINGS. 
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ey, F.R.S. Friday, 
Gereld Ste Stoney’s 


per on o 
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THE NAVY AND THE EMPIRE'S 
NEEDS. 

Tue First Lord of the Admiralty, in his statement 
to Parliament on Tuesday last, claimed that the 
new Navy Programme was in every **nor- 
mal.” The four battleships which it it is proposed to 


lay down conform with the provision which two/|ha 


years ago the Admiralty indicated as necessary in 
each of the ensuing six years in order to meet the 
mme. But the condi- 
it is doubtful if the 
mme 
of new construction arranged for the cial 
year of 1914-15. Two years ago the Admi- 
ralty, in a Memorandum for the guidance of 
the Government of Canada, stated that the three 
Canadian ships proposed, and additional to the 
397 | declared programme, were urgently necessary for 
the world defence of the Empire, and it was anti- 
cipated then that these three ships would be laid 
down in June of 1913. As is voll known, the 
Canadian Senate threw out the Bill providing for 


tions have changed, an 


the construction of these three ships, and it is} Domi 


recognised now that there is little p: of the 
vessels being commenced this year. order to 
meet this contretemps, the Admiralty laid down 


Lord | to our 


L, on “Improvements in, 


three of the ships of the 1913 programme at 
an earlier date than usual. These vessels, how- 
ever, were not commenced until within a few 
weeks of the end of 1913, so that they have 


Pro-| been comrnenced quite five months later than 


the date fixed for the beginning of the Cana- 
dian vessels, and consequently our position 
towards the end of 1915 is to this extent jeopar- 
dised. In other words, for at least five months in 
that year, even presuming the three ships to be 
delivered at the contract date, we shall be without 
what a few months ago were ed as vital 
necessities for the whole world defence of the 
Empire. It is further proposed to lay down two 
of this year’s ships as soon as possible, so that 
they may be available in the latter part of 1916, 
to meet the deficiency then indirectly arising 
from the altered situation due to the failure 
of the Canadian Bill to pass the Senate. Here, 
again, the fact that there are only two ships being 
accelerated instead of three, and that their date 
of completion has been postponed, adds seriously 

Tifficulties i in the future. Indeed, there is a 
strong feeling that the Imperial Government would 
have assis isted C Canada more fully to realise her 
— relative to Imperial defence had the bold 

been taken of laying down three ships in 
ad ition to the normal programme. 

It has only now been made public that in view 
of Canada’s promise of three ships, the Cabinet, in 
July, 1912, decided to place in the Mediterranean 
HY the end of 1915 a battle uadron based at 

alta, including eight battleships—six Dread. 
noughts and the Lord Nelson and Agamemnon— 
in substitution for the four battle-cruisers now 
there, with the addition of four large’ armoured 
cruisers, four light cruisers and sixteen destroyers. 
This decision places the Admiralty now in a serious 


“| position in connection with the maintenance of a 


satisfactory home fleet. 
This Mediterranean squadron, indeed, was con- 
sequent rhe ar the completion of the three Canadian 
ties, te it is extremely doubtful if the three 
home ships whose construction has been n at 
an earlier date than was at first intended will 
be available by the end of 1915. In any case the 
despatch to the Mediterranean of this squadron 
must necessarily weaken the relative strength in 
home waters, so that from this point of view also 
the pe peed of new construction must be | pro- 
noun unsatisfactory. Mr. Churchill seemed 
to claim some credit for the fact that for 
the first time in five years there was a reduc- 
tion in naval liability; that is to say, in the 
sum required to complete the vessels whose 
building had been authorised by Parliament. 
This reduction, however, arises entirely from the 
fact that the new ships in the programme for the 
forthcoming financial year involve new commit- 
ments to the extent of only 14,817,000/., as com- 
pared with 18,750,0001. a year ago, and 17, '500, 0001. 
— ears ago. It may seem satisfactory to claim 
uction on naval liability at any particular 
mh secre but what is of more importance is the 
question as to whether naval obligations are being 
satisfactorily met. Apart altogether from battle- 
ships, too, it is doubtful if we are making satis- 
factory provision for light cruisers, in view of the 
steady progress being made in this direction by 
ces Pome Only Sear vessels of the class are 
included in year’s programme, as compared with 
eight in each of the two preceding programmes. 

e First Lord in his statement was Pn neg 
interesting in his review of the bi issue of 
the defence of the outposts of the Empire. We 

ve y referred to the new Mediterranean 
squadron, which is to be put in commission at the 
end of 1915, in order that we shall remain ‘‘ the 
independent guardian of our own important and 
long-established interests in the Mediterranean.” 
The provision of this fleet, as well as the mainte- 


nance of unquestionable su in the North 
Sea, are of importance to-the Colonies. Indeed, 
Mr. Churchill laid down the view on sound 
and strategic lines that it was of the first 


importance that Dreadnoughts provided i, the 
Dominion if ‘‘ brought into line in the decisive 
theatre might turn the scale and make victory 
not merely certain, but complete.” On the 
other hand, two or three Dreadnoughts in Australian 
waters, or, indeed, in the waters of any of the 
inions, ‘‘ would be useléss the day after the 
defeat of the British Navy in home waters. Their 
existence would only serve to prolong the agony 





without altering the course of events. eir 
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effectiveness would have been destroyed by events 
which had taken place on the other side ef the 
globe, just as surely as if they had been sunk 
in a battle.” At the same time the First Lord 
recognised that the Dominions ‘‘ want to have 
their own ships, under their own control, cruising 
in their own waters, based on their own ports ; 
they want to have something they can see and 
touch, and view with pride, with feelings of 
ownership and control.” The situation thus re- 
quires diplomatic treatment and the highest 

ualities of statemanship. Mr. Churchill claimed 
that the policy of the Admiralty was to combine 
sound military principles with local aspirations, 
and he enunciated the | pe ma that there should be 
developed in Indian, Australasian, South African, 
as well as Canadian waters, naval establishments 
with docks, defences, and repairing plant, which 
would enable the Imperial squadron to operate in 
each theatre for a prolonged period. At the same 
time he encouraged the view that there should be 
local defence flotillas, with destroyers and subma- 
rines for defending these bases, and the light cruisers 
necessary, not for fighting battleships, but for 
commerce protection in their own waters. These 
would, of course, co-operate with the Imperial 
squadron or detachment of the British fleet when 
it arrived in Dominion waters. One thing, how- 
ever, seems clear—namely, that capital ships “—_ 
to operate with the Imperial fleets, and for thi 
reason Mr. Churchill strongly commended the 
policy of the New Zealand Government. 

The naval agreement with the Dominions made 
in 1909 has, as its central principle, the idea that 
there should be kept in the Pacific and Indian 
Oceans double the force of the Australian flotilla, 
and in fulfilment of this there is at China and on 
the Indian stations the battleships Swiftsure and 


Triumph, with armoured cruisers. He contended 
that the safety of Australia and New Zealand was 


secured by these means, as well as by the alliance 
with Japan, which has been renewed to 1921; 
because, so long as that alliance is maintained—and 
the need for it, he considered, was increasing year 
by year—and as long as Great Britain possessed a 
sufficient in of naval superiority in the East, 
there was little to fear on the score of the safety of 
Australia and New Zealand, especially if the home 
force was adequate to the needs of the case. 

In this supremacy in home waters lies the whole 
crnx of the situation, and, apart altogether from 
the help that the Colonies may give towards the 
assurance of this position, the need is paramount. 
The delay as regards the Canadian ships has 
created an abnormal situation, and consequently 
the normal programme cannot be regarded as satis- 
factory, even although we may accelerate, as is 
proposed, two of this year’s ships and one of next 
year’s ships. 

Of next year’s four ships, three are to be of the 
Royal Sovereignclass and one of the Queen Elizabeth 
class, so that of this latter there will be six, to form 
a homogeneous squadron. All the vessels of these 
classes—14 in all, including the vessels to be laid 
down—will have 15 in. guns, heavy and numerous 
anti-torpedo guns, and anti-aircraft weapons. In 
the course of a very lucid exposition of in 
various departments of naval work, Mr. Churchill 
gave great credit to the gun-making firms for the 
way they had achieved success with this 15-in. gun. 
The whole of the 15-in. guns for the ships of the 
1912-13 programme were ordered without trial 
having been made, the Admiralty trusting entirely 
to the experience and accurate calculation of the 
ordnance firms. The first of the - tried a year 
ago yielded ballistic results which vindicated the 
minutest calculations of the designers. The pro- 
jectile, of nearly one ton in weight, with a 
of 10 to 12 miles, was 30 per cent. greater in 
weight, and 50 per cent. more destructive in its 
explosive effect within the enemy’s ship than the 
projectile from the 13.5-in. gan Owing to the trust 
which the Admiralty were able to place in military 
science, Britain will have ten ships armed with this 
weapon by the time that other naval Powers have 
two ships. Referring to the triumph of the gun 
over the armour-plate, he — of the great need 
of extreme accuracy in gun-fire, and justified the 
large expenditure involved in practice. Mr. 
Churchill was also able to give most satisfactory 
indications of the advance in seaplanes and in air- 
ships. To these we have e reference in a 
separate article on the Navy Estimates. On other 
questions—notably oil fucl—-there will be further 
opportunity to write. 





RECENT DISCOVERIES IN PHYSICAL 
SCIENCE. 


At the Royal Institution on Saturday last Pro- 
fessor Sir J. J. Thomson, O.M., F.R.S., delivered 
the third lecture of his course on the above subject. 

In opening his discourse, Professor Thomson 
said that there were many compounds, of which 
ordi copper-sulphate was an example, in which 
the nar Se e was a combination of two systems, 
each of which was capable of existing by itself in 
the free state. The molecule of copper-sulphate in 
its ordinary condition could be represented as 


OuSO, +5 H,0. 


Of this combination, the system CuSO, could 
exist by itself, and the H,O was, of course, also 
stable when alone. Each, in fact, consituted in 
itself a saturated compound with the valencies of 
all the atoms satisfied. The existence of the 
molecule CuSO, + 5 H,O showed, however, that, 
even so, the two systems still possessed the 
power of forming compounds by the action of 
what were sometimes known as residual affinities, 
or, as Werner called them, ‘‘ auxiliary valencies.” 
These auxiliary valencies could bind together 
one molecule to another, thus forming additional 
compounds. The auxiliary valencies differed from 
the ordinary valencies in that the ordinary valen- 
cies bound one atom to another, or to a radical, 
whilst the auxiliary valencies were only able 
to bind together molecules, and could not bind 
atoms. Compounds formed by the exercise of 
these auxiliary valencies were therefore sometimes 
known as molecular compounds. Whatever the 
origin of this power, it could not be expected 
to bind an ordinary atom, since it could not 
** saturate” that atom, and the result would be 
that the unsaturated valencies of the latter would 
combine with another atom on the first opportunity. 

Compounds bound together by auxiliary valencies 
had quite definite properties. The molecule 
CuSO, + 5 HO, had, in fact, properties quite diffe- 
rent from the molecule CuSO, and from the molecule 
H,O. Such molecular compounds were in most cases 
very fairly stable. Thus ordinary — sulphate 
had to be heated to 100 deg. Cent. before it lost 
any of its combined water, and up to 200 deg. Cent. 

‘ore the water could be entirely driven off. When 
CuSO, was in combination with water it had, as 
stated, entirely different properties from what it 
aap when free from water. One of the proper- 

ies most frequently altered was the colour. e 

attraction of water to the dry molecule produced in 
certain cases remarkable changes of colour. Thus, 
anhydrous cobalt chloride was blue, whilst when 
a combined with water the colour was 
pink. 

It was difficult to draw a line between molecular 
compounds and the ordinary chemical compounds 
in which the constituents of the molecule were held 
together by the ordinary chemical valencies. A re- 
markable feature was, however, that in every case of 
a molecular compound one, at least, of the molecules 
concerned had its atoms charged with electricity. 
Water was a typical example of such a compound, 
but alcohol an ammonia were other instances of 
compounds having charged molecules, and capable 
therefore of forming molecular compounds, ole- 
cules having charged atoms were able to exert a 
much stronger external field than could molecules 
in which the component atoms were neutral, and in 
which when entering into the combination there 
was merely a displacement of the electricity on the 
surface of the atom, and not a transference of a 
charge from one atom to another. 

The external force exerted by the water molecule, 
in which the hydrogen was positively charged an: 
the oxygen negatively, was accordingly much greater 
than that which was exerted by marsh gas (CH,), 
in which neither the hydrogen atoms or the carbon 
atom carried charges. 

The laws governing molecular combinations had 
been studied by many chemists, and especially by 
Werner. They were found to be somewhat 
analogous to those which held in the case of the 
ordinary valencies. As to the latter the carbon 
atom, for example, could not hold more than four 
atoms of hydrogen, four of chlorine, or an equiva- 
lent number of other atoms. There was a similar 
limit to the number of molecules which could be 
held = molecular a. ee was =~ 
might expected from very general considera- 
tions indeed. For instance, 4 molecule of HCl 
had charged atoms, and could therefore attract 





like a magnet. If placed in water, a molecule of 
water would be attracted to the hydrogen, say, and 
being the first to arrive, would attach itself in 
the position with the strongest field. When a 
second molecule came up and also attached itself 
to the hydrogen atom, it would push the other 
about a little, so that neither occupied quite the 
best position in which the attraction was strongest. 
N either, therefore, would be held quite so strongly 
as the first molecule was initially. When a third 
molecule of water came up and also hung on to the 
hydrogen atom, the a would be still weaker. 
With every addition the hold got weaker and 
weaker till it became insufficiently good to with- 
stand the collisions from other molecules to 
which the system was continuously being sub- 
jected. It was natural, therefore, to expect a 
imit to the number of molecules that could be 
held by the auxiliary valencies. There was a 
similar attraction of water molecules to the chlorine 
atom of the HCl, so that ultimately there was a 
bundle of water molecules hanging on to each atom 
of the hydrochloric acid molecule, and hence the 
final resultant compound molecule might be quite 
large. The size was limited only by the number 
of molecules which could attach themselves in this 
way toan atom. Werner had reached the conclu- 
sion that the maximum number in any one bundle 
did not exceed six. 

The avidity with which water molecules, in suit- 
able conditions, rushed to attach themselves to 
other molecules could, Professor Thomson pro- 
ceeded, be easily illustrated. Taking a glass vessel 
with a little water at the bottom, and filled with 
SO, above, he showed that, on passing a powerful 
beam of light through it, a cloud was formed, 
due to the condensation of the moisture on the 
molecules of SO,. He also showed an experiment 
due to Professor Townsend, in which electrolytic 
oxygen was allowed to bubble up into a vessel 
traversed by a powerful beam of light, and showed 

in that a cloud was formed by the condensation 
of moisture on the gas. 

One point about these molecular compounds, he 
proceeded, was that the addition of other molecules 
might facilitate the charging up of the atoms in the 
original molecule, so that greater changes might be 
produced than would be due to the sum of the pro- 

rties of the two individual molecules. This could 

exemplified by the case of sal ammoniac, formed 
by the action of ammonia on hydrochloric acid. 
Both NH, and HCl were compounds in which the 
constituent atoms were charged. When such com- 
pounds formed molecular combinations there was a 
tendency for the ammonia to drag the hydrogen 
away from the chlorine in the hydrochloric acid, and 
dissociation of the latter might occur accordingly, 
the result being a mixture of the various consti- 
tuents in a condition of statical equilibrium. 

Another difference between the compounds with 
charged and those with uncharged atoms might, Sir 
Joseph thought, prove to be of some importance 
from the chemical standpoint. The physical proper- 
ties of water and of marsh gas were very different in- 
deed, and it was of interest to see whaler there was 
any corresponding difference in the laws by which 
such different classes of compounds were formed. In 
other words, were the effective valencies the same 
in compounds with charged atoms (ionic compounds) 
as in cases in which the atoms carried no charges. 
He hoped to give reasons for showing that there 
was a very distinct difference in the two cases. 
Certain compounds were possible under the valency 
law when the atoms were not charged which were 
not possible when the atoms carried charges. The 
latter, the ionic compounds, obeyed the ordinary 
valency laws of the chemist. If, however, the 


| atoms were uncharged, we could get, in addition to 


the ordinary compounds, others formed in accord- 
ance with an extension of the usual valency law. 
In discussing this matter it was n to 
form some physical conception of what valency really 
corresponded to. He took it that each atom con- 
tained certain negative corpuscles. Of these some 
were firmly fixed at the core of the atom, and took no 
part in any chemical reaction. There were, how- 
ever, other corpuscles on the surface free to move 
about and set themselves into position under ex- 
ternal electric fields. It was these mobile corpuscles 
which enabled one atom to hold on to another, and 
formed the material of the bond between the two. 
The valency was equal to the number of these 
mobile corpuscles, so that in a univalent element 





* See ENcingerine, March 7, 1913, page 328. 
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there was one such mobile corpuscle, in divalent 
elements there were two, in trivalent three, and so 
on up to seven mobile corpuscles. With eight 
corpuscles in the outer ring, however, we got a 
rigid system, in which the corpuscles could not 
move relatively to one another. 

The mobility of these negative corpuscles was, 
Professor Thomson continued, the essential condi- 
tion for one atom to exert any considerable attrac- 
tion on another. Suppose, then, we had an atom 
with one free corpuscle, as represented diagram- 
matically in Fig. 1, with its negative corpuscle 
at A. If another such atom were brought near 
it, with its negative corpuscle at B, repulsion 
would ensue ; but the corpuscles, being free to move, 
would be driven round to the other side as indi- 
cated in Fig. 2, and the positive charge of this 
second atom being now the nearer to the negative 
corpuscle at A, attraction would ensue, the initial 
repulsion being momentary only. In such a case the 
final result would therefore always be an attraction 
whatever were the initial conditions. 

If, however, the corpuscle in the atom were 
fixed, it could not be swung round without carrying 
with it the whole of its atom. This atom was 
quite a heavy body, difficult to move, whilst the 
negative corpuscle had almost no inertia, and could, 
therefore, if free, be driven round at once. 

Hence when the negative corpuscles were mobile 
the atoms held each other together, but when fixed 
they attracted each other to a very much less extent. 
An atom was saturated when it had all its negative 
particles fixed, the satisfaction of a valency being 
essentially the fixing of one of the mobile negative 
particles. The difference in the attraction exercised 
by mobile and by fixed doublets Professor Thomson 


Fig Fig. 2. 
Fig. 3. - iS : 


Fig & 








(e91ea) 


illustrated by means of a series of small magnets. It 
was shown that when these were resting at random 
on a suspended tray, there was very little resultant 
attraction when a powerful electro-magnet near by 
was excited, whilst the attraction was large when 
the magnets were mounted on pivots, and were thus 
free to move round and set themselves. 

Each negative particle in an atom was, the lecturer 
continued, the origin of a tube of force. If the atom 
were alone the tube of force returned into the atom 
and ended on the positive charge, as indicated dia- 
grammatically in Fig. 3. In such a condition the 
negative corpuscle remained quite free to move. 
If, however, the tube of force terminated on some 
charge external to the atom, the corpuscle would 
be fixed. This condition was represented in Fig. 4, 
and the particle was then deprived of its mobility 
and was unable to attract another atom. 

Sup next that the second atom was neutral, 
then there would be a similar tube of force from it 
to the first atom, as indicated in Fig. 5. In fact, 
with uncharged atoms, for each line of force which 
left an atom there must be a return line, as many 
coming in as went out. If the atoms were divalent, 
then two lines of force would leave each and two 
return, so that the total number of tubes of force 
between the two was in such cases always double 
the number of valency corpuscles. 

Suppose, however, that a corpuscle passed from 
one atom to the other, so that one atom became 
positively and the other negatively charged. As 
the corpuscle left it would follow its tube of force, 
which would thus shrink up into the interior of the 
second atom, and the condition of affairs would then 
be that represented in Fig. 4, but with only one tube 
of force between the atoms. In compounds with 
charged atoms, therefore, the number of lines of 
foree between the constituent atoms was only equal 
to the chemical valency, whilst it was double the 
valency when the atoms were uncharged. The tube 





of force was, in short, the chemist’s bond, which he 
represented by a bar, thus : — 


@-€) 


With divalent atoms the chemist wrote, for ex- 


ample :— 


and the bars again represented simply lines of 
force. The chemist, however, made no distinction 
in the number of lines, whether the atoms of the 
compound carried charges or not, taking the 
number in both cases to be equal to the valency. 

This, however, was only true if the atoms were 
charged, the number of lines of force being doubled 
when the atoms of the compound were neutral, and 
the theory Professor Thomson here proposed 
differed in this respect from the chemical view. It 
might be thought that this would make no 

ifference, but, as a matter of fact, in the scheme 
suggested, certain combinations became ible, 
which were impossible on the old chemical theory. 
Take, for instance, H,. Hydrogen was univalent, 
and, according to the chemist’s view, we could not 
have such a combination as 


i 


since in this diagram two lines of force were repre- 
sented as issuing from each hydrogen atom. On 
the other hanc, ozone was quite possible from the 
chemical standpoint, oxygen being divalent. Ozone 
could be represented as :— 





oO. 0 

On the view he had now brought forward the 
compound H, was, however, quite possible if its 
constituent atoms were uncharged, since in that 
case there would be two lines of force to each 
hydrogen atom, one line of force coming in and one 
going out. 

It would be seen therefore that on this view 
many compounds were ible which were incom- 
patible with the ordinary theory. Benzene, for 
example, was a a famous instance of the difficulty 
of reconciling the views as to valency 
with the constitution of the molecule. 

It was ordinarily represented thus :— 


t 
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Here each carbon atom was represented with three 
valencies only, and the difficulty was to di of 
the fourth. Kekulé had suggested that the fourth 
valencies were arranged as indicated below :— 

it 
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There were then, it-would be seen, four lines from 
each carbon atom. This, however, led to difficulties, 
since it would be seen that the molecule thus consti- 
tuted was not perfectly symmetrical, and the more 
chemists had worked at benzene the more convinced 
they had become of its perfect symmetry. Armstrong 
had accordingly suggested the constitution 


t 
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Here the fourth affinity was put into a kind of 
reserve fund at the centre of the molecule, and was 





not ordinarily utilised. This device restored the 
symmetry of the benzene ring, though it gave no 
very clear idea as to what came of the fourth affinity. 
On the hypothesis he had put forward that after- 
noon the difficulty disappeared. Benzene was a 
molecule with its atoms unc Hence there 
were eight and not four lines of force associated 
with each carbon atom, and two and not one line of 
force associated with each of the hydrogen atoms. 
be constitution could therefore be represented as 
ow :— 


i 
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This arrangement satisfied all the valency condi- 
tions, and left the ring perfectly symmetrical. It 
did not conflict with the ordinary chemical view, 
but extended this by the hypothesis that when we 
were dealing with compounds having uncharged 
atoms the lines of force between the constituents 
were doubled. 

In times past he had been inclined to think that 
chemists were disposed to make excessive use of 
structural formule in which the forces binding the 
molecule together were represented by lines. He 
must confess, however, that he was now greatly 
impressed with the utility of this device, even when 
used by the chemists he had suspected of pushing 
it to extremes. From a physical standpoint he now 
believed that these bonds really represented some- 
thing with a | ag (0m basis at the bottom, though 
formerly he been inclined to believe that such 
formulz were often artistic rather than scientific. 
He was, however, now convinced that the chemist’s 
bonds did really represent actual lines of force. 

On the new view, he had advanced in the fore- 
going, certain compounds would be capable of exist- 
ing which were as yet unknown. is objection, 
however, applied equally to the older view. The 
valency laws, in fact, merely showed the possibility 
of certain compounds, but gave no data as to their 
stability. The architecture of compounds, consti- 
tuted according to these laws, might therefore be 
correct, but the resultant edifice might be unstable 
as to structure. For example, molecules could exist 
with unsaturated affinities, because the effect of the 
molecular collisions might suffice to keep them from 
combining, even though they had a certain ten- 
dency so to do. This could be illustrated with 
N,0,, which became unstable as the temperature 
was raised, splitting up into NO,, as was readily 
=_— by a corresponding change in the colour of 

e gas. 





THE LATE MR. GEORGE 
WESTINGHOUSE. 

Wir the death of Mr. George Westinghoure, 
which it is our regretted duty this week to 
chronicle, one of the great figures of modern 
America passes from us. The wonderful progress 
of that and other countries in recent years has 
been largely coincident with and dependent upon 
developments in communication, in which connec- 
tion the name of Westinghouse will long be remem- 
bered. Although his great activity brought him 
into intimate contact with many branches of modern 
engineering, the world-wide familiarity with this 
name is undoubtedly due more to his improvements 
in the means of stopping trains than to the later 
and larger works successfully carried out by the 
many concerns of whose titles the word Westing- 
house forms the distinguishing feature. The 
steam locomotive and train have reached corners of 
the earth where as yet no electrical apparatus has 
been seen. The Westinghouse brake is matter for 
interest, i ht to the very verge of the civilised, or 
partly civilised, areas of the earth, though it may 
not hold the field everywhere. 

Mr. George Westinghouse was born on Octo- 
ber 6, 1846, at Central Bridge, Schoharie County, 
N.Y., U.S.A. He was theson of a successful manu- 
facturer of agricultural im ents, whose business 
was situated at Schen y, N.Y. When the son 
was ten years old, in fact, the family moved to 
Schenectady. The subject of our memoir received a 
public and high school education, followed by train- 
ing at Union College. His early years were inter- 
rupted, so far as business was concerned, by the Civil 
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War, and young Westinghouse, when seventeen, | 
joined the United States Volunteers, serving in 
the 12th New York National Guard and the 16th 
New York Cavalry. In 1864 he was appointed an 
assistant-engineer in the United States Navy. His 
naval career, however, was not of long duration, 
and a casual, but not uncommon, experience turned | 
his attention to the matter with which he has been 
so closely associated in the railway world. In 1866, 
according to his own account, as given in his presi- | 
dential address, delivered before the American | 
Society of Mechanical Engineers in December, 1910, 
a collision between two freight-trains between 
Schenectady and Troy, whereby the train in which 
young Westinghouse was travelling was delayed 
several hours, first turned his thoughts to the 
improvement of train 
control. Many colli- 
sions happened before 
and have happened 
since that date, but 
few probably from 
which such wide- 
reaching develop- 
ments have sprung. 
The first plans 
evolved were crude, 
of course, though they 
were not more s0 
than those devised by 
others, whose schemes 
had been carried to 
the stage of actual 
- to trains. 
he difficulty with 
these early inventions 
largely arose from 
their unsuitability to 
trains of more than 
a few vehicles in 
length. The early 
Westinghouse chain- 
brake operated by a 
mig working in a 
ong steam - cylinder 
on the engine, haul- 
ing in the slack chain, 
was found impractic- 
able for a train of 
more than about four 
vehicles, while a 
modified scheme pro- 
viding each vehicle 
with a steam-cylin- 
der was abandoned 
on account of the 
difficulty of transmit- 
ting steam power 
through the long and 
exposed pipes. It 
was again something 
of a chance experi- 
ence which put West- 
inghouse on the track 
which he followed to 
such a successful goal. 
He commenced sub- 
scribing to a monthly 
magazine, and in the 
first number delivered 
to him was an account 
of the transmission 
and useof compressed 
air in the construc- 
tion of the Mont Cenis 
Tunnel. Work on 
the application of this 
medium to the braking of trains was promptly, 
begun, and in 1867 his first applications in the 
United States for patents for the use of compressed 
air in connection with train-brakes were filed. In 
the following year, with financia! assistance from | 
Mr. R. Baggaley, the first set of apparatus was 
completed, and the interest it aroused caused a 
trial train to be fitted up on the Panhandle Railroad. 
It was then tried on a longer train of ten cars on 
the Pennsylvania Railroad, and demonstrations with 
this train resulted in orders from the Michigan! 
Central, the Chicago and North-Western, and eee 
roads. This brake came subsequently to be known | 
as the “Straight ” air-brake. Its essentials consisted | 
of a compressor and reservoir on the locomotive, | 
brake cylinders on the vehicles, and a train-pipe. 
On stopping, air from the reservoir, at 60 to 70 lb. 
pressure, was admitted to the train-pipe and brake 





cylinders, and the blocks were forced against the 
wheels. The defect of this type of brake lay chiefly 
at that time in the fact that in the case of a break- 
away, and consequent fracture of the train-pipe 
connections, the brake ceased to be available. 

The device of an automatic brake followed, and 
in 1872 the first automatic Westinghouse brake 
was brought out. It involved, in addition to the 
original gear, the provision on each vehicle of an 
auxiliary reservoir and of a triple valve. In the 
new system the train-pipe and reservoirs were kept 
full normally of air under pressure, but a reduction 
of pressure in the train-pipe admitted air from the 
auxiliary reservoir to the brake-cylinder. In 1875 


the first of many celebrated brake trials was con- 
ducted at Newark, on the Midland Railway, by the | 





Royal Commission on Railway Accidents, and the 
Westinghouse brake showed the best stops. Other 
trials followed in the next five years, in England 
and abroad, the most famous being probably those 
conducted with Westinghouse-equipped trains on 


| tween the cars an 


In the United States the Master Car-Builders’ 
Association took up the question of brakes, more 
particularly with regard to freight-trains, in 1885, and 
in the two following years important trials were con- 
ducted at Burlington, Iowa. In these the unsuit- 
ability of the Westinghouse brake, as then devised, 
for trains of very many vehicles first became clearly 
evident, and efforts were, therefore, made to reduce 
thetime elapsing between the applicationof the brake 
on the first and last vehicles. The result was the 
evolution of the quick-action Westinghouse brake, 
which proved a great success. In this development, 
as is well known, the ordinary action was used for 
service stops, and the quick action for emergency 
applications. Later, with the increased length of 
trains, which now are often of 100 vehicles, further 
chamges were found 
advisable, and the 
quick-service applica- 
tion was introduced, 
and in this way the 
speed of application 
has been so enhanced 
that ‘in the latest 
form the brakes are 
applied on the first 
and last’ vehicles 
practically simultan- 
eously. Onlya month 
ago @ paper was read 
before the American 
Society of Mechanical 
Engineers  describ- 
ing tests conducted 
jointly by the Penn- 
sylvania Railroad and 
the Westinghouse Air 
Brake Company, with 
the latter’s most re- 
cent high-speed sys- 
tem. This is a brake 
in which the power 
used is, as before, 
high-pressure air, but 
in which the control 
is electrical. The re- 
sults obtained in 
these trials are re- 
markable, and have 
never before been 
attained, though, in 
the discussion sub- 
sequent to the read- 
ing of the paper just 
referred to, no less an 
authority than Mr. 

Vaughan, of 
the Canadian Pacific 
Railway, thought it 
advisable to sound 
a note of warning in 
view of the compli- 
cated and somewhat 
delicate details which 
this continual refine- 
ment has gradually 
introduced. 


We have mentioned 
the development of 
the air-brake first be- 
cause it was this which 
rapidly brought Mr. 
George Westinghouse 
to the front while 
still a young man, 
and gave him the 
means and oppor- 


|tunity of interesting himself in other and wider 


fields. Among the other directions in which 


jhis ability displayed iteelf, he invented a com- 


ressed-air signalling system for use on trains, 


the locomotive. As early as 


the North - Eastern Railway and the London, | 1868 he applied compressed air to the working of 
Brighton, and South Coast Railway by Captain | railway-points, &c., and signalling, and so became 


Douglas Galton in 1878-9. In these trials the prin- 
ciples of braking were for the first time correctly 
analysed, and the conclusions then drawn by 
Captain Galton remain maxims to this day.* 


* A full account of the Newark trials was given at the 
time in a series of articles in ENGINEERING, vol. xix., 
while the trials eonducted by Captain Galton formed the 
subject of three papers contributed by him to the Pro- 
ceedings of the Institution of Mechanical ineers, and 


reproduced in ENGINEERING, vol. xxv., page 469, vol. 


| XXVie, pages 386 and 395, and vol. xxvii., page 371. 





a forerunner in another and allied railway field. 
His application of electricity in connection with 
pneumatic power in this work aroused his interest 
in electrical matters generally. The success of the 
brake had enabled him to helpin turn in the etn 
ment of the ideas of others, just as he had himse 

formerly benefited by financial assistance. He was 
@ man with a certain amount of romance in his 
nature, and his imagination carried him through to 
the successful termination of long periods of experi- 
ment and trouble. If he were convinced that there 
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was a future before some particular idea, or the 
application of some principle, he threw himself 
heart and soul into the question, to help bring 
about success. In many cases he was particularly 
fortunate in this way. Having become interested 
in the possibilities offered by alternating current in 
electrical power transmission, he was prompt in 
securing, in 1885, the Gaulard and Gibbs trans- 
former patents for the United States. In the face 
of considerable opposition, the development in the 
United States of ie alternating-current system of 
distribution for lighting and power purposes, and 
of the machinery therefor, was thus embarked upon 
by the original Westinghouse Electric and Manu- 
facturing Company. ter, Mr. Westinghouse 
aided Tesla in the development of the induction 
motor, thus helping to provide the world with a 
machine which, in a way, rounded off the alter- 
nating-current system, in which he had become so 
interested. In the construction of large units the 
Westinghouse Company was well to thefront. The 
first ten generators put down at Ni the largest 
of their kind at the time, were built by this com- 
pany, while it would take more space than we can 
afford to deal with the important contracts executed 
by the various Westinghouse companies in later years. 

The original Westinghouse Electric Company has 
now been reproduced in numerous countries, in all 
of which concerns Mr. Westinghouse took a keen 
interest. In addition to the several works on the 
North American Continent there are numerous 
others in Europe, those of the British Westinghouse 
Electric and nufacturing Company at Trafford 
Park, Manchester, —s aeew a poy of 
the original works at Pittsburg. great was 
Mr. Westinghouse’s activity and interest that he 
was president of no less than thirty companies. 
The wide range of the matters with which he con- 
cerned himself is exemplified by his invention of a 
system controlling and supplying natural gas, and 
more recently by the interest he took in the intro- 
duction of the special arrangements of reduction 
gear for steam-turbines. 

He was a President of the American Society of 
Mechanical Engineers in 1910, and it was a matter 
of considerable regret that other engagements pre- 
vented him from being present and officiating at 
the joint meeting held that year in Birmingham 
with the Institution of Mechanical Engineers. 
Although unavoidably absent, he, as his subsequent 
address showed, took a keen interest in securin 
the success of that meeting, and himself contri- 
buted to it one of the most interesting papers 
considered. The subject of this was ‘‘ The Elec- 
trification of Railways,” and in it he drew attention 
to the need of the selection of certain standards, 
in this connection, capable of universal adoption. 
Standardisation was, in fact, one of Mr. Westing- 
house’s great interests. He kept it steadily in 
view all through the development of his air-brake, 
with the result that the methods of production 
adopted at the various works where this gear is 
manufactured have long been models of their kind. 

In addition to the presidency of the body just 
mentioned, Mr. Westinghouse had the honour of 
being an Hon. Member of that society, while he 
was one of two Hon. Members of the American 
Association for Advancement of Science. He was 
the second recipient of the John Fritz Medal ; the 
Edison Gold Medal was bestowed on him in 1912, 
and the Grashof Gold Medal in 1913. He received 
the Ph. D. degree of his college in 1890. He 
had the decoration of the Legion of Honour con- 
ferred upon him, and also that of the Royal Crown 
of Italy, while the degree of Doctor of Engineering 
was conferred upon him in 1906 by the Konigliche 
Technische Hochschule of Berlin. 

It may be gathered from this condensed summary 
of Mr. Goon Westinghouse’s career that he was 
&@ man of exce tional activity, leading a most 
strenuous life, devoted almost wholly to business 
and to the prosecution of the many engineering 
matters which he took up. Although of a very 
attractive personality, and eminently fitted by 
nature to do so, he comparatively little 
in the social world. He coll around him a 
staff who served him with the utmost loyalty and 
who doubtless, with the engineering world in 
general, will deeply regret the loss of an attractive 
leader, whose mind was fired with a sense of 
imagination which carried him where cold reason 
would have stranded others. 

Mr. Westinghouse died at his residence at 135, 
Central Park West, New York, on the 12th inst., 
from heart disease, 





PROBLEMS IN NAVAL 
ARCHITECTURE. 


Sm Jonn Bizgs has just concluded a series of 
three lectures at the Royal Institution on ‘‘ Modern 
Ships.” It is obvious that in three lectures it is 
very difficult to say more than a small part of what 
can be said on this subject, but whatever could be 
said in the time at his disposal was fairly spread 
over the three divisions he had adopted : Smooth- 
Water Sailing, Ocean Travel, and the War Navy. 
It was only to be expected that the subject 
would be dealt with rather from the naval archi- 
tect’s point of view than that of the seaman or 
the shipowner. The lecturer considered in his 
first lecture the problems of buoyancy, stability, 
strength, and resistance of ships. Even in 
smooth water a ship must float ; she must return 
to the upright if disturbed from it. She must be 
strong enough to hold together, even if she is but a 
hulk. She must be able to move with ease. 
Though little was said on these subjects, what was 
said was put clearly and freshly. The ship float- 
ing quietly in smooth water involves problems of no 
mean order. It is made of material which itself is 
heavier than water. Each item of weight in the 
structure is not immediately supported by buoyancy 
equal toit. In the aggregate all the weights are su 
ported by all the buoyancy, and for equilibrium the 
resultant of all the weights must act in the same 
vertical line as the resultant of all the buoyancy. In 
parts where the buoyancy is not equal to the weight, 
as in the case, say, of an engine-room, some addi- 
tional support must be transmitted from some other 
part of the ship through the structure of the ship 
to the unsupported weight. So in the simple 
problems of weight and support there is introduced 
at once in an actual structure the question of the 
capability of that structure to transmit the various 
forces. 

Not only must the ship float and hold together, 
but if disturbed from the position of equilibrium 
she must have a natural tendency to return 
to that position when the disturbing force is re- 
moved. This tendency is measured by the right- 
ing arm of the couple formed by the weight and 
the buoyancy. In the upright position a measure 
of stability that is commonly used is the meta- 
centric height. The righting arm is the real 
measure. If the righting arm is towards the upper 


g|side of the centre of gravity, there will be an up- 


setting tendency; but if it is towards the lower 
side, there will bea righting tendency. An upsetting 
tendency does not mean upsetting, for a negative 
righting arm in the upright may be associated with 
a very large positive arm at angles even as high as 
90 deg. Tn many of our larger ships a very small 
righting tendency in the upright position is aeso- 
ciated with great range of positive stability, con- 
siderable in amount at angles far greater than any 
that the ship ever reaches. 

To produce motion in a ship, it is first n 
to overcome the resistance to motion due to the 
inertia of the ship, but directly any motion is given 
the water offers a further resistance, which increases 
more rapidly than the speed. The lecturer showed 
that it is possible to determine the thrust that a pro- 
peller exercises in giving acceleration to the mass of a 
ship. This force is partly expended in accelerating 
the mass, and partly in overcoming the resistance 
which the water offers to theship’s motion. When 
a speed has been reached in which the water resis- 
tance isequal to the thrust of the propeller,no force is 
available for accelerating the mass of the ship, and 
uniform motion is established. The whole practical 
problem of propelling a ship thus resolves itself to 
one of measuring the resistance which the ship will 
encounter in moving at a uniform speed through the 
water. When this consideration is applied to 
sailing-ships we have to consider the forces acting 
on the 2 They have to be resolved in a trans- 
verse and fore-and-aft direction for effective motion. 
The greater the resistance to transverse movement 
the better, and for headway motion the less the re- 
sistance the better. The result of the forces applied 
to the sail is to cause an inclining couple transvesel 
and an inclining couple longitudinally together wi 
a force pushing the vessel to leeward, and a force 
pushing the vessel ahead. A transverse couple 
inclines the ship, so that in a sailing ship great 
transverse stability is necessary. The longitudi 
couple tends to put the ~ down by the head, 
and makes a demand on the longitudinal stability 
of the ship. As this latter is always and 
much} greater than the transverse stability, it does 


not enter much into the naval architect's caloula- 
tions. 

The subject of resistance to transverse motion is 
not a difficult one, because, to be effective, it must 
be ‘large, and there is never much difficulty in 
getting large resistance. But the resistance to 

eadway motion must be small for effective pro- 
pulsion, so that the study of resistance is almost 
completely confined to that of headway resistance. 
No satisfactory method of calculation of total re- 
sistance has been devised, and the subject has only 
received an experimental solution. The experi- 
mental tank is too familiar to need explanation, 
and a t deal of research by the Froudes, 
Taylor, er, and other experimenters has been 
carried out. It is possible from these results to 
— with close accuracy the resistance of many 
orms. But cases occasionally occur not covered 
by these researches, and one was referred to by 
the lecturer, in which quite recently, by reference 
to the National Physical Laboratory Tank, im- 
provements in a form of an unusual character 
were made so that the resistance was reduced by 
25 per cent. 

e method of investigating propeller efficiency 
was also fully explained and dealt with, and the 
relations of effective propulsion to machinery design 
were touched upon. The advance in speed which 
followed, first, the adoption of steam, and second, 
the improvements in the form of the ship and 
economy of engine, were treated. 

An analysis of 43 vessels, belonging to the East 
India Company, which went from England to India 
and China between the years 1792 and 1834 wae 

iven. Calm and light fair winds existed for 
33 per cent. of the voyages, fair wind for 56 per 
cent., and foul wind for 11 per cent. Yet the 
mean speed for all these voyages was under 5 knots 
on the homeward and 5.4 knots on the outward 
voyages. In the latter there was a smaller pro- 

rtion of foul wind and a larger proportion of 
air wind than in the former. ese were vessels 
of from 1000 to 1400 tons. In later periods in the 
’nineties the average of six sailing-ships of about 
2000 tons showed an average 8 of under 
3 knots from port to port. Special cases were men- 
tioned in which higher speeds were developed in 
sailing-ships, and some striking figures were given 
of nee in some famous yacht races. That in 
which the America won the Cup was done at a 
speed of less than 5 knots. Cup defenders seldom 
exceed an average of 10 knots throughout a race. 

S of earlier steamships were given on 
voyages to the East, and it was shown that 
54 knots was a good average speed in 1825. In 
1837 as much as 9 knots was averaged in steamers 
of 700 tons. Some of the latest American sailin 
ships which sailed in the ‘fifties showed as muc 
as 12} knote from New York to Liverpool, though 
the average speed across the Atlantic between 
these ports was less than 6 knots. During the 
‘fifties speeds of 12 and 134 knots were obtained, 
though not much exceeded till 1869, when they 
reached 144 and 15 knots. In 1874 they reached 
16 knots ; in 1881, 174 knots ; in 1883 they reached 
19 knots ; in 1885, 194 knots; in 1889, 20 knots ; 
in 1893, 22 knots; and in 1899 they reached 
23 knots. This may not seem to be smooth-water 
sailing results, but it was pointed out that the 
maximum speeds have generally been obtained in 
smooth water. 

That the training in sailing ships is still valued 
is shown by the building of the 700-ton sailing 
vessel Exmouth II. for the Metropolitan Asylums 
Board, which vessel has been built to train boys 
for the sea. Attention was called to the fact that 
while there was so much money spent on education 
in this country, very little of it goes to training for 
the sea, and the opinion was hazarded that 


ere 
is much more real sport in taking part in the 
sailing of a vessel like Exmouth I than in all 


the football or cricket games that ever were played. 

The second lecture, devoted to ocean travel, did 
not deal with the subject from the tourist’s point 
of view, but from that of the naval architect, who 
is responsible for the safety, comfort, and speed of 
ocean-going ships. The problem of making a ship 
safe, comfortable, and speedy in rough water 
involves other problems than those dealt with 
under smooth-water sailing. 

Pitching and heaving amo: waves introduce 
greater stresses than are met with in smooth water, 
and the results of investigations of stresses due to 





pitching and heaving were given. The onypeed 
stresses which come upon 6 silpase thease ich are 
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caused by the tendency to bend longitudinally. 
The inequalities of weight and buoyancy which 
exist in smooth water are generally accentuated in 
rough water. The passage of a wave along the 
ship increases the buoyancy on the crest 
of a wave, and decreases it in the hollow. 
The amount of material in the structure is 
determined on the assumption that the ship is 
poised on the crest or in the hollow of a wave ; but 
pitching only increases the stresses which are not 
the maximum, and so only makes it necessary to 
have the amount of material greater at points 
where the stresses are not the maximum than 
would ben to support the ship momentarily 
in the crest or hollow of a wave. This is why the 
scantlings of the midship section are not rapidly 
reduced towards the ends, but are maintained for a 
considerable proportion of the length of the ship. 
By these investigations these stresses can be deter- 
mined, and the naval architect is thus able to safely 
provide the proper amount of material to resist the 
action of the forces which come upon a ship when 
she is in bad weather. 

The subject of providing sufficient stability for 
ocean travel was dealt with, and it was pointed out 
that for steamships the apparent paradox exists 
that to resist motion amongst waves a ship should 
have no stability. The stability which she has 
when she is inclined, while the water surface 
remains unaltered, causes her to return to the up- 
right, and in order that the ship should return to 
the upright, some stability is necessary ; but if the 
ship is upright and the water surface is inclined, 
in order that the ship should remain — there 
should be no stability, or the vessel moved 
from the upright. e limitation of this reduction 
of stability is that some stability has to be pro- 
vided for other purposes than that of resisting the 
action of the water. The heaving sea is generally 
caused by strong winds, and these will cause the 
ship to heel over, the amount of heeling being 
less the greater the stability. It is, therefore, 
necessary to provide some stability for the ship, 
and when this is done the change of level of water 
surface gives to the water the power to incline the 
ship. The proper amount of stability then is that 
which is sufficient, and no more, to resist the action 
of the wind, and this may be quite small. 

The effect of wave action upon a ship is greater 
the greater the stability, and the greatest takes 
place when the period of the wave and the period 
of the ship’s oscillation synchronise. The smaller 
the stability the longer will be the ship’s period of 
oscillation, and the larger must the wave be to 
synchronise with the ship. As large waves occur 
much less frequently than small ones, it is desirable 
to give the ship small stability, so that she may 
less frequently a rolled by the sea. 

The impulse which each successive wave gives to 
the ship tends to cause her to roll, and if, as 
already stated, the period of the ship synchronises 
with that of the wave, the rolling will continue to 
increase until enough resistance to rolling is deve- 
loped to prevent further increase. This is also 
true in non-synchronous rolling, and the import- 
ance of resistance to rolling is seen to be very 
great. Bilge-keels and rolling-chambers have been 
introduced to increase resistance, the former being 
effective at large angles, while the latter are 
effective at small. Incidentally the importance of 
resistance to motion in a head sea was dealt with, 
and it was pointed out that from the results of 
investigations in the experimental tank it had been 
found that a lar series of head seas would, 
under favoured circumstances, increase the resist- 
ance to headway motion of a ship as much as 
100 per cent. 

The effect of waves of large size upon the stresses 
which come upon a ship was fully dealt with. It was 
shown that in vessels of the Channel steamer type 
the stresses in still water were to those on the crest 
of the wave as 1 : 1.56, and to these in the hollow as 
1 : 4.3, even in waves only one-half the height of a 
standard wave—that is, only one-fortieth of the 
length of the ship—and that in a standard wave, 
stresses in the hollow may be as large as seven times 
those in still water. It was also shown that in 
waves one-half the length of the ship and one- 
twentieth of the length in height the stress was 
very little increased above that in smooth water, 
and in waves of the length of the ship or even to 
one-and-a-half times the length of the ship the 
stresses were considerably higher than in smooth 
water. Applying this to ships of t dimensions, 
such as the Aquitania, and keeping in view the 


fact that waves at sea are very seldom more than 
500 ft. long, it was shown that the intensity of the 
bending moments which come upon a ship of the size 
of the Aquitania must be much less than those which 
will come upon a 500-ft. ship in bad weather condi- 
tions on the ocean, and that the longer the ship above 
| this length the nearer must the stresses approxi- 
mate to those of smooth water. This consideration 
‘tends to mitigate the disadvantage of increased 
' structural weight due to increased length in ships, 
| and makes it possible to secure the economy of —_ 
ships over small ones. This subject was fully 
dealt with by Sir John Biles in the evidence given 
by him recently before the Dominions Royal Com- 
| mission, which was fully dealt with in our issue of 
' February 27 (page 289 ante). 

These considerations, which appear to be largely 
theoretical, were shown to be borne out in practice, 
and on as large a scale as those condu by the 
Destroyer Committee, of which Sir John Biles was 
a member, by experiments made upon H.M.S. 
Wolf in Portsmouth. This vessel was supported 
on supports placed sufficiently far apart to cause 
the bending moments to be those which might 
come upon a ship if poised on the crest of a wave 
of stan dimensions ; and it wasshown that the 
greatest recorded stresses brought upon the ship 
when in dock were much greater than those 
which came upon the ship in the severest 
weather which was encountered in a series of 
trials specially arranged to test her in bad 
weather. This vessel was over 200 ft. long, and 
could much more easily find waves which would 
bring considerable stresses upon her than could a 
larger vessel, so that these experimental results 
may be looked upon as justifying the practice of 
naval architects in providing strength for ships 
which have to cross the ocean. 

The subject of sub-division, which has been dealt 
with in part by the International Conference, and 
which is still being dealt with by the British Bulk- 
heads Committee, was treated in this lecture, and 
the methods of calculation explained, while the 
effects of systems of sub-division were shown in 
cases where compartments were flooded It is 
curious to note that no safer degree of sub-division 
has been given in ships which were built after the 
1890 British Bulkhead Committee had reported 
than existed in the Paris and New York, which 
were built before this Committee was formed. 

The third lecture dealt with the War Navy. 
The same problems of stability, strength, and sub- 
division apply in warships as apply to other ships, 
except that provision has to be made for a larger 
extent of flooding than is generally likely to occur 
in the latter class. Methods of dealing with the 
investigation of such cases were fully gone into, but, 
a. one of the most interesting parts of the 
ecture was that which dealt with the number of 
men borne in the books of the Navy in decennial 
periods ranging from 1816 to the present time. 

In 1836 the minimum number was 30,000. It 
was 60,000 in 1856, 60,000 in 1876, and very little 
more in 1886. In 1896 it reached very nearly 94,000, 
in 1906 it was 129,000, and this year it will reach 
nearly 150,000. The sums spent on the Navy for 
the as years was as low as 4} millions 
in 1836, 103 millions in 1866, 13} millions in 1886 
(the same as was spent in 1816), while the estimates 
for this year provide for about four times as much 
as was spent in 1886 and about eleven times as 
much as was spent in 1836. It was pointed 
out how little different the Victory was, which 
was built in 1765, to the last wooden battle- 
ships built in 1850. The change from wood to iron, 
which took place between 1856 and 1876, was most 
momentous. The complete abandonment of sails 
and the full reliance on steam was effected between 
1870 and 1880, and the warships of this period were 
fully dealt with. 

othing like such a great change occurred from 
1880 to 1905, and this period, therefore, has little 
interest. In 1905 the active brain of Lord Fisher, 
with his readiness to take advantage of all the 
other active brains with which he came in contact, 
focussed the development of thought in the Navy in 
the direction of increased destructive power. e 
details of the Dreadnoughts and the super-Dread- 
noughts were dealt with very fully, but we need 
not repeat here that upon which we have con- 
tinuously informed our readers. But perhaps not 
the least interesting part of the lecture was the 
description of the developments of the submarine, 
to whose invisible and destructive attack there 





is not yet any reply. 





It was pointed out that the immediate future of 
battleship design is as interesting now as it has 
been at any time in the last fifty years. The gun 
has gone on increasing in power. The torpedo 
has become almost as long ranged as the gun, and 
is more damaging to the ship when it strikes. A 
ship may continue to be fought after being struck 
by many — from the most powerful gun ; 
but its offensive power would be seriously crippled 
by one successful torpedo, and more than one 
would most probably put it out of action. The 
destroyer torpedo attack may not always be effec- 
tive, but it has still to be reckoned with as a real 
menace. The reply to the gun is armour and other 
guns. But all armour afloat can be penetrated by 
the latest guns, and the best that can be said for 
armour is that it to some extent reduces the effect 
of the damage by the shell. To the submarine 
there is no reply in the form of armour, though 
our latest ships are supposed to have sub-division 
sufficient to minimise the torpedo attack of the 
submarine. Some hold the view that the menace 
of the torpedo, due to its deadly effect and the 
ease of multiplying the number of attacking vessels, 
necessitates a sub-division of our battleship’s 
ag into more numerous and smaller units. 

his naturally increases the first cost and that of 
running and maintenance, but with a given expen- 
diture it may be better to have fewer guns 
mounted afloat, provided that they are in a larger 
number of Sande. The effect of successful range- 
finding in the early moments of an action will 


oi | determine the results, for the ship that 
gets the correct range first may so damage the oppo 
thi 


nent that effective reply will be impossible. If 
is so, the fleet with the more numerous ships, 
and therefore more numerous range-finding oppor- 
tunities, has the better chance of preventing an 
effective reply. Large ships can have higher speeds 
than small ones, and the limit to the reduction of 
size and increase of numbers will be reached when 
speed is so reduced as to become a serious tactical 
disadvantage. If the efficiency of gun-fire is in any 
way reduced by such a change, a further limit will 
be put. If size itself gives a protection, this must 
be taken into account. But the use of oil and 
turbines has so reduced the weight of motive power 
that much higher speeds can be got for the weight 
that was appropriated in the coal burning earlier 
ships. It may be that some of this advantage may be 

e use of to reduce the size of ships and increase 
their number. It may be that armour may to some 
extent be sacrificed, and gun attack be allowed to 
be more effective, in order that some compensation 
should be available for the effect of to: o attack. 
It thus follows that the increasing destructive 
effect of the torpedo brings into the battleship 
problem the possibility of changes which may once 
again revolutionise warship design. 

It will be seen that the lectures with which we 
have been dealing covered lightly, if not com- 
pletely, almost all of the ground of modern ships. 

e Royal Institution is a field upon which such a 
treatment can be well ye on The audience is 
neither a collection of students nor a technical 
society, but it affords an opportunity for a broad 
view of a large subject, which neither the univer- 
sities nor the technical institutions can give, and 
we consider that in asking Sir John Biles to give 
this course of lectures the Royal Institution has 
enabled him to render a most useful service. 








Tue RHENISH -WESTPHALIAN CemMENT Union.—The 
fate of this union—that is, its continuance—appears still 
to be very uncertain. The difficulties no longer are mainly 
with the outsiders, although this problem has not yet 
been definitely solved, but it is the differences with the 
a ng bmg ag op cause gt oy serious 
trou This factory already in e arrange- 
ments with the Hanoverian - Oeutral German Cement 
Union, and now holds out for conditions for joining the 
ee Gen Union, which the latter refuses to 
accept. This difficulty also appears to affect the position 
of one or more other works. 





“Tue UniversaL Execrrica, Drrxcrory (S. A. 
Bek ty’s), 1914.”—This directory with the present volume 
enters upon its thirty-third year of publication. It is 

blis at the price of 21s. see . Alabaster, 

menage Fe eh Ludgs ~ — E.C. > en’ the 
names, resses, telegraphic resses, an ephone 
numbers of the electrical onaineess and —, =~. 

ies throughout the Uni ingdom, ritis! 
Bol ies, the Continent and the Uaieed States. Refer- 
ence to the ge S ee et im, © be and 
tos ities dealt with is facilitated by the division of 
the book into a number of chapters. Like the former 
editions, it will be found a most useful guide to merchants 
and pu of all electrical articles and plant. 
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THE HAMBURG-AMERICAN LINER 
“CAP TRAFALGAR.” 


THat the energies of the Hamburg-Amerika Linie | W 


are far from exhausted by the great efforts they are 
making towards the improvement of their North 
Atlantic services is rendered evident by the develop- 
ments concurrently taking place in the services of 
their associated company, the Hamburg-Siidamerikan- 
ische Dampfschiffahrts Gesellschaft—the Hamburg 
South American Steamship Company. Some eighteen 
months ago this company lageeved their Hamburg, 
Monte Video, and Buenos Aires service by adding to 
it the Cap Finisterre, a boat 560 ft. long and of 14,500 
tons. Further development may now be recorded by 
the sailing on her maiden voyage last week of the 
Cap Trafalgar. This- boat, which is the largest and 
fastest in any South American service, is 593 ft. long, 
72 ft. beam, and has a gross tonnage of 18,000. The 
engines are of 16,000 horse-power, and give her a 
speed of 18 knots. 

The Cap Trafalgar, like many of her forerunners in 
the same service, was built at the Vulkan Works, 
Hamburg, and under the supervision of the Ger- 
manische Lloyd. Needless to say, she embodies all 
modern ideas in the way of bulkhead subdivision, 
carries boats in excess of all regulations, and has 
a wireless -telegraphy outfit. Her machinery is a 
combination of turbines and reciprocating engines. 
She has three propellers, the port and starboard ones 
being driven by four-cylinder triple-expansion engines, 
and the centre one by an exhaust turbine. The boilers 
are fourteen in number, of the modified Yarrow 
water-tube type, similar to those fitted to the 
Imperator. The ship is fitted with Frahm anti- 
rolling tanks. Accommodation is arranged for carry- 
ing four classes of passengers. For the first class 
there are 392 regular and 200 reserve beds, together 
with sleeping accommodation in 27 private suites. 
The second-class accommodation is arranged for 
140 passengers, the second class A for 134 passengers, 
and the steerage for 920. 

Although the Cap Trafalgar is a large boat for the 
South American trade, she is none the less small in 
comparison with many of the huge liners of the North 
Atlantic. This being so makes her passenger accom- 
modation all the more remarkable. By ingenious 
utilisation of the space, a series of first-class public 
rooms has been constructed, which, in completeness 
and attraction, compare more than favourabl 
those of any ship so far built. The rooms include a 
dining-saloon extending the full width of the ship, 
and the height of two decks, a palm garden, smoking 
and drawing-rooms, children’s dining-rooms, swimming- 
bath and gymnasium. The palm garden is a delight- 
ful apartment, covered by a large glass dome, and 
furnished with the usual easy chairs and small tables. 
Its flowers and plants, as well as those for the dining- 
saloon and otherapartments, are replenished as required 
from a hot-house on board. The large windows form- 
ing the sides of the palm garden may be ont when 
the ship is in hot climates, so practically throwing the 
whole area into the open air. There are 27 private 
tuites, some of which consist of a sitting-room, bed- 
room, bath-room, servants’ room and private gage- 
room. All first-class state-rooms are on the Bibby 
tandem principle. Other accommodation and arrange- 
ments for the comfort of passengers include two 
large promenade - decks, the lower being provided 
with sliding windows, so that it may be enclosed in 
bad weather, a passenger lift serving the first-class 
decks, a laundry, and a tailoring and a dress-making 
department, &c. The whole of the first-class accom- 
modation is situated amidships. The second-class 
apartments are placed aft, and include dining and 
smoke-rooms ond: a special promenade-deck. Second- 
class A is forward, while the steerage quarters are both 
forward and aft. A passage running the whole length 
of the ship connects the two steerage sections and 
vbviates the necessity of steerage passengers making 
use of the cabin-deck. 





New Moron Suip.—The twin-screw motor vessel 
Falstria was launched on Thursday, the 12th inst., b: 
Messra, Harland and Wolff, at their Glasgow ship 
The Falstria is the first of two sister v which are 
under construction by the same builders for the East 
Asiatic Company, Copenhagen ; she has been built to the 
highest class »f Lloyd’s Register. In length over all she 
is 381 ft.; in th, moulded, 50 ft. ; and in 2 
about 4500 gross: She has a bottom with water-tight 
bulkhead subdivision. The main and upper decks and 
also the poop, bridge, and forecastle d are of steel. 
Accommodation is to be provided for a number of first- 
class passengers. i 
trically operated, and the i 
electric-hydraulic principle. 
three-masted schooner, with fourteen derricks, arr: 
to lift from 3 tons up to 10 tons, and in addition a heavy 
derrick to lift 25 tons. She will be propelled by two four- 
stroke cycle single-acting Diesel motors, each coupled 
direct to its line of ting, there being, further, two 
four-stroke cycle single-acting auxiliary Diesel motors, 
each cou direct to a d an air-compressor. 
Each of the main motors has six cylinders. 


is arranged on th 
yreauh Ie sagel o © 


with | beds 


The winches and windlass are elec- | bu 





ROYAL METEOROLOGICAL SOCIETY. 


THE monthly meeting of this Society was held on 
nesday evening, the 18th inst., at the Institution 
of Civil Engineers, Great George-street, Westminster, 
Mr. C. J. P. Cave, President, in the chair. 

Professor A. C. Seward, F.R.S, gave a lecture on 
“Climate as Tested by Fossil Plants.” Problems con- 
nected with the climates of past have long exercised 
the minds of scientific writers both from an astronomical 
standpoint and from the point of view of the gradual 
development and wanderings of plants and animals since 
the earliest periods that have left recognisable records. 
An estimate of the value of plants as ‘‘thermometers of the 
ages” necessitates an inquiry into the power of acclimati- 
sation of recent plants and their ability to respond to 
external stimuli ; a comparison of land and water plants 
illustrates the on of vegetative organs and the inti- 
mate relation between form, structure, and environment ; 
similarly, plants growing in dry a, or under other 
conditions unfavourable for the absorption of water, are 

ised by certain structural features reflecting the 
circumstances in which they live. A compari of in- 
dividuals of the same species grown at high altitudes, at 
lower levels, or before continuous light, afford strikin 
evidence of the power of adaptation. The difficulty of 
using fossil plants as tests of climate becomes joumenely 
great in proportion to the degree of difference between t 
extinct types and their nearest living relations. It is from 
the examination of petrified plants, the delicate tissues of 
which are almost perfectly preserved, that data may be ob- 
ined throwing light on climatic conditions. This method 
of inquiry is best illustrated by a consideration of some 
of the anatomical features of the leaves, stems, and roots 
of trees which grew in the forests of the coal period ; the 
form and arrangement of cells in the leaves indicate 
fairly bright sunlight; large spaces in the cortex of 
roots point to growth in swamps. The geographical 
distribution of plants during the latter part of the 
Palzozoic era affords evidence of the existence of two 
botanical provinces, a northern province characterised 
by a luxuriant flora living under conditions more genial 
than those to which the poorer flora of the southern 
hemisphere was exposed. The ce or absence of 
rings of growth in the petrified stems of plants may afford 
evidence of the occurrence or absence of season 
A general survey of the Jurassic flora of the 
world leads to the conclusion that the climate was 
comparatively uniform, and in Arctic and Antarctic 
regions much more genial than at the present day. The 
fossil floras of more recent geological periods furnish clear 
evidence of subtropical conditions in Europe; in later 
times the occurrence of northern types in Britain heralds 
the approach of the Glacial period, and in post-glacial 
ds are found fragmentary remains of immigrants from 
neighbouring floras which have largely contributed to 
our present flora. 





Our Coat Aproap.—The exports of coal from the 
United Kingdom in February were 5,725,877 tons, as 
compared with 5,569,917 tons in February, 1913, and 
5,514,984 tons in February, 1912. In the two months 
ended February 28 this year the receipts were 11,520,647 
tons, as compared with 11,640,235 tons and 10,936,159 tons 
in the corresponding periods of 1913 and 1912. 





Tue Late Mr. Francois Fox.—We t to have to 
announce the death, at his residence, Teignmouth, of Mr. 
Francis Fox, a member of the Institution of Civil 4 
neers, and a Telford Medallist of that Institution. r. 
Francis Fox was born in Plymouth, and was ninety-five 
years of age. He was employed as an engineer in the 
construction of several gas works and railway works in 
Cornwall and Wales, and was for more than twent 
years the chief a of the Bristol and Exeter Rail- 
way, & post which he relinquished in 1876. Mr. Fox 
also carried out works at Bristol for the Town Council, 
and works on the River Frome. 





Tue GeneRAL Exxorric Company, Limitep.—This 
company gave, on Saturday last, the 14th inst., their 
twenty-second annual dinner, the gathering numbering 
sevaull hundreds. Mr. H. Hirst, chairman of the com- 
pany, presided, and in the course of his toast to the 
** Electrical Industries within the Empire,” gave in- 
formation on the work his company had lately carried 
out, and indicated the lines on which this was develo; 
ing. The company, he said, would very soon enter the 
ranks of the few firms in the world who manufactured 
everything electrical. continued the work of 


pag: Ay 
. | establishing themselves in Dominions oversea. There 


were organisations in Calcutta, Madras, Johannesburg, 
Cape Town, Durban, Sydney, Melbourne, and Welling- 
ton, to which had been recently added Toronto 
replicas of their establishment at home—youthful G.E.C’s, 
each managed by a staff that included some sixty to 
seventy young men trained by them and sent out to 
extend the borders of their influence, and to preach the 
gospel of the three letters G.E.C. At present, he added, 
they administered their business from eleven or twelve 
ildi seattered in or around Queen Victoria-street, 
but they had secured the site of about 26,000 sq. ft. in 
Kingsway, where they would erect a building which he 
had reason to believe would be one of the finest and 
largest electrical establishments. He dealt in a most 
interesting way in his closing remarks with the future 
possibilities of electricity in regard to facilitating long- 
distance communication and travel. The gathering was 
most successful in every respect, and the excellence of 
every arrangement reflected great credit upon the 
organisers. 





NOTES FROM THE NORTH. 

mah Ty si 

Glasgow Pig-Iron Market.— u y morni 6 
market opened with a dull tone, and once again no deal- 
ing took Sellers of Cleveland warrants quoted 
50s. 74d. cash, 50s. 10}d. one month, and 5is. three 
months. Easier conditions prevailed in the afternoon, 
when 2500 tons of Cleveland warrants were done at 
50s. 6d. cash, and 51s. three months. At the close there 
were sellers over at 50s. 6d. 50s. 9d. one month, and 
51s. 1d. three months. On Friday morning the market 
continued in a lifeless state, and i barely kept 


steady. The age | quotations of veland warrants 
were called 50s. 6d. cash, 50s. 84d. one month, and 
5ls. 04d. three months sellers. In the afternoon 


there were few buyers, and Oleveland warrants were 
in easier, only one lot changing hands at 50s. 11d. 
ree months. losing ers named 60s. 5}d. cash, 
50s. 8d. one month, and 50s. 11}d. three months. On 
pen | morning the market showed no improvement, 
although Cleveland warrants were the turn firmer. 
lot in compri the turnover, and it was done at 
50s. “fa. cash, the session closing with sellers at 50s. b 
cash, 50s. 9d. one month, and 51s. 14d. three mon 
Idleness characterised the afternoon market, and at the 
close sellers of Cleveland warrants named 5is. 6d. cash, 
50s. 9d. one month, and 5s. ld. three months. On 
Tuesday morning a little more business was done in 
Cleveland warrants, but there was little change in the 
tone of the market. The turnover consisted of 1500 tons 
at 50s. 64d. and 50s. 54d. cash, and 51s. 04d. three months, 


with sellers over at the latter re, and at 50s. 6d. cash, 
and 50s. 84d. one month. In the afternoon there was no 
dealing of any kind, and sellers of Cleveland warrants 


quoted the turn firmer at 50s. 64d. cash, 50s. 9d. one month, 
and 51s. 14d. three mon When the market opened 
to-day (Wednesday) there was a welcome improvement 
in the tone and Cleveland warrants were stronger, but 
i were small and only totalled 1000 tons at 
8$d. cash and 50s. 10d. one month. The close 
showed an advance of 2d. to 24d. per ton, with sellers 
naming 50s. 9d. cash, 50s. 1ld. one month, and 5is. 3d. 
three months. In the afternoon the strength was barely 
maintained and 1500 tons of Cleveland warrants were put 


a] | through at 50s. 8d. cash, with sellers over at that - 7 
mths. 


and at 50s. 104d. one month, and 5i1s. 3d. three mo 


Sulphate of Ammonia.—With the general easier tone 
in business the sulphate of ammonia market has also 
become a shade weaker and prices are a trifle down. 
The current quotation for prompt lots of sulphate of 
ammonia is now 12/. 7s. 6d. per ton, Glasgow or Leith. 


Scotch Steel Trade.—The feeling of doubt which has 
prevailed during the week or two as to whether or 
not the Scotch Steel-Makers’ Association would cease to 
exist has had anything but a steadying influence on the 
trade in ral. Buyers who had orders to place have 
held off the market, and have only purch for actual 
necessities, while others who are not in immediate 
requirement of —, » are meantime awaiting 
developments. he adjourned meeting of the Associa- 
tion duly came off last Friday afternoon, but the final 
decision has meantime been delayed, and nothing definite 
is likely to be declared until after the forthcoming London 
meeting. One point which cannot be overlooked in 
the present trouble is that if it is decided to expel 
from the Association any member against whom it may 
be proved that he has under-selling to the extent 
of about 5s. per ton, then that is equivalent to a 
general reduction in prices. On the other hand, if the 
agreement of membership has been broken, then the 
Association, in fairness to its members, must act accord- 
ingly. No reduction could reasonably be made in ship 
plates without the makers in the North-East of England 
either falling into line or giving their consent, as the two 
associations have now worked harmoniously together for 
some time. What will be the result of the London 
meeting it is impossible to foretell, but it is being 
looked forward to with great interest. At the various 
works there is at present a lull, and the output is con- 
siderably under the maximum, owing to the scarcity of 
specifications for heavy material. tions are also in 


poor demand, and makers of black and vani 
sheets are likewise short of «gg for the 
heavier gauges the demand is fair. export trade is 


keeping up very well, but does not show much sign of 
expansion ; nevertheless there are one or two bright 
—_ to which some respectable quantities are being 

ipped. Prices generally are unchanged, except where 
not under association control, in which case 
rather easier over the week. 


Mallable-Iron Trade.—The conditions in the West of 
Scotland malleable-iron trade are still dull, and the 
outlook is not very rosy. A reduced number of shifts is 
all too common in the majority of the works, owing to 
the shortage of specifications against con while new 
business is not easily secured, on account of tinental 
competition. Prices are unchunged, and are based on 
61. 178. 6d per ton, less 5 per cent., for “‘ crown ” bars. 


Scotch Pig-Iron Trade.—Towards the close of last week 
there was a slightly better demand for the ordinary 
——- of Scotch pig-iron; but it was only a passing 

lemand, and business is again only fair. ith prices 
rather easier an . oy . looked for. ae 
against contracts, ome and export, are keeping up 
very well, and inquiries from abroad are erately 
satisfactory, Hematite is still very quiet. The follow- 
ing are the market quotations for makers’ (No. 1) iron :— 


they are 


ee tae ta (ail ahitipad as Glangow); Glongarnock (es 
‘ ; a 
Ardrossan), 71s. ; Shotts (at Leith) 686. 6d. ; and Carron 


(at Grangemouth), 69s. 








396 


ENGINEERING. 





[Marcu 20, 1914. 








NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Though there is nothing 
in the nature of a panic, householders are coming into the 
market very freely indeed to obtain surplus supplies in 
readiness against the threatened county strike of miners, 
with the result that last week’s volume siness in house- 
coal has expanded to the extent of something like 25 per 
cent. But neither here nor in any other department of the 
trade have prices yet advanced. On all sides there has 
been such « steady shrinkage in the demand that »ppor- 
tunity -) left for mgt ae ate my ol —_oe mem 
taxi resources, is, despite t sev 

its fo the Rotherham district have been closed down 
for a considerable time. But there is little doubt that 
when London leads the way in in rices South 
Yorkshire owners will soon follow suit. steams 
show a much stronger tendency both on export and local 
industrial account. A deeidedly greater improvement is 
looked for with the advent of the full shipping season. 
Ges fuels are a sound market. Many gas companies are 
increasing their stocks as a precautionary measure. 
Slacks are unsteady. Common sorts are being sold in 
cheap lots. Ooke occupies a similarly unsatisfactory 
po. Quotations : Best branch hand-picked, 16s. to 
7s.; Barnsley best Silkstone, 14s. to 15s. ; Derby- 
shire best brights, 12s. to 13s.; Der house, 
lls. 6d. to 12s. 6d.; best to 12s. 6d.; 
best small nuts, 9s. 6d. to 10s. 6d.; Yorkshire hards, 11s. 
to 12s.; Derbyshire hards, 10s. to 1l1s.; rough slacks, 7s. 
to 8s.; 5s. 6d. to 6s.; smalls, 2s. to 3s. 6d. 

Iron and Steel.—The raw material market is threat- 
ened with another relapse just when prices were 
apptoaching a remunerative level. Contrary to the 
experience of the ing four or five weeks, the 
output has overreac the demand, and where buying 
is most in evidence it is of a hand-to-mouth character. 
Foundry iron is maintaining the current quotation 
with difficulty, and forge is stagnant, while hematites, 
both East and West Coast, are in some cases marked 
down sixpence. Deliveries show an all-round fall- 
ing off. The steel- scrap market overflows with 
material obtainable at cheap rates. Sheffield bar-mills 
are on short time. The dumping by Germany of nearly 
double the _—— tonnegs Aah ee = = — is 
increasing de ion in ucts and bringing about 
a mark seinen in overseas business. Conditions in 
the steel trades differ so tly as to — a 
description. While the order-books of several firms 
disclose a rather depressing state of affairs, other 
concerns re steady business, and in some instances 
exceptionally heavy booki Messrs. Hadfield’s, 
Limited, for instance, have ked 50 per cent. more 
orders this year than during the corresponding period 
of last year. Judging, however, from railway traffic 
figures, which are always a reliable index, it may be 
taken that the volume of trade is on the decline, 
at any rate so far as current output is concerned. In 
armour plate two big orders have a been completed for 
Continental admiralties. Shipbuilders’ requirements 
maintain a high level. Special steel-makers are un- 
influenced by depression elsewhere. Orders for steel for 
motor-car construction are particularly heavy, but in the 
cheaper qualities the demand has shrunk. Railway- 
material departments are steadily employed on export 
account, but find very little encouragement from home 
companies. Labour unrest still darkens the outlook in 
the engineering trades. The engineers have not yet 
accepted the employers’ offer of 2s. a week advance now, 
and a further ls. in six months’ time. The bar to a 
settlement seems to be the workers’ growing antipathy 
to an agreement of any | In this case the em- 
ployers’ offer is accompanied by a three years’ agree- 
ment. Neither saws, files, nor other implements are in 
such good request. Steel billet prices do not improve. 





Allen Fs tilt by the Feat ‘Shiptoildis 4 
n liner rian, built by t ail ipbuildi 
and Engineering Company, Glasgow, under pee | 
survey of the British Cor tion, ran progressive speed 
trials on the 16th inst. on the measured mile at Skelmorlie, 
and, a eee trials on the Firth of Clyde. 
The = consisted of seven double runs on the 
mile, inning atas of 11 knots and working up 
gradually to full speed. On the last double run the mean 
a ts, which is a knot and a half more 
t that which will be required in lar service. In 
the course of the manceuvring trials the vessel turned 
a complete circle to port in 3 minutes 45 seconds and 
~a complete circle to starboard in 4 minutes 35 seconds. 
After these trials she returned to the tail of the bank, 
and. later she went on a continuous 600 mile run. The 
Pe four-sorew vessel of about 18,000 tons 
an knots sea speed, generally resembling 
Alsatian, illustrated in ENGINEERING, vol. xcv., 
451, and vol. xev., 852. and was described in 
. xev., page 575, on ocvasion of her launch. 
Accommodation is provided for 200 first-class, 450 second- 
class, and 1000 third-class and in addition the 
ship will carry a crew of about 450. The propelling 
machinery consists of four turbines of the Parsons type, 
resembling the machinery of the Empress of Russia and 
the Em of Asia, constructed recently at the same 
port wing-shaft is driven by a high-pressure 


ts | 360 to 400 gallons per minute having 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is not much new 
to report concerning the pig-iron trade. Many makers 
have fairly good order books, and they are’ not anxious 
to enter into new contracts at present, as current rates 
are unremunerative, and prospects of reduction in cost 
of uction are not very promising. Buyers also are 
rather backward, and there is a general feeling of uncer- 
tainty with to the future, notwithstanding the 
prevailing opinion that purchases will have to be made 
shortly to meet fully spring and summer requirements. 
The statistical situation is excellent, and continues 
slowly and steadily to im’ 
to hematite at Messrs. Bolckow, Vaughan and Co.’s works 
was previously running on Cleveland pig, and not on 
anal’ | iron, as reported. At Jarrow, a furnace which 
has been making Cleveland pig has been turned on to 
special iron for the maker’s own nse, and a hematite 
furnace has been blown out. We understand that 
now no hematite is being produced at Jarrow. The 
total number of blast-furnaces blowing on the North- 
East ay ns he bag E peng ae 75, o=— 38 are 
making Cleveland iron, 25 are producing hematite pig, 
and 12 are manufacturing special kinds of iron. No. 3 
g.m.b. Cleveland pig is steady and firm at 51s. f.o.b., at 
which figure a number of sales have recorded ; 
whilst No. 1, which has become scarce, has stiffened to 
53s. 9d., after having stood at half-a-crown above No. 3 
for some time past. No. 4 foundry is 50s. 6d.; No. 4 
forge, 50s. 3d.; and mottled and white iron, 50s.—all for 
~< early or ee yy There is a1 or 
nothing ing in t Coast hematite pig. ices 
show a deogeaed tend , but are heoliy quotably 
lowered. Sellers offer Nos. 1, 2, and 3 freely at 62s. for 
either early or forward delivery. Business in foreign ore 
is at a standstill, but sellers are not disposed to make 
any great concessions to endeavour to induce business. 
As a rule they hold out for prices on the basis of 
18s. ex-ship Tees for Rubio 50 per cent. quality. 
Consumers consider that quotations should not 
above a basis of 17s. Freights for ore-boats 
are rather firmer. Coke shows a marked up ten- 
dency, but manufacturers declare that prices are un- 
profitable, and, as a consequence, they are putting ovens 
out, preferring to sel] their coal rather than convert it 
into coke ata loss. Supplies are anything but plentiful, 
and consumers are anxious to get in their stocks to see 
them over Easter. The threatening state of affairsin the 
Yorkshire coal trade has assisted to stiffen coke here. 
Durham blast-furnace coke of medium quality is now 
fully 17s. delivered at Tees-side works. Yorkshire furnace 
coke is in the neighbourhood of 16s. 


Stocks and Shipments.—The stock of Cleveland pig-iron 
in the public warrant stores now stands at 127,246 tons, 
all of which but 43 tons of standard iron is No. 3 quality. 
Since the beginning of the month the stock has n 
reduced by 4828 tons. Shipments of pig-iron from the 
Tees are on a moderate scale. To date this month 
they average 3804 tons working day, the total 
despatches being returned at 57,061 tons, 51,659 tons 
of which have gone from Middlesbrough and 5402 
tons from Skinningrove. To the same date last month 
the loadings were given at 55,350 tons, or a daily 
average of 3453 tons, and for the corresponding part 
of March a year the clearances ed 86,549 tons, 
or an average of tons per working day. 


Manufactured Iron and Steel.—In the manufactured 
iron and ste>l trades specifications are coming in well. 
There are heavy inquiries for constructional steel for the 
colonies, and orders are expected to be placed shortly. 
Rails are active, and Messrs. Dorman, g and Co. 
have just taken a 10,000-ton order for Australia. 
—— market quotations stand :—Common iron 
bars, 7/. 10s.; best bars, 7/. 17s. 6d.; best best bars, 


8l. 5s.; packing iron, 6/.; iron ship-plates, 6/. 15s. ; 
iron shi — 71. 10s. ; iron ship-rivets, 7/. 15s. ; 
iron girder p tes, 7/1. 5s.; steel bars (basic), 6/. 15s. ; 
steel bars (Si ), 62. 15s. ; steel ship-plates, 67. 10s. ; 
steel 61. 2s. 6d. ; steel boiler-plates, 77. 15s. ; 


es, 
steel joists, 6/. 12s. 6d. ; steel strip, 67. 15s. ; steel hoo 

ate Ge autor han oat Ghatak: eo. 
iron columns, 71. 7s. 6d. ; cast-iron railway chairs, 4/. 5s. ; 
light iron rails, 7/.; heavy steel rails, 6. 10s.; steel 


railway ——. 7l. 5s.—all net at works ; vanised 
— 7 ts, 24 gauge, in bundles, 117. 5s. f.o.b.—less 
per cen 





Beteran Coat-Minine.—The average production of 
coal in Belgi in the second half of last year was 
a heme pa pL EL with 84 tons per man in 
the second half of 1910, showing a falling off of 5.8 tons 
ey man. The average falling off in the Hainaut was 
.1 tons per man ; in the Liége group, 7.8 tons per man ; 
and in the Namur group, 2.7 tons per man. The decline 
was almost uni 





HvuppersFig_D Fire Bricapr.—Huddersfied possesses 
two motor fire vehi viz., the tender Ladas, which has 
been in use since April, 1911, and the metor a 
Atalanta, which was placed in commission last September. 
The addition of a motor-driven pump to the tender Ladas 
has been carried out during the past month by Mesers. 
Merryweather and Sons, a Hatfield pump to deliver 
been fitted, identical 


with the one on the Atalanta. The work has been 


. | earried out at the fire station by Mr. Alfred Newberry, of 
Messrs. Merryweather and Sons, assisted by the perma- 
and | nent members of the brigade. The tests have proved the 


engine and pump to be most highly efficient, 


ve. The furnace turned on | d 


NOTES FROM THE SOUTH-WEST. 


if.—Unfavourable weather over the week-end 

the tonnage position still more unfavourable. 
A good many pit have been reported, as it has 
been found impossible to clear wagons of the heavy stocks 
of coal standing. Prompt buyers have been offered a 
ee ae uick deli , and 


some of the best large has changed at as low as 
17s. 6d. per ton. lliery-owners have, however, shown 
no willingness to do forward business u such a basis. 


any change, but the 
has been rather quieter. Patent fuel and coke 
have exhibited no improvement. The best Admiralty 
large steam coal has made 18s. to 18s. 6d. ; best ds 
lescriptions, 17s. 6d. to 18s. ; other secondary qualities, 
17s. to 17s. 3d.; best bunker smalls, 10s. 9d. to 11s. ; 
Ss oe ae > 6d. to 8s. per ton. The best 
h coal has been quoted at 19s. to 20s.; good 
households at 17s. te 18s.; No. 3 Rhondda large at 
17s. 6d. to 17s. 9d., and 

No. 2 Rhondda large 


g 
sP 
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regards iron ore, Rubio has made 1 
upon a basis of 50 per cent. of iron, and charges, includ- 
ing freight, insurance, &c., to Cardiff or Newport. 

North’s Navigation Colliery.—At the annual meeting 
of North’s Navigation Colliery. Mr. J. J. Smith, who 
presided, said the past year’s working had resulted i 
profit of 100,145/., an increase of 35,5032. over 1912. The 
Increase was mainly due to the higher selling price of 
coal. The cost of production continued its upward 
course from various causes, and the maximum wage of 
60 per cent. above the 1879 standard was being paid 
under the terms of the Conciliation agreement, 
which expired next year. A considerable outlay had 
been incurred in order to meet the requirements of the 
new Coal Mines Act, which necessitated the fitting of 
the winding engines with appliances for the prevention 
of overwinding accidents, and extensive alterations in 
connection with colliery ventilation. The National In- 
surance Act cost the company 3582. last year, in addition 
to 76522. paid under the Workmen’s Compensation Act, 
while rates had absorbed 14,1901. The output of the 
company’s collieries in 1913 was 1,194,514 tons, showing an 
increase of 109,800 tons. 

Dowlais.—The Dowlais Works have not been fully 
employed, but, at the same time, a large output has been 
effected. The Goat Mill has put through orders for 
heavy steel rails, sole plates, fish plates, tin bar, &c. ; 
steel sleepers have also been pressed and completed, and 
the Cogging Mill has turned out billets. The Big Mill 
has been upon small material for underground 
workings, and tram rails for tipping and other purposes 





INTERNATIONAL ENGINEERING CONGRESS, 1915—In con- 
nection with the Panama-Pacific International Exposi- 
tion in San Francisco, in 1915, there will be an Inter- 
national Engineering Congress, in which engineers 
throughout the world, representing all branches of the 
profession, are invited to participate. The Congress is 
to be conducted under the auspices of the following five 
National ineering ieties, namely :—The American 
Society of Civil Engineers, the American Institute of 
Mining ineers, the American Society of Mechanical 
Engineers, the American Institute of Electrical Engi- 
neers, and the Society of Naval Architects and Marine 
Engineers. The Congress will hold its sessions during 
the week September 20 to 25, 1915, in San Francisco, in 
the auditorium and section rooms which will be placed 
at its disposal by the management of the Panama-Pacific 
International Exposition Company. The following is a 
general indication of the sections and the branches of 
engineering which each will cover :—General sessions : 
Official an 1 addresses, discussions on topics of 
= professional interest, business meetings, 
tions (1), the Panama Canal; (2) waterways and 
irrigation ; (3) railways; (4) municipal engineering ; 
(5) materials o es construction ; (6) mechanical 
engineering ; (7) trical engineering ; (8) mining engi- 
neering and metallurgy; (9) naval architecture and 
D military engineering ; (11) miscel- 

of the Congress 


marine engineering ; (10 
laneous. The official 
English, and all P: ings and Transactions will be 
= in this language. The papers solicited will 
welcomed in any language at the choice of the author ; if 
presented in other than English, they will be 
translated, and, together with all papers presented in 
English, will be printed in this language for presentation 
at the sessions of the The general fee for 
membership in the will be 5 dols. United States 
gold, which will entitle the member to receive the index 
volume and any ee volume of the Transactions he may 
select, together with the right of icipation in all the 
l activities and viloges of the Ata 
ter time more de information will furnished 
regarding the papers to be published in each volume of 
the Transactions, together with a form for further sub- 
scription to such volumesas the member may desire. The 
price of these volumes will not exceed 3.50 dols. for each 
single volume, which will include delivery within the 
Postal Union, and if the total te of subscriptions 
shall prove sufficient the price will be reduced accordingly. 
In any case a reduction will be made in the price per 
volume in accordance with the number ordered, a 
pp ime pny 
le evelopment gen publication 
has been worked out. Further information can be ob- 
tained from the Executive Offices of the Committee of 


will be 





Management, Foxcroft Buildings, San Francisco, 
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Presidential Address, by Sir Henry J. Oram, K.C.B., 
F.R.S., &c. (Engineer-in-Chief of the Fleet). 

I pesirE to thank the members of the Institute of 
Metals sincerely for electing me to the ition of 
President of the Institute, and to acknowledge their 
action in doing so asa ay eee to that great branch 
of the public service—his jesty’s Navy—to which I 
have the honour to belong. 

The objects aimed at in the formation of the Institute 
of Metals, and the circumstances connected with the 
early history, have been exhaustively dealt with by the 
late Sir Wii iam White and by Sir Gerard Muntz in their 
presidential addresses, while the relations of the Insti- 
tute with other similar bodies, and its duties to the 

ublic, have been recorded by our retiring President, 
Professor Huntington. There is nothing new to be said 


on these subjects, and I shall therefore not further touch | T 


on them. 

The activities of ths Institute during the past year are 
concisely set forth in the Report of Council, which has 
been read by the Secretary, and this shows that the past 
year has been a very busy one for the Institute of Metals, 
with much good work done and progress made. __ 

One ph in the Council’s report to which I 
desire to make some reference is that which records the 
death of my friend and amore for so many years—Sir 
William hite, our first President. Although Sir 
William had been associated as ident with practi- 
cally all the engineering and allied technical associations, 
his connection with the Institute of Metals was closeand 
— He was one of its most active founders, and we 
shall always be grateful for the great interest he evinced, 
and the amount of work he undertook, in furtheri 
welfare of this Institute at its inception. He also 
the distinction of being our first Fellow, and everyone 
who knew his capacity must regret that his membership, 
which would have been of such great value to the Insti- 
tute, has so quickly ended. 

The Hon. Treasurer’s report deals clearly with the 
finance of the Institute. Our financial position is quite 
sound, but requires the accession of many new members 
to enable the Council to authorise that financial expendi- 
ture in various directions which is an essential adjunct of 
research and enterprise. What has already been done 
indieates that the result of such further expenditure 
would benefit our members and add to the general credit 
and usefulness of the Institute, and it is ho; that 
the growth of membership in the near future will permit 
such desirable advances. 

We are fortunate in possessing a treasurer who is inde- 
fatigable in our interests, and under whose guidance we 
shall not drift into a weak financial ition. We are 
under no small obligation to Professor Turner, one of our 
Vice-Presidents, for the work he has done as Honorary 
Treasurer since the formation of the Institute. 

The papers presented during last session and to be 
read during our present meeting are of a very useful 
character, and are, in my Fn me well worthy of the 
Institute. Our Summer Meeting at Ghent was particu- 
larly successful in this t, a considerable number of 
excellent papers being » while the social and holiday 
side of the meeting was probably considered by some to 
have been even more successful. 

Our Journal is a t success. In addition to its valu- 
able contents, it is convenient in size, and the great 
demand there is for the volumes, independently of those 
issued to members, shows that their contents are highly 
[eyes I believe that we may fairly claim that our 
Journal, with its pai and valuable abstracts, is worthy 
of the important industries which the Institute has in its 
care. This Institute, as is well known, was founded in 
1908, the number of members at the end of its first year 
being 355. There has been a steady increase in member- 
ship, which at the end of 1913 was 626, and if all those 
are elected whose names appear in our present list the 
number will be well over 650. Although there has been 
& continuous increase in membership from the beginning, 
there are welcome indications at the present time that 
the usefulness of the Institute is being more fully recog- 
nised, especially by the engineering profession, and more 
particularly marine engineers and shipbuilders. I ho; 
that before long the Institute will receive a considerable 
access of membership from these sources, which will 
assist it in combining the work of research with the 
commercial requirements of the manufacturer and the 
needs of the designer and user, or, in other words, the 
co-operation of theory and practice in obtaining the best 
possible results, 

With the limitations constantly being imposed on the 
marine-engine designer, especially when dealing with 

warships, in to weight, space, and first cost, and 
the obvious necessity of obtaining great durability and 
ne the cost of upkeep, marine engineers and 
shipbuilders are aware, perhaps more than the members 
of any other of the allied branches of “eee, how 
difficult it is practically to obtain the ideal conditions 
which laboratory experiments indicate to be desirable, 
so that more frequent discussion by them of their view 
of the problems dealt with at the meetings of the 
Institute would, I am sure, be of great value to us all. 


I feel somewhat guilty in acce the presidency of 
the Institute of Metal , onl “» ; 


pti 
tals, that I am often busily 
en in endeavouring to Sapeneo with non-ferrous 
meals in ip machinery in cases where experience 


the 


_warship 
shows, as it often does, that the qualities of ferrous metals 


are more suitable. 
New warship machinery of to-day is greatly different 


in this respect from that of some years ago, and when 
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amount of co 





these newer ships come into the ship-breakers’ hands 


many years hence, there will not be found that wealth of 


copper, brass, gun-metal, &c., which used to be common 
in machinery, and which added so largely to the scrap 
value of the older shi 


It will be interesting to note the records showing the 

, brass, gun-metal, and other non-ferrous 
metal work that a modern warship contains in her struc- 
ture—that is, the hull, machinery, guns, mountings, and 
armour—as compared with the amount of steel and iron. 
Although the non-ferrous metals cannot usually compare 
with steel in structural strength, there are stil] many 


positions in which other qualities than strength are neces- | and 


sary, and these metals are still indispenable. Approxi- 
mately every 100 tons of iron and steel used in modern 
— requires to be suppleménted by 6 tons of copper 
or its = in a battleship, or 8 tons in a cruiser, to give 
the completed warship her final and necessary qualities. 
he increase in the non-ferrous requirements of 
cruiser is due to the smaller proportionate amount of 
armour, and the higher power of the machinery, which 
latter contains a larger proportionate amount of non- 
ferrous metals than the remainder of the structure. 

The propeliing machinery in the modern battleshi 
referred to above contains a weight of non-ferrous me’ 
equal to 17 per cent. of that of the contained steel and 
iron. If we go back twenty years and consider a battle- 
ship of that 
in the pre g 
cent. of the 
at nt ob 


n the hull structure, excluding the propelling machi- 


nery, the proportionate amount of non-ferrous metals 


with twenty 
years ago. Although steel has taken the place of copper 


has, however, not been reduced as com 


and its alloys to a large extent, this reduction has 
counterbalanced by the considerable increase in gun- 
turrets and their machinery, fire-control appliances, 


electric lighting, telephones, &c., where non-ferrous 
are requisite. Considering the hull structure 
alone, excluding propelling machinery, the figures for the 
t the non-ferrous 


me 


modern battleship referred to are 
metals amount to 4.4 per cent. of the iron and steel, 
while for the battleship of twenty years the propor- 
tion was 4.2 per cent., thus showing a slight increase in 
non-ferrous metals. Except for the very smallest pipes, 
copper steam-pi have not been used in new ships for 
many years, and one recalls the feeling of relief at the 
Admiralty when the last copper steam-pipes containi 
high-pressure steam had been safely ‘‘ wired,” or rep 

by steel before further loss of life occurred. 

Gun-metal ends for condensers have also disappeared, 
and been succeeded by cast iron, to the great pe newreome 
of the condenser-tubes, and the condenser-shells have 
now also for some pans been made of sheet steel, which 
is lighter, and, although not so durable as 


ship. Feed 
of copper for so many years, are also now made of steel. 
Although, however, in the directions indicated the non- 
ferrous metals are giving place to steel in warships, 
application of these meta 


perhaps ter than ever. 


tute of 


closed, owing to the inability of makers to 
factory steel castings. 


impossibility of at mt obtaining them in cast steel, 
have obliged the Admiralty to rely more lar 


appear to warrant. 

In the event of a cast-steel valve-box being found 
defective, there is often no option at 
replace it in 
ships delay: 
service for an undesirable period. 


n-metal, otherwise we ehould have war- 


This being so, it is unfortunate that gun-metal loses at 


high temperature so much of its strength and powers of 
elongation under stress before fracture, but we may 
console ourselves with the knowledge that under a stead 
load a large amount of elongation is not really essenti 
although desirable, and there is the fact t in the 
British Fleet there are thousands of gun-metal valves 
which have been working at = - temperatures aud 
ie ay for years, in which there have been no 
ailures due to brittleness or loss of strength at high 
temperatures. 

+ exactly occurs with gun-metal at high tempera- 
tures is at not sufficiently established. In the 
last two or 
dent experiments on this subject, carried out by com 
tent workers, have come under Admiralty notice, which 
differed considerably in the results obteined both as 
ag loss of ultimate strength and elongation before 

racture. 


One must conclude that considerations such as the 
temperature of pouring, the exact method of mixture, 
the time the specimen is allowed to be under the influence 
of the heat, and other factors, bulk much more largely in 
influencing the results of such experiments than is usually 
admitted, and exercise so large an effect on the results as 
to render them unreliable as a guide to actual practice, 
unless fully considered and allowed for. The exact effects 
of temperature and such other influences, knowledge of 


the | they can be used by 


riod, we find that the non-ferrous metals 
i inery amounted to about 34 per 
steel and iron, or just double the percentage 





n-metal, is 
sufficiently so, having regard to the probable life of the 
discharge-pipes and fire-service pipes, made 



























the 
ca tic in some other directions is 
steadily increasing, so that there is no material reduction 
in the area of usefulness which exists for non-ferrous 
metals, and in this area the need for further accurate 
knowledge and experiments to enable these metals to 
fulfil reliably the purpose for which they are fitted is 
It is the object of the Insti- 
‘Metals to develop and foster such experiments 
and to increase such knowledge, and I am sure the 
Institute will not be found lacking in this duty. There 
is still a field of usefulness for non-fenrous metals not yet 
uce satis- 
‘ Complicated machinery castings 
are no doubt difficult to produce in steel, but whatever 
the reason may be, the delay, and occasionally even the 


\ y on gun- 
metal for certain parts than the merits of that material 


resent except to 


in delivery, or withdrawn from active 


ree years three different and quite indepen- | fro: 





which would be of much value, seem to require a y 
and systematic series of experiments, which I believe have 
not yet been undertaken so thoroughly as the impertance 
of question warrants. 

In connection with this subject itis still the fact that 
methods in brass-foundries are often still of the 
hazard and rule-of-thumb variety, and close supervision 
by the chemist or other scientist, which is essential to 
continuous success, is often wanting. Pyrometers, 
although more largely used than formerly, are still often 
unknown, ——— being frequently j by the 
eye. One fi generally a lack of scientific precision 
knowledge in the melting, mixing, and pouring, 
which, if it existed and were combi with practical 
experience, would greatly add to the value of an estab- 

ment. 

It has been stated that engineers are not able or willing 
to give particulars of their experiences in such a way that 

research workers. I should not care 
for that view to be accepted unreservedly. In the Royal 
Navy it is a frequent occurrence for cases of corrosion 
or other deteriorating action to be reported, the causes of 
which are obscure or beyond the power of the engineers 
in charge to discover. In such cases our thoughts at 
sactaqatap Sayurta, shikaeah igeentbaneh axe oxidant 
engineering reports, oug usive, are su t 
to cule tke more scientific and accurate. ical s 
—- « the laboratory to suggest remedial measures for 

© eV 

Recently also we have had the opportunity of availin 
ourselves of the resources of the National Physical 
Laboratory in investigating cases of failure, the causes of 
which are not clear, and one must acknowledge the value 
of this admirably conducted establishment in dealing 
with and reporting on all such investigations as are 
committed to the c' of its officials. 

It has been by such methods, and with the valuable 
co-operation of the manufacturers, that the Admiralty 
have dealt with those failures of condenser-tubes either 
by splitting, corrosion, or in other ways, to which I refer 
in greater detail later. By these means also the Admi- 
ralty have determined the practical tests which have 
guided manufacturers and introduced methods of treat- 
ment and protection in use, which ther have ti- 
cally relieved us from any considerable anxiety in this 
matter. 

This Institute has taken up the —— of corrosion 
of condenser-tubes in great detail, having appointed a 
representative committee to deal with the matter. The 
second report to this committee by its investigator, which 
was presented and read at the Ghent meeting last year, 
isa most valuable document to those interested in the 
question, and both directly and indirectly it will well 
repay the time spentin its perusal and study. The 
was of special interest to the Admiralty, as it confirms 
Admiralty practice and experience of the last twenty to 
thirty years. : i 

I would like now to call the Institute’s attention to, 
and to emphasise, the remarks in the Report of Council, 
as to the necessity of further contributions to the funds 
of the Corrosion Committee. The work this committee is 

orming is of » practical utility, and our wealthy 

riends could not find a worthier channel for contributions 

and assistance than is provided by the work of this com- 
mittee. 

On examining the last report of this committee, it is of 
interest to note the good results given by a condenser- 
tube alloy containing 2 per cent. of lead. Hitherto 
engineers have had a considerable prejudice against lead 
in the copper-tin-zine alloys, and perhaps the prejudice 
was not very definitely founded, but the satisfactory 
results given by the alloy referred to above, and those 
given by a gun-metal alloy ay a small percentage 
of lead, at high temperature, should cause the prejudice 
to come under review, and some light a to be forth- 
coming on this important matter. It is possible that the 
percentage of lead in such alloys must be confined within 
very narrow limits to give the physical qualities required, 
how that outside these limits the alloy is unsuitable for 
the purpose intended. If this view be correct, and the 

roper percentage of lead, and the limits of variation 
Co this tage that can be allowed, can be deter- 
mined in case of alloys intended for certain purposes, 
such as for use with high-pressure steam, a great want 
will have been met. This important subject, the influence 
of varying proportions of lead in st quantities on the 
physical qualities of the copper-tin alloys, might well 
receive more consideration from the laboratory workers, 
manufacturers, and engineers of this Institute. 

In order that progress may be attained, and an im- 
provement realised in the adaptability of a material 
to its designed end and pi use in engineering, 
close co-operation should exist between the scientist and 
designer, the maker and the user, and such an institu- 
tion as this, forming a centre for the free discussion and 
circulation of opinions, should be of the greatest utility. 

The number of papers read before this Institute deal- 
ing with the finished product on the practical side and 
m the user’s point of view have been comparatively 
few, and on this account the remarks respecting con- 
denser-tubes which I to make may be of interest, 
for in this case it was n by such mutual co-operation 
and interchange of ideas that a real advance was obtained 
as regards increased reliability of these important items 
of a warship’s machi equi: There is no part 
of the machinery of ships on which more thought and 
time has been bestewed, or which has a more far-reaching 
effect on the reliability of the ae, Ce that 
seemingly simple article—the condenser-tu Although 
the corrosion of 2. a Saivalty 
importance, man worst trou! » the Admiral 

experienced with such tubes have not been from 
corrosion or perforation, but from splitting when at work, 
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which is a far more serious defect. The-number of 
failures of tubes due to corrosion and perforation is much 
in excess of the number that fail due to splitting, but the 
more serious consequences which result from splitting are 
such as place these defects in the front rank of undesir- 
able occurrences. 

When a tube perforates or corrodes, the hole first made 
is minute. It ually gets larger with time, but before 


it becomes to any considerable size are 
usually op nities of detecting the pre of small 
quantities of salt in the feed water and and when 


such presence is discovered efforts are made to locate the 
tube which has failed, generally with success, so that it 
can be plugged temporarily and renewed later at a con- 
venient opportunity. 7 

In the case of a split tube, however, water being in 
most cases inside, it is generally the case that the entry 
of sea water from the tube into the condensed-steam 
space is considerable, and may even amount to water 
pouring into the steam space full bore, from each end of 
the tube, so that the amount of damage usually done in 
this way by a split tube is far in excess of that due to a 

rforated tube. In the effort to avoid the cause of this 
defect it will have to be borne in mind that the tube has 
to be soft and ductile, so that it will resist any tendency 
to splitting or flying, but at the same time it must not be 
too soft to resist the ure of the pack material 
which is applied at ends to prevent | 
these two uirements are necessarily mu y an- 
ae iifftoulty is found in uniting them in condenser- 
t 


au 
Condenser-tube failures are of the greatest importance 
to the Navy owing to their ill-effects as corrosion 
of steel parts, priming, cleanliness of boilers, and in 
other directions. In 1899 such failures had become un- 
desirably important, both on account of their number 
and the greater detriment resulting due to the rise of 
boiler pressure and the use of water-tube boilers. The 
Fleet were therefore given orders to report to the 
Admiralty each case of ‘ailure of a condenser-tube, either 
by corrosion, perforation, splitting, or deformation, occur- 
ring in ships with 150 1b. boiler pressure or above. 
tome of standard questions have to be answered 
by the ships’ officers making their re including the 
ition of the defective tube in the condenser, the 
ength of time it has been at work, its maker, and other 
particulars, so that a post-mortem examination is held 
on each condensor-tube which fails. By this means a 
1 mass of information, as complete as can be fur- 
nished by sea-going ships, is accumulated; and by 
one eduction from these reports, Se by 
aboratory experiments, where indica to be neces- 
sary, and by assistance step by step from the manufac- 
turers, we see the direction in which to work to eliminate 
those defects which are due to known and remedial 


causes. 

The efforts of the Admiralty to effect a reduction in 
the number of failures of condenser-tubes on service, 
which have also caused them to consider the question of 
manufacture and the detailed testing of condenser-tubes, 
have extended over a considerable time. We have not 
always at first been able to carry the tube-makers with 
us, and some noteworthy differences of opinion have 
manifested themselves omen the various makers when 
approached by the Admiralty on apparently simple 
matters. These differences of opinion seem to indicate 
the desirability for greater co-operation among the tube- 
makers themselves and a — interchange of ideas 
and experience, by which they themselves would benefit 
and their customers would also reap ad vantage. 

It fa always ome to convince a manufacturer who 
has been occupied for many years in making a paw ity, 
such as condenser-tubes are, and whose plant a =athel 
are ordered and organised, that his products are suscep- 
tible of improvements, or that defects occurring on 
service can be reduced by improvements in the process 
of manufacture adopted ~ | him. The Admiralty, how- 
ever, have been successful in enlisting the hearty co- 
operation of tube-makers generally in this important 
naval requirement, and our thanks are due to them for 
their valuable assistance in arriving at the present com- 
paratively satisfactory condition of affairs. One of the 
many orders issued by the Admiralty with the view of 
minimising corrosion in condenser-tubes, is an instruc- 
tion to ships’ officers to drive the circulating pumps at 
high speed at frequent intervals, to clear tubes of 
cinders, &c. Although the second report to the Corro- 
sion Committee appears to throw doubt on the influ- 
ence of such matter in starting local corrosion, yet as 
the report also points out advantages, from the corro- 
sion point of view, in keeping low condenser tempera- 
tures, and ing in min + any obstruction in the 
tubes reduces the flow of water, and hence raises the 
temperature of the tube, the instruction is justified by 
this further consideration. In addition, a single line of 
flow for condensing water is pointed out as i 
aud all these recommendations are worth bearing in 
mind and applying as far as practicable; but where high 
powers have to be squeezed into ;he minimum of 5) 
as in warships, we cannot insist on such considerations, 
and are often thankful to be able to get reliable 
machinery at all in the space allowed. 

At one [ae the failure of condenser-tubes, especially 
due to splitting, was so frequent and important that it 
raally became a serious menace to the efficiency of the 
Fleet, and the eqreeing Seuneh of the Admiralty 
were naturally much pressed by their Lordships to remove 
this serious cause of inefficiency ; but a know of the 
history of condenser-tubes in H.M. Fleet at that time 
shows that everything practicable had been done accord- 
ing to i nee Lenmager 9p = Cae Somes 

r stringency of the specification to 
pm | and the inspection by Admiralty overseers to 





be made more strict to eliminate defective tubes, both 
during manufacture and after ——- : 

As the condenser-tube has bulked so largely in the 
report of the Institute’s Corrosion Committee, I pro 
now to give a brief account of the development of 
tests and conditions during the last twenty-five 
and have referred to a few of the opinions whi t 
tube-makers have been good enough to favour the Admi- 
ralty with, this information being given in the hope that 
it will be of interest to various makers in comparing notes 
of their competitors’ opinions, and also of advantage to 
the Institute generally. A complete account of the very 
— number of suggestions opinions of tube-makers 

e in response to Admiralty inquiry would, I feel 
sure, be of interest and value, but the limits of a presi- 
dential address will not permit this. 

Prior to 1890 the condenser-tubes in the Navy were 
made of the 70-copper 30-zinc composition ; but owing to 
repeated failures of condenser-tubes in the Fleet, the 
A ye pee was in that year revised, and the 
alloy al by adding 1 per cent. of tin in lieu of 1 per 
cent. of zinc, the revised composition being 70 per cent. 
copper, 29 per cent. zinc, 1 per cent. tin. An effort also 
was made, even so long ago, to introduce a flattening test ; 
but it was not embodied, o to opposition on the 
part of the makers, and, instead, heating and jarring tests 
were introduced. In 1891 the quality of the copper 


ears, 
the 


As| used was specified to be not less than 99.3 per cent. 
pure, while a little later tubes which were too soft were | q 


— against by a clause specif that they should 
stiff enough to stand the Sashing woles screwed up 
tight enough to hold 30 lb. pressure of water. The 
specification was next amended so as to require tubes 

rawn from billets to be accurately bored and turned 
before being subjected to the final draws. It was found 
that in making the shells from which tubes were drawn, 
the bore was frequently eccentric, and often excessively 
so, and therefore the finished tubes were often thin 
on one side, although the total weight per foot was 


correct. 

The defect of splitting became very common with the 
development of torpedo-boat destroyer machinery, and 
in 1900 the tube-makers were asked several questions by 
the Admiralty, among them being :— 

1. Whether boring and turning the shells bsfore draw- 
ing would facilitate the rejection of those which may 
produce tubes likely to develop splitting ? 

2. Whether any alteration of the alloy was considered 
to be desirable, or whether the splitting might be due 
to impurities introduced with either of the elements 
employed ? 

As 1, the replies indicated that some firms 
thought that boring might be advantageous, but the 
general opinion was against both boring and turning. 

As — 2, no alteration of the alloy was s' ted, 
except by one firm, who thought 1 per cent. of tin was 
a disadvantage, and thatan alloy of 2 copper to 1 zinc 
would render splitting less er ; while another repre- 
sented that splitting must not be attributed to impurities 
in the metal. 

= 1901 some important tests were introduced ; among 
others :— 

1. A flattening test to one-half the original diameter 
without previous —— 
to a dull-red heat without splitting. 


2. Heati 
3. Selected tubes to be sawn through and examined for 
internal defects. 


4. The tubes should be drawn on a mandrel. 

The flattening test proved to be the most important 
addition, and uced a great stir among the tube- 
makers when the results became known, and rejections 
were common. 

Representations were made to the Admiralty by the 
tube-makers concerning the flattenin 8 test, with the 
result that after much consideration a letter was issued 
to the makers informing them that this test would not 
be enforced at present, as far as rejection was concerned, 
but would be continued to be made for Admiralty 
information. 

In acknowledging receipt of this letter, however, one 
firm stated that they were strongly in favour of this 
test, ‘‘ which we consider to be both proper and desirable 
in order to ensure freedom from splitting when the tubes 
are in use.” 

In 1902 the condenser-tube makers were again asked to 
suggest alterations to the specification with a view to 
obviating splitting, pitting, &c. They were asked to 
remark, among ot matters 

1. As regards any alteration proposed in the alloy. 

2. On the tests then specified, and with regard to the 
flattening test then in abeyance, whether a bulging or a 
flattening test was pre b> 

3. Whether they could supply tubes having a diameter 
within narrow-gauge limits. ‘ 

As regards 1, firms either considered the specified alloy 


cial, | suitable, suggested mercantile marine practice (70 : 30 


alloy) ; or 
(a) One firm suggested 60 : 39 : 1 alloy, and offered to 
make tubes of this alloy, but later withdrew the sugges- 
tion. They also suggested 1 to 2 per cent. of manganese 
ity Ochere ted their i i bes, bu 
sugges’ various 8 tu t 
did not bring any proof that they id be superior to 


oe rf" uld work to in ranging 
rms co wor a margin 
from 0.003 in. to 0.01 in. 


With regard to 2, most firms preferred flattening to 
flattens: ae tests ae ng ~ 
toning encou e making 
— of a poe oy nature and unequal densities 

roughout, 
The great y yy firms, after a short time, ad 
more or less the Admiralty view, the use of elec i 





copper becoming more common, and the purest qualities 
of zinc and tin commercially obtainable being used. 

In 1904 there was another revision of the specification, 
after Pc me em visits to the firms by Admiralty overseers. 
| wll vase stipulations, amongst others, were intro- 
uced :— 


1. The amount turned off and bored out of billets for 
condenser-tubes should be sufficient to remove all surface 
im ‘ections. 

. The external diameter of the tubes to have a limiting 
variation of 0.005 in. 3 

3. The flattening test was reintroduced, §-in. tubes 
to be reduced to 4in. All tubes to be left 2 in. longer 
than the requi length, so that every tube could be 


There was some opposition to these new provisions, 
the principal difficulty being as regards the boring and 
turning conditions, which, however, were retained. 

A Machinery —_ Committee was at that time in 
existence at the Admiralty, consisting principally of 
engineers outside the naval service, and they recom- 
mended that the Admiralty should define the extent of 
the final draw in the manufacture of condenser-tubes, 
and a letter was addressed in 1905 to four of the principal 
tube-makers asking their opinion on tbis matter. At the 
same time they were also asked their opinion as to the 
exclusion of “scrap.” In their replies the firms were 
all in favour of clean “‘ scrap,” and gave their list of 
raws. e ex the opinion that the material 
used was far more important than the number of draws, 
and asked that the original flattening test should be rein- 
troduced (i.¢., flattening to half the original diameter). 
All the firms were again consulted in 1906 as regards the 
advisability of specifying :— 

1. The draws of the last but one and last tubes, 

ther with the dimensions at each stage. 
The amount bored out of the castings to be not less 
than Sg of diameter. 

3. The copper used to assay not lees than 99.7 per cent. 
pure. 

_4, Scrap not exceeding 20 per cent. may be used, pro- 
viding it is strictly limited to the ends cut from tubes 
du manufacture. 

5. The flattening test to be applied to either end of the 
tubes, and the diameter of §-in. tubes to be flattened to 
vq in. 

The replies of the various firms were as follow :— 

Only one firm objected to the limitation of scrap. 
Three firms objected to the draws specified. Three 
others were pre to accept all the tests and require- 
ments. Two others considered the purity of the copper 
required was too strict, and suggested 99.5 per cent.; 
while another considered 99.7 per cent. copper a mistake, 
as it would involve the use of electrolytic copper, which 
they —— One firm objected to the amount bored 
out; while another considered } in. was too much, and 
that », in. would be sufficient; and, lastly, one objected 
to turning the castings, but agreed that boring was bene- 
ficial, and also agreed with the purity of the copper 
—— and were prepared to to the draws speci- 
fied, but considered ¢ variation of hardness would 
result. 

After considering these replies it was decided not to 
specify anything concerning the drawing of the tubes, 
and a ification for condenser-tubes was issued in 1906, 
which included the following :— 

1. The copper to assay not less than 99.6 per cent. 

2. Scrap to be limited to ends removed from process- 


tu and not to exceed 20 per cent. 
3. Total impurities not to exceed 0.625 per cent. 
4. The amount bored out of castings to be not less than 


4 in. of diameter. 

This revised Lang we has held good to the present 
date, with the addition that electrolytic copper may be 
used, and its success, when coupled with some improve- 
ments in condenser construction, has well repaid the time 
devoted to this important matter. 

In 1908-9 many cases of split tubes occurred in a new 
battleship’s lensers, and a suggestion was made to 
the Admiralty that a tensile test should be made instead 
of a flattening test. At this time it was desired to take 
the views of the tube-makers on some other points ; this 
proposal was included in the reference. The eight prin- 
cipal tube-makers were therefore referred to in 1910, 
and they were also asked, among other things, whether 
o~ would — any . cation in ~ method 

carrying out specified flattening test. © replies 
indicated that three of the firms had no objection 
to a tensile test if applied to 1 per cent. of the tubes, 
but all th ler were — strongly in favour of 
the _—— pA ae made various 
suggestions for e test wi ever presses or 
drop-hammers instead of the d-hammer. In the 
words of one firm, ‘‘it would be a great mistake to do 
away with the flattening test, which is an excellent 
proof of proper alloying.” This firm further stated that 
the present specified impurities allowed—viz., 0.625 per 
cent.—might with advan be reduced by one half. 
From the above it appears that the majority of the firms 
were in favour of the flattening test, and the Admiralty 
saw no reason for abandoning it. 

It may be asked, what has been the practical result 
of these efforts on the part of the Admiralty and their 
tube-making collaborators ? 


My opinion is that the most beneficial action taken by 
the Admiralty during recent years is the practice, adopted 
in 1904, by which a test-piece was allowed for on each 
tube for the flattening test, a small piece being left on 
extra to the proper length, these pieces being sawn 
almost through, but not detached from the tube, and 
subsequently removed. 

_It is impossible to give the number of failures on ser- 
vice in the Fieet in detail, except in recent years. The 
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earlier failures were vi numerous. The following 
detailed figures are available as evidence that they have 
been reduced to more satisfactory proportions. In the 
year 1908, when the approximate number of condenser- 
tubes at work at sea in the British Fleet was 2,500,000, 
the number of failures of tubes occurring on service and 
reported were :—splitting, 21; corrosion and perfora- 
tion, 69; total, 90; or at the rate of 1 in 28,000 per 
annum. 

During the next five years there was a my | consider- 
able addition of new condenser-tubes in the ships added 
to the Fleet, owing to the great increase in horse-power 
of modern ships, also a considerable number of old tubes 
passed out of the service. In the year 1913 the number 
of condenser-tubes at work in the British Fleet was 
approximately 3,800,000. and the total failure of tubes 
during the two F 1912 and 1913 were :—Splitting, 
16; corrosion and perforation, 115; total, 131, or at the 
rate of 1 in 60,000 per annum—a very substantial 
reduction. 

A further point is, that of this proportion of 1 in 
60,000, the majority are probably the older tubes which 
have been made under early specifications, and which 
have not had the present stringent regulations as regards 
treatment during manufacture and inspection applied to 
them. As these older ships and tubes fall out df service, 
the proportion of tubes which fail may be expected to be 
less even than this small figure. The ideal to work for is 
to reduce the failures to zero, but beyond a certain point 
further tests, restrictions, and additional precautions, 
both in treatment when at work and during manufacture, 
becomes so expensive as to be not worth the cost in- 
volved, in which case we must be satisfied with the 
success already achieved. 

In view of the number of failures of condenser-tubes 
caused ae Goren and perforation by salt water where 
the circulating water through the tubes, close atten- 
tion has been recently given to endeavours to eliminate 
the causes of these perforations. An incipient cause of 
some of the cases appears to be the existence of original 
flaws or breakages of the inside surface of the tube, and 
to endeavour to eliminate such tubes the Admiralty have 
recently required a rigid internal examination. The 
result of this internal sighting has been to indicate defects 
in the tubes, and such tubes, on being cut up, have, in a 
large number of cases, revealed imperfections such as to 
justify their rejection and which, if these tubes had been 
fitted in place, would probably have caused early per- 
foration. 

I think I have shown that the Admiralty has endeav- 
oured to combine the observations and experience of the 
user and the experimental work of the laboratory with 
the commercial possibilities of the manufacturer, with 
the object, first, of securing reliability in the machinery 
of warships, reliability — of pen so importance in 
the time of war ; and secondly, o —— that reliability 
with the minimum of cost. Similarly, in this Institute, we 
hope to see the same co-operation and co-ordination of the 
work of the three main ups of members, in strivin 
for the elucidation of all the problems connected wit 
non-ferrous metals and their working and use. I have 
devoted some time to the condenser-tube, as it has been 
the subject of special consideration by the Institute, but 
there is a large field for work for the members in other 
directions 

In order to obtain the best materials commercially 
possible to meet the requirements of design, there is a 
great deal to be ascertained as regards such matters as 
the obscure cases of corrosion of copper pipes, and of 
pipes of other non-ferrous alloys; the characteristics 
and peculiarities of alloys subjected under working condi- 
tions to stress under _ and varying temperatures; the 
question of suitable alloys for propeller blades, especi- 
ally with high speeds of revolution, and in many other 
directions. 

There is therefore a large field for research work of 
obvious practical utility; and as among the various 
members of this Institute, differing as they do in their 
methods and thoughts, but working towards the same 
ends, there exists a large body of scientific, experienced, 
and observant men, their united efforts should aid largely 
in the solution of such problems, which will be for the 

meral good of the engineering and industrial world. I 

ope that our present meeting may bear fruit in this 
direction. 








THE INFLUENCE OF NICKEL ON SOME 
COPPER-ALUMINIUM ALLOYS.* 


By Professor A. A. Reap, M.Met., F.1.C., and 
R. i. Greaves, M.S8c. (University College, Cardiff). 
ALTHOUGH alloys containing copper, nickel, and alumi- 
nium have been used commercially from time to time, no 
systematic study of their properties appears to have been 
published. The authors therefore undertook to investi- 
gate the influence of nickel, chiefly on two typical com- 
mercial copper-aluminium alloys—namely, those contain- 
ing 5 and 10 per cent. of aluminium respectively. __ 
Guillet+ mentions a number of complex aluminium 
bronzes containing nickel, but as the metals all con- 
tained comparatively — and varying amounts of iron 
and silicon, it is impossible to deduce from the tests given 
the exact influence of the nickel on their mechanical pro- 
properties. Alloys with from 6 to 12 cent. of alumi- 
nium and about 20 to 30 per cent. of nickel have been 
prepered by Andrews,t who found them hard, fine 
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grained, and of great strength. Copper-nickel-aluminium 
alloys with upwards of 20 per cent. of nickel, and vary- 
ing amounts of aluminium, have been introduced under 
such names as “‘ aluminium silver,” ‘ minargent,” &c., 
as substitutes, for the finer grades of German silver, as 
they have a beautiful white colour, and take a high 
polish.* Some of these contain up to 7 per cent. of 
aluminium, but more often they are really copper-nickel 
alloys deoxidised by means of aluminium, wm | av 
quantity of which remains in the finished me 


The three Seay quiets which are involved in these 
ay however, have received much more attention. 
6 Te of terand Edwards} furnishes a very 


port 
complete and detailed account of the alloys of copper 
and aluminium. With regard to copper-nickel alloys 
Heycock and Nevillet showed that the addition of nick«| 
to copper resulted in‘au immediate rise in melting-point, 
but their study of the alloys included only those contain- 
ing a small quantity of nickel. Gautier§$ investigated 
the whole series of alloys, and came to the conclusion that 
a compound CuNi was formed, but this has since been 


shown to be incorrect by Guertler and Tammann.|| They | - 


found that the freezing-point curve is continuous, rising 
almost, though not quite, in a straight line from the 
melting-point of copper (1083 deg. Cent.) to that of nickel 
(1451 deg. Cent.), and t at every point mixed crystals 
separate ; while Vigouroux{] also concluded from the 
chemical behaviour of the alloys that no compound of 
these metals is formed. The constitution of the nickel- 
aluminium alloys has been a oe by Gwyer**, who 
found that three compounds were formed—namely, Ni Al 
(m.p., 1640 deg. wrt Ni Ale and Ni ~ Robintt 
gives a mi ph of the alloy containing 5 per cent. 
of nickel and 35 percent. of aluminium, showing needles 
to which he assigns the formula Ni AJ,; and he further 
states that this constituent occurs in the alloys composed 
of 25 percent. of nickel, 18 per cent. of copper, and 57 per 
cent. of aluminium. 


Mareriats Usep. 


For the purpose of carrying out this research the follow- 
ing materials were procured :— 

Electrolytic or cathode copper of very high purity from 
Messrs. Vivian and Sons, Swansea. Shot-nic el contain- 
ing at least 99.8 per cent. of nickel from the Mond Nickel 
Company ; this, on analysis, gave :— 


Per Cent. 
Silicon ove | 
Iron 0.04 


Aluminium, of guaranteed purity, 99.5 per cent., from 
the British Aluminium Company; this was found on 
analysis to contain :— 


Per Cent. 
Silicon <a 
Tron ao 0.18 
Sodium ... 0.05 


The nickel was introduced into the alloys in the form 
of 50 per cent. cupro-nickel. The whole of the nickel 
required was placed in a ‘‘Salamander” crucible, with 
two or three layers of copper towards the top, and 
covered with lump charcoal. The crucible was heated 
in a coke wind furnace, and the remaining copper added 
as the charge sank down in the pot. Much quicker 
melting was attained by this method than by charging 
alternate equal layers of nickel and copper, and so re- 
serving some nickel as well as copper to add as the 
charge melted down. The molten metal was well stirred 
with a graphite rod, and poured into cylindrical chill 
moulds. 

Meruops OF ANALYSIS. 

Estimation of Nickel.—Drillings or turnings were dis- 
solved in nitric acid and evaporated to dryness. The 
mass was taken up in hydrochloric acid, and the solution 
evaporated until the chloride began to crystallise out. 
After adding acetic acid and diluting with hot water, 
the copper was reduced to the cuprous state by means of 
sulphurous acid. The copper was then precipitated with 
a solution of potassium sulphocyanide, and the cuprous 
sulphocyanide filtered off, fractional filtration ing 
employed to avoid washing the precipitate. The nicke 
in the filtrate was estimated by titrating in the usual 
way, with a standard solution of potassium cyanide, 
tartaric acid being used to prevent the precipitation of 
—- po m 4 ott 

timation o .—The copper was determin 
the iodine-thicsulprate method. “ 

Estimaticn of Aluminium.—This has been taken by 
difference, which probably involves less error than a 
direct determination. 


PRELIMINARY EXPERIMENTS. 


Small trial ingots weighing about 300 grammes, con- 
taining varying amounts of copper, nickel, and aluminium, 
were cast in open chill moulds. The values of the relative 
hardness recorded with the compositions of these ingots 
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ia Table I. were obtained by means of the Shore sclero- 
scope using the universal hammer. 
TaBLEe I.—Composition and Relative Hardness of 
the Small Ingots: 














Composition. Relative 
No. 6 as ees Hardness. 
Copper. | Nickel. Aluminium. 
per cent. per cent. per cent. 
a 89.55 0.97 9.48 23.0 
b 85.15 4.94 9.91 33.0 
e 80.13 9.98 9.81 35.0 
d 75.13 14.95 9.92 82.0 
e 94.04 0,92 5.04 10.0 
f 90.09 4.90 6.01 10.5 
4 85.08 10.07 4.85 22.0 
79.99 15.26 | 4.75 36.0 
i 97.75 1,03 1.22 7.0 
j 95.21 3.57 1.22 8.0 
k 89.24 9.83 0.98 9.0 
i 84.54 14.58 0.88 | 18.0 
Colour 


The effect of nickel was in all cases to make the 
golden colour of the alloys paler, but its influence was 
much more marked in the 5 cent, series than in 
the series with 10 per cent. of aluminium. Thus the 
alloy with 5 per cent. of aluminium and 15 per cent, 
of nickel showed only a. yellow tinge, and was 
much whiter than the with the same quantity 
of nickel and 10 per cent. of aluminium. The colour of 
the alloys with 15 per cent. of nickel was almost a silvery 
white, but in none of them was the characteristic golden 
colour of the copper aluminium alloys entirely destroyed. 

Cold-Rolling Tests. 

Pieces having the approximate dimensions 2.5 in. by 
0.6 in. by 0.35 in. were cut for rolling. These were rolled 
cold with the necessary i if possible, to a thick- 
ness of 0.1 in., and then, without further annealing, to a 
strip having a thickness of 0.02in. In each series the 

itions were made as nearly as possible the same in 
every case. Ju by their aviour in the rolling 
— the metals in each series stand in the following 
order :— 

Aluminium, 1 per Cent.—, j, k, all about equally good, 
with very slight surface cracks ; /, edges slightly serrated. 

Aluminium, 5 per .—¢, f, both rolled down to 
0.02 in., but were slightly rough at the edges; g broke 
down at 0.2 in., and A at 0.28 in. 

Aluminium, 10 per Cent.—a remained ect down to 
0.1 in., but broke down on further rolling ; 6, c, and d 
broke down at 0.17, 0.21, and 0.24 in, respectively, in 
spite of being repeatedly annealed. 

Hot Forging Tests. 

Small blocks of metal having the dimensions 1} in. 
by 1 in. oy ? in. thick were fo: down hot to a thickness 
of from 0.2 in. to 0.3 in. under a steam hammer. On account 
of the small mass of metal “7 sometimes required 
reheating, and in the case of the harder alloys were 
meg several times. The results of the test were as 

ollows :— 

Aluminium, 1 per Cent.—All forged without any sign 
4 a a except 1, which showed signs of audios at 

e edges. 

Aluminium, 5 Cent.—e forged out perfectly, f and 
g showed very slight cracks, but h cracked badly. 

Alwminiwm, 10 per Cent.—a and b someiaedl ‘ect, 
c — slight cracks at the edges, and d broke down in 
the test. 

It was concluded from these observations that, as 
regards the series as and 10 per cent. of alumi- 
nium, all the alloys with 10 per cent. or less of nickel 
could pee be hot rolled, while alloys which would 
withstand cold rolling were confined to those of the 5 per 
cent. series which contained not much more than 5 Bod 
cent., and certainly less than 10 per cent., of nickel. e 
authors were therefore in a position to be able to decide 
upon the composition of the ingots for the investigation, 
on a larger scale, of the effect of nickel on the copper- 
aluminium alloys containing 5and 10 per cent.of aluminium 
respectively. 


MELTING AND CASTING OF THE INGOTS, 


The co and cupro-nickel were melted ther 
under pawl in a iemenine crucible, h in a 
coke wind furnace. When all the metal had melted, 


and had attained a good temperature, it was well poled, 
and the aluminium, which had been heated up almost 


TaBLEe II.—Composition of the Ingots. 
| 


Zz 
° 





Copper. Nickel. | Aluminium. 
cent. reent. | r cent. 
1 Pes0.94 :. - | P50.08 
2 89.14 1.04 | 9.82 
3 87.66 | 2.46 9.88 
4 85.11 | 4.95 } 9.94 
5 82.82 | 7.48 9.70 
6 94.98 | _ 5.02 
7 93.96 | 0.94 5.10 
~ 92.68 2.88 4.94 
9 89.84 | 4.84 5.82 
10 | 87.48 7.81 | 6.21 





to its melting-point was forced down into the molten 
metal. The aluminium at once melted and dissolved in 
the copper. In each case, on the addition of the 
aluminium, a marked rise in temperature was observed. 
The metal was well stirred with a graphite rod to ensure 
th h mixing, the crucible was withdrawn, and the 
metal med and teemed at as low a tem ture as 
possible into a circular cast-iron chill mould following 
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up with fluid metal from the pot to avoid the pipe which 
would be caused by shrinkage. The ingots thus cast 
were > in diameter, 18 in. in length, and weighed 
about 201b. The time from charging the cold metal to 
teeming was about one hour. The maximum loss of 
aluminium was 0.4 per cent., the av loss being 
about 0.2 per cent. ere was no loss of nickel. Ten 
ingots were cast, and on analysis gave the results shown 
in Table II., page 399. 


Rouiine OF THE INGOTS. 


The ingots were rolled in the ce of one of the 
authors at the Fazeley-street mills of Messrs. Charles 


Fig. 1. TENSILE TESTS. 
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Fig. 2. TENSILE TESTS. 
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Clifford and Son, Birmingham, and the authors are 
indebted to Mr. A. H. Wolseley, not only for his interest 
and advice, but for his kindness in y supervising 
the rolling —— The aig! t ingots containing 
nickel were all heated up to the same temperature 
together and rolled down with one reheating to 1 in. 
diameter. In each case the reheating was done when 
the diameter had been reduced to 1} in.. The temperature 
required for rolling was higher for ordinary alu 
minium bronze, and the metal was ———, harder 
The alloy which appeared to be hardest on rolling was 
No. 10, with about 7} per cent. of nickel and 5 per cent. 
of aluminium ; next were Nos. 5 and 4, with 10 per cent. 
of aluminium and 74 and 5 per cent. of nickel —~ ome 
One half-piece of each of the hot-rolled rods was then cold- 
rolled with four passes; another small piece was rolled 
hot down to } in. diameter, and then cold-rolled with 
three passes. With the exception of the difference in 
hardness already mentioned, all the alloys behaved 
similarly in rolling, yielding perfectly sound rods. 








Nos. 1 and 6, containing no nickel, were rolled hot down 
to }4 in. full diameter, and the cold working was carried 
out on one half-piece of each rod by drawing through a 
die (cold drawing). 


Wiaz-Drawine Tests. 


A portion of each rod was turned down to ,*; in. 
diameter for wire-drawing, which was carried out first 
on a small draw-bench, and afterwards by hand. 

All the wires were quite sound and smooth, and, judged 
by their behaviour in the wire-drawing tests, the alloys 
of the two series stand in the following order :— 

Aluminium, 10 per Cent.—Nos. 2, 1, 3. All these, 
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however, broke, even after 
hole 50 was reached. No. 4 
drawn. 


fey ye annealing, befo:e 
5 practically could not 


Guat ® Cent.—Nos. 7, 8, 9,10, 6. It will be 
noticed that Goneien of this series could be drawn 
through the last hole (50), diameter, 0.033 in. The 
behaviour of the material containing nickel during these 
tests was found to be very much better than that of the 
pure 5 per cent. aluminium bronze, thus showing that the 
presence of nickel improves the ductility of this alloy. 
TrEnsi_e Tests. 

In the tests about to be described, ‘‘H” refers to the 

cold-rolled metal, ‘‘ A” to the annealed and slowly-cooled, 








“N” to the air-cooled, and ‘‘Q” to the quenched material, 
while ‘“‘C” indicates the chill castings. latter 
were 1 in. in diameter and 10 in. long, and were made 
in pairs under the same conditions as the larger ingots 
already described. The annealing was carried out by 
heating the rods, with a pyrometer attached in a closed 
gas muffle, to 900 deg. Cent., and keeping them at this 
temperature for 15 minutes. The gas was then turned 
off, the damper closed, and the rods, after being 
allowed to cool slowly, were withdrawn when quite 
cold. The rate of cooling may be judged from the 
fact that the temperature fell to one-half in 90 minutes. 


Some preliminary experiments, in which the hard- 




















. as. 
9H. He" SSE 65 Ta Ba 3, On We 
Cold : me 
rolled. Cast. Annealed. Quenched 
4.84 9.42 1.00 nil 0.94 2.38 4.84 7.31 7.31 





Nickel per cent. 
Fie. 5.—Alaminium 5 per cent. 
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ness of a number of annealed samples was measured 
by the scleroscope, showed that the annealing of 

10 per cent, aluminium alloys containing nickel 
was incomplete at 800 deg. Cent. for 15 minutes; but 
after annealing at 900 deg. Cent. for an equal time, no 
further in the mechanical properties took place 
on extending the period of ling to one hour. The 
quenched specimens were rods 1 in. in diameter and 8 in, 
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long, having a volume of 6.3 cub. in., and weighing 
about 1.6 lb. ; they were heated up to 900 deg. Cent., kept 
at that temperature for about 15 minutes, and then 
quenched in cold water. 

In view of the marked difference in properties between 
some of the quenched and the slowly-cooled specimens, it 
was thought desirable to make tests on air-cooled 
samples of the same dimensions as above, for which the 
rate of cooling was quicker than for the annealed series, 
though, of course, much slower than for the quenched 


me The dimensions of the finished test-pieces were 
as follows :— 

‘ in. 
Diameter... 0.564 
Gauge length 2 
Parallel 2} 





Fie. 12.—Copper, 82.82; nickel, 7.48; 
aluminium, 9.70 per cent. Cast. Mag- 
nified 100 diameters. 


AN *. 
% eS * 
yi . Pal. af 


Fie. 16.—Copper, 85.11; nickel, 4.95; 
aluminium, 9.94 per cent. Rolled and 


annealed. Magnified 100 diameters. annealed. 





Fie. 20.—Copper, 82.82; nickel, 7.48; 


aluminium, 9.70 per cent. 


Quenched. 
Magnified 100 diameters. 


Tasie IIl.— Wire-Drawing Results. 


Finished at 





Composition. } 
No. | Corre- 
| Copper. Nickel. | Aluminium. | Hole | sponding 
| (1 to 50) | Diameter. 
r cent. © cent. r cent. in. 
1 |" |= pe0.08 44 0.047 
2 89.14 1.04 9.82 48 0.040 
3 87.66 2.46 9.88 40 0.053 
4 85.11 4.95 9.94 15 0.123 
5 82.82 7.48 9.70 8 0.153 
6 94. - | 6.02 50 0.083 
7 93.96 0.94 5.10 50 0.033 
8 92.68 2.38 | 4.94 50 0.033 
9 89.84 4.84 | 5.82 50 0.083 
10 87.48 7.31 5.21 50 0.033 


The tests were carried out on a Buckton universal 





Fie. 17.—Copper, 82.82; nickel, 7.48; 
aluminium, 9.70 per cent. Rolled and 





Fie. 21.—Coppe 
aluminium, 6.06 per cent. Cast. Mag- 
nified 100 diameters. 





horizontal testing- machine fitted with a Wicksteed 
recorder. From the autographic stress-strain diagrams 
thus obtained the yield- points were measured. The 
results are given in Tables IV. to VIIL., 402, and 
some of them are shown graphically in Figs. 1 to 4, page 
400. The following is a ey of the effect of nickel on 
the mechanical properties of these alloys: any marked 
discontinuity in the mechanical properties was in nearly 
every case found to be associated with a change in the 
micro-structure, and this will be referred to later when 
dealing with the micrographic analysis of the alloys. 


Aluminium, 10 per Cent. 


Chill Castings (Table IV., Fig. 1).—Increased maximum 
stress and yield-point are obtained up to 10 per cent. of 
nickel at the expense of elongation and reduction of area. 


Fie, 13.—-Copper, 79.94; nickel, 10.14; 
aluminium, 9.92 per cent. 
nified 100 diameters. 


Fie. 
Cast. Mag- 
nified 100 diameters. 





aluminium, 9.94 per cent. 


Magnified 100 diameters. Magnified 25 diameters. 


r, 98.94; nickel, 1.00; 


Above that point all the properties diminish. The 10 per 
cent. nickel alloy in the form of chill casting is improved 
by annealing at 900 deg. Cent. ; 

Annealed Rods (Table V., Fig. 2).—The mechanical 
properties are all copentoeaity Sageaset by the addition 
of 5 per cent. of nickel. Above this figure elongation 
and reduction of area begin to fall off. 

Cold-Rolled Rods (Table VI.).—The only marked change 
which takes place with increasing percentages of nickel 


| is a considerable rise in the maximum stress, without any 


reduction in ductility. The mechanical treatment under- 
gone by rod No. 1 was more drastic than in the case of 
the other members of the series. : ‘ 
Quenched Rods (Table VII.).—The effect of nickel in 
the quenched bars is to reduce slightly the maximum 
stress ; the elongation and reduction of area increase with 
the percentage of nickel, but are very small throughout. 
As the yield-points of these quenched alloys were not 
well defined, Professor Bacon, at the request of the 
authors, very kindly undertook to make a carefyl deter- 


14.—Copper, 74.26; nickel, 15.76; 
aluminium, 9.99 per cent. Cast. Mag- 


Fie. 18.—Oopper, 85.11; nickel, 4.95; 


Fie. 22.—Copper, 87.48; nickel, 7.31; 
aluminium, 5 21 per cent. Cast. Mag- 
nified 100 diameters. 


mination of their elastic behaviour with the aid of an 
extensometer. e authors are indebted to Professor 
Bacon for the following report :— 

“The elastic behaviour of alloys lg, 49, and 5q was 
studied with the aid of a Ewing’s extensometer applied 
to a gauge length of 2in., which made it pouaitie to 
estimate extension to ooo 1+ The limit of propor- 


tionality ef stress to strain was reached in each case at a 
stress of approximately 8 tons per sq. in. e incre- 
| ments of strain corresponding to successive equal incre- 
| ments of stress then coast continually, accompanied 
by a perceptible amount of permanent set. In the case 
of 5Q a very decisive hoy gp | point’ was reached at a 
| trees of 20 tons per sq. in. In the case of 4Q a some- 
what less marked creeping point was reached at a stress 








Fie. 15.— Copper, 82.82; nickel, 7.48; 
aluminium, 9.70 per cent. Cold-rolled. 
Magnified 100 diameters. 





Fie, 19.—Copper, 85.11; nickel, 4.95; 
aluminium, 9.94 per cent. (uenched. 
Magnified 500 diameters. 


Quenched. 





Fie. 23.—Copper, 79.90; nickel, 14.90; 
aluminium, 5.20 per cent. Cast. Mag- 
nified 100 diameters. 


of 18 tons per sq. in. In the case of 1Q. although the 
limit of proportionality was no higher than in 4Q or 5@ 
—that is, about 8 tons per sq. in.—no definite evidence of 

ing was detected until the stress reached an intensit 
of 35 tons per sq. in. The total amount of creep whic 
occurred at this load did not exceed ane in., and a self- 
hardening action then set in, which enabled the stress to 
be raised to 47 tons per sq. in. before pronounced creeping 
was resumed.” 

On comparing the mechanical properties of the quenched 
alloys with those of the annealed, it will be noticed that 
the increase in maximum stress, due to quenching, is 
diminished as the percentage of nickel rises. This fact, 
together with the accompanying variations in elongation 
and reduction in area, is shown in Table IX., in which 
the mechanical properties of the quenched and annealed 
bars are com: 





Air-Cooled Rods (Table VIII.).—The mechanical pro- 
perties were intermediate beyween those of the quenched 
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and annealed series. The alloys thus treated resembled 
the latter series, but pensensed a higher maximum stress. 


ALuminiom, 5 per CENT. 
Chill Castings (Table IV., Fig. 3).—Up to 5 per cent. 
nickel tly improves the elongation and reduction of 
area of these alloys without affecting the maximum stress 


effect of the first 1 per cent. of nickel on the ductility of 
the alloy is very marked. The maximum stress an 
yield- rise slowly until 5 per cent. of nickel is 
reached, and then very rapidly to 74 cent. of nickel. 
The el tion and reduction of area in to fall when 
the ni exceeds — cent., but they still retain a very 
high figure, even in the 5 cent. nickel alloy. 


and yield-point. With more than 5 per cent. of nickel| Cold-Rolled Rods (Table VI.).—The maximum stress 





TABLE IV.—Tensitz Tests. Curt Castines. 



































me ae _Cemremmes. | vite |Mecinem Hlongstion ‘Reduction rn 
Copper. Nickel. Aluminum. | Point. | Stress, | ‘on 2 In. | of Ares. ited 
\per cent| per cent| percent | YY a ¥ per cent | 
} . in. . in. 
200 90.00 | — 10.00 *t1.6 "30.48 19.4 27.2 (Fracture pale gold, silky. Surface slightly wavy. 
210 89.48 | 0.96 9.56 12.8 35.50 202 21.5 puascaee pale gold, coarsely granular. Surface 
| ghtly wavy. 
120 | 85.26 | 5.18 9.56 19.9 39.80 7.2 10.1 | Fracture greyish, coarsely granular. Surface 
| very slightly wavy. 
180 79.94 | 10.14 9.92 25.1 38.48 28 4.6 ture “grey, finely granular. Surface smooth. 
220 75.84 | 14.62 10.04 16.5 29.18 3.2 | 5.5 Ditto 
190A} 80.39 | 10.00 9.61 19.3 87.19 15.0 17.8 Annealed. Fracture grey, finely granular. Sur- 
| face very slightly wavy. 
230 4.88 5 — 5.12 5.0 18.73 68.0 68.2 Fracture pale gold, silky. Surface very wavy. 
150 93.94 1,00 5.06 5.5 19.26 92.1 69.1 Ditto 
160 90.04 5.05 4.91 5.6 18.67 86.5 73.4 Fracture very pale gold, silky. Surface wavy. 
170 85.08 | 9.42 655 | 16.0 28.27 39.7 39.0 Fracture whitish grey, ly slightly crys- 
} | | talline. Surface wavy. 
180 79.90 | 14.90 5.20 | 35.1 41.56 | 4.7 10.0 (Fracture pinkish grey, radially crystalline. Sur- 
| face smooth. 
TABLE V.—Tensitz Tests. ANNEALED Rops. 
1A | 89.94 _ 10.06 14.4 25.68 9.0 | 10.4 Fracture greyish, granular. Surface very 
| | slightly. wavy. 
SA | 87.66 | 2.46 9.88 18.1 31.88 12.3 13.0 | itto Ditto 
4A | 85.11 | 4.95 9.94 18.0 84.56 16.2 | 17.4 |Fracture gyi: granular. Surface smooth. 
5A | 82.82 7.48 9.70 18.8 38.91 13.1 | 16.1 |Fracture light grey, slightly granular. Surface 
| smooth. Broke in centre dot. 
6A 04.98 _— 5.02 5.2 22.16 82.5 78.9 (Fracture pale gold, silky. Surface wavy. 
7A 93.96 0.94 5.10 5.3 22.78 94.6 76.1 | itto . Ditto 
8A | 92.68 2.33 4.94 5.5 22.6 90.2 71.0 Fracture whitish grey, silky. Surface wavy. 
OA 89.84 484 5.382 | 9.4 25.58 700 60.2 Fracture whitish grey, less silky. Surface wavy. 
10A | 87.48 7.81 6.21 24.0 39.00 25.6 26.8 = pinkish grey, granular. Surface slightly 
TABLE VI.—Tensitze Tests. Coip-Rotirp Rops. 
1H) 89.04 — 10.06 42.0 44.28 9.0 12.4 |Fracture greyish, ular. Surface slightly wavy- 
3H | 87.66 2.46 9.88 36.9 61.24 13.0 11.0 ‘Fracture greyish, finely granular. Surface smooth. 
4H 85,11 4.95 9.94 40.2 51.40 12.1 8.4 Ditto Ditto. 
5H | 82.82 7.48 9.70 47.8 62.01 12.3 16.3 Ditto Ditto. 
6H | 94.98 - 5.02 17.4 27.20 64.0 76.1 re — pale gold, silky, cup andcone. Surface 
ros' 
7H 93.96 0.94 5.10 18.1 28.18 63.1 73.1 | Ditto Ditto. 
8H | 9268 2.38 4.94 22.5 30.12 55.0 | @7 | Ditto Ditto. 
9H | 89.84 4.84 5.82 23.5 81.31 50.0 | 72.8 Fracture very pale gold, silky, cup and cone. 
| Surface frosty. 
10H | 87.48 7.31 | 5.21 81.1 36.30 | 28.8 | 41.0 (Fracture silvery grey. Surface slightly wavy. 
TABLE VII.—Tensite Tests. QuencHEep Rops. 
1Q | 89.04 = 10.06 35.0" 63.55 | 23 | 3.9 |Fracture F red gold, crystalline. Surface smooth. 
8Q 87.66 2.46 9.88 _ 45.34 | 5.4 5.4 tto itto 
4Q 85.11 4.95 9.94 18.0* | 46.56 4.2 | 6.5 eo very pale gold, crystalline. Surface 
smooth. 
5Q 82 82 7.48 9.70 20.0* 49.58 6.3 6.5 (Fracture grey, g lar. Surface smooth. 
6Q 94 98 = 6.02 6.4 22.79 78.6 73.3  |Fracture pale gold, silky. Surface wavy. 
7Q 93.96 0.94 5.10 6.6 22.83 85.6 73.8 to Ditto 
8Q 9268 238 4.94 7.2 24.86 77.8 714 |Fracture pale gold, silky. Surface frosted and 
wavy. 
9Q 89.84 4.84 5.32 7.6 24.22 86.8 72.4 (Fracture whitish, silky. Surface wavy. 
10Q 87.48 7.31 6.21 11.4 29.77 | 62.1 65.1 Fracture silvery grey, granular. Surface frosted. 
* Determined with an extensometer. 
TABLE VIII.—Tensitx Txst. Arr-Coo.ep Rops. 
Composirion. Yield- | Maximum Elongation | Reduction 
No. Point. Stress. Per Cent. | of Area. Remarks. 
Copper.| Nickel. Aluminium. | ousie. | 
per cent per cent per cent —— ro per cent. 
sq. in. eq. in. | 
4N 85.11 | 4.96 9.04 18.1 41.76 | 12.9 10.0 Fracture greyish, finely granular. Surface smooth. 
65N 82.82 | 7.48 9.70 17.0 42.64 15.2 14.1 Fracture grey, finely granular. Surface smooth. 
ON 0.84 484 5.32 7.6 23.79 81.0 68.7 Fracture whitish grey. Surface wavy. 


10N 87.48 | 7.31 6.21 11.6 | 27.06 63.9 69.9 Fracture silvery grey. Surface frosted. 


| 





TABLE IX —Tae Errrecr or QuENCHING ON THE MegcHaANicaL Propertixs. A COMPARISON OF 
ABLES V. AND > 





| 


Composition. 





! 


No. ——_ Yield-Point. | Maximum Stress. (Elongation per Cent. p auction of Area. 
Copper. | Nickel, | Aluminium. on 2 In. 
percent. percent. | per cent. tons per eq. in. | tons per sq. in. per cent. 
Increase | Decrease Increase | D. crease Increase Decrease Increase | Decrease 
1 89.94 _- 10.06 20.6" | _ 27.87 - -— 7.7 _ 6.5 
8 87.66 2.46 9.88 _ = 13.46 = — 6.9 _ 7.6 
4 85.11 4.95 9.94 0.0* - 12.00 _ — 12.0 _ 1L.9 
h §2.82 7.48 9.70 1.2* — 10.67 — — 6.8 9.6 
6 94.98 _ 6.02 1.2 - 0.63 — 3.9 - 5.6 
7 93.96 0.94 5.10 1.3 _ 0.05 _ — 9.0 2.3 
s 92.68 2.38 4.94 1.7 _ 1.99 _- - 12.3 0.4 _ 
9 89.84 484 5.32. _ | 1.8 _ 1 36 16.8 _ 12.2 _ 
10 87.48 7.31 5.21 _ 12.6 _ 9.23 26.5 — 38.3 _ 





} ! 


d| that with less than 5 


those for the annealed (see Table IX.), it will be noticed 
cent. of nickel, the maximum 
stress is hardly affected by quenching, though the yield- 
point is slightly raised, and the elongation and reduction 
of area diminished. With 5 per cent. of nickel the 
ductility is greatly increased by quenching, while the 
maximum stress and yield-point are both lowered. This 
effect is still more marked in the alloy with 74 per cent. 
of nickel, where the elongation and reduction of area are 
both more than doubled by aa 

Air-Cooled Rods (Table VIII.).—Unlike the members 
of the series with 10 per cent. of aluminium, the air- 
cooled 5 per cent. aluminium alloys, containing upwards 
of 5 cent. of nickel, present mechanical characteristics 

hich approximate to those of the quenched rather 
than the annealed metal. The maximum stress is 
even slightly lower than that of the quenched material, 
but this is probably to be accounted for by the absence 
of any hardening effect due to strains set up in quenching. 

Fig. 5, page 400, shows the appearance and relative 
elongation of some of the alloys with 5 per cent. of 
aluminium broken in the tensile tests. 

Reproductions of some of the stress-strain diagrams 
are given in Fig. 6, page 400. The first (starting from the 
left) is typical of the cast metal of the 10 per cent. 
aluminium series with a high percentage of nickel ; the 
next is typical of all the rolled and annealed alloys with 
10 per cent. of aluminium. The four following diagrams 
illustrate the effect of ge the alloys containing 
5 per cent. of aluminium, with 74 and 5 per cent. of 
nickel respectively ; while the last is typical of the cast 
metal of the 5 per cent. series, with nickel up to 5 per 
cent. 

ALTERNATING Srruss TzsTs. 


The authors are indebted to Professor Arnold for carry- 
ing out these tests on specimens of the annealed, cold- 
rolled, and quenched The results obtained under 
standard conditions on the Arnold machine are given in 
Table X., page 403, and are shown graphically in Fig. 7, 


400. 

Fhe behaviour of the alloys under this test may be 
briefly stated as follows :— 

Aluminiwm 10 per Cent.—The resistance of the cold- 
rolled rods to alternating stress is reduced by the presence 
of nickel. The detrimental effect which is produced by 
annealing the 10 per cent. aluminium alloys, and which is 
so well exemplified by their behaviour in this test is, to 
some extent, diminished by the presence of 5 cent. 
of nickel, a conclusion also in accordance with the results 
of the tensile tests. The results for the quenched rods 
were very irregular and untrustworthy ou account of 
their coarsely crystalline structure, and the tendency of the 
test-pieces to become “‘hinged” by the interlocking of 
the crystals. 

Alwminium 5 per Cent.—In each series an increasing 
percentage of nickel results in diminished resistance to 
alternating stress; in the annealed state, however, there is 
no decrease until the nickel exceeds 1 per cent. The effect 
of emer nd is to increase the resistance of these alloys 
to alternating stress. 

Harpness TEsts. 


The hardness of the alloys under different conditions 
of mechanical and heat treatment has been determined 
both by the Shore scleroscope (using the universal hammer) 
and by the Brinell method. The specimens tested were 
cylinders about 1 in. high and 1 in. in diameter, with 
polished surfaces. They were cut from the same rods as 
the tensile test-pieces, and had therefore received pre- 
cisely the same thermal and mechanical treatment. e 
Brinell tests were carried out according to the standard 
conditions, using a 10-mm. ball under a load of 3000 kg., 
the pressure being — for one minute. The results 
given for the quenched series containing 5 per cent. of 
a were, however, obtained with a load of 

The hardness numbers were calculated as follow :— 

Load in kilogrammes 

Spherical area of the concavity (in square millimetres) ° 

The hardness numbers obtained by both the scleroscope 
and Brinell methods are given in Table XI. Some of 
these results are shown in Figs. 8 and 9, page 400, where the 
Brinell numbers are represented by dots and a continuous 
line, and the scleroscope numbers by small circles and a 
dotted line. The relative hardness numbers recorded by 
both methods are in fairly close agreement, the lines 
through the two sets of readings running nearly parallel 
to one another ; but the effect of cold rolling, and espe- 
cially of quenching, is ter in proportion on the sclero- 
— e than in the Brinell hardness numbers. 

e » will be seen that the hardness curves in m eral — 

e same character as those representing yield-point, the 
most noteworthy fact being the rapid increase in the hard- 
ness of the 5 per cent. aluminium alloys in the 
state in the presence of upwards of 5 per cent. of nickel, 
and in the cast state when the nickel exceeds 7} per cent. 
This i is so rapid that when the nickel reaches 





* This increase is probably low in comparison ba the other figures, as the yield-points for the quenched rods were determined 
tensometer. 


y means of an ex 


the latter properties are rapidly improved, while the 
elongation and reduction of area suffer a ing 
decrease. Nevertheless, the yield-point and maximum 
stress are both raised by about 4 tons per sq. in., 
Seen Se Saesieey fe Saeeen’ Se Canal ho puie-cupeer- 
aluminium alloy. increase in elongation and 
tion of area due to the first 1 per cent. of nickel is very 
marked, the chill c: showing an elongation of 92 per 
cent., compared with 68 per cent. for the corresponding 
copper-aluminium alloy without uickel. 

Annealed Rods (Table V., Fig. 4).—Here again the 


uc- | to 





and yield-point are raised while the elongation and 
reduction of area decrease slowly with between 1 per cent. 
and 5 cent., and then more quickly with over 5 per 
cent. of nickel. 

Quenched Rods (Table VII.).—The effect of nickel up 
Set See, oe Sie queeied. mated & te increase 
slightly the yield-point and maximum stress, and to 


improve the ductility. Above 5 per cent. the increase in 
yield-point and maximum stress is more rapid, and there 
isa ing fall in tion and reduction of area. 
On comparing the results the quenched rods with 





8 
74 per cent. the annealed metal with 5 per cent. of 
uminium is harder than the corresponding alloy with 
10 per cent. of aluminium ; and the same applies to the 
cast metal with 15 per cent. of nickel. 
A comparison of the figures for the quenched material 
with those for the annealed may very conveniently be 
made by considering the hardening capacity of the 


material to that of the annealed. 
ratio, given in Table XII., are calculated from the 

inell numbers; the scleroscope numbers give similar 
series, but the numerical value of the ratio is somewhat 


larger. It will be seen that as the of nickel in- 
creases there is a very marked ond (No. rp excepted) 
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TABLE X.—Atrernatine Srress Tests. 





Composirion. = utile 


No. Annealed. 





| 
| 
7y 
| 
| 


per cent per cent; percent. | 

1 | 89.94 — | 10.06 | 38 38 38 

3| 87.66, 246| 9.88 80 34 87 

4) 86.11 496 | 9.94 160 134 147 

5 | 82.82 7.48 9.70 32 76 54 

6 | 94.98 - 5 02 720 762 741 

7 | 93.96 0.94 5.10 760 732 746 

8| 9268 | 238 4.94 742 600 671 

9| 89.84 4.84 5.32 454 436 445 
10 | 87.48 7.31 6.21 208 178 193 


diminution in the hardening capacity of the 
alloys with 10 per cent. of aluminium. In the 5 per 


cent. series the value of the ratio falls below 1 when the 
nickel reaches 5 per cent., and is still further reduced at 
74 per cent. of nickel, indicating that these alloys are 
very considerably softened by quenching, a result entirely 


in accordance with the tensile tests and microstructure. 


Copper.| Nickel. Aluminium. First Test. Second Test. |Mean.| First Test. Second Test. Mean. 





ALTERNATIONS ENDURED UNDER STANDARD CONDITIONS. 


| Cold Rolled. ‘Quenched. 


First Test. |Second Test. Mean. 


| cee | 








184 278 231 ) 
160 170 165 | Very irregular and untrust- 
150 140 145 worthy. 
64 44 | 64 ) 
| 800 746 | 778 1080 1060 1045 
602 558 680 860 864 862 
330 378 354 700 776 738 
254 204 229 408 392 400 
| 18 48 = |s«150 232 234 258 
(8.93),* it will be seen that the presence of nickel brings 


about a distinct increase in the specific gravity, this bei 
most marked in the 10 per cent. aluminium alloy wi 
5 per cent. of nickel. In this series, with larger amounts 
of nickel, the specific gravity falls in spite of a slight 
decrease in aluminium. This fact, as well as the differ- 
ences between the cast and annealed alloys of the same 


10 by quenching, determinations of the conductivity were 
also made on slowly-cooled samples and on samples 
quenched from 900 deg. Cent. in cold water. These are 
given in Table XVI. 

For No. 9 all three methods of treatment give wire of 
the same specific resistance within the limits of experi- 
mental error, but the resistance of the alloy with 74 per 
cent. of nickel is lowered by annealing and slow cooling ; 
while the quenched material has approximately the same 
resistance as the air ied. 


Corrosion Txsts. 
Plates of metal having the dimensions 2 in. by 0.75 in. 


by 0.1 in. were tested both in the cold-rolled annealed 
conditions. The annealed plates had been heated in a 
muffle toa red heat, and cooled in air. The 


ment used for these experiments was the same as t 
previously described by one of the authors.* Each plate, 
after being polished and thoroughly cleaned, was weighed 
and sus ied from a glass hook attached to a piece of 
wood which rested on the edges of a porcelain tank. Abt 
the end of the tests the plates were carefully cleaned, 
dried, and wei . For rr of comparison, plates 
of Muntz metal (copper ¢ per cent.) and of naval brass 
(70 : 29: 1) were included. 





Fresh-Water Tests.—A gentle stream of tap water was 





Fie. 24.—Copper, 87.48; nickel, 7.31 ; 
aluminium, 5.21 per cent. Cold rolled. 
Magnified 100 diameters. 


TasLe XI.—Hardness Tests. 


Hardness Numbers. 








Composition. ee Tae ee 
Brinell (Load of 
Scleroscope. 3000 Kg.). 
No. Lo | 
Ss i #@) lw . . 
so 2/8 3i¥! | sid]. 
$ = S$) 34/3/,.3] Sia/8] 3 
~s- B le8! 2] S sales 2 | & los 
& | 2 | B lz0\ 2/8 S8ie4\ 2/8 iss 
| Oo z < [0 <i 9/0" |0 <|9/0 
—— | | — Ch C > OO rn? OO OO SO OOO | 
| pe | pe | pe. | 

1| Boos _ 10.06 | 20.0 20.5, 62.0/33.0 135)127 257 | 186 
2/ 89.14 | 1.04 | 9.82 | 33.C/ 22.0) 56.0/39.0) 150/139 211 | 214 
3 | 87.66 2.46 | 9.88 | 36.5) 27.0 49.0/38.0 176/158 |206 | 207 
4/ 85.11 | 4.95 9.94 | 41.0) 26.0) 53.0'40.0) 199/151 (251 | 216 
5 | 82.82 | 7.48 | 9.70 | 35.0) 26.0) 40.0/43.0) 179)162 |209 | 231 
13*| 79.94 10.14 9.92 | 35.0) 28.0) 45.0; — | 182\178 214 | — 
14t| 74.26 | 15.75 | 9.99 | 32.0 — | 45.0) — 182) — |206 | — 
~6| 94.98 | — | 5.02 | 9.0) 85)11.017.0| 58) 614 523] 114 
7 | 93.96 0.94 | 5.10 | 10.5) 10.5) 11.0185) 59 64 | 56 113 
8| 92.68 2.33 4.94 | 11.0 11.0)11.5/21.0) 59, 66 | 62 | 124 
9| 89.84 | 4.84 | 5.32 | 120) 12.5) 12.0/23.0) 60) 80 | 61 | 136 
10| 87.48 | 7.3L | 5.21 | 13.5 27.0 17.0)27.5 | 77167 92) 166 
17 | 85.03 9.42 | 5.65 |17.0 —| —| — | 115 — | —| — 
18| 79.90 14.90 | 5.20 [37.0 —| —| — _—-|- 





* All the figures given for these alloys refer to the cast material. 

t With a load of 1000 kg., Nos. 6, 7, 8, 9, and 10 gave hardness 
Nos. 52, 56, 60, 78, and 152 vely. 

t The hardness numbers for the quenched rods of the 5 per 
cent. series were obtained with a load of 1000 kg. 


TaBLe XII.—Effect of Quénching on the Hardness. 





Aluminium 10per Cent. || Aluminium 5 per Cent. 








(Load of 3000 Kg.) | (Load 1000 Kg.) 
No Hardness of Quenched \No Hardness of Quenched 
Reto __4Bey_ Ratio ley 
Hardness of Annealed Hardness of Annealed 
Alloy Alloy 
1 2.02 | 6 1.00 
2 1.51 7 1.00 
3 1.30 | 8) 1.08 
4 1.66 9 0.78 
5 1,29 10 0.60 
13" 1.21 
For chemical composition see Table XI. 





r 


* The figures for No. 13 refer to the quenched and annealed cast 
material. 


Sprciric GRAVITIES. 


The specific gravities of the alloys as chill castings, and 
also as nd. cold-rolled, and quenched 4 are 
ven in Table XIII. In te of the fact that the 
ensity of nickel (8 80)* is less than that of copper 





21 Roberts - Austen, “ Introduction to Metallurgy,” 
1910, page 67. 


Fie, 25.—Copper, 89.84; nickel, 4.84 ; 
aluminium, 5.32 
annealed. Magnified 100 diameters. 





recent. Rolled and aluminium, 5.21 per cent. 


annealed. Magnified 100 di 





Fic. 28.—Copper, 87.48 ; nickel, 7.31 ; aluminium, 5.21 
per cent. Quenched. Magnified 100 diameters. 


series, is probably significant in connection with the con- 
stitution of these alloys. 

e results given in Table XIII. were obtained with 
specimens cut from the same rods as the test-pieces which 
had received the thermal and mechani treatment 
already described. 

Me.rtine-Pornts. 

The melting-points of a number of the alloys were 
determined with a thermo-electric couple and a direct 
reading millivoltmeter. The results which are tabulated 
in Table XIV. show that the addition of nickel to the 
5 per cent. aluminium-copper alloy results in an imme- 
diate and considerable rise in melting-point ; while with 


the 10 cent. alloy there appears to ight fall at 
first, followed by a rise ie the nickel reaches 
5 per cent. 


Conpuctivity ror ELxcrricity. 

The resistance of definite lengths of the wires made as 
described under ‘‘ wire drawing,” and subsequently 
annealed by heating to redness and cooling in air, was 
measured by the tstone-bridge method with the aid 
of a carefully standardised resistance box. The results are 
given in Table X V., page 404, which shows the specific re- 
sistances of the alloys in microhms (ohms x 10-—®), and also 
the percentage uctivity of each member of the series 
relative to that of pure copper} at the same temperature. 
These values are also shown graphically in Fig. 10, 400. 

It will be noticed that the conductivity of the 5 per 
cent. alloy is only very slightl ter than that of the 
alloy containing 10 per cent. of aluminium. The effect of 
nickel in both cases is to diminish the conductivity. 

In view of the changes produced in alloys Nos. 9 and 


* Roberts-Austen, “Introduction to Metallurgy,” 1910, 


67. 
f Swan and Rhodin, Proceedings of the Royal Society, 
1894, vol. lvi., page 81. 


Fic. 26.—Copper, 87.48; nickel, 7.31 ; 


Fie, 27.—The same specimen as Fig. 26 ; 
rather deeply etched and re-polished. 
Magnified 100 diameters, 


Rolled and 
ameters. 




















TasLe XIIL.—Specific Gravity (expressed as Grammes 
per Cubic Centimetre). 
Composition. Specific Gravity. 
No. 5 3 
5 = £ a i i z 
pia) 2 shi 5 | 8 | a 
5 % < 6= | < > | 5 
per centiper cent per cent 
1 80.94 — 10.06 7.54 7.54 7.54 -- 
3 87.66 2.46 9.88 7.55 7.54 7.64 7.56 
4, 86.11 4.95 9.94 7.56 7.68 7.63 7.68 
5 | 8282 | 7.48 9.70 | 7.50 7.67 7.58 7.57 
13 | 79.94 | 10.14 9.92 | 7.53 _ — _ 
14 | 74.26 | 15.75 9.99 | 7.60 — _ _ 
6 94.98 _ 6.02 — 8.18 8.18 8.17 
8| 9268 | 238 4.94 | 814 8.17 8.16 8.16 
9| 80.84 | 484 5.82 | 8.15 8.18 8.18 8.17 
10| 87.48 | 7.31 6.21 | 8.15 8.19 8.18 8.18 
17 | 85.03 | 9.42 6.55 | 8.18 _ _ - 
18 | 79.90 | 14.90 6.20 | 8.14 _ - _ 
Taste XLV.—Melting- Points. 
- | Composition. Melting- 
‘ . Point. 
Copper. Nickel. Aluminium. 
per cent. per cent. per cent. deg. ©, 
20 | 90.00 — 10.00 1042 
3 87.66 2.46 9.88 1089 
12 85.26 6.18 9.56 1042 
5 6|~—og.82 7.48 9.70 1068 
18 79 94 10.14 9.92 1079 
22 75.84 14.62 10.04 1063 
6 94.98 — 5.02 1054 
8 92.68 2.38 4.94 1081 
16 90.04 5.05 4.91 1093 
10 87.48 7.81 5.21 1097 
17 85.03 9.42 6.55 1108 
18 79.90 14.90 5.20 1119 
kept flowing continuously through the tank for 144 days, 
<<. which time the p were taken out and gently 
ru once a f ight. The chemical composition, as 
iven below, shows the tap-water to be “‘soft” and of 
figh quality :— 
Constituent. Grains Gal. 
Albuminoid ammonia 0.0035 
Silica oa ee 0.035 
Ferric oxide wat 0.07 
Sodium chloride ... 0.68 
Magnesium chloride 0.25 
Magnesium carbonate 0.36 
Calcium sulphate ... 0.58 
Calcium car te bis wa ma 2.15 
The results are given in Table X VII., where it will be 
* Journal of the Institute of Metals, No. 2, 1913, 
vol. x., page 360. 
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seen that if the nickel has any action it is to increase the 
rate of corrosion. This increase is clearly shown in the 
series containing 5 per cent. of aluminium, but in the 
other series the loss in weight due to corrosion does not 
vary so regularly. In all cases, however, the action of 
this very tap-water on the alloys was exceedingly 
hae ga —_ ss slightly tarnished, — 
were & ectly smooth. joys containing 1 per 
cent. of sree = to showed dark spots in places, the 
Muntz metal was more tarnished and darker in colour 
than any of the 10 per cent. aluminium alloys, and the 
naval brass was covered with brownish-red patches where 
dezincification had in to take place. 

Sea-Water Tests.—The sea-water, which was obtained 
from a bay in the Bristol Channel, was changed every 
fortnight, and at the same time the plates were taken 


Taste X V.—Electrical Conductivities at 13 Deg. Cent. 
+ 2 Deg. 





Composition. | Specific | Gonductiv: 


ity. 
No. --—--— — | Resistance (Go r= 100) 
[Copper Nickel. | Aluminium, (Ohma»<10—*) - “ 





Be | pe per cent. | 

1| 80.94 | | “1006 | 1097 | 160 
2| 80.14 | 1.04 9.82 | 11.74 | 14.0 
8 | 87.66 | 2.46 9.83 14.40 11.4 
6 94.98 — 6.02 9.85 16.7 
7| 98.96 | 0.94 5.10 10.88 15.1 
8| 92.68 | 2:38 4.94 12.56 | 13.1 
9 | 80.84 | 4.84 6.82 | 16.47 | 10.6 
10 | 87.48 | 7.31 6.21 | 18.45 | 8.9 


out and gently rubbed. The duration of the trials was 123 
—. T seled viata — in —. rape | ‘ — those 
or the annealed plates shown graphically in Fig. 11, 

400. The figures given for Muntz metal, naval brass. the 
—— alloys with 10 cent. and 1 per cent. 

of aluminium, all agree with those found by Messrs. Vivian 
and Sons,* and by Carpenter and Edwards. The effect 


Taste X VI.—Effect of Quenching on the Conductivity. 











| | 
| Specific Resistance Conductivity. 
| Composition. |" (Ohms x 10—*), | (Copper = 100). 
| = - | 
\ ' | : | | 
No. ; 3 | ia 
gig 28 Boy ¥| 3 fev az 4 
| . 4 
|| 2 | Falebsi.8| § |688\.3 5 
= | 38 |8a0' 30) & \820' 30 £ 
Bee Bk. Mie, <a" | & \<""\ < > 
p.c. | pc. pc. 
9 | 89.84| 4 6.82 | 15.49 | 15.47 | 15.54 | 10.6 | 10.6 10.6 
10 | 87.48 | 7.31 5.21 | 18.01 18.45 | 18.48) 915) 8.93 8.94 





| | | i 


of nickel up to 10 per cent. is in all cases greatly to reduce 
the corrosion of the alloys by the sea-water, the effect of 
the first 1 per cent. of nickel on the 10 per cent. alloy 
being very marked. There was no appreciable differ- 
ence in the behaviour of the annealed and cold-rolled 


Tas_e X VII.—Corrosion Tests. 


Loss in Weight in Pounds per 


Composition. Square Foot per Month. 


Sea Water. 


we e ' iv 
| 
| 











94 | 9.91 | 0.00012 | 0.00018 | 0.00011 | 0.00012 
93 | 9.81 | 0.00009 | 0.00001 | 0.00009 | 0.00008 


' 
-02 | 0.00031 0.00034 | 0.00006 | 0.00006 
04 | 0.00081 0.00031 | 0.00008 | 0.00008 
01 | 0.00012 | 0.00012 | 0.00007 | 0.00009 
.85 | 0.00005 0.00002 | 0.00012 | 0.00012 


P. 
0.97 | 9.48 | 0.00022 | 0.00024 | 0.00006 | 0.00009 
4 
9 











1.04 | 0.00244 | 0.00211 | 0.00011 | 0.00010 

| 1.22 | 0.00221 0.00214 | 0.00010 | 0.00013 
i 95.21 | 3.57 | 1.22 | 0.00106 | 0.00163 | 0.00015 | 0.00012 
89.24 9.83 | 0.93 | 0.00018 | 0.00015 | 0.00011 | 0.00010 


Muntz \Copper 61 per cent. ;; 0.00168 0.00143 | 0.00040 | 0.00033 
Metal. | Zinc 39 per cent. } 
val rr per 70 per cent. ;| 0.00140 
Zinc 29 per cent. ; 
Tin 1 per cent. 





Se| e822 








0.00131 | 0.00020 | 0.00022 





Na 
Braga, 
| 











metal. The plates, after their immersion ip aca-water, dark 


were generally smooth, but varied in appearance. The 
pure 10 per cent. copper-aluminium alloy was much darker 
in colour, and the surface was roughened, while those 
containing nickel were quite smooth and only slightly 
dimm ut had assumed a greenish tinge. The 5 
cent. aluminium alloy showed a dull reddish-yellow 
colour ; with 1 per cent. of nickel this was lighter ; while 
the alloys with 5 and 10 per cent. of nickel respectively 
remained perfectly bright. The 1 per cent. aluminium 
alloys with low nickel were coated with a fine dark-red 
deposit, but when the nickel reached 10 = cent. the 
surface assumed a dull-greenish colour. ean 

surface of the Muntz metal had become dimmed and 
enane — small a excrescences, -_ ) naval 
brass sho’ & green’ eposit easily removed, leaving a 
reddish surface underneath. om 








. Priseadings of the Institution of Mechanical Engi- 
neers, Part 1, 1907, page 365, 


while the | the 


Microscopic FRATURES OF THE ALLOYS. 

All the alloys have been examined microscopically, 
the specimens being etched, as a rule, with an acid solu- 
tion of ferric chloride a four parts of a solution 
of ferric chloride in water (1 : 12), and one part of con- 
centrated hydrochloric acid. It was necessary, however, 
in dealing with some of the alloys containing 5 per cent. 
of aluminium to dilute this to one-quarter strength by the 
addition of three parts of water, while ammonium per- 
sulphate was also found useful in some cases. All the 
photomicrographs were taken by direct illumination. 


Aluminium, 10 per Cent. 

Cast Structure.—The structure of the alloys containi 
less than 5 per cent. of nickel consists solely of the a an 
B constituents, exactly resembling those of the 10 per 
cent. aluminium-copper alloy. At 5 per cent. of nickel a 
few blue veins are visible in the a constituent at a magni- 
fication of 350 diameters. At 74 per cent. of nickel these 
are more noticeable (Fig. 12, page 401), and penetrate 
into the § constituent. At the same time the size of the 
crystals is reduced, and the alloy with 10 per cent. of 
nickel shows a finer a + § structure, with a much smaller 
proportion of the 8 constituent, while there are also 
wy crystallites of the blue constituent (Fig. 13). 

en 15 per cent. of nickel is reached the § constituent 
is entirely replaced by the greyish-blue substance em- 
bedded in a ground mass of the a solution (Fig. 14). 

Cold- Structures.—The longitudinal sections of all 
the cold-rolled rods showed the characteristic rolling 
structure, the blue constituent being first visible at 74 per 
cent. of nickel (Fig. 15). 

Annealed Structures.—Up to 24 per cent. of nickel the 
alloys show the ordinary a+ structure. At 5 per 
cent. of nickel (Fig. 16) the crystals are smaller, and a 
little of the blue constituent may be seen in half-tone. 
At 74 per cent. of nickel an entire change has taken 

lace in the structure. The specimen appeared to 
softer in polishing ; the structure (shown in Fig. 17), 
though similar in appearance to the a+ structure, 
showed no trace whatever of the § constituent at high 
magnification, but consists solely of fine blue lines in 
the a constituent. Similarly the cast metal containing 
10 per cent. of nickel, after annealing and slow cooling, 
no longer showed any §, but simply a + blue con- 
stituent. In consequence of the high actinic effect of 
this blue substance, it is difficult to obtain photo- 
phically a good contrast with the golden a solution, 
ut under the microscope its colour renders it easily 
distinguishable to the eye, even in fine lines. 

Quenched Structures—The alloys low in nickel showed 
the characteristic acicular structure of the quenched 
copper-aluminium alloys, but as the nickel increases up to 
5 per cent. the needles become finer. The appearance of 
the alloy with 5 cent. of nickel is shown in Figs. 
18 and 19. The former shows the structure at a mag- 
nification of 25 diameters, but the interior of the large 
crystals there shown presents a fine acicular structure 
at a magnification of 500 diameters. On i 
74 per cent. of nickel (Fig. 20), the structure is no longer 
acicular, but presents an appearance similar to that of 
the ordinary annealed copper-aluminium alloy, the dark 
constituent being 8 with only a mere trace of the blue 
substance. On quenching the cast alloy containing 
10 per cent. of nickel in a similar manner, the f§ con- 
stituent which was absent after slow cooling was restored, 
though a considerable amount of the blue constituent 
remained unaffected by the change. 


ALuMinium, 5 PER Cent. 


Cast Structwres.—The alloys with 5 per cent. of nickel 
and under consist of large a crystals which exhibit 
coring. Fig. 21, showing the 1 per cent. alloy, is 
— of these; the coring becomes more marked as 
the percentage of nickel increases, but disappears on 
annealing. e alloy with 74 per cent. of nickel (Fig. 22) 
shows very heavy coring (or probably two constituents) 
which did not disappear, but was modified by annealing. 
The second constituent is certainly present in the 10 per 


15 per cent. (Fig. 23) the alloy consists of long blue 
dendritic crystals set in a ground mass of golden a con- 
stituent. 

Cold-Rolled Structwres.—As the nickel increases the 
longitudinal sections show a gradual change from fairly 
coarse broken crystals of a with only slight rolling struc- 
ture to the fine crystals, and marked rolling structure of 
ap Bal 403, with 74 ond cent. of nickel. 

A a Structures.—Up to 5 per cent. of nickel the 
micro-sections show the a constituent only with plen- 
tiful yoo nme Paap 25). In places at 5 per cent,, and 
more noticeably at 74 per cent., of nickel (Fig. 26), 

areas not unlike dendritic crystals, varying in 
colour from brown to blue according to the depth of 
etching, are found in the slowly-cooled metal, cutting 
right across the clearly-defined crystals of a. The pre- 
sence of the crystal boundaries of the a constituent is 
na sy ww. -_ deep etching and subsequent 
repolishing. ig. represents same specimen as 
Fig. 26, treated in this manner. “en 

Quenched Structwres.—Up to 10 per cent. of nickel the 
alloys are all softer to polish after quenching, and con- 
sist of the a constituent only, with plentiful twinning, 
but with no other constituent. Fig. 28 in shows 

6 74 per cent. nickel alloy, but the bluish-brown con- 
stituent uced on slow cooling has been sup 
and it does not a with 10 per cent. of nickel. 
Atl5 cent. of nickel the structure is similar to the 

> ew 1 no change is t about by 
quenching. Of typical a and § constituents of the 
copper-aluminium alloys, the a certainly, and possibly 
the 8, will dissolve nj 





cent. nickel alloy, and this at first etches brown; but at | 7 


but, in addition to these, two other constituents have 
been met with in the alloys examined—viz. :— 

A. In the 10 per cent. aluminium series: a greyish- 
blue constituent which .~¥" in the ena yp metal 
at 5 per cent. of nickel, but is suppressed by ———s 
up to 74 per cent. of nickel. ith 10 per cent. an 
more it forms primary crystals which are not removed by 


ag we } ‘ ; 

B. In 5 cent. aluminium series: a constituent 
which in the slowly-cooled metal first appears at 5 per 
cent. of nickel, but which is a by quenching 
from 900 deg. Cent., until the nickel exceeds 10 per cent. 
As a secondary constituent this etches brown or bluish, 
but with 15 cent. nickel, what is probably the same 
constituent forms primary dendritic crystals of a clear 
blue colour, which persists after quenching. Until the 
constitution of the gee EE gery alloys has 
been more systematically studied, it is not possible to 
identify these constituents with certainty; but since they 
in no way resemble any phase of the copper-aluminium 
alloys, it may be remarked that there remain the follow- 
ing possibilities :— 

. A nickel-aluminium compound. oF 

2. A copper-nickel solid solution (probably containing 
aluminium). 

3. A ternary compound. 

The authors have reason to believe that the two con- 
stituents are not the same, and incline to the opinion 
that the substances A and B correspond respectively to 
the first and second alternatives mentioned above. ow- 
ever, while the exact nature of these constituents is un- 
certain, their effect on the mechanical properties of these 
alloys is well defined. In the cast series the appearance 
of the constituent A, or possibly the simultaneous dis- 
appearance of §, diminishes the hardness and lowers all 

@ mechanical properties. In the annealed rods the 
alloy with 5 per cent. of nickel—that is, about the limit 
of the a+ structure when nearly all the nickel is in 
solution—shows maximum elongation, reduction of area, 
resistance to alternating stress and specific gravity, and 
the replacement of 8 by the blue substance lowers all 
these properties. 

In the series with 5 per cent. of aluminium, the con- 
stituent B confers great hardness on the 15 per cent. 
nickel alloy: the increase in hardness in the cast and 
annealed metals begins at 74 and 5 per cent. of nickel 
respectively, where this substance begins to separate. 
The most notable example of its effect was found in the 
alloy with 74 per cent. of nickel, where its separation on 
slow cooling results in greater hardness, higher yield- 
point, and maximum stress, with reduced elongation and 
reduction of area. 

It will be seen from Table X VIII. that a wide range 
of properties may be obtained by suitable mechanical 
and heat treatment of this alloy. 


Taste XVIII. 











No. 10. $i, is¢ e | xg | ae 
Nickel, 7i| £ | 2g | 388/32 | SE | coy 
per Oent.; | 83 | 8°. 53 | 82 | ose? 
Aluminium,) @ | 35 | Se | Ss | #5 +23 
per Cont. | » | a? | mEo) ee | em | ee 

| 

|tons per|tons per| |per cent! | 

| sq. in. | q. in. | | 
Air-cooled. | 11.6 | 27.06 | 63.9 0.9; — | — 
Quenched . -| 11.4 29.77 52.1 65.1 | 9 | 258 
Annealed ..| 24.0 39.00 | 25.6 26.8 | 167 193 
Cold - rolled) 31.1 36.30 | 28.8 41.0 156 150 

| 


| 


Slow cooling also increases the conductivity and the 
specific gravity. Determinations of the latter property 
on the same sample before and after quenching led to 
the following results :— 


Aluminium, 5 per Cent. 

















| | 
oon A an” Tl ae heq |Decrease in Volume 
ins on Slow Cooling. 
5 per cent. Nickel. 8.178 8.176 0.2 parts per 1000 
tego i 8.192 8180 | 15 wy wo» 








The latter figures, which are the mean of two deter- 
minations, may be taken to indicate that the change on 
slow cooling is accompanied by a considerable decrease in 
volume ; and since the properties of the air-cooled rods 
of this alloy were approximately those of the quenched, 
it would appear that the separation of the constituent B 
= the homogeneous solid solution takes place very 

owly. 





Pic-Inon 1N THE Unitep States.—The production of 
pig-iron in the United States beat the record in 1913, and 
the output has been nearly doubled during the last decade. 
This is shown by the following table :— 


Year. Tons. Year. Tons. 

1904 .. .. 16,497,088 1909...  .. 25,795,471 
1905 .. .. 22,992,380 1910 .. .. 27,298,545 
1906 ..  .. 25,307,191 1911... .. 23,649,547 
1907 .. .. 25,781,361 1912... —.._ 29,727,137 
1908 .. 15,936,018 1913 . 30,966,301 


The aggregate production for the decade ended with 
1913, inclusive, was 243,950,984 tons; for the decade 
ended with 1903, inclusive, 125,272,295 tons; for the 
decade ended with 1893, inclusive, 68,100,126 tons; for 
the decade ended with 1883, inclusive, 30,601,896 tons ; 
and for the decade ended with 1873, inclusive, 15,980,904 
tons. In the fifty years ended with 1913, inclusive, the 
United States accordingly produced 483,9°6,405 tons of 
pig-iron. In 1913 pig-iren was made in twenty-one States 
of the American Union, as compared with twenty in 1912, 





without change in appearance ; | Mississi 


ippi having become a producer, 
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BRONZE.* 
By Joun DewRance. 

Tue dictionary meaning of the word “ bronze” is a 
compound or alloy of from 2 to 20 parts of copper to 1 of 
tin, to which other metallic substances are sometimes 
added, especially zinc. In times past the gradually 
increasing additions of zinc and lead d ted the 
name of *‘ bronze.” In the manufacture of guns it was 
found that the best results were obtained by an alloy of 
9 parts of copper and 1 part of tin. This became the 
standard material for the manufacture of guns for many 
years. To distinguish this alloy from the inferior mix- 
tures that had previously been supplied under the name 
of bronze, the description ‘‘ gun-metal ” was introduced. 
As time went on the new name, Fe  aectnent a was no 
more respected than the old one of “ ze,” and at the 

resent time any alloy that does not come under the 
Seoeription of pot metal or brass is called ‘‘ gun-metal.” 
As guns are now universally made of steel, it seems 
desirable to return to the dictionary description, and to 


call all alloys mainly composed of cop and tin 
“bronze.” To the previously-mentioned alloy of 90 per 
cent. copper and 10 per cent. tin, it is very y the 


practice to add 2 per cent. of zinc, making 88 per cent. 
copper, 10 per cent. tin, and 2 per cent. zinc. When 
tested at atmospheric temperature this alloy gives very 
excellent results. Asa great deal of bronze is used at the 
temperature of high-pressure steam, it becomes impor- 
tant to investigate its behaviour at temperatures that 
‘correspond. : ES aoe 

The tests, the results of which are givenin Figs. 1 to 4, 
were conducted for the author by Mr. R. H. Harry 
Stanger. The heating apparatus was an air-tight tube 
boiler, heated by gas from a ring-burner. The specimen 
was held in screwed jaws in the centre, both end jaws 
being insulated, and the boiler was also coated with 
asbestos. The testing-machine being a 50-ton vertical 
Buckton, the weight of the apparatus is carried on the 
bottom headstock ; the top end of the specimen was 
held in a plunger which enters the top of the heating 
apparatus through a broad guide with a sliding fit. 

th ends of the a tus are held in the heads by 
means of spherical holders, thus allowing the whole to 
find its true vertical axis. — 2 

As the specimen is entirely enclosed during the test, 
some outside means have to be adopted for ascertaining 
the yield-point, if any; the two ends of the heating 
apparatus were connected to a Wicksteed hydrographic 
recorder, taking the base line with the beam floating 
immediatel ore applying the load, after the specimen 
has attai! the necessary temperature. 

An experimental specimen was drilled with holes in 
different positions along the parallel length, and the bulb 
of a thermometer was inserted in the various positions. 
This thermometer was found to agree very closely with 
another thermometer that recorded the temperature in 
the air-chamber, and it was therefore inferred that the 
readings of the thermometer in the air-chamber gave 
correct readings of the temperature of the a 
The percentages of elongation were given by the Wick- 
steed recorder, and are stated throughout as the per- 
centage on 2in. The copper employed in these tests was 
that which is known on the market as ‘‘ best selected,” 
which has an average analysis as follows :— 


re a 
opper iin res Sei es fom 1 
Nickel * a ae aa se 0.01 
Arsenic ee: cig me 0.026 
Lead ... 0.08 
Bismuth 0.004 


The tin and zinc were the best commercial quality. 

In the first tests made 88 parts of copper were melted 
in a new crucible, two of zinc were as soon as 
the copper was melted and allowed a short time to 
flux the metal, 10 of tin were then added, the whole 
mass stirred, and the test-pieces poured at as near 
the same heat as could be judged by a careful moulder. 
The black line on Fig. 1 shows that at atmospheric 
temperature the 88 copper, 10 tin, and 2 zinc alloy has a 
maximum stress of 16.35 tons per sq. in., and the black 
line in Fig. 2 shows an elongation of 11 per cent. on 
2in. At deg. Fahr. it has a maximum stress of 9.5 
tons, and an elongation of only 1 per cent. At 700 deg. 
it has a maximum stress of 7 tons and an elongation of 
0.25 per cent. 

The first series of tests undertaken was that between 
400 deg. and 700 deg. Fahr., and the results were so 
unexpected that it was thought advisable to re-test some 
of the broken samples in the cold state, to ascertain if the 
fault was in the casting of the test-pieces. For this 
purpose samples which failed at 400 deg. Fahr. and 
500 deg. Fahr. were turned down and suitably mounted, 
and when re-tested at atmospheric ag my gave a 
breaking stress near 18 tons per sq. in. Further samples 
in this same mixture were then prepared and tested at 
temperatures between atmospheric and 400 deg. Fahr., 
and the results show very clearly that the metal begins 
to lose its strength above 350 deg. Fahr. Professor 
Huntington, in a papert read before the Institute in 
1912, gives, among other alloys, particulars of an alloy 
of copper 97.673 and tin 2.408, tested cold, and at 
——— up to 870 deg. Fahr. Having to the 
8 Proportion of tin, these results are consistent with 
the results given above. 

In the next tests made, 874 parts of were 

ted in a new crucible, 2 of zinc were added as soon as 





a read before the Institute of Metala, March 18, 
+ Journal of the Institute of Metals, 1912, No. 2, 
vol. viii., page 131. ENGINEERING, September 27, 1912. 





the copper was melted and allowed a short time to flux 
the metal; 10 of tin and 4 of lead were then added 
together, and the whole mass stirred. It will be observed 
that the only difference between this and the vious 
experiments is the addition of 4 per cent. of | at the 

The dotted line on Fig. 1 shows 


pe 

sq. in., and the dotted line in Fig. 2 the 
elongation, cent. At 550 deg. Fahr. it has a maxi- 
mum stress of 15.8 tons and an elongation of 18 per cent. 
At 700 deg. it has a maximum stress of 8.25 tons and an 


1% 
17 





Breaking Stress 
Tons per Sg¢Inch 
x~naeos*F SRG 


=7--\ fo 10 2 _ 10 2% 
sea) (Copper. Tin. Zinc Lead Copper. Tun. Zinc 
18 


77 
16 


Elongation 
certuge or 2° 


Per 


Degrees Fahrenheit 
itt’ @ 2 04.1 @ 


10 =—2% 
(3892 8) pper Tin Zinc Lead. 


Copper.Tin. Zinc 


TESTED AT 500° F. 





7] 
of added Lead. 


AT 500°F. 


" 








(s892.¢) Percertage of added Lead 
elongation of 2 per cent. The breaking stress of 11.25 tons 
per sq. in. at deg. Fahr. is an average. No actual 


sample broke at this stress. It was found that some 
samples tested at this temperature gave results in the 
ion of 16 ee in., and others 7 ope gese. 
From this it may be concluded that 600 deg. is the critical 
temperature of this alloy. 

In a paper read before the International Association 
an ee a 

in y J. rego . Spring, 

the labora of the Crane Company, Chicago, tl 
resulte are given of tests, among others, of a material 
called ‘‘ U.S. Navy gun-bronze G,” which has a composi- 
tion of 87.6 per cent. , 10.4 per cent. tin, 1.31 per cent. 
zinc, 0.89 per cent. 3; it is stated to contain 0.11 
per +~-y but it is : = that ae a 
given is due to using a file for preparing the sample for 
analysis, as such an alloy ought not to contain such a 


- ? iron. 

chart of the test of this metal at first sight appears 
inconsistent with the results given in this paper, but this 
is due to the fact that the tests made were not sufficiently 





numerous. The first test appears to be at about 80 deg. 
Fahr., and gives a maximum stress of 15 tons and elonga- 
tion of 9 per cent.; the second test is at ees Fabr., 
and gives a slightly increased maximum stress of 164 tons 
and elongation 9.5 per cent. The next test is at 
450 deg. Fahr., and gives a maximum stress of 14.75 tons 
and elongation of 8 per cent. is not another test 


have given information as to i 
that particular composition of alloy tested. 
If it is accepted that cent. of lead raises the maxi- 
peed stress at >| deg: — from 9.75 aw be tons, 
at proportion mes an essen — 
in bronze, that is subjected to temperatures above 350 deg. 
Fahr. It also becomes necessary to inquire whether any 
further advantage can be gained by adding a 

ion of lead. Figs. 3 and 4 show that this is not 
the case; but it is surprising that with so large a 
portion es 16 per cent. of lead the maximum stress at 
500 deg. Fahr. is 124 tons, as against 9.5 tons without 
any lead. In making these expsriments the lead was 
added at the expense of the copper; so the last 
result would be 72 ro cent. copper, 10 cent. tin, 
2 per cent. zinc, and 16 per cent. lead. In making the 
f ing experiments the question arose as to whether 
any of results were due to the absorption of oxygen 
from the atmosphere by the alloy when in a molten 
condition. It is diffic ~ .  — —~ the content of 
oxy’ in bronze, so the following experiments were 

ucted with best selected copper — 

i No. I.—A new 100-lb. plum’ crucible 
was taken. As soon as the copper was sufficiently hot 
an ingot was cast, and the rest of the metal was returned 
to the fire for an hour, when a second ingot was cast, and 
the same thing repeated for the third ingot. There were 
thus three ingots cast from the same crucible at intervals 
of one hour. On analysis the oxygen contents of the 


three were as follow :— ° o Oxid 
xygen. Ou xide. 
Per Gent. Per Cent. 
0.032 0.285 


No. 1 ‘ 
No.2... =e ia 0.272 2.499 
| S ae - win 0.404 3.605 


Experiment No. I1I.—Two new plumbago crucibles con- 
taining 100 Ib. of B.S. copper were taken, and } Ib. of 10 
per cent. phosphor-copper was added to one, and 0.6 oz. 
aluminium to the other, as deoxidisers. The copper was 
covered with glass, so that when molten no air d come 
in contact with it; and three ingots were cast at intervals 
of one hour, as in the former experiment, the glass being 
left on during the casting. 


Oxygen Contents on Analysis. Mey 


‘er 6. 
Aluminium as mi 0.080 
deoxidiser } ” zee ee 
Phespheses es cia $07 eee see ye} 
en On er . 


Both sets of results show that if the metal is kept from 
contact with the air when molten no oxy is picked 
up; and if this precaution is not ta)en —— 4 
result in an increase in the content of oxygen, and 1! 
conclusion was accepted and upon when making 
3 Ly a experiments. ame a not 

or oxygen on account of the previously men- 
tioned difficulty of such analysis. : 

Experiment No. I1T.—One new plum! crucible, con- 
taining 100 lb. of 874 per cent. copper, 10 per cent. tin, 
2 per cent. zinc, and 4 per cent. lead, was covered with 
glass to exclude the air, and melted; another exactly 
similar chi was allowed ample opportunity to pick up 

by being repeatedly skimmed and left standing 
in the air iter being taken from the fire. Test-pieces, 
and a heavy flange casting with a light and thin nipple 
on each side, were cast from each cruci The flange 
castings were broken and examined very carefully, and 
both appeared as sound as it is possible to get a casting. 
The test-pieces gave the following results when tested 
cold and under heat :— 


will 
this 





| Tempera- | Maximum Extension 





ture. Load. on 2 In. 

ins. -in per cent. 
First charge covered with) Cold fg.34 9.0 
glass to exclude oxygen At 500dg. F. 18.73 10.5 
Second uncoveres, id 16.55 12.6 
to absorb oxygen |At 500dg. F. 15.15 14.0 





Experiment No. IV.—To complete the above results 
Experiment No. IV. was made, which consisted in 
casting a similar flange and test-pieces in wa. gd 


metal. The fi casting again proved sound, 
he + following seeder 


test-pieces gav 


Maximum — 
= Temperature. |Load in Tons| —— 
Per 8q. In. | 








| per cent. 
Metal twice run with-(| Cold 16.19 | r 
out any precaution | | 
to prevent absorp- 
tion of oxygen ee 


At 500 deg. F.| 16.15 14 
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TEST-PIECES BROKEN AT VARIOUS TEMPERATURES. 

















Tested cold. Tested at 400 deg. F. Tested at 


500 deg. F. Tested at 600deg.F. Tested at 700 deg. F. 


Copper, 88 ; tin, 10; zinc, 2 per cent. 


Fig. 5. 
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Tested cold. 


Tested at ono deg. F. Tested at 550deg. F. Tested at 600 deg. F. 


Tested at 700 deg. F. 


lopper, 87}; tin, 10; zinc, 2; lead, § per cent. 
Fie, 6. 


The foregoing experiments point to the conclusion | 
that in an alloy of 874 per cent. copper, 10 per cent. 
tin, 2 per cent. zinc, and 4 per cent. lead, no benefit 
results from the deoxidation of the metal, or in taking 
special precautions to prevent the metal absorbing 


ox n. 

There is another feature of considerable interest in 
these alloys. When the alloy that is free from lead is 
turned in. the lathe, the turnings have a considerable 
curl upon them. The addition of 4 per cent. of lead 
materially reduces the length of the turnings. It would 
naturally be supposed that this feature is due to the fact 
that without the lead the alloy has an elongation of 11 
per cent. on 2 in., and with the addition of the lead the 
elongation is reduced to 8 per cent., and that the turnings 
break off more readily for this reason. The same test- 
pieces from which the turnings were made when cold 
were then heated and turned at 550 deg. Fahr., and it 
was seen that the alloy without the | still presented 
the sume curly appearance, and the turnings from the 
alloy containing the 4 per cent. of lead were very little 
— than the — produced at the cold. 

e —_ of the alloy containing 4 per cent. of 
lead, as will be seen by the chart, is at 550 deg. Fahr., 
18 - cent. on 2 in. ; whereas the elongation of the alloy 
without the lead falls at tis temperature below 2 per cent. 
As lead has such a marked effect on bronze, enabling 
it to be used without loss of strength up to 550 deg. Fabr., 
it seems reasonable to expect that some other metal 
might be added that would enable the bronze to with- 
stand even higher temperatures. With this object in 
view, 87.25 copper was melted in a new crucible, and 
0.25 of silver was added when the copper was melted, 
and the whole mass stirred. Ten per cent. of tin and 
2 per cent. of zinc and 4 per cent. of lead were then 
added and again stirred. Two test-pieces were prepared 
and tested at 700 deg. Fahr. One test-piece gave a 
maximum load of 8.11 tons, the other 8.75 tons. The 
extension in neither case exceeded 0.5 per cent. on 2 in. 
The maximum | is practically the same as without 
the silver, and the extension not so good. Nickel is 
not very promising, as in small proportions it seems 
invariably to liberate some occluded gas on cooling, and 
produces very porous castings. Aluminium is objection- 
able, because in even small proportions it seems to add 
materially to the amount of the contraction of the cast- 
ing on cooling. Iron is strongly objected to in fine 
bronzes, as it combines with the tin and separates out 
into hard masses in the casting. The subject seems to 
call for further research, as it is possible that small pro- 

rtions of some of the rarer metals may have a 





ficial effect. With the present use of superheated 


steam it is very desirable that a bronze should, if 
possible, be produced that can be used with safety at 
700 deg. Fahr. 





LANTERN-SLIDES FOR ENGINEERING LECTURES.— Messrs. 
Tangyes, Limited, Cornwall Works, Birmingham, inform 
us that they have available for loan to engineering lec- 
turers and technical instructors a large and varied selec- 
tion of lantern-slides of their current specialities, com- 
prising gas-engines and suction-producers, oil-engines, 
steam and power-pumps, hydraulic machinery, machine- 
tools, &c; also an assortment of slides of historical 
interest dealing with these subjects. A printed list of 
such slides will be sent free to applicants. Typewritten 
copies of papers dealing with Tangyes’ machinery are also 
available for loan, if required, to assist lecturers in pre- 
paring their own papers. The printed list in question, 
a copy of which they have sent us, covers a large number 
of apparatus and plants. 





Moror Vesseu “ Arasis.”—This cargo motor vessel, 
one of the first of large size constructed in this country, 
for the Flower Motor Ship Company (Messrs. M. Samuel 
and Co., managers), was launched successfully at Middles- 
brough on the 12th inst. The hull was built at the 
Mid ——_ yard of Messrs. Smith’s Dock Company, 
Limited, whilst the motors are being constructed at the 
Neptune Engine Works of Messrs. Swan, Hunter and 
Wigham Richardson, Limited. The vessel will carry 


nearly 6000 tons dead weight. Her pumping arrangements | bee 


are very complete, and she has awe gear for handling 
cargo, a steam-winches. Oil fuel is to be 
= ied by = t ee FB — and i in the 
ore and after wi ing and pump’ 
arrangements. P'The Arabis is being built to Lloyd’s 
highest class, and will have a Suez Canal certificate ; 
both hull and machinery are being constructed under 
the supervision of Messrs. Flannery, ay and John- 
son, Limited. The vessel is of the following dimensions :— 
Length between perpendiculars, 350 ft.; breadth, moulded, 
47 f0.; depth, 27 ft.; and she will have a mean draught 
of about 21 ft. 6 in., and spacious ’tween decks, 8 ft. high, 
available for the pilgrim traffic and for military transport. 
propelling machinery consists of two four-cylinder, 
two-cycle Diesel motors of the “ Polar” t developing 
1150 e horse-power. Two donkey boilers are being 
fitted for supplying steam for the deck machinery, the 
ing gear, and electric lighting; they are d 
to burn coal and oil fuel, and also to work economically 
at sea by utilising the exhaust gases from the main pro- 
pelling motors. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data . smog cay all gee 

ign engineering projects, t of 

Journal, Further fon oy concerning these 

projects can be obtained the Commercial Intelli- 

ae eee 
on, 4 

South Africa: H.M. Trade Commissioner for South 
Africa reports that, according to the Cape Times, the 
Minister of Railways, in reply to a question in the Union 
House of Assembly, stated that during 1913 the following 
orders for rolling-stock for the South African Railways 
were oversea—viz., seven contracts for coaches, to 
the value of 280,089/. f.0.b.; thirteen contracts for wagons, 
to the value of 614,082. f.o.b. ; and sixteen contracts for 
locomotives, worth 857,941/. f.o.b. Quick delivery was 
the determining factor in placing these orders, and as the 
work could not be executed in South Africa in less than 
18 to 20 months, the contracts had to be placed abroad, 
for delivery to commence from 9 to 12 months from the 
date of contract. -M. Trade Commissioner remarks 
that during 1913 orders to the value of no less than 
1,752,000/. were placed by the South African Railway 
Administration with manufacturers oversea. The great 
majority of these orders were placed with firms possess- 
ing direct representation in the South African market, 
and therefore all United Kingdom manufacturers of rail- 
way material should note not only the necessity of being 
locally represented, but also the great value which is to 
be derived from a periodical personal visit of a member 
of such firms to South Africa, which would bring them 
into direct touch with the chief officials of the South 
African Administration. 

Australia: H.M. Trade Commissioner has forwarded a 
copy of the Victorian Railway Loan Application Bill, 1914, 
authorising expenditure on »ilways, to which assent has 
recently been given. The Schedule attached to the Act 
provides inicr alia for the expenditure of the following 
sums :—Duplication, renewal, and strengthening of via- 
ducts in Melbourne, 89,000/.; provision of a new shipping- 
shed and accommodation in connection therewith, 
170,000/.; additions and extensions to workshops, sidings, 
machinery, and other works, including fire protection, 
30,000/.; carriages and vans, including improvements to 
existing stock, 229,500. ; locomotives, 265,000/.; trucks 
and truck covers, 335,000/.; rolling-stock, equipment, 
machinery, and other works, 47,966/. ; to supplement the 
funds available under the Railway Stores Account, 
100,000/.; electrification of the Melbourne Suburban 
Lines, 915,000/. 

France: The British Vice-Consul at Nantes reports 
that tenders are invited by the Prefecture of the Depart- 
ment of the Loire-Inférieure for the prelimimary work to 
be executed in connection with the reconstruction of 
the Pirmil Bridge at Nantes. Copies of the specification, 
form of tender, &., may be obtained from M. Kauff- 
mann, Ingénieur en chef des Ponts et Chaussées, Place de 
l’Edit-de-Nantes, No. 2, Nantes. Sealed tenders, made 
out on stamped paper, will be received by M. le Préfet de 
la Loire-Inférieure, Nantes, up to 5 p.m. on April 3. The 
estimated value of the contract is put at 1,275,000 fr. 
(about 51,000/.), and a deposit of 20,000 fr. (800/.) is re- 
quired to qualify any tender. Local representation is 
necessary. 

Morocco: H.M. Consul-General at Tangier reports 
that tenders are invited by the Special Committee of 
Public Works for the extension of the Boulevard Front 
de Mer at Tangier and its connection with the Boulevard 
de la Station Sanitaire, representing a total distance of 
706 metres (about 770 yards). Tenders will be received 
by M. le Président du Comité Spécial des Travaux 
Publics, Dar En Niaba, Tangier, up to 11 a-m., on 
April 27. The estimated value of the contract is placed 
at 67,386 fr. (2695/.), and a deposit of 600 fr. (24/.) is 
required to qualify any tender. - The contractor must 
elect domicile in the neighbourhood of the works. 








Tue DunpERLAND Company.—According to what is 
at present expected, the fresh start at the ill-fated 
Dunderland Company will be made in May, 1915. A 
considerable amount of new capital has been subscribed, 
drawings for the new mg are being prepared, and as 
soon as they are ready the work on the foundation will be 
commenced. The installation of machinery, it is expected, 
will commence in August, and will be continued through 
the winter, and in the meantime the briquetting work is 
lying idle. The dry will be abandoned, and the 
wet Ulrich process be adopted instead. It has already 
n tried on the spot, and given encouraging results. To 
begin with the working will be on a moderate scale, but 
later on it is proposed materially to extend it. 





Norwecian Nrreates.—The national importance from 
a financial point of view of the Norwegian electro-chemical 
industry is beginning to manifest itself. The Norwegian 
nitrate is being exported on an increasing scale—70,171 
tons during last year, against 51,701 tons the preceding 
year, which means an increase of about 40 per cent. from 
the factories at Saaheim and Notodden ; the value is about 
11,000,000 kr., against 8,000,000 kr. in 1912 and 1,400,000 
kr. in 1911. The export of cyanamide from the works at 
Odda amounted last year to 22,111 tons, against 13,892 
tons in 1912—an increase of about 60 per cent. Also the 
export of carbide goes on increasing, the figure for last 
year being 66,876 tons, against 63,100 tons for the pre- 
vious year. Of sodium-nitrate, ammonium-nitrate, and 
sodium-nitrite, the aggregate exports during 1913 were 
17,028 tons, against 13,480 tonsin 1912. The exploitation 
of the immense power of the Aura Falls will give an im- 
portant additional impetus to this industry. 
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THE NEW WATER SUPPLY FOR THE 
CITY OF NEW YORK. 
By Cuartes Pretint, C.E. 
(Continued from page 341.) 
Tue double aqueduct built in the same trench, 
and shown in Fig. 14, page 341 ante, passing under 


and along the dividing weir of the Ashokan Reser-| works to the 


voir, is also used to connect the upper gate-chamber 
with the lower one built at the exterior pe 
slope of the middle dyke of the Beaver 


ill. This 











int of the | 


nearly three-quarters of a mile of special and stan- 
dard aqueduct in open cut. This part of the work 
was awarded to Mr. Jules Breuchaud, a contractor 
who has had long experience with the water supply 
of the city. His estimate for the work assigned to 


him was 1,146,000 dols. 

The total length of the aqueduct from the head- 
ill View reservoir at Yonkers is 
92 miles, as may be seen in Fig. 1, page 337 ante. 
For nearly three-quarters of this distance the aque- 
duct is built on the hydraulic grade, the water des- 





of the aqueduct is 17 ft. high and 17.6 ft. wide at 
the widest point, which is 4 ft. 44 in. above the 
middle of the invert. The cross-section is a poly- 
centric figure, composed of a three-centre curve. The 
skewbacks and invert are designed with the dimen- 
sions given in Fig. 17, subjoined. The cut-and-cover 
aqueduct is built of concrete, 12 in, thick at the 
cover, and increasing toward the base, being 
5 ft. 4 in. at the foundation. Thethickness of the 
invert is 12 in. throughout. The interior cross- 
sectional area is 241 sq. ft., and the perimeter is 











"tg. 2. 


















































double aqueduct through the inlet channels will 
allow the supply to be derived either from the 
eastern or the western basin of the reservoir. The 
Catskill aqueduct proper begins at the lower gate- 
house, and the different structures erected at this 
point have come to be designated under the general 
name of ‘‘ head-works.” 

These works consist of the lower gate-chamber, 
the aeration plant, a screen-chamber, safety over- 
flow weirs in the aqueduct and overflow and waste 
channels, a concrete Venturi meter with 7}-ft. 
throat, and finally the connecting parts of the 
aqueduct. The connection of the head-works with 
the aqueduct will necessitate the construction of 





cending by gravity in tunnels excavated through 
mountains or constructed on the surface by the 
cut-and-cover method ; in the remaining fourth of 
the aqueduct the water will flow under pressure. 
The aqueduct is made up of seven pressure-tunnels, 
ting 17 miles in length, and varying from 
780 ft. to 4.8 miles each; of twenty-four grade 
tunnels, of 14 miles length in all ; of fourteen steel 
a pew 6 miles length in all ; and, lastly, of 
miles of cut-and-cover built in between the above- 
mentioned structures, and varying in length from a 
few feet to 15 miles. For these various structures 
different cross-sections have been adopted. 
The cross-section used on the cut-and-cover parts 





57.4 ft. The covering of the aqueduct is a 3-ft. 
embankment, 15 ft. wide on the top, sloping on both 
sides with slopes of 1 in 17. The dimensions of the 
concrete were determined to withstand the weight of 
the embankment when the aqueduct is empty or full, 
and also to withstand the water pressure when full 
without the aid of the embankment. The section 
is strong enough to withstand a fill not exceeding 
14 ft. in depth over the top of the arch. For fills 
greater than this the invert is reinforced with steel 
rods in order to enable it to resist the reaction 
caused by heavy loads. Though this is the general 
design for the cross-section of the cut-and-cover 
parts of the aqueduct, slight differences occur, which 
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are necessitated by the conditions of the soil. For 
instance, when the aqueduct is built in places 
where the ground-water rises higher than 9 ft. 
above the invert, the thickness of the latter is 
increased in order to withstand the upward hydro- 
static pressure when the aqueduct is empty. When 
the cut-and-cover aqueduct is built in rock, the 
section is so designed that the rock will never come 
closer than 12 in. to the inside surface of the aque- 
duct, thereby ensuring stability and watertightness. 

As many as nine standard types of tunnels on 
the hydraulic grade were designed, according to the 
materials encountered, from massive rock to 
saturated and flowing earth. The cross-section 
of these tunnels, Fig. 18, page 407, is of the same 
height as in the cut-and-cover parts, but was made 
narrower for the double purpose of avoiding trouble 
from the entrained air, and of supporting the 
roof during and after construction. It was made 
17 ft. high and 13 ft. 4 in. wide. The lining was 
designed to have a uniform thickness, varying a 
little, however, with the nature of the soil. The 
cross-section of the lining, as indicated in Fig. 18, 
shows three distinct lines, marked A, B, and C 
respectively. The line A, which is from 6 in. 
to 8 in. from the intrados, should be quite free 
of rock; the line C, 5 in. from A, gives the limit 
beyond which rock edges should not project out- 
ward, and the line B, 13 in. from A, is the line to 
which the excavation and lining are paid for. Though 
all the grade tunnels have the same cross-sectional 
clearance area, the thickness of the lining and the 
consequent excavation varies with the nature of the 
soil. In fissured rock and loose soil the line B is 
farther away from A in order to permit the timber- 
ing to remain in place behind the lining, as shown 
in Fig. 18. The masonry lining was not designed 
to resist hydrostatic pressure, and since it was 
expected that the _— tunnel would be far below 
the natural ground water, weeping-holes have been 
left in the masonry in order to admit freely into 
the aqueduct the water encountered in these 
tunnels. It was only in the case of fissured rock 
or loose soil, where there was danger that the 
water would leak out of the tunnel, that the 
masonry was made strong and solid. 

At points where the aqueduct crosses deep and 
extansive valleys, it is carried far below the 
hydraulic grade by means of siphons. In such 
cases two shafts were excavated to a great depth 
and then connected together by a_ horizontal 
tunnel. The cross-sections of the shafts, as well 
as that of the tunnel, are circular, with a clear 
area of a circle 14.5 ft. in diameter, as shown in 
Fig. 19. The lining of the siphons is made of solid 
concrete, all the voids at the k of the lining, as 
well as the seams in the rock, being filled with 
grout, forced in at a pressure sufficient to overcome 
the ground-water head. In these syphons or 
pressure-tunnels steel frames have been used in- 
stead of timbering where the roof required support. 
Owing to the greater resistance of the steel, smaller 
dimensions were then adopted, and the saving in 
the amount of excavation and masonry compen- 
sated for the greater cost of the steel roofing. 

In crossing shallow valleys, steel pipe-siphons 
have been adopted close to the surface. The pipes 
are 9 ft. 6 in. and 11 ft. 6 in. in diameter, and 
are made up of plates ,%; in. thick, riveted together. 
There are fourteen siphons on the aqueduct, varying 
in length from 607 ft. to 6671 ft. Each one has 
a gate-chamber for the sliding valves that control 
the flow of water. 

Although the present water supply of New York 
is furnished by the Croton watershed, the old 
systems, which derived water from the Bronx and 
Byram Rivers, are also utilised. Across the former, 
ata point north of White Plains, a dam had been 
built, forming Kensico Lake, from which water was 
brought in a 48-in. pipe-line to a distributing 
reservoir at Williams Bridge (see Fig. 1, page 337 
ante). Kensico Lake is situated near Rye Pond, 
which is the storage reservow for the water supply 
of several thriving towns along the shores of a 
Island Sound. In connection with the Catskil 
Aqueduct it was deemed advisable to increase 
greatly the water-storage on the New York City 
side of the Hudson, closer to the city. For this 
purpos2 a new dam is being constru at Valhalla, 
which will raise the water in Kensico Lake about 
110 ft., so that it will flow back into Rye Pond, which 
will be raised over 50 ft. The new dam, now under 
construction, but which will not be completed for 
four or five years, is a masonry structure, with cut- 
stone face-wall on the down-stream side. At the 





highest point it will be 250 ft. high, and will be 
2300 ft. long at the top. The Kensico Reservoir will 
have a total capacity of 40,000 million gallons, and 
an available capacity of 20,000 million gallons. At 
the normal water level this artificial lake will cover 
a — of 2250 acres, with an average depth of 
54 ft. 
The Catskill Aqueduct proper ends at the distri- 
buting reservoir at Hill View, Yonkers, just above 
the New York City line. The situation of this 
reservoir is shown at the right hand of Fig. 20, 
page 407. A plan of it is given in Fig. 21, and 
etails of the dividing wall in Figs. 22to 24. This 
reservoir will be of irregular shape, with a length 
of 3300 ft. and a width of 1200ft., and will have 
a total capacity of 1000 million gallons, the greatest 
depth being 36.5 ft. The reservoir is formed in 
earth, part in excavation and in embankment, 
lined with concrete, both on the slopes and on the 
bottom. The sides, built on embankment, will be 
constructed of impervious materials, such as 
puddled clay rolled over to prevent leakage. 
Along its entire length the reservoir is divided 
into two basins by means of a submerged con- 
crete wall, containing a by-pass aqueduct 12 ft. in 
diameter, as shown in Fig. 22. At each end of this 
dividing wall gate-houses will be located, called 
the up-take and down-take chambers respectively. 
These chambers will be provided with various gates 
communicating with either of the basins and also 
with the by-pass, so that the water may be sent to 
the city without entering the reservoir. The 
water-level of the Hill View Reservoir has been 
fixed at 295 ft. above sea-level in order to compen- 
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sate for the friction losses in the 92 miles of the 
aqueduct and for the numerous siphons along the 
line. It is ex that this reservoir will be com- 
pleted in two years’ time. 

Two alternative plans for the distribution of the 
new water supply to the five boroughs of the city 
were examined. In one, cast-iron pipes were to 
be laid close to the surface in the borough of the 
Bronx, and, on reaching 131st-street, the water 
would be carried pomci, o Island Sound on 
a pipe-siphon entering Long Island near Law- 
rence Point. The line would be continued close 
to the surface through the two boroughs of Queens 
and Kings, crossing the Narrows by a siphon, and 
ending at Silver Lake inthe borough of Richmond. 
The second plan consisted of a pressure-tube con- 
structed under the streets of the city, crossing the 
East River at great depth, and coming up near 
the surface in Brooklyn, close to Fulton-street and 
Flatbush-avenue, to be continued thence on a pipe- 
line to the boroughs of Queens and Richmond. 
Both plans presented advantages and inconveni- 
ences. The work n for a pressure-tunnel 
constructed at depths varying between 200 ft. and 
700 ft. was estimated to involve an expenditure of 
20 million dollars. On the other hand, to convey 
a daily supply of 500 million gallons of water would 
have required nearly 30 pipes of 48 in. in diameter, 
which for the entire length of the distributing aque- 
duct would have cost 40 million dollars for the metal 
alone. The pressure-tunnel was therefore adopted. 
It is 17.7 miles in length between Hill View Reser- 
voir and the point at which the aqueduct continues 
on a pipe-line—viz., Fort Greene Park, Brooklyn 
(at Shaft No. 24, Fig. 19). The diameter of the 
tunnel varies with the distance: for the first 4 miles 
it is 15 ft. ; for 8 miles, 14 ft. ; for 1 mile, 13 ft. ; 
for 1.7 miles, 12 ft. ; and for the last 3 miles, 11 ft. 
The tunnel is still under construction, though 
recent advices stated that some sections were 
practically finished, and all were holed h 
completely, but not enlarged to full diameter. e 
work has Seen carried out by means of twenty-four 
shafts, evenly spaced along the line. These work- 
ing shafts are asemanteliiy Mash with concrete, and 





will be used for the distribution of water to the 
city mains by means of specially-designed valves 
automatically regulating the flow of water in the 
pipes encased in the concrete lining of the shafts. 


(To be continued.) 





THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

AN ordi eneral meeting of the Institution 
of Mechani ngineers was held on Friday last, 
the 20th inst, at Storey’s Gate, Westminster, 
S.W., the chair being occupied by the President, 
Sir H. F. Donaldson, KCB. 

The President announced that, in order to fill the 
vacancy on the Council caused by the election 
of Dr. Edward Hopkinson as a Vice-President, the 
Council had appointed Mr. W. H. Patchell as a 
Member of Council. Mr. Patchell would retire at 
the next annual general meeting, in accordance 
with Article 25. 


Tron-TUNGSTEN-CARBON AND IRON-NICKEL- 
Carson ALLoys. 


At the conclusion of the ordin business a 
paper was read entitled ‘‘ The Chemical and Mecha- 
nical Relations of Iron, Tungsten, and Carbon, and 
of Iron, Nickel, and Carbon.” This paper was 
contributed by Professor J. O. Arnold, D.Met., 
F.R.S., of the University of Sheffield, and Pro- 
fessor A. A. Read, M. Met., F.I.C., of the Uni- 
versity of Wales. We commence reprinting this 
paper elsewhere in this issue. It was read in 
abstract by Professor Arnold, who prefaced it with 
the sages | remarks, with a view to showing the 
bearing which such a paper had on the matters in 
which members of the itution were in 

In 1740 Huntsman first gave to engineers a good 
turning-tool steel and chisel steel by his liquid 
steel, and upon that steel engineers, from 1740 to 
1870, had to depend for the output of their work. 
The Huntsman steel was quite satisfactory for 
hardness, but its thermal instability limited the 
amount of work it was capable of doing in a 
machine. In 1870, one of the most profound 
metallurgical discoveries which had ever affected 
engineers was made in the discovery of tung- 
sten steel by Mushet. Mushet found that when 
he augmented the Huntsman steel by the pre- 
sence of a considerable amount of tungsten, 
the resulting steel would run at higher speeds, 
take deeper cuts and longer traverses with- 
out breaking down, because he had raised the 
thermal stability of the steel. A little later, to 
the tungsten he added chromium, and the matter 
had progressed until to-day we had the modern 
high-speed steel. Recently the speaker had tested 
the Huntsman steel against a low-grade high-speed 
steel, and working, ceteris paribus, he had found that 
while the Huntsman steel removed an average of 
16 cub. in. before breaking down, the low-grade high- 
— steel removed 217 cub. in. As c»mpared with 
the modern high-s steel, the Huntsman 1740 
tool, put to a certain work, would not do anything, 
and broke down in two seconds, while the modern 
high-speed steel removed 900 cub. in. Although 
these effects had been known, and had, indeed, 
been developed by engineers themselves, there 
had been no scientific explanation of the enormous 
increase in cutting efliciency. He ventured to 
suggest that a portion of the paper now before them 
would explain the phenomenon scientifically for 
the first time. 

When Professor Arnold had dealt with the paper 
in abstract, Professor A. A. Read made a ad 
remarks, first thanking the Council of the Institu- 
tion for the help given towards the work. The 
double carbide was not an easy matter to deal with. 
Some carbides were easy, but the carbide of tung- 
sten was the worst variety he had ever met with ; 
so much so that for months he was in despair 
about the matter. At last, however, a way had 
been found of piercing the defence and carrying 
home the attack. It had to be borne in mind that 
a metal like tungsten was very insoluble in acids 
and very hard to attack with acids. Between the 
i and the carbide there was, however, just 
sufficient difference in their d of insolubility 
to render it possible, by the aid of a very strong 
acid, to separate out and absorb the excess of 

m, the carbide of tungsten being left behind. 

e President, in proposing a vote of thanks to 

the authors, remarked that the subject was a diffi- 
cult one, and he could quite conceive that the work 
been prodigious; but the attack had been 
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essed home. The announcement that the authors 
wee to complete their researches into the double 
carbides of steel by presenting the Institution 
with a paper on the carbides of molybdenum and 
cobalt was highly satisfactory. Professor Arnold 
thought that these latter researches might be com- 
pleted within the year, so that there would not 
be a long wait for the complement of the present 


Mr. David Carnegie desired to refer to the results 
set forth in Table XIII. There the authors gave 
the results of the mechanical tests on nickel steels. 
He referred particularly to two steels, one drastic- 
ally treated (steel 548 A), and the other, he pre- 
sumed, annealed and quenched (548 H). Follow- 
ing that table appeared the statement :—‘t But 
the combined effect of the higher carbon and 
silicon, and the much higher manganese, in Had- 
field’s alloys, had been to mask, to a great extent, 
the surprising ductility—-namely, 11 per cent. 
elongation, 46 per cent. reduction of area, and a 
bending angle of 167 deg. associated at 13 per cent. 
of nickel, with a yield-point of 50 tons and a 
maximum stress of 88 tons per sq. in.” 

He had recently had under his notice a simple 
carbon steel with about 1.25 per cent. manganese. 
That steel gave on an average of about sixty tests a 
yield-point of 60 per cent., a range of 70 to 85 tons 
ultimate breaking stress, and a minimum of 15 to 
20 per cent. elongation on 2in. He admitted that 
that steel had certainly been subjected to a heat 
treatment which differed somewhat from the 
ordi . Having regard to the critical ranges, by 
heating and quenching at suitable points surprising 
results had m obtained from ordi carbon 
steel. He would like, therefore, to send fessor 
Arnold a piece of that steel, in order that he might 
compare it with the 13 per cent. nickel steel. 
From a commercial point of view, such steels were 
of t value. 

. A. Humphries spoke as a steel-user and not 
as a metallurgist, saying that the authors’ paper 
had cleared up certain difficulties which arose in 
explaining the practical results. He had found, in 
igh-speed steels, certain extraordinary re- 
it been « source of annoyance to him 
to be ignorant of the great principles underlying 
the changes which occurred at the various changes 
of temperature. Much advantage had been derived 


r. 
-~" W. H. Hatfield said the value of such papers 
was hardly measurable. Steel was composed essen- 
tially of two constituents—the matrix and the 
carbide. The other elements which were put into 
the steel, such as tungsten, chromium, nickel, and 
manganese, all affected either the carbide or the 
matrix. The — of this and other papers on 
which Dr. Arnold and Professor Read had been 
working was to show how the added elements existed 
in thesteel. He had himself carried out numerous 
carbide separations. Even with the simple alloys 
they were very difficult ; with the addition of tung- 
sten, however, the difficulty was tly ahh. 
He was convinced that the residues which the 
authors had analysed as carbide certainly repre- 
sented the constituent seen as carbide under the 
microscope. Whether that really was carbide, how- 
ever, was an extremely difficult matter to decide. 
Probably one of the most important points 
brought out in the paper was the establishment of 
the fact that when there was 11.5 per cent. of 
tungsten present in the alloy, the tungsten entirely 
threw out the iron from the carbide, and that 
the carbide in such alloys existed as carbide of 
tungsten; that was extremely important. In 
Table VIII. of the paper it would seen that 
the high percentage tungsten alloys quenched at 
gradually increasing temperatures—from about 
860 deg. up to 1200 deg. Cent.—gradually became 
much er. That fact was probably known in 
the workshop a generation ago, but the paper gave 


undoubtedly the correct explanation. As thejin practical work from the pa presented at 
quenching temperature was raised from 860 deg. the Institution. It would now apd to give 
up to 1200 deg. Cent., more and more carbide|the explanation. Many years ago he had been 


would be going into solid solution, and as the solid 
solution areas gradually increased so did the hard- 
ness increase. With regard to the actual compo. 
sition of the carbides, and the relation of the 
carbides to one another in the residues, he could 
hardly accept definitely, at present, the authors’ 
statement that the double carbides of iron and 
carbon did not exist. It might be so, but he 
would put forward for the consideration of the 
authors the fact that in the paper by Dr. Swinden, 
to which they had staal. dealing with 3 per 
cent. tungsten steel, and giving thermal curves and 
data, it was distinctly noticeable that whereas the 
recalescence point of carbon steel was at about 
700 deg. Cent., when 3 per cent. of tungsten was 
present that thermal phenomenon was lowered to 
something like 580 deg. Cent., or a drop of 120 deg. 
It seemed to him that, taking into account the 
data given in that paper, there was some probable 
chemical relationship between the carbide of iron 
and the carbide of tungsten. 

Dr. Hatfield then drew attention to the fact that 
the elongation of certain tungsten steels recorded 
in Table II. did not seem quite consistent with the 
classification adopted in Table IV., giving the 


associated with the manufacture of armour-piercing 
projectiles, for which nickel-chrome steels were em- 
ployed, and, like other people, he had sometimes got 
ailures. Close examination of records and analyses 
had shown that failure was invariably associated 
with the fall of the chromium. In that connection, 
it was interesting to learn that the authors con- 
cluded that the chromium, as they had already 
shown, was essentially an element exerting its 
influence as a carbide or hardening constituent. Of 
course, what had cr ae in the case of the pro- 
jectiles was that insufficient care had been taken to 

eep the chromium up to the required amount. 
The error was discovered practically, and had been 
eliminated. 

Dr. Arnold, in reply, said that Dr. Hatfield had 
raised the question of the double carbides of iron 
and tungsten. Dr. Hatfield should, however, bear 
in mind the conditions of working ; and if he would 
correlate the actual electrolysis with the micro- 
graphs, he believed that the evidence was over- 
whelmingly against the possible existence of a 
double carbide of iron and tungsten. In Fig. 8 
would be seen a structure consisting almost of 
a blank white und with a few black dots. 


turning characteristics of annealed bars. He would|The few black dots were carbide of iron. They 
like to know if the authors had any explanation for} had been isolated electrically in the propor- 
this. 


tion of 19 of carbide of tungsten to 1 of carbide of 
iron. The carbide of tungsten was entirely in the 
white mass, ee | as sorbitic tungsten pearlite, 
which was not touched by the reagents used. It 
was quite imaginable that under other conditions it 
might be ble to ate the carbides and find 
out exactly the presence of the double carbide. If, 
however, Dr. Hatfield would take the analytical 
and microscopical evidences together, he would 
see that the authors could hardly have come to any 
other conclusion than that set forth in the paper. 

tion and turning fms 


The authors’ work on nickel was also, he stated, 
of great importance. It was interesting to observe 
that they actually defined the critical point as 
existing at 13 r cent. of nickel, at which 
point the mechanical properties were phenomenal. 
One of their main Seductions was that nickel 
did not form a double carbide, a deduction which, 
he thought, might be open to question. Personally 
he had done quite a lot of work on the precipitates 
of free carbon in steels, and the precipitation of 
free carbon largely depended upon the composition 
and structure of the carbide of iron. As Dr. Arnold 
had explained in his introduction, if 4 lot of nickel 
were present in the steel or iron, there would be 
very great difficulty in preserving the carbide at all. 
He would s t that the presence of this unstable 
carbide of nickel, actually in the iron carbide and 
crystallised with it, was responsible for the lack of 
stability of that constituent, and, therefore, that 
it was quite possible there might be a double 
carbide of iron and nickel. That did not detract 
from the value of the paper ; the analysis of the 
carbide residues, as shown in the paper, remained ; 
it was merely a question of theoretical reasoning. 


With regard to the elon 
teristics he admitted that the data might seem 
confusing. There was a difference of elongation, 
but it should be borne in mind that a turning on 
a lathe sometimes came off and broke, while, on 
the other hand, it might go on for a 
he had recently seen a turning 136 ft. long. Often 
steel which gave a good elongation did not give a 
fine turning. The results did not compare, but 
were submitted to give an idea of how the alloys 
behaved in the lathe. 

As to the double carbide of nickel, he feared 
that the statement he had made had been mis- 
understood. He had said that in structural steels, 


~ length ; | b 





necessarily containing some manganese, up to about 
7 per cent. of nickel, the quantity of carbide of 
nickel was quite negligible, because it was in solution 
or in combination with the iron. On going up the 
nickel range, however, it would be seen that at 
50 per cent. of nickel, and right away up, there 
was a double carbide. He would be very glad to 

t hold of a piece of the steel to which Mr. 

egie had referred ; it sounded tempting from 
the description given. With regard to the treat- 
ment of the 13 per cent. of nickel, mentioned in 
Table XIII., the bar, as it came from the rolls, 
was heated up to about 900 deg. Cent., and allowed 
to cool in air on end; it was normalised. Then 
another bar was packed in a box, heated up to 
about 900 deg. Cent. for 72 hours, and allowed 
100 hours to cool. The quenched specimen was 
heated up to 900 deg. Cent. and quenched out in 
cold water. Both Professor and he were 
glad to hear that their researches were of practical 
worth to engineers. 

The President then brought the proceedings to a 
close by announcing that the anniversary dinner 
would take place on April 23, and that the next 
ordinary meeting of the Institution would take 
place on Friday, April 24; further, on May 21 the 
usual conversazione would be held. 





THE OPTICAL CONVENTION AND 
OPTICAL GLASS. 

Tue concluding meeting of the Second Optical 
Convention (which was held in June, 1912, in the 
Eastern Galleries of the South Kensington Museum) 
took place on Thursday, March 12, in Burlington 
House. We commented at some length upon the 
proceedings of this Convention at the time when it 
was held, and we need not now dwell upon the 
general and financial reports, which had been issued 
to members and which were approved by the con- 
cluding meeting. We should only like to mention 
that tho not-printed report of the Technical Com- 
mittee, appointed to receive and to circularise 
suggestions as to applied optics, and to carry on the 
work for some future Convention, will be sent to all 
members on application to the Hon. Secretary, Mr. 
J. W. Gordon, of 113, Broadhurst Gardens, N.W. 

The concluding meeting was combined with a 
meeting of the Optical Society, at which Mr. 8. 
Lamb, of Messrs. Chance’s works, Birmingham, 
read a paper on ‘‘ Optical Glass.” This paper was 
of a general kind, and the Chairman had to 
inform the members that Messrs. Chance hoped 
that questions would not be addressed to the 
lecturer; yet some interesting information was 
communicated. Mr. Lamb said that the striw so 
common in ordi glass, and discernible, if 
not directly, when one looked edgeways through 
a sheet of glass, were due to the fact that there 
was no mixing of the 3 or 4 tons of materials in the 
ordinary tank furnace, into the end of which the 
blow-pipe was dipped. Hence the molten lump of 
glass taken out was not of uniform density, and 
the glass-blowing led to the formation of layers— 
horizontal mostly in the sheet produced—of different 
densities. 

Optical glass, on the other hand, was fused in 
pots, of a capacity of about 10 cwt., which had an 
0 opts “yg to keep out impurities—above at 
the side, and resembled in shape an ‘‘ Odol’”’ bottle. 
These pots were made of fireclay (other materials 
were also used now), and took from one to three 
years to finish unburnt before they were slowly 
heated for ten days, to drive out the water of 
combination ; the furnace in which this heating was 
done contained only one pot. The finished pot 
passed into the glass furnace, in which again one 

t only stood, supported on a brick pillar. The 
front of this furnace was bricked up until red heat 
was reached. Then broken glass of the desired 
composition was introduced into the pot to produce 
a glazure or enamel on the inner surface, a process 
which took two or three hours, 

The proper mixture of material 
gradually put into the pot, and high heat was kept 
up for perhaps eight hours, to drive out the gas 

ubbles. This was one of the most delicate in the 
many important operations ; the temperature had 
to be carefull oe If too low, bubbles 
remained in the glass; if too high, the pot was 
attacked, and the whole glass was hopelessly spoiled, 
the clay taken up from the pot forming small flakes 
floating into the melt and drawing trails after 
them. Next came the stirring for a period up to 
15 hours ; this was done by an iron rod, so mounted 


was then 
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that it could be swept round in a circle. The 
stirring was very work, which the men in 
front of the furnace could not stand for more than 
a few minutes sometimes ; samples were taken out 
by the pipe during bubbling and stirring. The 
front of the furnace was then sealed and the 
pot allowed to cool for 14 days; in modern prac- 
tice the pot was removed into a cooling furnace, 
so that the other furnace was ready for melting 
again. Not infrequently the pot cracked in the 
upper portion during the melting. 

he glass solidified in the pot, which was finally 
broken ; the glass did not come out in one lum 
only, but in pieces which rarely weighed as muc 
as 5cwt. The pieces were casually examined and 
selected, and if 2 cwt. of good glass were secured 
out of the 10 cwt. of materials, the manufacturer 
was well satisfied. To determine whether the glass 
was really good might require a month and many 
examinations. For this purpose each piece had to 
be heated up to butter softness again, compressed 
to a slab or disc, partly polished, and examined. 
After examination visible defects would be cut out, 
and the glass then re-heated sufficiently to allow 
the cavities formed to fill up. These operations 
might have to be repeated six times and more. 
Then came the annealing for three or four months, 
and a finished disc might split after all. 

The pieces sorted out for treatment have two or 
three times the weight of the disc finally wanted. 
If too rapidly cooled, strains were produced in the 
glass, ma these were revealed on examination by 
polarised light. Mr. Lamb showed two spheres, 
about 4 in. in diameter; in the one a few small 
bubbles could be seen; the other, too rapidly 
cooled, sphere contained some big bubbles near 
the centre, and smaller ones near the surface. 
Such glass might fly to pieces; glass tears, which 
exploded and disintegrated to powder when the 
tip was broken off, were shown. In some cylin- 
drical blocks the striw near the surface seemed 
like dark or bright threads when looked at in 
different directions. Defects were also caused by 
the evaporation from the surface of volatile mate- 
rials, like boric acid. A layer of different com- 
position was thus produced, and the want of homo- 

eneity of the resulting glass might render it use- 
ess for the manufacture of lenses. Most of the 
operations described were still hand-work. The 
lecture could not but impress upon the audience 
the enormous amount of time and skill which the 
manufacture of optical glass involves. 





NEW WORKS AT PORTSMOUTH 
DOCK YARD. 
(Continued from page 343.) 
Tue Pumprnc PLant ror THE New Locks. 


Havine described the new locks and the caissons 
for closing their outer and inner entrances, we 
turn now to the pumping plant for emptying the 
locks. The building in which this plant is accom- 
modated is situated to the south of the two locks ; 
and as a culvert has been constructed, under the 
entrance of the lock nearest to the pumping-station, 
to the other lock, the same wells and pumps are 
available for both locks. Culverts have also been 
made from the wells to the old lock still further 
south, so that the new pumps can also be utilised 
for the larger of these existing locks. The new 

umping installation has been constructed by 

essrs. Fullerton, Hodgart and Barclay, Limited, 
Paisley, who have already carried out a number of 
similar contracts for the Admiralty, and are at 
present engaged upon an installation for the dock- 
yard at Rosyth. 

The general arrangement of the boilers and 
machinery is shown on the drawings reproduced 
on Plate XLI., on which also is shown the pipe 
arrangement. The installation includes ten cylin- 
drieal boilers, with all auxiliaries ; but only part of 
these are shown in Figs. 61 and 62. The impellers 
in the two main wells are each driven by horizontal 
engines, having two cylinders working compound, 
and set at right angles to each other (Figs. 61, 62, 
and 66). Over the two drainage-wells are three- 
throw single-acting pumps driven alternatively 
direct by compound vertical engines or, through 
gearing, by electric motor (Figs. 62 and 63). The 
penstocks controlling thetwo main and two drainage- 
wells from a central shaft are operated from gear- 
ing similarly actuated alternatively by compound 
engine or electric motor (Fig. 62). All 
engines named are of the condensing t; and the 
usual condensing auxiliaries are in duplicate, placed 


the steam- | Th 





PORTSMOUTH DOCKYARD PUMPING PLANT. 
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in pits on each side of the engine-house, as shown 
(Figs. 61, 62, and 65). On the present page is a 
perspective view (Fig. 67) of the compound steam- 
engines for working the drainage-well pumps, while 
on page 411 there is shown (Fig. 68) the motor and 
the gearing for raising the penstocks in the main 
wells. There is also a steam-engine for working 
the same train of gear, as shown in the plan on 
Plate XLI. 

The two main pumping-engines, Figs. 70 and 71, 
on page 422, are of the compound surface-condens- 
ing type, with cylinders set at right angles, both 
working on to one crank-pin. The diameter of the 
high-pressure cylinder is 26 in., and of the low- 

ure cylinder 50 in., with a stroke of 2 ft. 3 in. 

e crank-shaft is placed vertically and coupled 
direct to the impeller-shaft. The impeller, which 
is of the balanced type, is 9 ft. in diameter, and is 
placed at the bottom of the well, which will be 
illustrated and described in our next article. 

In the trials it was required that the two main 
pumps togother should be capable of emptying one 
unoccupied lock in 44 hours ; the quantity of water 
to be so discharged was 136,000 tons, ‘and the 
maximum height of the lift of water was 50 ft. 6 in. 
ese requirements were fully met ; as a matter of 
fact, the quantity of water specified was pumped 
out in under 4 hours. 


Fic, 67. Compounp SteaM-EncGiIne ror Workinc DratnaGe-WELL Pumps. 





The two sets of drainage-pumps are for deal- 
ing with any leakage occurring while the lock is 
empty. They are of the three-throw single-acting 
type, the gun-metal barrels being 25} in. in 
diameter by 4 ft. stroke. They are connected, top 
and bottom, by cast-iron chambers, to be illus- 
trated and described in our next article. A single 
cast-iron discharge-pipe is led from the top 
chamber to the top of the well, discharging into 
the cast-iron main. The bottom pump-rods are 
of naval brass, and the others are of mild steel 
in gun-metal adjustable bearings. The arrangement 
of the gear at the top of the well, as already stated, 
is such that the drainage-pumps can be worked 
either by a steam-engine or electric motor. The 
engines (Fig. 67) are of the compound vertical type, 
having a high-pressure cylinder 16 in. in diameter, 
and a low-pressure cylinder 31 in. in diameter, with 
a 2-ft. stroke. The motor, which is arranged on 
the other side of the gear, is of 235 brake horse- 
power. Each set of drainage-pumps is capable of 
delivering 2000 tons of water per hour to a height 
of 50 ft. 6 in. 

In the duplicate surface-condensing plant each 
condenser has 4500 sq. ft. of cooling surface, and 
is capable of dealing with all steam exhausted 
from all engines. The circulating water is supplied 
by steam-driven centrifugal pumps. The air- 
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Fic. 68. Etecrraic Motor anp Gear ror Marin-Wett Penstocks. 





pumps are of the single-acting type, discharging 
condensed water into two feed-tanks supplied 
with feed-water heaters inside the tanks. Two 
fire-pumps, motor-driven, were also supplied. 
and erected in the engine-house. The vertical 
compound condensing engine (Fig. 69) has cy- 
linders 16 in. and 31 in. in diameter respectively, 
with a stroke of 2 ft. It works at 90 revolutions 
per minute, with steam of 120 lb. pressure. 

The ten boilers, of the cylindrical type, are 
each 8 ft. 6 in. in diameter, 17 ft. over all, with 
two furnaces in each, and are designed to work 
at a pressure of 130 Ib. per square inch. They 
were supplied as a sub-contract by the London 
and Glasgow Shipbuilding and Engineering 
Company, Limited, Glasgow. Four feed-pumps 
were supplied with this installation, and the 
necessary steam and exhaust-pipes, valves, c., 
as well as the necessary drainage-pump, delivery- 
pipes, &c. 

(To be continued.) 


THE INSTITUTE OF METALS. 
(Concluded from page 387.) 
VANADIUM IN Brass. 


Tue first paper taken in the afternoon of the 
18th inst. was by Mr. R. J. Dunne and Mr. O. F. 
Hudson, and dealt with the effect of vanadium in 





brass containing 50 to 60 per cent. of copper. 

The paper was read in abstract by Mr. Dunne. 
It described experiments made both with com- 
mercial cupro-vanadium and with pure vanadium 
prepared directly from vanadic oxide by the action 
of aluminium. The observations made with com- 
mercial cupro-vanadium had to be abandoned, 
owing to the great impurity of the material, which 
was found to contain from 19 to 25.7 per cent. of 
aluminium, in addition to other foreign matters. 
This greatly restricted the scope of the research, 
making physical tests impossible. The structural 
examination made of the alloys rather tended 
to the conclusion that the vanadium was useless. 
Carpenter’s observation that small additions of 
vanadium (0.5 per cent.) had the effect of resolving 
B into a + y was not confirmed, and was attributed 
to the probable presence of aluminium in the cupro- 
vanadium used. The vanadium brasses with over 
0.5 per cent. of vanadium showed in the polished 
and etched sections certain hard bluish slag-like 
inclusions. 

The discussion was opened by Professor Hunting- 
ton, who said that the paper rather confirmed his 
own conviction that vanadium was of no particular 
service as an addition to brass. When he had made 
this remark at a previous meeting some of the 
manufacturers objected, and he had accordingly 
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withdrawn it from the published record. He had at 
the time attributed the effects observed to alumi- 
nium, and he was glad to have this confirmed. 
Another point which was apparent was that the 
supposed resolution of 8 in a + y did not occur 
in all cases at any rate, and further research on 
this head was needed. 

Mr. Bengough, who followed, said he had himself 
made some experiments with vanadium brass, but 
had not gone far, a fact on which he congratulated 
himself, in view of thedifficulties disclosed in the paper 
just read. As he had himself been the only speaker 
to side with Messrs. Carpenter and Edwards in their 
contention that § did transform into a + y, he 
would, in the absence of those gentlemen, endeavour 
to defend the contention in question. As to the 
authors’ statement that there was no evidence that 


vanadium effected this change, he would ask 
whether the authors were certain that vanadium 
really existed in their alloys as a solid solution, 
and not merely as oxide, as to which the presence 
of the bluish in the alloys richer in vanadium 
made him suspicious. Another point to be raised 
was the exact method of etching to distinguish 
8 from y. If Carpenter and Edwards were wrong, 
they had been misled by their etching results 
into mistaking § for Hence he would like 
exact details as to the authors’ methods. It 
might, he thought, be even a question whether 
colour photography should not be adopted in 
such a case for reproducing the micro-sections. 
If the authors were right, Carpenter and Edwards 
must have confused 8 and y. He would ask 
whether the bluish slag-like occlusions did not 
contain y, and also as to whether the black dots 
in certain of the micrographs were not y. 

Mr. G. A. Boeddicker, the next speaker, said 
that, so far as he could judge, the paper was of 
theoretical importance only, owing to the lack of 
physical tests of the alloys described. It was the 
fact that small quantities of different metals 
might affect the physical properties of an alloy 
more than might be expected from the changes 
they wrought in the micrographs. Of this a 
familiar instance was the effect of lead on copper, 
although it appeared in the micrograph to be 
merely dotted about. It might, he suggested, 
be the same with vanadium. Vanadium was bein 








highly advertised and certain makers claim 
that its addition produced a brass of very special 
quality. Hence it was important that the research 
should be carried further, and the effect of vana- 
dium on the physical qualities determined, 
whether good or bad. 

Dr. Desch suggested that the bluish slag might 
be a lower oxide of vanadium. This was of a very 
metallic character and had long been mistaken 
for the pure metal, to the confusion of chemists, who 
could not fit it in with the periodic series. It was 
Roscoe who had shown that the material in ques- 
tion was not the metal at all, but a lower oxide. 
In cupro-vanadium certain dendrites were obtained 
in relief by etching ; these were very hard, and 
certainly suggested an oxide. It might also be a 
nitride, since the special value of vanadium as a 
scavenger was that it removed nitrogen as well as 
oxygen. 

rofessor Turner said that it was quite possible 
that cupro-vanadium might be valuable to the 
brass-founder in view of the other metals present 
in it. As for the making of the physical teste 
advocated by Mr. Boeddicker, it been the 
original intention of the authors to include these. 
But when it was found that pure vanadium copper 
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could not be purchased, but that the metal must 
be reduced from its oxide, this was no longer . 
ticable. If any firm could supply pure vanadium 
or pure cupro-vanadium in quantity, he was certain 
the authors would be prepared to extend their 
research. 

Mr. Arnold Philip said that he had found it 
nec to check methods of analysing vanadium 
brass. The results were quite as accurate as when 
vanadium had to be estimated in iron. Thus 
0.54 per cent. of vanadium was added as sodium 
vanadate, whilst on analysis 0.56 was found. Simi- 
larly, an addition of 1.07 per cent. vanadium gave on 
pects shine 1.12 per cent., and 2.54 gave 2.57 per cent. 

In reply, Mr. R. J. Dunne said that Dr. Bengough 
had suggested that the vanadium was not present 
at all in solid solution in the authors’ specimens, 
but merely as oxide. None of the bluish slag was, 
however, to be detected in specimens with less than 
0.5 per cent. of vanadium. They had observed in 
cupro-vanadium the dendritic structure mentioned 
by Dr. Desch, and they quite agree as to the likeli- 
hood of its being an oxide or mixture of the metal 
with a lower oxide. At Birmingham, Professor 
Turner had suggested that the slag might be due 
to the zinc, which formed a very infusible com- 
pound with vanadium. 

In further reply the ether author, Mr. O. F. 
Hudson, said that they still hoped to make additional 
experiments, including Baran tests ; but so long 
as they had to pre e vanadium from its oxide 
the difficulty and cost were almost prohibitive. 
The colour of the slag mentioned was a deeper blue 
than y, and he did not think that it would be pos- 
sible for y to occur in these slags. The small black 
dots in the micrograph were in some cases y, but 
in other cases were holes, it being difficult to get 
the specimens perfectly sound throughout. 


Nicket «x Coprper-ALUMINIUM ALLOYs. 


The next paper taken was on ‘‘ The Influence 
of Nickel in Some Copper-Aluminium Alloys,” 
by Professor A. A. Read and Mr. R. H. Greaves. 
This paper we published in full last week (see page 
399 ante). Three sets of alloys were examined. 
In the one case the alloy contained about 1 per 
cent. of aluminium, in a second set about 5 per 
cent., and in the third set about 10 per cent. of 
aluminium. In each set the percentage of nickel 
was varied between 1 and 15 per cent. With the 
alloy having 10 per cent. of aluminium an addi- 
tion of nickel up to 10 per cent. was found 
to give an increased maximum stress, higher 
yield-point, but at the expense of the elongation 
and the reduction of area on fracture. In the 
series with 5 per cent. of aluminium the maxi- 
mum hardness was reached as tested by the Shore 
scleroscope. This alloy with 74 per cent. of nickel 
was harder than the 10 per cent. aluminium alloy 
with 10 percent. of nickel. The addition of nickel 
to the 5 per cent. alloy was also found to reduce 
the detrimental effect of annealing. Any increase 
of the nickel above 5 per cent. gave rise toa blue 
constituent in substitution for 8. In the 5 per 
cent. alloy the addition of nickel up to 5 per cent. 
had little effect, though even 1 per cent. of Ni 
increased the ductility. With less than 5 cent. 
a homogeneous solid solution was obtained, whilst 
with more than 5 per cent. a separate constituent 
made its appearance. By quenching the 5 per cent. 
alloy this constituent could be retained in solid 
solution. The addition of nickel had little effect on 
the specific gravity, but it did reduce the electric 
conductivity and greatly diminished the rate of 
corrosion in fresh sea-water. All the alloys with 
from 5 to 10 per cent. of nickel corroded less in this 

ent than either Muntz metal or naval bronze. 

e discussion was opened by Dr. Rosenhain, 
who suggested that in accordance with the recom- 
mendations of the Nomenclature Committee the 
alloys in question should be referred to as nickel- 
aluminium-copper. The statement that the corro- 
sion in sea-water was greatly reduced by the 
addition of nickel surprised him. The Po Me 
10 cent. alun inium-copper alloy was itself very 
little attacked, so that if the loss were greatly 
reduced it would almost seem that there should 
have been an actual increase in weight. He 
asked whether the authors could say what 
effect the nickel had on the casting or the 
machining of the alloy. The great difficulty 
with many otherwise useful alloys was the great 
contraction in the mould, as was the case with 
aluminium cop The difficulties could be over- 
come and ectly sound castings obtained if 





founders would take the trouble and waste suf- 
ficient metal in the gates. It would also be in- 
teresting to know whether nickel improved the 
machining qualities, since the 10 per cent. 
AlCu alloy was bad to machine. He noted that 
the yield-point had been measured from an auto- 
graphic diagram, but he was of opinion that the 
usual ‘‘ drum-and-cord ” arrangement did not give 
results of adequate acc . Professor Dalby’s 
recorder would, however, afford probably the best 
way of determining yield-points. He was sorry 
to see that the tests of endurance had been confined 
to Arnold’s, since this test was of a very peculiar 
kind, having little relation to other tests, such as 
impact teste and alternating-stress tests. He had 
nothing to say against its inclusion with other tests, 
but did not think it should be used alone. 

Professor Huntington said he thought there was 
a difficulty in getting a satisfactory make-up of the 
aluminium-copper alloys. He had compared the 
authors’ results with Carpenter’s, ang the latter 
appeared to indicate a better make-up. Ten years 
ago he had himself experimented with an alumi- 
nium-copper alloy with 5 per cent. of nickel and 
had obtained better results than the authors, and 
these results were confirmed in further tests made 
last year. He could not see any reason for the 
author’s No. 10 alloy being hardest to roll, and 
would like to know whether this might perchance 
be a icular melt contaminated with alumina. 

Mr. C. Billington said that the nickel-aluminium- 
copper alloy cast quite as well as aluminium-copper, 
and so far as machining went the nickel alloy 
turned better, and it also gave on test a better 
elongation. 

Mr. A. E. Seaton said that years ago he had 
experimented with aluminium-copper alloys in the 
hope of getting something better than gun-metal. 
The stronger alloys, however, proved very porous 
and quite unsuited for the hydraulic castings for 
which he needed them. 

Mr. Arnold Philip suggested that the authors 
might avoid awkward decimals, in recording the 
results of corrosion tests, by adopting the speaker’s 

lan and giving the results in grains lost per square 
foot in 100 days. This would in all cases give a 
figure lying between 4 grain and 1000 grains. 

Dr. Rosenhain, with reference to Professor 
Huntington’s remarks, pointed out that in the 
authors’ experiments the nickel was added as the 
metal, and not as 50 per cent. cupro-nickel. In such 
case results were never quite so high as when the 
addition was made as cupro-nickel. 

In his reply, Mr. Greaves said that it was true 
that corrosion was small even with pure aluminium- 
copper alloy. Still the latter in a four months’ 
test acquired a decidedly dull surface, whilst a com- 

rison piece containing nickel remained bright. 
He had compared the yield-points as measured from 
au hic diagrams with those determined by the 
use of dividers, and the results were entirely con- 
cordant. There was, however, a difference between 
the ‘‘autographic” yield-points and those deter- 
mined by Ewing’s method. As to the practical 
value of the alloys discussed, he could say that 
those with 5 per cent. nickel machined well, 
but with less than this percentage of nickel 
the material was less satisfactory in this regard. 
Shrinkage in the casting of nickel alloys was very 
great, and the castings had to be fed the same 
as with copper alloys. In answer to Professor 
Huntington’s remarks, in the annealed state the 
material was found to be harder, owing to the se - 
tion of the nickel. It was notably harder slowly 
cooled than an alloy containing 10 per cent. of 
aluminium. He (the author) had not carried out 
any porosity tests, but the metal having a smaller 
crystal formation would, of course, withstand 
pressure better than another having a larger 
crystal formation. He agreed with Mr. Philip that 
corrosion ex per square foot in 100 days 
would lessen the number of superfluous figures. 


BRoNzE. 


The next paper taken was the one bearing the 
above title, by Mr. John Dewrance, which we 
reproduced in full on page 405 of our last week’s 
issue. It was read in pe a by the author. The 
latter, as will be seen, defines the term ‘‘ bronze,” 
and gives the particulars of tests carried out by 
him with a number of different alloys under 


varying conditions. 
e discussion was opened by the Chairman, Sir 


Henry Oram, who asked whether the results referred 
to single specimens, or were the average of tests on 





several. He saw, however, that the author referred 
to re-tests he had made to ascertain where the 
fault lie in one instance. In the Admiralty dock- 
yards they tested three specimens, and took the 
average of the three results. Although the alloys 
contained various proportions of constituent metals 
on mixing, were the author's alloys, he asked, 
analysed afterwards? Did not lead separate out, 
leading to differences in the composition of a finished 
piece? For instance, the Admiralty had conducted 
tests at Portsmouth Dockyard in 1899 of an 88:10: 2 
composition, to which lead was added to the extent 
of 1 per cent., but, on a subsequent analysis, they 
found the percentage of lead to be only 0.51. They 
also added 2 per cent. lead, and found in the metal 
only 0.92; 1.75 per cent. fell to 1.5 per cent., 
2 per cent. fell to 1.75 on analysis, and so on. 

e temperature of melting alloys and the time 
taken in cooling in the case of a mixture having a 
high lead content was important owing to the re- 
sults given both in regard to stress and durability. 
The temperature at which the Admiralty at first 
made their tests was 450 deg. Fahr., not 500 deg., 
as they did not want in the earlier days to 
know the results under the action of superheated 
steam, but under that of ordinary steam only. 
Their results in a general way agreed with those 
“shoe by Mr. Dewrance, but in details they were 
argely different from his. In their 1911 experi- 
ments the Admiralty used percentages of lead 
varying from 0 to 2 per cent., by } per cent. stages ; 
| took the 88 : 10 : 2 metal and added } per cent. 
lead, then 4 per cent., and soon. The results, he 
repeated, generally agreed with the authors, but 
he pointed out variations which showed that further 
lengthy experiments were required. Thus, in the 
case of the ordinary gun-metal alloy of 88:10:2, the 
author had found this to have a maximum stress of 
16.35 tons per sq.in., whilst the Admiralty figure was 
14.5 tons. This was in 1911, after tests had been 
carried out in 1909 and 1910, with which the 
Admiralty had been dissatisfied, and concerning 
which it had asked for the display of greater 
care. At a 400 deg. temperature the author had 
@ maximum stress of 9.5 tons, whilst at the 
Admiralty’s figure (450 deg. Fahr.) the stress was 
13.6 tons. In gun-metal, without lead, tested cold, 
the author found the elongation to be 11 per cent., 
whilst the Admiralty had found it to be 14 per 
cent. At 400 deg. the author had an elongation of 
under 2 per cent., whilst the Admiralty at 450 deg. 
had 13.9 per cent. 

With a metal containing 4 per cent. of lead 
there was just a little more agreement between the 
author’s figures and those of the Admiralty. When 
tested cold, the author had a maximum stress of 
16.5 tons, and the Admiralty 15.1 tons. At 450 deg., 
according to the author’s curve (Fig. 1), the maxi- 
mum strain was 16.2 tons, when the Admiralty found 
14.8 tons. The author’s elongation, in the cold 
state, was 8 per cent., and the Admiralty’s 18.5 per 
cent., and at 450 deg. the author’s was 12.2 per 
cent., and the Admiralty’s 20.3 per cent. 

These differences were very remarkable, and 
would tend to show that further elucidation was 
wanted. He did not wish to say that the author 
was wrong in his figures. The Admiralty always 
analysed the metal after the tests had been made, 
in order to ascertain what amount of lead had 
separated out ; they also took special precautions in 
the melting. He simply mentioned the differences 
in question, so that the author might, on repeating 
his tests at some future time, arrive at the real truth 
of the matter. It might be useful to investigate the 
result of variations in the lead contents smaller 
than the stages of 1 per cent. followed by the author. 
The latter’s experiments, Nos. III. and IV., seemed 
to contradict the impression that oxide can be 
formed when the metal is in the crucible, and some 
confirmation of the point was required. He fully 
agreed with the author as to the desirability of pro- 
ducing a bronze which could be used with safety at 
a superheated steam temperature of, say, 700 deg. 
Fahr. In concluding his remarks, the Chairman 
added that he was afraid he had sketched a rather 
long programme, but he thought it was necessary 
to arrive at the truth on all these points. 

Mr. Boeddicker, who followed, stated that the 

aper referred to maximum stress, whilst the 
Singrams shown on the walls gave breaking strains. 
The difference was perhaps not great, but it was 
noticeable. He noticed the author had said that 


the addition of nickel to bronze was not very 
promising, owing to the gas it set free producing 
porous castings. He (the speaker) asked what was 
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the proportion of nickel and how it was added ; he 
did not find the occurrence referred to by the 
author to apply to brass. 

Dr. S found the effect of lead indicated by 
the author to be a wonderful effect, and the 
question which naturally arose was how and why 
did it take place. The result seemed ultra-micro- 
scopical and beyond our knowledge right through. 
It seemed very desirable to him that when a 
manufacturer witnessed an occurrence which he 
could not explain, he should send an account of it to 
the Institute, asking ‘* the reason why.” The way in 
which lead acted was an example ; the point was 
quite beyond our comprehension. He hoped the 
suggestion he had thrown out would be acted upon, 
when every member would be eager to look for an 
explanation. The author had opened out to him 
(Dr. Stead) a new state of things which he did not 
know of until he had read the paper. 

Professor Huntington, referring to the actual 
tests, said the author took a specimen which was 
drilled with holes in different positions, and the 
bulb of a thermometer was inserted. He (the 
speaker) had used for many years a thermometer, 
but had found the results to be unreliable unless 
there were a good conducting material in the hole. 
He used at first mercury, but this led to trouble. 
He then substituted for this a low-melting alloy 
containing cadmium, which gave a perfect contact 
and yielded good results. ould not the method 
followed in this respect by the author be liable to 
invalidate his results, although the thermometer 
was found to agree very closely with another that 
recorded the temperature in the air-chamber ? The 
author stated that on analysis the oxygen contents 
of the ingots were found to be 0.032, 0.084, &., 
which would seem to point to the fact that some 
oxide was left behind in the metal and counted as 
oxygen. This would contribute to make the cast- 
ing unsound. When there was phosphorus, much 
less oxidation occurred. The author had also 
covered a crucible and had left another uncovered, 
by which he seemed to overlook the fact that he 
had the oxidiser already present in the crucible in 
the form of zinc. 

Mr. Billington asked the author when he took 
the temperature of the casting. 

Mr. Primrose found the author’s paper similar to 
one he had presented a year ago. The author’s paper 
lacked microsections taken at the various stages. 
The heating furnace—i.e., the heated space in 
which the specimens were treated and tested— 
formed a very important point. In Scotland they 
used an electric furnace enclosing the whole of 
the sample, the result being a perfectly uniform 
treatment. His (the speaker’s) researches had 
borne on gun-metal containing less than 0.2 per 
cent. of lead, and the specimens showed not quite 
ultra-microscopical parts of lead left in the eutectoid, 
which were thrown up in the microsections. He 
asked the way in which the alloys were cast, since 
the pouring was a very important part of the 

rocess ; also in what mould the test-bars were cast. 

he difference in the maximum stress of gun-metal 
depended greatly upon how it was cast. He (the 
speaker) had found from 15 to 18.6 tons ; the 16.35 
tons at atmospheric temperature of the author came 
between these figures and above the Admiralty’s 
14.5 tons. In regard to melting with the crucible 
covered by glass, it should be noted that in this 
case silicon might be taken up to a small extent, and 
silicon would have an effect upon the alloy. 

Dr. Desch, who followed, said the action of lead 
seemed contrary to the general expectation which 
had hitherto been entertained ; Dr. Guillet had also 
found lead to be deleterious in certain eases. He had 
warned against the danger of lead in gun-metal or 
bronze to be used with superheated steam. It might 
be, however, that lead exerted a cleansing influence 
on what was not, perhaps, a good metal in the first 
instance. He (the speaker) had seen stresses of 18 
to 20 tons per sq. in., with 30 per cent. elongation, 
given by specimens taken from large castings ; these 
figures were better than those of the Admiralty, 
and the question was as to whether they were due 
to the absence of lead. Superheated steam, he 
added, exerted an effect quite apart from that due 
to the high temperature ; besides the temperature 
action there was a chemical action, which tended to 
separate the crystals. 

Mr. Arnold Philip referred to some tests made 
of an alloy in which a small proportion of phos- 
phorus acted as a deoxidiser, also to the behaviour 
in corrosion tests of metal containing iron. 

Mr. A. E. Seaton had not much to add to the 





remarks made by the other speakers. Lead 
appeared now to be getting interesting; it was 
formerly regarded simply as an enemy to be 
avoided at all cost. Perhaps this was owing to 
Mme. Curie showing that lead was not lead. 

Mr. Bolton referred to the statements made as 
to the fact that ‘‘ best selected” copper was used. 
When the subject was one of comparisons, it might 
be useful to have more information with to 
the best selected copper in question, since there 
were differences in the Teens of such copper, which 
would result in differences being found in the tests 
of brasses and bronzes. 

In the course of his reply to the discussion, Mr. 
Dewrance said there was no doubt that the results 
he had offered were different from the dockyard 
results ; he was, however, fully desirous of havi 
further tests made to confirm his figures, an 
perhaps he would be allowed to add new figures to 
the r before it was inserted in the Proceedings. 
He had analyses made after the tests, and had 
found, for example, the following figures, which 
applied to a meal containing $ per cent. of lead :— 


Copper. Tin. Zine. Lead. 
87.47 10.55 1.52 0.46 
87.24 10.4 1.93 0.41 
87.54 10.5 1.87 0.49 


In each case the tin was higher than the actual 
amount put im, as usually occurred, even in a care- 
fully-made alloy. In regard to test-pieces from two 
different experimentalists, two could hardly be com- 
= one with the other, unless the examinations 

re upon the composition of the metal, the size 
of the casting, the temperature at which the metal 
was poured, &c. All the author's castings had been 
made in green sand; they were approximately of 
the shape and size of the test-piece itself, and little 
metal had to be turned off. e Admiralty might 
have turned off more metal, and this would, per- 
haps, account for the difference, in one instance, 
between their 14.5 tons and the author’s 16.35 tons 
per sq.in. He (the author) had dealt with five or 
six test-pieces, and had taken in each case two or 
three which were in close agreement, giving the 
average of the latter. In no case had he taken a 
single result. Oxide was unquestionably injurious 
in the alloy, but, in giving details of the way in 
which he had carried out some of his melts, his 
desire was to bring out the point that it was 
not necessary to take any very special precautions 
with a view to prevent higher oxidising ; ordi- 
nary care was sufficient. It was difficult to 
explain the causes which made for a bad casting, 
and he would be very glad to receive communi- 
cation of the results obtained by other mem- 
bers. In reply to Mr. Boeddicker, the maximum 
stresses were those recorded, not the breaking 
strain as indicated by error in the diagrams shown. 
In the additions, he used Mond nickel and Wiggins 
nickel ; this was added to the copper, the crucible 
being covered completely. The copper dissolved 
the nickel and the other constituents were added. 
Dr. Stead’s suggestion to the effect that problems 
should be submitted in a list of questions to the 
Institute was a good one, and he (the speaker) 
hoped it would be followed. Why did lead give 
the results it did? He (the speaker) was afraid he 
could not explain ; he had even hoped he would 
have arrived at the causes as a result of the 
discussion on his paper. With reference to Pro- 
fessor Huntington’s remarks, there may, no doubt, 
have occurred inaccuracies in recording the heating 
of the test-pieces; he thanked the Professor for 
his kind suggestions in this respect, which he 
would make use of. In regard to the temperature 
at which the metal was poured, he might add that 
he did not use a pyrometer to record this ; he had 
several, but found them difficult of application. 
He might add in this connection that an experi- 
enced workman, by shaking the crucible and noting 
the way in which the bronze fell off the sides, 
could judge the condition by eyesight, and he (the 
speaker) found this the best method. He agreed 

t the paper would have been more interest- 
ing had it given microsections, and he was sorry 
these had not been included ; he hoped to supply 
them on a future occasion. The absorption of 
silicon from the glass covering was a very interesting 
ibility ; he would look into the point. He 

no idea that such an occurrence could take 
place. He would also ascertain, with reference to 
the remarks made by Dr. Desch, whether the 
metal containing lead was inferior to that without 
lead under shock tests; also the real effect of 
superheated steam. He (the speaker) had put 





a test piece in superheated steam at 700 deg. for 
three months, when he did not find much differ- 
ence to the piece in question. This was Admiralty 
bronze, probably without lead, With regard to 
the action of iron, he had made experiments years 
ago to ascertain this; the alloy contained much 
iron—he had not the analysis with him—and it 
rusted freely, as had been mentioned by Mr. 
Philip. Regarding, further, the s ion made 
by Mr. Bolton, to the effect that <a in best 
selected copper might affect the results, this was an 
interesting point, and he would like Mr. Bolton to 
communicate to him the impurities that were to be 
avoided. 

On the motion of the Chairman, who said they 
had great pleasure in welcoming Mr. Dewrance as 
an actual manufacturer, the latter was awarded a 
hearty vote of thanks for his communication. 


Tue Micro-Cuemistry or Corrosion (Part II.). 
Tue a ALLoys or Coprer aNnD ZINC. 


The next paper taken was one dealing with 
the microchemistry of corrosion, by Mr. Samuel 
Whyte, B.Sc., and Mr. Cecil H. h, D.Sc., 


Ph.D., respectively assistant and Graham Young 
lecturer in metallurgical chemistry in the Univer- 
sity of Glasgow. It was read in abstract by the 
latter. The first paper, taken as read at the 
Ghent meeting (see ENGINEERING, vol. xcvi., 
page 317) dealt with the §-solid solutions of the 
copper-zine series, since, as corrosion of such alloys 
— always in the 8 areas, it was thought advis- 
able to investigate the microchemical nature of the 
process in this constituent first, before proceeding 
to the more complex case. This selection had the 
disadvantage that the alloys examined were of 
little technical importance, and any results obtained 
could not be directly employed to establish any 
practical conclusions. In the present paper, the 
alloys dealt with were those which found the most 
important technical applications. Dr. Desch ex- 
lained how he used an external electromotive 
orce to hasten corrosion ; this undoubtedly intro- 
duced a factor which was not present in the 
ordinary conditions of unassisted chemical corro- 
sion, but was unavoidable for the particular pur- 
the authors had in view. Chemical corrosion, 

e added, was too slow, too irregular, and too 
easily affected by accidental and uncontrollable 
changes in the conditions, to lend itself to investi- 
gation on a small laboratory scale for the purpose of 
obtaining quantitative data. Various alloys were 
used, the analyses of which were given in the paper, 
which contained also admirable microsections show- 
ivg the results obtained. The comparison of labora- 
tory experiments with observations of corroded 
specimens of copper-zinc alloys from works and 
shipyards had convinced the authors that all corro- 
sion of these alloys was preceded by dezincification ; 
but that where the action proceeded slowly, there 
being, further, free access of gaseous or dissolved 
oxygen, the spongy residue of copper might be con- 
verted into oxide as fast as it was formed. This, the 
authors believed, was the origin of the adherent 
layer of copper oxide which was often found on the 
corroded surface of brass. They indicated, as shown 
by microsection, that ‘‘dezincification had pro- 
ceeded, as usual, along the boundary of the crystal 
in.” The results were entered into in detail, 
and they confirmed the authors in their opinion 
that there was no essential difference between the 
processes of electrically stimulated and natural 
corrosion. Their results were in good agreement 
with the conclusions of Dr. Bengough’s report as 
to the instability of different alloys of the a series. 
Dr. Bengough, who opened the discussion, found 
the paper most interesting, and was glad to find 
that the conclusions were, in many instances, in 
agreement with his own, which been arrived 
at in a rather different way. In regard to the 
effect of tin, he (the speaker) had not been yet 
able to see how this acted, and the authors’ state- 
ment with regard to the formation of a varnish- 
like layer was a very interesting one. He would 
like to know or the varnish consisted of. Ls 
(Dr. Ben ’s) experiments were comparatively 
not sufficlently rapid, but he did get a glaze ; this, 
however, was a very thin glaze, and practically 
transparent. He quite saw the authors’ point in 
re to the process of dezincification, which took 
place as spramned by their microscopical investiga- 
tion, and they had been placed in a better position 
than he (the speaker) to study the point, owing to 
his comparatively small corrosion effect; he was 
inclined to think that their views were correct. He 
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(Dr. Bengough) was unable to distinguish between 
oxidation and dezincification owing to the slowness 
of his process. The authors’ account was specially 
interesting in regard to that point. Their state- 
ment as to the appearance of the lead around many 
of the crystals was a remarkable one. In this con- 
nection, the authors’ microsection (No. 5), which 
showed corrosion along boundaries and twinning 
planes, was most interesting, and since he had had 
the paper in his hands he had himself noticed the 
structure in another specimen. The authors’ 
observations, therefore, had led to the publishing 
of an important fact. His (the speaker's) conclu- 
sions were to the effect that a causes were 
the real crux to dezincification. inute differences 
in the physical properties were equally as impor- 
tant as chemical effects in the different phases of 
corrosion. He had experimented with Muntz- 
metal tubes, and had succeeded in dezincifying 
them in only nine months. He had prepared micro- 
sections, and showed some specimens to the meet- 
ing, explaining that around the copper all the a 
constituent was stained dark, and away from the 
copper the 8 constituent was dark and the a light. 

. Dewrance asked the authors whether they 
had tried other alloys apart from those containing 
large proportions of zinc. Zinc was so chemicall 
active that it seemed to be precisely the consti- 
tuent that would corrode by reason of the impuri- 
ties in the condenser water. He (the speaker) had 
used copper with 5 oy cent. tin for pressure-gauge 
tubes, and the results were satisfactory. Tin was 
much less active. 

Mr. O’Kellan found that the authors seemed to 
conclude that corrosion was mechanical, whilst the 
experiments were electrochemical. 

r. Rosenhain, who closed the discussion, said 
that it was not yet proved that corrosion was neces- 
sarily ed by dezincification. Dezincification 
occurred, and it was likely a most important cause ; 
in other cases there was no such action, and 
stronger evidence was yet needed on the point. The 
authors’ acceleration tests and suggestions were 
valuable, but all acceleration tests had certain limi- 
tations, and some caution was required, since it 
did not follow that the authors’ tests, in par- 
ticular, applied to all cases and gave a clue to 
everything. Dr. Rosenhain also referred to the 
action noted by the authors, and illustrated in 
their microsections. 

In the course of a brief reply, Dr. Desch ex 
his satisfaction at Dr. Bengovgh, with his wide 


experience, finding their conclusion to be a reason- 
able one. Lead would seem at first to stimulate 
corrosion. With 1 per cent. of lead, the varnish- 


like layer they had referred to became more easily 
detached, and they attributed protective effect to 
the presence of that layer. He explained the 
microsections given in the paper, and showed the 
difficulty there was in focussing the specimen accu- 
rately. In reply to Mr. Dewrance, they had only 
examined copper-zinc alloys so far ; they ho to 
extend their field, but were not sure yet whether 
they would be able todoso. In reply to Dr. Rosen- 
hain, he stated that the authors had not suggested 
that their results proved all points. He referred 
Dr. Rosenhain to the microsections in the paper to 
explain how dezincification had ed. 

On the motion of the Chairman, the authors 
were awarded the thanks of the meeting for their 


paper. 

The last paper on the list, on ‘* The Quantitative 
Effect of Rapid Cooling upon the Constitution of 
Binary Alloys” (Part II.), by Mr. G. H. Gulliver, 
B.Se., F.R.S.E., A.M.I. Mech. E., was taken as 
read and the author thanked. 

The usual votes of thanks to the Institution of 
Mechanical Engineers for the loan of their hall, 
and to the Chairman, were then passed, and the 
announcement by the Chairman that their next 
meeting would be held on May 12 next, when Dr. 
Heyne, of Charlottenburg, would read a communi- 
cation, concluded the proceedir gs. 





THE AERO AND MARINE 
EXHIBITION. 
(Concluded from page 384.) 

In making a critical review of the Show at 
Olympia as a whole, the first point which struc 
one was that while marine motors up to a certain 
size were very well represented, the number of both 
aeroplanes and aero-engines was not very great, 
owing, no doubt, to the fact that there is very 
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little private trade in these, and that the only real 
market is in connection with the Government. 
As Mr. Edge said at the inaugural dinner, it 
would have added very greatly to the public 
interest in the Show if the Government seen 
their way to exhibit, as they did last year. In 
such case it might have been possible for several 
very interesting types to have been seea. This 
would not only have added to the public interest, 
but also might have been a distinct advantage to 
the British constructors, as it is always more easy 





to compare points of construction when a good 
many different machines are gathered together, and 
when the various constructors are also present to 
discuss matters. 

Taking the aeroplanes first, the small range of 
the exhibits was very noticeable. All the machines 
were either English or French, and all with one 
exception had wings which were practically straight 
across the machine. The one exception to this was 
the small ‘‘ Avro,” in which the wings lie back at 
a considerable angle. In a few machines the wings 
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division. Very small biplanes were, this year, how- 
ever, shown at several stands—ey., the ‘* Avro,’ 
Bristol, and Vickers. The change was most strik- 
ingly shown at the Bristol stand (the British and 
Colonial Aeroplane Company, Limited, Bristol). 
These makers used to show large biplanes and 
smaller machines of the monoplane type. This 
year, however, they showed two, both biplanes. 
The larger of these was a two seater, having a span 
Fic. 38 of 11 5 m. (34 ft.), a length of 8.7 m. (25 ft. 8 in.), 
. ie oi and a total supporting area of 39sq. m. (420sq. ft.). 
The engine was an 80-horse-power ‘‘ Gnome,” and 
the speed 75 miles per hour. The smaller hid 
a span of 6.7 m. (22 ft.) ; length over all, 6.3 m. 
(20 ft. 7 in.); supporting area, 15 sq. m. 
(162 sq. ft.). The same sized engine was fitted, 
and the speed was therefore considerably higher. 
It was noticeable that the larger machine had 
warping wings, while the smaller had ailerons. 
The fact that the latter are coming into very con- 
siderable use again is one of the distinctive features 
of the Show. It is not quite clear why this is the 
case, for a year or two ago the general tendency 
was to give up the ailerons in favour of the wing- 
warping. It is possible, however, that the use of 
very small wings for the high-speed biplanes has 
something to fo with the matter, for it may be 
difficult to get enough warp on them for stability 
without straining parts of the structure. From a 
purely theoretical point of view it would appear to be 
the best construction to make the wing a rigid struc- 
ture and to have ailerons. By this means the stays to 
both the front and after main spars can be made 
permanent, whereas with the win tr ay the stays 
to the after spar must go round pulleys or be in 
some way movable. Further, in the wing-warping 

the spars must twist slightly in order that the wing 
a § —— 5; shall warp. In practice, however, where the warp- 

Y i ing is well carried out and the wings are of ordina 

size, there does not appear to be any trouble with 
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the very great size of the fuselage or body of the 
machine as compared with the wings and the in- 
creased solidity of the whole structure. The former 
feature allows of the very complete casing in of 
the pilot and passenger. In the early days of 
flight we commented on the complete absence 
A ss of any protection for the pilot, and pointed out 
” the necessity of protecting him. In many of the 
modern machines he sits so deep iu the large body 
as to be entirely protected except for lis head, 
and, in fact, sometimes appears to be only just 
able to see out. At first sight it would appear as 
if these very large bodies would have a great deal 
were at a slight dihedral angle, but in these cases|regretted. In this country the Hadley Page aero- | of resistance to motion through the air, but this is 
they were approximately straight in themselves. In| plane has followed on these lines, and the Dunne | no doubt not so great as one might expect. Judg- 
Germany and Austria there has been a very con- | also has the very much layed-back wings of varying | ing from the power required to Prope a dirigible, 
s‘derable development of the wing, in the direction | curves, a tail being in this case dispensed with. | however, it must be perceptible, and it seems as if 
of the type of a bird’s wing ; that is to say, a wing | These machines were, however, absentees from the|a smaller body would be an advantage where high 
in which the tips are considerably behind the centre | Exhibition this year. speed is required. In many cases the size of the 
of the wing and also turn upwards and outwards, Taking the machines which were actually there, | body is determined 7 the necessity of making it 
at the trailing edge, the exact design varying in| the most interesting development was the small high- | large enough to carry the engine where the latter is 
different machines. Some of these have made | speed biplane. In former years practically all the | of the revolving type. Where high power is required 
most excellent performances, and whether or not high-speed machines were monoplanes, while the|in a small machine it — therefore be a distinct 
they are destined to be a permanent type, their |larger ones were biplanes, and there seemed to be | advantage to have some other type of engine. — 

a‘sence from the Show was very greatly to be a tacit ~s:umption that this would be a pormanent/ ‘The increased solidity of the various parts is no 
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rently of the same general type of curve, not dip- 
ping much at the front edge, but having a much 
more uniform curve than many others, and com- 
paratively small total thickness. 

The B:ériot aeroplane also retains the same 
general features which it had when Blériot first 
flew across the Channel, though it is greatly im- 
proved in detail and made much more substan- 
tial. The backbone is, of course, the central 
constructive feature, carrying the engine, chassis, 
pilot’s seat, petrol-tanks, &c., and the wings are 
attached in the same general manner. The back- 
bone is still not cased in at the after part of 
the machine, and is built up in the same general 
manner of longitudinals and struts braced with 
wire. The backbone is also smaller in proportion 
to the rest of the machine than is often the case 
now. While the wing section has doubtless been | 
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Fig. 42. 120-Horse-Power Sincie-Sieeve AgRo- 
Moror ; Messrs. Arcyiis Luwirep. 


improved since early days, it is still of the type 
with a considerable dip to the front edge, which is 
comparatively thick. A lifting-tail with consider- 
able curve is still employed. The landing-chassis 
is also still of the type which was uliar to the 
Blériot in early days. Apart from detail, probably 
the change most apparent to the eye is that the 
elevator is now placed behind the fixed part of the 
tail and is of very much larger size than formerly. 
Tt is noticeable that both Farman and Blériot stick 
to the lateral control used in their early days, 
Farman still having ailerons and Blériot still warp- 
ing-wings. The fact that these two machines 
should have proved so successful that their main 
features have required so little change is very 
interesting, in view of the fact that they are of 
such very extremely divergent types, and it shows 
what is not always understood—namely, that in all 


machinery it is far more important that all the 
parts should form a harmonious whole than that 
each part should have special merits of its own. 
This probably largely explains the very great 
variety of wing curves still in use, in spite of the 
very considerable amount of experimental work in 
connection with them. It does not follow that 
because one wing curve is right another different 
one is wrong, for each may be the best for the 
machine it is used for, and may best suit other 
general features of the desi 

The general development of sea-planes appears to 
be towards larger size, the tendency being for them to 
be of large span and with powerful engines. Whereas 
the majority of land-planes have engines of 80, or, 
at the outside, 100 horse-power, the sea-planes go up 
to 200 horse-power. Here there appear to be two 
distinct types, divided according to the position of 


be very evident, whereas a dent in a tube so small as 
not to be very noticeable might weaken it a great 
deal. It is for these reasons that steel, although 
theoretically the lightest, is seldom used for light 
racing boats of small size. Nevertheless, the 
matter is one which can only be settled by practical 
experience, and in this connection the exhibit of 
Messrs. Delacombe and Marechal, 166, Piccadilly, 
London, W., was of interest. They showed a 
Clement Bayard monoplane, in which wood was not 
used for any structural part except the ribs of 


the wings. e framing of the fuselage was of 
steel tube, while the main spars of the wings were 
of pressed steel. Steel tube was used for the 


chassis, but this was covered with wood to give 
the right stream-line form. 

A noticeable feature of many machines was that 
the tail was only of moderate length, but had a very 
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Fic. 43. 20-Horsz-Powser Two-Srroxr Marine Motor; Tue Recorp EnGIngerIne 
Company, Limirep, MancHester. 


the pilot ; in some he is placed in the lower float, and 
in others between the wings, as ina land-plane. It 
is noticeable that the majority of the sea-planes of 
the larger sizes have the propeller behind the wings. 
In this case the engine has to be carried on the 
struts between the wings, and as the weight of the 
large engines now used, with their petrol, &c., may 
be about 4 ton, this calls for careful design of all 
the ts. It is very noticeable that while the 
smaller sea-planes usually have springs between 
the floats and the rest of the machine, the larger 
ones do not. It is not quite easy to see the 
reason for this, but it may that in the larger 
sizes the floats can be made stronger in pro- 
portion to their area. In this connection it 
may be remarked that many of the floats are quite 
flat at the bottom. This does not seem to be by 
any means the best shape to stand hammering on 
the water. In the machine that was shown at the 
stand of Luke and Company, Limited, the floats 
are quite round in the bottom, like a boat. This, 


for stability; but otherwise seems likely to be a 
better arrangement, provided there is no more 
difficulty in getting enough speed to rise. 

It is noticeable that in the general construc- 
tion there is a tendency to substitute steel for 


advantages, but it remains to be seen whether these 
altogether materialise in practice. To make steel 
as light as wood requires the use of very thin steel 
tubes, and these are liable to damage from local 
buckling. Wood has also the advantage that any 





accidental damage of an important nature will also 


no doubt, necessitates the use of two main floats | head 


wood. Theoretically, no doubt, steel has many. 


large fixed plane and a powerful elevator. In fact, 
the increase in the size of the elevator in modern 
machines is one of their most noticeable fea- 
tures. 

In the matter of aero-motors there was little new. 
The motors are still far from uniform in type, 
ranging from the vertical engine, whose outline is 
very much like that of the motor-car engine, to the 
rotary radial, in which practically everything is 
special. Intermediate between these come the 
diagonal and the radial with fixed cylinders. Air 
and water cooling both have their representatives. 
As perhaps might have been expected from their 
national characteristics, the vertical type is that 
favoured by the German constructors, while the 
rotary type comes from France. Taking the former 
first, the Mercedes, Benz, and Austro-Daimler are 
excellent examples of what can be done by taking 
the ordinary vertical engine and proportioning 
it so as to get the least possible weight. These 
engines usually have the valves in the cylinder 
and are often arranged with no loose valve- 
caps, the only way of inserting a new valve 
being to take the cylinder off. This is not 
so objectionable as might at first sight appear, 
for it is no doubt ible to make the valves 
so as to give very little trouble; further, it is 
certainly impossible to replace a valve in the air, 
and on the gound the extra time taken to remove 


the cylinder is not of great importance. A very 
considerable amount of weight is saved doing 
away with the loose valve-seating. The valves are 


driven either by an overhead cim-shaft or by 
push-rods. This type of engine has done very 
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service on the German aeroplanes, and, although 
not quite so light as the radial-rotary type, appears 
to be more economical. The total weight for a 
long flight may therefore be less than that of a 
lighter, but less economical, engine. The narrow- 
ness of the engine makes for small head resistance, 
but, on the ae hand, the length taken up is very 
eat. 

The radial engine has necessarily the shortest 
crank-case for the size of the cylinders, and should 
therefore, theoretically, be the lightest. It has, 
however, a large head resistance, and to avoid this 
it is often more or less enclosed in the body of the 
aeroplane. In this case either the ro form 
must be adopted, or the engine water-cool The 
rotary form has hitherto chiefly been represented 
by the ‘‘Gnome.”” This has now been introduced 
in a new form, which we illustrated last week, 
the possibilities of which cannot at present be fore- 
seen, while another type of rotary engine shown 
was the ‘‘ Rhone.” This engine was not shown on 
a stand of its own, but was on one of the Nieuport 
aeroplanes. In appearance it is generally like the 
**Gnome,” but has separate inlet and exhaust- 
valves worked by a rocking-lever and placed in the 
cylinder-head. The cylinders are all machined out 
of steel, with the ribs cut from the solid, as in the 
**Gnome.” 

The principal representative of the radial engine 
with fixed cylinders is the Salmsoa, which is water- 
cooled. e illustrate this on page 415. The 
eight-cylinder or twelve-cylinder diagonal engine 
is somewhat of a compromise between the six- 
cylinder vertical and the radial, and has many 
advantages, as it is not of excessive length, yet 
has not a very great head resistance, and is con- 
venient to carry on the fuselage. It waschiefly re- 
presented at Olympia by the Renault, ‘‘Sunbeam,” 
and Curtiss types. The first is air-cooled, and is 
little changed from last year. It follows the general 
construction of the air-cooled cycle engine on a 
large scale, and appears to have no very distinctive 





Fic. 44, 


features, its success being therefore due to exellent 
—— and detail design. An interesting ex- 
ibit on this stand was an engine partly in section, 
from which it could be seen that the cylinders, 
although cast, were only about 4 in. thick. The 
Curtiss is an American production, and has sepa- 
rate water-cooled cylinders, with all the valves in | 
the cylinder-heads. From the parts shown the 
cylinders a r to be comparatively thick, even 
where machined on the outside, and the pistons by 





no means light ; but this engine appears to have 
done very good work. Both the ‘‘Sunbeam” and 
Renault have geared-down propellers. 

Both engine dimensions and powers are very | 
rapidly increasing, a 300-horse-power Salmson | 
engine being shown, which was stated to have given 
322 brake horse-power on a run of an hour. A 
large six-cylinder vertical Clement Bayard engine | 
was also shown at the stand of Messrs. Delacombe 
and Marechal, having cylinders 155 mm. in diameter | 
by 200 mm. stroke (64 in. by 7?in.), and stated to 
develop 264 brake horse-power at 1300 revolutions 
on a weight of under 44 lb. per horse-power. 

In some cases even the larger engines had extra- 
ordinarily light parts, the cylinders being of steel 
about , in. thick. In others the cylinders were of | 
cast iron, and yet approximately as good results | 
were obtained. It seems asif engines built too light | 
cannot be run as hard, so that the saving in weight 
is not what one might expect. It is noticeable) 
that the majority of engines run in the neighbour- | 
hood of 1300 revolutions per minute. 

We have often pointed out that the extremely 
high-speed engine which has been developed for 
motor-car work by the artificial cylinder rating 
now in force for competitions, &c., should theo- 
retically be hea per horse-power, and this| 
appears to be well borne out in the aeroplane 
engines. The Renault engine, it is true, runs at 
some 1800 revolutions with a geared-down pro- 
peller, but does not appear to be very light. The 
‘“*Sunbeam” is an example of a comparatively 





high-speed engine, rather on motor-car lines, and 
is said to run at 2000 revolutions. What is the 
speed which will produce the lightest engine 
remains to be seen, the difficulty of the high-speed 
engine being that the bearing pressures and stresses 
due to the inertia of the parts are greater than the 
explosion pressures and stresses to be provided for 
with larger cylinders running at a more moderate 


speed. 

There will probably be a great deal more infor- 
mation on this point when the coming competition 
for military aeroplane engines has been concluded. 


| Meanwhile it is gratifying to note that there was 


evidence in the Show of very great improvement 
in the aero-engine, which appears to bea thoroughly 
sound job in practically all cases, and one well up 
to its work. A point of some interest, considering 
recent developments in the motor-car, is that the 
very large majority of the aero-engines have a very 
moderate bore-stroke ratio. This is especially the 
case in the vertical engines, which approximate 
most closely to the motor-car engine in general 
design. 

In the marine motors at Olympia there was not a 
great deal of note which was novel, though there was 
a great deal of improvementin detail. The general 
tendency is to make the engines more substantial 
than formerly, more especially where speed is not 
a great object. The varying requirements of the 
engines have, however, entailed a very great 
variety in the construction. Thus the heavier 


| types, intended for slow commercial work, are 


very similar in many of their proportions to the 
stationary gas-engine. In these all the fixed parts 
are of very substantial construction, generally of 
cast iron and considerable thickness, with flanges 
up tol} in. thick, &c. There is no doubt that in 


| this class of work weight is of far less importance 


than reliability, durability, and the power to stand 
rough usage; but even in these it is to be re- 
membered that that every ton put into the engine 
means a ton less cargo carried, and that any 
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weight which can be saved, without sacrificing 
other qualities, is an advantage. At the extreme 
other end of the scale comes the engine 
for a racing-boat, where weight is the only de- 
ciding factor, providing that reliability over the 
time necessary for the race can be ensured. In 
these, however, as in aero-engines, it is a mistake 
to make parts too light if the power cannot be 
maintained. An excellent example of this type was 
the engine in the ‘‘ Crusader,” shown at the stand of 
J. W. Brooke and Co., Limited, Lowestoft. This 
boat is 33 ft. long, and has engines of 270 brake- 
horse-power, giving a speed of 41.8 knots. The 
engine is of the eight-cylinder diagonal type, of 
very much the same general construction as an aero- 
engine. Intermediate between these extreme types 
come engines of every proportion of weight to 
power for various purposes. 

In all these engines the working parts are 
totally enclosed, but it is getting to be common 
practice to arrange that the pistons can be with- 
drawn through the inspection-doors of the crank- 
case in all the larger sizes. Lubrication is a most 
important point in the faster running types, as 
they have to work at full power for long times at 
a stretch, a thing the motor-car engine never does 
in actual use. It is satisfactory to note that forced 
lubrication is becoming general. Reversing does 
not appear to have made much progress, the large 
majority of engines still being reversed by gear. 
Further, this gear is still often made separate from 
the engine, and only aligned to it by bearers. 
This does not strike one as at all satisfactory, and 
there is little doubt that the reversing-gear should 
be made one unit with the engine, as is often the 











case. There is, however, no doubt that in the larger 
sizes some form of engine reversing-gear should be 
possible. This, perhaps, presents less difficulty in 
the two-cycle engine nnd in the four, and a rather 
interesting example was shown by Messrs. Norris 
and Henty, 87, Queen Victoria - street, London, 
E.C. This engine is of the type in which the paraffin 
is vaporised against a hot part of the cylinder, and 
ignited by the compression. A parattin pump is 
used for each cylinder, and this and the compressed- 
air valve are worked by a shaft whose position with 
regard to the engine can be varied. The engine 
can thus be started in either direction, and once 
started will, of course, run in that direction, as it 
works on the ordinary two-stroke cycle, and the 
pistons open and shut the necessary ports. In 
the numerous two-cycle engines of very small size, 
shown for small boats, reversing is effected either 
by starting by hand in the reverse direction or 
advancing the spark till the engine back-fires. 
Electric self-starting of the type usual in motor- 
cars was shown on one motor. This might be 
arranged to give electric reversing also. 

The large majority of the marine engines of any 
size shown at Olympia use ordinary paraffin as 
fuel, except when speed is of great importance. 
There are two principal ways of doing this. The 
first is to use an exhaust-heated vaporiser, the 
engine being started on petrol and run on this till 
the vaporiser is hot enough to vaporise the paraffin. 
This can, of course, be used with a starting lamp 
if desired. The other type is some variation of the 
**hot bulb” form, in which the paraffin is sprayed 
against a hot unjacketed part of the cylinder, and 
ignited spontaneously at the top of the stroke by 





the combined heat and compression. The former 
method is usually used for the lighter and faster- 
running types, the latter for the heaviest and 
slowest-running ones. 

There is evidently a large market for petrol- 
motors of very low price up to’5 or 10 horse- 
power. This is being, to a great extent, filled by 
the small two-cycle motor of the very simplest 
construction, fitted with no reverse-gear. any 
of these come from America, and some are com- 
bined with a rudder to form a detachable unit. 
As a rule they are not very light per horse-power, 
one of the lightest, perhaps, being the ‘‘ Water- 
man,” which is claimed to weigh about 10 lb. per 
horse-power. This motor hasa copper-sheet water- 
jacket, the application of which is very simple in 
the two-cycle engine, owing to the absence of any 
valves at the top of the cylinder. This type of 
—_ usually runs at under 1000 revolutions. 

e will now return to a consideration of such of 
the individual exhibits as seem to require detailed 
notice, and which could not be dealt with last 
week, 

Two very interesting biplanes of new types were 
shown ty Messrs. A. V. Roe and Co., Clifton- 
street, Miles Platting, Manchester. The one was a 
tractor single-seater, and the other a pusher two- 
seater. We illustrate the latter of these machines in 
Figs. 35 to 37, page 414. The tractor biplane is in 
many ways of the conventional tractor type, which 
Messrs. and Co. claim to have been the first 
to introduce, but has several special features of 
interest. The wings are laid back at an angle, 
making the plan of the machine somewhat like 
a broad arrow, the object being to lessen the 
head resistance and give a nearer approach to 
inherent stability. The bracing between the wings 
consists of one pair of struts only to each pair of 
wings, and these are not attached to the main span, 
but to a steel tube forming a specially strong rib 
to the wings. Thus when the centre of pressure 
varies its position along the wings, the struts still 
take their proper load. The pair of struts are well 

, and are enclosed in one casing, so as to 
‘*stream-line” them and lessen head resistance. 
This also acts as a panel to minimise side-slip. 

In place of warping the wings, balancing is 
effected by balancing-flaps to both wings (ailerons), 
which are ahsootunested. The top wings are set 
considerably in advance of the lower ones. The 
lower wings are fitted with two hinged flaps close 
to the backbone, which can be set at a great angle 
so as to act as air-brakes. The lever controlling 
them has notches, so that they can be set at any 
angle desired. A slightly lifting tail is employed. 

An 80-horse-power ‘‘Monosoupape Gnome” 
engine is employed, which gives a speed of 35 to 
100 miles per hour. The weight, with three hours’ 
fuel and pilot, is 850 lb.; surface of main planes, 
235 sq. ft.; span, 26 ft.; length, 22 ft. 4 in. 

The other machine (Figs. 35 to 37) was of a 
totally different type, having the propeller behind 
the main planes, instead of in front. This makes 
it more suitable for mounting a gun, as an unin- 
terrupted view in front is obtained. Two seats 
are provided, placed tandem, the pilot being 
behind and the passenger, or gunner, in front, 
The general construction follows the lines of the 
ordinary pen biplane, but is of simple and 
substantial construction throughout. The tail is 
of triangular plan, and is entirely constructed of 
steel, rudder included. The landing-chassis and 
fuselage is one. unit, which carries the engine, 
fuel-tanks, passenger-seate, &c, The main petrol- 
tank is shaped so as to make a seat for the pilot, 
thus saving weight and space. Skids are pro- 
vided to the wing-tips. Balancing is effected by 
ailerons. 

The weight of this machine with 44 hours’ fuel, 
gun, pilot and passenger, is 1680 lb.; surface of 
main planes, 470 sq. ft.; surface of tail, 56.5 
sq. ft. The loading of the main planes is 3.58 lb. 

r sq. ft.; and of the tail, 0.53 Ib. per sq. ft. 

e engine is an 80-horse-power ‘‘Gnome Mono- 
soupape ” motor, giving a speed of 35 to 70 miles 
hour. A tractor type sea-plane was also shown, this 
being generally of the firm’s previous type, but 
with suitable floats. 

An interesting departure from their ordinary 

ractice was shown at the stand of Messrs. L. 
lériot, 156, Regent-street, London, W., and 
Brooklands, Weybridge. This was a single-seated 
monoplane, which follows the usual Blériot prac- 
tice, with the exception that instead of the wings 
being on a level with the backbone they are placed 
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about a foot above the top of it. The e=sential 
idea in making this machine has simply been to 
make one suitable for army scouting, and the wings 
have been placed in this position in order to get 
a good view of the country. It is stated that it has 
been found in practice that in the French manwu- 
vres the reports received from single-seated aero- 
planes were, on the whole, better than from those in 
which a pilot and observer were carried for scouting 

urposes. With any type of single-seated mono- 
plane with the wings in the usual place, however, a 
really clear view is not easy to obtain. Parts of the 
wings have been cut away near the backbone, and 
the expedient has been tried of making a part trans- 
parent, but these devices do not quite seem to meet 
the case. Hence the placing of the wings clear 
above the fuselage, so that the pilot can put his 
head over the side and get a perfectly uninter- 
rupted view. Incidentally the raising of the wings 
allows of the wing-stays being at an especially good 
angle. The engine provided for this machine is an 
80-horse-power ‘‘Gnome,” giving a speed of 75 
miles per hour. 

At the same stand were shown a two-seater of 
Messrs. Blériot’s ordinary pattern, and also a two- 
seater water-plane. The latter is remarkable for 
the system by which the floats are sprung, this 
being practically the same as that used in the land 
planes. Very long india-rubber springs are used, 
giving a considerable range of motion. 

Of aero-motors of special design, the Salmson, 
shown by the Dudbridge Iron Works, Limited, 
87, Victoria-street, London, 8.W, is a very in- 
teresting example. This motor is of the radial 
type, having fixed water-cooled cylinders and a 
rotating crank-shaft, and is shown in several 
sizes, of which we illustrate the 150-horse-power 
in Figs. 38 to 40, e 415. A uliarity of 
this engine is that the crank-shaft is placed ver- 
tically and the propeller shaft is driven by a 
bevel reducing gear. This allows of the engine 
being more conveniently mounted on engine 
bearers, and also of the air resistance being 
reduced as compared with the ordinary arrange- 


ment. Engines with the crank-shaft horizontal, 
driving the propeller direct, are, however, also 
made. All the connecting-rods are connected to 


one crank-pin, a somewhat peculiar arrangement 
being used for the connection. A sleeve is carried 
on the crank-pin by ball-bearings, and kept from 
rotating with it by a sort of sun-and-planet gear- 
ing. is sleeve carries pins to which the various 
connecting-rods are coupled. The crank is pro- 
vided with large balance-weights, and the crank- 
case is of very large diameter, with the cylinders 
partly projecting into it. Steel is used for the 
cylinders, which appeared from the engine shown 
in section on the stand to be very thin, apparently 
only about yy in., and are water-cooled, the jackets 
being of copper. Veryshort valves are used, with 

rasshopper springs of steel wire, and all valves are 
mechanically worked by push-rods and levers, the 
arrangement varying considerably in the different 
sizes of engines shown. 

Cast iron is used for the pistons, which have 
three rings. Cast iron is preferred to steel, as it 
is considered to be more reliable. Lubrication is 
by two pumps, one of which pumps from the 
crank-case to a tank from which the second pumps 
the oil under pressure through two sight-feeds to 
the centre of the hollow crank-shaft. These 
engines were shown in several sizes, ranging from 
one of 90 horse-power with seven cylinders, 120 mm. 
by 140 mm. (4 in. by 5} in.) to a 300-horse-power 
engine with nine cylinders, 150 mm. by 210 mm. 
(5{ in. by 8} in.). The latter appeared to be the 

rgest aero-engine in the Show. 

An interesting variation of the ordinary con- 
struction of aeroplane engines was shown at the 
stand of Argylls, Limited, Alexandria, Dumbarton. 


Whereas aeroplane engines, as a rule, have poppet- | th 


valves, this is an engine of the sleeve-valve type. 
We illustrate it in Figs. 41 and 42, pages 416 and 
417. 

The general construction follows the lines of the 
Argyll sleeve-valve motor-car type, having a single 
sleeve. By means of short hatte at right 
angles to the cylinders and driven hon a long lay- 
shaft, the sleeves are given a combined partially- 
rotating and a reciprocating motion, the combina- 
tion of which provides for the valve-motion. In 
the aeroplane engine, the general construction 
follows the lines of the motor-car engine, and there 
are inlet-ports at one side of the engine and 
exhaust-ports at the other. Double ports are, 





however, provided in each case, so as to get a large 
port opening with a moderate travel of the sleeve. 
A cock is provided in each cylinder wall, part way 
up the stroke, to facilitate starting. is com- 
municates with a hole in the sleeve, and thus 
allows of the escape of part of the charge on the 
compression stroke, but the hole is covered by the 
movement of the sleeve during the working stroke. 

The bore and stroke are 125 mm. by 175 mm. 
(5 in. by 6 in.). The cylinders are made of steel, 
and where the ports are each has a thickening piece 
slipped on, which is suitably milled to shape. Over 
this is slipped the water-jacket tube and is welded 
on. A bearing is provided at each side of every 
crank ; the crank-shaft is drilled, and lubrication 
by force feed throughout the crank-shaft and also 
the valve-motion shaft is provided. There are two 
oil-pumps. The one sucks from a sump in the 
crank-chamber, and delivers to a tank, from which 
the other sucks and delivers to the bearings. 
Ignition is by Bosch magneto, with double high- 
tension distribution, giving two-point ignition. 
Starting is provided for by a Bosch auxiliary 
starting-magneto. The brake horse-power of this 
engine is 120 at 1200 revolutions, and the weight 
about 600 lb. 

Owing to the fact that the ordinary Otto cycle 
only gives an impulse every other revolution, the 
two-stroke cycle, in which there is one every revo- 
lution, has always had a great interest for internal- 
combustion engineers. This cycle has been worked 
out in many ways with greater or less success, and 
was shown in a new form in the ‘*‘ Record” engine 
at the stand of the Record Engineering Company, 
Limited, Eccles, Manchester. In this engine 
(Fig. 43, page 417) the crank-case is not used for 
the scavenging pump, and therefore troubles due to 
this are aoeied, while the distribution of the 
is effected by piston-valves. The action is as 
follows :—On the working stroke mixture is drawn 
into the space A, and on the return stroke is 
compressed into the space C by the piston F, the 
distribution being effected by a suitably - timed 
piston-valve B. At the end of the working stroke 
the main piston D uncovers exhaust-ports, through 
which the exhaust escapes, while the auxiliary piston 
E uncovers inlet-ports communicating with the 
8 C, through which the previously compressed 
charge enters. This is then compressed on the 
up-stroke and fired, and the cycle recommences. 
Both the pistons D and E act as working pistons. 

While the general principle is the same as in 
other two-stroke engines, the fact that the inlet and 
exhaust are controlled by separate pistons allows 
of their being timed in any manner desired, and 
also of the ports extending all round the cylinders. 
There is an undoubted advantage in doing away 
with the use of the crank-case for compression, 
while the use of the two cylinders may also allow of 
much better stratification of the charge. It will 
therefore be interesting to see how this engine 
works in practical use. The engine shown had two 
main working cylinders, and therefore gave the 
same number of impulses as the ordinary four- 
cylinder four-stroke engine. 

A good example of the heavier type of marine oil- 
motor using paraffin is the Kromhout, which was 
shown by Messrs. Perman and Co., 82, Fenchurch- 
street, London, E.C. This engine (Fig.44, page 418) 
is of the two-cycle type, and has a peculiar system of 
vaporising. e whole of the cylinder is water- 
jacketed, —|_ a small flat plate at the top. This is 

eated by a blow-lamp for starting, but after that 
maintains its heat from the explosions. The paraffin 
is sprayed against it near the beginning of the 
compression stroke, and vaporises instantly, ex- 
plosion being spontaneous at the top of the stroke. 
A ge worked by a cam is used for the 
fuel, the stroke of this being controlled by a 
governor which slides the cam. In the latest type 

ere is also hand control. The exhaust is led 
through two silencers in series, the first being 
water-jacketed, while the second has the cooling 
water turned into it. By this means silence is 
obtained without much pressure, a matter of great 
importance in two-cycle engines. Positive forced 
lubrication is used for all parts except the thrust- 
block, and oil is forced into the cylinder at three 
points, and from there by a scraper to the gudgeon 

in. Two plunger-pumps are provided, one for 
bilge and the other for circulating. 

Epicyclic reversing gear, with a clutch for ahead 
and a band brake fur astern motion, is used, and this 
is built into the bed-plate of the engine, with a self- 
centring ball-thrust block at the afterend. The fly- 








wheel is placed at the forward end of the engine and 
contains the governor. Several sizes were shown, the 
largest being two-cylinder, with a diameter and 
stroke of 13,3; in. by 13}3 in., developing 90 brake 
horse-power at 300 revolutions. The smallest was a 
single-cylinder engine, 97 in. by 9,7; ia., developing 
20 brake horse-power at 425 revolutions. The 
consumption of fuel is stated to be about 6 gallons 
per hour in the 90 horse-power and 14 gallons in 
the 20 horse-power. 

A novelty in the way of marine motors was one 
fitted with an electric self-starter, shown at the 
stand of the Ailsa Craig Motor Company, Limited, 
Chiswick, London, W. The motor in this case was 
a four-cylinder paraffin-motor of generally con- 
ventional design, having four cylinders, 5 in. by 
5} in., with all the valves on the same side, giving 
35 brake horse-power at 900 revolutions. The 
electric self-starter is the U.S.L., which we described 
in connection with the Sheffield ‘‘ Simplex” car in 
our issue of November 21, 1913. The armature in 
this machine replaces the fly-wheel, while an eight- 
pole field magnet is placed inside the armature. The 
same armature acts as both generator and motor, 
two sets of field-magnet windings being used. The 
self-starter in this case is placed at the forward 
end of the engine, where it is easily accéssible, and 
is thoroughly protected by a removable aluminium 
casing. The application of electric self-starters to 
motor-cars having been attended with success, it 
appears probable that there will be a good field 
for them in marine motors. In fact, the latter will 
probably be even more successful than the former, 
as weight is not so important; hence larger 
accumulators can be used. The advantage may also 
be greater especially when starting on paraftin. 

One of the interesting developments of the 
marine motor is a type which can be attached toa 
small boat without boring a hole in the stern post 
for the propeller-shaft. Several patterns of such 
motors were shown, all resembling one another 
in general construction. Of these, the Evinrude, 
shown by the Evinrude Motor Company (England), 
107, Waterloo-road, London, S.E., may be taken 
asanexample. We illustrate this in Figs. 45 to 49, 
page 419. 

The general construction of this unit consists of 
a two-cycle petrol-motor with a vertical crank-shaft 
driving the propeller by bevel-gear. This is 
arranged to clamp on to the transom of an ordinary 
square-sterned boat by means of the thumb-screws 
A. The unit is thus entirely self-contained, and 
may be removed from the boat complete without 
breaking any of the petrol or exhaust connections. 
The whole of the casing below water-line is filled 
with grease, which prevents any water getting to the 
gears. A reciprocating water-pump is placed just 
in front of the bevel-gear, and driven by a cam. 
This supplies circulating water for the engine 
through a rubber pipe. The petrol-tank and 
silencer are just behind the crank-case, and from 
the petrol-tank the petrol flows through a very 
short pipe to the mixing-valve, Fig. 47, which is 
bolted direct on to the cylinder. The latter is 
sown in section, Fig. 46, the three ports being 
clearly shown. B is the inlet to the crank-case, 
C the inlet to the cylinder, and D the exhaust. A 
quadrant E is provided, so that the propeller can 
be set horizontal whatever the rake of the transon. 

Ignition is by coil and accumulator or high- 
tension magneto, the latter costing a little more. 
The figure shows the contact for the coil ignition 
just below the fly-wheel. Where magneto ignition 
is used the magnets are incorporated in the fly- 
wheel and revolve round a fixed armature placed just 
below it (Fig. 49). This has the advantage that the 
weight of the magnets form part of the fly-wheel. 
The result appears to be good sparking at very low 
speed. Noreversing gear is fitted, the engine nine 
stopped by retarding the k and then re-started 
by hand in the reverse direction. The whole of 
the driving-gear pivots round the crank-shaft tube 
for steering, a rudder F and a tiller being provided. 
Three sizes of apparatus are made, having cylinders 
2} in. by 24 in., 28in. by 28 in., and 3} in. by 3 in. 
respectively, the horse-power being 14, 2, and 34 at 
— and weights 50 lb., 56 lb., and 
94 


Although individually small, this type of engine 
may be of considerable commercial importance, 
owing to its requiring no under-water connection, 
and to the fact that it is easily removed or shifted to 
another boat. It is, indeed, stated that 25,000 sets 
of this make have been sold, mainly, no doubt, in 
the United States of America. 
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INDUSTRIAL NOTES. 

As announced in a preceding issue (see page 346 ante), 
a conference took place on the 11th inst., et Edinbargh, 
between the Shipbuilding Employers’ Federation and 
representatives ot the Boiler-Makers’ Society, on the 
threatened strike of 6000 riveters in the Tyne, Wear 
and Blyth shipyards, to enforce a revision of the piece 
price-list. As aresult of the conference both parties 
agreed to mutual recommendations to be submitted to 
the constituents on both sides as early as possible ; in 
the meantime the men’s notices were suspended and 
work continued as usual. Since the Edinburgh confer- 
ence various meetings of the men have been held, at 
which the latter expressed their dissatisfaction at the 
slowness with which matters were proceeding. The 
situation, we understand, was preced up at a meeting 
which was held in Newcastle on the 17th inst., when the 
Tyne delegates to the Edinburgh conference explained 
to the men the recommendations mutually agreed upon, 
between the employers and the Boiler- Makers’ Society, 
for speeding up the procedure for revising the price- 
list. The men at the various shipyards have decided to 
continue work for the present pending a further 
conference with the employers. 





The issue for the present month of Technik und 
Wirtschaft, Berlin, contains the following notes on the 
British workman :— 

‘The best types of British workmen are physically 
superior to the German ; on the ave , however, and 
despite their better nourishment, the British workmen 
are inferior to the German. This is accounted for by 
less satisfactory home conditions, by the absence of 
military training, and especially by less healthy habits 
of living. The British workman’s very great interest 
in sport does not counteract these conditions ; nay, 
the concentration of his thoughts upon sports, com- 
bined with the demoralising effect of betting, forms 
a most unfavourable consideration. 

** Although the British workman is not physically 
so capable as ours, he is superior to ours in the matter 
of initiative and independence. Complaint is raised 
in England in regard to a deficiency of learned work- 
men. This is due to the low status of trade ; speciali- 
sation has not, by any means, reached the high degree 
which obtains with us, and a British workman under- 
takes tasks which to us appear quite irreconcilable one 
with the other. The result is less skill, and, to a 
greater extent still, less thoroughness. No master-men, 
in the full sense of the word, are produced. The appren- 
tice system is deficient, and is developed on wrong 
lines, and works should give it more attention. In the 
working classes there is also a lack of insight and 
ambition. Whilst in Germany the workman has the 
greatest wish to see his children learn, stress is laid in 
England upon rapid earning.” 

he writer in our contemporary then deals with the 
number of idle and unwilling workmen that exist in 
this country, and with the extent to which our best 
workmen emigrate to our colonies, ‘‘the conse- 
quence of this being that the British industry is 
feeling more and more the scarcity of suitable 
material.” 

We pro to deal in fature issues with other 
items touched upon by our one. We do 
not agree with him in several of the above statements. 
Military training as it obtains in Germany may make 
a man docile—it frequently does not even do that—but 
it certainly tends to destroy all initiative in a man 
whilst helping to foster a and develo; 
an unenviable capacity for constantly working in 
the same groove. The propensity for betting which 
exists in this country is indeed unfortunate, and we 
should much like to see it decrease. But we may 
well ask, is it worse than taking rt in State 
and municipal lotteries, which are allowed in Ger- 
many, but are barred in this country? We do not 
think so. There are hosts of Germans—we have seen 
many specimens of them in shops where lottery tickets 
are sold—whose sole ambition in life is to win a prize 
in one of the numerous lotteries in question, and whose 
existence, apart from the mechanical performance 
of duties, is spent in a constant fever. Besides, 


racing and betting obtain in Germany also, since 
a Bill is in progress there to legalise bookmakers. 
,0007. Notwith- 


It is expected to a annually 1, 
standing our lack of military training, our football 
and other players listen to their umpire and abide 
by his decision, and this, making all due allowance for 
temperament, is a condition which frequently does not 
obtain with the players of military-trained nations. 
In regard to actual work done, we could adduce 
many facts to show that ours is as good in quality 
and quantity as that of German establishments, 
if not better. In this connection we recall a state- 
ment made to us by a representative of a Swiss 
establishment having branches in Germany, to the 
effect that they paid their Swiss workmen more than 
their German workmen, because they could obtain 
much more work from the former ina given time. And 
the Swiss workman, though he has very many good 





points, cannot be said to move about with any degree 
of rapidity. 





A Melbourne paper makes the following reference 
to the arrival of 183 immigrant passengers by the 
Aberdeen liner Marathon last month :—Of the 57 lads 
who arrived by the Marathon at least 50 «re obviously 
‘sons of the soil”—well built, healthy youths, 
ranging from 17 to 20 years of age, and all determined 
to make their fortunes in Australia—even if they have 
to work for it. On the passage out the boys were 
under the care of an ex-army instructor, and had 
benefited immeasurably from his discipline. Conduct 
and behaviour on board was as good as youth and high 
spirits could permit. The domestic servants travelled 
under the care of a matron,who, speaking from know- 
ledge of her charges, said she was confident that the 
authorities had obtained the very best class of young 
women. As the Marathon did not enter the Bay 
until late in the afternoon, and was not docked until 
7.30 p.m., the immigrant passen remained on 
board overnight. On disembarking the following 
morning the lads and farm workers met the authori- 
ties at the Presbyterian Hall at 10 o’clock, where 
arrangements for their employment were made. No 
difficulty in finding employment was anticipated, and 
the newcomers were ex to leave for the count 
as soon as ible after engagement. The usual rus 
after the newly-arrived domestics was expected to 
take place. 





The Council of the Yorkshire Miners’ Association at 
a meeting held on the 13th inst., at Barnsley, author- 
ised their members to hand in notices to cease work in 
fourteen days, consequent upon the disagreement which 
exists as to the interpretation of the award made on 
January 30 last by Sir Edward Clarke, K.C., M.P., 
under the Coal-Mines (Minimum Wage) Act, 1912, to 
which we have repeatedly referred. The result would 
mean the closing down of all the coal-mines in York- 
shire, the direct unemployment of about 170,000 men, 
and the indirect unemployment of very many more. 
On the 23rd inst. the North Wales Miners’ Associa- 
tion decided to serve 14 days’ notice at ten important 
North Wales collieries to cease work, owing toa dispute 
under the Minimum Wage Act as to fillers’ wages. The 
threatened strike will affect 8000 men. 


At the Miners’ Federation Conference, held on the 
20th inst., it was decided that action should be con- 
tinued locally in the districts to obtain a settlement of 
the proposals for increased w: and improved con- 
ditions of employment for surface workers on the pit 
banks. The satisfactory agreement arrived at in several 
coal-fields led to a decision to the effect that action in 
the matter be local, as above stated, rather than 
national. Several of the men, however, expressed a 
= to force the pace under the threat of a national 
strike. 

We understand that this minimum wage question 
for the surface workers employed in the Lancashire 
and Cheshire coal-mines was settled satisfactorily last 
week. The minimum scale upon in the 
Lancashire area is as follows :— 


a. 


Age. 
13 to 14 
14 to 15 
15 to 16 
16 to 17 
17 to 18 
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It is hoped that this settlement may assist in 


an agree- 
ment being arrived at in other districts. 





Ata meeting of the Federation of Master Cotton- 
Spinners’ Associatione, held on the 20th inst. at Man- 
chester, the advisability of curtailing production was 
considered. It was decided unanimously to recom- 
mend all spinners of American cotton to close their 
mills during the whole of Easter week, that a ballot 
be taken by the members of the Federation, and that 
the percentage required to make the recommendation 
effective be fixed at 90 per cent. if the 90 per cent. 
were obtained, the mille would elese on April 9, and 
remain closed until April 20. 





Prrsonat.—The Society of Motor Manufacturers and 
Traders, Limited, has now taken pcscession of its new 
offices. All communications should therefore be addressed 
in future to 83, Pall Mall, S.W. 





Visit OF THEIR MAJEsTIgs TO BIRKENHEAD.—We 
have received a copy of a very neat illustrated hlet 
which has been prepared by Messrs. Cammell fain and 
Co. to commemorate the visit paid by their Majesties 
the King and Queen to their shipyards in Birkenhead on 
Wednesday, the 25th inst. It gives a brief - ge KH 
the company’s shipbuilding and engineering works, p 
and views of the shops and yard, and views of several 
types of ships they have constructed, 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 11. 

OrERATIONS of steel mills, in the Pittsburg district 
especially, will. continue at an average of 75 per cent. 
capacity, which will probably be the maximum output 
there and elsewhere unless a stronger buying move- 
ment sets in. The total of unfilled tonnage of the 
Steel Corporation is about 5,000,000 tons. General 
buying is rather moderate, owing to well-understood 
causes. Severe weather fora month partly accounts 
for it. An enormous amount of business is known to 
be held up, and that it will soon come into the market is 
confidently believed. In fact, current buying is below 
normal necessities. Railway traffic has been seriously 
tied up for two weeks, and much iron and steel 
material now loaded on cars still awaits delivery. 
The present average production of coal and coke pig- 
iron is 1,885,000 tons per month. The total steel out- 
put during February was 1,320,127 tons. The current 
month’s output will be heavier. Some Nova Scotia Big- 
iron has teen sold—mostly low-grade iron, which has 
not affected the market. The only activity in crude 
is in low-grade for pipe pu s. Furnace output is 
slowly ——- and prices are strong. Many 
Eastern plate-mills are now working at from 80 to 85 
per cent. of capacity. A large business in plate is in 
sight. Rail buying is moderate. An order for 
8000 tons of rails for export to China has been placed. 
Locomotive builders are doing quite a sotialactery 
business in domestic and foreign orders. Freight-car 
builders report increased orders, and encouraging in- 
quiries for new and large orders. Notwithstanding 
the quiet existing, in a comparative sense, prices are 
firm, and, outside of pig-iron, show a hardening ten- 
dency. Throughout the entire industry a tone of 
confidence prevails. That a much heavier production 
is close at hand is assured from every point of view. 





Contrsacts.—The 40-in. giant Griffin mill, of the 
Bradley Pulveriser Company, of 37, Walbrook, E.C. 
opted by the Ship Canal Portland Cement Manu- 


been 

facturers, Limited, Ellesmere Port, Cheshire, for the 
pu of grinding raw materials from which they make 
their Portland cement, and also for grinding such 


materials after they have been calcined into cement 
clinker. The British Standard Cement Company, Rain- 
ham, have adopted the same mill, for the purpose of 
grinding coal to a fine powder, which is used as fuel 
for calcining cement in the rotary kilns. 





Tas ‘“ Fein” Execrro-Preumatic Power-HammMer. 
—The convenience of p tic ba 8 for riveting, 
caulking, scaling, chipping, ramming, and many other 
services that one need not enumerate, is so greatand so . 
well recognised nowadays that it is unnecessary to 
attempt to make out a case for their use. At the same 
time, as is generally understood, the over-all efficiency 
of an equipment of pneumatic tools, together with a pipe 
system and compressor plant, is not very high. The 
inherent efficiency of the system is lower than one could 
wish, and the actual efficiency is made worse by | 
at pipe-joints, which may be large if many portable tools 
are used. This leakage necessitates a higher pressure 
being carried in the compressor, with resulting further 
loss of efficiency. A new tool, which is being introduced 
by Messrs. S. Wolf and Co., Limited, of 115, Southwark- 
street, London, 8.E., would appear, as far as hammers are 
concerned, to retain all the conveniences of an ordi 
pneumatic plant while allowing of greatly increased over-all 
efficiency. The new tool consists of a pneumatic hammer 
built, more or less, on ordinary lines, and a small portable 
com driven by an electric motor. The compressor is 
of the single-cylinder type, and is built into a common 
casing with the motor and switch. The whole - 
ment is quite small, and easily carried about. A portable 
tripod for outdoor work, or a stand running on castors 
for shop service, is provided, from which the compressor 
is slung by an eye-bolt when in use. compressor is 
connected to the hammer by a length of armoured hose, 
so that the hammer may be used just as any other 
portable pneumatic tool. The working pressure of the 
pneumatic part of the apparatus is much lower than 
would be possible for a system in which the compressor 
might be Seo eas wa a o De: naneee. Asa 
consequence the efficiency 18 " working parts 
can be made fairly am. The low pressure necessitates 
the use of a relatively large piston in the hammer, but 
the appliance is not bulky, and is convenient to handle. 
The control is very simple and easily worked, and the 
vibration is . The great advantage of the apparatus 
clearly lies in its replacement of —— power trans- 
mission, on an extended scale, by an electrica] trans- 
mission, with greatly increased efficiency. The only 
pneumatic transmission is for the sbort distance between 
the individual electrical compressors and the hammers. 
The apparatus may be worked in conjunction with the 
ordinary electrical system of a works, as the motors 
may be built for any low or medium voltage, and for con- 
tinuous, single, two or three-phase current. In large 
and permanent plants the tool should have advantages, 
but particularly should it have them for temporary instal- 
lations, since it will be necessary only to 4 electric 
cables to the job instead of a pipe system. For small 
works also, containing electric power, in which the instal- 
lation of a compressed-air plant seems hardly justified, 
it will clearly be a great convenience to be able to drive 
one or a few pneumatic hammers from the electric-cable 
system. The tool is known as the “ Fein” hammer. 
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PUMPING PLANT FOR THE NEW LOCKS AT PORTSMOUTH DOCKYARD. 
CONSTRUCTED BY MESSRS. FULLERTON, HODGART AND BARCLAY, LIMITED, ENGINEERS, PAISLEY. 
; _ (For Description, see Page 410). 
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Escines For Drivinc Impetiers or Marin Pumps. 
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THE LEEDS MUNICIPAL STRIKE. 


THe recent municipal dispute at Leeds raised 
some very interesting issues, and the official report 
just published is a highly instructive document. 
The Leeds strike illustrated anew one feature 
which has of late years been characteristic of many 
industrial disputes. In these the struggle has been 
not between an employing class and a class em- 
ployed, but between a small minority of the com- 
munity and their fellow-citizens. In short, many 
of the disputes in question have embodied an 
attempt to exploit society at large for the benefit 
of a small section, who have hoped, by organisation 
and discipline, to extort from the rest of the com- 
munity rewards to which neither their numbers nor 
the intrinsic value of their serviees entitled them. 
An organised body has always very great advan- 
tages in any kind of warfare, industrial or other- 
wise, over unorganised opposition, and in quite a 
number of cases unreasonable demands have been 
acceded to by corporations and other public bodies 
rather than face the inconveniences of a conflict. 
To a certain extent this was the case at Leeds, 
since in June, 1913, about 1000 men, consisting of 
paviors, scavengers, and park keepers, suddenly 
went on strike. It was considered that it would 
be less inconvenient to accede to their demands, 
without raising the question of its reasonableness, 
rather than to face the discomforts of a dispute. 

As history shows, however, the payment of 
‘** Danegeld” proved a far from successful contriv- 


7|ance for the permanent settlement of the problem 


presented by the inroads of the Dauish pirates, and 
at Leeds history merely repeated itself. Of the 
4500 municipal employees, some 1500 were em- 
ployed on the tramways, and had already an agree- 
ment under which they were precluded from leaving 
work till August of this year. The remainder 
numbered 2984, and to 1963 of these advances 
had been conceded previous to October 1, 1913. 
Nevertheless, inspired by the success which the 
paviors and their co-workers had so easily attained 
in June, the other sections of municipal workmen 
determined to see whether they could not, in their 


o|turn, apply the doctrine of ransom and compel the 


city to purchase peace. A Federal Council of Muni- 
cipsl Employees was accordingly formed in August, 


and a demand made for an immediate all-round 
advance of 2s. per week, irrespective of the con- 
cessions already made. The hopes entertained, and 
the feelings which inspired the organisers of this 
demand, were well exemplified by speeches in which 
the men were assured that the city would be beaten 
to a standstill by a three days’ strike, after which 
they would all be reinstated at the advanced 
rate. The original plan was for an immediate 
strike, but the City Council insisted that the 
matter should be postponed till after the Nov- 
ember elections, so that the community at large 
might have an opportunity of expressing a view as 
to the reasonableness or otherwise of the claim 
made. After some controversy this was agreed to 
and it was arranged that the matter should be 
dealt with immediately on the meeting of the new 
Council. In the meantime inquiry was made as 
to the rates paid for equivalent work elsewhere, 
and it was found that, with insignificant excep- 
tions, the existing rates were above those ruling in 
the ten other towns in which inquiry was made. The 
Council, nevertheless, agreed to recommend some 
further increases, affecting 852 men, in addition to 
the 1963 men who had already had their wages 
advanced. The claim for a 2s. increase all round 
was, however, rejected, and the strike broke out 
accordingly on the morning of December 11, a 
proposal of the Council to refer the whole matter 
to an independent arbitrator having been sum- 
marily rejected by Mr. William Thorne, M.P., 
without reference to his clients. On the date 
named 3000 men left work, and on the two follow- 
ing days these were fullowed by others. No less 
than 1100 of the tramway men struck, in spite 
of their agreement to the contrary. The engine- 
men, stokers, and other workmen at the power- 
stations were also under agreement not to leave 
work without notice, but nowadays a workman's 
word is too frequently as worthless as his bond, 
and many left at a moment’s notice. 

On behalf of the city the management of the 
dispute was entrusted to a Committee, who w..e 
endowed with very full powers. In view of the 
complaints so frequently made by workmen of bad 
faith on the part of those with whom they nego- 
tiate, it was decided that any agreement come to 
should in every ease be reduced to writing, and 
that a shorthand writer should be. present 
at every conference. As matters went, even 
this was insufficient to prevent misrepresenta- 
tion of what actually transpired. This does not 
necessarily imply that the misrepresentations were 
wilful, but few recognise to what a remarkable 
extent the beliefs of certain ardent spirits are 
coloured by their volition. A very noteworthy 
example of this fact was exemplified at the Teutonic 
inquiry, where a detailed account of certain pro- 
ceedings was given by a witness under oath, and 
conclusively disproved next day, in every essential 
point, by the production of the shorthand writer's 
notes. N Home! a mem in view of certain misrepresen- 
tations made, the Committee, after one conference, 
refused again to meet. Mr. Thorne and his col- 
leagues, requiring that future communications 
should be in writing, so that even a defective 
memory should provide no loophole for further 
misstatements. 

The Committee from the outset expressed their 
readiness to consider any case brought to their 
notice in which the men had a grievance, and their 
bona fides was quickly proved by their immediate 
action when it was found that three crane-men had 
been overlooked in making advances in certain 
departments. Curiously enough, this case does not 
appear to have been brought before the Committee 
by the men’s leaders, who, in fact, persistently re- 
fused to go into details as to hardships complained 
of. This attitude became very obvious at the one 
and only conference which took place between the 
Council’s Committee and the representatives of the 
men. The latter were invited to give particulars of 
any cascs of hardship, or any grievance, or any case 
in which men were receiving less than the standard 
rates, and they were promised immedia‘e redress, 
At this conference, however, speaker after speaker 
demurred at being asked to go into details, as 
was duly recorded in the shorthand notes. Never- 
theless, when the Council’s Committee refused, 
in view of the misrepresentations made, to discuss 
in the future any but written communications, 
the same men waxed wroth and demanded *‘a con- 
ference for the purpose of discussing numerous 
other details arising out of the dispute.” A few 





days previously, as the record shows, they had 
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strongly objected to such a discussion when the 
opportunity was afforded them for this se | es 

The element on which the men relied for their 
success was the fact that the conduct of many of the 
public services is almost a necessity in modern 
civilised life. Water supply, gas supply, electric 
supply, and transport and street cleansing, are all 
essential to the orderly working of a modern urban 
community, and any prolonged cessation of such 
services would be simply disastrous to the less 
prosperous classes, and cause material inconvenience 
to the remainder. 

This fact constituted the workmen’s strongest 
card; but, as was exemplified years ago in the 
great Swedish strike, the weakness of the men lies 
in the fact that the services in question require 
for the most part but little training or skill to 
conduct in a fairly effective, if not highly efficient, 
manner. The remainder of the community can 
accordingly, at a pinch, carry on these essential 
services by volunteer labour. Perhaps the coal 
supply of the country forms the sole exception to 
this general rule. It would certainly take a very 
long time before volunteer workers could become 
reasonably effective in the hewing of coal. The 
ordinary city services require, however, no high 
degree of skill, save possibly in some of the repair 
departments, and repairs can, at a pinch, generally 
be held over to a more convenient season, and so it 
proved at Leeds. Once it was apparent that the 
citizens, as a whole, were op’ to the demands 
of the strikers, the game was up, and the 

uestion narrowed itself down to efforts to ‘‘ save 
the face”’ of the originators of the dispute. Appli- 
cations for reinstatement followed immediately 
the attitude of the city was apparent, and the 
supply of volunteers was greatly in excess of 
the requirements. On Monday, December 29, the 
Committee were able to report that the various 
departments were rapidly assuming normal working 
conditions, and that, where efficient Leeds citizens 
had been taken on the permanent staff, they would 
not be discharged to make room for repentant 
strikers. 

In view of the misrepresentations made by the 
men’s loca] leaders, the Committee refused, as stated, 
to have other than written communication with 
them, but agreed to meet Mr. Clynes, M.P., with 
whom they had several interviews. The shorthand 
report shows that in these there was mutual courtesy 
and tact, though Mr. Clynes quite legitimately strove 
hard to secure a promise that the men who had 
ceased work should not suffer any unpleasant con- 
sequences from their rashness. The Committee 
were, however, resolute in declining either to agree 
toa complete reinstatement or to make the advances 
already sanctioned, but refused by the men, to date 
back to October (as was done with those who had 
remained at work, or who had returned when 
assured of efficient protection from violence). 
The refusal of complete reinstatement arose mainly 
from the discovery that the city services had been 
greatly overmanned, so that when re-organised 
there would necessarily be a reduction in the 
total number of employees. The Committee did, 
however, make every effort to hold open as many 
places as possible for their old hands, and 

romised that as additional men were required pre- 
lestnee should be given tothese. This course met 
with the usual denunciation as “an organised attempt 
to crush trades unionism,” a charge which is 
nowadays raised in every dispute in which the men 
fail to gain their ends. I+ is difficult to say whether 
those who utter it really believe in it, and if they 
do, whether this credulity is to be attributed to 
feeble power of induction or to strength of will. Cer- 
tainly not even the most reactionary of employers 
would knowingly embark on a campaign in which 
public opinion would make defeat a certainty. 

At Leeds the cry of trades unionism in danger 
was so obviously baseless that it failed to secure 
any effective help, and in the end the dispute was 
terminated on January 13 last by the acceptance of 
the Committee’s terms. 

One of the most interesting pints established by 
the dispute was the great inefticiency of the muni- 
cipal services. At the gas works, for instance, the 
same amount of gas was made by 708 men, half of 
whom were volunteers, as by 947 experienced 
workmen previously. The over-stafling was found 
to be rampant through most of the departments, 
and in other cases the plant had been allowed to 
become antiquated and inefficient. Certain of the 
old gas-retorts, for instance, necessitated the 
services of sixty men for the same make as was 





readily effected by twelve men operating modern 
vertical retorts. It was the realisation of this 
fact by the Committee that made them reso 
lute not to promise complete reinstatement of 
those that had left work, since they found 
that, by better organisation, the staff could be 
reduced by at least 500 men, with a consequent 
saving to the city of 36,000/. per annum. An 
interesting case is recorded in the Committee’s 
report of a municipal lamplighter supposed to be 
employed 45 hours a week, for which he received 
27s. It was found that in addition to his municipal 
work he was also acting as car-cleaner at a garage, 
where he averaged 9 hours a day ‘“‘ spare time.” 
When asked in Court how this was ible, the 
workman gave evidence that he easily completed 
his corporation work in 28 hours per week, includ- 
ing Sundays, but was paid for 45 hours. Other 
municipal undertakings are undoubtedly being 
equally inefficiently operated. The shallow demand 
made ty certain of the unthinking section of the 
community, that ‘‘industries should be conducted 
for products, not profits,” finds its answer here. 
Where there is no necessity to secure profits in the 
face of competition, the only effective incentive to 
efficiency is removed, and matters jog on from day 
to day unchanging and unchanged. Plant gets 
obsolete, extra hands are taken on to save the 
trouble of minor reorganisations, and a general 
atmosphere of slackness supervenes. The truth of 
this proposition will be disputed by none with an 
adequate experience of human nature as it actually 
is, but no doubt the euphonious aphorism above 
quoted will still continue to be applauded by the 
many admirers of ‘‘sound” doctrine to be found 
amorgst ardent social reformers. 





THE WEIGHT OF ELECTRIC 
ROLLING.STOCK. 

THE cost of energy for operating a suburban 
electric railway service depends upon the distance 
apart of the stations, the schedule speed, and the 
weight of the trains. The first of these factors is 
fixed, and, normally, cannot be altered. The 
second depends on the class of traffic catered for, 
the iieadinel served by the railway, the 
potency of competition, and other matters which 
normally also cannot be altered. The fixing of the 
schedule speed is a matter for the management 
rather than the technical side of a railway staff, 
and, assuming that a certain speed has been 
determined on as proper for the conditions of a 
railway, the reduction of this speed cannot be 
looked upon as a proper method of lowering 
operating expenses. This reduces the energy cost 
problem to the third factor only—the weight of 
the trains. If a chief engineer feels that he would 
like to bring down the energy consumption, and 
thus the running cost of his trains—and we under- 
stand that there are few who do not—it is 
to the weight of those trains that he must address 
himself. In saying this we are, of course, assum- 
ing that the efficiency of the distributing arrange- 
ments and train equipments is good. Clearly, if 
one has indifferent motors, operating costs will be 
reduced by putting in good ones. It is not, how- 
ever, to individual cases, in which poor equipments, 
or careless driving, may result in waste of energy, 
that we wish to draw attention. It is to the broad 
question of the energy-saving that may follow 
weight reduction even in the best cases. 

The energy consumption of an electric train is 
made up of that wasted in the resistances and 
motors, that wasted in the brakes, and that em- 
ployed in overcoming train resistance. The whole 
of these, accurately enough for a general argu- 
ment, are proportional to the train weight. The 
nearer together the stations, and the severer the 
schedule, the greater the energy consumption 
per ton, so that for high-speed suburban 
services the question of weight reduction be- 
comes of great importance. If it be assumed 
that the energy consumption at the ends of the 
high-tension feeders is 100 watt-hours per ton- 
mile, and that a motor-car runs 60,000 milesa year, 
then every ton of motor-car will consume 6000 
kilowatt-hours per annum. If. the energy costs 
0.5d. per unit, this will be equivalent to 12.51. per 
ton per annum. The cost of repairs to each ton of 
rolling-stock will amount to about 5]. per annum 
for a high-speed service, and its over the 
rails will involve repairs to the track equivalent 
to about ll. per annum, so that the total cost per 
ton of motor-car will work out at about 18.51. a year. 





On a similar basis, the cost per ton of trailer-car 
will come to about 14.51. per ton per annum. The 
capital cost of a motor-car is at the rate of about 
701. a ton, and of a trailer at about 451. a ton, so 
that, taking capital charges at 10 per cent., each 
ton of weight saved represents a total saving per 
annum of 25.51. per ton of motor-car and 19. per 
ton of trailer. It therefore becomes commercially 
feasible tospend as much as 1851. per motor-car and 
145]. per trailer in order to save a ton in weight. 
The assumption made above that the repairs per 
ton will be constant, so that for a lighter coach the 
total repair cost will be less, is naturally based on 
the understanding that weight saving is not indulged 
in to the detriment of wearing quality. Of course, 
weight reductions carried out blindly may easily 
result in a higher repair cost per ton. 

The above approximate calculation is taken from 
a paper read by Mr. H. E. O’Brien before the 
Institution of Electrical Engineers on the 12th inst. 
We take it that the figures on which it is based 
may be considered to fairly represent the condi- 
tions prevailing on the Liverpool and Southport 
electrified line of the Lancashire and Yorkshire 
Railway. The service given on this line is prob- 
ably the fastest suburban service in the world, and 
if a less severe schedule was under consideration 
the allowable expenditure to save a ton of weight 
would come out smaller. The calculation, however, 
clearly shows the weight factor to be important 
‘ nough to justify very careful attention in any case. 
As is very obvious, weight-raving must not be 
indulged in to the point of the sacrifice of safety 
and reasonable comfort; but, as Mr. O’Brien 

oints out, comfort is not necessarily obtained 
y increasing weight. Excellence of riding is 
obtained by using bogies of the maximum wheel- 
base permissible, and by careful design of the 
seating and springing systems, and also by con- 
centration of the motor masses as near to bogie 
centre and as high as possible. Again, safety does 
not merely depend upon weight. In a collision 
between trains, or between a train and a dead end, 
the lighter the train or trains the less severe the 
effect. This applies particularly to electric trains, 
in which there is no sandwiching of light and 
heavy vehicles. The disastrous effects of collisions 
are mainly due to the frame of one coach over- 
riding another, and, as Mr. O’Brien points out, it 
is more rational to attempt to meet such trouble 
by designing the ends of the under-frames so as 
to prevent over-riding than by increasing the 
strength of the under-frames, pillars and roofs. 
In the United States it is proposed that the bogies 
should be anchored more securely to the bodies in 
order to throw more of the energy lost by a colli- 
sion into the bogies, and to use them as stops to 
prevent over-riding. 

It should be said here that many of the speakers 
who took part in the discussion on Mr. O’Brien’s 
paper were inclined to disagree from his contention 
that the repair cost varied directly as the weight. In 
general they suggested—and some quoted instances 
to show—that a lighter coach involved greater 
repair and maintenance costs than a heavy one. 
There is no reason to sup that this point of 
view does not correspond with some fairly general 
experience. It is common knowledge that experi- 
ments in the weight reduction of passenger vehicles 
have been made which have been so far from 
successful that they have resulted in diminished 
comfort for the passengers and increased main- 
tenance costs. A certain line of procedure is not, 
however, necessarily proved to be wrong by one, or 
even many unsuccessful experiments. No one 
will dispute the proposition that the hauling about 
of unnecessary weight on avy railway system is 
undesirable, and to properly criticise Mr. O’Brien’s 
corclusions it would be necessary to show that 
some of the weight-reduction methods he proposes 
would be likely to result in increased maintenance. 
We do not know that anyone attempted this. It 
is further to be noted that Mr. O’Brien’s con- 
clusions must carry great weight, since they 
are based on experience on the Lancashire and 
Yorkshire Railway. A single successful experi- 
ment on a matter of this kind must carry more 
weight than many unsuccessful ones, which may 
merely be based on weight reduction carried out in 
an unsound way. 

The methods by which Mr. ©’Brien proposed to 
reduce weight were dealt with in the concluding part 
of his paper. In the first instance he pointed out 
that the maximum possible width of stock should be 
employed, since extra seats can be given by extra 
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width, with a smaller increase in weight than by 
extra length. If 60-ft. coaches are used, an extra 
12 in. in width will give fifteen more seats on a basis 
of 4 sq. ft. per passenger. ‘The increase in weight 
will be limited to that due to the floor, roof, and 
seats, and for a 60-ft. car will be about 15cwt. This 
means that the extra seats are gained at an increased 
weight of 1 cwt. per seat. If the extra seating 
was gained by extra coaches, the extra weight per 
seat would be about 5cwt. In connection with this 
point of coach width, Mr. O’Brien stated that it 
did not appear necessary or desirable to limit the 
dimensions of a suburban rolling-stock to the 
minimum loading gauge of a whole railway system. 
The length of the stock also comes into the ques- 
tion, since if saloon-type coaches are used with 
end doors sliding or opening inwards, a smaller 
clearance between trains on curves may safely be 
adopted than is possible with compartment stock 
with doors opening outwards. This allows of in- 
creased width or length. The coach without side 
doors is also stronger, or, what is the same thing, 
lighter for the same strength. To off-set this, how- 
ever, the seating capacity of a saloon-coach is less 
than that of a compartment-coach with side doors. 

A light coach y, with properly-distributed 
weights, leads in turn to a light under-frame, and 
reduces the horse-power of the motors, so that all 
reduction which can be made in the size or weight 
of members of the body is progressive, and saves 
further weight elsewhere. From this point of view 
a detailed consideration of the materials of body 
construction becomes of importance. Dealing with 
the roof, Mr. O’Brien states that little difference 
in weight is made by using any other material 
than wood for the roof sticks and pillars, and that, 
from the point of view of fire risk, some of the 
Australian hardwoods, if the scantlings are not 
too small, are practically as non-inflammable as 
steel. For the actual rogfing, approximately 
half a ton can be saved by using aluminium 
instead of steel for a 60-ft. car. Again, nearly 
half a ton can be saved in the body proper 
by using aluminium instead of steel panels. 
Some weight may be saved in the seats by using 
some light alley instead of cast iron for the side- 
frames; but Mr. O’Brien states that such alloys 
are hardly strong enough if turn-over seats are 
used. Seats of this class may be seen on the 
Lancashire and Yorkshire Railway, but we do not 
know that any are used in the London district. 

For the floor wood is commonly used, and seems 
to be about the lightest material ; but Mr. O’Brien 
suggests that corrugated aluminium plates, filled 
in with some composition so a3 to cover the cor- 
rugations by about } in., may be the flooring of 
the future. For the under-frame the chief possi- 
bility in the way of saving weight seems to lie 
in the use of high-tensile steel, such as is used in 
motor-car construction. Mr. O’Brien thinks that as 
much as 5 tons might be saved on a 60-ft. car in 
this way, and that even if the material cost 100 
per cent. more, it would easily pay for itself. The 
di-position of the resistances, vacuum-reservoir, and 
other articles in the under-frame will affect its 
weight, and the best disposition from this point of 
view should be adopted, even if it involves some 
increase in cabling. 

Further weight may be saved by using alumi- 
nium brake reservoirs and a light high - speed 
vacuum pump if available. High-speed compressors 
for Westinghouse brakes have already been con- 
structed. On the bogies, Mr. O’Brien states that 
0.75 ton per coach can be saved by using spiral 
bolster springs instead of elliptical bolster springs. 
He considers elliptical springs quite unnecessary 
for steady riding, and that the best results are 
obtained by having short, stiff semi-elliptical 
springs over the axle-boxes, with assistant helical 
springs at their ends. A saving on axle-box weight 
of 22 per cent. can be made by using cast steel 
instead of castiron. By using a brake arrangement 
in which blocks press on each side of the wheels 
there is a considerable increase in weight over the 
single block, but the saving in axle diameter, Xc., 
will more than off-set it. 








RECENT DISCOVERIES IN PHYSICAL 
SCIENCE. 

Ix his fourth lecture on the above subject, 
delivered at the Royal Institution on Saturday last, 
Professor Sir J. J. Thomson, O.M., F.R.S., dis- 
cussed the subject of the conductivity of metals. 

The mechanism in virtue of which a current 





circulated through a metallic conductor was, he 
said, nothing like so well understood as that by 
which electricity was able to flow through gases 
and through liquids. Indeed, if there were any 
truth in the view now held as to the nature of 
metallic conductivity, it was difficult to see how 
any satisfactory theory of the phenomenon could 
have been developed until quite recently. It 
was now, in fact, believed that the current 
through a metallic conductor was carried by those 
minute negatively-electrified particles of which the 
existence had been discovered only within the last 
few years. The history of the theory now held 
presented a striking example of the way in which 
apparently the most unpractical of studies could 
throw light on problems of the greatest practical 
interest. Those who had had to deal with the re- 
searches on the corpuscle were reproached at the 
time with being engaged in investigations having a 
merely theoretical value. Nevertheless, the speaker 
was convinced that this reproach was mistaken even 
from the purely commercial and economic stand- 
point. The side lights gained by dealing with 
phenomena apparently unconnected in any way 
with practice often threw light on the theory of 
phenomena of the greatest industrial importance. 
Nothing could be worse for practical ends than 
that researches should be divided into two classes 
—the one ‘“‘ practical” and the other theoretical. 
The one to be supported and assisted from indus- 
trial and commercial resources, and the other to be 
carried on and financed by professors and uni- 
versities. 

He could not, he continued, see how the present 
view as to the nature of metallic conductivity could 
possibly have been arrived at by a ‘‘ direct frontal 
attack.” The negatively-electrified particles did 
not, in fact, obviously present themselves in the 
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ordinary passage of a current through metals. 
Hence it would have been practically impossible to 
have got at the new view by even the most exten- 
sive experiments ou metallic conductors. 

The early attempts to devise some theory of 
metallic conductivity were based on the analogy 
of conduction through liquids. The most note- 
worthy feature in electrolysis was that the pas- 
sage of the current was accompanied by the 
motion of material particles; for example, when 
the fluid in question was water, hydrogen was 
transported and delivered at one side and oxygen 
at the other, and the process of electro-plating, 
again, depended essentially on the movement 
through the liquid of the atoms to be deposited. 
Many experiments had been made to determine if 
any corresponding transport of a metal accom- 
panied the flow of a current through it. For 
example, two different metals had been placed in 
series end to end, and a very large current passed 
across the junction, to see whether there were any 
diffusion of the one metal into the other. Nothing 
of this kind could, however, be detected. A more 
promising plan of attack was next tried, a very 
strong current being ed through an alloy for a 
very long time, at the end of which an analysis 
of the metal was made. Here again, however, it 
was impossible to find that any change had been 
effected in the composition of the alloy, which 
remained the same at the end at which the current 
entered as at the end at which it left. 

There was, Professor Thomson proceeded, a re- 
markable difference between the laws of conduc- 
tivity in metals and the laws regulating the passage 
of a current through a gas. In metals Ohm’s law 
governed entirely the connection between the 
current and the electromotive force. It was, of 
course, expressed by the relation :— 

1-2 
=F° 
where I denoted the current, R the resistance of 





the conductor, and E the potential difference 
between the ends. 

No other of ther ised natural laws had been so 
well verified as this. Very few experiments, indeed, 
could be made with the same accu as experi- 
ments on the resistance of metallic conductors, and 
all experiments had confirmed the law. If, there- 
fore, current were plotted inst electromotive 
force, the result was a straight line, as indicated by 
A B, Fig. 1. Apparently, so far as all but very 
recent experiments were concerned, the law would 
still hold, however large the current or however 
great the electromotive force, this result being on 
the ordinary view characteristic of the e of a 
current through a metal. In the case of gases, how- 
ever, it was only when the current was small that 
a straight-line law was followed. The curve soon 
turned round, as indicated by ACD, becoming 
parallel to the axis of electromotive force. A 
**saturation current’’ was thus obtained. In other 
words, a gas could only carry a certain current 
whatever the electromotive force applied—at least, 
up to a certain limit—after which a new process 
came suddenly into being, and the current went 
B as indicated by DE. As already etated, all the 
older experiments had indicated that Ohm’s law 
held for metals whatever the value of the current. 
There were, however, certain remarkable pheno- 
mena recently observed with metallic conductors, 
which made it appear possible that, after all, there 
might be a maximum value to the current which could 
be carried by a given piece of metal. This result, it 
must be confessed, however, was only arrived at by 
inference from some very recent experiments, which 
there had not yet been time to properly test. 

There was one other important point connected 
with metallic conductivity to which he might refer. 
Was the value of the resistance the same for an 
alternating current as for a steady current? He 
did not refer here to certain well-known secondary 
effects. It was, in fact, common knowledge that 
the resistance of a wire was not the same for 
alternating as for steady currents, but this was 
merely due to the fact that the distribution of the 
current over the cross-section of the conductor 
was different in the two cases, the central core 
carrying less than its fair share of an alternating 
current. It was not to this secondary effect that 
he alluded in asking whether the value of metallic 
resistance was affected by an alternating current. 
To this query the answer was that, if the alterna- 
tions were — enough, the resistance certainly 
was greatly affected. 

In fact, when light fell on a conductor its ene 
was changed into heat, and we could calculate the 
depth to which light of a given wave-length pene- 
trated into a conductor. This was first done by 
Maxwell, who computed to what depth light might 
penetrate into gold. and still retain an appreciable 
proportion of its original energy. is depth 
turned out to be quite small as compared with the 
thickness of gold Teaf, Nevertheless, as a matter 
of fact, a considerable amount of light would pene- 
trate such a leaf, the quantity being far more than 
would be possible if gold retained, for the very 
rapidly alternating electric forces accompanying 
light, its normal resistance for steady currents. A 
still more extreme case arose when Ringten rays 
fell on a metal. These rays were now known to 
be light of excessively small wave-length, and with 
light of this kind no difference whatever was 
found to exist between insulators and conductors. 
Exposed to alternations of these excessively high 
frequencies, metals, therefore, did lose their con- 
ductivity, but it should be added that for this to 
ensue it was necessary to have reversal rates of 
billions per second. 

Rubens, for example, had experimented with 
light in the infra-red, measuring what proportion 
was reflected from various motels This he com- 
pared with the amount as calculated in terms of 
the resistance by Maxwell. Rubens found that 
until the wave-length of his light became less 
than 25 the resistance was absolutely unaffected, 
the proportion of light reflected agreeing with that 
calculated from the normal resistance of the metal. 
Even with alternations as rapid as those corres- 
ponding to a wave-length of 4, (about ten times 
the wave-length of sodium light), the departure 
between calculation and observation was only a few 
per cent. Hence the conductivity of a metal, 
though it could not follow reversals of unlimited 
frequency, could nevertheless do so for alternations 
up to one billion per second. 

Metals retained their conductivity whether in the 
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liquid or in the solid state. This conductivity 
depended, however, not merely on the chemical 
nature of the metal, but also on the association of 
each molecule in close proximity to other molecules 
of thesame kind. Professor Strutt had shown that 
mercury vapour heated so as to be under a pressure 
of many atmospheres and at chee a density 
showed hardly a trace of conductivity. The ratio 
of the conductivity of the vapour to that of the 
liquid was, in fact, found to be a ‘quantity altogether 
different from the ratio of the number of the mole- 
cules in a cubic centimetre of the gas and the 
number of molecules in a cubic centimetre of the 
liquid. Nevertheless, the conductivity of gases was 
by no means despicable, and mercury vapour did, 
in fact, possess a very considerable conductivity. 
Speaking generally, the conductivity of a rarefied 
gas was quite comparable with that of a liquid. 

To illustrate this Professor Thomson used a set 
of two coils placed in series and traversed by a 
current having a periodicity of a million per second. 
Each coil could, he said, considered to be the 
primary of a transformer, and any conductor, placed 
within either, would constitute a secondary to that 
coil. Placing in the one coil a bulb containing 
rarefied gas, this gas glowed under the action of the 
secondary currents which then traversed it. Ona 
similar bulb being placed in the other and more 
powerful coil, the first bulb A was extinguished, 
since so much of the energy of the current 
was absorbed by the currents excited in the 
second bulb at B. Replacing the bulb in B by 
a flask of water, the bulb in A continued in full 
excitement, showing that the conductivity of the 
water was so much less than that of a rarefied gas 
that the energy passing into A was hardly affected. 
Even when acid was added to the water, so as to 
bring up its conductivity to a maximum, its quench- 
ing effect on the bulb A was notably less than when 
the flask was replaced by the second exhausted 
bulb. Professor Thomson also showed a variation 
of this experiment, in which an exhausted bulb 
immersed in acidulated water and placed in a 
strong alternating field, still glowed brightly under 
the water. A similar bulb fitted with a jacket, 
which could be exhausted by liquid air, was, on 
the other hand, quenched, when the pressure in the 
jacket was lowered sufficiently to render the residual 

as a conductor. This again showed, Professor 
homson said, that the conductivity of a gas might 
exceed that of acidulated water. The high con- 
ductivity of the gas was, he continued, due to the 
fact that when the pressure was sufficiently low the 
rticles could move very easily under the electric 
orces acting upon them. 

A great amount of light on the nature of metallic 
conduction had, he proceeded, been obtained by 
observing the effect of extreme cold on the con- 
ductivity of a metal. In this class of research the 
pioneer was Sir James Dewar, some of whose 
results were plotted in Fig. 2. The curves in this 
diagram showed that the resistance of a metal 
diminished considerably when the temperature was 
lowered, but, as shown by the uppermost line in the 
diagram, the resistance of an alloy was relatively 
little affected. 

With pure metals the law was, to speak roughly, 
that the resistance was proportional to the abso- 
lute temperature, but alloys behaved quite dif- 
ferently. This result had been arrived at many 
years ago by Matthiessen, who, in his experiments 
on conductivity, found that the resistance of an 
alloy could not be calculated from the resistance of 
the constituent metals, being much greater than 
the resistance of either, and alloys had, he found, but 
a very small temperature coefficient. Matthiessen 
further found a certain law for the resistance of 
alloys, which he established throughout the ranges of 
temperature covered in his investigation, and this 
law had since been confirmed over the whole range 
of temperature now available. 

Putting R, as the observed resistance of the 
alloy, and R, the resistance as calculated from 
the percentage composition, then throughout the 
whole range of his experiments Matthiessen found 
that 

Ro = Re + C, 


where C was a constant independent of the tem- 
perature. 

This law was a very important one, and the fact | 
that C was large showed why the resistance of an 
alloy varied so little with changes of temperature. 
Since alloys did not follow the same law in this_ 
regard as pure metals, there must, in fact, be some 





other process than ordinary conductivity involved 
when a current traversed an alloy. Lord Rayleigh 
had shown from thermo -electric considerations 
that the resistance of an alloy should be greater 
than if calculated merely from its percentage com- 
position. He considered the alloy as equivalent 
to a series of parallel plates, forming a series 
ABAB, &c. If in such case the current passed 
fron B to A, the junction between the two 
metals would be cooled, whilst when it passed 
through the next junction from A to B, this junc- 
tion would be warmed. A temperature difference 
would thus be produced, and the resultant thermo- 
electric effect would in each case be such as to 
resist the flow of the current. The corresponding 
back electromotive force would be proportional to 
the original, and undistinguishable from a resist- 
ance. The additional resistance thus produced 
was, however, insufficient to account for the whole 
of the observed increase in the resistance of alloys, 
and some recent work appeared to indicate that the 
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remainder was to be associated with the fact that 
metals had the property of forming . ‘‘ mixed 
crystals,” the two components of an alloy not being 
laid down in the pure state side by side in the alloy, 
but each crystal of the one constituent contained 
a certain proportion of the other. The passage of 
electricity through such mixed crystals would follow 
quite a different law to that which applied to the 
passage through a pure metal. The result was that 
if any impurity existed in a metal, it would be 
impossible to get rid of its resistance no matter how 
much the temperature was lowered. 

Kamerlingh Onnes had, Professor Thomson con- 
tinued, <3 some most important experiments 
in this connection, having observed the variation 
in the resistance of different metals when main- 
tained at the temperature at which helium boils. 
His results were plotted in Fig. 3. In the case 


|of gold, it would be seen that the line gradually 


became almost horizontal before the tem ture 
reached 8 deg. absolute. This residual resist- 
ance was attributed to impurities in the gold, 
and, if so, the resistance of pure gold would be 
obtained by subtracting this residual resistance 





from the results observed. In this way the dotted 
curve, shown at the right-hand corner, for pure gold 
was obtained. The most remarkable of the observa- 
tions made were, however, those with pure mercury. 
As shown in the diagram, the resistance of mercury 
actually vanished at an absolute temperature of 4 deg. 
Cent.—that was to say, its resistance was found to 
be less than one ten-thousand-millionth of its resist- 
ance at 0 deg. Cent. This, Professor Thomson 
said, was, he thought, one of the most remarkable 
results in all physics. Kamerlingh Onnes had, in 
fact, obtained a body infinitely more conducting 
than any previously known substance. To get this 
result he had taken extraordinary precautions in 
purifying his mercury. On, however, repeating 
the experiment with the grossly impure mercury 
used for silvering mirrors, the experimenter was, 
the speaker thought, rather disgusted to find that 
practically the same result was attained as with the 
mercury in the purification of which so much time 
had been expended. 

In further experiments Kamerlingh Onnes found 
that this state of ‘‘super-conductivity” could also 
be realised with lead and with tin, and the conclu- 
sion was that pure metals could be obtained in a 
condition in which they had no measurable resist- 
ance. As illustrating the difficulty of experiments 
of this kind, the speaker said that when certain 
further experiments were suggested to Kamerlingh 
Onnes, an estimate of the cost involved led to the 
conclusion that it would be about as cheap to build 
a cruiser as to carry out the investigation proposed. 

The state of super-conductivity only persisted, 
it was found, if the current density lay below a 
certain critical value, which was some 100,000 
amperes per sq. cm, in the case of mercury, and a 
figure of the same order in the case of lead and of 
tin. So soon as this current density was exceeded 
then the absence of resistance disappeared, and the 

tential difference needed to pass the current rose 

y leaps and bounds. It was possible, Professor 
Thomson continued, that there was here a condition 
analogous to the saturation current in a gas, and 
that there really was a limit to the current a metal 
could carry in the normal way, and that if the 
current were increased beyond this saturation value 
some other effect would come in, involving an 
increase in the potential difference. In this connec- 
tion, however, it was necessary to bear in mind the 
possibility of the heating effect of these very strong 
currents being sufficient to raise the temperature 
beyond the limit of the super-conductivity state. 
This point would, no doubt, receive very great 
attention, as the matter was one of extraordinary 
interest, and the results had to be interpreted by 
theory. 

The first theory of metallic conduction based 
upon the action of negatively-electrified particles 
assumed that these were distributed freely amongst 
the molecules of the metal just as air might be 
round marbles piled in a box. When a conductor 
was acted on by an electromotive force these nega- 
tive particles moved along the lines of force, carry- 
ing the electricity with them, the amount trans- 
ferred being proportional to the electromotive force 
applied. 

In some respects this theory fitted in very satis- 
factorily and in particular it afforded an explanation 
of one very remarkable phenomenon—viz., the 
proportionality between the conductivity of a 
metal for heat and for electricity. As shown by 
the annexed table, the ratio of the two conductives 
was remarkably constant in all pure metals :— 





Metal Electric Conductivity 

5 Heat Conductivity ° 
Copper ... ; 6.7 x 1010 
Silver .. 6.8 x 101° 
Gold ie 7.1 x 101° 
Nickel .. 7.0 x 1010 
Zinc - 7.0 x 1910 
wo 7.1 x 101° 
Tron se 8.0 x 10° 
Constantin 11.0 x 10 
Manganin 9.2 x 1910 


In the case of the two alloys constantin and 
manganin, there was, it would be seen, a large 
discrepancy. The proportionality between the 
electric and the heat conductivity followed at once 
on the hypothesis in question, if it were assumed 
that the negatively electrified particles also carried 
the heat by acquiring the temperature of the 
region in which they were, and transferring it to 
distant parts of the metals by diffusion. Not only 
did the proportionality of the two resistances follow 
from this hypothesis, but it gave nearly the exact 
value of the ratio. 
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There were, however, certain difficulties in the 
way of accepting this theory. For example, on 
this view the resistance of a metal should vanish 
at 0 deg. absolute, but actually the resistance of 
mercury vanished at about 4 deg. absolute, at 
which, on the theory in question, its resistance 
should be 545 of its resistance of 0 deg. Cent., in 
place of one ten-thousand-millionth of it, as 
was actually found to be the case. To obviate this 
objection it had been suggested that, at very low 
temperatures, the kinetic theory of gases required 
modification, this theory being that used in cal- 
culating the ratio of the resistance to electricity and 
to heat, it being assumed that the negative par- 
ticles followed the gas laws. It was now suggested 
that at very low temperatures these laws no longer 
held. In fact, one form of the ‘‘ quantum ” theory 
assumed that both the energy and the pressure of a 
body were finite, and not zero at 0 deg. absolute. 
Hence the velocity of the negative particles would 
not, on this view, be zero at 0 deg. absolute, but a 
constant, and they would therefore still exercise a 
pressure. 

There was, however, another difficulty in the 
way of accepting the view that the negative 
particles were mixed up with the molecules of the 
metal. This was the difficulty of accounting for 
the observed value of the specific heat. If the 
negative particles were subject to the gas laws as 
assumed, they must, as the temperature of the 
metal rose, take up energy proportional to this 
temperature, and this energy would be added on to 
the specific heat of the metal molecules. It was 
possible to calculate the number of negative 
particles necessary to provide the actual conduc- 
tivity of a metal, and this number proved to be 
such that the specific heat of metals should, if the 
hypothesis were true, be three or four times as 
great as it actually was found to be. This fact 
constituted a very considerable difficulty in accept- 
ing the theory proposed. 

Moreover, there was much doubt as to whether 
free negative particles did exist within a metal 
if that metal did not contain any gas occluded 
within it. In that room Dr. Harker had shown 
how great was the liberation of negative particles 
from hot carbon. Yet Pring and Parker had found 
that when the carbon was perfectly freed from all 
gas the emission of these particles fell to less than 
one billionth of its normal value. Again, it had 
recently been found that the liberation of negative 
particles from potassium, by the action of ultra- 
violet light, ceased when the potassium was perfectly 
freed from hydrogen. 

The speaker had himself advanced the view that 
in metals the negative particles, by which the 
current was transported, could not be represented 
by the molecules of a gas diffused throughout the 
metal, but that each atom contained negative 
particles which were being continuously inter- 
changed with neighbouring atoms. When an 
electric field was applied, these particles tended 
more or less to arrange themselves on a sort of 
Grothuss chain, and he regarded the current as 
conveyed by the corpuscles jumping across from 
one atom to the next. When no electric force 
was applied, this interchange still took place ; 
but as it was at random, there was no resul- 
tant current. On this view, the function of the 
electric force was to polarise the particles. This 
theory did not require the existence of free corpus- 
cles, and therefore the specific heat of the metal 
was unaffected. Moreover, the disappearance of 
resistance at a temperature above 0 deg. absolute 
could also be accounted for. The effect of tempera- 
ture was, in fact, by the effects of the molecular 
agitation, to prevent the arrangement of the particles 
into line. As the temperature diminished the par- 
ticles would more and more easily maintain them- 
selves in line with the electric field, and when 
there was “no temperature,” the smallest electric 
force would suffice for this. Moreover, there should 
be a maximum current, since the transport could 
not be increased more when all the particles were 
polarised ; so that on this view the current should 
reach a limiting value, and if it were wished to 
increase it, it would be necessary to call in some 
other effect which would result in a rise of the 
potential difference. 

In conclusion, Professor Thomson said that 
before long it was to be hoped that they would be 
in a better position as to experimental evidence, 
and be able to regard the theory of metallic conduc- 
tion with more confidence than was permissible for 
the present. 





THE OIL INDUSTRIES’ EXHIBITION. 


An exhibition opened at Earl’s Court on the 21st 
inst., and remains open until the 4th prox., having 
the somewhat high-sounding title of ‘‘ The World’s 
Oil Industries’ Exhibition.” Though not of very 
great extent, the title is not altogether belied, for 
visitors will find represented at the various stands 
oil companies, or other firms, from many quarters of 
the globe. As might be expected, a good sag the 
show consists of sample oils and exhibits by oil 
companies of model tank-steamers, &c. There are 
also a considerable number of model distilling 
plants, &c. The range of the exhibits is, however, 
considerable. There are, for instance, drilling appli- 
ances, and can-making machines and pac  . l 
preparations, a variety which makes it a little diffi- 
cult to deal with them in any particular sequence. 

Among the exhibitors of well-boring appliances 
is the Ingersoll-Rand Company, of 165, Queen 
Victoria-street, E.C., who are showing a hand- 
operated Davis Calyx diamondless core-drill, some 
small air-compressors and pneumatic tools. Messrs. 
Werf Conrad, Limited, Haarlem, exhibit a num- 
ber of under-reamers in various sizes. These 
reamers have two crossed pairs of cutters. They 
also show fishing-rods, couplings, tackle, Xc. 
At the stand of the Holland Drilling Company, of 
Haarlem, whose London agent is Mr. John Wells, 
56, Moorgate-street, a 24-horse-power portable 
steam drilling-rig is shown. This is of very sub- 
stantial construction, and is so designed that the 
controls are all brought together so as to be 
handled from one spot. he machine is also 
fitted with a floating-lever arrangement combined 
with the feed-gear, which gives an indication of 
the sufficiency or otherwise of the feed. At the 
same stand is shown a special core barrel for 
obtaining cores from soft and friable strata. This 
consists of an inner and an outer tube fitted at the 
extremity witha double crown. This crown consists 
of an inner circular cutter screwed into a larger 
cutter with renewable teeth. Tho larger cutter 
has water-passages through it, and the flushing 
water is forced down between the inner and outer 
barrels, and through the outer crown, returning 
outside. The core cut by the inner cutter is thus 
undisturbed by water, and is forced up the inner 
tube, which fits with a water-tight joint into the 
inner cutter. The inner tube is made of five foot 
lengths, which can be taken apart and the core 
extracted and examined in short lengths. 

A stratameter, shown also by the same firm, con- 

sists of a barrel containing a magnetic needle 
which is freed before the core is broken off and 
allowed to take up its north-south direction. On 
raising the core-barrel this needle is locked in the 
position it has taken up, so that an indication is 
given on raising it to the surface of the dip or 
strike of the strata passed through. The instru- 
ment also contains an indicator for determining the 
verticality of the bore. This consists of a small 
pendulum hung on gimbals, and provided at itslower 
end with a point. Below it, ina cup, is placed a small 
paper disc. When the weight of the rods is allowed 
to rest on the stratameter in order to unlock the 
com needle, this little —— is pressed down 
in whatever position it is hanging at the time and 
makes a mark on the paper, showing, by its diverg- 
ence from the central position, the amount of 
inclination which the bore has acquired. A drilling 
recorder, shown also by the Holland Drilling Com- 
pany, consists of a simple clockwork-driven record- 
ing-drum, on which a curve is traced by motion 
derived from the feed of the drilling-rig, and serves 
as a check on the rate and amount of work per- 
formed by the rig. 
Nearby is a stand of the Oil-Well Engineering 
Company, Limited, Cheadle Heath, Manchester, who 
are showing a rotary drilling-table, in which the grip- 
ring is abolished, a square hollow rod, from 26 ft. 
to 40 ft. long, being used in a simple casting, in 
which is a rectangular hole. The latter is mounted 
on the table and revolved by gearing which is 
enclosed. The table is carried on a flat circular 
bearing in an oil bath. The square type of rota- 
tion bar gives pérfect freedom vertically. This 
table, and several other exhibits, are driven by 
motors on the Hele-Shaw hydraulic transmission 
system, exhibited by Messrs. Compayne, Limited, 
64, Victoria-street, S. W. 

Among the oil-fuel exhibits are to be seen at the 
stand of the Smith’s Dock Company, Limited, 
North Shields, numerous models explanatory of 
the Meyer-Smith system of oil-burning, together 





with burners, &c., while elsewhere is an oil-fired 
furnace by Messrs. Alldays and Onions, Limited, 
and a a Brett furnace. In addition to sample 
oils, models, &c., the Anglo-Mexican Petroleum 
Products Company, Limited, Finsbury-court, E.C., 
are exhibiting samples of two new materials 
for road work. One of these, ‘‘ Fluxphalte,” 
is a liquid bitumen, containing 65 per cent. 
of solid bitumen, with a solubility in carbon disul- 
phide of 99.9 per cent., and showing under 
the penetration test 49, and ductility of 100 cm. 
It is used for a top dressing with grit and chips on 
macadam roads, and it is claimed that it does not 
deteriorate in the winter, or become soft in hot 
weather. It is spread hot. The second material, 
‘** Mexphalt,” is a solid bitumen of 99.8 per cent. 
purity, with a penetration of 36 at 77 deg. Fahr., 
and ductility of 90cm. It is used as a binder or 
cementing material. A number of roads have been 
laid with these materials with, it is said, eminently 
satisfactory results. 

Machines for tin-can making are exhibited by the 
E. W. Bliss Company, Pocock-street, Blackfriars, 
S.E., and by Messrs. J. Rhodes and Sons, Limited, 
Wakefield. The latter firm show a press for making 
the tops and bottoms of standard cans, also a body- 
cutting and bending press, in which two sides are 
stamped and the edges bent in one operation, after 
which the sheet is moved to the back of the 
machine, where it is bent so that the sides are at 
right angles to each other. A grooving-press and 
squeezing-machine are also shown for ooking the 
side-seams and attaching the top and bottom. The 
presses are very substantially made, with the crank- 
shaft well supported for the heavier work. Messrs. 
Bliss show multiple stamping-presses with auto- 
matic feed, seaming-machines, &c. Prime movers 
are, of course, represented ; they are exhibited b 
Messrs. Ambrose, Shardlow and OCo., Limited, 
a J Works, Sheffield ; Messrs. Blackstone and 
Co., Limited, Stamford ; and Messrs. W. J. Bates 
and Co., Limited, Denton, Manchester. Generally 
speaking, the Exhibition is fairly well confined to 
the professed subjects. There are few nondescript 
stalls, and though not covering any great expanse, 
the Exhibition is, on the whole, comprehensive. 





SUN-POWER PLANT. 

A meeEtine of the Manchester Association of 
Engineers was held at the Grand Hotel, Man- 
chester, on the 14th inst., when Mr. Frank 
Shuman read a paper on ‘‘ The Sun-Power Plant.” 
In his opening statements, and with reference to 
the world’s resources in coal and oil-fuel, the 
lecturer stated that we were using to-day more 
than double the amount of mechanical power 
throughout the world than we used twenty years ago; 
in twenty years from now, it was safe to say that we 
should again be using double the present quantity. 
There was no doubt, therefore, that in a hundred 

ears or so our stores of coal and oil would have 

n seriously drawn upon. Practically unlimited 
power came to us with the sun’s rays, and 
this power could be profitably utilised. Sun- 
power could be profitably produced throughout 
the vast areas in the tropics, where coal was ve 
expensive, but sun-power plants need not for the 
present compete with plants using coal at any of 
the tropical places near the coast, where coal was 
reasonably cheap. At present, therefore, work had 
to be confined to places where the sun was at its 
best and where coal was from 31. to 81. per ton. 

The lecturer said that he started utilising sun- 
power about seven years ago and gave a history of 
the preliminary experiments made, using first 
ether. He then constructed a whole series of 
various heat-absorbers for generating low-pres- 
sure steam from water. These absorbers re- 
sulted in the construction of a sun-power plant 
at Philadelphia, which generated a maximum 
of 32 horse-power at mid-day, with an average of 
14 horse-power throughout eight hours of the day. 
From the es gained with this plant for one 
season, aided by the advice of Professor C. V. Boys, 
of London, a sun-power plant was constructed, which 
was now in operation at Meadi, near Cairo, Egypt. 
Experience had shown that low-pressure steam 
used at atmospheric pressure (14.7 lb. absolute 
gave the greatest return in power per poun 
sterling invested. 

The engine, a special low-pressure engine de- 
signed by Shuman, gave 1 brake horse-power with 
22 lb. of atmospheric steam. The p was a 
reciprocaticg pump, but any type of pump could 
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have been used. The steam was generated in five 
sun-heat absorbers, 13 ft. 4 in. wide at the top 
and 204 ft. in length, being parabolic troughs for 
rng | the sun’s rays and concentrating them 
upon the boiler swung at the focal point. B 

the action of a thermostat the heat-absorbers 
were slowly revolved, and were always facing 
the sun throughout its course during the entire 
day. The plant at Meadi was capable of giving 
on an average 50 brake horse-power. The mirrors 
had to be bast clean and free from dust, but 
labour was very cheap in the tropics, and 20d. 
per day sufficed for this work, the os washing 
arrangement, of course, being provided. Calcula- 
tions given by the speaker showed that with coal 
at 3/. per ton there was, in the case of the Meadi 
plant, a saving of 4101. per annum on the extra 
cost (7901.) of the —— plant over that of the 
coal-consuming plant. In less than two years, there- 
fore, the saving in fuel would cover this extra cost. 








COMMERCIAL MOTOR VEHICLES AND 
RAILLESS ELECTRIC TRACTION. 
Ar the meeting of the Institution of Civil Engineers, 
held on Tuesday last, the 24th inst., the two papers, of 
which we subjoin abstracts, were discussed. 


Some Recent Developments in Commercial Motor- Vehicles. 
By Tuomas Criarkson, M. Inst. C.E. 


During the period which has elapsed since the subject 
of motor-vehicles was last reviewed before the Institution, 
remarkable developments have taken place in this de 
ment of engineering, both in regard to the quality of the 
vehicles, and in the magnitude of their operations for 
the transport of —— and merchandise. The period 
reviewed in this paper has witnessed the evolution of the 
motor-omnibus as it exists to-day. . 

Greater facilities for the transport of passengers in 
cities are constantly in demand. Electric rail-motors, 
both on the surface and underground, have met this 
demand to some extent; but the motor-omnibus has 
already demonstrated its superiority over the rail-car or 
tram. Complete flexibility is obviously impossible in 
motors dependent upon an extraneous power-station ; 
the vehicles must be self-contained, and the power gene- 
rated from within. The author regards flexibility as the 
key to the successful solution of the street-traffic problem 
in cities. 

By reason of the extent of the subject, it is scarcely 
sible within the limits of a paper to do more lect 
for examination some typical examples of the commercial 
motors of the present day, and consider the suitability of 
various types of motor to the diverse conditions of indus- 
trial transport. There are at present three methods of 
generating power for commercial motor transport— 
namely, »* internal - combustion engines, by steam- 
engines, and by electric motors. Each of these methods 
has found a fairly clearly defined field of utility. 

The internal-combustion motor far outnumbers the 
other ty of motor for net loads up to 3 tons. For 
heavier duty than this the steam-motor continues to hold 
the field. The rise in the price of petrol has directed 
attention to other liquid fuels for the internal-combustion 
motor, and the steam-motor using solid fuel is aang 
adapted for loads less than 3 tons, with the object o 
checking the ever-growing demand for motor-spirit. The 
electric vehicle —s with energy by a ay 
has made remarkably little progress in England. 

Fuel.—The petrol-motor is confined to the employment 
of a volatile liquid fuel. The steam-motor may use either 
liquid or solid fuels. The relative cost of the two 


systems for fuel per mile is, of course, governed by the | 7 


ratio between the cost per pound of fuel and the mileage 


per pound. : ’ 
The fuel cost for a 3-ton petrol commercial vehicle, 
with petrol at 1s. 4d. Pw gallon, and at 8 miles per 
gallon, works out at 2d. per car-mile. The London 
petrol-bus, which may be taken as equivalent to the 3-ton 
commercial vehicle, costs sbout 1d. per car-mile for fuel. 
This lower fuel cost, it should be explained, is not due to 


superior engine-efficiency, but is the result of an exce 
tionally favourable contract for the purchase of petrol in 
very large quantities. The present cost of fuel for 


London petrol-buses is, therefore, abnormal from the 
point of view of the ordinary user of petrol commercial 
vehicles. inae 

The steam omnibus at present costs for liquid fuel 
1.875d. per mile, which is a little less than the cost of the 
ordinary petrol 3-ton vehicle. The steam omnibus, or 3-ton 
lorry, using coke, costs for fael 0.4d. per mile with coke 
at 19s. per ton. The significance of this economy, and 
the real value of an apparently small reduction in cost 
per mile, is indicated by the fact that 4d. per mile repre- 
sents, approximately, 0001. per annum on the cost of 
running on omnibuses. — get 

With regard to the relative reliability of petrol and 
steam cars, it has been demonstrated usively that 
with either type of motor the mileage lost from mecha- 
nical causes is extremely small, even when performing a 
commercial duty involving an annual mileage of 30,000 
miles and more per vehicle. As regards the cost of 
mechanical upkeep, there does not a) to be any 
reason for a waterial difference between the two systems 
under this heading when they are run under similar con- 
ditions of management. The light steam 3-ton vehicle 
using coke as fuel may be regarded as combining the 


P- | economic transportation, of serving the subur 





speed and handiness of the petrol-motor, with a fuel-cost 
uivalent to petrol at 4d. per gallon. 
he paper gives details of the construction of present 
types of both steam and petrol omnibnses, and deals 
particularly with modern methods of omnibus illumina- 


Y | tion. The important question of the construction of 


road-wheels most suitable for commercial motors of from 
30 cwt. to 3 tons capacity is dealt with. The present 
position of the electric commercial vehicle is considered 
in relation to other types of motor, particularly with 
reference to the investigations of — which 
have been recently conducted by the husetts 
Institute of Technology. The paper concludes with a 
reference to modern steam motor-wagons and tractors. 


Z of Tr 
ic Traction. 

By Turopore GrRaHamM Gripsix, M. Inst. C.E. 
The railless electric traction system, otherwise desig- 
nated the ‘‘trolly-bus,” or ‘‘ trackless trolly,” al y 
forms in several cities an extension to the tramways 
system, and the applications to Parliament for the 
authorisation of si lines arenumerous. The purpose 
of the paper is to discuss the various economic features of 
the system, as com 
view to the definition of the sphere of usefulness which 
is open to the former. The initiation of the system in 
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this country, in contrast with the general history of new | th 


forms of transportation, is due, not to Government aid 
or private enterprise, but to municipal tramway com- 
mittees. 

It is pointed out that the Light Railways Act has 
failed to effect what was intended by it, and in contrast, 
attention is drawn to the immense and profitable develo; 
ment of light railways in Belgium. The necessity for the 
further utilisation of the highways is urged, ause of 
the centralisation and congestion of population which has 
resulted from the development of the railway system. 

distinctive economic features of tramways and 
railless electric traction are defined, and an ysis is 
made of the statistics of British municipal tramways, 
both as to cost of construction and working expenses. 
Railless electric traction is compared with the tramway 
as to carrying-power, capital expenditure, and working 
costs by means of generalisations deduced from the above 
statistics. These generalisations are in the form of curves 
and tables. The working e are analysed in a 
table. Attention is drawn to the great variation in the 
cases cited of the cost of energy, greater than can be 
accounted for by the price of fuel. Cases are added of 
foreign tramways which operate with trailer-cars. 

An illustrated description is given of tests made by the 
author of current consumption on an electric omnibus 
propelled by means of accumulators on London streets, 
also of tests made on a railless electric car at Bradford. 
The general conclusion drawn is that it requires no more 
current to carry the passenger by railless electric traction 
than it does bya tramway. The maintenance of rubber 
tyres is touched upon in to the principal causes of 
wear and tear, and of the effect of tropical climates. The 
subject of the responsibility for the upkeep of public roads 
is dwelt upon at some length, in view of the altered 
conditions resulting from the introduction of mechanic- 
ally-propelled vehicles. 

he present necessity of special Acts of Parliament for 
the authorisation of railless electric lines is represented 
as a hardship which calls for relief at the hands of the 
legislature. The comparative economics of tramways 
and railless electric traction are finally embodied in three 
diagrams, arranged to show the respective capital expen- 
diture and working expenses under analogous conditions 
for services of different traffic density, ranging from a 
service at 30 minutes’ interval to one at 24 minutes. 

The general conclusions are:—(1) That with a traffic 
density emer by a 2)-minute service—that is to 
say, that of one of the largest tramways—the economy of 
construction and operation is still in favour of railless 
electric traction ; as to the cost of operation by about 
per cent., and as to cost of construction by about 44 per 
cent. (2) That the economy increases inversely with 
the traffic density, so that with a time-interval of 
30 minutes the economy of operation is about 36 per 
cent., and that of cost of construction about 70 per cent. 

Reference is made to the York tramways, the most 
recent case of a municipal tramway, in support of the 
argument that an even more important point than that 
of saving of expenditure is the ibility, by means of 


and the 
rural population. 

It is argued that the tramway at York, 6 miles in 
length, excellent though it is, does not serve all the 
suburbs, and that, by means of railless electric traction, 
for the same capital expenditure, 16 miles might have 
been constructed and operated ; thus completely reaching 
the extreme suburbs, and incidentally raising the value 
of property in the vicinity of the city. In conclusion, 
a tribute is paid to the enterprise and initiative ability 
of the leaders of municipal tramways in having taken u 
the burden of experiment and proof of the system whic 
seems to them the normal form of extension of their 
tramways. 











Tue Association oF ENGINEERS-IN-CHARGE.—Last 
Saturday evening the Association of Engineers-in-Cha 
held their annual dinner at the Holborn Restaurant, 
numbers being in excess of those of any previous year. 
The President (Mr. R. T. Glazebrook, C.B., D.Sc. 
F.R.S.) was in the chair, and am 
Alfred Keogh, K.C.B., LL.D., 
College of Science and Techn 
Sir Boverton Redwood, Professor 
Robertson, 


the guests were Sir 
ectar of p Pes 
, Sou 
ele Shaw, Mr. Leslie 


Mr. Alexander Siemens, and many others. 


with those of tramways, with a/| land 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 

pig-iron market opened with a flat tone, and the 


ice 
of Cleveland warrants was rather easier. No dealings 
took and sellers quoted 50s. 74d. cash, 50s. 10d. one 


month, and 5is. 144. three months. In the afternoon 
there was little change, and only one lot of Cleveland 
warrants was done at 50s. 84d. one month, with closing 
sellers at 50s. 7d. cash, 50s. 9d. one month, and 51s. 14d. 
three months. On Friday morning there was again little 
doing, and the total business consisted of 1000 tons of 
Cleveland warrants at 50s. 7d. cash, and at the close 
sellers named 50s. 74d. 50s. 94d. one month, and 
51s. 14d. three months. Another idle session was recorded 
in the afternoon, and sellers quoted little change 
in Cleveland warrants; the cash and one month posi- 
tions were unaltered, but for three months the price 
was 51s. 24d. On Monday morning the market opened 
quietly, but business was again at a standstill, with 
prices of Cleveland warrants nominally unchanged at 
50s. 74d. cash, 50s. 10d. one month, and 5ls. 14d. three 
months sellers. In the afternoon the tone was rather 
firmer, but dealings were confined to 2000 tons of Cleve- 
warrants at 50s. 74d. cash and 51s. 14d. three months, 
and closing sellers named 50s. 8d. » 50s. 104d. one 
month, and 51s. 2d. three months. On Tuesday ‘eae 
e market continued firm, and 2500 tons of Clevelan: 
warrants c hands at 50s. 84d. cash, 50s. 9d. 
three days, 51s. one month, and 51s. 24d. three months. 
At the close sellers named 50s. 94d. cash, 51s. Od. 
one month, and 51s. 34d. three months. The after- 
noon session was idle, and Cleveland warrants were 
quoted the turn easier at 50s. 9d. cash, 50s. 114d. one 
month, and 51s. 3d. three months sellers, When the 
market opened to-day (Wednesday) a slightly firmer tone 
—— but the turnover was small, and consisted of 
tons of Cleveland warrants at 51s. one month and 
51s. 34d. three months. | sellers quoted 50s. Oh. 
cash, 51s. 04d. one month, and 51s. 34d. three mont 
In the afternoon the market was quiet, and only one lot 
of Cleveland warrants were put through at 51s. 04d. one 
month, and the session closed with prices at 50s. 10d. 
cash, 51s. 1d. one month, and 51s. 4d. three months sellers. 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia has been somewhat easier of late, and the 
current | ma is no better than 12/. 6s. 3d. to 12/. 7s. 6d. 
per ton for prompt delivery, Glasgow or Leith. 


Scotch Steel Trade.—Depression is still prevalent in 
the Scotch steel trade, and producers complain of the 
want of specifications for nearly all classes of material. At 
the meeting of the Steelmakers’ Association, held at New- 
castle-on-Tryne last Friday, the question of selling prices 
was under discussion, and the finding of the Conference 
was of no little importance. It was agreed to “free” 
ship and boiler-plates for Clyde delivery from the con- 
trol of the Association, but it was also decided that the 
= arrangements as to extras be still adhered to. 

his is the third change of note which has taken 
place in the Scotch steel trade during the past few 
months, and those who have felt hampered by the 
control of the Association will surely be pleased 
now that they are free to secure business at their 
own terms. he rebate system was not considered 
a success here, and after a fair trial it was abolished ; 
this was followed by the ‘“‘ freeing” of sectional material, 
and now the latest move has m the “freeing” of 
plates. This latter decision is causing quite a lot of talk, 
and many are of opinion that although it was a very wise 
thing to do, under present industrial conditions, it may 
_ the way for the reconstruction of the Association’s 

unctions. Prices at once declined, and ship-plates have 

come down fully 7s. 6d. per ton, and round 6/., less 5 per 
cent., is about the present price. Boiler-plates have 
fallen a similar amount, and are now called round 71. per 
ton, less 5 per cent. ; but as business is all a matter of 
arrangement between buyer and seller, there is little 
doubt but that these govetings would be shaded if 
respectable lines are offered. Inquiries have increased 
during the past few days, but business is a little un- 
settled yet, and quietness still rei ers of 
sectional material and of black and galvanised sheets 
are moving but slowly, and the general export trade is 
also rather dull. 


Malleable-Iron Trade.—No improvement can be re- 

in the malleable-iron trade of the West of Scot- 

d, and producers are not securing the business they. 

ought to get, owing to foreign competition. Priees are 

un , and are based on 6/. 17s. 6d. per ton, less 5 
per cent. for ‘“‘Crown” bars. 


_ Scotch Pig-Iron Trade.—Little change has taken place 
in the demand for the ordinary qualities of Scotch pig- 
iron during the past week, and buying has been of a limited 
character. Prices are nominally unchanged, but, at the 
present level, and with the new position of affairs in the 
steel industry, an_increased demand is anticipated in 
near future. Hematite is still dull and easier, and 
the price is called round 63s. per ton. The following are 
the market quotations for makers’ (No. 1) ieons—tlipde, 
68e. bd {all shipped at Glaagow); Glengarncok (or Ard. 
, 1 at w); Glengarnock (at 4 
rossan), 71s. ; Shotts (at Leith) 68s. 6d. ; and Carron (at 
Grangemouth), 69s. 





German Ratts.—The deliveries of German rails in 
the first two months of this year show some decline, the 
totals for the two months coming out as follows :— 


1914 1913. 
Month. t t 
January .. 211,390 229,821 
February 124,567 229,856 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal T'rade.—The Conciliation Board’s 
recommendation respecting the Yorkshire coal-trade 
dispute and the suggested resultant probability of a 
county coal war being averted have had a steadying 
influence upon buying. At the same time consumers are 
pursuing consistently, if less eagerly, a precautionary 
policy, and the demand for all classes is stil —™ 4 
large in comparison with the precedent slackness. Wit 
a materially decreased output owing to the continued 
inaction of the pitsin the Rotherham district, where some 
10,000 men are out on strike, producers are finding some 
difficulty in promptly meeting requirements, and the 
transfer of several important orders to another district is 
reported. Inthe circumstances merchants decline to enter 
into forward business. In best steams and house coal the 
whole of the output is being sent straight away. Prices 
are on the up grate. Both smalls and coke are distinctly 
improved markets. Cheap lots of the former are no 
longer available, though blastfurnace coke has not re- 
sponded to the otherwise general improvement. Steel 
coke is selling at 27s. per ton. Quotations :—Best branch 
hand-picked, 16s. to 17s. ; Barnsley best Silkstone, 14s. 
to 15s. ; Derbyshire best brights, 12s. to 13s. ; Derby- 
shire house, 11s. 6d. to 12s. 6d.; best large nuts, 11s. 6d. 
to 12s. 6d.; best small nuts, 9s. 6d. to 10s. 6d.; Yorkshire 
hards, 11s. to 12s.; Derbyshire hards, 10s. to 11s.; rough 
slacks, 7s. to 8s.; seconds, 5s. 6d.; smalls, 2s. to 3s. 6d. 


Iron and Steel.—Irregular conditions prevail in the 
local iron market. The general relapse that appeared to 
be ding, fortunately has not come about, but buying 
in coe iron has again am. ge considerably below the 
normal. On the other hand, foundry iron has come in 
for increased busines:, and prices are firmly held, the 
tendency being in an upward rather than a downward 
direction. Hematite is also going away freely. The 
demand has again come into line with the output, and 
some consumers experience difficulty in getting the ton- 
nages they require. East Coast mixed numbers are 
quoted at 683. 6d. in Sheffield. In bar iron, the reduc- 
tion of the South Yorkshire price to 7/. 5s. has not greatly 
increased buying. Makers have booked a few more 
orders, but the activity of Continental and Midland 
makers is undiminished. The scrap market is not troubled 
by an excess of inquiries. Exceptin the case of the better 

ualities of iron scrap, prices are favourable to buyers. 
Steel firms are becoming reconciled to quieter conditions. 
Trade is good, but following upon a boom period when 
capvcity for output was largely increased in almost every 
dep.rtment, the present influx of orders does not provide 
sufficient work for a continuance of overtime. The 
continued labour unrest in the engineering trades, which 
has now spre:d to semi-skilled workers and labourers, is 
undermining confidence in the future. Railway steel 
departments have a fair volume of work on hand. Among 
other important customers are the East India Railway, 
who have come into the market for a big tonnage of steel 
plates, and the Midland and Great Western Railway Com- 
pany of Ireland, who have distributed orders for springs, 
axles, and tyres among a number of loca] firms. Actual 
wagon-building is a depressed trade. The expansion of the 
automobile industry is responsible for a good many new 


orders for steel for con>truction —> ers of 
tramway material are benefiting largely from the enter- 
prise of local corporations. The ition in ard to 


the manufacture of armaments and special steel is un- 
changed. There is no indication that outside depression 
will make itself felt in this connection. The lighter 
industries are not so well employed and are having to do 
more canvassing for orders than for twelve months past. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—A steadier and more hopeful 
feeling prevails in iron trade circles. This is attributed 
to the turn the political situation has taken, which, it is 
claimed, has strengthened the stock market, and caused 
further advance in copper and tin. These changes for 
the better are reflected in rather marked fashion on the 
iron market. In addition, the ordinary spring and 
summer demand for pig-iron is coming along, and with 
the opening out of the shipping season, the volume of 
trade promises toexpand. Traders are certainly showing 
more disposition to operate than for some time past. 
Merchants report a fairly good and growing demand 
from the Continent, although in some quarters abroad 
customers are still holding back, due principally to the 
continued over production of pig-ironinGermany. As we 
—— out some little time ago, the removal of the 

ussian import duty on pig-iron is not likely to benefit 
this district to any extent. Germany will probably 
capture most of the trade, and there is a rumour that 
German makers have already secured an option for a 
quarter of a million tons of pig-iron for Russia. No. 3 
g-m.b. Cleveland pig is firm at 51s. 3d. f.o.b. ; No. 1, 
which is rather scarce, stands at 54s.; No. 4 foundry is 
50s. 91. ; No. 4 forge, 503. 6d.; and mottled and white 
iron, each 59s. 3d.; all for sicher early or forward delivery. 
In the hematite branch of the staple industry a fair 
amount of business has recently been put through, but 
quotations are rather casy, notwithstanding complaints 
of difficulty experienced in securing full supplies against 
running contracts. Nos. 1, 2, and 3 East brands 
are offered by both makers and merchants at 62s. for 
early or forward delivery. Foreign ore is lifeless, and 
market rates remain gy / on the basis of 18s. 
ex-ship Tees for best Rubio. ke is none too plentiful, 
and very firm in price. Nothing under 17s. is named 





for average blaet-furnace qualities delivered at Tees-sicu 
wor 


Stocks and Shipments. —The stock of Cleveland pig-iron 
in the public warrant stores now stands at 123,817 tons, 
all of which but 43 tons of stand:rd iron is No.3 quality. 
Since the beginning of the month the stock has been 
reduced by 8262 tons. Shipments from the Tees are on 
a fairly satisfactory scale. To date this month those of 
pig-iron average 4069 tons per working day, the total 
despatches being returned at 85,468 tons, 77,315 tons of 
which have gone from Middlesbrough and 8153 tons 
from Skinningrove. To the same date last month the 
loadings were given at 75,067 tons, or a daily average of 
3574 tons, and for the corresponding part of March a 
year ago the clearances r ed 101,896 tons, or an 
average of 4852 tons per working day. 


Manufactured Iron and Steel.—The manufactured iron 
and steel trades are well supplied with orders for some 
time to come. Quotations, which are fully maintained, 
stand :—Common iron bars, 7/. 10s. ; best bars, 7/. 17s. 6d.; 
best best 8. 5s. ; packing iron, 6. ; iron ship-plates, 
61. 15s. ; iron ship-angles, 7/. 10s. ; iron ship-rivets, 72. 15s. ; 


iron girder-plates, 7/. 53.; steel bars (basic), 67. 15s. ; 
steel ship-plates, 6/. 10s. ; steel ship- es, 61. 2s. 6d. ; 
steel boiler-plates, 7/. 15s. ; steel joists, 6/. 12s. 6d. ; steel 


strip, 62. 15s. ; steel hoops, 7/.—all less the customary 24 
per cent. discount; cast-iron columns, 7/. 7s. 6d. ; cast- 
iron railway chairs, 4/. 5s.; light iron rails, > | eee 
steel rails, 6/. 10s.; steel railway sleepers, 7/. 53.—a 

net at works ; galvanised corrugated sheets, 24 gauge, in 
bundles, 11/. 5s. f.o.b.—less 4 per cent. 








A Supmarine Surp-CLeaninc APPARATUS.—An inter- 
esting apparatus for cleaning the hulls of ships without 
the necessity for dry docking has recently Soon intro- 
duced into this country by the Submarine Motor Ship 


Cleaner Company, Limited, which is an Australian |® 


company istered in Melbourne. Its London offices 
are at 66, Broatl-street Avsnue, E.C., and Cecil Cham- 
bers West, 76, Strand, W.C. A demonstration of the 
working of the apparatus was given on the 25th inst., 
when, by permission of Messrs. Siemens Brothers and Co., 
Limited, it was applied to the cable-laying steam-ship 
Faraday, lying in the West India Export Dock. Some 
idea of the speed of working of the apparatus will be 
given when it is stated that by means of it the Faraday, 
which is a 5000-ton ship, 360 ft. long, could be cleaned in 
some 4 to 5 hours. This would be with the employment 
of one plant only. Although the short time required to 
clean a ship is a valuable feature of the apparatus, it is 
not its main claim to consideration. Of greater import- 
ance is the fact that the cleaning can carried out 
without dry docking and during working of cargo. This 
naturally saves graving-dock dues, which are always 
heavy, and in some parts of the world very heavy, and 
enables the cleaning of a ship to be carried out in 
harbours where no graviug-dock accommodation is avail- 
able. These advan would make it possible, in most 
cases, to confine the dry docking of a vessel to the time 
of her annual overhaul, and at the same time to clean the 
hull some three or four times a year, so that all the ad- 
vantages of increased speed and coal-saving which a clean 
bottom ensures would be retained. The cleaning appa- 
ratus itself is self-contained, and all carried on a barge, 
and is quite independent of the ship which is bein 
cleaned. The only connection between the an 
ship consists of fore-and-aft ropes, which are carried 
from the ship to crab-winches on the They are 
used to propel the barge along the side of the ship 
as the cleaning progresses. The bargecarries a jib at one 
side from which a cleaning-brush is suspended. This 
brush, which is of bristles, is cylindrical, and much on 
the lines of the brush of an ordinary road-sweeper. It is 
mounted horizontally on the frame of a waterproof electric 
motor which drives it through a chain-gear. A propeller is 
also mounted on the motor frame, on the opposite side 
from the brush. The method of operation is to lower the 
whole arrangement overboard from the barge by the jib. 
The motor is then started, and the propeller pushes the 
brush against the side of the ship. e motor is lowered 
and lifted by a winch with four drums. Two of these 
carry the motor ropes, and another the cable supplyi 
current. These three drums work in unison. The ourth 
drum is independent, and is used for raising and loweri 
the jib. The brush, as it rotates, is lowered by means o' 
the winch, and so cleans a vertical strip of the ship’s 
side 5 ft. wide, that vy Ls length of the hema 
it is then lifted, and the barge moved along for about 
4 ft., and a second strip cleaned in the same way. The 
barge is not moved the full length of the brush, in 
order to leave an overlap, so that no part of the bull 
may be missed. The time for cleaning one strip, including 
the moving of the barge, was about 2 minutes at the 
demonstration on the Faraday; but we can well believe 
that with a tised crew time might be considerably 
cut down. Proper distance between the barge and the 
ship is maintained by two projecting booms carried by 
the barge. The brush motor is 10 horse-power, and works 
at 230 volts. The brush runs at about 160 revolutions per 
minute. The weight of the under-water is about 
800 lb. when out of the water, and 280 lb. in the water. 
It is fitted with floats. The lifting-winch is driven elec- 


trically from a 28-horse-power petrol-engine erating 
set on board the barge. The average speed of lowering 
the brush-gear is about 45 ft. a minute. This s can 


be varied between 35 ft. and 70 ft. per minute if desired. 
The barge has a propelling motor, by which it can be 
driven at about 5 knots. e t shown on 

inst. was ongetied by Mesers. Bruce Peebles and Co., 
Limited, of Edinburgh. 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—The steam-coal trade has shown a somewhat 
more hopefu] tendency, the tonnage position having 
improved in consequence of heavier arrivals over the 
week-end. Some pits are reported to be idle in conse- 
quence of a co tion of stocks of coal upon the local 
railways, but colliery owners expect that in a few days 
more normal conditions will prevail, and that the market 
will be placed upon a firmer besis. Under these circum- 
stances sellers show no disposition to modify quotations 
for early April shipments. House continued 
quiet at former rates. The best Admiralty large steam 
coal has made 18s. to 18s. 3d. ; best secondary descrip- 
tions, 17s. 3d. to 17s. 9d.; er secondary qualities, 
16s. 9d. to 17s. 3d. ; best bunker smalls, 10s. 9d. to 11s. ; 
and smalls, 7s. 6d. to 8s. 6d. per ton. The best 
household coal has been quoted at 19s. to 20s.; good 
households at 17s. te 18s.; and No. 3 Rhondda large at 
17s. 6d. to 17s. 9d. per ton, while smalls have made 12s. 
to 12s. 6d. per ton. No. 2 Rhondda large has brought 
13s. 6d. to 14s. 3d.; and No. 2 smalls have made 8s. to 
83. 6d. per ton. Speci foundry coke has realised 25s. 
to 27s.; good fou coke, 20s. to 23s.; and furnace 
coke, 17s. to 19s. per ton. As regards iron ore, Rubio 
has been quoted at 17s. 9d. to 18s. per ton, upon a basis 
of 50 per cent. of iron, and charges, including freight, 
insurance, &c., to Cardiff or Newport. 

Llanelly.—Messrs. Richard Thomas and Co. have large 
extensions of their steel works in hand, extensions whic 
will have the effect of nearly doubling the output. The 
coal trade has been active, especially in the anthracite 
— A re-start is to be made in May at the Crown 

iery. 


Devonport.—New construction and heavy repair works 
are to be carried out at Devonport in the financial year 
1914-15 at an estimated cost of 2,080,046/., the record 
apparently being thus likely to be beaten. The corre- 
ding expenditure in 1913-14 was 1,887,715/.; in 1912-13 
the total stood at 1,865,304/. One new ship is to be laid 
down at Devonport during the ensuing year; it is officially 
known at present as ‘‘ New Ship No. 2.” An expendi- 
ture of 330,433/. is to be made upon her in the course of 
1913-14 and 1914-15. 


Swansea.—Business has shown somewhat less activity. 
The demand for coal has fallen off, and shipping move- 
ments have been interfered with by bad weather, so that 
the total imports and exports last week showed a de- 
crease of 16,000 tons in round figures. 








Ontari0o.—The value of the metallic and non-metallic 
minerals produced in Ontario last year was 52,999,957 
dols.—an increase of 98 per cent. over 1912, and of 26} 
per cent. over 1911. e metallic minerals were valued 
at 37,508,955 dols. The value of the silver mined last 
year was 16,580,114 dols. 





Tue InsTITUTION oF AUTOMOBILE ENGINEERS. —Colonel 
H. ©. L. Holden, F.R.S., has been elected ident of 
this Institution for the forthcoming session, while Messrs. 
Max Lawrence, Mervyn O’Gorman and Alex. Craig will 
be the vice-presidents. As a result of the ballot for 
vacancies on the Council, Messrs. Thos. ‘kson 
Chelmsford) and A. A. Remington (Birmingham) have 

m added to that body. 





Tax Utinisation or Soran Enzrcy.— We are in- 
formed that Mr. A. 8. E. Ackermann, B.Sc. Engineering, 
is to read a paper before the Society of gineers 
ae we ey on “The Utilisation of Solar Energy,” 
embodying the results of his trials of ines for using 
sun-produccd steam. The plant tested has cost some 
30,0002. The investigations cover nearly four years. 
The meeting is to be held at the Institution of Electrical 
Engineers, on Monday, April 6, at 7.30 p.m. 





AnnvuaL DinneR TO THE EmpLovees or Messns. 
Drummond Broruers, Limirep.—On Friday last, the 
20th inst., the annual dinner Eo 7 the directorate of 
Messrs. Drummond Brothers, Limited, to their employees 
took place in the County and Borough Halls at Guild- 
ford. Following the precedent set in past years, every 
endeavour was made to provide a thoroughly enjoyable 
evening. Mr. E. Pullman (chairman of directors) pre- 
sided over acompany numbering close upon four hundred, 
and — those Seppertns him were Mr. Arthur 
Drummond (managing director), Mr. G. 8. Odling-Smee 
(Mayor of Guildford), Mr. G. Hickman (assistant m . 
ing director), Mr. J. Eustace (secre . Mr. R. 
Hadfield (advertising manager), and Mr. Blair (works 
manager). The loyal toast having been honou from 
the chair, the Mayor of Guildford submitted ‘‘The Firm.” 
The firm, he said, started in a very small way some 
twelve years ago, with a staff consisting of three men, a 
boy, and an engine of 34 horse-power. To-day they 
employed nearly 300 men, and had machinery at the 
works developing over 200 horse-power. They were 
contractors to the War Office and the Admiralty, and also 
to the Governments of India, Australia, Italy, Holland, 
and Japan, and there was scarcely a civilised part of the 
world in which Drummond lathes were not to be found. 
Messrs. Drummond Brothers, however, were not onl 
supplying their machines to countries all over the te | 
but they were —gutes Ge tools against a high tariff 
into America. e chairman, in reply. said he hoped 
the Mayor did not think their ambition stopped at 
200 horse-power and 300 men. When they had got 2000 
horse-power and 3000 men they would > and consider 
the situation. Other toasts followed. Itogether the 
evening was & most enjoyable one. 
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—_ in power and size a still greater advance upon 
them 


RECENT JAPANESE WARSHIPS. 
On the Ships Built for the Imperial Japanese Navy 





during the last Ten Years.* the ships built at home, both in the Government dock- 
; ards and private shipyards, have enormously increased 
By Rear-Admiral Constructor Motox! Konpo. " number during this period. lo ib a tealter of Gon: 
Ir is just ten years since the late Admiral Sasow read | gratulation to us all. . 
a paper about the latest Japanese warships. The object| During this epoch several ships have also been added 































Battle Cruisers: Tsukuba, Ikoma, Kurama, and Ibuki. 
Second-Class Cruisers: Otowa, Tone, Chikuma, Hirado, 


What should be especially taken note of is the fact that | and Yahagi. 


Gunboats : Yodo, Mogami, Uji, Saga, Sumida, Fushimi, 


and Toba. 


SS aa Two large, two medium, and thirty-five 


small. 
Battleships.—Ten years ago the most powerful ships 
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of the present paper is to give an outline account of the | to the navy as prizes of war in the course of the late war ; 
warships built for the Imperial Navy during the ten but it is not my intention to state anything about them 
years that have since. The ships enumerated in here, nor do I propose to mention Lorpeto-bonte, sub- 
Admiral Sasow’s paper represented a great advance over | marine-boats, and other vessels of smaller size. During 
those that preceded them, but those built since then are | vite’ fe = years the following ships have been com- 
or the navy :— : 
* Paper read pete 6 panel matey of the Japanese | Battleships : Kashima, Katori, Satsuma, Aki, Kawachi, 
Institution of Naval Architects held a+ Kobe. ' and Setten.. 
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in our navy were the four ships of the Shikishima class. 
In the Kashima and Katori, however, four 10-in. guns 
were added to the main armament of four 12-in. guns, 
twelve 6-in. guns being carried as the eee gem | arma- 
ment. These two ships were built in England, and belong 
to the same type as the King Edward VII. class in the 
British Navy, except that ours have 10-in. guns in place 
of 9.2 in. and also two more 6-in. guns, thus making our 
ships ——_~ more powerful. The Satsuma, which fol- 
lowed t . is the first battleship built at home, and 
being the heaviest warship at the time of her launch, 
shares the place of honour with the Tsukuba, to be 
described later. In this ship the power of the main 
battery was still further developed by increasing the 
number of 10-in. guns to twelve. They are mounted in 
pairs in six barbettes, three on each side. In this case 
4.7-in. guns are mounted as the secondary armament. 


The Aki (Figs. 1 to 3) is very similar to the Satsuma, 
cya that she carries eight 6-in. guns instead of twelve 
-in. 


guns. 

In the next ships, the Kawachi (Figs. 4 and 5) and 
Settsu, another advance was made by substituting eight 
12-in. guns for twelve 10-in. guns, thus making their 
main armament a uniform one of twelve 12.in. guns, 
and thereby approximating that of the Dreadnought. 
| Ratio of Broad- 





Weight of | — 
Type. | Displacement. | side per Ton 
Brendeide. | Displacement. 
| 
Ib. tons Ib. 
Shikishima ..| 3400 15,000 0.227 
Kashima... | 4400 16,000 0.275 
'' ee 6400 19,800 0.323 
Kawachi 6800 21,420 0.317 





In _the British Navy, the Formidable, Lord Nelson, 
and Dreadnought came in succession, each representing 
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TABLE I.—PARTICULARS OF SUCCESSIVE SHIPS OF DIFFERENT TYPES BUILT FOR THE JAPANESE NAVY. 
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| | | 


























| 
LENGTH. | | PROTRCTION. ARMAMENT. 
NAME AND suse ——| Breadth, | Depth, Mean | Displace- Horse- Speed } : 7 . - | Where | Date of 
Typx.* Over | ae | Extreme. Moulded. | Draught.| ment. | Power. , Bar T ol Built. Launch. 
| Perpen- | | Belt. ~ |\Battery | Deck. Ordnance. 
All. | diculars. bettes. Tu 
—_ | — | | 
ft. in. | ft. in. ft. in. ft. in. | ft. im. | ns knots in. in. in. | in in. in. in. | in. 
Kashima (B) 470 0 425 0 78 14 43 6 26 74 16,400 15,600 184 9 4 6 3 412 410 126 128; 6M; 5 Elewick .. Mar. 22, 1905 
| | 6 3-pdr. 
Katori(B) ..| 456 3/| 420 0 78 Oj 44 «0 27 0 15,950 | 16,000| 18) 9 10 6 | 8 412 410 12 6 1238; 6M; 5 Barrow .. July 4, 1905 
6 3-pdr 
Satsuma (B) ..| 482 0) 450 0 | 8 6 44 6 27 6 19,370 | 17,300 | 18} 9 9.7 5 2 412 (1210 12 47 48; A 5 (Yokosuka Nov. 15, 1906 
Aki(B) .. ..| 492 0! 460 0 | 88 7} 44 6 27 6 19,800 | 24,000| 20 9 9.7 7 2 412 1210/86 128; 4M. 5 (Kure .. April 15, 1907 
4 3-pdr. 
Kawachi(B) ..| 526 0 | 500 0 | 84 13 440 27 8 21,420 | 25,000/ 20 12 11 6 | 1212 (10 6/8 4.7123; 4M. 5 Yokosuka Oct. 15, 1910 
Settsu (B) ..| 583 0 500 0 84 1} 44 «0 27 8 21,420 25,000 | 20 12 11 6 | ht 12 12 10 6'. 8471238; 4M. 5 Kure .. Mar. 80, 1911 
Tsukuba (B-C)..| 475 0| 440 0 75 0 42 2% 2% 0 13,760 20,500 204 7 7 5 2 412 12 6/12 4.7,;28; 4M. 3 Kure .. Nov. 26, 1005 
Ikoma(B-C) ..| 475 0| 440 0 | 75 0 42 8 26 0 13,750 | 20,500} 20) 7 7 5 2 412 (12 6/12 47/283; 4M. 3 Kure .. April 9, 1906 
Kurama (B-C)..| 485 0| 450 6 75 6 42 3h 2 0 14,600 | 22,500 | 21) 7 7 A 2 412 8 8/144.7°.43; 4M. 3 |Yokosuka Oct. 21, 1907 
Tbuki(BC) ..| 485 0 450 0 75 6 42 3 2 «0 14,600 | 24,000 22 7 7 5 2 412 8 8 1447/48; 4M. 3 Kure .. Nov. 21, 1907 
Otowa(C)  ..| 340 10 321 6 | 41 43 26 2 15 9 8,000 | 10,000| 21 ~_ _ _ 2 26 |64.7) - 43; %M.| — _ |Yokosuka Nov. 2, 1903 
Tone(C).. --| 408 G| 360 0 47 2 28 2 16 8 4,100 15,000 23 — = 3 26 10 4.7 23; 2M.| 3 fasebo .. Oct. 24, 1907 
Ohikuma(C) ..| 475 0| 440 0 46 7} 28 6 16 7 4,950 22,500, 26 -- — 2} 8 6 - — 43; 2M.) 3 Sasebo .. April 1, 1911 
Hirado (C) ..| 475 0| 440 0 46 73 28 6 16 7 4,950 22,500 26 — —_— 3 8 6 _ — |4383; 2. 3 Kobe... June 29, 1911 
Yahagi (C) ..| 475 0} 440 0 46 7% 23 6 16 67 4,960 22,500 26 —_ 2 8 6 _ _ 43; 2M. 3 Nagasaki Oct. 3, 1911 
Yodo (G) ..| 39% 6] 280 0 32 1 17 10 9 9 1,250 8,500, 22 _— — — 24.7 - 43 2 Ko . Nov. 19, 1907 
Mogami(G) ..| 316 0/| 300 0 81 7 18 0 9 9 1,350 8,000 23 _ _- _— 24. - 43 2 Nagaski ..' Mar. 26, 1908 
Uji(G) .. ..| 189 6); 180 6 27 7% 13 9 7 0 610 1,000 13 — —_ - -- 33 — 13; 3M. _ Kure .. Mar. 14, 1908 
Saga (G --| 226 6 270 0 29 6 14 9 a 785 1,600 15 aa “= 1 4.7 _ $3; 3M. _ asebo ..|tept. 27, 1912 
Sumida(G) ..|145 0, 145 0 24 0} 6 43 20 126 550 18 _ — ll 3-pdr. 4M. — Chiswick June 26, 1903 
Fushimi(G) ..| 165 38) 160 0 24 103 5 9 23 180 900 14 _ _— 11 6-pdr.; - 4M. - Poplar .. Aug. 5, 1906 
Toba (G) ..| 188 5) 189 0 | 27 14 | 6 0 2 6 250 1,400 | 15 — 11 6pdr.| - 6M. — |Sasebo ..|Nov, 7, 1911 
Umikaze cl. (D)| 323 3 310 0 28 0} | 17 3 9 0 1,156 20,500 | 33 _ — 114.7 | 53 4 Maidzuru, 
N i ‘ 
Sakura class (D)| 274 0 260 0 24 08 15 3 7 4 605 9,500 30 — — _ | _— 1 4.7 — - 43 4 Maidzuru | 
Kamikaze cl. (D)| 234 0 227 0 21 6} | 18 3 6 3 405 6,000 29 _ i— 113 _ 43 2 Various .. _ 
* In this and Tables II. and III. B=battleship, B-C = battle-cruiser, 0=second-class cruiser, G=gunboat, D =torpedo-boat destroyer. 
R Fig. i. 
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. : are supposed to combine the qualities of battleships and 
CHIKUMA 


cruisers. I think our Navy ought to have the credit for 
the creation of this class. The ships of the Asama class 
are the pioneers of this typeof ships. Of course armoured 
cruisers—that is, cruisers with some armour protection— 
have long found their place in various navies, but their 
armament was mostly of the nature only sufficient to 
cope with the vessels of similar type in the other navies, 
and could not be expected to be used as our Asama class 
had been in the battle of Tsushima. 
In the Asama class four 8-in. guns constituted the main 
od armament, but in the Tsuku (Fig. 6) and Ikoma 
this was at one bound increased to four 12-in., thus 
ee making these two ships the first shige of the cruiser class 
in are to carry battleship armament. hese ships further 
_ er : mount twelve 6-in. and twelve 4.7-in. gape so that the 
ttleships of the 





























armament is not inferior to that of the 
Shikishima class. 

In the matter of armour protection, however, they have 
only 7-in. plates against 9-in. in the battleship, but as 
some of the contemporary battleships have similar 
armour tection—the Canopus (British) 6-in., the 
Duncan (British) 7-in., Kniaz Suvoroff (Russian) 74-in.— 
these ships may be said to be fairly powerful ships built 
at that time. f Eat ‘ 

a slight advance on its predecessor. It will be seen, | principally in the quality of armour-plate; thus the thick-| In the Kurama (Figs. 7 and 8) and Ibuki eight 8-in. 
therefore, that the Dreadnought is not such a unique | ness remained the same as before, and in some cases even | guns were added to the main armament, while the 
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ship as people sometimes think. The unification of | thinner plates have been used. As the increase in |Secondary armament was reduced to fourteen 4.7-in. 
cali however, is undoubtedly of a very great advan- | size, however, thicker plates will have to be used. guns. It will thus be seen that these ships carry, besides 
tage from the point of view of gun contro 


Two important improvements in the machinery during | the four 12-in. guns, double the number of the main 
It may be interesting here to note the weight of the | the period are the oer tion of turbines and oil fuel. They | @rmament of the Asama class, the total broadside fire 
broadside fire of the four classes of our bat eships, as | both enabled us to obtain greater power from a given being nearly 44 times as powerful. 

shown in the table on the preceding e :—It will be | weight of machinery, and a greater speed became thereby - 








seen from this that while the displacement of the ible. Of the six battleships mentioned above, the 1s Ratio of Broad- 
Kawachi is only about 40 per cent. Gate than that of Kashime, Katori, and Sateuma have reci ting engines, Type. Broadside Fire. | Displacement. |‘ side per Ton. 
the Shikishima, the weight of the side is double | while the other three have turbines. The former have 

that of the latter. In the ships completed 12 in. is the | an average speed of 18} knots inst 204 knots of the Ib. tons Ib, 
largest gun carried ; but since twelve is about the maxi- | latter, being a gain of 2 miles per hour, mainly due to the | Asama + 1000 | 9,700 0.180 
mum number that can be mounted in a ship at all| use of turbines. In the battleships generally oil is used _—_ “ aa eo eof 
efficiently, it will be necessary to increase the calibre | as an auxiliary to coal, and the gain thereby is therefore|"“""™* --| ; ; 

in erder to increase the power. not 80 a) jiable as if oil alone been - 





During the last ten years there has beenacorresponding! Battle-Cruisers.—The name “ battle-cruiser” is of | Thus the broadside fire of ‘the Tsukubs is just the same 
development of protection, but the improvement was comparatively recent date, and ships forming this class | as that of the Shikishima, and that of the Kurama equals 
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| 
Area of | Tons per C.B. 


Name and Type. | Immersed | Inch of 


TABLE II.—Srasiuity anp oraer Data or Various Types oF JAPANESE WARSHIPS. 


sca 


Centre of | | 
L.W.P. Longitu- Moment to! Rudder 


W.P. 








B.M. G | 
Midship Abaft ‘M. | ginal BM. Alter Trim! “Are 
\Immersion.| Below Abaft | . 
Section. | .W.l.  Midship. | Midship. | 1 In. 
aq. ft. tons ft. ft. ft. ft. ft. ft. ft.-tons . ft. 
Kashima (B).. 1905.0 62.65 12.050 12.520 27.15 18.26 3.89 | 537.0 1645.0 “$58.0 
Aki (B) oo = we| | BEAK 72.75 12.188 10.300 21.40 20.82 | 4.64 580 0 2082.5 284.0 
Kawachi(B).. .. 2230.0 78.02 11.380 | 12.490 27.71 19.15 | 5.28 657.1 2339.7 305.0 
Tsukuba (B-C) .. 1735.0 58.70 10.883 10.410 22.00 17.63 | 4.38 565.0 | 1433.0 264.0 
Kurama (B-C) ..| 1842.0 62.13 10.890 7.300 20.05 16.90 296 585.7 1651.0 262.0 
Otowa(O) .. £67.0 22.87 6.400 5.340 12.09 891 | 1.77 397.4 504 5 122.0 
Tone (©) ra ( 691.0 27.85 7.062 4.620 10.60 9.60 | 2.55 552.0 | 517.2 145.0 
Ohikuma(O). 623.0 84 67 6.670 18.215 25.06 10.73 | 2.35 882.5 834.3 174.0 
Mogami(G).. 252.0 16.81 3.886 5.870 12.15 8.71 | 216 770 0 204.7 | 77.4 
2a 218.0 11.08 3.375 4.179 13.55 9.16 | 215 138.4 450.0 47.2 
Toa .. i 77.4 9.08 0.991 1.985 0.14 20.99 18.19 581.2 78.0 IV. 22.5 
Umikaze (D). | 216.5 16.30 3.531 2.350 | 18.10 8.05 3.60 975.0 815.1 57.7 
Sakura(D) .... 136.4 10.78 2.800 2.100 | 15.04 7.20 | 2.26 834.2 159.7 50.0 
| | | { 
Fiq. 74. 
“ 9 ” / 
MOGAMI 
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that of the Kashima. Since then this type of ships began 


to find favour in other navies, and British and German 
navies have built several bastle-cruisers of great speed 
and power, while our battle-cruisers of the Kongo 
class at present under construction show still farther im- 
provement over those already completed. : 

Second-Class Cruisers.—Five second-class cruisers have 
been built during the last ten years—the O.owa, Tone 
(Figs. 9 to 11), Hirado and Yi i. The Otowa is an 
improvement on the Suma and the Akashi, while the 
Tone is another improvement over it, and approaches 
the Chitose and Kasagi in size. In the Chikuma class 
(Figs. 12 and 13) the speed was increased enormously, 
owing mainly to the greater speed of, later battleships. 
The introduction of turbines is nainly instrumental 
in enabling us to obtain the high speed. The speed 
of the Otowa is 21 knots, that of the Tone is 22 knots, 
while the three new ships made about 27 knots. __ 

It is interesting to note that the British have intro- 
duced their ‘‘ Town ” class and the Germans their Mainz 
class, each pe j the development of their own ships 
independently of others, and yet the latest examples of 
their cruisers are very similar to our Chikuma class, both 
in size and The armament is generally light in 


these cruisers, and is as follows :— 
Type. Guns. 
Otowa... ite at Two 6-in., six 4,7-in. 
Tone ..  ...  «.  Two6-in., ten 4.7-in. 
Chikuma ... Eight 6-in. 
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The Otowa and Tone have reciprocating engines, while 
the three ships of the Chikuma dam have turbines, those 
of the Chikuma and Hirado being of Curtis type, with 
two propellers, and those of the Y: i of Parsons type, 
with four screws. boilers of the Tone are of Miya- 
bara type, and those of the others express type. 

—Of late years the term “‘gunboat” has been 
used for all small warships not included in other classes, 
and consequently they vary a t deal in size and type. 
The gunboats built during the period are the Yodo, 
Mogami, Uji, Sumida, Fushimi, and Toba. Of 
these, the first two belong to what used to be formerly 
called despatch vessels, the second two are shallow- 
draught gunboats, and the last three extreme shallow- 
draught gunboats for river service. Figs. 14 to 16 illus- 
trate the Mogami, and Figs. 17 to 19 the Toba. 

The Yodo and Mogami are similar to the Chihaya, 
except that the Mogami has 2 miles per hour higher 
than the Yodo, thanks to the adoption of turbines. 
he Uji is intended for service in the shallow seas and 
deep rivers, and has a draught of water of only 7 ft. 
This class of ship is a very useful one, being adapted for 
covering the landing operations of the army, to give 
support to the army, survey of hostile shore-lines, &c., in 
war time, and for the proteetion of inhabitants abroad, and 
for showing flags in times. Her speed is 13 knots. 
The Saga is an improved Uji, and the increase of 
2 miles per hour to her speed raised the displacement 
from 635 tons to 785 tons. She attained nearly 2 miles 
more at the trial. 








The Sumida, Fushimi, and Toba (Figs. 17 to 19) 
have very shallow draught of water, being no more than 
2 ft. to 3 ft., thus enabling them to go a long distance up 
a river. They are in the main similar to the shallow- 
draught boats used on African and South American 
rivers. Formerly stern paddle-wheels were used for pro- 

ion, but now screw-propellers are generally used, a 
sort of tunnel being f at the stern to enable pro- 
pellers of a diameter in excess of the draught of water of 
the vessel to be used. The Sumida was built by Messrs. 
Jobn I. Thornycroft and Co., the Fushimi yp my 
Yarrow and Co., and the Toba in the Sasebo Dockyard. 
They are sometimes built up first, then taken to pieces 
and re-erected at the spot required. In some cases they 
are built completely up, placed in a dry dock, and towed 
out. 

Destroyers.— Destroyers have also grown in size in the 
same way as other warships, on account of higher speed 
and better sea-keeping qualities demanded. T'hus, while 
the first destroyers ranged from 200 to 300 tons in dis- 
placement, the latest ones are of 700 to 800 tons. We 
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| Tape III.—Désposition of Weights in Various Types o 


Japanese Warships. 
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| oe Fi 5 g 
Name and Type. *8 © E & e , 
Se 5 e ¢i¢ 8 3 
= = a < a & Pf Fs 
tons tons tons tons tons tons tons 
Kashima (B) .. 5920 | 4439 2449 1606 750 702 | 15,866 
Aki(B) .. -. 6764 4842 4040 2146 900 754 | 19,446 
Settsu (B) --| 7878 | 4960 | 4458 2146 1100 754 | 21,296 
Tsukuba (B-C)..| 5031 | $547 | 1719 2132 600! 663 13,692 
Kurama (B-C) ..| 6105 | 3521 | 2560 2078 | 600 781 15,595 
Otowa (C) ..| 1399 204) 199 803| 270 208 38,083 
Tone (C) -. 1778; 468 261 1059 | 300 249 4,105 
Chikuma(C) ..| 2278 439 363 1175 | 500 285 5,040 
Megami(G) ... 642 — 88 416, 125 | 128 1,389 
(G) --| 42) — 34 3= 126 90 73 785 
Toba (G) --| 1388) — 12 7 30 82 291 
Umikaze(D) ... 488, — 66 6540 96 18 1,208 
Sakura (D) ..| 2' — 40 86242 65 40 605 


| 


TABLE IV.—Division of Home and Foreign-Buiilt 
Japanese Warships. 


Number of | Number of Aggregate Displacement 
Tonnage. 








Warships. Destroyers. | 
me f | oot” fT co 
a6 a Etledl a| 24 | ad | 
2 = ie & 2 | — = 
3655| $3 |26 25 | 6 a5 $ 
3 
a 2<\ 6 \282< 6 | B= a | 2 
Launched | 
between | } } 
1893-1902 6 16 | 22 7 | 16 23) 18,074 160,363 | 178,487 
Launched | 
between 
1903-1912 18* 4 | 22 | 39t — 39 183,142 32,656 | 215,798 


* Four built at private yards. _¢ Fifteen built at private yards. 
{ 19,320 tons built at private yards. 


have at present three classes or types—small, medium, 
and large. e large size is represented by the Umikaze 
(Figs. 20 to 22) and Yamakaze, of 1150 tons displace- 
ment and 33 knots speed ; the medium ones by the Sakura 
and Tachibana, of 600 tons and 30 knots ; and the small 
ones by 35 destroyers similar to the Harusame class. 

e armament of each class is as follows :— 


Class. Guns. = ~ 
Large (Figs. 20 to 22) 2 4.7-in. ; 5 3-in. 4 
Medium at a 3 nwtes 28 = 4 
Small i an 6 3-in. = 2 


As mentioned before, during the last ten years the 
number of ships at home, both in the naval Gaouie 
and by the private firms, have increased enormously. 
Thus during the ten years prior to 1902 the warships 
built at home com three unarmoured ships and four 
destroyers ~~ 4 tons aggregated dis ment, while 


du the ten years, out of 215,798 tons, onl 
32,658 tons were built abroad, the balance being oP 4 
constructed at home. Of 183,142 tons built at home, only 
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less than 19,320 tons have to be placed to the credit of 
private enterprise. é 

Since the time when the first armoured ship was built, 
the shipyard appliances have been greatly improved, and 
the use of gantry cranes has helped in 4 great measure 
to 


whole, are more adapted for delicate work than for the 
heavier kind, and we find that to o-boats and <e- 
—— can be built very economically; but being of a 
smaller stature generally, they are handicapped when 
called upon to manipulate heavy materials. On this 
account the gantry cranes are found to be of great 
assistance. 

The mild steel used in warships is now almost en- 
tirely —- by the steel works in Kiushiu, but, of 
course, there is still considerable room for improvement. 
Besides the raw material, a number of ship-fittings, auxi- 
liary machinery, &c., are now obtainable from private 
makers at home ; and as to the making of steel castings, 
a wonderful stride has been made during the past few 
years. 





THE CHEMICAL AND MECHANICAL RELA- 
TIONS OF IRON, TUNGSTEN, NICKEL, 
AND CARBON. 


The Chemical and Mechanical Relations of Iron, Tungsten, 
and Carbon, and of Iron, Nickel, and Carbon.* 


By J. O. Arnoitp, D.Met., F.R.S., Professor of Metal- 
lurgy in the University of Sheffield, and A. A. Reap, 
M. Met. F.1L.C., of Cardiff, Professor of Metallurgy 


in the University of Wales. 


TUNGSTEN PoRTION OF THE RESEARCH. 
INTRODUCTION. 


In 1878 Dr. Miillert obtained, by dissolving Bessemer 
steel in the cold with a 17 per cent. solution of sulphuric 
acid, residues which he called ‘‘amorphous iron,” con- 
taining from about 6 to 7.5 per cent. of carbon, and to 
this residue he assigned the formula Fe,C ; but he only 
obtained in these experiments about 47 per cent. of the 
total carbon present in the steel, the remainder obviously 
being evolved as hydrocarbons. 

In 1885 Sir Frederick Abel and Mr. Deering} pre- 
sented to the Institution of Mechanical Engineers their 
final report on a research (subsidised by the Institution) 
as to the exact form in which carbon existed in steel. 
The results of this research constitute for all time one 
of the great foundation stones of the scientific metallurgy 
of steel. Also in 1885 Osmond and Werth,§ by submit- 
ting bars of steel to electrolysis in hydrochloric acid and 
examining the residue microscopically and chemically, 
identified the carbide of iron yy ye! obtained 
by Miiller and Abel, isolating it in the form of brilliant 
magnetic plates. Abel, working on thin discs (45 in. 
thick) of Sheffield hammered and rolled blister steel, 
containing about 1 per cent. of carbon, obtained as much 
as 96 per cent. of the total carbon as Fe,C. He also 
proved that discs quenched from # red heat then con- 
tained only about 1 per cent. of Fe,C; but when 
tempered to a straw colour (say 235 deg. Cent.) contain- 
ing about 35.5 per cent. of the total carbon as Fe,C, and 
when tempered to a blue colour (say 295 deg. Cent.) 
they yielded about 42.5 per cent. of the total carbon as 


G3. 


SUMMARY OF THE AUTHORS’ PREviIoUS RESEARCHES. 


1. Carbide of Iron.—In the Transactions of the Chemi- 
cal Society, 1894, page 788, the authors published a 
systematic research on the carbides of pure carbon steels 
in the normal, drastically annealed, and hardened con- 
ditions. The percentages of carbon present in this series 
varied from 0.06 to 0.96 per cent. The yields of Fe,C 
(obtained by a modification of the method originally 
used by Binks and Weyl for the estimation of carbon in 
cast iron) contained from 82.1 to 98.9 per cent. of the 
total carbon present in the normal and annealed steels. 
The 82.1 per cent. yield was obtained from the 0.06 per 
cent. carbon steel, whilst the 98.9 per cent. yield was 
from the 0.96 per cent. carbon steel. The authors showed 
that the Fe,C obtained from the normal steels was a 
greyish-black powder, whilst the annealed series yielded 
the carbide in brilliant spangles which the authors iden- 
tified with the —— lamine of Sorby’s _ 
constituent ” (now called “‘ pearlite”). They also showed 
that hardened steels, whilst yielding on electrolysis 
about 50 per cent. of the total carbon present, contained 
very little carbide of iron, the carbon being isolated as 
a dark-brown hydrated o ic compound. 

The authors also showed in steel high in manganese the 
probable existence of a double carbide of iron and man- 
ganese (x Fe,C, y Mn;C). 

2 Carbide of Manganese.—In the Journal of the Iron 
and Steel Institute (No. 1, 1910, page 169 ¢¢ seq.) the 
authors published a series of experiments on the chemical 
relations of iron, manganese, and carbon. The well- 
annealed steels contained from 0.41 to 15.11 per cent. of 
manganese, and D pees on electrolysis mixtures or double 
carbides of Fe;C and Mn;C, ranging in empirical com- 
position from (C 6.8, Fe 90.99, 

(C 7.27, Fe 64.62, Mn 28.11 cent. ). 

The ———_ analysis of this series of manganese 
steels revealed facts of great scientific value. The bars, 
after being kept 36 hours at a bright-red heat, were very 


2.21 per cent.) to 


* Paper read before the Institution of Mechanical 
Engineers, Friday, March 20. 
t oo Vereines Deutscher Ingenieure, vol. xxii., 


page 350. 
~ Proceedings of the Institution of Mechanical Engi- 
neers, 1885, page 48. 

§ Annales des Mines, 1885. 


the reduction of labour. Our workmen, on the | the 





slowly cooled during about three days, to allow the two 
carbides thoroughly to segregate. It was found that a 
steel containing 0.85 per cent. of carbon and 1.16 per 
cent. of manganese yielded probably an iso 

mixture of Fe,C and Mn,C, containing 85.5 per cent. of 
total carbon, and that the microstructure showed 
= that ~ es aaa, somes, . lami- 
nated varieties of manganiferous pearlite were all present 
in juxtaposed allotrimorphic crystals, evenly distributed 
throughout the mass of the highly annealed steel. 

The microstructure of a s' which contained 1.07 per 
cent. carbon and 13.38 cent. of manganese, and from 
which 70 per cent, of the total carbon present had been 
electrolytically isolated as a true double carbide of iron 
and manganese (3 Fe;C, MnC;) showed clearly that the 
double carbide was nearly all in solid solution in the cold. 

3. Carbides of Chromiwm.—In the Journal! of the Iron 
and Steel Institute (No. 1, 1911, page 24: et seq.) the 
anthors sho that in a series of steels, all containing 
about 0.85 Py cent. of carbon, but with a chromium 
range from 0.65 to 23.7 per cent., there existed in the low- 
chromium range (cay up to 3.5 per cent.) a double carbide 
containing Fe;C and Moissan’s topaz-hard carbide Or;C 
In the middle chromium range was found a triple carbide 
containing Fe,C, Cr,;C., and Moissan’s quartz-hard carbide 
Cr,C. In the high-chromium range (15 per cent. and 
pe as disa , and a double carbide con- 
taining Fe,C and Cr,C remained. The microscopical 
results showed in the low-chromium range, with carbon 
0.64 and chromium 0.65 per cent., the presence in a single 
section of the troostitic, sorbitic, normal, and laminated, 
varieties of chromiferous pearlite, and from this steel 


(which had been slowly cooled from a bright-red heat 
during about three days) was isolated about 97 cent. 
of the total carbon present in the form of (20 Fe;O + 


Cr;C.). In the micro-section of a steel containing 
0.85 - cent. of carbon and 23.7 per cent. of chromium, 
the double carbide (2 Fe,0, 3 C) was found to be 
distributed in relief in minute bright particles scattered 
over a dull background composed of allotrimorphic 
crystals of chromiferous ferrite. 

4. Carbide of Vanadiwm.—In the Journal of the Iron 
and Steel Institute (No. 1, 1912, page 215 et seq.), the 
authors published a series of experiments made to ascer- 
tain the chemical relations of iron, vanadium, and carbon. 
The results obtained were unexpected and unique in 
character. The steels experimented upon contained car- 
bon rising with the vanadium. The carbon range was 
from 0.60 to 1.10 per cent.; the vanadium range from 0.71 
to 13.45 per cent. Up to about 5 per cent. vanadium 
the carbides obtained were mechanical mixtures of Fe,C 
and V,C;, there being decisive micrographic evidence 
that there was no double carbide formed. The Fe,C 
was sharply segregated and unassociated molecularly with 
the V,C;. Above 5 per cent. of vanadium, carbide of 
iron ceased to exist, being replaced by the vanadium 
carbide V,C;. In most cases within the errors of analysis 
the whole of the carbon present was contained in the 
mixed carbides or in the vanadium carbide per se. The 
micrographic analysis revealed the presence of three 
new constituents—namely, vanadium perlite, vanadium 
cementite (resulting from the ~ oa of the V,C; 
in the vanadium rome Oe and vanadium hardenite 
formed on quenching from about 1400 deg. Cent. (2552 deg. 
Fahr.) and having a hardness about that of topaz. The 
most remarkable and significant ob:ervation made was 
that in high vanadium steels, Ar,, the carbon change- 
point was at least 500 deg. Cent. above Aro, and that all 
along the “8” range of temperature—that 1s, from about 
825 deg. Cent. (1517 deg. Fahr.) to about 1350 deg. Cent. 
(2462 leg. Fahr.)—the steel when suddenly quenched 
remained quite soft, although over 1 per cent. of carbon 
was present. Vanadium lite does not present the 
laminated variety, but only the troostitic and sorbitic 
forms, whieh on very slow cooling decompose into 
vanadium cementite, which presents itself as small 

lobules on a sectional ground mass of vanadiferous 
errite. 





Tue Present Resgarcu. 


The authors, in presenting the present paper deali 
with the carbides of tungsten and nickel, wish, on behalf 
of their respective universities, sincerely to thank the 
Institution for their generous grant in aid of the work, 
the importance of which may not at first sight be quite 
realised by engineers. e authors would therefore 
again recall the fact that the Institution of Mechanical 
Engineers enabled Abel and Deeri: to lay for the benefit 
of steel metallurgy, and hence for the ultimate benefit of 

ngineers, that great scientific corner-stone called car- 
bide of iron. The authors would suggest with diffidence 
that all great advances in mechanical engineering have 
been ed by an advance in steel metallurgy ; for 
example, a complete scientific knowledge of that remark- 
able alloy called bigh-speed steel cannot be obtained 
until the manner in which carbides exist and behave 
therein is elucidated by researches such as those the 
authors have been carrying out for many years, and of 
which the present investigation is not the least important, 
since it deals with tungsten, the basis element of high- 
speed steel, and also with nickel, a vital component of 
many structural steels. 


CARBIDE OF TUNGSTEN. 


Bibliography and Summary of the Work of Previous 
Investigators. 


Moissan,* by heating tungsten with an excess of carbon 
in the electric furnace, obtained a definite carbide corre- 
sponding to the formula W, C. This carbide, he states, 
has an iron-grey colour, and is also very hard, marking 
corundum with ease. 





* “The Electric Furnace,” 1904, page 160. 





Williams* has shown the presence of a definite carbide, 
having the formula W C, in the mass obtained by heating 
@ mixture of petroleum coke, tungstic acid, and iron in 
the electric furnace. Ina later papert he also describes 
a double carbide of iron and tungsten 2 Fe,C, 3 W,C. 

Carnot and Goutalt obtained from two steels with 2 
per cent. of carbon and 6 and 7.8 per cent. of tungsten, a 
double carbide of iron and tungsten Fe,C, WC. They 
also found that when a steel with 6 per cent. of tungsten 
and from 0.4 to 0.6 per cent. of carbon is treated with dilute 
hydrochloric acid a metalic residue is left, having the 
formula Fe,W. 

Hadfield§ pre a number of alloys of iron and 
tungsten containing from 0.1 to 16.18 per cent. of tungsten 
and from 0.13 to. 0.78 per cent. of carbon. The results 
obtained from this series make a very complete record of 
the properties of tungsten steel. 

Guillet|| has examined microscopically two series of 
a steels as forged, and has also determined their 
mechanical properties. 

The constitution, the effect of annealing, and the 
mechanical properties of the two series of tungsten steels 











are described by him as follows :— 
Constitution. 
Group. | Microstructure. anes _ aaa + pe 
: | ae | este <3 | fees<e 
_ Annealing slightly softens all tungsten steels and 


furthers the formation of grains of carbide. 

Mechanical Properties.—In the pearlite steels, as the 
percentage of tungsten increases the tensile strength and 
elastic limit are raised, while the elongation, reduction of 
area, and resistance to shock are diminished. There is a 
somewhat rapid increase in hardness as the percentage 
of tungsten rises. 

In steels containing carbide the tensile strength and 
elastic limit vary but little with the percentage of tung- 
sten ; if my pee ag A diminish. An increase in the 
percentage of carbon, however, raises the tensile strength 
and elastic limit, and the hardness distinctly follows the 
same law. The elongation and reduction of area are 
always low. 

wards,{, in his paper on ‘*The Function of Ohro- 
mium and Tungsten in High-Speed Tool-Steel,” gives as 
one of his conclusions the following :—Steels containing 
more than 3 per cent. of chromium and 6 per cent. of 
tungsten show a critical — beginning in each case at 
about 380 deg. Vent. (716 deg. Fahr.). is poiut is not 
the Arl change of carbon steels lowered by the presence 
of tungsten or chromium, but a change occurring in a 
carbide of tungsten, which is slowly formed at 1200 deg. 
Cent. (2192 deg. Fahr.). The formation of tungsten 
carbide is very slow in tungsten-carbon steele, but is 
accelerated by the nce of chromium. 

Swinden,** from his researches on steel with 3 per cent. 
of tungsten and varying percentages of carbon, concludes 
that the tungsten is present as a tungstide of iron, 


‘e,W. 

Hilpert and Ornstein++ have prepared some carbides of 
tungsten by acting on the powdered metal with methane 
or car monoxide. They state that the maximum 
carburisation is not reached below 1000 deg. Cent., at 
which temperature the formula W,0, is approached, but 
a mixture of methane and hydrogen rapidly converts 
tungsten into the carbide WC at 800 deg. Cent. (1472 deg. 
Fabr.). These carbides are metallic in character. 


Tue AvtHors’ Tunocsten STEers. 


Method of Manufacture.—The steels were manufactured 
in the ordinary way in the experimental steel works of 
Sheffield University by the white crucible process with 
coke fuel. The materials u were Swedish bar iron, 
charcoal, and metallic tungsten. The ingots, weighing 
about 40 lb. each, were cast into 2f-in. square moulds 
and were forged into 1-in. round 














Taste I. 

No. ot | Oar- , Tung: | Man- | Phos- | Alomi- 
Steel. | bon. | sten, | Silicon. | ganese. | phorus. Sulphur’ ‘yium, 

p.c. .C. p.c. p-c. p.c. p.c. p.c. 
1242 | 0.67 | $6.99 0.06 
1245 0.725 21.15 | 0.06 au . om 7 

. .02 . | under 

1243 | 0.78 14.96 | 0.08 or under or under orunder, 0.01 
1244 0.70 9.74 0.04 | 
1246 0.71 | 5.87 | 0.11 
1247 | 0.73 2.38 0.11 





Method of Annealing.—The 1-in. round bars were an- 
nealed (so as to segregate compactly the carbides Pe a 
b hg cr them at a temperature of about deg. 
} a (1742 deg. Fahr.) for about six hours, and then 
slowly cooling them during an additional twelve hours. 

The bars used for the electrolytic determinations of the 
carbides were # in. in diameter, and were turned out 
from the centres of the annealed 1-in. round bars. 





* Comptes Rendus, 1898, vol. cxxvi., page 1723. 

+ Ibid., 1898, vol. cxxvii., page 410. 

t lbid., 1899, vol. exxviii , pane 208. 

§ Journal of the Iron and Steel Institute, 1903, No. 2, 
page 47. Enctrerrine, September 4 and 11, 1903. 

|| Journal of the Iron and Steel Institute, 1906, No. 2, 


10. 
PT Tid., 1908, No. 2, page 132. 


** Ibid., 1909, No. 2, 293. 
+t Berichte des pt d my Chemischen Gesellschaft, 1913, 
vol. xlvi., page 1659. 





434 


ENGINEERING, 





[Marcn 27, 1914. 








Tasie II.—Tensile Tests on Annealed Bars. 














, 8 igs 3 
i g oI 3 Sus 

g ha ‘ £ Ee \¢3 13 Fracture. 
= io 7 =< » i rH és Fy 
$ FI 5 zs és 2 s7| 3< | 
a 6 & ~ a? ia Bor 

pc. | p.c. tons oe emy per) p.c. 

sq. in. | 8q. in. | 

1247 «(0.78 | 2.36 21.5 | 87.6 20.5 | 8315 | Radial, very 


| coarse. 
1246 «60.71 «45.87 26.9 39.7 20.0 34.7 Coarse granu- 


14.0 22.1 Radial, very 
close, but 


dark. 
25.0 43.3 Rarlial, dark 
| and rather 

| coarse. 
20.5 | 39.2 | Close, dark, 
| and faintly 


1244 0.70 9.74 40.2 56.3 
1243 «(0.738 (14.96 ? 44.0 
1245 0.73 21.15 25.6 46.6 


radial. 
9.0 | 11.4) Very close, 
dark and 

radial. 


1242 0.67 | 26.29 ? 49.4 


U 





“Chemical Analysis. sa The chemical compositions of 
authors’ series are embodied in Table I. The analyses of 





Sa steels were made on the last turnings from the carbide 


Mechanical Tests. Static Results—The tensile test- 
pieces were turned from the annealed 1-in. round bars to 
2-in. parallel and 0.564 in. in diameter, or } sq. in. in area. 
The figures registered on a 50-ton Buckton single-lever 
machine are embodied in Table IT. 


Tanie II1.—Alternating Stress-Strain Tests on Annealed 
Bars. 


| Alternations Endured. 
Steel No. Carbon. Tungsten.) . 


| First Test. |Second Test.) Mean. 








per cent. | per cent. | 
2.36 


authors, and already referred to. The bars, 0.375 in. in 
diameter, were connected with the positive pole of an 
accumulator and immersed to a depth of 2 in. in a large 
beaker containing 700 cubic cm. of dilute hydrochloric 
acid, the cathode being a platinum plate contained in a 
flat porous cell. In the circuit was an ammeter 
and a simple resistance board, which enabled the current 
to be kept approximately constant (see Fig. 1). 

At the of the time allowed for electrolysis, the 
bars were taken out and the carbide scraped and washed 
off on to a smooth fibreless filter paper. The bars, when 
all the carbide as far as possible had been collected, were 
dried and re-weighed to give the amount of metal dis- 
solved. The carbide, after being well washed, first with 
water, then with absolute alcohol, and finally with ether, 
was transferred to a weighed porcelain boat. To remove 
the last traces of alcohol, ether, &c., the carbide was 
dried at 100 deg. Cent. in a current of hydrogen, the 





quite readily with separation of carbon, on the addition 
of a few drops of s nitric acid. In the case of the 
carbide residues from the steels containing 2.36 and 5.37 
cent. of tungsten, some iron goes into solution on 
iling with hydrochloric acid. 
The analyses of tle carbides were carried out as follow:— 
The lain boat containing the dried carbide was 
weighed. About one-half of the carbide was carefully 
removed and put on one side for the determination of 
iron and tungsten. The boat was again weighed, and the 
carbon estimated by direct combustion, the carbides burn- 
ing quite readily. The remaining portion was dissolved in 
concentrated hydrochloric acid with a few drops of strong 
nitric acid, and after the necessary evaporations to dry- 
ness, the tungstic oxide was filtered off and weighed 
as WO;. The iron in the filtrate was then estimated by 
the usual volumetric process, using a standard solution of 
potassium dichromate. 


Fvg.i. ARNOLD & READS APPARATUS FOR THE ELECTROLYTIC ISOLATION OF 
CARBIDES IN STEEL. 































































































































































1247 0.73 182 | 196 189 
1246 0.71 5 87 128 114 121 
1244 0.70 9.74 96 Th 96 
1243 0.78 14.96 152 152 152 
1245 0.73 21.15 144 128 136 
1242 0.67 | 26.29 57 | 86 57 
Fig. 2. 
100 . . “ 
n5%W Si | a 
— Ney t--4-— 
o 
os 
80 . a Pp —}—_—_ 80 = 
: anch : 
I \ 
me SE Bi 
Ss) | 
1.2 | § 
60}—"*f- 4 -----4+—-+— 60 
ay? a . 
ty | | 
e RTT oti See : | 
~~ |. 
& & } ‘s ~W i 
40 + = 4 | 40 
S v 5 10 1S 20 25 
NS | Sy Percentage of Tungsten wv Steel. 
‘ | 1. ne ee hat 5 The results are given Tables V., AS end VII., 
and are shown graphically in Figs. 2, and 4, on 
S BRE be $ aul pt this page. Table v embodies the results obtained by 
20 - 4 wi a 
5 * »\) ee placing each member of the series under exactly the 
gy | ay same conditions—namely, water containing 40 per cent. 
hydrochloric acid, sp. gr. 1.07, and a current density of 
” i ks hie os 1.2 amperes per sq. in.—and shows that under this treat- 
? nORW ment, —_ the fairl ~P ——— ~ -_ = 
current density employed, carbide of iron is found wit 
°9 0 20 30 oo 10 20 30 the —— a from the _ lowest members con- 
. . taining 2.36 an per cent. of tungsten. 
(esas) Percentage of Tungsten in Steel Percertage of Tungsten in Steel In Table VI. (page 436) are set out the results which 
Tasie IV. tube in stink, the boas containing the carbide was placed —— phe hy ome Sa a and 
ng pumped out from time to time. ; A consideration of th Its indicates that in man 
sea Ne.) TIRE SMe Carbon, | tunenen, | Deertion fhe Carte Ta all the previo | oats prctcally the total amount of carton in the tee 
<eamatee — | separated by using very dilute hgdecthiesio acid and ‘ is obtained. In some cases the slightly lower results 
1247 Moderately tough “ss oa low current density, but in the case of tungsten it was are partly accounted for be alight roughness of the 
ue | Tough “s O71 5.37 necessary to increase considerably both the strength of bare, which prevented the last traces of carbide being 
1944 | Very tough a7 1278 the — and ~ _current density. Under these condi- TasLe V. 
ay . : : : 
1245 | Very tough, slightly hard § =90.78 =| 21.15 sine of ie by AF Seloae | 2 
1242 | Very tough, slightly hard 0.67 =| = (26.29 chloric acid solution ; but in most cases it was quite un- | E = $s ‘ ee 
——— —-—- - ———— | necessary to test for this metal, as considerable quanti-| — g/4 ~ |on's Carbide. 
Alternating Results.—The dynamic tests were made on | ties of yellow tungstic oxide separated out from the| % gi< 2 ~ - oss 
an Arnold stress-strain machine under standard conditions | electrolyte on standing. @ig £ £\8y\2e SS 
—namely, test-bars 6 in. long and 2 in.in diameter. The} The carbides, after being washed with water, were| © 2 e | PE =e 333. 
vertical distance from the zero of stress to the plane of | treated with dilute ammonia to remove any tungstic| ¢ 3 éE E | £3 se SEOA bon, | Iron. —- 
maximum stress was 3 in. The deflection at the zero of | oxide, then washed in succession with water, absolute| ~ 9° — " S| F 0 & ~~ bom Stem 
stress was jin. a side. The rate of alternation was 650 | aleohol, ether, and finally dried at 100 deg. Cent. in a p.c. pe. hrs pc. | pc. | pe. 
r minute. The figures registered are set forth in | current of hydrogen. 1242 0.67 26.29 14 | 6.560 1.5597 75.19 2.11 | 22.43 | 75.46 
Fable IIT. The L ? ietien The residues obtained from Nos. 1247 and 1246, con- — ry = : | can oa boop = oy ao. 
Lathe Report.— turning report is embodied in | taining 2.36 and 5.37 per cent. of t ish- | 2 7 . . 2 -67 | 11.59 | 83. 
Table IV., in which the word “ tough ” indicates the black, and also hpdvenen ic, cohan ania teemnate al tens 1246 0.70 | 9.74 14 | 8.161 |0.8656 93.08 | 6.45 | 6.98 | 87.32 
: an coal POO | 1246 0.71 | 5.37 1} | 7.808 0.6433 92.17 | 8.34 | 81.88 | 59.78 
any of the alloys to curl off in spirals. carbon, and from Nos. 1244, 1243, 1245 and 1242, contain-| j947 0.73 2.36 if 6.882 |0.3830' 89.95 | 15.69 | 48.46 | 35.85 
ethod and Treatment used for Separating the Carbides. | ing 9.74, 14.96, 21.15, and 26.29 per cent. of tungsten, : ae 


—The following account gives a general ry of the | sla’ 


method used for i 


the carbides, full details of 
which will be found in 


papers published by the 


te-grey in colour. 
All these carbide residues are practically insoluble in 
boiling concentrated hydrochloric acid, but they dissolve 








recovered. The results given in Table VI. show that in 
the steel sontaining 0.7 per cent. of carbon and 9.74 per 
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cent. of tungsten, nearly the whole of the iron carbide 
has disappeared, being replaced by a carbide of tungsten 
pr ae om closely to the formula WC, which theo- 
retically should contain turgsten 93.88 per cent. and 
carbon 6.12 per cent. The curves plotted in Figs. 2, 3, 
and 4 strongly suggest that with about 114 per cent. of 
tungsten present Fe,C cannot exist. Curiously enough, 
this percentage corresponds to the low tungsten limit for 
modern high-speed steels. The high carbon in the carbide 
residues from the two steels containing 5.37 and 2.36 per 





cent. of tungsten is doubtless due to the carbide of 





will be noted that as the tungsten rises the carbon falls 1242, with 21.15 and 26.29 per cent. of tungsten, a much 
and the iron rises. This fall in carbon, the reappearance | larger amount, of Fe.W accompanies the carbide WC. 
of iron in the carbide residue, and the remarkable increase | Numerous experiments with various reagents were made 
in the weight of the residue yielded, at once led the | to try and se te this tungstide of iron from the car- 
authors to suspect the presence with the carbide of | bide, but without success. The results obtained by in- 
tungsten of a stable tungstide of iron. This opinion was | creasing either the strength of the hydrochloric acid or 
contirmed when it was found that in the residues obtained | the current density are given in Table VII., page 436, 
from the steels containing 21.15 and 26.29 per cent. of | and show that the only effect is to reduce the percentage 
tungsten, if the amount of tungsten necessary to combine | of total carbon obtained in the residue, without altering 
with the carbon to form W C be calculated, and the | the composition of the latter. 








tungsten remaining over that amount be allotted to the The Effect of Tungstides of Iron in Practical Steel 
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Fie. 8.—Carbon, 0.7; tungsten, 9.74 per cent. Dark spots FesC. 


Etched with sodiun: 
picrate. Forged and annealed. 
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Fie. 5.—Carbon, 0.73 ; tungsten, 14.96 per cent. Etched with picric acid. Quenched from 
860 deg. C. (1580 F.) tungsten pearlite beginning its transformation to tungsten hardenite 
(light areas). 
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Fic. 10.—Carbon, 0.78 ; tungsten, 21.15 per cent. Dark spots and meshes WC. 








Fie. 7.—Carbon, 0.71 ; tungsten, 5.37 per cent. 


Magnification = 320 diameters, Figs. 5 to 11. 


tungsten present being electro-negative to the carbide 
of iron in the somewhat powerful electrolyte oupiege, 
and this leads to the decomposition of some of the Fe,O 
by a secondary galvanic action within the mass, the less 
electro-negative iron carbide being partially decomposed, 
forming ferrous chloride and precipitating free carbon. 
A similar action was recorded in a paper on the 
‘* Influence of Carbon on Iron,” read before the Institu- 
tion of Civil Engineers in December, 1895, when the 
authors pointed out that in a pure normal steel containing 
0.89 per cent. of carbon, in which the carbide of iron 
existed as the B carbide precipitated from solution at a 
temperature of 695 deg. Cent. (1282 deg. Fahr.), 95.5 per 
cent. of the total carbon was obtained on electrolysis as 
Fe,C. But ina pure normal carbon steel containing 1.47 
per cent. C only about 22 per cent. of the total carbon was 
obtained as Fe,0 and about 80 per cent. as free carbon. 
This was due to the fact that this steel necessarily con- 
tained about 7 per cent. of the A carbide of iron—that is, 
cementite a from 900 deg. Cent. (1652 deg. 
Fahr.)—and that this carbide is electro-negative to the 
— carbide precipitated at 695 deg. Cent. (1282 deg. 

ahr.), and, hence, owing to a Se action, 
decom: the electro-positive B carbide into ferrous 
chloride and free carbon. The carbide obtained hence 
corresponded approximately to the electro - negative 
cementite or A carbide. Passing on to the steels con- 
taining 14.96, 21.15, and 26.29 per cent. of tungsten, it 


iron, the atomic proportion 
of iron to tungsten thus 
obtained agrees approxi- 
mately, as will be seen in 
the following table, with 
the formula Fe,W, a com- 

und which Behrens and 

unge* have recorded as 
being present in ferro-tungstens :— 





si sul mate A =< = 


Fie, 11.—Carbon, 0.67 ; tungsten, 26.29 per cent. Dark areas and streaks WO. 


Metallurgy. — In crucible steel-melting operations at 


| Sheffield University, having for their object the prepara- 
Ratio. tion of ferro-tungsten, the existence of tungstide of iron 
. raised difficulties on account of its high specific gravity, 
No. of Steel. | ° . =" 
Atoms Iron. Atoms Tungsten. which rendered the preparation of a homogeneous alloy 
almost impossible in the crucible. 
{ 2.08 1.00 In making very pure 40 to 50 per cent. ferro-tungsten, 
1242 ; 1.98 1.00 from me ic tungsten and Swedish bar iron, there is 
\ 1.72 1.00 | always a fluid portion which teems easily, and a liquated 
f 1.97 1.00 | portion at the bottom of the crucible which it is almost 
1245 1.74 1.00 impossible to pour owing to its higher freezing point. It 
\ 1.72 1.00 | remains in the crucible in a pasty condition, and when 
— — - cold is drilled with difficulty by a special drill, which 
Mean 1.86 1.00 | easily drills the hardest chilled white iron. Therefore its 
' hardness approximates to that of felspar—namely, 6 on 
It would appear, then, that in the residues obtained Méh’s mineral scale. An example of this phenomenon is 


from No. 1243, containing 14.96 per cent. of tungsten, an 
appreciable quantity, and in the case of Nos. 1245 and 


| * Journal of the Chemical Society, 1894, A 11, page 452. 


ag in the following figures. The fluid and relatively 
ow freezing-point alloy contained 38.2 per cent. tung- 
sten and weighed 144 lb. The higher freezing-point 
metal, which would not pour, contained 52.3 per cent. 














































































































436 ENGINEERING. [Marcu 27, 1914. 
TABLE VI. 
} Volts we ovat | ANALYsis oF CARBIDB. Tugory. 
No. at Hydrochloric 'Grammes| Weight 
in Corresponding to the Formula 
ee Density. Torest- | Acid, | acid, | Dizecived. Resides, | Obteined Obtained > a E 
| — with Dry _ with Dry | 
} Residue. Residue. Carbon. Iron. Tungsten. |Carbon. Iron. Tungsten. 
\per cent percent | amp. 8p. gr. \per cent|hours | per cent per cent per cent. |per cent = per cent. 
| p. ‘ | 
1242 0.67 26.29 1.39 |1.9to02.0 1.085| 50 1 6.419 1.4947 63.11 75.26 224 | 24.21 | 73.55 WwW. 7. 
1es2 | 0.67 2 | 112 19t0201070/ 40 | 1 6.560 | 1.5507 | 9815 | 7519 | 211 | 2243 | 75.46 WO + FoW | 244 | 22.76) 74.76 
1245 0.725 21,15 1.39 2.0to 2.5 1.085 1 A le A . . re . 7, 
1245 072 61-15 | «L28 BOtORS 1.070) 40 | If | ZBI | 1.5864 5.54 | 7a | 58 | 1902 zt 100 + Oye 207 ye od Wiatoons 
143 0.73 «= 14.96 = .81_—|L.8 to 2.0 1.085 1 4 : . z 4 ' ‘ 
143 0.73 14.06 | Lat |LBtozo Loss| Go | 1f | gore | oro | gos | soz | 67 | a5 | Seis ae ee 
244 | 0.70 9.74 | 183 |L8tolé 1. 4 2 : . . . . ’ 1s | ase| on 
14 | 0.70 9.74 | 0.98 |L8tol4 1.070| 40 | 2 8742 | 0.9248 | 94.73 94.85 | 642 4.90 pos . Boo 9 mee ao 6.15 | 4.80) 89.55 
1246S (O71 5.37 | 1.238 \1.0to 1.2) 1.055 3006d|}|lCU6WaAR 9.063 0.7223 89.17 95.87 8.91 28.07 63 02 ’ | 
1246 | 0.71 5.37 | 0.84 |LOto1.2 1.055, 30 | 2 7.105 | 0.6884 89.96 | 9668 873 20.85 | 61.42) meet. cS * eee ee = a 
wser| om | ase | use Lito1.2 1.065; 39 | 12 | 7.664 | 0.6098 85.20 | 9289 1413 | 52.90 8297 MOR ns .. has A RS Se 
147 0.73 2.36 | 102 Litol? 1.056, 30 | 2 7.570 | 0.4463 79.79 | 97.32 1470 | 51.69 33.61 2WO + 11 Fes. | eal ee! Bias 
| Jat i ne , Ps 
The mean of all the results trom 1242 (see Table Vv IL. ) Carbon = 2.30; . tron = = 22.96; tungsten = = 74.74 per cent. 
TABLE VII. — (Steel No. 1242, containing C 0.67, W 26.29 per 
cent. 
| Me taki |) dubia ee serem 
| ; ‘o' ysis 0} e. o evident t in some ts the réle o' 
> H |Oarbon | Tung a on olte at ae ee — ae a ; aa. t in steel somewhat resembles that of vanadium, 
Steel | sten. nsity. /Terminals. Acid, |Dissolved. Pesidue with Dry ech — | but its action is much less marked. Its points of resem- 
Resid Carbon.' Iron. |Tungsten. —. are :— 
| -——| re: ape — = | talem rs . It forms no double carbide. 
|per cent per cent) amperes sp. gr. |per cent hrs. | per | per cent. - It entirely displaces Fe,( ; but whilst vanadium 
| per sq. in. cent. | cent. | effects this displacement when only about 5 per cent. 
142 | 0.67 | 26.29 118 |18to22| 1.100 | 60 1 6.572 1.0478 58.08 2.50 | 22.21 | 75.29 vanadium is present, it requires about 11 per cent. of 
1242 | | 26.29 1,39 1.8 to 2.2 _ pon 50 1 6.419 1.4947 76.26 2.24 24.21 | 73.55 ngsten to letel: pel th bid f ( 
1242 | 0.67 26.29 | 1.90 | 1.8 to 22 50 300 0.8424 56.24 2.37 | 23.09 | 74.54 comp: 434). e carbide of iron (see 
1242 0.67 | 26,29 | L112 |W8vo2e L070 | 40 | 4 6.560 | 1.5597 75.19 | 2.11 | 22.43 | 75.46 Figs 3 2, 3 and 4, page 
| High tungsten A» the segregation of the 
——— carbide of tungsten in sorbitic tungsten pearlite into 
tungsten, and weighed 13 lb. The composition of the! Tasux VIII. tungsten cementite, just as high vanadium hastens the 
higher prance os point metal (as pointed out by Swinden segregation of the V,C; of sorbitic vanadium pearlite 
in his paper tay | referred to) approximates to Fe,W. \ into vanadium cementite. 
ane unavoidable —T renders it impossible for a ste ; ae File-Test The ts of difference are :— 
bar of high-speed steel (made, say, from a 2-ton ingot) - Pen Carbon. See | aeons (a) Vanadium lite (like iron pearlite) transforms 
coke homogeneous. The tungsten at the bottom of the tures. ; with a marked thermal abruptness (say, over an ampli- 
ingot is aleupe distinctly higher than that at the top, and | ——|__ a ) tude of a few di ) into vanadium hardenite at about 
the higher the tungsten the more pronounced is the differ- | per cent. | per cent. | deg. cent. ‘ 1400 deg. Oent. 2 deg. Fahr.), but the transformation 
ence between the top and the bottom of the bar. 1243 | 14.96 0.70 860 Filed easily of tungsten mane ite into tungsten hardenite spreads over 
The Miorographic Analysis of the Tungsten Steels.— = | oe a i * aot a ‘abe filea | *2@ Very wide amplitude of, say, 300 deg. Cent. before 
The examination of the sbove series has revealed the| {513 | }i7? 4 1000 a completion. 
presence of three new constituents : (c) tungsten = ee >| 1943 14.96 0.70 1100 Would not file aw The authors above obtained no experimental evidence 
(b) tungsten cementite ; and (¢) tungsten hardeni 1245| 21.15 | 0.78 1100 | Ditto that tungsten, like vanadium, is capable of forming 
Tungsten Pearlite. —This constituent seems to a 1243 | 14.96 0.70 1190 | Very hard, stripped file | tungsten troostitic pearlite. 
only the sorbitic bog nd of pearlite — namely, finely | 1245 | 21.15 073 | 1190 | Ditto (c) The ultimate counts of the ympremnpinr we of tung- 


gui or minutely laminated. As in case of | 
vanadium pearlite, the authors have not yet a able to | 
determine exactly the carbon saturation poin 

Tungsten Cementite.—This has been Steined on anneal- 
ing the high tungsten alloys in nodules resembling iron 
cementite, as the result of the segregation of the WC 
of sorbitic tungsten lite. 

Tungsten Hardenite. — This constituent forms from 
tungsten pearlite anny oy and slowly, the transfor- 
mation es about 850 deg. Cent. (1 62 deg. — . 
oppece 'y being completed at —— 1150 deg. Cen 
(2102 des. "rabr.). ). The beginni this Guastipuaiien 
is shown in photomicrograph, . 5, page 435. This | 
steel is No. 1243, captains 14.96 per cent. of tungsten 
and 0.73 per cent. of carbon. It was quenched in cold 





water from 860 deg. Cent. (1580 deg. Fabr.). The mass 
of steel employed was § in. in — agp + in. thick. 
The sorbitic pearlite is commenci from a 
series of centres to pale tungsten is section 


we etched for 30 seconds in ke poe of picric | 
aci 
A somewhat crude, but nevertheless decisive Practical 
roof of the ive formation of tu 
rom oS amends Ryden FB ae 5 3 VI 
The above results were o by heating the steels | 
in a bath of barium chloride “aa then quenching in 


water. The temperatures were electrically adj 
read off tor easaue alo theres o-evuple pyrometer, and are | 
ome to within 10deg. Oent. The 


quenching test-p jieces 
yed were all in the form of om, & ios ta Geeaeter 
ber a! tin. thick. The facts shown oe abere table have 
been (in connection with tungsten self-hardening steels) 
known to practical men for at least twenty years, as 

evidenced by a card of instruction issued by a British 
firm in 1893, and produced in the great American high- | 
speed steel lawsuit on August 6, 1907. 


Sproat Sety-HarRpENING STL. 
Instructions for Working. 

**Must be heated very gradually ; if worked at too 
low a heat, is liable to crack. ust be heated = 
inches higher than is a “0 be ‘ 
forgi ts tol shouldbe rebanied to «reddit 

en to cool 
varying the heat from a 
wet the various tempers for all tools may be readily | wi 
obtained.” 


- =— iron, and 
th dark fon 


Fig. 12. HARDENING SEQUENCES OF A HIGH-SPEED 
STEEL CONTAINING CARBON 0-7 PER CENT, 
TUNGSTEN 18 PER CENT. & CHROMIUM 3PER CENT. 


N 
o 





Air Blast. 


(3898.0) 


blacken the cementites of iron or tungsten, leaving the 
ferrite or sorbitic tungsten pearlite, as the case might 


be, almost white. Fe. a * 

Photomicrograph, —This photogra: 
shows dark-etching iron B cementite, cater of worm- 
like masses and small nodules. (Steel No. 1247, contain- 
ing Co. na Ral W 2.36 Ph cent. ). 


Pet & 7.—The structure disclosed is 
| similar bo to ‘that o ig. 6, but the sqaay of ger ro 
learbide of 


iron present is obviously smaller 
No. 1246, containing C 0.71, W 5.37 per cent.). 
= » a E sorbic tngeren posite cis 
presents a grou 
ter | Bean dotted over with dark etching, small pa 
po tt Fig. 9. Ls W 8.74 Pere 
» 9— ex’ & 

mixture of pale etch: 


belly sanguecntferons texrite 
areas of ted tun 


Eee 
teel No. 1244, con C0.71 


ferrite a 


WO. (Steel No. 1243 1243, containing O 0.73, W 14.96 —! i 


fliabed so long ago by proctioal toct-enlthe'm eo far| "Peotomderegraph, Fig. 10.—Thia ilar 
so long ago b 80 0.— is sim 

So te outhee’ isnoutedign geen, put forward for first torte 9, but ae te Pe may oy ny uan- 
time in the present paper. (Steel No. 1245, containing C 0.73, W 21.15 per 





Micrographic grimy the Aetagts gm and Subse 
quently Electrolysed Cartnde vei o rs.—The whole of fthis| 
series of photomicrographs a "obtained from cotiane | 


etched for 15 minutes in boiling sodium picrate, so as to 


sten pearlite into tungsten hardenite are modified in high 
tungsten steels by the presence of a stable hard tungstide 
of iron, but its analogue is not presented by vanadium as 
a vanadide of iron in high vanadium steels. 

The Correlation between Quenching Temperatures in ~ 
and the Cutting Powers of High Tungsten Steels.— 
curve plotted in Fig. 12 was obtained by one of the 
authors and McWilliam some time ago, and speaks for 
itself. 

Absorption and Recalescence Curves.—The authors have 
left this branch of the research until all their carbide 
in vestigations have been completed in order to deal with 
it as a whole in a special paper. 


(To be continued.) 





Moror Coaster LaunoneD at LerrH.—Messrs. H 
thorns and Co., Leith, launched, on Thursday, the 12th 
inst., a twin-screw motor coasting vessel for Messrs. 
Elder, Dempster and Co., Liverpool. This ary Newt 
Ife, is to be used for coasting purposes on the West ib 
of Africa. Her dimensions are:—Length over all, 
140 ft. 6 in. ; breadth, moulded, 25 ft. ; depth, moulded, 
10 ft. She will be fitted with two sets of Bolinder rever- 
sible crude-oil motors of 120 brake horse-power set, 
and with = the latest improvements for the quick dis- 


changing of cargo. The Ife is the second of two duplicate 
boats which Messrs. Hawthorns are building for the same 
owners. 





Sutenur Deposits 1n Norway.—A concession has 
— been granted to the pty x wey a .— 
or carrying on mining on lang eninsula, Ofoten 
Sense brent of ae re | naa in that locality 
some twenty years egrees surveys were 
undertaken, uhanbelion and - tal work started. 
capital being f forthcomi orway, German finan- 
2d pena in venture, = the experi- 
mental wor e encouraging ts, @ com 
with a capital of 2,000,000 kr., Sienee boon teawel is 
ore in question is rather poor, containing only some 33 
per cont sul pow Bee 1 per cent. copper, so that both 
washery will have to be installed, which 
celine eke et, diture ; but the deposits are so 
same are considered encourag- 
ted at between 
000 kr. and at kr., to which comes the cost me 


power for the crushing-mill, which 
obtain itation of the Borevand Falla, the 
lation of ohne at will be taken in hand, as permission 


po cay 


ing. 





Photos Fig. 11.—This is similar to photo- 
Fee 9 and 10, but the tu tite 
{WO} ngsten cemen 


segregated in distinctly larger quantities and 


ted. The wor 
sale _ 


concession holds for fifty-five years, after which time the 
mines go to the State without any compensation. 
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THE SOLIDIFICATION OF METALS. 


First Report to the Betlby Prize Committee of the Institute 
of Metals on the Solidification of Metals from the Liquid 
State. 


By Ceom H. Descu, D.Sc., Ph.D., Graham Young 
turer in Metallurgical Chemistry in the University 
of Glasgow. 


THE present investigation is the outcome of a suggestion 
made by Dr. G. T. Beilby in the May lecture of this 
Institute for 1911,+ and more fully particularised by him 
in a paper communicated at the autumn meeting of the 
Institute in 1912. According to an hypothesis first pro- 
posed by Professor G- Quincke,§ the first step in the 
process of crystallisation is the separation of the liquid 
into two immiscible liquid phases, one of which is formed 
in relatively very small quantity. This ‘‘oily” liquid 
arranges itself in a manner frequently observed in im- 
miscible oils and aqueous solutions, to form the walls of 
‘*foam-cells ” (Schaumkdmmer) filled with the liquid which 
is present in greater quantity. The arrangement of the 
crystalline particles when actual solidification takes 
lace is then determined by the presence, dimensions, and 
orm of the foam-cells. : , 

In his second paper Dr. Beilby stated that it was not 
intended that the inquiry should be restricted to an 
attempt to prove or disprove this hypothesis, but that it 
should embrace the general oy of the earlier steps in 
crystallisation, both from the liquid and from the solid 
state, together with the practical aspects of the question 
in relation to foundry practice. 

Following a precedent set by the reports to the Cor- 


rosion Commition of this Institute, a first report is now 
mted summarising briefly the present extent of our 
postaiee on a part of this cations. — 1 giving references 
e bi 


to the original publications. lography is not 











exhaustive, but the attempt has been made to include, 
as far as ible, the more important original contribu- 
tions to the study of crystallisation from this point of 
view. Considerable difficulty has been experienced in 
searching the literature for relevant memoirs, as these are 
scattered through chemical, metallurgical, geological, and 
fay oa publications, and important facts are sometimes 
to be found in memoirs, the titles of which would not lead 
the searcher to suspect their contents. In all cases the 
original publication has been consulted, in order to avoid 
errors from quotation at second hand. 

The subject of the formation of crystalline aggregates, 
such as present themselves in metals, receives little atten- 
tion in text-books of Y= The geometrical 
study of crystals, and the theory of the possible modes 
of regular partitioning of a by means of which the 
symmetry of crystal classes has been accounted for, have 
been brought to a very high degree of perfection, and 
other aspects of the subject have been neglected in com- 
parison. The most perfect crystals are of the | ome 
value to the crystallographer, and the unequal develop- 
ment of different faces receives only a general treatment 
from the geometrical point of view, although much 
interesting work has been published in recent years, 
dealing with the influence of the conditions of growth on 
cry: ine habit.) Such researches, however, refer 
mainly to comparatively small deviations from the normal 
form, and distorted, branched, and dendritic forms, which 

resent themselves so frequently in metals, have hardly 
boon examined from the point of view of the crystallo- 
— The best modern text-book of crystallography 
oes not mention the words “crystallite” or “crystal 
skeleton.” ie 

A large number of investigations of a qualitative 
character, dealing with such structures, is, however, in 
existence, but has not been taken into account in the 
compilation of works of reference. An exception should 





* Submitted to the Institute of Metals, March 18, 1914. 

+ Journal of the Institute of Metals, No. 2, 1911, 
vol. Pe 16. Encringgerine, May 19, 1911. 

t Ibid., No. 2, 1912, vol. viii., page 186. ENGINEERING, 
September 27, 1912. i 

§ Detailed references to Quincke’s papers are given 
later. The application of the hypothesis to metals has 
been summarised in Internati Zeitschrift fiir Metallo- 
graphic, 1913, vol. iv., pages 23, 79, and 303. 

See, for example, P. Gaubert, Recherches Récentes 

sur le Facics de Cristaux. Paris, 1911. 












be made in respect of the works of Professor O. Lehmann, * 
which are an almost inexhaustible store-house of infor- 
mation relating to the internal structure of bodies. 

The mechanism of the process of solidification in rela- 
tion to the resulting structure has also attracted the 
attention of numerous recent workers in petrography, in 
the course of studies of the formation of i igneous rocks. 
From a physico-chemical point of view, the solidifica- 
tion of metals and alloys is essentially similar to that of 
igneous rocks, the differences in the resulting structures 
being sufficiently accounted for by the much greater 
viscosity of the latter, and possibly also by the smaller 
power of orientation at high temperatures by 
silicates in comparison with metals. 

The present summary is divided into the following 
sections :— 

1. The cellular structure of metals. 

2. Crystallisation from centres and the formation of 
crystallites or crystal skeletons. 

3. Foam-structures and Quincke’s hypothesis. 

. Cellular structures in cooling liquids. 
. Liquid crystals. 
. The influence of surface tension. 
. Undercooling and the existence of a metastable limit. 
Changes of volume on solidification. 
. The thrust exerted by growing crystals. 

A few photomicrographs have been added for the pur- 
pose of illustrating certain points mentioned in the 
report, but the new experimental material is reserved for 
a later occasion. The report therefore concludes with an 
outline of the experimental work undertaken or proposed 
_ = pes of testing the hypotheses which are here 

escribed. 


1. Tae CeLtuLar Structure or MeErats. 


The granular structure of metals must have been more 
or less vaguely recognised from an early period, from the 


CoONooey 


Fig.2. 


(3894 8) 


examination of fractured surfaces. Their crystalline 
character was determined microscopically by Hooke in 
the seventeenth century,t whilst Réaumur, from obser- 
vations of the fractured surfaces of iron and steel, arrived 
at a distinct conception of the internal polyhedral 
arrangement of the metal.t Modern advances in this 
direction have been made, with few exceptions, by 
employing the method of etching polished sections, first 
introduced in 1864 by Sorby, who had previously applied 
similar methods with success to the examination of rocks 
and meteorites.§ The subsequent development of micro- 
scopical metallography is described in the text-books of 
the subject. Even the earliest records of the appearance 
of micro-sections prepared by Sorby’s method notice the 
division of most metals into cells or crystal grains. 
Attempts have been made on various occasions to dis- 
tinguish between cells of a first, second, and third order. 
For example, in a now familiar memoir on the cellular 
structure of iron and steel, Osmond and Werth| dis- 
tinguished simple cells, bounded Lf carbide, and larger 
compound cells, composed of dendritic crystals, in an 
ingot of high-carbon steel. They also laid stress on the 
importance of intercellular materials, or ‘‘ cements,” in 
modifying the properties of the metal. The cellular 
structure of a variety of metals and alloys was examined 
from this point of view by Behrens,’ by Arnold and 
Jefferson,** and by Osmond and Roberts-Austen, ++ both 
of the latter investigations dealing with alloys of gold, in 
which the effect of small quantities of impurity is very 
clearly marked. Andrews, in astudy of wrought iron, dis- 
tinguished primary, secondary, and tertiary crystals, 


* Molekularphystk, two v 
Krystalle, Leipzig, 1904; D 
Krystalle, Liopeig, 1911. 

+ R. Hooke, Micrographia, London, 1665. 

tR. A. F. de Réaumur, L’Art de Convertir le Fer 
Forgé en Acier, Paris, 1722. 

§ H.C. Sorby, British Association Report, 1864, vol. ii., 


ls., Leipzig, 1888; Fliissige 
ie neue Welt der Fliissigen 


page 189. 

|| F. Osmond and J. Werth, Annales des Mines, 1885 
(viii. vol. viii., page 1. 

{ H. Behrens, Das mtkroskopische Gefiige der Metalle 
und Legierwngen, Leipeig, 1894. 

** J. O. Arnold and J. Jefferson, ENGINEERING, 1896, 
vol. lxi., page 176. 

tt F. Osmond and W. C. Roberts-Austen, Phii 
Transactions, 1896, vol. clxxxvii., A., page 417 ; 
des Alliages, Paris, 1901, page 73. 


ical 
I’ Etude 


the smallest of which would now be described as etch- 
res.* It is evident from a consideration of the facts 
uded to below, and of the hypotheses which have been 
advanced for the purpose of explaining them, that more 
than one apparently cellular structure may be —— 
% much con- 


in metals under suitable ——, and 
to distinguish structures 
Such a confusion is 


fusion has arisen from a failure f 
of different orders. eT to 
be observed in the array of evidence which has bee 
brought forward in support of the foam-cell hypothesis, 
= it is also present in many other writings on the 
subject. 


2. CRYSTALLISATION FROM CENTRES AND THE 
ForMATION OF CRYSTALLITES OR CrYSTAL SKELETONS. 


The opportunities of examining isolated crystals of the 
majority of the metals are comparatively few. With the 
excepion of bismuth, the preparation of crystals of which 
by partial solidification of a molten mass is a familiar 
laboratory experiment, the metals do not readily yield 
well-defined crystals which can be separated from the 
mother-liquor. Our knowledge of the forms assumed by 
freely-growing metallic jay is therefore mainly de- 
rived from specimens found in the native state as minerals 
or from crystals accidentally obtained in the course of 
manufacturing processes. : : 

Native gold, silver, and copper, all of which crystallise 
in the regular system, frequently assume arborescent 
forms. Of these, the crystals native copper from 
the Lake Superior region have perhaps been ;studied in 
the greatest detail.+ Gctahedral crystals are rare, and the 
most usual forms are those of the tetrakis-hexahedron, 
sometimes approaching the cube and the dodecahedron. 
More interesting than the simple forms, however, are the 

hed crys produced by the grouping of simple 
crystals along the axes of the cube, or along axes corre- 
sponding with the diagonals of an octahedral face. A 























| diagram of the first type is shown in Fig.1. As the 
‘branches of such arborescent crystals frequently meet at 
a of 120 deg., the symmetry is apt to be regarded 
as he 1. The same effect is observed in polished 
and etched sections of many alloys, and intermetallic 
compounds have been described as crystallising in the 
hexagonal system, when the symmetry is actually cubic, 
on account of the presence of dendritic crystals branch- 
ing at angles of deg. or 120 deg. Native gold also 
frequently exhibits a similar pseudo-symmetry.t 

_ The earliest descriptions of artificial metallic erystal- 
lites refer to iron, and are due to a French ironmaster 
of the eighteenth century, Grignon, whose descriptions 
and drawings leave little to be desired on the score of 
accuracy.§ The specimens were obtained from cavities 
in masses of grey pig iron, which had cooled very 
slowly beneath a protecting layer of hot slag. Fig. 2 


reproduces the structure described by Grignon as typical 
a these isolated crystallites. They i evidently Ganel 


growth along the octahedral axes. Very similar, 
though simpler, forms, exhibiting branches at right 
>, ~— Nees obtained by the same author from masses 
0 


Grignon’s results have been repeatedly confirmed, and 
the microscopical examination of etched transverse sec- 
tions of similar crystallites, which are occasionally ob- 
| tained in great ection from the pipes of steel ingots, 
| has verified the accuracy of the original explanation. 

next step in advance was made by Professor 
Tchernoff.|| By examining sections of steel ingots this 
author was able to show that the mass of the ingot is 
made up of crystallites similar to those which are occa- 
sionally obtained growing freely into a ate When, 
however, there is a constant supply of liquid material, 
the development of the pri and axes is 
followed by that of axes of a higher order, until the addi- 
tion of fresh material gradually leads to the obliteration 
of the spaces between neighbouring axes of the same 


* T. Andrews, Proceedings of the Royal Society, 1895, 
vol, lviii., 59. 

+ E.8. American Journal of Science, 1886 [iii. }, 
vol. xxxii., 413. 
+E. 8. American Journal of Science, 1886 
8 Griguon, MéhoSrer de P repro- 
Physique, Paris, 1775; 
| duced by Cartaud (see footnote on page 10). 

iD. Tchernoff, Revue Universelle Mines, 1880 
Gi} vol, vii., L., page 129. Published in Russian in 1878, 
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order. The external form of the crystallite then dis- 
appears. If the metal of which it is composed be perfectly 
homogeneous, all traces of the original arrangement 
disappear, but the position of the axes is revealed by 
etching, if, as is usually the case, impurities are present 
which are rejected during growth, thus becoming segre- 
gated at the external boundary of the crystal. 

The structure of steel ingots—and by extension that of 
ingots of any other metal—may be completely accounted 
for in this way. Crystallisation first begins at the cool- 
ing surface, and the first crystallites grow dicularly 
to that surface into the mass of the liquid, becoming 

tly elongated in the direction of their principal axis. 
hus is produced the system of crystallites, ndicu- 
lar to the sides of the mould, which is so well exhibited 
when steel, brass, or (to cite an example frequently used 
in illustration of this — sulphide is cast in 
a rectangular mould. In the interior of the liquid mass, 
especially if the cooling be rapid, crystallisation ma 
begin from numerous independent centres, each of whic 
becomes the starting-point of a new crystallite, which 
may have any orientation whatever. The “ crystal 
ins ” of ordinary cast metals arise in this way, their 
undaries being produced by the mutual interference of 
neighbouring crystallites, as indicated in Fig. 3, page 437. 
he further investigation of the internal structure of 
large ingots of iron and steel has done much to elucidate 
the wth on Hand of the process of crystallisation. Here it 
must suffice to mention the memoirs of Cartaud* and 
Belaiew.+ Deep etching reveals the fact that the crystals 
of iron may tee beaten up into minute cubes, the struc- 
ture being developed with remarkable perfection in 
silico-ferrite.t Copper yields octahedra when treated in 
a similar manner. f 

One of the most interesting peculiarities of the crystal- 
lisation of metzls is their tendency to assume the form of 
branched crystallites rather than of simple crystals. A 
salt, growing slowly and freely in a solution, generally 
preserves approximately the same form during growth. 
A minute octahedron grows by the addition of solid 
material in directions parallel to each of the faces, so 
that the crystal retains the general form of an octahedron 
in spite of its increase in size. The constancy of form 
is not exact ; new faces may make their appearance, and 

others may develop very unequally, so that the crystal 
assumes a tabular or an acicular form, but elaborate 
branching is the exception. On the other hand, most 
metals only exceptionally form simple polyhedral cry- 
stals, but by preference assume the form of branched 
crystallites. 

A theory of crystallites was proposed by Vogelsang, 
who made a special study of these structures in vitreous 
rocks, such as pitchstone, in blast-furnace slags, and in 
artificial preparations.§ He observed that by cooli 
solutions of sulphur in viscous solvents minute spherica. 
or oval globules were obtained, which then united to form 
chains, and then gradually developed crystalline outlines, 
so that the typical branched crystallites were thus pro- 
duced. He therefore considered that crystallisation 
always began by the formation of spherical solid masses, 
and regarded crystallites as ‘‘embryonic crystals.” The 
view that the first s' of crystallisation is the formation 
of a globular or ‘‘ utricular ” mass, also on experi- 
ments with sulphur, had been previously suggested b 
Brame.|| It has now been disproved, as it has been shown 
by many workers that the supposed solid globules of 
— and other substances are in reality drops of 
under-cooled liquid solations, often of high viscosity. ‘] 

To decide whether the minute crystalline germ which 
first makes its a ce in a liquid has a globular form 

determined — by surface tension, or possesses a dis- 
tinct polyhed boundary, is difficult, and different 
observers have recorded conflicting experiments. The 
question has, however, been set at rest for practical pur- 
poses in rd to salts by some studies of growing 
crystals by the method of instantaneous photography. ** 

e photographs, mostly obtained from barium chloride 
and potassium iodide, show that the crystal, from the 
first moment that it is able to produce an effect on the 
photographic plate, has a perfectly definite crystalline 
outline. As is shown in a later section of this report, 
surface tension probably plays a much more important 
part in modifying the forms of metallic crystallites, not 
only in the earliest stages of growth, but also after a con- 

siderable complexity of growth has been attained. 
such salts as barium chioride, copper sulphate, or lead 
nitrate are caused to crystallise very rapidly by the addi- 
tion of alcohol, the minute crystals which are thus pro- 
duced are perfect in form from the beginning. +t 

In experiments with salts, the formation of branched 
and dendritic forms in place of simple polyhedra is usually 
the result of very rapid crystallisation, of high viscosity 
of the solution, or of the presence of ¢olloidal material in 
suspension. None of these causes will suffice to explai 
the dendritic forms assumed by metals crystallising from 
the molten state. The specimens obtained by Grignon 


* G. Cartaud, Annales des Mines, 1900 [ix.], vol. xvii., 


110. 

f N. T. Belaiew, ‘ Crystallisation, Structure, and 
he of Slowly-Cooled Steel” (Russian), St. Peters- 

rg, 1909. 

= J. E. Stead, Journal of the Iron and Steel Institute, 
1898, vol. i., 145. 

H. V , Die Krystalliten, Bonn, 1875. 
|| C. Brame, Rendus, 1853, vol. xxxvi., page 


463. 
‘| See, for example, R. Brauns’ Neues Jahrbuch fiir 


teers Beilag-Band, 1899, vol. xiii., 39. 
** T. W. Richards and E. H. Archibald, ee of 
the American Academy, 1901, vol. xxxvi., page 341. 

++ P. Gaubert, Bulletin de la Société 7 
Minéralogie 1902, vol. xxv., page 223. 
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had cooled very slowly, and the viscosity of molten metals 
is known not to be high. The mechanism of the growth 
of crystallites has, however, been satisfactorily explained, 
although the reasons why that mode of growth should 
present itself with certain substances still remain 
obscure. The principle of the explanation is mainly due 
Bo als onl i ted soluti 
Cc can y grow in a supersatura solution. 
In the case of a molten metal this is represented by liquid 
which is to a certain extent under-cooled. In the imme- 
diate a of a growing crystal there must be a 
zone of liquid which is no longer su turated, owing 
to the removal of the excess of dissolved substance. 
Further growth in this zone is impossible until its con- 
centration has been increased by diffusion or by convec- 
tion. The concentration thus depends on the rate of 
growth of the crystal and on the rate of supply of dis- 
solved material from the surrounding supersaturated 
solution. The presence of such a zone is easily observed 
in the crystallisation of salts in thin layers on a microscope 
slide, and has been confirmed in the case of crystals grow- 
ing freely in a mass of solution, by determinations of the 
refractive index. + 
The ‘‘concentration currents” which are thus set up 
are strongest where the concentration gradient is greatest, 
and this is, as a simple geometrical construction will 
show, at the sharp angles of the original crystal. Hence 


fig.4. 
Ov Ca 











growth at these angles is accelerated, and deposition of 
material there goes on with increasing velocity, resulting 
in the extension of the crystal along certain axes, having 


Yj} regular arrangement about the centre. Should the 


supersaturation fall to such a point that growth of the 
crystal can only proceed with extreme slowness, the 
ee along axes ceases on account of the tical 
isappearance of the concentration currents, and further 
deposition of material takes place in such a way that the 
— between the branches are ually filled up. 
ese two stages of growth may observed in the 
= of many salts under the microscope. 

hen the crystal is yy rotated during growth, a 
very regular | are me orm is obtained. } 

In the solidification of molten metals, each crystallite 
continues to grow until interfered with by the wth of 
another crystallite. Further solidification takes place 
between the branches, and finally, when the whole mass 
has become solid, the boundaries of the crystal grains 
are formed by mutual interference, as in Fre. 3. This 
is 4 way in Rap om = —e structure of gen 
may be accoun or. As each grain is, con- 
sidered, a crystal (of the kind termed by mineralogiats 
Pic mes mye that is, caving an external form 
1 by the interference of adjoining crystals) 
the orientation of its component icles is uniform, 
whilst the orientation varies in different crystal grains. 
This is rendered evident by etching, and the familiar 
effect of etched metals illuminated obliquely is due to 
the orientation. It has also been found possible to deter- 
mine the orientation from grain to grain determini 
the polarisation of the reflected light, this meth 
has certain advantages, but it is not applicable to 
metals which crystallise in the regular system. It has 
been applied to the study of the groupings of crystallites 
in cast zinc, antimony, and bismuth.§ 

The form and dimensions of the ered prim depend 
on the number and arrangement of the nuclei from which 
crystallisation begins. A metal solidifying in a thin 
layer, so that the nuclei may be consi to be ina 
single plane, and under such conditions that they are 
evenly distributed in that plane, will, assuming uniform 
velocity of growth in each direction, form crystal grains 
which are either quadratic or hexagonal prisms, having 
their prismatic axes perpendicular to the cooling surface. 


* Mole hystk, vol. i., page 337. 

+ H. A. Miers, Philosophical Transactions, 1903, 
vol. ccii., A, page 515. 

t De Watteville, Comptes Rendus. 1897, vol. cxxiv., 
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these the “eget Fagan mary . the more —_ 
com page , mi column). In a large mass 
metal, on the other hand, there are two modes in which 
the nuclei may be uniformly distributed—the cubic and 
the hexagonal, * and uniform growth from these as eentres 
results in the formation of crystal grains of dodecahedral 
form, all the grains being similar, but the dodecahedra 
differing in shape in accordance with the presence of the 
cubic or the hexagonal arrangement.+ 

_ The crystal grains in the interior of a slowly-cooled 
ingot of cast metal have a form which sometimes 
differs surprisingly little from that which would be 
obtained under the ideal conditions supposed above. 
Towards the outside of the ingot the shape of the grains 
diverges very widely from that of the simple dodeca- 
hedron, as the nuclei are then situated at the cooling 
surface, and elongated crystallites are almost invariably 
formed. The regularity of distribution of the nuclei in 
actual cases depends on the uniformity of temperature 
thoughout the mass, and on the absence of disturbing 
currents. Inequalities in the growth of the crystals in 
different directions also play their part in determining 
the form of the crystal grains. In the technical alloys, 
brass and bronze, the crystal grains depart very widely 
from the simple palstodenl form, and exhibit complex 
interlocking boundaries, which contribute largely to the 
strength of the metal. 

It has been assumed in the above discussion that 
crystalline growth continues until checked by actual 
contact with a neighbouring crystal. That this is the 
case has generally been assumed without discussion, but 
several investigators have been led to question its accu- 
racy. The other view which may be taken is that crystal 
growth ceases when two neighbouring crystals are still 
separated by a sensible distance—that is, by a layer of 
more than molecular thickness—so that an amorphous 
“cement” intervenes between the grains. Suchacurrent 





Fie. 6.—Foam-structure in mixture of oil and 
collodion. Magnified 5 diameters. 


must have ay of the properties of a fluid, including 
viscosity. The hypothesis of a viscous, amorphous inter- 
crystalline cement appears to have been first employed 
by Brillouin} in order to explain the behaviour of metals 
when subjected to deformation. The thickness of this 
layer would be determined by the fact, which the author 
believed to have established by experiment, that the 
molecules of a crystal are capable of exerting an influence 
which is sensible at five times the molecular distance, but 
robably insensible at eight or ten molecular distances.§ 
is hypothesis was also employed by Sears || for a 
similar purpose. It was independently reintroduced by 
Bengough{ in order to explain the change of mechanical 
roperties of metals with change of temperature, and has 
Coon adopted and elaborated by Rosenhain and his col- 
laborators,** in whose hands it has developed into a 
working theory of the mechanism of deformation at 
different temperatures. As the theory has recently 
been ably summarised and defended, with references to 
the literature of the subject,t/ it is not necessary to dis- 
cuss it further in this place. It should perhaps be 
pointed out that the well-known hypothesis of Beilby 
as to the production of an amorphous material in metals 
by mechanical déformation is_independent of any 
assumption of an intercrystalline- amorphous layer as 
existing in metals in the normal, unstrained condition. 
With the resources now available in such institutions 
as the National Physical Laboratory, it is possible to 
conduct experiments with metals at high temperatures 
from which such disturbing influences as that of oxida- 
tion are eliminated, and much light may be expected to be 
thrown on this part of the subject in the next few years. 
The growth of crystallites from centres in the manner 
described above is not restricted to pure metals or solid 





* W. Barlow, Nature, 1883, vol. xxix., page 186. 

+ W. Barlow and W. J. Pope, Transactions of the 
Chemical Society, 1907, vol. xci., page 1150. 

t M. Brillouin, Annales de Chimie et de Physique, 1898 


(vii.], vol. xiii., page 377. 
§ ibid., 1896, vol. vi., page 540. 
|| J. E. Sears, Transactions of the Cambridge Philo- 
sophical S ciety, vol. xxi., Page 105. 
G. D. Bengough, Journal of the Institute of Metals, 
No. 1, 1912, vol. vii., page 176. ENGINEERING, January 19 
and February 2, 1912. 
— w, ain and D, Fwen, ibid., No. 2, 1912, vol. viii. 
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ournal of the Iron and Steel Institute. 
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fiir Metallographie, 1913, vol. v., page 65. 








go th ees 26h SO GA AH e226 @® 


_— - 








MakcH 27, 1914.] 


ENGINEERING. 


439 








s lutions, whetber growing in a liquid of similar compo- 
sition or in a eutectic mixture. It is also characteristic 
of many eutectic alloys. Whilst the general micro- 
scopical appearance of these alloys is often strongly 
suggestive of an alternating mode of growth, there is 
now much evidence to show that the two constituents 
grow simultaneously, although usually with somewhat 
different velocities, from a centre.* The structures thus 
produced have the character of spherulites, and closely 
resemble the spherulites which are observed in the 
devitrification of glassy rocks.t A eutectic alloy has 
thus a tendency to arrange itself in masses which are 
completely analogous with, and have a similar appear- 
ance to, the crystal grains of pure metals or solid solu- 
tions. These compound grains have been termed 
**eolonies,”{ and are well seen in white iron and in 
phosphor-brunze.§ Their structure may be studied with 
facility in phosphor-copper.||) Quenching experiments 
have thrown much light on the mechanism of their 
rowth,{] especially in regard to the segregation which is 
ught about slong the line of contact of the eutectic 
with crystallites of the metal in excess. 


3 —Foam-STrRucTuRES AND Quincke’s HYPOTHESIS. 

When two — which are only partially miscible 
are shaken together, an emulsion is formed, and when 
one of the liquids is in large excess, the other may become 
distributed in such a way as to form thin -walls, 
enclosing the drops of the first liquid. Such a structure 
is known as a foam. The experiment is easily tried by 
shaking benzene with a strong solution of potash soap, 


used in place of water, actual drops, as of oil in water, 
may appear, changing to stream forms as more and more 
dilute salt solutions are employed.* The conclusion ie 
drawn from these experiments that there may be a 
surface te.sion at the contact of two solutions of the 
same salt, of different concentration, and that foams may 
therefore exist in which the cell- walls differ from the 
contents only in the concentration of the dissolved salt. 
This view is considered to be supported by an elaborate 
series of experiments on the freezing of ice.t The sma'l 
—— of salts present even in distilled water furnishes 
the “‘oily” liquid for the foam-cells, the contents of 
which are pure water. The existence of the cells is 
revealed during melting by the formation of Tyndall’s 
liquefaction figures. Repsated fractional melting and 
freezing, by eliminating dissolved impurities, increases 
the size of the foam-cells. 

Crystals generally are regarded as foam structures, 
differing only from the cells of colloids in the extreme 
minuteness of their cells.t Nevertheless, cleavage tends 
to take place along the cell-walls, so that a cleavage 
plane has the optical properties of a Japanese mirror, 
exhibiting minute rounded elevations, correspondin 
with the individual cells. This property is illustra 
by the ones of quartz, specular iron, and other 
minerals. ere three foam-walls meet one another, 
the angle between them is one of 120 deg. On the other 
hand, where a foam-wall meets a plane solid surface, the 
angle is oneof 90 deg. It follows that, during the process 
of crystallisation, angles of 120 deg. are produced if 
three foam-w 


| tions. 





amorphous layer due to mechanical deformation is not 
homogeneous, but consists of foam-tubes, warmed by 
friction and rapidly cooled by conduction, and in this 
way frequently converted into allotropic modifica- 


It would occupy too much space to enter in detail into 
the applications of this hypothesis, and reference must 
be made to Quincke’s recent paper, cited on 437. It 
is impossible to avoid the impression that the theory of 
foam-cells is made ible for too much, and that a 

t variety of essentially different structures has been 
rought under the one head. The hardening of metals, 
the formation of martensite in quenched s and some 
other metallurgical phenomena are explained in a some- 
what forced manner. Thus a steel is regarded 
as containing foam-walls of the thickness of only one-fifth 
of a light-wave, in which minute diamonds are embedded. 
It is ‘to be remarked that no quantitative test has 
been applied to the hypothesis, but that the descriptions 
and explanations of A semen lag remain purely qualita- 
tive. This defect is specially noticeable in regard to the 
question of crystals. No explanation of the geometrical 
properties of crystals, based on the L egy of foam- 
structure, has yet been given, and, indeed, it is not easy 
to see how any constant angles, other than those observed 
by Plateau in soap-films, could be uced. As it is 
soon A the ee properties of crystals which have 
most fully determined, and rest on the most firmly- 
established scientific basis, this defect must be regarded 
as & serious one. 


meet while still liquid, but angles of| Another difficulty is of s physico-chemical character. 


90 a: if one such liquid wall encounters one which has It has been proved exparimentally that a true surface 
already become solid. | 


in which the soap solution forms the walls, enclosing 
drop3 of benzene. The form of the cells is definite, and 


| tension exists between two liquids, such as water and 
corresponds with that determined by Plateau** in his 





beautiful experiments with froths, in which the cell- 
walls are of soap solution and the contents of air. A 





Fig. 7.—Cellular structure in cored a brass. Magnified 
diameters. 


foam ma. 
mechanical strength. For example, an emulsion may be 
prepared containing 99 per cent. of paraffia and only 1 por 
cent. of a 1 per cent. solution of soap. The watery liquid 
then forms very thin cell-walls,separating and enclosing the 
oil globules.++ Such an emulsion forms a stiff jelly, which 
only de-emulsifies spontaneously in the course of many 
months, if kept in a closed vessel. 

Professor Quincke has devoted much attention to the 
study of foams, using mostly solutions containing col- 
loidal substances. Having found that cellular structures 
might be produced by the cortactof two dissimilar liquids 
under a great variety of conditions,}} and that a surface 
tension could be recognised in the surface of conta%t of 
two colloidal solutions of different concentrations,§$ he 
proceeded to the study of solution free from colloidal 
material. The surface tension between ether and water 
changes with time, owing to the solution of ether by 
water, and of water by ether. Ifa thin stream of water 


Plateau’s soap solution, shaken in a flask, yields a 








froth with very regular cells, the properties of which are 
easily observed. A clear, colourless liquid, such as 


Fic. 8.—Oonvection cells in liquid spermaceti. Two-thirds 
actual size. 


y possess considerable stability, and even | benzene, when allowed to freeze in a similar flask, and 


examined by a strong transmitted light, shows a division 
into grains which recalls the structure of a foam, the 
walls of which fulfil the primary condition of meeting at 
angles of 120 deg. Dendritic forms are obtained in the 
course of melting.§ 

Passing to metals, the crystal grains are regarded as 
foam-cells, the boundaries of which are the foam-walls. 
On this view the coalescence of small grains to form 
larger ones during the process of annealing isa manifesta- 
tion of the general tendency of foams to become coarser 
in structure. Further evidence for the hypothesis is 
derived from the corrosion of the boundaries of the 
crystal grains by etching reagents, pointing toa difference 
of composition between the foam-walls and their contents, 
and from the increased volatilisation at the boundaries 
when metals are heated to a high temperature in vacuo. 
The foam structure is a complex one, as smaller foam- 
cells, indicated by etch-figures, casting-pits, and other 


flows into alcohol, the twisted stream forms which are | minor markings. 
observed indicate that a surface tension exists at the| 


contact of the two liquids, but that it becomes less as 
the alcohol and water interdiffase, vanishing when mix- 
ture is complete. If a concentrated salt solution be 





* R. Vogel, Zzitschrift fiir Anorganische Chemie, 1912, 
wol. Ixxvi., page 425. 

W. Cross, Proceedings of the Philosophical Society 
of Washington, 1891, vol. xi., page 411. 

¢ C. Banedicks, Internationwe Zeitschrift fiir Metallo- 
graphie, 1911, vol. i., page 181; W. Guertler, ibid., 1913, 
vol. iv., page 261. 

§ O. F. Hudson and E. F. Law, Journal of the Insti- 
tute of Metals, No. 1, 1910, vol. iii., page 161. 

|| C. H. Dosch, Proceedings of the peat Pailosophical 
S vciety of Glasgow, 1912, vol. xliii., page 107. 

J Uapublizhei experimants by F. E. E. Lamolough, 
communicated to Saction B of the British Association, 
Birmingham, 1913. 

** J. Plateau, Statique Ecpérimentale et Thésrique des 
Liquides. Paris, 1873. 

tt S. U. Pickering, Transactions of the Chemical 
Sysiety, 1997, vol. xc, page 2091. 
tt G. Qiinsks, Annalen der Paysik 19)23[iv.], vo’. vii., 

631 and 701. 
§ Jbid., 1902 [iv.], vol. ix., page s 793 and 969. 


Foam-cells in metals are distinguished as of the first 
class if solidification has taken place bafore the liquid 
films assumed their position of equilibrium. They tend 
to have tubular, spiral, or branched forms, whilst foam- 
cells of the second class produced in metals of lower 
viscosity, especially when the cooling is slow, approach 
more nearly to the form of the cells in a = froth. 
Crystallisation within such cells frequently results in the 
formation of —— The crystallisation of a molten 
metal takes place periodically, not continuously, as the 
mass successively falls below the freezing-point, and is 

ain warmed by the heat liberated by crystallisation. 

ven metals deposited from aqueous solutions of their 
salts are samusdalien! having a foam-cell structure. Beilby’s 

* Annalen der Physik 1902 (iv.], vol. ix., page 1. 

+ G. Quincke, sbid., 1905 [iv.], vol. xviii., page 1; Pro- 
ceedings of the Royal Society, 1905, vol. Ixxvi., A., page 
431. 

t Berichte der Deutschen Physikalischen Gesellschaft, 
1903, vol v., page 102. : 

§ G. Quincke, Proceedings of the Royal Society, 1907, 
vol, Ixxviii., A., page 69. e 

| L. Holborn and F. Henning, Sitzwngsberichte der 
Akademie, Berlin, 1902, page 936; W. Rosenhain and 





D. Ewen, loc. cit. 





alcohol, and some evidence has been produced in favour 
of the view that a similar tension exists in the surface 
separating two solutions of unequal concentraticn. This 





Fie. 9.—Rounded crystallites in alloy containing aluminium 


76 per cent., copper 24 per cent agnified 60 diameters. 

is, however, a temporary phenomenon, disappearing as 
the solutions mix; it does not represent a state of 
equilibrium. There is no reason why a liquid, originally 
homogeneous, should separate on cooling into two liquid 
phases, these two phases being misci The process 
of mixture is an irreversible one. It is, of course, possible 
for a liquid, homogeneous at a certain temperature, to 
separate into two immiscible liquid phases on cooling. 
Fig. 6, page 438, shows a structure obtained by the slow 
drying of a homogeneous mixture of collodion with a 
vegetable oil on a glass slip. As the solvent evaporates 
(a process comparable with the cooling of a hot solu- 
tion) separation into two immiscible liquids takes place, 
resulting in the formation of a very distinct foam-struc- 
ture. In the assumed cases of metals and salt solutions, 
however, the two phases can be only solutions differing 
slightly from one another in composition (in the case of 
highly - purified metals, by an infinitesimal amount), 
and there is no reason to assume that they would be 
im niscible. 

It is ible that these difficulties are not insuper- 
o he ee of some metals is such as to — 
the assumption of a foam-structure very tempting. Fig. 7 
represents a piece of cast 70 : 30 brass, in the unannealed 
condition. here is no second constituent here; but 
the a-solution, owing to imperfect equilibrium, exhibits 
coring, and the differences of composition between the 
cores and the periphery of the crystallites, as brought 
out by the action of the etching reagent, produce an 
oa which is very similar to that of an artificial 
oam. 

It is not a sufficient objection to u that Quincke’s 
experiments have dealt with colloidal substances, 
extension of the conclusions to crystalline substances 
proceeding by inference and analogy. There has been 
a marked tendency amongst chemists who deai with col- 
loids to lessen the distinction between colloidal and 
crystalline substances. us, the electrical conductivity 
of solid solutions of metals has been accounted for, at 
least qualitatively, by the hypothesis that such substances 
are not homogeneous, but are colloidal systems of a high 
— of dispersity,* and a tendency to revive this, 
older, view as to the constitution of solid solutions, 

* P. P. von Weimarn, Internationale Zeitschrift fiir 
Metallographie, 1913, vol. iii., page 65. 
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has shown itself independently.* Oal 


“yey and 
observation can decide the foam- 


icroscopical foan 
cell hypothesis, which has rendered good service in the | the 


study of amorphous, colloidal substances, may be legiti- 
mately extended to crystalline solids. 


4. CeLtuLaR Srravctrurgs in Cooiine Liquips. 


An attempt has also been made by several recent writers 
to connect the cellular structure of metals and other solids 
with a remarkable partitioning which is observed under 
certain conditions in — The earliest notice 
of a partitioning of this kind appears to be due to 
Weber, whose observations were not expected to bear in 
any way on the question of crystallisation. Weber} found 
that drops of a mixture of alcohol, gamboge. and water, 
if allowed to evaporate slowly on a glass slide, showed 
convection currents, and at a certain point the upper 
surface became divided into well-defined polygonal areas, 
which could be observed under the microscope. Weber's 
explanation of the phenomenon was incorrect; but 
Tabanan in discussing these observations, succeeded 
in ar ppm | them correctly. The upper surface of the 
liquid is cooled by evaporation, and the difference of tem- 
perature between the upper and lower surfaces then gives 
rise to convection currents, the Se ascending 
in a vertical column, spreading out radially at the top, 
and then descending. The polygonal outlines are then 
the boundaries along which descending currents meet. 
(Weber had incorrectly supposed the liquid to ascend at 
the boundaries and descend in the centre.) The currents 
are rendered visible by the suspended particles of 
gamboge. J 

The , of under-cooled sulphur obtained by evapo- 
rating a solution of sulphur in turpentine have sometimes 
been observed§ to space themselvesevenly. The cause of 
this arrangement was not at first realised, but later ex- 
periments have shown that each such drop represents the 
centre of a convection prism. eed as 

The first detailed study of this kind of partitioning is 
due to James Thomson, when Professor of Engineering 
in the University of Glasgow. Having observed a “‘ tesse- 
lated ” pattern on the surface of a vessel of soapy water, 
he succeeded in reproducing the conditions artificially, and 
in demonstrating the origin of the structure. filling 
a glass pan to a depth of 10 cm. or 12 cm. with soapy 
water, the surface was seen to become tesselated, or 
divided into polygonal areas with distinct boundaries, 
the position of Eich was not constant, but gradually 
changed, the larger areas absorbing the smaller and then 
again subdividing. It could be seen that each such area 
was the upper surface of a prismatic column, the convec- 
tion currents due to cooling ascending in the central = 
of the column and descending along its walls. These 
convection currents were rendered visible by the insoluble 
particles, which give the characteristic pearly lustre to 
soapy water under’suitable conditions. 

homson’s results did not become generally known, 

and although similar phenomena must have 
frequently observed, very few observations of this nature 
have been reco The convection prisms have occa- 
sionally made themselves evident in a shallow bath of 


developing solution by their localised action on a photo- 
graphic plate,{] but without their true character being 
perceived. The first thorough study of the subject was 


made by Henri Bénard, who was unaware of the earlier 
work of Thomson.** Bénard’s experiments were carried 
out with substances melting in the neighbourhood of 
50 deg., which were co uently quite fluid at 
the temperature of the water-bath. The best results 
were obtained with spermaceti. In order to obtain the 

reatest possible regularity of structure, a special form of 

eating apparatus was used, in which the liquid was 
exposed in a layer 0.4 mm, to 2 mm. thick in a metal 
trough 15 cm. in diameter, so arranged that the lower 
surface, in contact with the metal, was constantly at a 
very uniform temperature. Under these conditions the 
prismatic arrangement of convection currents (tourbillons 
ccllulaires) became extremely regular. When a steady 
state had been reached, the section of the prisms became 
hexagonal, the partitioning approaching more nearly 
to an arrangement of regular hexagons of equal size, 
the greater the care taken to eliminate disturbing in- 
fluences. 

Bénard devised several different methods for rendering 
the structure visible and recording it yen 
The simplest of these depends on the use of fine solid 
particles in suspension, and in this form the experiment 
1s easily repeated. The particles may be lighter than the 
liquid ; for example, lycopodium spores, in which case a 
photograph, taken instantaneously at a certain interval 
after strewing the surface, shows ae clear outlines of 
the polygons. Op the other hand, the particles may be 
heavier than the liquid, but of a lam ter, so 
that they are readily conveyed by the convection currents, 
and betray by their change of lustre with inclination the 
direction of their motion. The most suitable solid par- 
ticles for this yen are those of graphite. especially in 
the form of “kish” (Fig. 8, pxgeé 439). Bénard’s other 


* ©. A. Edwards, Journal of the Institute of Metals, 
No. 1, 1911, vol. v., page 150; No. 2, 1911, vol. vi., 


259, 
§ EK. = Weber, Poggendor{f’s Annalen, 1855, vol. xciv., 
4 


t Molekularphysik, vol. i., e 279. 

§ L. Frankenheim, P orf’s Annalen, 1860, [ii.], 
vol. oxi., page 1, 

\ nh ae) of the Philosophical Society of Glasgow, 
1882; Collected Papers, 1912, page 136. 

| A. Guébhard, Séances de la Société Francaise de 
Physique, 1897, 107. 
** These pour torat, Paris, 1901. 








methods are optical in character, and depend on the 
difference of level between the centre and periphery of 
surface of a convection prism. Satisfactory photo- 
i have been obtained by several such methods, and 

combining the results a complete insight has been 
obtained into the prismatic structure. 

The distribution of the convection currents in a single 
prism is indicated in Fig. 4, page 438. The centre of each 
polygon on the surface is a depression, whilst each point, 
as a, Fig. 5, in which three bounding lines intersect, is a 
summit. The bounding lines themselves are ridges, the 
difference of height between the middle point of each 
ridge and a summip being about three-fourths of the dif- 
ference of height between a summit a depression. 
Consequently, particles of lycopodium tend to accumulate 
at the summits, whilst heavy particles are ultimately 
deposited in small conical heaps, each of which occupies 
the centre of the base of a prism—that is, the base of an 
ascending current. The differences of level increase 
with the thickness of the liquid layer, and with the dif- 
ference of temperature between the upper and lower 
surfaces. 

With layers of spermaceti of the order of a millimetre 
thick, the ratio of the depth e to the mean distance 


between the centres of two prisms, A, that is ., is ap- 


proximately constant for a given liquid at a given tem- 
perature. Actually, the deviations of this ratio from 
equality have been observed to follow certain definite 
laws, an examination of which would, however, be beyond 
the scope of the present report. A relation between the 
values of this ratio and the other ~ oo properties of 
the liquid has not yet been determined. 

As the temperature of the liquid falls to the freezing 
point, the movements become more sluggish, and the 
surface mes more nearly plane, so that the prismatic 
structure is often completely obliterated before actual 
solidification takes place. This is not always the case, 
however, and in beeswax, or mixtures of beeswax with 
paraffin or salol, the structure is retained after solidifica- 
tion, so that the cells are easily examined and photo- 
graphed.* With a —_ 1 mm. deep, the distance from 
centre to centre is of theorder of4mm. Crystallisation 

ins at the bounding surfaces of the prisms, and 
extends inwards. 

he prisms thus produced are due to convection cur- 
rents, brought about by differences of density between 
the warmer and cooler portions of the liquid; they are, 
therefore, always disposed vertically. When a test-tube 
containing molten spermaceti and fine graphite is im- 
me in a vessel containing water at a slightly lower 
temperature, vertical convection currents are at once set u 


and it is not possible to produce prismatic cells with their | f 


axes horizontal—that is, at right angles to the cooling 
surface. This ap to be a fatal objection to an ex- 
planation of the cel‘ular structure of solid metals by refer- 
ence to Bénard’s discoveries, as the external prismatic 
crystals in cast metals are always perpendicular to the 
cooling surface, and are independent of the direction of 
gravity. It is therefore somewhat surprising that two 
recent works on metallographyt} should have quoted 
these results without remarking the fundamental distinc- 
tion between the two cases. 

When a metal solidifies in thin layers, it is quite pos- 
sible that prismatic convection cells may be formed, and 
may even exercise a determining influence on the arrange- 
ment of the crystal grains. me experiments in this 
direction, cut short by the early death of the investigator, 
were made by Georges Cartaud.§ Metals are allowed to 
solidify by pouring while molten on to an inclined sli 
of glass. Whilst the surface of a thin layer of bismuth 
~ ed in this way is completely crystalline, that of 
ead, tin, zinc, or cadmium is marked with a reticular 
pattern, and crystallites, when present, are built up of a 
number of these small cells. Occasionally, however, the 
boundary of a crystal grain cuts completely across the 
boundaries of the cells, | 

The interpretation of Cartaud’s observations is not 
easy. The boundaries of his cells are marked by veg, 
and not by ridges, as in Dauzére’s experiments with wax. 
Further, an examination of some of his photographs, 
especially of Fig. 10 in the series published by Osmond, 
certainly suggests that the supposed cells in relief have 
been produced by the short axes of crystallites growing 
vertically in the metal, and are therefore subsequent, 
and not anterior, to the formation of the crystalline 
structure. A repetition of some of these experiments 
also produces the conviction that thin films of oxide 
exert a certain influence on the production of some 
of the patterns described. The close resemblance, noted 
in a later Dey ts between certain cellular structures in 
metals and the patterns produced by the wrinkling or 
contraction of thin tilms of amorphous material, might 
be partly accounted for in this way. The relations 
between this cellular structure and the arrangement of 
the crystal grains revealed by etching is by no means a 
simple one,** and it is evidently impoasibie to assume, 
without further evidence, a causal connection between 
the convection cells and the crystalline structure. 


(To be continued.) 


* C. Dauzé-e, Journal de Physique, 1907 [iv.], vol. vi., 
892; 1908 [iv.]}, vol. vil., page 930. 
F. Robin, até de Métallographie, Paris, 1912. 
~ E. Heyn, Métallographie (vol. ii., of Martens’ 
Moser aleninnts) — — . 
ished, with photomicrogra added, by F. 
Gieka Revue de Métallurgie, 1907, vol. iv., page 819. 
|| Comptes Rendus, 1901, vol. cxxxii., page 1327. 
i Ibid., 1903, vol. cxxxvi., page 51. 
** Ibid., 1904, vol. cxxxix., page 428. 








GERMAN MACHINE-TOOL INDUSTRY. 


Tue Union of German Manufacturers of Machine- 
Tools, at a recent meeting, dealt with the present busi- 
ness position, and it was stated that the reaction which 
towards the end of last year manifested itself within 
German industries also had made itself felt within the 
machine-tool branch. The works, however, continue to 
be fairly well onenes. although in some branches work 
is insufficient. is more especially refers to the manu- 
facture of medium and smal! machines for more general 
purposes, as the demand for such has materially dimi- 
nished, owing to the position of business al! round. On 
that account short time has already bsen adopted at some 
works. As far as large and special machine-tools are con- 
cerned the position is at present more favourable, partly 
because of the longer time required for making these 
specialities. Still several works with special machine- 
tools for their leading branch, and which, as a rule, can 
only deliver after many months, are now able to execute 
orders at short notice. A point of great importance to 
the makers of _—_ and special machine-tools is the 
circumstance that the comprehensive extensions of large 
concerns, and the extraordinary equipment going on 
within the railways on account of the industrial activity 
of the last few ysars, have now come to an end. In the 
same way the requirements of the works manufacturing 


arms and such like have in the meantime been about 
supplied. 
The export business naturally has suffered, in harmony 


with the rest, from the prevailing hesitation within the 
various branches of trade; Russia, however, forms an 
exception, owing to the increased” industrial activity 
which at present manifests itself in that country. ne- 
rally speaking, the orders in hand of the German 
machine-tool makers have diminished, but January 
brought more inquiries and signs of more activity. The 
retrogressive movement in the iron industry, which 
especially showed itself by the mining concerns and iron 
works holding back orders and in diminished employment 
in machine manufacture generally, has also had an 
unfavourable influence on those factories which manufac- 
ture heavy mining and rolling plant. 

Generally speaking, the quotations within the machine- 
tool industry have somewhat given way, although the 
manufacture cannot really be said to have Cosme cheaper. 
Rather the reverse, in so much as wages and salaries and 
the ever-increasing social burdens tend to make the cost 
of production greater, and especially unfavourably affect 
the export business. This, again, influences the prices 
abroad, and encourages more and more the home manufac- 
ture for machine-tools within the respective countries. 
In addition, the competition from America, and now lately 
rom England, makes itself more felt on the international 
market. The discharge of hands has so far, on the whole, 
been avoided as far as the German makers of machine- 
tools are concerned, but a reduction in the number of 
men cannot be avoided within a comparatively near 
future if a sufficiency of new orders is not received 
within the first few months, when the pending contracts 
will be executed. The prospects within the macbine- 
tool branch, which last year, on the whole, were fairly 
satisfactory, are therefore ae Pree for the present 
year, unless, indeed, the general position of business 
— cause the users of machine-tools to come forward 
with orders in the usual manner, and relinquish their 
present cautious attitude. 





Prince Rupert.—In the course of last year 150 miles 
of the western end of the main line of the Grand Trunk 
Pacific Railway were completed, and steel has now been 
laid 337 miles east of Prince Rupert to the Nechaco. This 
leaves only 80 miles to be completed to Prince George, 
and it is hoped that the whole line will be completed 
before the end of May. Prince Rupert is now served b 
seven — steamship lines. The municipal indebted. 
ness of Prince Rupert is returned at 2,718,937 dols. ; the 
assessed value of real property in the town last year was 
25,703,120 dols. 





Witi1amM BgarpMoRE AND Co., LimtteD.—The report 
of the directors shows that the profits for the year, after 
providing for depreciation, debenture interest, and all 
expenses, are 164 2361. 7s. 7d., and there was brought 
forward from 1912 204,460/. 13s. 9d., so that there was a 
divisible profit of 368,697/. 1s. 4d. After paying the 
dividend on the preference shares the ordinary 
holders get 5 per cent., free of income-tax, and 50,000/. is 
placed to the credit of special preference dividend reserve, 
leaving a balance to carry forward of 186,947/. 1s. 41. All 
departments of the company’s business, it is reported, are 
well employed. 


Great Eastern Raitway ContTinentTaL TRAFFIC.— 
For spending Easter on the Continent, the Great Eastern 
Railway Company’s Hook of Holland route offers ex- 
ceptional facilities. Passengers leaving London in the 
evening and the Northern and Midland counties in the 
afternoon arrive at the chief Dutch cities the followin 
morning. Special tickets at reduced fares will be issu 
by the Harwich-Antwerp route for Brussels. For the 
convenience of passengers, tickets dated in advance can 
be obtained at the Liverpool-street Station Continental 





inquiry or booking-offices. The Danish Royal Mail 
steamers of the Forenede Line of Cope: will —_ 
mark) on 


Harwich for ree (on the West Coast of 

ednesday, April 8, and Saturday, April 11, returning 
on Tuesday, > 14, and Wednesday, April 15. The 
General Steam Navigation Company’s steamers will leave 
Harwich for Hamburg on Wednesday, April 8, and 
Saturday, April 11, returning Saturday, April 11, and 
Wednesday, April 15. 
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THE RANGOON RIVER TRAINING 
WORKS. 


On February 17 works of immense importance to 
the port of Rangoon were pronounced to have 
been successfully completed by Sir Harvey Adam- 
son, K.C.S.1., Lieut.-Governor of Burma. For 
many years the behaviour of the river just above 
the town had caused a good deal of anxiety with 
respect to the future of the port. The develop- 
ment of the teade of the port of Rangoon in recent 
years has been extremely satisfactory, but the 
prospects for the future were jeopardised by the 
fact that the river, on which its success depended, 
was leaving the town and that sandbanks were 
forming in the hitherto valuable reaches. This 
was due to the fact that just above the town the 
river changes its direction at almost right angles, 
from a north-south course to one east-west. The 
current, which flows at from 4 to 6 knots, had 
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gradually eroded a channel for itself, as was 
natural, on the outside of the bend. Rangoon is 
situated on the inside of the curve, so that the deep- 
water channel moved from close in front of the town 
over to the far side of the bed. At the same time, 
on the area in front of the town sandbanks were 
forming in the slacker waters. Nor was this all. 
The deep-water channel as time went on cut 
further and further into the south bank at the 
bend, widening considerably the river bed at that 


point. Opposite the town, however, was a point 
offering ee resistance to the action of the 
stream. is point did not recede, with the result 


that on the river striking it, on emerging from the 
bay, it had cut above, the flow was deflected 
diagonally across the bed towards wharves and 
quays, which in consequence were threatened. The 
progress of the erosion is shown in Fig. 1 herewith. 

The matter was first seriously taken in hand by 
the present chairman and chief engineer of the Port 
Commissioners, Mr. G. C. Buchanan, C.I.E., M. 
Inst. C.E., in 1901. The work involved promised to 
be on a large scale, since the tidal basin to be dealt 
with was from $ to 1 mile in width, and was of a length 
of over 2 miles, while the depth of water was as 
much as 80 ft. in places, and the tidal range 20 ft. 
Two years later Mr. Buchanan drew up a report, 
which received the 7 pe we believe, of Mr. 
Meik, and a very careful survey of the river was 
undertaken, following which, in 1905, a scheme of 
improvement was drawn up and presented to the 
Port Commissioners. Early in 1 this scheme 
was approved by the Port Commissioners and 
submitted to the Government, and shortly after- 
wards a committee of engineers was appointed. 

The Government of India considered the work 
to be of such magnitude and risk that a new com- 
mittee, of wider experience, was appointed. This 
committee reported in December, 1906. It was 
presided over by Mr. (now Sir) J. Benton, Inspector- 
General of Irrigation for India. This committee 
agreed to the training scheme proposed by Messrs. 
Buchanan and Meik, but disapproved of the type of 
wall they had suggested. It was proposed instead 
that a steel-b gantry should be adopted, sur- 
rounded by a wall of stone. The gantry was to 
extend to high-water mark, the stone only to low- 
water mark, but above the latter was to be a per- 
meable bamboo screen. The estimates for the 
proposed gantry were high. Mr. Buchanan and 








Mr. Meik had suggested a plain broken-stone dike 
laid on mattresses. Sir J. Benton considered the 
mattress scheme a danger, and the sanction given 
by the Government of India in 1908 was for a 
scheme without mattresses, although these had 
formed a feature of the plans as submitted by the 
Port Commission to the Government. As Mr. 
Buchanan considered the mattress work essential, 
the undertaking suffered delay through this dif- 
ference of opinion. After a tour of inspection in 
America by Mr. Buchanan, a meeting of engineers 
was held in London, at which it was recommended 
that flexible mattresses should be experimented 
with. It seems by that time to have been accepted 
that bamboo mattresses, as first suggested, would 
prove too stiff for the work, and brushwood was 
recommended instead. The scheme finally received 
the sanction of the Government of India in Octo- 
ber, 1910. Before the actual approval of the scheme 
some preliminary steps were taken, as it was 


stands on a mattress base 230 ft. wide. This flooring 
was com of 225 mattresses, each measuring 
125 ft. long by from 75 ft. to 80 ft. broad, and of a 
thickness of 3 ft. They were constructed of brush- 
wood bundles, of which no less than 5} millions were 
employed, together with 53,000 bundles of stakes. 
The brushwood came from all of the . 
vince, being supplied under contract by the Bombay 
Burma Trading Corporation. The mattresses were 
constructed on a special slip cut on the bank of the 
river at Seikgyi. They were designed to be as 
flexible as possible, and contained each from 20,000 
to 22,000 bundles. They were built whilst the slip 
was uncovered at low water, from 250 to 300 men 
being employed, seven hours being occupied for each 
mattress, though in the case of emergencies they 
were finished in five hours. A bamboo boom was 
placed under one edge, and the mattress was then 
towed to the site by tugs. This was done at slack 





tide, and only on one or two occasions were mat- 
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evident the work, in any case, would be of con- | 
siderable magnitude, and need a high degree of | & 


organisation. 

Fig. 2 shows the state of the river in 1910 and 
the scheme proposed. It embodied a training 
wall 10,000 ft. long, extending from a point above 
Rangoon to within 2000 ft. of Mower’s Point, 
opposite the town. It was proposed to dredge 
a channel in front of the wall, which would have 
its top at 5 ft. above low water of spring tides. 
The river bed along the line of the wall, which is 
curved to a radius of 6000 ft. for a distance of 
8500 ft., is fine sand and silt, from 6 ft. to 10 ft. 
thick, overlying gravel. The wall cuts off an area 
of over 300 acres in the bed, which is now rapidly 
silting up, and will be reclaimed. The present 
state of the river, indicating the deposits already 
effected in this area, is shown in Fig. 3. It was 
decided to do the work Se though 
contracts were let for supplies of one kind and 
another, not, however, always with success. 

The wall, as shown in a typical section in Fig. 4, 





out of control in currents, 
Fig. 5, Plate XLII., with this week’s issue, 
shows a completed mattress, while in Fig. 6, 
on the same plate, one is shown ready for 
sinking. 

At the site four circular mtoons, one of 
which is seen in Fig. 7, Plate XLII., were moored 
and the mattress brought into position between 
them, arrangements being made for guiding the 
mattress in sinking by ropes attached to the 
anchors of the pontoons. When these arrangements 
had been completed, two pairs of 75-ton barges 
were brought up on opposite sides, and stone was 
deposited on the mattress from the middle outwards 
by coolies. As the mattress sank, the ropes were, 
of course, paid out, and when the mattress had 
sunk far enough the barges were drawn over it, 
and the stone was deposited as rapidly as ible. 
Fig. 7 shows coolies loading a mattress, which has 
sunk below the surface, with stone. It required 
about 80 tons of stone to sink a mattress, but about 
300 tons was always deposited in the operation, this 
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amount being placed by from 120 to 150 men in 
20 minutes. 

The mattress work was commenced in February, 
1910. After it had proceeded for some time it was 
decided to accelerate it, in order to get the bulk of 
the work through under favourable conditions. An 
additional mattress-slip was therefore constructed, 
and the work proceeded so rapidly that the last 
mattress was laid in July, 1911, instead of the 
work running on, according to the first programme, 
into 1913. A typical section of the wall is shown, 
as already mentioned in Fig. 4, where the mattress 
underwork will be seen to have a width of 230 ft. 
The wall proper was built up on this foundation, of 
rough stone, witha slope of 2: 1 on the river side 
and 14:1 behind. It was arranged so as to have 
a width of 30 ft. at zero elevation. This stonework 
was of rough broken stone deposited where pos- 
sible from = pers, but in the shallower water by 
hand. Fig. 8, Plate XLII., shows stone being 
deposited by hand on part of the wall at low water. 

The stone, of which over 14 million tons have 
been used, was mainly granite obtained from the 
Island of Kalagouk. This undertaking necessitated 
the provision of a very complete organisation and 

lant. The island was 135 miles distant from 
oem, in the open sea. It was quite unin- 


habited, covered with tropical vegetation, and had | C.E 


a rainfall of from 200 in. to 260 in. in the year. 
The quarries had to be opened up, piers built, 
and quarters arranged for the 1000 employees. 
The island proved none too healthy, and complete 
hospital equipments were necessary. In addition, 
military police were provided, post-office, with 
cable to the mainland, and so on. The work was 
on a sufficiently large scale to warrant the introduc- 
tion of a fairly elaborate plant. Hydraulic monitors 
were used to clear the rock of overburden, and 
the rock itself was quarried with rock-drills. As 
shallow water prevented steamers coming close 
in, a pier was built in deep water, shown in 
Fig. 9, Plate XLIII., connected with the shore by 
two Lidgerwood cableways carrying skips accom- 
modating 7 tons of stone. e steamers were 
moored inside the pier and the stone deposited 
direct into the holds from the skips. Loading pro- 
ceeded at the rate of about 1000 tons in 10 hours. 
A view in the quarries is given in Fig. 10. The 
stone was conveyed to Rangoon at the rate of 1000 
tons per day, though in bad weather the 14 hours 
taken between the island and port were exceeded. 
Three steam hopper-barges of 1000 tons capacity 
were purchased for this work, the builders being 
Messrs. Simons and Co., of Renfrew. 

These steam-hoppers deposited the stone on the 
site without any handling, but, as operations pro- 
gressed, the water became too shallow for these 
steamers to be used for a good part of the work. For 
this part the stone was brought to the site in smaller 
barges, and deposited by hand, as already indicated 
in reference to Fig. 8. The supply of this smaller 
material was first let in a number of smaller con- 
tracts, but owing to the failure of the local con- 
tractors to realise the extent of their undertakings, 
the wy = ped behind, and they ultimately 
asked to relieved of their obligations. As a 
result, it was decided to open quarries on the Pegu- 
Moulmein Railway at Zingyaik, and the small stone 
was procured from these, which were also worked 
directly by the Commission. 

It was originally intended to leave the wall at a 
level of 5 ft. above low-water level, but it was sub- 
sequently found that this was much too low, as the 
water fell over the wall with such force as to result 
in a great deal of scour at the back, where it was 
desired to encourage natural siltation. The wall 
was therefore raised 9 ft. by means of a reinforced 
concrete and stone superstructure. This work was 
composed of cribs of reinforced-concrete slabs, 
3 ft. square, and tied together by iron rods, the 
interior space being filled with loose stone. Some 
17,000 slabs were required. "hey were made at 
Seikgyi by the Commission’s employees, and were 
turned out and the whole superstructure, nearly 
2 miles long, completed in about six months. Fig. 11 
gives a view of the yard in which the slabs were 
manufactured, while Fig. 12, Plate XLIII., and 
Fig. 13, Plate XLIV., show them being erected, 
the filling being illustrated in Fig. 14. The finished 
superstructure is shown in Fig. 15, while Figs. 17 
and 18, Plate XLV., show two general views of the 
completed training wall. 

As soon as the work was fairly well advanced, the 
dredger Pelican, capable of removing 4000 tons of 
silt per hour from a depth of 55 ft., and discharging 





the same through a 42-in. pipe-line, 3000 ft. long, 
shown in Fig. 16, Plate XLIV., was set to work cut- 
ting the new deep-water channel in front of the wall. 
It was found, however, that natural scour was rapidly 
effecting the necessary deepening, and the ging 
was therefore not continued. At the same time the 
area at the back of the wall is reported to be rapidly 
and satisfactorily silting up at the rate of 3 ft. per 
month. The sanctioned estimate for the wall 
without the superstructure was one million sterling. 
The actual cost, including the superstructure, was 
920,000/. Of this amount stone formed the heaviest 
item (335,8001.), while the capital cost of the 
quarries and steam hoppers amounted to 171,4001. 
The cost of the mattress work was 103,000/. The 
force employed averaged about 2500 men. As 
already mentioned, the actual wall was commenced 
in February, 1910. It was finished in exactly four 
years, or 1# years less than the estimated time. It 
will involvea burden on the port of about 6 lakhs 
of rupees on the revenue, but it is considered that 
the circumstances warranted this or more. The 
cost of the work has been partly met by a free grant 
of 50 lakhs from the Government of India, the 
remainder having been raised by the Port Commis- 
sioners. The chairman and chief engineer of the 
Commission, Mr. G. C. Buchanan, C.I.E., M. Inst. 
.E., was responsible for the work throughout, 
Messrs. P. W. and ©. S. Meik acting as consulting 
engineers. 





FLUID MOTIONS. 

In a lecture on this subject, delivered at the 
Royal Institution, on Friday, March 20, Lord 
Rayleigh said that the theory of fluid motion had 
attracted the attention of many mathematicians 
and experimentalists, and that considerable success 
had been attained in co-ordinating many of the 
phenomena involved. In particular, the theory 
had proved adequate to the discussion of small 
vibrations, which of itself constituted a very 
wide subject, having applications in many other 
branches of physics. To these could also be 
referred the phenomena of the tides, where the 
motion, though objectively large, was relatively 
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small com with the diameter of the earth. 
The difficulties met with in this particular connec- 
tion had reference to the effect of the configuration 
of land and sea, and to the fact that the earth was 
rotating positively, and not merely relatively to 
the sun and moon. Again, plane-wave motion 
had been satisfactorily dealt with by Poisson and 
by Rankine, and the phenomenon of the ‘‘ bore” 
r certain rivers was also satisfactorily accounted 
or. 

Classical hydrodynamics premised, however, as 
the subject of investigation, an ideal fluid possessing 
but two properties : that of inertia, and a capacity 
for exerting pressure. It might be either com- 
pressible or incompressible, and in a great many 
cases it was possible to assume that real fluids 
acted as if incompre:sible. This was true even 
in the case of air. In fact, so long as the velo- 
cities involved were small compared with that 
of a sound wave in the fluid, the fluid could 
generally be treated as incompressible. The 





foundations of the theory were thrown into mathe- 
matical form by Euler and Lagrange, and it was 
then believed that the study of fluid motions 
had thereby been practically completed. Experi- 
ence had, however, shown that this theory ad- 
vanced matters but a little way, and some actual 
phenomena were in such flagrant contradiction to 
the theoretical deductions as to provide an excuse 
for the assertion that theoretical thermodynamics 
had nothing whatever to do with real fluids. In 
the ideal fluid, for example, a screw propeller could 
exercise no thrust; but, on the other hand, if 
attached to a submarine, this vessel would equally 
require no power to drive it. 

ntinuing, Lord Rayleigh said that a great sim- 
plification of the problem became possible, when 
the motion of the fluid was steady, but even then 
the phenomena of flow were often quite different 
from what many people would nat y anticipate. 
Thus, if a waist were formed in a parallel pipe, con- 
tracting the bore, then in steady flow the pressure 
of the fluid was actually lower at this contraction 
than in the wider parallel portion of the pipe. If, 
therefore, a parallel nozzle, such as represented 
by B in Fig. 1, discharged air into the smaller 
of the open ends of a diverging nozzle, such 
as A, the fluid at the entrance to A was neces- 
sarily at a lower pressure than at the wide dis- 
charge end. The consequence was that the jet 
which proceeded from B did not fill the whole of 
the narrow end of A, but contracted, and fresh air 
was drawn in, as indicated by the arrows. This, 
Lord Rayleigh stated, was the principle on which 
the common filter pump was based. 

Froude, he continued, had shown that if two 
vessels, such as CD, Fig. 2, were provided with 
nozzles, as indicated at E and F, and placed so 
that one exactly opposed the other, then if water 
was allowed to flow into the top of C, much of 
it would enter D, and finally overflow at the top. 
The leakage at the gap between the nozzles was 
remarkably small, and it had been found that if 
the head in D was not more than five-sixths the 
head in C, practically the whole of the fluid passed 
the gap. Froude held that the little leakage which 
still ensued was due to imperfections in the circu- 
larity of the nozzles or in their adjustment. For 
his own part, Lord Rayleigh said, he was inclined 
to think that a little leakage was always necessary. 
Otherwise it should be possible to box in the 
gap without altering the character of the flow. 
But if this were done, the fluid failed to re-expand 
properly in the diverging part of the second nozzle, 
and came through as a parallel jet. 

An analogous case to the expansion of a fluid to 
fill the whole cross-section of a divergent channel 
was, the speaker continued, to be found in naval 
architecture. To get a minimum of resistance it 
was necessary that the fluid should flow in round 
the stern lines of a vessel, and fine lines were 
therefore much more necessary at the stern than at 
the bow, a discovery originally made by the fishes. 
In a well-made ship there should, in the absence 
of wave-formation,. be no resistance, save that of 
skin-friction. When other forms, however, such as 
a plate, were passed broadside through a fluid, 
resistances were found much in excess of those 
attributable to skin-friction, ‘‘dead water” forming 
behind the disc, and the stream-lines were no longer 
the same on both sides of the disc as they should 
be, did the classical theory apply. Helmholtz had 
calculated the increase of resistance which would be 
experienced were the water behind such a disc 
absolutely dead, so that none of the stream-lines 
passing round the edges of the disc found their way 
to the back of it. In such a case there was a surface 
of separation between this ‘‘dead water” and the 
stream-lines passing the edges of the disc. Such 
a surface of separation was essentially unstable, 
and, as a consequence, eddies were produced such as 
were responsible for the whistling of wind through 
trees, and for the music of the olian harp. 
Mallock had found experimentally that the pro- 
duction of these eddies was, in certain cases, 
characterised by considerable regularity. It would, 
Lord Rayleigh said, be interesting to see, using a 
double disc separated by a small gap in which a 
vacuum was maintained, whether the stream-lines 
could not thus be helped to close in behind the 
second disc, thus giving a diminished resistance. 
If, he continued, a stream of fluid passed over a 
convex surface, such as a ball, the pressure was 
lowest at the midship section, where a suction was 
established. This was well known to Thomas 
Young, who had shown that if an S-shaped plate, 
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such as represented in Fig. 3, were blown upon as 
indicated, it turned upon its pivot H towards the 
blast, and not away from it. 

Returning to the subject of the ideal fluid, the 
motion of the latter might, Lord Rayleigh stated, 
either be rotational or irrotational. The distinc- 
tion, as given by Stokes, was whether on solidify- 
ing a little sphere of the fluid, this fluid would, or 
would not, be then found to be rotating. Lagrange 
and Cauchy had proved that in an ideal fluid, the 
motion, if once rotational, was so for all time, 
and conversely. The theory of irrotational motion 
had been highly developed, whilst for the rota- 
tional motion Helmholtz had supplied the theory 
of vortices. In this connection he might allude to an 
exception to the statement that a disc passing full 
face through a fluid experienced a large resistance, 
since Osborne Reynolds had shown that if a vortex 
ring were formed behind such a disc it would press 
the latter forward. The action was, however, tem- 
porary, since the ring ultimately overtook the disc. 

In real fluids account had to be taken of 
viscosity, a property which could be defined as 
follows :—Consider two parallel plates, unit dis- 
tance apart, one moving with unit velocity and the 
other at rest. Then the force per unit area, with 
which adjacent layers of an intervening fluid acted 
on each other, was the viscosity. In very many 
applications, however, what was of importance was 
the ‘‘kinematic viscosity,” which was the viscosity, 
as above defined, divided by the density of the fluid. 
It was noteworthy that on this latter basis water 
was less viscous than air. Temperature, Lord 
Rayleigh continued, had considerable effect on 
viscosity, diminishing that of water, but increasing 
that of a gas. The addition of alcohol, he might 
add, greatly increased the viscosity of water, which 
became a maximum when the proportions were 
about half and half. 

In dealing with the motions of fluids matters 
were fairly simple so long as the viscosity was the 
paramount factor, as they also were when the vis- 
cosity became unimportant. Most of the trouble 
arose with the intermediate stages, the theory of 
which remained in a very unsatisfactory condition. 
In this connection, however, a very important 
law of dynamic similarity, which had very wide 
applications, had been established by Stokes in the 
‘Atties. It could be expressed in the form that 
conditions ee themselves and phenomena 
were comparable when— 


linear scale x velocity _ ousiunt 
viscosity : 

Some time since M. Eiffel made observations on 
the wind resistance of spheres at different veloci- 
ties. He found that for each size of sphere there 
was 4 critical velocity at which the law of resist- 
ance suddenly changed, and he appeared to be sur- 
prised that this velocity was not the same for all 
spheres. Lord Rayleigh was, however, able to show 
that the results were in accord with the principle 
of dynamic similarity, the critical velocities being 
inversely proportional to the radii of the spheres. 

Some had, nevertheless, a difficulty in accepting 
the above law, and inferring the results to be 
expected in an experiment with water from those 
observed with air. One reason was that there were 
some facts that did not square well with this law ; 
but another factor was the excessive smallness of the 
viscosity as compared with the other forces acting 
on a fluid. The viscosity was, in fact, so small that 
a priori it would hardly have been expected to 
exercise any appreciable effect; but it did so 
nevertheless. 

When two parallel planes moved one over the 
other, so long as the viscosity was paramount, the 
fluid between the planes moved in parallel layers, 
the velocity from one to the other being graduated 
according to the simplest law. Osborne Reynolds 
had shown that so long as the velocity did not 
exceed a certain critical value this motion was 
stable ; but when the viscosity was very small, then 
slight irregularities tended to increase. He was 
not, however, able to prove that the motion would 
be unstable if the viscosity became zero. 





RECENT DISCOVERIES IN PHYSICAL 
SCIENCE. 

In opening his fifth lecture on the above subject, 
at the Royal Institution on Saturday last, Professor 
Sir J. J. Thomson, O.M., F.R.S., said that the 
more the properties of Réntgen rays were studied 
the clearer it became that these rays were actually 





light of an exceedingly small wave-length. The 
disproportion between their wave - lengths and 
the wave-length of the sodium line was, however, 
nearly as much as between the wave-length of 
visible light and the wave-length of the vibrations 
produced by Galton’s whistle. The wave-lengths 
of the Réntgen rays were, in fact, less than xjggth 
of the wave-length of the sodium line. Neverthe- 
less, as would be seen later, the Réntgen radia- 
tions could be connected up with the ordinary light 
given out by hydrogen, the wave-lengths in the 
visible spectrum of this gas being connected in 
some way with the characteristic Réntgen rays 
given out by the heavier metals. 

At the outset the analogy between Réntgen 
rays and light appeared much stronger from their 
physical effects than from their optical properties. 
Like light, the Réntgen rays could, it was found, 
affect a photographic plate. They also produced 
similar electrical effects, discharging condensers and 
rendering gases conductive just as violet light of 
sufficiently short wave-length was known to do. 
From the physical standpoint many analogies 
between light and the Réntgen rays were thus 
apparent, but, to put it mildly, on the optical side 
rn was a lack of analogy. The rays penetrated 
opaque bodies, they could not be reflected, and 
they gave no interference effects. It had now, 
however, been discovered that, by using appropriate 
methods, the rays could be reflected, and interfer- 
ence phenomena could be produced, and it was also 
seen that the transparency of all bodies to the 
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rays was only what should have been expected from 
theoretical considerations. About the first optical 
analogy established between the Réntgen rays and 
light was the discovery by Barkla, comparatively 
early in the history of the subject, of the polarisa- 
tion of the Réntgen rays. At that time this con- 
stituted the most striking analogy between Réntgen 
rays and light ; still later Barkla discovered other 
analogous properties between the rays and light, 
finding that the rays could produce effects similar 
to the phenomenon of fluorescence. Fluorescence, 
Professor Thomson continued, was discovered by 
Herschel, and subsequently elucidated by Stokes. 
The phenomenon was exhibited by the lecturer, by 
throwing on to a screen a continuous spectrum, 
obtained by means of an optical system which was 
transparent to the ultra-violet rays. 

Placing a screen coated with platino-cyanide in the 
ultra-violet region beyond the limits of the visible 
spectrum, this screen became, it was shown, highly 
luminous, glowing with light of a greenish hue. 

The light given by the screen, Professor Thomeon 
continued, was much longer in wave-length than 
the light which fell on the screen, a fact first 
pointed out by Stokes, and to Stokes’s law there 
were, Professor Thomson said, very few exceptions. 
Moreover, provided the incident radiation was of 
short enough wave-length, the light generated on 
fluorescence was independent of the actual character 
of the incident light. The phosphorescence could, 
in fact, not be excited at all unless this incident 
light was of shorter wave-length than the light 
given out ; but if this condition were fulfilled, the 
phosphorescence produced was independent of the 
wave-length of the incident light. 

A quite analogous law held in the case of Réntgen 
radiation, and in this case there were apparently 
no exceptions. It was, in fact, a peculiarity of 
the Réntgen rays that the laws they obeyed were 
simpler and there were fewer exceptions to them 
en was the case with the laws applying to ordinary 
ight. 

If Rontgen rays were directed on to a body—for 
example, a plate of copper—then if the rays were 
pretty ‘‘ hard” two phenomena could be observed. 





In the first place the copper produced a certain 
general scattering of the rays in all directions, 
exactly as light was scattered by ground glass. On 
examination these scattered rays were found to be 
of exactly the same kind as the incident rays. In 
the second place, the copper produced another 
effect analogous to the fluorescence of a platino- 
cyanide screen, and gave out its own special 
kind of ray, the type of which was quite inde- 
pendent of the incident rays, but was charac- 
teristic of the copper. To excite this characteristic 
radiation it was, however, essential that the inci- 
dent Réntgen rays should be harder or more pene- 
trating than were the consequent characteristic 
rays. The production of these characteristic rays 
by exposing copper to a ‘‘ hard” Réntgen radiation 
was demonstrated by the lecturer, who used » 
charged wire connected to an electroscope as a 
detector, the wire being discharged when the air 
surrounding it was rendered conductive by the 
‘* characteristic”’ radiation from the copper. 

If, Professor Thomson continued, the copper 
were replaced by a metal of greater atomic weight, 
for example, silver, the resulting characteristic 
radiation was, Professor Thomson proceeded, much 
more penetrating, and, in fact, the ‘‘ hardness” of 
the characteristic rays increased so rapidly with the 
atomic weight that it was difficult to get a bulb 
which would give rays hard enough to excite the 
‘characteristic radiation’ from any element of 
greater atomic weight than iodive. 

To the rule above stated—viz., that the greater 
the atomic weight of an element the harder the 
characteristic radiation—only one exception was 
known. Cobalt had a higher atomic weight than 
nickel, and yet nickel gave the harder characteristic 
radiation. In fact, the characteristic radiation 
from nickel would excite that from cobalt ; but the 
characteristic radiation from cobalt could not excite 
the nickel radiation. With this one exception, 
however, the law held that the higher the atomic 
weight of an element the harder the characteristic 
radiation. 

It had further been proved that the characteristic 
R6éntgen rays from metals constituted a kind of 
spectrum of themselves, the spectrum containing 
at least two lines. 

The hardest type of characteristic radiation was 
known as the K rays, but there was a second, softer 
type of characteristic radiation known as the L 
rays. There were not, however, many substances 
for which both types could be observed ; because, 
with great atomic weights, the rays required to 
excite the K type were harder than could be ne 
duced by a Rontgen bulb, whilst with the lighter 
elements the L radiation was too ‘‘soft”’ in char- 
acter to permit of its detection. Hence it was only 
for elements of intermediate atumic weights that 
both lines could be observed, but these afforded 
sufficient ground for believing that both sets should, 
under proper conditions, be obtainable from all 
elements. The hardness of the K type was found 
to depend only on the atomic weight of the metal. 
Hence it should be possible to find a light element 
which gave, as its k radiation, rays of the same 
hardness as the L radiation from a heavier metal. 
It was found that in such case the atomic weight of 
the lighter element was equal to 


4 { atomic weight of heavier element - 48 }, 


Thus, since silver had an atomic weight of 108, the 
atomic weight of an element giving as its K radiation 
rays as hard as the L radiation of silver would be 
108 — 48 _ 30 
2 = . 

Widdington had tried to find a connection between 
the velocity of the cathode rays required to excite 
the particular characteristic rays of various metals. 
The type of Rontgen radiation produced depended 
in all cases on the velocity of the cathode particles, 
and Widdington’s plan was to find what speed of 
cathode particle was necessary for the anti-cathode 
of, say, platinum, silver, or iodine to give out its 
characterietic radiation and to determine whether 
there was any connection between the speed of the 
cathode rays necessary and the atomic weight of the 
element. For this it was essential to have cathode 
particles of definite s . In an ordinary bulb the 
speed of the cathode particles varied through a 
large range, and Widdington separated these out by 
means of the apparatus shown in Fig. 1. The rays 
generated in the bulb D to the left passed through 
a fine aperture into the large bulb O. This bulb 
was made the seat of a strong magnetic field, which 
bent round the stream of cathode particles as indi- 
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cated by the curved lines. The more slowly moving 
rays were, Professor Thomson said, deflected more 
than the faster particles, and the whole pencil was 
thus sorted out into a kind of spectrum, and the 
velocity corresponding to each strip of this could 
be calculated from the measured deflection and the 
known strength of the magnetic field. In this way 
a band of particles homogeneous in speed could be 
obtained, and this was caused to pass through a 
small hole into T, where the anti-cathode under 
investigation was placed. 

In this way Whiddington found the very simple 
relation that the speed of cathode icles 
necessary to excite the characteristic radiation of 
an element was v = A x 108 cm. + second, where 
A denoted the atomic weight. Ifa particle of this 
speed fell on a plate of atomic weight A, it would 
generate rays corresponding to the characteristic 
radiation of the element. If the cathode particles 
moved more slowly than this, Réntgen rays would 
still be produced, but not of the type characteristic 
of the element under bombardment. If, on the 
other hand, the speed were above the limit named, 
a new type of radiation would be observed, corre- 
sponding to the higher — of the cathode particles, 
but along with it would be found the characteristic 
Réntgen radiation of the element. 

The formula above given showed the speed 
necessary for the production of the K radiation. 
It would be seen how great was the range covered. 
Hydrogen had an atomic weight of 1, and silver an 
atomic weight of 108; but as the energy carried 
by a cathode particle depended on the square of 
the velocity, over 10,000 times as much ene was 
needed to excite the characteristic radiation of 
silver as of hydrogen. 

Still another relation had been found between 
the characteristic rays and the atomic weight of an 
element. This was due to the discovery of Laue, 
that a crystal could act towards Réntgen rays as a 
diffraction grating did towards ordinary light. 
Previous attempts to get interference effects with 
Réntgen rays had failed, the reason being that 
the apparatus employed was on quite too large 
a scale. To attempt to get Réntgen-ray inter- 
ference effects with an ordinary grating was 
analogous, Professor Thomson went on, to an 
attempt to observe the interference of ordinary 
light, using the rows of seats in the lecture-room as 
the bars of the grating. It suggested itself to Laue 
that since in crystals there was a very regular 
arrangement of the molecules, such a crystal could 
be considered the equivalent of a very perfect: 
grating, constituting, in fact, an ideal grating for 
waves of suitable wave-length. On trying the 
experiment with Réntgen rays he obtained inter- 
ference effects, and from these the wave-length of 
rays could be calculated, just as was done in the 
corresponding case of visible light. A great num- 
ber of very important results had been secured by 
Bragg, Darwin and Moseley using this method, and 
these, when tabulated, led to the result that if n 
denoted the number of vibrations per second of the 
characteristc Réntgen radiation of an element, and A 
the atomic weight, then 

no A® 

It would, perhaps, be better to say that the law, 
as above stated, was approximate, and that A 
should be replaced by another quantity, to be dis- 
cussed later, which was nearly equal to it. The 
immense range covered by the characteristic 
Réntgen radiation would be obvious. The charac- 
teristic radiation from silver had a frequency 108? 
times that from hydrogen, so that the wave-length 
for silver must be not more than jth that for 
the characteristic hydrogen radiation. It might be 
expected, therefore, that this would bring the 
characteristic radiation for hydrogen into the region 
of visible light, and, in fact, multiplying the wave- 
length as found for silver by the factor in question 
did get us into a region only a little beyond the 
limits of the visible spectrum at the violet end. 

Carrying this matter further, and taking asa basis 
for study the measurements of the wave-length of 
the —— radiation as made from the interfer- 
ence bands produced by crystals, some remarkable 
results were obtained. Starting with copper, for 
example, the number found by the above rule for 
the characteristic radiation for hydrogen corre- 
sponded within the limits of experimental error 
with the head of Balmer’s series for the spectral 
lines of hydrogen. Hence the visible spectrum of 
hydrogen could be taken as representing the K 
radiation for this element, and this was the con- 





nection between ordinary light and Réntgen radia- 
tion, to which he had referred at the outset of his 
lecture. 

As already mentioned, there was, Sir Joseph 
continued, reason for believing that the atomic 
weight in the above formula should be replaced by 
another quantity intimately connected with it. 
There was, in fact, very strong evidence for the 
belief that the whole series of elements was built 
up by adding on a certain unit to a predecessor in 
the list. Each of these units contained a positive 
and a negative charge of electricity, and on this 
view it would be expected that the frequency of the 
Roéntgen radiation should be proportional to the 
square of the total charge (of one sign) in the atom 
rather than proportional to the atomic weight. 
Barkla had shown that the total amount of the 
charge in an atom was very nearly equal to half 
the atomic weight. The question now left was to 
find the connection between the atomic weight of 
the atom and its total charge. If the atomic weight 
was proportional to the charge, then the atomic 
weights would all be integers, unless account were 
taken of the alteration of energy due to the charges 
coming together. Starting with hydrogen, and 
adding on units, each unit would correspond to an 
additional charge, so that the total charge should 
be proportional to the order of the elements. It 
appeared that the order of the elements came out 
nearly the same as half the atomic weight, although 
taking the order of the elements in this wa 
involved the somewhat rash assumption that a 
elements were already known. Nevertheless, our 
list of elements, such as it is, showed that the 
average distance between two elements was about 
2 units, and a comparison of half the atomic weights 
with the order of the known elements showed no 
very great discrepancies. 

It was, perhaps, open to question whether the 
experiments yet made were sufficiently accurate to 
distinguish whether the atomic weight should be 
replaced, in the formula above given, by another 
number representing the total electricity of one 
sign contained in the atom ; but from the theoretical 
standpoint it would be right to replace the atomic 
weight by the total quantity of electricity in the 
element, which was an integer, whilst the atomic 
weight was not. 

The point here raised was one of extraordinary 
interest from another aspect, if it could be estab- 
lished experimentally that the frequency of the 
characteristic Réntgen rays varied as the square 
of the charge in the atom, and not as the atomic 
weight. If the elements were formed by a number 
of units coming together, this number representing 
the charge would be an integer, but the atomic 
weight was not. Hence the total of the masses was 
not the same as the sum of the constituent masses. 
It was now held that the mass of a body was altered 
when its energy was altered, and if one could get 
accurate measurements of the charges in the atoms 
and compare these with the atomic weights, the 
change of mass in the coalescence of the units could 
be found, as also the loss of weight. There would 
thus be material for finding the change of weight 
on the consolidation of the constituent systems. 

No change of weight had ever been detected in 
chemical combinations. Although Landolt had at 
one time thought he had detected traces of such 
a change, this was finally found to be due to the 
omission of certain necessary corrections, on making 
which the sum of the masses before combination was 
found to be exactly the same as subsequently. 

If, however, the view above set forth was right, 
the aggregation of units into more complex atoms 
must be accompanied by changes in weight and a 
considerable change in mass. is might, Professor 
Thomson —— provide the means for testing 
theories of gravitation. The difficulty as regards 
ated was not the absence of a theory ; in fact, he 
himself counted 42, of which only a very few 
could be said to be wrong, owing to the fact that 
there was nothing to differentiate between them. 
If, however, changes of weight could be detected on 
the lines suggested above, these theories might be 
subjected to test. 
= considering ye evolution of the aoe mrt 

e tion of units, it was quite possible that 
all del aot chant from the same "a and that the 
elements with an uneven valency had not the same 
base element as the metals with even valencies, 
each set being found by additions of the same con- 
stant unit, but starting differently. Last year he 
had pointed out that nearly all the elements with 
an atomic weight less than 40 could be divided into 





two classes : those of which the atomic weight was 
divisible by 4, and those in which the atomic weight, 
when thus divided, left a remainder of 3, the latter 
being elements with odd valencies. The one set 
apparently started with helium, and the other with 
something having an atomic weight of 3. 





TEXTILE MACHINERY EXHIBITION 
AT MANCHESTER. 

No attempt has apparently been made to provide 
what might be termed a comprehensive display of 
textile machinery at the above Exhibiti .n, which 
was opened on Friday, March 27. The reason of 
this is fairly obvious to those connected with the 
textile industries. For quite a number of years 
very little change has been made in the construc- 
tion of the essential machines used, and the small 
modifications and improvements applied are not 
sufficiently important to warrant an extensive dis- 
play of machines which are well known to the 
average mill-man. In the blowing-room, for 
example, where the cotton from the bale is opened 
out, although new systems have been advocated, 
they have not materialised, and, with the excep- 
tion of grouping the units in a somewhat different 
manner, the blowing-room is very similar to-day to 
what it was 10 or 15 years ago. 

The object of the organisers of the above Exhi- 
bition has been, as far as possible, to provide 
exhibits which demonstrate possible new develop- 
ments in the textile industries by machines which 
will, no doubt, become standard examples. Atthe 
present time in the textile industries, especially 
that concerned with the preparation, spinning and 
weaving of cotton, there are a number of interesting 
progressive movements which it is quite possible 
will materially affect the methods of operation 
and conditions prevailing in our mills. For quite 
a number of years now the question of the auto- 
matic loom has been as it were in abeyance, 
although constant attempts have been made to 
bring that loom into more complete employment. 

Fortunately, Lancashire has been favoured with 
an abundance of good weaving labour, but there 
are indications that such will not always be the 
case, and in the near future, provided the looms 
are fully occupied again—as they are bound to be 
according to our cyclic fluctuations of trade—then 
a shortage will be experienced. Whether the auto- 
matic looms will come into full favour, or whether 
some such means as demonstrated at the above 
Exhibition will be found sufficient, cannot be deter- 
mined now. The means referred to are the em- 
ployment of winding-frames for the purpose of 
winding the yarn from the cop, as produced on the 
mule, on toa pirn. It is the usual practice to put 
the mule cop direct into the shuttle, but latterly the 
system of taking these cops and re-winding them 
on to a pirn, thus producing a package of material 
containing 24 times the length of yarn to be found 
on the cop, has been adopted. The advantage 
is obvious: the shuttle requires replenishment a 
less number of times, thus reducing the stoppages 
of the loom and increasing production. Advan- 
tages not so obvious are better selvedges, less 
stoppages owing to the weak places in the weft 
being removed in winding, and a lessened strain on 
the warp threads, due to decreasing the number 
of replenishing stops. British makers are nut 
represented at the Exhibition by any pirn-winders, 
although there are firms in this country who have 
latterly commenced to make them. The three 
examples shown are respectively of American, 
German, and Swiss origin. The American machine 
differs from the other two in rather an important 
detail. The spindle of the American machine has 
a rotary movement solely, the yarn being laid upon 
the pirn in correct sequence of layers by a travers- 
ing yarn delivery guide. In the German and Swiss 
machines the spindle carrying the pirn has both a 
rotary and reciprocating movement, the delivery 
eye of the thread-guide Hees stationary. In these 
machines each spindle is independent, and all the 
gearing for rotating and reciprocating it is placed in 
a gear-box, being partially submerged in oil. A 
cone-shaped former surrounds the spindle. As the 
layers of yarn are built up on the pirn the increasing 
diameter of the thread comes in contact with the 
inner periphery of the pirn former, and as the 
spindle oe forces the pirn former out 
away from the base of the pirn until it reaches a 


position where it contacts with a stop-motion lever, 
to throw the spindle-driving means out of gear and 
bring the spindle to rest. This is known as a full 
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EXHIBITS AT THE TEXTILE EXHIBITION AT MANCHESTER. 
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pirn-stop motion. The cone of the pirn former is 
mounted in ball- bearings. To demonstrate the 
advantages of re-winding weft yarn a battery of six 
looms has been installed at the Exhibition, and 
pirns wound on the Universal machines (American) 
will be employed. One weaver will attend to six 
looms instead of four, as is now general in the 
weaving-sheds. 

In preparing the warp threads for the loom each 
individual thread has to be drawn through its 
particular heald-eye. Machinery of American 
origin has been devised to knot the threads of the 
new warp to the threads of the old warp, and thus 
reduce the labour entailed; in one Lancashire 
instance, ten men, whose wages average 30s. per 
week, have been dispensed with. A later 
American machine drew the threads through the 
heald-eyes by machinery at a considerable —_ 
At the present Exhibition a new machine, shown 
for the first time in this country, is twisting the ends 
of an old warp to the ends of a new warp. The 
twisting effected is somewhat unique, for not only 
are the ends of the new warp twisted to the ends 
of the old warp, but the twisted portion is turned 





down at right angles and twisted to the 
adjacent portion of the new warp threads, 
thus securing a very even, regular join, 














and one, moreover, that will resist consider- 
able pulling tension. The machine has a 
capacity of about 5000 ends per hour and will 
do the work of from four to five operatives. About 
100 complete twists per minute are made, and the 
machine and its framework are so devised that while 
one warp is being twisted in a fresh warp can be 
re , the substitution taking but a few minutes. 
The labour problem in Lancashire is not confined 
to the adult operative, but is at the present 
moment probably more keenly felt in connection 
with the provision of half-timers, who perform such 
useful but non-productive work as removing the 
fullcops or bobbins from the ring-frames. Doffers, 
as they are termed, cannot always be obtained, 
and several attempts have been made to invent suit- 
able automatic doffing mechanism, but the distance 
between the frames has always been against the 
use of the large appliances. An ingenious piece 
of apparatus is shown on Messrs. Cook and Co.'s 


stand at the Textile Machinery Exhibition. It is 


Fic. 7. 


comparatively simple and very compact. To the 
girder rail of the ring-frame a cast-iron rack is 
attached, the upper part of the rack having a guide- 
groove cut in it, into which bowls attached to the 
apparatus fit, the guide-rail serving to support the 
apparatus. A small pinion carried on a par shaft 
gears with the rack, the appliance being drawn 
from end to end of the frame by means of a flat 
band driven from some moving part, preferably 
the loose pulley. A lever or cam face is attached 
to the frame of the appliance, and comes in con- 
tact — a full bobbin just prior - the — 
mechanism proper coming o ite that jicular 
bobbin in prod partially nares the babbin and 
thus ease the tension on the thread. The rotation 
of the pinion and of the shaft operates a series of 
windmill-like arms, provided with jaws, which are 
caused to close and open, as they revolve, by cam 





faces on the appliance. The jaws close on a full 
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bobbin an lift it off the spindle, carrying it round 
to the outside of the appliance, when the jaws are 
opened and allow the bobbin to fall into a box 
or bag. While this is being accomplished a cut- 
ting Sovten comes into operation, and cuts the 
thread from the bottom of the spindle to the full 
bobbin. This appliance works at a very quick 
rate, and will remove 380 full bobbins in about 
30 seconds. No attempt has been made to “don” 
or place empty bobbins on the spindles, as was the 
case with other doffing apparatus previously pro- 
posed. In the worsted-spinning trade a very suc- 
cessful ‘‘doffer” and ‘‘donner” has been applied 
to cap-spinning frames. 

Another phase of power economics is demon- 
strated by numerous applications of ball-bearings 
to textile machinery. To many of the machines 
shown at the Exhibition ball-bearings are applied, 
and in cne instance—the raising-machine for pro- 
ducing a nap or pile on goods—these bearings are 
used to produce a particular raising effect apart 
altogether from what may be saved by the reduction 
of friction. The calender-bowl roller-bearing made 
by the Hoffmann Manufacturing Company, shown 
in Figs. 1 and 2, page 445, has been specially 
designed to meet the considerable loads such bowls 
sustain. Each of the bottom bowl-necks rests on 
two anti-friction rollers, replacing the plain brasses 
hitherto used. The two anti-friction rollers are 
carried in a cradle, this cradle being placed in the 
frame-gap. Its swivelling seat is supported at the 
bottom on some flat surface. In order to give an 
intermediate support to the pins on which the anti- 
friction rollers are fitted, a subdivision is effected, 
as shown. A support to the pin is then carried up 
from the base of the cradle, and each of the anti- 
friction rollers is formed in two parts. These 
parts have not the same length, the short roller 
on one side being opposite the long roller on 
the other side of the same neck. Any detrimental 
effect due to the rolling out of the bowl ends is 
thereby eliminated. In this connection it should 
be mentioned that these bowl ends should be 
hardened or provided with hardened sleeves tightly 
shrunk on in position. As the bowl rotates the 
outer races of the anti-friction rollers also rotate, 
the surface s of neck and roller being the same. 
The pins of the anti-friction rollers are fitted with a 
number of standard Hoffmann roller-bearing inner 
races, the rollers being accurately in contact with 
the outer races. The relative motion which takes 
place between the revolving and stationary parts is 
taken up purely as rolling motion, requiring no 
appreciable effort in comparison with that necessary 
when sliding friction is present. The cradle is 
provided with a spherical seat in order to obtain 
correct alignment of the anti-friction rollers with 
the bowl ends and an even distribution of the load 
in the bearings themselves. 

An interesting application of ball- bearings is illus- 
trated in Fig. 3, page 445. In this instance the ball- 
bearings have been applied to the crank and second- 
motion shafts of the loom. The loom is by Ather- 
ton Brothers, of Preston, and the bearings by the 
Tormo Manufacturing Company. Quite a number 
of such applications are now being made, which is 
satisfactory when one considers the sorry engi- 
neering job plain looms have hitherto represented. 

One of the most important machines in the whole 
Exhibition is a tape-loom, which embodies in its 
construction some revolutionary ideas. It is the 
invention of Messrs. Farnworth and Jackson, and is 
constructed by the Patent Tape and Loom Company, 
of Broadbottom. In the first place, the old-type 
wooden tape-loom, in which all the shuttles were 
operated together, and which in appearance resem- 


bled a huge four-post bedstead, is replaced by an} d 


all-metal loom—each tape-produci rt indepen- 
dent and individual—built on pre a ane m ines 
and on the best modern engineering practice. Illus- 
trations of the new loom are given in Figs. 4 to 7, 
page 445. 

Before describing the improved mechanism in 
detail, it may prove interesting if a description of 
the general method of weaving, as shown, is given. 
The warp-threads, indicated by f, are drawn down 
in « flat, ribbon-like band, from a ‘‘ cheese,” or 
cylindcically-wound package of yarn (which is shown 
near the top of the framing in Fig. 7) under the 
roller 4 in Fig. 5, and then over the vibrating- 
frame g. From g the threads pass through the 
healds, or shedding devices, which, in this case, 
work in pairs, the alternate threads of the warp 
passing t h eyes in different healds, so that 
operation of the healds in a vertical direction will 





a a division of the warp-threads, as indicated 
y the rhomboidal diagram in Fig. 4. When thus 
divided the shuttle carrying the weft or bindin 
thread is propelled from side to side of the loom, an 
immediately one weft thread has been laid between 
the divided threads the shed closes and the warp 
threads are again divided; but this time the threads 
previously forming the upper layer are now de- 
pressed to form the lower layer, thus securing 
interweaving. It will be understood that as the 
warp threads are woven—into tape, in this case— 
tension is placed upon them, and the mechanism 
to be descri is for the purpose of maintaining 
an even length of warp threads between the de- 
livery-roller 4, Fig. 5, and the cloth or tape take-up 
roller at the front of the loom. 

The warp threads, as stated, are indicated by f, 
and they pass over a vibrating frame g, which 
is somewhat unique in its design and operation. 
It will be seen that g carries a projection 0, 
having a. stud working in a slot of a link p 
attached to a lever q operated from a cam u. The 
lever q carries a pawl w, and any difference in the 
position of the vibrating frame g brings about the 
raising or lowering of the pawl w. Should extra 
tension be applied to yg, to bring it nearer to the 
front of the loom, then the pawl w is given an 
extra throw and operates the ratchet, and by 
rotating the roller 4, Fig. 5, at a higher rate of 
speed, cause more warp threads to be drawn 
forward. Should the threads be slack, then the 
spring k draws the vibrating frame back and raises 
the pawl w out of engagement with its ratchet. 

The practice that obtains in all classes of loom 
for weaving cloth of employing a non-positive pick 
or propulsion of the shuttle through the warp- 
threads is the cause of considerable trouble in 
weaving. It will readily be recognised that a 
shuttle weighing } lb., and travelling at a very high 
rate of speed (210 traverses across a 36-in. cloth in 
a minute is a common rate), almost entirely un- 
controlled, is by no means good practice, and con- 
sequently flying shuttles, which often injure opera- 
tives severely, are notuncommon. Many attempts 
have been made to invent a practical positive pick 
for wide looms. The shuttle of the present loom, 
which is, of course, very narrow in relation to ordinary 
looms, is positively driven by means of a picking- 
lever carrying engaging jaws, projections on which 
run in cam-grooves, the jaws engaging the shuttle. 
As the picking-lever reciprocates, the action of the 
cam-grooves on the projections is to give a rocking 
motion to the jaws, so that first one jaw and then 
the other engages the shuttle, but one jaw is always 
in engagement. This rocking is necessary use 
of the under-layer of warp-threads, the shuttle, of 
course, passing between the upper and lower set of 
threads and the jaws beneath. Positive picking is 
permissible owing to the peculiar shape and action 
of the reed employed. This is shown clearly in 
Fig. 6. In an ordinary loom, the reed which 
beats up the weft is fulerumed at its lower- 
most point, and moves in what is practically a 
horizontal line. The reed itself is formed of 
straight pieces of wire. In the present instance, 
the reed is shaped as at a, being supported at 
i on a rod e, which is driven from a revolving 
disc g. The path of traverse of the reed is roughly 
in the form of a figure 8, and its position when the 
shuttle c is being carried across the lower warp 
threads b is shown in the illustration. As the reed 
is brought down, the partj beats up the weft-thread, 
and as it is near to the fulcrum of the reed a very 
effective blow is struck. Other advantages are 
secured from this shape and action of the reed, the 
chief being the high speed obtainable, this being 
ve to positive picking and less scraping of the 
reed on the warp-threads. A single loom is 
illustrated in Fig. 7, but when installed in a factory 
& number of these looms are carried on a framing, 
each single loom being fastened to a bed-plate 
hinged at its rear to the supporting framework, so 
that it can be raised to adjust, clean, &. 

Many other important machines are on view, 
particularly the cotton-waste preparing and spin- 
ning-machine described in ENGINEERING, vol. xcvi., 
page 822. Steaming in weaving-sheds is an acute 
— in Lancashire at the present time, and two 

umidifying and ventilating appliances by which this 
can be avoided are shown. Plant to protect opera- 
tives is ere on various stands; for example, the 
ventilating-hoods now placed over gassing- 
ines in which the short ends of fibre are 
burned from the threads—dust-removal plant for 
carding-engines, protective guards, and the like. 





BATTLESHIP DESIGN. 
Some Questions Relating to Battleship Design.* 
By T. G. Owens. 


Many and ry aan are the views which are held and 
have been put forward by experts as to what constitutes 
the most desirable battleship—.e., that which embodies 
the most commendable compromise of conflicting elements 
to suit the requirements of strategists and tacticians. I» 
may therefore be of interest to outline in one paper the 
most noteworthy of these views, and to see whether it is 
at all possible, out of such contradictory elements, to 
evolve some one proposal which could reasonably be said 
to embody the desiderata and to eliminate the objection- 
able features of a battleship with respect to armament, 
armoured protection, speed, dimensions, &c. Such con- 
sideration of the subject is haps justified, since one 
feature of the modern line-of-battle ship frequently criti- 
cised is the ever-increasing displacement, the normal 
displacement of some of the most a oe being 
over 50 per cent. in excess of that of the D ought of 
some eight years ago. 


ANALYSIS OF DISPLACEMENT. 


M. Bertin, in his excellent paper in 1913 to the Asso- 
ciation Technique Maritime, enunciated a simple algebraic 
sysvem for the jm es of analysis of displacement, and, 
as this no agg ek cy! studied by many, -—< 
appears admirably Pp or the purpose, 16 may 
oltiahie to adopt it here with certain slight modifica- 
tions. The results of this analysis are fully described 
and tabulated in Appendix A. ‘Lhe displacement of the 
modern type of battleship may be classified under three 
main heads 

1. Hull and equipment. 

2. i and fuel. 

3. Armament and protective material. , 

The value of these items over a wide range of displace- 
ment have been calculated for ee of 21 knots, 
23 knots, 25 knots, and 27 knots, and presented in 
Tables I., IL, IIL, and 1V., page 451. Practice in 
this country has so far not exceeded a load displace- 
ment of about 31,000 tons, but the tables have been 
extended to include vessels of a load displacement of 
40,000 tons, the figures being based on the assumption 
that the respective coefficients for items 1 and 2 remain 
constant at the higher displacements. The influence 
upon the values of the armament and protection of in- 
creased displacement at equal designed speed may be 
seen from the results of TableI., Appendix A. There is, 
for instance, afforded direct comparison of two 20,000-ton 
battleships, the armament and protection (p) of the two 
(2 x 785U) equalling 15,700 tons, against the 18,010 tons 
bg may be devoted toe that purpose in the 40,000-ton 

For the better consideration of the problem of in- 
creasing displacement, the author has, in addition to the 
information given in Appendix A, added the curves 
shown in Fig. 1, page 448. Curve A shows the percentage 
of the load displacement which can be devoted respec- 
tively to armament, armour, and protection. Curve B 
shows the percentage of armament alone, and the result 
approximates closely to practice in this country. Other 
curves, indicating dimensions, nature of armament, &c., 
have been added as matters of interest. 7 

The value of the curves and tables may be exemplified 
by taking a battleship of 30,000 tons displacement in the 
load condition. The allocation of weight to the different 
divisions will be as follows, according to the speed 





desired :— 
N iS) in | Hull, Equipment, | Armament and 
». 4 nots. Machinery, and Fuel. Protection. 

tors tons 

1 21 | 17,155 12,845 

2 23 } 18,180 11,820 

3 25 | 19,540 10,460 

4 20,930 9,070 


27 | 
An increase in speed from 21 knots to 27 knots is thus 
accompanied by a reduction of approximately 30 per 
cent. in the weight allocated to armament and protection 
in the 21-knot ship. 


Minimum Resistance oF Hutt AND APPENDAGES. 


Improved methods of construction of hull and machi- 
may from time to time bring about a small increase 
in the value of Q—1.¢., of armament and protection, and 
these possible improvements are always worthy of con- 
sideration by the naval designer. ith the increased 
facilities for experimental work and the large amount of 
data accumulated, the attainment of the underwater forms 
of vessels for approximate minimum resistance at given 
speeds presents no difficulties to the designer. 
In connection with what are termed ap 
point is worth noting. The twin rudders fit 


one 
in the 
earlier British Dreadnoughts, and in certain foreign war- 
ships, however advantageous in some respects, seriously 
affect the value of the one coefficient. With the 
view of determining the tive values of the resistance 
of different kinds of rudders, the author for 
experiments to be carried out last year in Vickers’ experi- 
mental tank, and believing them to be of interest to 
members of this Institution, because they indicate where 
slightly increased values of armament and protective 
material may be obtained by a reduction of the power, and 
consequently of the weight of machinery and fuel, the 
author gives the results in Appendix B and in Figs. 3 
and 4 (page 448), the types of rudders used being shown 





as ~~ ~~ read before the Institution of Naval Arehi- 
tects, April 1, 1914. 
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in Figs. 5 to 7, below. Probably the resistance results 
of such appendages obtained by experiments with models 
are somewhat exaggerated; they must be viewed as 
representing comparative rather than quantitative values. 
Converting the constants into actual E.H.P. values for 
a ship at 25 knots, the following results are obtained :— 

1. Naked hull, 23,450 E.H.P. 

2. Model with single large centre-line rudder, 23,750 


E.H.P. f 

8. Model with two rudders on centre line, 24,000 
E.H.P. 

4. Model 
25,100 E.H. 

The above represents the increase due to tow-rope re- 


Fig.1. 


Soe twin side-rudders of the usual area, 





deciding factor in an action. Choice of venue and time, 
er or non-acceptance of an engagement, lie in the 
hands of the commander of the faster fleet. All are 
probably agreed on the advantages of high speed in 
strategical operations, as also on the limits of tactical and 
strategical operations. To obtain the utmost value from 
such speeds it is necessary that all the units of a battle 
fleet and its auxiliaries should have equally high speeds, 
and, necessarily, an equal radius of action at such speeds. 
This, of course, is altogether outside the line of prob- 
ability, due not only to the extreme costliness of such 
arrangements, but also to the impossibility of arranging 
for such conditions with the present units and their auxi- 
liary craft. During the course of the action itself the 
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Fig.5. SINGLE RUDDER ON CENTRE LINE. 





20 30 40 Feet 








Area. of Rudder -4 x Immersed PlanchArea 


(3910 E) 


sistance, but in the actual ship the side rudders are 
partly in the propeller race, which means a considerable 
additional increase. So far as manceuvring power is con- 
cerned, the tactical diameters of the ——s circles of 
some of the latest foreign battleships built by Vickers 
with a single centre-line rudder bore practically the 
same ratio to the length of the ship as did those of battle- 
ships of approximately the same dimensions having twin 
rudders whose combined area much exceeded that of the 
single rudder. 


SPEED. | 

The a ximate loss of fighting efficiency due to | 
increase oO} = has been indicated in Fig. 2, above, 
and Table V. in Appendix A, and perhaps more clearly 


still in the disposition of weights for a 30,000-ton ship 
at different speeds on page 446. The advantage, or other- 
wise, of large, high-speed battle-cruisers has been the 
subject of much discussion at previous mee’ of this 
Institution, and from the views then declared it is pos- 
sible to arrive at certain conclusions based on the majority 
of When th ad of is often 

time advan is of great importance, as is 0 
the case in naval - ¥ military i even a small 


increase of speed over a long course may become the | 
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| value of high speed from a tactical point of view is much 
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appears to be admirable—namely, ‘‘to retain such speed 
as not to be inferior to that of our possible opponents.” 


ARMAMENT AND PROTECTIVE MATERIAL. 

The acceptance of this guiding principle in the matter 
of suitable speed frees us for the fuller consideration of 
the last and most important factor—armament and pro- 
tective material—which has of late years been granted an 
attention worthy of its importance. In it are involved 
the questions of concentration of fire, the desirability or 
otherwise of a powerful secondary armament, and a suit- 
able thickness of armour ; and, closely connected with 

the maximum dimensions of the warship itself. 
But here, again, the points of issue have been narrowed 
to within certain definite limits. The centre-line disposi- 
tion of heavy guns has received universal sanction. The 
rapid development of the torpedo within recent years has 
required an increase in the probable fighting range, and 
this, in turn, and as a consequence, necessitates the 
employment, and ensures the permanent adoption, of 
ibre guns. A further consideration pointing to 
the same result is the desirability of greater flatness of 
trajectory and increased accuracy of fire with moderate 
muzzle velocity. Again, whether from the point of view 
of *‘ volume of fire,” or from that of the repelling of 
torpedo-boat attacks, the largest efficiently man-handled 
quick-firing weapon—the 6-in. gun with a projectile of 
100 lb. weight—is the most efficient for the purpose. 
Finally, it would appear that the minimum thickness of 
armour is determined by the 6.in. gun at the shortest 
range at which a ey are likely to occur. The 
whole problem, therefore, of size, &c., in modern war- 
— resolves itself into a consideration of the following 
subjects :— 

1. The limit in calibre of the primary armament in the 
light of the probable battle range. 

2. The probable number of large guns in each ship and 
the use of twin, triple, or quadruple mountings. 

3. The maximum thickness and area of armour required, 
together with the important question of underwater and 
horizontal protection; both are largely dependent on 
No. 1, and must be considered together. 


Tue Liwit in Caurpre or Primary GUNS AND THE 
TuHickness Or AkMOUR NECESSARY. 


Fig. 8 (page 448), for which I am indebted to Sir 
Trevor Dawson’s Gustave OCanet Lecture, 1909, shows 
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reduced, for although it tends to a quicker rate of change 
of range, tactical movements being of short duration, 
difference of s cannot make itself soqeeens except, 
as has been pointed out by Admiral Sir Reginald Cus- 
tance, in the ter curvature of the tracks. 

The desirable speed of the capital ship, however, does 
not entirely depend on the relative movements of an 


opposing fleet. arship design is subject to the indirect 
influence of in the merchant marine as well as 
to the more t effects of the naval advance of other 


nations ; but these may be subordinate to the changes in 
the nature and conditions of future naval myn omen | 
which must follow upon the great increase in an 

speed of the modern torpedo. The question of suitable 
speed is determined sometimes by the circum- 
stances Of the moment or the whim of an individual, and, 
thus, beyond the province of the naval architect. But, 
however much the fighting efficiency may be reduced in 
the interests of economy, or, alternatively, however much 
cost of construction may be increased, a limited number 





of high-speed well-armed vessels a: to be an abso- 
rah necessity. Withal, in fixi Se anced of ships-of- 





the-line, the proposal of Admiral Sir Edmund Fremantle 


the; immense advance made since the Russo-Japanese 
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Fig.7. RUODERS AS ACTUALLY FITTED ON SHIP. 
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War in muzzle energy and penetration of wrought-iron 
at the muzzle by the 12-in. gunalone. This gun reached 
its highest efficiency when of a length of 50 calibree, and 
when the 850-lb. projectile was given a muzzle velocity 
of 3000 ft. second. Further advance in the power of 
the individual gun became possible only by increase in 
the calibre; with these the necessary energy at great 
ranges is attained in association with a lower-muzzle 
ee Comparison of these guns with the 12-in. 
50 - calibre, also with the 12-in type, contem- 
porary with the Russo-Japanese War, is furnished 
the curves of danger zones in Figs. 9 to 12 (page 448). 
The effect of the high muzzle velocity of the 12-in. 50- 
ibre gun, and consequently of its flattened trajectory, 
is shown by the length of its danger zone at various 
ranges. If this and the rate of firing were the only 
criteria of the value of a gun, opponents of higher 
calibres would have some justification for their adverse 
criticism. The curves of Fig. 13, which are besed on 
Gavre’s formula, show the penetration of projectiles from 
modern guns in K.C. armour with normal impact, and 
afford a partial illustration of their effectiveness inst 
the armour of to-day. The guns of the period of the battle 
of Tsushima were capable of penetrating with normal 
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impact 13}-in. armour at the battle range of 5000 
eS. as ees than Sorbo 
the range. But consideration of guns and armour turns 


upon the probable decisive battle at the time of 
’s design. Wha 


the vessel’s " t can be considered as the deci- without bursting ch fired at a range 
sive battle to-day? Assuming that this was 5000/ of — _ yards, trated armour- of 8in. and 
in the Russo-Japanese War, we find from Fig. 9| 10 in. thickness; but all projectiles were broken in piercing | the 


yards in ; 
that the length of danger zone was 153 yards approxi- 
mately. If curves of sage 2 Sangee none be lotted to 
a base of range for the 12-in. 50-calibre and 15-in. 
the corresponding length of zones is found at 7200 and 
6000 yards respectively ; but if the improvement in range- 
finders and sighting mechanism, tending to a higher per- 
cen of hits, be taken into account, the range will 
proba Dy ae a higher figure still. i Aas 

Another important factor in the determination of fight- 
ing range is the increased accuracy of the later Somdioen 
at longer ranges. In the Russo-Japanese battles the 
range was from 3500 to 4500 yards; the torpedo of mm 
is efficient at of from 6000 to 7000 yards. Wit 
these facts in mind one may fairly conclude, in the a! 
of more definite information, that the decisive battle 
range of to-day lies in the region of 8000 yards. It is 
difficult to theorise as to what may actually prove to be 
the decisive range defined by Admiral Sir inald Cus- 
tance in his of 1912 as ‘‘ that distance at which one 
combatant develops in a limited time such a superiority 
of attack that the other is put out of action.” But he has 
shown this decisive range to have successively grown 
from ‘close alongside” to 800 yards, 2500 yards, and 
later, in the Russo-Japanese War, to about 5000 yards. 
We may, therefore, with the increased — of guns, &c., 
reasonably assume that, given good weather conditions, 


8. CURVES SHOWING ADVANCE IN 12° GUNS 





Iran 
le 


Zz 


the ship, all tend to make normal impact ically 
impossible, and successful perforation most difficult, even 
with armour of less thickness than that indicated in the 
diagram (Pig . 13). In the American trials, 12-in. armour- 
pie 


the plate, and therefore an explosion inside the armour 
could not have resulted. 

The introduction of the four-calibre point projectile, 
with special head-caps, producing a much-improved form 
for air-resistance, with a considerable gain in range, 
speed, and therefore in pouting, power, failed to 
arrest the movement enede higher calibres. Augmented 
weight of shell and greater explosive effect without 
increased calibre did not commend itself to gunnery 
experts because of the disadvantage of increased wear of 
the gun. These factors with a possibility of still greater 
fighting, following the rapid advance of the tor- 
pedo—French writers already speak of an effective range 
of 9800 yards—probably determined the supersession of 
the 12-in. gun. Among the advantages of the higher 
calibres, too, are the reduction in muzzle velocity with- 
out loss of penetrating effect, the greater chance of the 
shell piercing the armour, and of the explosion of the 
contents taking place inside the hull, and the tly 
increased weight of explosive which can be carried in the 
armour-piercing shell possibly rendering only one type 
necessary. far as common know no start- 
ling advance has been made in the quality of armour 
during the period in question, and, consequently, in- 

protective effect can be obtained only by greater 
thickness. New processes of armour production are in 
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the 8000 yards stated above is not far from the mark. 
Acceptance of this as the decisive fighting range leads to 
the consideration not only of the desirable calibre of gun, 
but also of suitable thickness of armour in order to 
ensure the safety of the ship against the attack of modern 
awe This protection, ticularly in the neighbour- 
ood of the water-line and the are Positions, is of 
primary importance, and yet is one of the most perplex- 
ing questions of modern warship design. The curves in 
Fig. 13 (above), illustrating the penetration of K.O. 
armour, show that the 12-in. 50-calibre gun is capable of 
perforating a thickness of K.C. armour in exceas of its 
own calibre at 10,000 yards, while the later 15-in. gun 
can perforate 18-in. K.C. armour at the same 
Examination of the published data for the most recent 
battleships shows that in the light of the results in 
Fig. 13, the United States alone have provided adequate 
protection for the heavy-gun positions and conning- 
tower, but even in their case the thickness of the 
main belt in no case exceeds about 14 in. From a hei ho 
of 30 ft. above the water-line the distance of the visible 
horizon is under 12,000 yards, and certain authorities 
state that under favourable weather conditions the 
extreme fighting range will hardly exceed 10,000 yards ; 
it will more generally approach ards. Even at the 


maximum range the guns of to-day appear sufficiently | bee’ 


powerful to penetrate the protection at all itions of 
the battleships of all Powers with the exception of the 
United States. From this point of view the introduction 
of calibres above 12 in. may have seemed unnecessary ; 
incidentally, on the other hand, if larger guns were used, 
the main armour-belts, &c., should have been greatly 
increased in thickness. As this is in some cases imprac- 
ticable, it is contended that the belts, &c., should be 
reduced to a thickness only sufficient to résist successfully 
the fire of the secondary armament. 

It must be remembered, too, that the increased angle 
of descent due to greater range, the inclination of the axis 
of the shell to its trajectory with its powerful cross-break- 
ing effect on the projectile, together with the motion of 


course of development in England and in the United 
States, but so far very little information on the subject 
has been made —_ 

The advent of triple and quadruple turrets on the Con- 
tinent and in the United States may possibly produce 
some effect on future warship designs in this country. 
Considerations of weight, space occupied, and the limita- 
tion of the number of turrets to be controlled, favour 
their adoption. The practical objections lie in the in- 


the side guns from the centre of the turret, in the main- 
taining of a uniform supply of ammunition, and to the 
“too many eggs in one et” idea. Undoubtedly, the 
first of these objections was at one time looked upon as the 
most serious, because in simultaneous firing a difference 
of the fractional i of a second in the ignition of the 
gun — would produce for the following projectile 
considerable la deviation from the target. The 
relative values of this turning impulse were published 
about two years ago in the Rivista Marittima, which 
stated the angle of rotation for guns in the same hori- 
zontal plane to be :—For twin gun turrets, 2 deg. 20 min.; 
triple gun turrets, 4 deg. 

e trials of the Dante Alighieri at Spezia in December, 
1912, however, showed that the difficulties named had 
nm overcome, and it was reported that the lateral move- 
ment was less than with some of the earliest twin gun 
mounti That satisfaction was given to the Italian 
authorities is fully proved by the fitting of triple turrets 
in the succeeding vessels of the Conte-di-Cavour class, 
and the still more recent ships, the Andrea Doria and 
Oaio Duilio. 

Prinorpat Features oF Mopern Desicn. 

The present tendency in a construction and 
design, as exemplified in the later ships of all the = 
cipal maritime Powers, is towards very large displace- 
ment, with the arrangement of all the guns of the primary 
armament on the centre line, and with the guns of the 
auxiliary or secondary armament placed in an armoured 











creased turning a due to the greater distance of | Soci 





citadel on, or immediately below, the deck carrying the 
primary guns; whilst in respect to thé above-water 
armoured protection there is the usual thick armoured 
belt, extending, say, from 4 ft. to 6 ft. below the water- 
line to the height of the main deck, and extending over 
the length of the vessel for such distance as to tect 

machinery and boiler compartments, and the 
magazines. The armour protecting the primary arma- 
ment corres s in thicknessin most cases to that of the 
main water-line belt previously alluded to. The ends of 
the ship and the citadel or battery for the second 
armament have armour of redu thickness, approx1- 
mately half that of the main belt protection. In all the 
modern battleships there are horizontal protective decks, 
and in most of the later ships there are also su 
longitudinal protective b to ward against the 
effect of submarine explosions, either from torpedoes or 
mines. 

The oun of the guns and the distribution of 
the various thicknesses of armour, differ practi with 
each class of vessels building for each country ; but all 
more or less follow the same general lines, and are 
designed for the same purposes. It would appear as if 
matters would go on in this way until either the naval 
authorities throughout the world convince themselves, or 
the result of a naval ment shows, that the thick- 
nesses and the extent of armour as at present fitted are 
inadequate to afford the protection desired or % 
or that a reduction in the armoured area is permissible 
without endangering the battle qualities of the vessel ; 
or, on the other hand, that the guns of the primary 
armament are larger and more powerful than are called 
for by the protection given, or that the auxiliary or 
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Fig.J3. CURVES OF PENETRATION OF K.C. ARMOUR 
BY MODERN GUNS. 
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secon: armament is useless, and could, with its pro- 
tection, removed without detriment to the fighting 


qualities of the vessel. Any one of the above cases, or & 
combination of them, would, of course, lead to a very con- 
siderable reduction in the displacement of vessels, always 
supposing that the number of guns remained approxi- 
mately constant, and that the speeds now obtained are 
considered a 

The late Sir William White, in 1911, in a paper to the 
iety of Naval Architects and Marine Engineers, 
U.S.A., stated that the limit of reasonable maximum 
dimensions had been reached, and that a decrease in the 
number of pane guns and a retention of the same 
speed would considerably reduce the size and cost of 
individual ships. The reduction in the number of 
primary guns has already taken place, at least in Britain 
and Germany, but the displacement and cost continue to 


grow. 

It is not easy to formulate a oa which one can put 
forward with confidence as, what has been termed, the 
most desirable design in every way ; but it a) rs to 
the author that it is quite ble and reasonable to out- 
line certain conditions which must be fulfilled in order 
to obtain a ship-of-the-line capable of holding her own in 
any action wherever and however fought, and to combine 
such qualities in a vessel whose —— ment would, as 
~—y displacements _be moderate, any increase 

ing solely due to ic or departmental insistance 
on what may be called “‘ trimmings,” not at all necessary 
to the fighting qualities of the vessel. 


ELEMENTS OF THE Most DesrraBie Desien. 
Primary Guns.—Taking first the gun and torpedo 
armament, it will be agreed that the primary gun and 
projectile should be of the smallest clihee weight 
necessary to carry an efficient bursting charge through the 


maximum thickness of protecting side armour on a ship 
of a ible enemy at a range of maximum vision ; it 
should at the same time possess the greatest possi 

length of danger zone without unduly affecting the life 
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of the gun. Giving all these a age thy ne py ay 
there appears no great necessity in resent or in 
immediate future for guns of , Aa ph mms than 14 in., 
which at the of probable maximum vision, say 
12,000 yards, would, according to the Gavre formula, and 
allowing for —— descent, pierce the best Krupp 
armour of @ thi of 14 in. and deliver a heavy burst- 
ing into the interior of the ship. But guns of 
larger calibre than 14 in. are already mounted, and a 
further increase is outside the bounds of. probability. 
A of Pri Guns.— As to the arrangement 
for mounting the = of the primary armament, it will 
probably not be disputed that a four-turret centre-line 
arrangement, if carrying sufficient gun-power, is, on the 
score of supervision, smaller targe smaller number 
of gun crew required for working, preferable to that of a 
five or six-turret arrangement ; if such turrets, with 
their magazines, are se from each other by a con- 
siderable length of ship, the chances are lessened of 
simultaneous destruction of two complete turrets and 
magazines by one lucky shot, which, under present condi- 


tions, is quite ble. 
It may, od, wy also be agreed that, if all primary 
guns were arranged to have their axes approximately at 
the —, a above the Sng tomy the = 4 those 
responsible for getting in the largest number of hits in 
the shortest geile tne would be immensely facil 
This would mean the adoption of a fiush-decked ship, 
the end-on fire *eeuld consist of that from the guns of 
one turret only, which, as end-on fire is now at a discount, 
would not detract from the value of the ship. The high 
forecastle would the depth moulded of the vessel 
would be inc’ to give ample freeboard, and the main 
deck would then be of sufficient height above the water- 
line to become-the gun-deck for the auxiliary armament. 
Auxiliary Ar t.—As regards auxiliary armament, 
if secondary guns are to be carried at all, it will be con- 
ceded that these should be of as large calibre as can be 
conveniently man-handled in respect, not only of charging 
the gun, but in training and elevating it with consider- 
able rapidity. They should be mounted so as to give the 
highest possible maximum of fire forward and aft, and 
to possess the largest arcs of training consistent with 
adequate tection. The height of their axes above 
the water-line should be such as to enable them to fight 
in a reasonable seaway, but at the same time this should 
not be exaggerated, as undue height leads to a large 
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expenditure in weight of structure and armour protection, 
and to increased target. They should also be as numerous 
as the conditions of displacement and accommodation will 
allow. 

This arrangement of main and auxiliary armament in its 
main features accords more or less with that proposed by 
the late Sir W. H. White in 1910; he wished it placed 
on record that ‘‘in no case is it desirable to carry more 
than eight heavy guns in a single ship, that these guns 
are best arranged in four positions, and that they should 
be supplemented by a powerful and well-protected secon- 
dary armament.” 

Mr. Alan H. Burgoyne, M.P., in his paper read at the 
last Spring Meeting of this Institution, suggested that 
the reversion of the British Admiralty to an anti-torpedo 
craft armament of 6-in. guns, in their latest ships, was a 
tacit, if belated, ition of an error in ju end; 
certainly no other maritime Power followed their lead in 
dispensing with thesecondary guns, least of all those who 
bore the brunt of the last great naval war, and who knew 
the merits and demerits of the arrangements placed under 
“fovea Tubes Th large ped f 

.—Lhe new -type torpedoes of extra- 
ordinary range possess a real as well as moral worth, and 
in order to utilise such weapons it eng desirable to 
fit as many broadside subme tubes as space can be 
found for within the limits of the dimensions of the ship, 
and preferably not less than three on each broadside. 

Armour Protection.—The conclusions arrived at in the 
preceding part of this paper accord with actual experi- 
ence and with information gained from reliable sources as 
to experiments carried out in many countries, and induce 
the author to put forward as vital :— 

1. That the water-line area should be protected with 
armour from a reasonable depth below to a reasonable 
height above the normal water-line, preferably to the 
main deck and for = eye Rep oe the vessel, that 


: b inery spaces and 
magazines to be of such thickness as would probably 
— penetration by projectiles fired from a gun of 

4in. or 15in. calibre at a range of 10,000 yards, and 
having the highest icable initial velocity. 

2. + the fixed armour of the barbettes or turrets 
nay dag of a thickness not less than that of the water- 

ne t. 

3. That the fronts of the revolving gun-shields for the 
primary armament should be at least 10 per cent. thicker 
than the thickness of the water-line belt. 

4. That the conning-tower should be protected by 


jitated. | the 


| a — per cent. thicker than that of the water-line 
t; an 

5. That the thickness of the armour protection of the 
secondary armament should be at least capable of exclud- 
ing armour-piercing projectiles from the man- 
fate guns . a possible adversary at the decisive 

ti of 8000 

The late ral Cuniberti expressed the opinion in 
1912 that battleships should be protected with armour at 
least 12 in. thick, and, neque the practical impossi- 
bility of covering the whole side, he suggested that it 
should more particularly apply to those parts which it is 
vitally necessary to keep intact until the end of an 
action. 

As to the extent and thickness of armour for the re- 
tere puie of the ship, the main water-line belt 
should continued almost to the ends with armour of 
the same thickness as that protecting the secondary arma- 
ment, and thence to the ends with armour of not less than 
4in. Forward of the citadel the vessel should be pro- 
tected to the height of the main deck, but it is not neces- 
sary to carry the armour so high at the afterend. The 
need for increased height of armoured end protection 
forward was established in the last t naval battle; the 
unarmoured forward ends of some of the vessels were com- 
pletely riddled by quick-firing guns, with the result that 
protruding jagged shell plates coupled with the 


Fig.15. MIDSHIP SECTION. 
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inrush of water as the vessels tried to steam ahead made | 60! 


the ships rang md mee vy 

Under- Water Protection.—The longitudinal protective 
bulkheads below the water-line protective deck should, if 
experiments count for anything, be at least 15 ft. from the 
ship’s side, and should extend as far as practicable th’ h- 
out the | of the ship. The construction should 
such that that = of the protective deck between the 
top of such bulkheads and the outer plating will be sub- 
ject to fracture before the longitudinal protective bulk- 

eads are stressed up to their limits by the confined gases 
in the outer wing compartments, due to any submarine ex- 
plosion, but it is difficult to arrange for this in a reliable 
manner. The distance of the bulkhead from the side of the 
ship appears to be of more importance than its actual 
thickness. One experiment carried out showed that a 
thick bulkhead fitted at the usual distance from the side 
was broken up by the force of a submarine explosion, and 
was hurled through the inner bulkheads, destroying the 
boilersin its course, and more damage resulted apparently 
than if such bulkhead had not existed. 

Two methods of protecting the side of the ship against 
t o attack or submarine explosion have team shows 
in Figs. 15 and 16 (above). In Fig. 16, which repre- 
sents no great departure from present methods of con- 
struction, full advantage is taken of the protective value 
of coal in conjunction with an air compartment permitting 
ex ion of the explosive gases, an inner protective 
bu about 14 in. thick. Poposals have been made 
to fit under-water side protection in such a way as to 
provide a more or less elastic shield, which would to some 
extent minimise by its flexibility the effect of the full 
force of the explosion. Some time ago the author’s staff 
worked out and elaborated a suggestion of Commander 
Elia for this pur , and alt h the ent is 
somewhat expensive, it is apparently more capable of ful- 
filling the purpose for which it is designed than any other 
yet proposed. This method is shown in Fig. 15, on this 


| Subdivision. —The question of internal subdivi- 
sion also assumes a large and important place. The more 
the internal space both above and below the water-line is 
subdivided into water-tight compartments, the less likeli- 
hood is there of the vessel being put out of action either 
shell fire or submarine explosion. The views o' 
rofessor Hovgaard, recorded in the Transactions of the 
American Society of Naval Architects and Marine 


It should also be borne in mind that the same aggre- 
te amount of damage would occur to a small as tos 
fecge chip tovm taped ettach, and i will seal be seen 
that an explosion which might i t thé small 
ship out of action might leave laupe obi of 
manceuvri action. As an example 
of what it is possible to do in the way of meeting such 
under-water attacks, reference may be made to a foreign 
warship, designed by the author, and built by Vickers 
under a contract stipulation that, in the event of 50 ft. of 
the side being blown away SE-ey should 


and continuing in 


deck, it is very necessary i 
weet thickness and quality should completely cover 
it like a lid, extending at least for the full of the 
gun citadel, and from arm side to 
side. In the case where the height of the armoured 
side is lower at the ends, the level of the horizontal 
eestoction should coincide with it. It is a matter of 
fficulty to determine with anything like exactitude 





the correct thickness for such protection. Experiments 
| carried out with plunging shot, with a view to establish 


Fig.16. MIDSHIP SECTION. 
SHOWING ORDINARY BULKHEAD SUBDIVISION 
COMBINING COAL PROTECTION WITH AN INNER 
STRONG EXPLOSION BULKHEAD FORMING AN 
UNDERWATER PROTECTION AGAINST TORPEDOES. 
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me egg: in the matter, indicated that it should not be 

1} in. of mild steel, or, preferably, of higher 
quality s' possessing the necessary oc teristics to 
act as part of the structure of the vessel, and not purely 
as horizontal armour involving additional weight—an 
arrangement sometimes to be found in the ships of foreign 
navies. 

Protective Decks.—The above is outside the question of 
the protective decks proper, either angled or horizontal, 
in the region of the water-line, or any intermediate deck 
which may be used for the purpose of  papeeten. The 
author is rather sceptical as to the value of the angled 
protective deck, believing that its enormous ight, 
where it adds least to the structural strength, onsil be 
much better employed in thickening the vertical side 
armour or increasing the horizontal deck forming the 
armoured lid to the side armour. The aim should be to 
keep out the explosive shell rather than to arrange for its 
reception in the interior of the ship. The protection 
afforded by euch deck is more a t than real ; but, as 
it will be difficult to convince the men who work below 
of its weakness, it will probably continue to form a feature 
of our vessels. 

With respect to the value of protective decks, Professor 
Hovgaard, in his poe of 1903, stated that, whilst they 
probably afford best protection for a given weight 
against armour-piercing oe are far less effective 

inst bursting shells, and when a high explosive 
abel burete ageinet a sloping deck it always results in a 
great breach. is every reason to believe that this 
opinion is correct. 

Protection Against Air-Craft.— Protection against attack 
from bombs, &c., dropped from air-craft is not yet in the 
region of politics, and the seaman does not 
appear as yet to be worried by such danger. When the 
time arrives to arrange measures to meet such attack 
will probably take form in the method advocated by Sir 
Trevor Dawson—1.¢., to increase thickness, and give 
a greater curvature, or whale-back formation, to the 
*"ifuchtnery.-‘Tbe principal feature which dintinguiabes 

Totnes oaieel lies and a ae 
the ns entiony & Wiledian af tho ead- 
+ era from that of an earlier date is the adoption of 
steam-turbines. By their introduction | i) 
tages an increase in power per unit of weight 
immediately obtained. Thus the new type of machi 
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neers of 1903, furnish an eminently practical standard or 
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ing approximately to about 18,000 indicated horse-power 
were obtained with a weight of about 1760 tons, which is 
equal to 10.2 horse. power per ton of machinery with steam 
up, whereas in the earliest turbine-driven battleships the 
wer of the machinery was increased to 25,000 shaft 
orse-power, and 12} to 13? shaft horse-power was easily 
obtained per ton of machinery weight. 

Twin screws working at comparatively low revolutions 
gave place to —— screws running at a greatly 
increased speed. Although unfavourable to propeller 
efficiency, yet the — efficiency of turbines = 
propellers, as ian ee with reciprocati ines an 
peepee, was such that the former was decided 'y favour- 
able to reduction in weight and increase in steam economy. 
The new type of machinery, being more economical at the 
higher powers than the reciprocating engi enabled a 
reduction to be made in the proportions of the boilers, 
with a » reo reduction of weight and of the space 
occupied, 

Respecting radius of action at low speeds, the perform- 
ance of the earlier types of turbine driven battleships was 
somewhat disappointing, but with each successive type 
improvement was made in this respect. In the earliest 
ships cruising turbines were installed to drive direct the 
shafts worked by the main turbines. Later, the cruising 
turbines were dispensed with and a cruising element was 
introduced at the forward end of the high-pressure tur- 
bine. In the latest designs a separate high-speed turbine 
driving the high-p e@ or low-pr e main turbine 
line of shafting through gearing seems to find favour and 
promises most favourably as economy at low 
powers. The fitting of cruising turbines, either geared 
or direct-driven, involves an increase in the length of the 
engive-room, but the gain which results from the greater 
economy perhaps justifies this. 

As regards type of boiler, there is little to choose 
between the two generally adopted in British battleshi 
—viz., Baboock and Wilcox and the three-drum straight 
tube or Yarrow type. e same duty can usually be 
obtained from either on a given weight or for a given 
space for a battleship installation. e heating surface, 
however, is somewhat less for the Babcox and Wi nentape. 
but in the Yarrow boiler the fire-grate area is er. 
Both appear to be suitable for oil-fuel as well as coal, and 
coal and oil combined can be burned with equal facility, 
if required, in both. 

The exclusive use of oil-fuel, as proposed for some recent 
battleships, effects considerable saving in weight and 
space for a given power. Moreover, the adoption of oil- 
fuel to the exclusion of coal simplifies the bunkering of 
the ship, reduces the number of stokers, and enables 
steam to be maintained with greater ease and for a longer 
duration of time without cleaning boiler-tubes and up- 
takes. Indeed, oil-fuel is altogether desirable from 
the naval engineer’s and naval architect’s standpoint. 
Although the advantages in reduced displacement, higher 

wer, and speed on a given weight, lies entirely in 

avour of the purely oil-consuming boilers, there is no 
doubt, in the author’s - pee that, under present con- 
ditions as to sources and storage of coal and oil supplies, 
the safer and wiser policy lies in a combined ins' tion. 
This would enable a vessel more readily to obtain a con- 
stant supply of fuel in war time than would be the case 
were oil the fuel exclusively used. 

The internal-combustion engine, although its design 
— —— —- hy oy J = = a, mn 

as not yet been applied to the propulsion of capital shi 
In submarines bs in some vessels of the eetene -o 
marine it has undoubtedly proved a great success. The 
development of the internal-combustion engine has now 
reached a stage at which some engineers are prepared to 
instal these engines in battleships of moderate power and 
speed. The possibility of failure, with the enormous ex- 
pense involved, has so far deterred the responsible 
authorities of maritime Powers from arranging for such an 





installation in large ships, so that for the moment, in con- | th 


sidering the type ship, such machinery must be omitted. 
Even in cases where it might be eventually fitted, we are 
face to face with the fact that, notwithstanding the pos- 
sible advantages in weight and space to be derived from 
its adoption, and the undoubted greatly increased radius 
of action, it would mean a return to old principle of 
the reciprocating type with its necessity for balanced 
movement and compensations, which does not exist with 
the present system of turbine installations. 
any look with confidence towards utilising the rotary 
motion of turbines with some necessary modifications, 
while dispensing with the t boiler arrangement, 
by an installation arran to uce an expansive 
motive fluid by means of the combination of the products 
of combustion of small internal-combustion units with 
compressed heated air, such motive fluid being sufficiently 
cool in order to obviate injury to the turbines. Such an 
arrangement has already been desi and apparatus of 
& oomparatively large power constructed, on which con- 
fidential experiments have been carried out. These point 
in the direction of ultimate success. Such an installation, 
whilst retaining all the advantages of internal-combus- 
tion machinery with respect to economy of fuel consump- 
tion, would at the same time have all tae immense advan- 
tage aA the — = its bn. rege action and 
unlimited capacity for ting itself to varying loads. 
Such a turbine would not ip ang soepneueromend to what 
is usually termed a “ gas” turbine, nor would it suffer 
from the drawbacks attendant upon the immense heat 
which gas-turbines are called upon, but fail, to stand. 
The matter is mentioned here incidentally to show that, 
even accepting internal-combustion engines of sizes suit- 
able for battleship propulsion to be an accomplished fact, 
Oo See ree 7 wae eee. 
,.in connection with machinery arrangements, 
the flexibility of the structural portion of long vessels 
requires some consideration. It appears very necessary 





to introduce some device in the form of a flexible coupling 
in & position between the engine-room and the shaft-tube, 
so that the deflections of the ship among waves shall 
have the minimum effect on the alignment of the shafts. 
Desiens Or THE “ Most DestraBLe Sup.” 

Based on the foregoing conclusions, which go to make 
up what has been termed ‘‘the most desirable ship,” 
there is evolved :— 

" m 1, Figs. 17 to 23, Plate XLVI, and Fig. 32, 
below, which shows eight 14-in. 45-calibre guns, twin 
mounted, in widely-spaced barbebtes, with the 
axes of the guns at the same height above the water-line 
in each cwe—viz., 27 ft. 6 in. 

2. Design 2, Figs. 24 to 31, and Fig. 33, below, showing 
an alternative arrangement, in which eight 14-in. 45- 
calibre guns are twin-mounted in barbettes. These 
barbettes, however, are arranged in pairs at each end of 
the ship, with the axes of the guns placed at different 
heights Hae ao an om eth obs an 

© principal particulars of both ships, in addition to 
those A venn = stated, are :— 

Dimensitons.—580 ft. by 91 ft. by 27 ft. 6 in. draught. 

Speed.—214 knots for a continuous trial of 12 hours’ 
duration, burning coal and oil. - 

Di nt. —25.500 tens in the normal condition. 

Secondary Armament.—F ourteen 6-in. quick-firing guns. 
Submerged Torpedo- Tubes. —Six 21-in. broadside. 

Armour.—The main water-line belt is of 13-in. K.C. 
armour, reduced to 6 in. and 4 in. at the ends. 
fixed armour of the bharbettes, where unprotected by 
other armour, is of K.C. quality, and equal in thick- 
ness to the main water-line belt. The front portion of 
the gun-shields is 14 in. in thickness. The secondary 
armament is in each case _—— by K.C. armour not 
less than 6 in. thick. @ conning-tower armour is 
16 in. thick, of K.C. quality. Below the main water-line 
belt 3-in. K.C. armour 30 in. deep has been worked. 

Machinery.—Parsons’ geared turbines on four shafts, 
with cruising turbines on each shaft. 
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Boilers.—The boilers are of large water-tube type, 
arranged for moderately high air pressure. 
The full — and qualities are summarised in 
Appendix C. 
t will be seen that the vessel shown by Design I. is in 
every way equal to the vessel shown in Design IIL., with 
e exception of the end-on fire, and, in addition, has the 
various advantages already stated as to distribution of 
turrets; but, as custom is very strong, it is probable 
that the arrangement shown in Design II. will more or 
less continue to prevail. It will probably be contended 
that the features outlined in Desi I. and II. exist 
more or less in present ships either built or peg £ in 
such case this is, in the author’s opinion, so much the 
better for the ships, seeing that the deductions in the 
paper have been made not directly from what actually 
exists in present ships, but from what, if the arguments 
are correct, should exist to meet t conditions. The 
everyday experience of a warship designer brings him 
so much in contact with foreign authorities in discussing 
chseracteristics and details of warship construction that 
the author can::ot conclude a paper like this without 
bearing testimony to the immense amount of skill, fore- 
ight, and common-sense brought to bear in the evolving 
of ‘designs, or in drafting the conditions to be met 
by designers, and to the real extent of which 
gress in warship design, as a whole, is furthe by 
experts of other countries than England. Asa passing 
— = mer be mentioned that ” bid pend when 
main-drainage arrangements in Briti ips con- 
sisted of one or more continuous longitadinel « drains 
practically connecting up each compartment 
in or By many foreign — had each main 
water- t compartment quite independent in such 
The same applies to the method of ventilation, 
of which systems have since been adopted in this 
country. This point is merely given to show that, not- 
withstanding the great extent to which all maritime 
countries benefit by every advance made in British naval 
construction, we also receive valuable si ions from 
those countries for whom we buil 0 from those 


ild, and 
to express thanks 


who build exclusively for themselves. 
The author desires, in concluding, 
to Sir Trevor Dawson for some of the later information 


The | 








veopetiog artillery ; to Mr. McKechnie, in connection 
with the part referring to steam machinery ; and to the 
author’s staff for their assistance generally. He further 
wishes to acknowledge his obligation to various authori- 
ties and sources, whether mentioned in the paper or not, 
for much valuable information. 





APPENDIX A. 
ANALYSIS OF BATTLESHIP DISPLACEMENT FOR A SPEED 
or 21 Kxors. 

Let P represent the load displacement of the ship, p 
the weight of the offensive and defensive factors—viz., 
armament, armour, and protection ; a.P the weight of 
hull and equipment ; and } . P* the weight of machinery, 
fuel, and reserve feed water. Then 


P=a.P+b.Pi+p; 
5 et £ a Fe ke 
= the ratio the armament and protec- 
tion bear to the displacement = 
Q, say. 
The rate of increase of armament and protection in 


relation to increase of displacement may be found from 
the following :— 


G2 =1-a-9b.P~* =a, any. 


q 
Then Q 


poate MIDSHIP SECTION. 


whence 


expresses the advantage of increased dimen- 
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sions compared with an increased number of — By 
careful analysis of several ships constructed within the 
period under consideration (1905-13) it is found that, 
with the adopted classification for the detailed items, the 
symbols a and bat equal designed speeds are practically 
constant over wide ran of displacement. In this 
investigation the thick decks and those portions of the 
structure closely connected to the offensive and defensive 
elements are included under the item of protection. This 
mode of classification is open to criticism, but it has many 
ad vantages from a practical point of view. 

The armour and protection are included with armament 
for the following reasons 


1. For vessels of equal designed speed there is a close 
interdependence of protection and armament. 


2. The factor } in the expressicn b. P? is practically 
constant for the same designed speed and radius of action, 
whereas by the inclusion of the protective material with 
the machinery and fuel (as in Bertin’s analysis) it 
varies with each increase of displacement. 

Table I. shows the weights which may be devoted to 
armament and protective materi — mye 5 from those of 
hull, machinery, &c., and also values of the symbols 


Q, gq, and 2 for displacements varying from 18,000 to 


40,000 tons in the load condition. Between the limits of 
18,000 and 30,000 tons it may be considered as a close 
approximation to current tice. Beyond that point 
it serves to indicate the fall in military advantage with 
very large displacements. 


Errect or INCREASE OF DISPLACEMENT ON THE HULL 
COEFFICIENT. 


To the argument that the hull coefficient a must be 
increased in the larger vessels to attain the necessary 
structural strength, it might be added that within the 
range of actual experience no increase ap in the 
rome nor, by aoe tamedee method of ——— 
are the stresses for the t appreciably grea’ 
than the corresponding figures for the earliest vessels of 
the Dreadnought era. 

i ks in this connection that for 
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Bertin remar geome 
cally similar hulls under like conditions of loading the 
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TasBLE I.—Allocation of Displacement for Battleships 
of 21 Knots. 





























1 2 3 4 5 6 
P | @.P+d.P8) =p Q a  § @Q 
18,000 11,120 6,880 0 383 0.47 1.250 
20,000 12,150 7,850 0.302 | O 1.240 
22,000 13,170 8,830 0.401 | 0.492 | 1.225 
24,000 14,180 9,820 0.409 | 0.497 1.215 
26,000 15,190 10,810 0.416 0.501 1.204 
28,000 16,180 1,820 0.422 0.505 1.198 
30,000 17,155 12,845 0.428 0510 1.191 
32,000 18,130 18,870 0.434 0.513 1.181 
34,000 19,110 14,890 0.438 0.517 1.180 
36,000 \! 15,910 0.442 0.520 1.175 
38,000 21,065 ‘ 0.446 0.523 1.172 
40,000 | 21,990 18,010 0.450 0.525 1.165 
Taste II.—Allocation of Displacement for Battleships 
of 23 Knots. 
! 
1 2 | 3 4 
P. (a. P +b. Pa). p. Q. 
18,000 11,830 6,170 0.343 
20,000 12,920 7,080 0.354 
22,000 14,000 8,000 0.364 
24,000 15,070 8,930 0.372 
26,000 16,110 9,890 0.380 
28,000 17,146 10,855 0.388 
30,00 18,180 11,820 0.394 
32,000 19,190 12,810 0.400 
34,000 20,220 13,780 0.406 
36,000 21,230 14,770 0.411 
38,000 22,240 15,760 0.415 
40,000 23,240 16,760 0.420 
TaBiE III.—Allocation of Displacement for Battleships 
of 25 Knots. 
| | 
1 2 | 8 | $ 
- male 
| 
P. (a. P+. PA), | p Q. 
18,000 12,790 5,210 0.289 
20,000 13,950 6,050 0.302 
22,000 15,090 6,910 0.314 
24,000 16,210 7,790 0.324 
26,000 17,340 8,660 0.338 
28,000 18,450 9,550 0.341 
30,000 19,540 10,460 348 
82,000 20,630 11,370 0.356 
34,000 21,720 12,280 0.361 
36,000 22,800 13,200 0.367 
38,000 28,870 14,180 6.372 
40,000 24,890 15,110 0 378 
TaBLE IV.—AUocation of Displucement for Battleships 
of 27 Knots. 
1 2 8 | 4 
P. | @. P+. PA). | p. Q. 
18,000 13,750 4,260 0.236 
20,000 14,960 5,040 | 0.252 
22,000 16, 190 6,810 | 0.264 
24,000 17,400 6,600 0.275 
26,000 18,570 7,480 0.286 
28,000 19,750 8,250 | 0.295 
30,000 20,930 9,070 0.803 
32,000 22,060 9,940 0.310 
34,000 23,210 10,790 0.317 
36,000 24,340 11,660 0.324 
38,000 25,460 12,540 0.330 
40,000 26,580 13,420 0.386 ~ 


Taste V.—Values of Q (Ratio of Weight of Armament, 
Armour, and Protection to Load Displacement), at 








Different Speeds. 

1 ns he 4 5 

P V=21 knota |V=23 knota, V ~26 knote. V=27 knots. 
18,000 | 0.388 | 0.848 0.289 0.236 
20,000 | 0.892 0.354 0.302 0.252 
22/000 0.401 0. 0.314 0.264 
24,000 0.409 0.872 0.324 0.975 
26,000 0.416 0.380 0.383 0.286 
28,000 0.422 0.388 0.341 0.295 
30,090 0.428 0.394 0.348 0.308 
32,000 0.484 0.400 0.356 0.310 
34,000 0.438 0.406 0.361 0.317 
36,000 0.442 0.411 0.367 0.324 
38,000 0.446 0.415 0.372 0.330 
40,000 0.450 0.420 0.378 0 336 





tensile and compressive stresses vary directly with the 
ratio of dimensions m, and hence, for equal stresses with 
similar material the moment of inertia of the section 
must vary as m° instead of as m*; i.¢., the area of this 
material is further increased by the ratio of the linear 
dimensions. 


To obtain the required strength of hull it is, therefore, | be d 


necessary that the weight of material taken into account 
in the calculation for moment of inertia be poopestionsd 


to P4. Then the weight of hull and equi 
equated thes :— weight o equipment P may be 


«.P=a,.P +a,. Pi 
or a=>a,+ ay. Pi 
Separating those portions of the structure (included i 
the item hull and equipment) which are souinbens phen 
the midehip section, and equating their total weight to 


_| placement can 


dg. ph, the coefficient a, is found to have an almost 
constant value = 0.00387. The value a, for the vessels 
considered is then given by the expression :— 
a, = a-a. ph 
= a-0,00387 P4 approximately. 

If the whole of the continuous material in way of the 
midship section be equated to a,. P!, then the value of 
a, = 0.00669 given by M. Bertin is a fairly average 
for construction over the period taken. coefficient 
a, therefore, falls in value with increasing displacement 
—a result which is not unexpected, seeing that 
portions of the structure and fittings do not follow t 
ratio of the displacements. On the whole, investigation 
seems to show that the figures of column 3 in the tables 
represent with fair accuracy what proportion of the dis- 

devoted to protection and armament 
over the range taken, and possibly somewhat beyond it. 


Errect or INcREASE or SpEEp. 
The effect of increase in designed speed on the con- 


stant » in the expression b. pi, and also on the propor- 
tion of displacement allotted to protection (including 
armour) and armament is difficult to determine, for the 
weight of machi varies with the maximum speed of 
the ship, whereas the amount of fuel carried varies with 
the radius of action and the s on which it is based. 
Investigation, too, is further complicated by the modifi- 
cation in form which occurs in practice with variation in 
maximum speed. M. Bertin, in the paper already 
referred to, evolved an equation from which, the value of 
b may be deduced for a given speed. This, however, 
only applied where the form of the type ship was strictly 
adhered to, and is therefore restricted in its range. 

is from vessels of 19 knots to vessels of 27 knots, 
the block coefficient varies in value from 0.63 to 0.55 
approximately. This, in conjunction with an improved 
distribution of displacement and other features, uces 
a marked effect on the power required at full speeds, 
and consequently affects considerably the weights of 
machinery and fuel carried on board. 

From ships constructed and those which only reached 
the design stage having different speeds, and with forms 
suitable to their respective s 8, values of the coefficient 
b to a base of spend wine edu for a constant radius 
of action of about 9250 nautical miles at a speed of 
13 knots. Selecting the coefficients 4 for speeds of 
23 knots, 25 knots, and 27 knots respectively, Tables II., 
III., and IV. (showing values of Q—+.¢., armament, 
armour, and protection) were constructed in a similar 
manner to the table for 21 knots. The figures of these 
tables assume the hull coefficient to increase above the 
value for vessels of 21 knots. Owi to increased 
machinery and fuel weights and slight variations in ty 
this modification in the coefficient is necessary, and the 
figures employed in the investigation represent fair 
average values for vessels of 23 knots and upwards to the 
limit of recent practice. This increased value of a still 
further reduces the proportion of the load displacement 
allotted to the offensive and defensive elements, but this 
gees is still increasing with in displacement. 

‘able V. shows the values of Q at various displace- 
ments and speeds collected together for easy reference, 
and the curves of Fig. 2, page 448, enable values at inter- 
mediate displacements and speeds to be readily obtained. 
a devoted to armament alone may a xi- 
mately be determined by multiplying the value of Q for 
the required displacement and speed by 0.375 for the 
lower speeds (21 knots to 23 knots), and by 0.43 for the 
— speeds (25 knots to 27 knots). 

'o simplify reference to Tables I. to IV. it may be said 
that the first column in each gives the total displacement; 
the second, the weight of hull, equipment, machinery, 
fuel, and reserve feed water; the third, the weight of 
armament, armour, and protection ; the fourth, the ratio 
of armament, armour, and protection to total displace- 
ment ; the fifth, the rate of increase of armament, armour, 
and protection in relation to increase of displacement ; 
and the sixth, the advantage of increased dimensions 
com with an increased number of ships for a given 
weight of armament, armour, and protection. 


APPENDIX B. 
Ruppger EXPERIMENTS. 

Fig. 4, page 448, gives the model (C) values for the twin 
side rudders shown in Fig. 7 when p fore and aft, 
and when convergin; 24 deg., 5 deg., 10 deg., and 15 deg., 
towards the after end of the ship. 

Fig. 3, page 448, gives the constant curves for the model 





with : 
- (a) Single large rudder on the centre line illustrated in 
ig. 5 


ig. 5. 

b) Two rudders on the centre line, one abaft the other 
(Fig. 6, page 448), the after rudder being one of the pair 
shown in Fig. 7. 

The curve for the model without rudders is shown on 
each of the figures for comparison. ves 
It may be added that one of the principal objects of 
these experiments, the results of which are indicated in 
Fig. 4, page 448, was to discover if the resistance would 
lecreased by converging the rudders. Curves based 
on the constant system of notation were found most suit- 
able for demonstrating the results. 


APPENDIX C. 
PARTICULARS OF SucegstED DrsiGNs FOR THE 
** Most DestraBLe Suir.” 
Desien I. (Plate XLVI.). 
Normal Displacement, with 1000 tons of fuel on board— 





25,500 tons. 


Maximum Speed for a continuous 12 hours’ steaming— 


214 knots. 
tcal Cruising Spad.—Nobt less than 13 knote. 
Radius of Action.—With oil and coal, 9250 nautical 


Tupe of ines.—Parsons geared turbines on four 
shafts, phy ptm nes ~ A turbine and one low- 


pressure turbine working in series, and d to 
each shaft. An astern turbine is incorpora in each 
low-pressure turbine casing. Cruising turbines in series 


are arranged for working on all 'ts—t.c., one high- 
re cruising turbine geared to the wheel on each 
inner shaft, and one low-pressure cruising turbine geared 
to each wing shaft. These cruising turbines are fitted for 
evonomical working for powers up to one-tenth full power. 
For a above one-tenth cruising elements are fitted 
in main turbines for economical working at low 
powers. 
Solero tates water-tube type, to burn 
mixed fuel on a 12-hours’ full-power trial, with moderately 
Armament.—Eight 14-in. breech-loading guns, twin 
ey te dS 
te being separated as widely as possi rom 
the other, with the gun-axes in all cases at the same 
height above the water-line. : 
ourteen 6-in. quick-firing guns, arranged on main deck 
behind armoured protection. 
ng 4 smaller-calibre gone, tate + guns. 
ix 21-in. submerged broadside torpedo-tu 
Armour and Protection.—Main water-line belt, extend- 
ing from 5 ft. below the water-line to the main deck, and 
extending from end turret to end turret, including in its 
protection magazines, machinery, and boiler spa and 
consisting of K.C. or equivalent armour 13 in. thick. 
Forward water-line belt reduced to 6 in. and 
4in. in thickness carried to the height 
of the main deck. 
After water-line belt reduced to 6 in. and 
4 in. in thickness carried to a height 


of 8 ft. above load water-line. 
Fixed armour of barbettes_... ve .. 13in. 
Armour of revolving gun-shields (fronte)... 14 ,, 
F conning-tower A on 16 ,, 


After conning-tower ... ad ian nes 

Armoured citadel protecting the 6-in. 
secondary armament, 9 in. to 6 in. in 
thickness. 

Deck over battery, 2 in. mild steel. 

Protective deck in region of water-line, } in. 
mild steel in way of citadel. 

Main deck, }in. mild steel in way of battery. 


Longitudinal Protective Bulkheads Below Water.—To be 
not less than 15 ft. from the side, over as great a length 
of the machinery spaces as possible, preferably of an 
elastic construction or fitted in conjunction with a second 
bulkhead and some flexible device for nullifying the 
effects of an explosion, and to be of a total thickness of 
not less than 14 in. of mild steel, or of superior steel 
possessing the necessary characteristic of mild steel for 
construction. 

Internal Subdivision as Means of Protection.—The 
o— lying between the two decks immediately above 
the water-line as closely subdivided as possible, especially 
at the ends ; below water, each row of boilers to be in ite 
own separate compartment divided by transverse bulk- 
heads, notwithstanding the added difficulties to the engi- 
neers, already very = on account of the non-existence 
of communicating-doors between machinery compart- 
ments. 

Double and Triple Bottoms and Water-Tight Flats as 
Protection.—It is advisable to aap the double bottom as 
far from tbe outer shell as possible, or even to arrange 
for a third bottom, where weight and space allows, espe- 
cially in way of the main magazines; but as such dis- 
tances cannot in any case be great, it is not considered 
advantageous to use heavy protective plating under such 
magazines, for the reasons | ew in the paper. In this 
design a third bottom is adopted of #-in. protection in 
way of the magazine. 


Desien II. (Plate XLVI.). 


Normal Displacement, Maximum Speed, Economical 
Cruising Speed, Radius of Action, Type of Engines, and 
Boilers, as in Design I. 

Armament.—Eight 14-in. breech-loading guns, twin 
mounted in barbettes, all arranged on the centre line. 
The axes of the guns are not the same height above the 
load water-line, guns in two of the turrets being at a 
higher level than the other two. 

‘ourteen 6-in. quick-firing guns, arranged on upper 
deck behind armoured protection. y 

Eight smaller-calibre guns, including anti-balloon guns. 

Six 21-in. submerged Frosdside o-tubes. 

Armour and Protection.—Main water-line belt, ex- 
tending from 5 ft. below the water-line to the main deck, 
and extending from end turret to end eet, ens in 
its protection magazines, machinery, and boiler spaces, 
and consisting of Krupp cemented or equivalent armour 
13 in. thick. “ 

Forward water-line belt reduced to 6 in. and 4 in. in 
thickness, carried to the height of the main deck. 


After water-line belt reduced to 6 in. and 4 in. in thick- 
ness, carried to a height of 5 ft. 6in. above load water- 
line. 

Fixed armour of barbettes ... = -- 13in. 
Armour of revolving gun-shields (fronts)... 14 ,, 
Forward conning-tower = s: ai, F 
After conning-tower 9» 


Intermediate belt, extending from main 
to u deck for length of main water- 





line belt 9 in. to 6 in. 
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Armoured citadel protecting the 6-in. 
t . dane 


Deck over battery, 2 in. mild steel. 

Protective deck in region of water-line, 
# in. mild steel in way of citadel. 

Main deck, ? in. mild steel in way of 


citadel. 

Longitudinal tective bulkheads below 
water, as in ign I. 

Internal subdivision as means of protec- 


tion, as in Design I. : 
Double and triple bottoms and water-tight 
flats as protection, as in Design I. 





WAKE AND THRUST DEDUCTION. 
Further Experiments upon Wake and Thrust Deduction.* 
By W. J. Luxe, Member of Council. 


= following mote on wake ag yon ——— are 
supplementary to the paper on the same su pre- 
sented to this Institution in 1910.t At that time the 
modifications in the hull-efficiency elements of a model, 
204 in. long, 30 in. wide, 9 in. in draught, and of 0.65 
block coefficient, due to certain variations of linear speed, 
propeller diameter, pitch ratio, area ratio, &c., formed 
the subject matter. Briefly stated, the results then 
sented show that increase in caused a slight de- 
crease in wake and hull efficiency, but that the variation 
was of little moment. A considerable decrease in wake 
and increase in thrust deduction followed increase in dia- 
meter in single-screw experiments. The bull efficiencies 
with the r screws were thus substantially less than 
those with the smaller. 

In twin-screw experiments, with the centres of shafts 
in a standard position, the larger the screws were the 
greater became the wake and hull efficiencies when out- 
ward turning. When inward turning, the wake values 
were modified only slightly with increase in diameter, 
but a steady increase in thrust deduction gives a much 
lower hull efficiency valve with the larger diameter 
screws. It was shown by the experiments with various 
transverse positions of the screws that the closer these 
were pl to the hull the higher became the wake and 
hull efficiency values. Experiments ae with fore- 
and-aft position indicated that the further aft the screws 
were placed the less became the wake and thrust deduc- 
tion values. Decrease in the value of the hull efficiency 
elements accompanied decrease in pitch ratio, and neither 
area nor number of blades had any appreciable effect on 
wake and thrust deduction. 

The most important point disclosed by the results then 
presented was the great effect of direction of rotation 
when the angles of shaft bossings were extreme—i.c., 
when horizontal or vertical. With the standard screws a 
wake fraction of only 0.10 was obtained when revolving 
inwards behind horizontal bossings, whilst this was 
increased to 0.32 when outward turning, the hull 
éfficiency value obtained in the former case being 0.94, 
whilst 1.10 was recorded in the latter. The resistance of 
the bossing itself increased with the angle of inclination 
either way from the normal—that is, it was least when at 
an angle normal to the line of the shell, and greater when 
horizontal or vertical. The additional hull efficiency 
gained with the prope direction of rotation, when 
extreme angles such as the horizontal or vertical were 
adopted, almost compensated for the ter resistance 
of the bossing. Apart, however, from this consideration, 
the results indicated the possibility of committing a — 
error by the adoption of inward-turning screws with hori- 
zontal ings, in which bossings causing great resist- 
ance would be associated-with low hull-efficiency values. 

During the discussion that followed the readmg of the 
paper referred to, Professor Welch asked whether the 
investigations had been extended to cases of screws 
having a common axis, one screw being placed behind 
the other, such as the contrary-turning screws of loco- 
motive oes. At that time apparatus for experi- 
ments in this direction had been prepared, but no sub- 
stantial series of results had then been obtained. 
purpose of the present communication is to give the 
results of experiments with contrary-turning screws on a 
common axis; of experiments with tandem screws, and 
also of experiments with quadruple screws. 

Lieut.-Colonel Rota, in his paper, ‘‘ The Propulsion of 
Ships by Means of Contrary-Turning Screws on a Common 
Axis,” delivered to this Institation in 1909,} drew atten- 
tion to the success attending the adoption of that system 
in a 46-ft. steamboat of 25 tons displacement. he results 
communicated showed an advantage in the adoption of 
eontrary-turning screws of about 25 per cent. over the 
performance of a single screw of larger diameter. The 
author suggested this to be due in the main to two causes 
—viz., increase in hull efficiency through increased wake 
and decreased thrust deduction, and increase in propeller 
efficiency. With this information and previous experi- 
mental work in view, the present e iments were 


directed towards ascertaining wha) ¢fficiency would be | hull 


exhibited by contrary-turning screws on a common axis 
(hereafter designated ‘‘combination * screws) apart from 
the introduction of the hull-‘efficiency elements; and 
further, what influence was exerted b latter factors. 
It was considered that ‘‘ open” | “behind” experi- 
ments, such as are usual when undertaking wake investi- 
gations, would give the necessary information to enable a 
judgment to be formed as to wherein lay the virtue of the 


* Paper read before the Institution of Naval. Archi- 
7 





pril 1, 1914. 
tions of the Institution of Naval Architects, 
vol. lii., page 43. E/NoINEERING, March 25, 1910. 
t Transactions of the Institution of Naval Architects, 
vol. ki., page 77. ENoinewrine, April 9, 1909. 





brought into requisition, one being that on which the 
investigations already —— before your notice were 
made, other being of ost similar dimensions, but 
of finer block coefficient. 

PARTICULARS OF MODELS. 








Dimensions in Inches. 
| | Block Co- | ,ment in 
—_ | Length.| Breadth. | Draught. | efficient. | in 
Water. 
Pull model % en en ee 
Fine model..| 200 so | © | @@ 4: 
| i | 


The standard propeller chosen was that adopted in the 
former experiments—namely, of 6 in. diameter—having 
three blades, 1.2 pitch ratio, and 0.375 disc area ratio. 

Experiments were made first with a single standard 
screw, and its performance was noted when revolving 
** behind” the full model when advancing at a of 


pre- | 332 ft. minute (corresponding to a speed of 16 knots 


for a 400-ft. ship), and in the open at speed of 280 ft. 
per minute (estimated to be a suitable speed allowing for 
wake). With the combination system experiments were 
made with the standard screw in conjunction with each 
of three others identical with the standard in all parti- 
culars except pitch ratio, of which the three values used 
were 0. <2 and 1.6, the standard screw leading in each 
case. ere any inherent virtue in the “‘ combina- 
tion” screws apart from that accruing from their inter- 
action with the model, it would be a t in efficiency 
when running in the open. It was found that the two 
propellers of 1.2 pitch ratio in combination gave a thrust 
whish was approximately twice that obtained by the 
single screw; the torque, however, was perceptibly 
greater than twice that required to drive the single 
screw. 

The figures of performances in the open are given in 
Table I. of the Appendix. 

With an ordinary twin-screw arrangement the thrust 
obtained equals twice that of one screw, and the pro- 
peller efficiencies are identical. The open efficiency of 
the “‘ combination” screws at the point of self-propulsion 
waa found to be about 0.86 of those of the ordinary twin- 
screw. The results obtained from the experiments behind 
the full model (when poe ) 3 
deduction values) were so remarkable that the experi- 
ments with the two standard “ combination” screws 
were repeated three times. Wake experiments had pre- 
viously been made with the ordinary twin-screw arr 
ment, and also with the single screw (as described in the 
previous communication), and the results obtained were 


as follow :— Toren — 
a 
Wake. Deduction. Efficiency. 
Twin screws ... 0.20 0.15 1.02 
Single screws ... 0.34 0.17 1.11 


With the “‘ combination” screws the wake was dis- 
covered to be tly in excess of that obtained by the 
single screw, whilst the thrust deduction was very little 
different ; ae, Oe hull efficiency showed a con- 
siderable increase. e results of the four separate sets 
of experiments with the two standard serews are as 


follow :— 
Wake. Thrust Deduction. Hull Efficiency. 
1. 0.57 0.17 1.31 
2. 0.61 0.17 1.34 
3. 0.61 0.17 1.34 
4. 0.64 0.19 1.33 


Experiments with the 1.2 and 0.8 pitch ratio screws in 
combination, and with the 1.2 and 1.6 pitch ratio, con- 
firmed the results obtained with the standard screws. 


The | Together with the average value of the four cases above, 


they stand thus :— ™ _— 
. P rust 
Pitch Ratios. Wake. Deduction. Efficiency. 
1.2 and 0.8 0.59 0.19 1.27 
ae ep bee 0.61 0.17 1.34 
Be «s Oe 0.57 0.19 1.27 


The efficiencies of the screw when working both in the 
“open” and ‘‘behind” were observed, and no appre- 
i difference was evident in the rotative efficiencies. 
Because of the great increase in the hull-efficiency values, 
the ‘‘combination” screws show a considerable gain in 
propulsive efficiency over the ordi twin-screw arran 
ment. In the latter case, the efficiency at 
Po of self-propulsion was 0.56. and the hull efficienc 
.02. Thus propeller efficiency x hull efficiency = 0.57, 
With the ‘‘ combination” t the propeller 
efficiency at the point of cdltquelidien ae 0.49, and the 

eae ee Ro ing 0.49 x 1.34 = 0.66, as ws 
pared wi in inary twin arrangement. 
6 po ree 
our ween the e its wi 

full fine models. The relative efficiencies of the 
single screw and the “combination” screws were i 
put to test, and the foruser experiments weve verified, in 
that the open experiments showed the eer gp Be the 
“combination ” ae pe any bee pA ged | single 
<aneD, Gal ennandy wan Sete the estinany tae 
screws. With the finer model, when advancing at a 
Sent Nee, minute (corresponding to a speed of 
18 knots for a t. shi iariti 


ship), the same ities as to 
high wakes and hall effoesoies with the '* soubs on” 


screws, as with the fuller form, are evident, but they are 
not so much accentuated. With the single screw and 


the ordinary twin arrangements, the results obtained were 


as follow :— ~ an 
rust 

Wake. Deduction. Efficiency. 

Single ... se 0.22 0.16 1.02 

Twin... : 0.13 0.13 0.98 
The same combinations of contrary-turning screws 
— run as with the full model, with the following 

results :— 


. . Thrust Hull 
Pitch Ratios. Wake. Deduction. Efficiency. 
L2and0.8 ... 0.29 0.12 1.14 
L2end12 |. 0.33 0.12 1.17 
L2end1.6 |. 0.33 0.12 1.17 


The gain in this case is not nearly so great as with the 
fuil model. F 

The open experiments show that, apart from wake 
effect, the is not as good as a twin-screw arrange- 
ment. With a full-ended model, as used in the first 
experiments, the wake is such that the combination 
screws are able to make sufficient use of it to nullify the 
loss in open efficiency, and to show a net gain of 15 per 
cent. In the fine model, however, the wake is diminished 
so that the gain possible in hull efficiency just about 
balances the open eu | loss, and the gross return, 
propeller efficiency x hull efficiency, practically equals 
that of the twin-screw arrangement. 

The results obtained by the ‘‘combination” screws 
pe yt oe were so a that it — thought that 
tandem pro) might ow peculiar propensities. 
Previous experiments undertaken at Clydebank had 
shown what had also been discovered Professor 
Durand, that in the o tandem screws did not give a 
thrust equal to that of twin screws of the same dimen- 
sions. placing upon a single shaft two similar screws 
placed two-thirds of a diameter apart or more under the 
same circumstances of revolution and slip, the thrust 
was found to be only about 10 per cent. greater than 
when one of the two screws was removed ; the efficiency 
of the system was also found to be low. 

Experiments with tandem screws in the open and when 
behind the finer model were carried out; the screws 
used in these experiments were in case (a) two of 1.2P.R., 
and in case (b) of 1.2 P.R. and 1.6P.R. The 1.2 P.R. 
screw was leading in both cases, and the were 
placed quite close to each other, just as they were in the 
combination experi ts. From the results obtained 
the former conclusion that tandem propellers have little 
or nothing to recommend them was amply confirmed. In 
the open the thrusts obtained are low compared either 
with a twin or combination ment. The open 
efficiency of the latter is not great, but the hull efficiency 
elements associated with ‘“‘combination” screws are 
high. The tandem screws have no such effect on wake 
and thrust deduction, and the hull efficiency values 
— were not abnormal, as the following figures 

ow :— 


; . Thrust Hull 
Pitch Ratios. Wake. Deduction. Efficiency. 
1.2 and 1.2 ... 0.26 0.20 1.01 
1.2 and 1.6 ... 0,24 _ 0.16 1.04 


The bull efficiency values are thus about 15 per cent. 
less than those obtained with the contrary-turning screws, 
with the same combination of pitches. 

In Table II. of the Appendix figures are given from 
which comparisons can made as to (i.) the variation 
in thrust urable from the various combinations of 
pitches ; (ii.) the relative thrusts of ‘‘ combination” and 
tandem screws; (iii.) the relative open efficiencies of 
these systems. 

Taking the hull efficiencies in conjunction with the 
a ar nd efficiencies at the point of self-propulsion, the 

ollowing figures are obtained for the fine model :— 


TanprEM Screws. 


| | Propeller 


| Efficiency 
Hull | - Hull Propeller 
Pitch Ratios. | pmciency. | Point of emeiency * Efficiency. 
propulsion). | 


1.2and12 ..| 1.01 0.50 0.50 
L2and 16 ..| 1.04 0.44 0.46 





These compare with the undernoted corresponding 
figures for the ‘‘ combination” arrangement :— 














a 

Hull ciency Hull Propeller 

Pitch Ratios. | neciency. |(at — ofl efficiency * Efficiency. 
| | propulsion). 

1.2 and 1.2 | L117 | 0.58 0.68 

l2Qand1é .. 1.17 0.52 0.61 


It will be observed that the propeller efficiencies of the 
“*combination” screws at the point of self-propulsion are 
(in this case) considerably greater than those of the 
tandem arrangement, This is accounted for by the fact 
that to reach the point of self-propulsion the propellers 
were working at a high real slip, and that the combina- 
tion screws gave the required thrust with fewer revolutions 
than did the aero ak at oe pants in the effi- 
ciency curves, e ta iving the comparative open 
efficiencies of the coutiantion and tandem screws be 


examined (Tables II. and III. in the A dix) it 
will be seen that, although at moderate slips the tandem 
capectecity Giappanme, A’ te-Oesl, clip soqeaite fo 
superior1 t uisite 

evercome the resistance of this gestions tontel, the 





efficiencies of all the combinations of the contrary-tury- 
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ing screws are considerably in excess of those of the 
“Te thi tion, it that the bi 

'o sum up this question, it appears ** combi- 
nation” screws have not a little to recommend them, 
and, were the engineering difficulties connected with 
their application to marine propulsion overcome, they 
would be well worthy of consideration. Tandem screws 
have nothing to recommend them. 

With the introduction of triple and quadruple screws 
for the ee nee of ships rove | the necessity for 
modifying the existing experimental apparatus so as to 
be able to undertake wake and thrust deduction experi- 
ments on models of vessels with more than two shafts. 
Before these modifications were introduéed the experi- 
ments with the forward and after sorews were made 
separately just’as if each set were a pair of twin screws ; 
the condition taken for analysis of each gl that 
the thrust equals half the resistance of model with 
no screws working behind plus the augment caused by 
these screws. The te thrusts of the forward and 
after screws thus eq total augmented resistance. 
This assumes complete non-interference. This latter 
was a doubtful point and it was resolved to undertake 
experiments in the first place, as for twin screws, and 
afterwards to observe the effect on the performance 
of the forward Screws of a ian of revolving but non- 
recording screws placed in the after position, and also 
on the after screws of a pair placed in the forward 
position; these non-recording screws were placed on 
a fixed frame, and could be given any desired rotary 


The results given apply only to the fine model. Three- 
bladed propellers, 4 in. in diameter, of 1 pitch ratio and 
of 0.6 disc area ratio, were used in these experiments. 
The inner propellers were placed just forward of the 
after perpendicular, with the tips reasonably clear of the 
hull ; the outer propellers were so that in projec- 
tion their discs just touched the discs of the inner screws. 
The outer screws were carried as far forward as the form 
of the ship would allow, giving the same clearance from 
the no Ry obtained in LL after pair. Table 7 = 
A ix gives particu as to the position of the 
oa. and the results obtained in the several positions 
with different directions of rotation. No bossings were 
fitted on the model. 

The results of the twin-screw experiments call for no 
special comment except that the "high boll efficiencies 
obtained are due probably to the c proximity of 
—w small propellers to the hull of a very wide 
mode! 

Table V. in Appendix gives the hull efficiency element 

per to each position, with the four screws revolving. 
Dae be observed from these results that the action of 
the forward screws.has a material influence on the wake 
of those in the after position, and the hull efficiency of 
these screws is considerably reduced. The suction of the 
after screws reducés very he pe A the wake proper to the 
forward screws, and the hull efficiency elements remain 
tically the sathe as in the twin-screw experiments. 
Broadly speaking, the wakes of the after screws were 
reduced on the average by 0.07, and those of the forward 
screws by 0.01. ‘Some ~~ upon two. most important 
points in connection with the pulsion of vessels by 
uadruple screws is obtained from these experiments. 
n the first place, the wake value to use in propeller 
design is approximated to, and, in the second place, the 
combination of directions of rotation to ensure the 
highest gross hull efficiency can beobtained. The various 
combinations possible are :— 

(a) After screws, outward turning ; forward screws, 
outward turning. 

(b) After screws, outward turning; forward screws, 
inward turning. 

(c) After screws, inward turning; forward screws, 
outward turning. 

_ (d) After screws, inward turning; forward screws, 
inward turning. 

With this particular model the gross hull efficiency 
values obtained with these various combinations are 
almost identical, —- it is nob possible to say that 
this is a general rule. The experimental conclusions ma 
at least be some guide in the analysis of trial results, whic 
analytical conclusions will form the basis for design in 
future cases. 





APPENDIX. 
Tas.e I. 
The following figures particulars of the “ ” perf - 
one of odagh and of ied drm ” screws of baw NA y y sol 


sions—viz., three blades, 6 in. in diameter, 1.2 pitch ratio, and 
0.375 disc area ratio, when advancing at a speed of 280 ft. per 
minute, thrusts and belt tensions being given in pounds, and 
efficiency being— 


Thrust x velecity of advance in feet per minute 


2x belt tension x revolutions per minute 
ow expression is applicable only to the size and type of gear 


T = Thrust. B = Belt Tension. 




















E = Efficieney. 
| = Combination : 
Single Screws. Efficiency 
Slip | Gaeee. Combination 
Ratio. Ktficiency 
| &. B. E. T. B. | E. Single. 
0.00 0 0 0 0 0 0 0 
0.08 | 0.25 | @.18 0.43 0.60 | 0.45 | 0.40 0.98 
0.16 | 0.59 | 0.26 | 0.64 | 1.85 | 0.70) 0.55°| 0.86 
0.24 | 1.08 | 0.40 | 0.69 236] 1.04 | 0.68 0.84 
0.32 | 1.80 0.60 0.69.| 3.78} 1.47 | 0.59 0.85 
0.40 2.95 | 0.90 | 0.67 5.98 | 2.10 | 0.58 0.86 


TaBie Il.—Tandem Screws. 
Open performances of three-bladed screws of standard diameter 
and disc area ratio, but with different combinations of pitches 
close together on the same shaft and rotating in the same 
on. 


1.2P.R.and12P.R. | 1.2 P.R. and 1.6 P.R. 
Slip Ratio. at Sa Be cM AS HERO Oia A 





|Ba{ss T. B | E 

0.00 0 0 0 0 0 0 

0.08 0.40 | 0.25 047 | 039 0.25 | 0.55 

0.16 0.95 | 040 | 064 | O87 042 0.66 

0.24 1.69 | 0.62 | 0.66 | 153 0.68 | 0.66 

0.32 2.76 0.96 | 0.63 244 1.04 0.62 
146 | 0 


0.40 4.43 | .58 3.78 | 1.57 | 0.56 
Tasie III.—‘* Combination” Sorews. 


Open performances of three-bladed screws of standard diameter 
and disc area ratio, but with different combinations of pitches, 
yet close together on the same axis and rotating in opposite 

ions. 


\1.2P.R. & 0.8 PR.) 12P.R.&12P.R. 1.2P.R. & 1.6 PR. 


Slip 
Ratio. 


0.00; 0 0 0 0 0 0 0 0 0 
0.08} 0.75 | 0.45 | 0.40 0.60 0.45 0.41 0.50 0.85 | 0.49 
0.16) 1.69 0.72 | 0.61 | 1.85 0.70 0.55 1.10 | 0.58 | 0.60 
0.24 4.94 1.09 | 0.53 | 2.36 1.04 0.58 1.95 0.90 | 0.61 
0.82 4.66 | 1.58 | 0.52 | 3.78 1.47 0.69 38.20 | 1.36 | 0.60 
0.40 7.22 5.98 210 0.58 6.18 | 211 | 0.55 


In the above tables zero slip has been taken at zero 
thrust. With the tandem arrangement the number of 
revolutions of the standard screws at which no thrust 
was obtained was considerably greater than with the 
“combination” arrangement. d 

Table IV. gives a comparison on a base of revolutions 
of the ‘‘open ” performances of the standard screws when 
contrary turning and when placed tandem. 





Tasie IV. 
Revolu. Combination. Tandem. 
» J a | & S (oe | E. 
450 0.60 0.45 0.41 0.15 0.18 0.26 
493 1.35 0.70 0.55 0.61 0.31 0.56 
544 2.36 . 1.04 | 0.68 | 126 0.49 | 0.65 
608 3.78 1.47 0.59 2.20 0.79 0.64 
690 5.98 2.10 0.58 3.65 1.23 0.60 


| i j | 





TaBLeE V.—Quadruple 
Screws, 4 In.in Diameter, 1.0 Pitch Ratio, 0.6 Disc Area 














ing. 
° {@ With forward screws, outward turning 0.15) 0.12 1 
** \() With forward screws, inward turning 0.10) 0.10 0.99 
Wake and Thrust Deduction of Forward Screws) 
when Outward —— | 
3. { With after screws, out turning ../ 0.22) 0.18 | 106 
(0) With after screws, inward turning ..| 0.22) 0.12 | 1.07 
Wake and Thrust Deduction of Forward Screws 
when Inward Turning. 
4 {8 With after screws, outward turning ..| 0.23) 0.12 | 1.08 
(6) With after screws, inward turning .. 0.3) 0.10 | 1 








Tue LnoonroraTeD Mounicipat ExgorricaL Assooia- 
TIon.—A draft outline mme of the Nineteenth 
Annual Convention, to held in Birmi from 
June 15 to 20, has now been issued. An address will be 
delivered by Mr. R. A. Chattock, President of the 
Association, Chief Electrical Engineer of the Corporation 
of Birmingham. papers to be read include the 
following : ‘‘ The Commercial Development of Electrical 
Supply in_ Towns of Moderate Size,” by Mr. W. A. 
Vignoles, Chief Electrical Engineer of the Corporation 
of Grimsby. ‘‘The Design and tion of Modern 
Boiler-House Plant,” by Mr, 8. E. Fedden, past-President, 
Chief Electrical Engineer of the Corporation of Sheffield. 
“The Standardisation of Tariffs,” by Mr. J. Horace 
of Poplar. vi i fring ~ ono sehen _ 

° isite are toa num 
of works and places of interest. All communications 
relating to the Convention must be addressed the 
Secretary at 28, Bedford-square, Loudon, W.C. 





Experiments with Three-Bladed | the 


COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


‘ pla - 
struction of a railway to encircle St. Petersburg. The 
1 of this line would be 95 versts (about 63 miles), 
it would be used for conveying merchandise from one 
terminus of St. Petersburg to another ; it would serve 
the new port as well as the factories and workshops 
situated on the outskirts of the city. The Council of 
Minirters has decided to submit to the chief department 
of the Council of Empire a proposal for a railway from 
Tchabakov to ene Se (Northern Rail- 
ways),and the Committee for New Railways has examined 
lans for the construction of a line intended to link up 
tral Russia, the south of the Caucasus, and the Trans- 
Caucasian territory. The Senate of Finland has prepared 
Yay = — ee Ss Se 
Ministers, for the construction of a normal-gauge railway 
from Qe as far as the y=, ty Sirkien- 
saari. is li i very important for the transport 
to St. Petersburg of constructional timber and also for 
the importation of wheat from the interior. 

Spain: The Gaceta de Madrid contains « copy of 
i Decree inviting tenders for the construction and 
working, for a iod of 99 years, of a railway from 
Palencia toGuardo. Work must be n within three 
months from the date of the granting of the concession 
and be completed within three years. T 
received = to May 11, 1914, by the Director-General de 
Obras ~ licas, ee 7 en prey ye and 
are to aecom pani y a de t o pesetas 
(about 3580/.). ihe wininen quantity of rolling stock 
required to work the line is 10 locomotives, weigh 
ing 28 tons each, 4 first and - class coaches, 
5 second-class coaches, 7 third-class coaches, 8 trucks 
for provisions and goods, 45 covered wagons, 60 wagons 
with high sides, and 20 flat wagons with low sides. 
pK of a ee railway, on which X. 
annual interest not ex per cent. is guaran 
by the State, is estimated at 9,668,682 pesetas (about 

100/.). The Gaceta also contains a copy of a 
Decree authorising the grant of a concession for 
the construction and working, for a period of 99 years, 
of a strategic railway from Pamplona to Logrofio 
via Estella. Work must be begun within six months 
from the date of granting the concession, and must be 
completed within four years. Tenders are imvited by 

concessionary company, and will be received up to 
May 19, by Sefior Don Ramon Soraluce, 13, Prim, San 


Ratio. Sebastian, from whom further iculars can be obtained. 
Forward of Spreadfrom |The minimum quantity of calepenedk uired to work 
= P. — the line is 12 — : aoe 4 on 9 secon . 
’ ? class coaches, t -c coaches, -trucks, an 
feo -, alee thes 7 4 165 other trucks for special purposes. cost of con- 
Immersiontotips .... 3 struction, on which an annual interest not exceeding 
Clearance from hul 4 “m 5 per cent. is guaranteed by the S is estimated 
- —-- - - > —— | abt 24,757,095 pesetas (about 916,930/.). e same Gaceta 
g ¢, | states that tenders will be received up to May 18, by 
3 2 the Director-General de Obras Piblicas, Ministerio de 
—_ s 85 _-+ | Fomento, Madrid, for the construction and working, 
4 cx Ze | for » period of 99 years, of s strategic railway from 
= 6° = Pontovedrs to Ribedavia, the cost of construction, which 
= 2 aie aaah? Ay as carries with it a State guarantee, being estimated at 
Witnans Hee ete oben dh | il pesetas (about 1,763, 3907. ). concessionaire 
Case 1. After screws, outward turning 0.21 0.14 1.04 ve to commence work within three months from 
Case 2. After screws, inward turning .. 0.20 0.11 , 1.07 | the date of granting the concession, and must have com- 
Case 3. Forward screws, outward turning ..|0.24) 0.18 | 1.08 | pleted it within five years. The minimum amount of 
Case 4. Forward screws, inward turning 0.24 0.10 | 1.12 yy — mp 7 co waste See a iossmnateren, 
Wake and Thrust Deduction Values Corresponding to 68, coac “© 
Above, Modified by the Action of the Neighbouring Screws. oa. - I hayes ae _— _—- coaches, 6 : sotonee, 
Wake and Thrust Deduction of After Screws weed if - : 
when Outward Turning. | three foregoing contracts will doubtless be a ied to 
1. {(@ With forward screws, outward cumiag |¢.10 0.13 | 1.01 | Spanish subjects, nevertheless the carrying out of the 
{ With forward screws, inward turning |0.13 0.12 | 0.99 rolling — one } a purchase of some materials and 
" Thrust s outside Spain. 
—— when , Dasentinn of a | P : The Diario do Governo contains a decree 


announcing that tenders will be received, up to May 16, 
at the Direccio Geral das Obras Publicas e Minhas, 


wor 

railway between Lamego and the left bank of the River 
Douro. The total length of the line will be 12 km. (about 
74 miles). Foreigners are allowed to tender provided 
that they declare their readiness to be governed by 
Portuguese law. Tender forms drawn up by them must 
be signed by a Portuguese Consul in their country, and 
the latter’s pnts must be legalised at the Ministry 
of Foreign Affairs in Lisbon. 





Conrracts.—Messrs. Erith’s Engineering Company, 
Limited, 70, Gracechurch-street, London, inform us that 
they have designed the tunnel dryers, and are supplying 
the complete brick-drying apparatus and steel cars to the 
Harworth Main Colliery, now being sunk near Don 
caster. 





AVIATION.—We are requested to state that the Com- 
mission Permanente Internationale d’Aéronautique, 19, 
rue Blanche, Paris, decided at a meeting held on - 
ber 19 last, to institute two competitions for prizes, the 
movement being due to the kind initiative of Mr. 
Adhémar de la it. One contest will have in view to 
reach ae greehans emyoenan speeds, and the other is 
to cover manne $0 Sp sesetad bo Ste ising vertically 
from a given point or descending verti thereon. 
Particulars 7 ms be obtained from the said Continaien at 
above address. 
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PORTABLE BRIQUETTING PLANT. 


A CONSIDERABLE quantity of sm4ll coal cannot be 
efliciently used in the firing of railway locomotive 
boilers, and this material, together with cinders from 
the smoke and fire-boxes, is dumped out at some con- 
venient spot. On long-distance railroads these dumps 
are allowed to accumulate, and either remain as waste 
material or are subsequently used as ballast for the 
permanent-way. This waste problem is, although 

resent, not so serious on railroads in this country as 
it is on foreign and colonial railways, where consider- 
able distances are traversed through sparsely popu. 
lated districts, and, moreover, where coal is often 
extremely high in — The dumps undoubtedly 
contain valuable fuel if properly treated, but they are 
usually too small and are too great a distance apart 
to make the erection of a central briquetting plant, to 
which the material can be carried and turned into fuel, 
& profitable rege meee 

A demand has therefore been created for a portable 
briquetting plant which can be readily and quickly 
moved from place to place, is self-contained, and com- 
paratively easy to operate. To meet this demand a 
portable plant has been desi aK Messrs. Wm. 
Johnson and Sons (Leeds), Fimi » of Castleton 
Foundry, Armley, Leeds. The illustrations, Figs. 1 
to 4, page 450, show the constructional features of the 
plant, which has been excellently planned to meet the 
requirements, relative to gauge and height, of the rail- 
road for which it is intended. 

The whole of the fuel-producing plant is carried on 
a truck 34 ft, in length by 9 ft. in width. Itshould be 
stated that this particular plant was specially designed 
for the Argentine Republic, the gauge of the railroads 
in that country being 5 ft. 6 in. The extreme height 
from rails to top of the cover is 14 ft. 7 in. It 
will, of course, be understood that the plant can be 
designed to meet any requirements. The whole of 
the machinery is enclosed in and supported by a strong 
steel structure carried by the truck. A corrugated- 
iron roof is provided to screen the working parts from 
the weather. Approximately one-third from one end 
of the truck the coal-bunker A is placed. Above the 
bunker is a rejecting-screen, upon which the material 
is shovelled, and which rejects large pieces of metal 
or other foreign material. The coal-bunker A is pro- 
vided with a sliding delivery door, which can be 
operated by a handle arranged adjacent to an observa- 
tion platform. Beneath the coal-buoker or hopper is 
a screw-conveyor B, which carries the coal upwards 
and beneath a second and smaller lattice C fed by o 
‘*pitch-oracker’’ D. The pitch, which forms the 
binding element of the briquette, is conveyed down 
the lattice C and delivered on to the screw-conveyor B. 
The coal-conveyor is driven by means of bevel-gearing 
with fast pulley, while the short pitch-conveyor, 
which also acts as a measurer, is driven by ing 
and chain-wheels from the main drive of the material- 
conveyor in such a manner that the proper propor- 
tions of material and pitch are delivered together 
into the disintegrator E. From the disintegrator the 
mixture is delivered on to a bucket-conveyor F, 
which carries it to the vertical heater or ‘‘ cooker ” 
H. This cooker consists of a cast-iron body, with 
internal rotary mixing-knives, while at the bottom of 
the shaft a scraper is provided. The material enters 
at the top and is delivered at the bottom of the 
heater or cooker through a shoot into the roller 
briquetting-press L. Live steam is delivered to the 
heater H during the process of mixing. The briquet- 
ting mechanism produces a compact ‘‘ovoid” or 
‘‘eggette”’-shaped piece of fuel, which weighs about 
5 oz. The shape and bulk of the briquettes are stated 
to be particularly suitable for locomotive purposes, as 
they lie on the fire in such a way that a maximum 
air-space is afforded all round them. 

The briquette press L consists of a pair of mould- 
rollers, containing depressions of the required shape, 
accurately milled as to shape and position. The aout 
rollers are keyed to shafts carried in specially | 
bearings. The fixed or driving roller-shaft is carri 
in a bearing cast on the main frame of the press, 
and the driven roller is carried in a sliding bear- 
ing, adjusted by means of heavy set-screws from 6 
fixed block cast on the bed of the machine. Cast- 
steel brid connect the main bearing-blocks and 
adjusting-blocks, thus tieing the whole efficiently 
together. The mould-rollers are er together by 
means of cast-steel wheels, haying accurately 
machine-out teeth, to ensure correct registration of 
the moulds, the remainder of the gearing having 
ordinary machine-moulded teeth. A hopper is pro- 
vided immediately over the rollers to guide and con- 
tain the material to be briquetted. The material fed 
into the hopper gives a certain head of feed, and upon 
this depth and head of feed depends the efficiency of 
the briquette turned out. The mould-rollers revolve, 
collecting the material in the moulds and press it into 
ge The moulds are so shaped that there is no 
sticking, and the briquettes drop clear, as the rollers 


revolve, quite freely. The is capable of turning 


out briquettes at therate of 24 to 3 tons per hour. The | Tech: 





briquettes as formed are delivered by a pe 
lattice conveyor M to a delivery-shoot, down whi 
they roll to a receiving-wagon. Forward of the vertical 
heater H an under-type engine and boiler O are carried, 
which generate the whole of the motive power for the 
operation. The boiler provides the steam for the 
cooker, but does not provide power for the propulsion 
of the truck. The locomobile shown in the illustration 
has been supplied by Messrs. Robey and Co., Limited, 
of Lincoln. The horse-power en to operate the 
whole is approximately 24. The total brake horse- 
power of the engine is 30. As has been previously 
pointed out, the lay-out of the plant naturally varies 
with the conditions to be met. 

An observation-platform has already been mentioned. 
When operating the plant the attendant can take up 
his position on this platform, where he can operate 
the sliding feed-opening from the ange sed to the 
screw-conveyer, also the delivery-door of the cooker, 
and can at the tame time observe the briquettes as 
they travel up the ascending lattice conveyor. It will 
thus be seen that complete control can be secured. 
One man and one boy are all that are required on 
the car. The only other hands required are those 
n to bring material from the dumps and deliver 
it into the coal-hopper, and to trim the fuel as it is 
delivered from the plant into the receiving wagon. 
Messrs. Johnson have also made portable plants for 
making cement to be employed when prospecting is 
4 — on, and portable plants for the production 
of bricks. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 19. 

Srrer trade conditions during the t week have 
been less satisfactory than usual, though the volume of 
pending business makes a pessimistic view impossible. 
Among the large structural steel awards were 9500 
tons for the Great Northern building at St. Paul, 
21,000 tons for the Memphis Bridge across the Missis- 
sippi, and 10,000 tons Ter the Widener building in 
this city. In addition, orders were taken in New 
York for 50,000 tons of elevated railroad extension, 
and some 30,000 tons are under negotiation for subway 
work. The United States Steel Corporation gained 
124,764 tons for the month of February, and since 
March 1 it has been gaining further ground. Its 
ingot capacity is at 80 per cent., and finished pro- 
ducts and blastfurnace 75 per cent. of output capacity. 
Present indications favour furtherexpansion of business, 
and particularly on the railroads, whose orders during 
the past week amounted to 40,000 tons of structural 
material and 6,000,000 dols. worth of rolling-stock. 
Locomotive orders were 136, of which the Illinois 
Central placed 50 with the Baldwins and 22 with the 
American Locomotive Company. Southern orders 
were 34, and the Katy system ordered 20. The Union 
Pasific is about placing orders for between 50 and 60 
engines. Freight-car orders for last week were 4475, 
making, since January 1, 28,170. Despite the hesi- 
tancy of railroads, their necessities are crowding them 
into the market, and they must be liberal buyers. 
Pig-iron is dull, the largest sale being 25,000 tons by 
the Dominion Iron and Steel Company. Southern 
furnaces are picking up most of the current business. 
Rail-buying & the past week was 22,750 tons, against 
32,500 tons for the week before. A Lehigh Valley 
concern closed for 20,000 tons of Connellsville coke, 
and other Eastern furnaces are buying liberally at 
about 2 dols. a ton to cover several months’ require- 
ments. 








New Pee he AT Vomenae ae __ — 
mates for a new graving dock, t. y 
110 ft. wide entrance for North Vancouver, BO. have 
been lodged at; Ottawa for approval by the Dominion 
Government. The promoters of the scheme are the 
Amalgamated Engineering Dry Dock Company, 
Limited. Large ship-repairing works will be constructed 
pon ne Mang Rage over oe = } werent been 
acqul or the pur . engineer for the proposed 
works is Mr. A. p: Sonn, M. Inst. C.E., Montreal. 





MANCHESTER ASSOCIATION OF ENGINEERS.—The annual 

neral meeting of the above Association was held on 

turda: ‘tens | last, the 28th ult., the chair being taken 
by Dr. Edward opkinson, President of the Association. 

he secretary submitted the annual report of the council 
for the year ended December 31, 1913, from which it 
ap that the number of members on the roll amounted 
to 646, and that the surplus of receipts over expenditure 
for the year was 251/. 3s. 9d., the net cash balance standing 
to the credit of the Association being 6547/. 5s.7d. Mr. 
Edward G. Hiller, the chief engineer of the National 
Boiler and General Insurance Company, Limited, of Man- 
chester, was elected president for the ensuing year, and 
Mr.- William Fox, the chief mechanical engineer of 
Manchester Ship Canal, was appointed a trustee in place 
of the late Sir William H. ey. After a few remarks 
from the President (Dr. Hopkinson) upon the increasing 
prosperity and progress of the Association, a very exhaus- 
tive was read oe <- C.. Maxwell Garnett, 
M.A., Principal of the ter Municipal School of 
nology, on ‘‘ The Education of Engineers.” 


the | is passing through a rather quiet 





NOTES FROM THE NORTH. 
Guiascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a steady tone, and business 
was fairly active. Cleveland warrants amounting to 
4500 tons were put through at 5ls. Ojd. and 51s. one 
month, and at 51s. 34d. 51s. 3d. three months, and at 
close sellers quoted 50s. 10d. cash, 51s. one month, 
and 51s. 4d. three months. The market was easier in the 
afternoon, when 1500 tons of Cleveland warrants changed 
hands at 51s. . three months, with sellers over at 
that figure, and .at 50s. 9d. cash, and 50s. 114d. one 
month. On Friday morning there were no transactions 
in Cleveland warrants, which were quoted by sellers at 
50s. 84d. cash, 50s. 11d. one month, and 51s. 24d. three 
months. The afternoon session was another blank as 
business, but quotations for Cleveland warrants 
were steadier at 50s. 9d. cash, 50s. . = one month, 
and 51s. 3d. three months sellers. On Monday morni 
the market was again idle, and sellers of Cleveland 
warrants named 503. 9d. cash, 50s. 11d. one month, and 
5is. 24d. three months. In the afternoon there was an 
absence of | orders, and the turnover was limited 
to one Cleveland warrant at 50s. 8d. cash, the closing 
quotations being 50s. 9d. cash, 50s. 11d. one month, 
and 51s. 3d. three months sellers. On Tuesday mornin 
the market was firmer, and 2500 tons of Cleve 
warrants were done at 50s. 94d. cash, and 51s. 3d. and 
51s. 3$d. three months. At the close there were sellers 
at 50s. 10d. cash, 51s. 04d. one month, and 5s. 4d. 
three months. n the afternoon the tone was dull, 
and dealings consisted of 1000 tons of Cleveland war- 
rants at 9d. three days, the session closing with 
sellers at 50s. cash, 51s. one month, and 5is. 34d. 
three months. the market opened to-day (Wed- 
nesday), a better feeling oovelied, and as there were 
one or two buying orders the price of Cleveland warrants 
advanced about 3d. The business amounted to 3500 
tons at 51s. cash and eighteen days, and 51s. 44d. three 
months and June 23, and closing sellers named 51s. b 
cash, 51s. 24d. one month, and 5ls. 64d. three months. 
Copper was quoted 65/. 10s. three months buyers. In 
the afternoon ‘© was again come demand for Cleveland 
warrants, and prices were higher. The turnover was 
confined to 500 tons at 51s. 74d. three months, and the 
session closed with sellers at 51s. 24d. cash, 51s. 5d. one 
month, and 51s, 8d. three mon 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia has been rather poor of late, and prices have 
had a weakening tendency. The current quotations for 
_~ lots are now round 12/. 5s. per ton Glasgow, and 

21. 7s. 6d. per ton Leith, and even at these low prices 
there is no very heavy inquiry. 


Scotch Steel Trade.—The recent changes made in the 
Scotch steel trade have not yet brought forth much in the 
way of new business, and producers are complaining of a 
shortage of specifications for heavy materials. It was 
understood that buyers had orders on hand amount- 
ing to quite a good tonnage, and that they were only 
awaiting a more favourable Sy omy for the placi 
of their demands; but the buying of the past w 
does not bear this theo: out, and so producers 
are still finding a little difficulty in keeping their 
rolling-mills in regular motion. Any inquiries coming 
into the market for respectable quantities are eagerly 
pursued and Fwy A competed for, but, unfortunately, 
the majority of the lots wanted are of the hand-to-mouth 
description. For boiler-plates and sectional material 
there is a fairly good deniand at the moment, and the 
same may be said about black sheets, a the price 
is now easier by 7s. 6d. per ton, being quoted 7/. per ton, 
less 5 per cent., Glasgow. The export trade is not as 
brisk as might be desired, and several of our consuming 
markets are not sending forward anything like the 
number of inquiries we are used to at this time of year, 
but there are prospects of an early revival taking place. 
The following may be taken as the prices current :— 
Ship-plates, 6/. per ton ; boiler-plates, 7/. per ton ; angles, 
5l. 12s. 6d. per ton ; and bars, 6/. 12s. 6d. per ton—all less 
5 per cent., delivered Clyde or equal. 


Malleable-Iron Trade.—In the West of Scotland malle- 
able-iron trade there has been no change for the better, 
and makers are caguientng no small amount of trouble 
in ee specifications sufficient to keep their plant 
going. Short time is indeed too general. Prices are 
unchanged, and are based on 6/. 17s. 6d. per ton, less 5 
per cent. for ‘‘Crown” bars. 


Scotch Pig-Iron Trade.—In the Scotch pig-iron trade a 
fair amount of business is passing, despite present un- 
settled conditions. Deliveries against contracts are 
being well maintained, but inquiries for the ordinary 

ualities are not too encouraging. Prices are almost un- 

and the following are the market quotations 
for makers’ (No. 1) iron:—Olyde, 68s. ; er 
and Sengleen, 68s. 6d. ( 


, Gart- 
sherrie, Summerlee, all _ oo 
pay ew ; Glengarnock (at Ardrossan), 71s. ; Shotts 
(ao Letty is. Ga. 5 and Carron (a th), 69s. 
has been little change in the hematite position of 
late, but makers are hopeful that the easier prices now 
quoted for steel will be reflected in the demand for 
hematite. 
Scotch Shipbuilding.—The Scotch Siting industry 
i iod at present, if the 
number of new contracts being booked can be taken as 
a criterion. Certainly there is still a lot of work on hand, 
but new business is not coming in as fast as builders would 
like, and each month sees oe of keeping any- 
thing near the output of the two or three years 
potting more distant. During the past month the vessels 
a 


unched only totalled 34,191 tons, or rath3r more than 
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half of the output for the corresponding month of last 
year. For the three months the total is now 120,690 tons, 
as against 126,056 tons for the same ra? of last year. 
The following are the figures for March :— 








NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrIppDLEsBRouGH, Wednesday. 


NOTES FROM THE SOUTH-WEST. 
Cardif.—The steam-coal trade has shown more steadi- 
ness, but irregularity récently observable in the market 










































































































Vessels. Tons. The Cleveland Iron Trade.—The iron trade is steady | is not al: atanend. Favourable terms have been 

The Clyde .. ea ae a 24,631 with a moderate amount of business passing. Values of | obtained by buyers with steamers in readiness for 
The Forth .. Pei 2,270 Cleveland pig show a marked upward movement, and | supplies; but iery-owners have shown a disposition 
The Tay 2 6,200 buyers are coming along more freely, though the continued | to ask higher prices for April loadings. The best Admi- 
The Dee & 400 political unrest has a disturbing influence on the market. | ralty large steam coal has made 18s. to 18s. 3d. per ton, 
26 34,191 e make of pig is not quite adequate to meet cur-/ 18s. 64. per ton being o in some instances. 
The Clyde output during Fe ao largest for | "eat demand, but production is not likely to be increased | Bunker smalls have shown more firmness; house coal 
de> tnunith fen’ Gelntonn Rang $4 the fi for until cost of output is reduced, or pig-iron prices further] has exhibited a quiet tone. The best secondary steam 


improve, as makers declare that present market quota- 
tions are unremunerative. Thereare at present seventy- 
five blastfurnaces in operation on the North-East Coast, 
which is fewer than for a considerable time past. A fair 
number of inquiries on Continental account are reported. 
No. 3 g.m.b. Cleveland pig is 51s. 6d. f.o.b.; No. 1 
is 54s. 3d.; No. 4 foundry, 51s. ; No. 4 forge, 50s. 9d. ; 
and mottled and white iron, each 50s. 6d.; all for 
either early or forward delivery. Though the supply 
is understood to be none too plentiful, and_ the} 27 
branch is not hampered by stocks, Kast Coast] coke 
hematite pig is decidedly easier. Both makers and 
merchants are pressing sales of Nos. 1, 2, and 3 at 62s. 
for practically any delivery, and several second hands 
are now prepared to accept 6ls. 9d. So far as can be 
ascertained, there is still nothing passing in foreign ore, 
but sellers show no si of giving way, and in the 
absence of transactions, keep quotations nominally on the 
basis of 18s. ex-ship Tees for Rubio of 50 per cent. quality. 
Freights, Bilbao-Middlesbrough, are very firm at 4s. 
Coke is ve rw 4 due principally to tae Yorkshire 
colliers’ strike; and, in fact, sellers here hardly know 
what to ask. umers are now very anxious to lay in 
stocks to see them over the Easter holidays, and they are 
ing for deliveries. Medium quality of Durham 
Chatemansd coke is quite 17s. 6d. delive at Tees-side 
works, and it is doubtful whether much could be bought 
at that price. 


Iron and Steel my aye shipments of iron and 
steel from the Tees during the month of Match were on 
a very satisfactory scale. Those of pig-iron averaged 
4446 tons per working day, the total despatches being 
returned at 115,557 tons, 105,218 tons of which went from 
Middlesbrough, and 10,339 tons from Skinningrove. For 
the previous month the clearances reached 96,202 tons, or 
a daily average of 3700 tons, and for March, a year ago, 
the loadings were given at 103,982 tons, or an average of 
4332 tons per working day. Of the pig-iron cleared at 
Skinningrove last month 9264 tons went to Scotland, and 
1075 tons to Holland. Of the iron shipped at Middles- 
brough 61,618 tons went abroad, and 43,600 tons coastwise. 
Scotland, as usual, was the largest buyer, taking 22,007 tons, 
whilst Germany received 15,104 tons ; Wales, 13,150 tons ; 
Sweden, 8327 tons; France, 7959 tons ; Italy, 7417 tons; 
Belgium, 5411 tons; Holland, 3571 tons; Japan, 3392 tons; 
and Norway, 2545 tons. Tees loadings of manufactured 
iron during the month of March amounted to 14,682 
tons, 6961 tons going foreign, and 7,721 tons coastwise, 
and those of steel to 43,660 tons, 38,144 tons of which 
went abroad, and 5516 tons coastwise. India was the 
largest importer of both manufactured iron and steel, 
taking 5937 tons of the former, and 17,234 tons of the 
latter. Other principal buyers of steel were :—South 
Australia, 3194 tons; Victoria, 2941 tons; Holland, 
2449 tons ; Japan, 2144 tons ; West Australia, 1817 tons ; 
Natal, 1392 tons; Cape Colony, 1373 tons; and New 
South Wales, 1138 tons. 


Manufactured Iron and Steel.—There is very little new 
to report — apn the manufactured iron and steel 
trades. Works are busily employed, and makers have 
orders booked to keep them going for some time to come. 
Market quotations stand :— on iron bars, 7/. 10s. ; 
best bars, 7/. 17s. 6d.; best best bars, 8/. 5s. ; i 
iron, 62.; iron ship-plates, 6/. 15s. ; iron ship-rivets, 72. 5s. ; 
iron ship-angles, 72. 10s. ; iron girder-plates, 7/. 5s. ; steel 
bars (basic), 62. 15s. ; ee 61. 15s. ; steel 
ship-plates, . <=) ae Seca . 2s, 6d. ; steel 
boiler. plates, 72. 15s.; steel joiste, 6/. 12s. 6d.; steel strip, 
61. 15s. ; steel hoops, 7/.—all leas the customary 24 per 
cent. discount; cast-iron columns, 7/. 7s. 6d.; cast-iron 
Ss 41. 5s. ; light iron rails, 71. ; heavy steel 
rails, 10s. ; steel railway sleepers, 7/. 5s.—all net at 
works; galvanised corrugated sheets, 24 gauge, in bundles, 
112. 5s. f.0.b.—les# 4 per cent. 

Manufactured Ironworkers’ Wages Reduced. — The 
accountants to the Board of Conciliation and Arbitration 
‘for the 7 Lys and steel trade - aed North “ 
is less regular. One of the best demands comes from the | ] d have certified the average net selling price 
automobile industry. Skilled workers are also busily | iron rails, plates, bars, and angles for the two months 
engaged on increasing business in steel construction for | ¢nding February 28 last to have been 6/. 185. 9.59d. per 
aeroplane parts. Rolling-mills could deal with a much | on, a8 compared with 7/. 2s. 10.87d. per ton for the pre- 
bigger volume of business. For railway and tram-| Vious two months, and, in accordance with sliding-scale 
wae eet to Gund ® about on a or with normal ree “~ Py fey My gf A 
peri activity. i and tyres are being ? 
made for South Atvioan Host Indian railways. Engi- | Work. e reduction takes effect from March 30. 
neers’ tool-makers are busily employed, but in tool-steel 


March is the smallest for the past six years, and the 
three months total of 95,985 tons does not compare 
favourably with the output of 117,858 tons for the same 
period of last year, and 135,340 tons for 1912. One 
thing which may have a tendency to increase orders is 
the reduction which has lately taken place in the price 
of local steel plates, &c , but against that must be put the 
fact that the freight market shows little ign of improve- 
ment. The general trade of the country is, perhaps. 
not so brisk as it was, it shows a marked falling-off 
during the past month or two, but many are of opinion 
a the outlook is not as black as some would have us 
eve. 


lls. 3d.; and cargo smalls, 7s 6d. to 8s. 3d. per 
best household coal has been quoted at ; 
households at 17s. to 18s. ; and No. 3 Rhondda large at 
17s. 6d. tole. SS wi m 





NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The unexpected has 
happened. To the surprise of manufacturers, mer- 
chants, and also to a big section of the men, a county 
coal war has been declared. To-day 120,000 men are 
idle, and by to-morrow this number will have risen 
to 170,000, and every - in the county will be shut 
down. By Tuesday afternoon the last available ton 
of coal m the South Yorkshire pits had been 
snapped up, and seeing that some of the miners in this 
district ceased work with even greater suddenness than 
the rapid expiration of their notices warranted, coal- 
owners are ge A perplexed as to how they shall dis- 
pose of the big number of wagons that lie congested at 
their colliery sidings. Merchants are relying solely on 
Derbyshire and Nottinghamshire output, but as those 
coalfields have their regular demand to meet, and can 
only produce a certain excess to consumers in 
South Yorkshire are on to take what they can get, 
and be thankful that they have got it. The ition of 
consumers is rendered all the more uncertain by the fact 
that Derbyshire owners, wishing to be free to take advan- 
tage of whatever developments may occur, will not quote 
for ~ of the following day’s output. To-day’s Derby- 
shire figures are as follows :—Best brights, 16s.; house, 
15s. 6d. ; best large nuts, 15s. 6d.; small nuts, 136. 6d. ; 
hards, 14s.; slacks, 12s.; seconds, 83. 6d.; smalls, 5s. 6d. 


Iron and Steel.—The position in the iron and steel 
trades has not been improved by the Yorkshire coal trade 
trouble. The iron market shows very little movement. 
Spot buying is largely confined to small lots. Forward 
business is stagnant. Pig iron is stiffening on account of 
the greatly increased prices in coal. ntil the coal 
trouble is ended, and pits resume regular working, there 
is little hope of either Derbyshire or Lincolnshire iron 
prices reaching a lower level. Thus the ho for re- 
vival in iron and steel is relegated to the remote 
future. Hematites, both West and East Coast, are dull 
and inactive. Fractional reductions have been secured, 
but no quotable changes can be reported. The local 
billet trade appears to be going from bad to worse. 
Foreign competitors are continually on the doorstep 
with products that are far cheaper than the most depressed 
class of material locally produced. Both in Siemens and 
Bessemer values are being “oe. Foreign basic sorts 
are offered at as low as 863. Still lower prices have been 
aceepted for “inferior” qualities. Bar-iron is also a 
poor market, but if reports of the prospective activity of 
certain home railway concerns are to be credited, better 
times are ahead. All sorts of scrap, from the lowest 
grade to the best qualities, can be purchased at excep- 
tionally low rates, but users content themselves with 
desultory hand-to-mouth buying. In the heavy trades 
armament, gun, and projectile departments are the 
best employed, and there is no prospect of the slightest 
decline in the present record activity. On the show- 
ing of the t three months it is quite possible that 
Messrs. Vickers may top their record profits of 1913. 
A steady flow of orders comes. from shipbuilding 
centres. In the general steel trades ialising de- 
partments have not much to complain about, but 
in common steels trade is quieter and employment 


sto occurs in consequence of a shortage in the 
ye me . About 1000 men will be affected. 


Cardiff Docks.—The necessity for increased dock acoom- 
modation and improved traffic facilities at Uardiff has 
the serious attention of the local Chamber of 
Commerce, and last year a committee was appointed to 
consider the subject and to make representations to the 
various local dock companies. As # result of these repre- 
sentations, the Barry Railway Company has erected six 
new tips, and the management estimates that this will 
increase the shipping capabilities of the docks by nearly 
2,000,000 tons per annum. The Cardiff Railway Com- 
pany is alao improving the equipment of the Queen 
Alexandra Dock, while the Taff Vale Railway Company 
has provided large additional sidings for Penarth. 
shipments increased, however, in 1913 over 1912 to the 
extent of nearly 3,000,000 tons; this over-taxed the 
capacity of the existing shipping appliances, and there 
are again complaints of congestion. 





New Barrisu Destrorers.—We are officially informed 
that the two to o-boat destroyers recently ordered of 
Messrs. J. S. White and Co., and Messrs. Hawthorn 
Leslie and Co., are to be named Lightfoot and Marks- 
man respectively. 





Pencit - Honpger.—We have received from Messrs. 
Herbert Terry and Sons, Limited, of Redditch, a very 
neat cil-holder, suitable for use by draughtemen 
and others. It consists of a small plate with a pair of 
spring pins at the back, by which it can be attached to 
a waistcoat in the same way as a lady's brooch to a 
dress. On the face of the plate is a vertical socket formed 
of what, for want of a better word, we may call a spiral 
spring. The spring is wound, not on a cylindrical mandrel, 
but on a flat plate, and therefore is a highly flattened tubo 
about ;, in. wide by yy in. thick. A length of this tube 
is bent into a ring, of an internal diameter of about 3 in., 
and is fixed to the brooch with its axis vertical. It e- 
fore becomes a socket into which a pencil can be 

ushed, and by its elasticity it holds the pencil securely. 
The socket is so exceedingly flexible that it allows the 
pencil to be pushed sideways in “2 direction, but at the 
same time maintains a constant hold upon it. There is 
little danger either of breaking or losing the pencil. 

Tue Roya Instirution.—The following are the lecture 
arrangements at the Royal Institution, after Easter :— 
Dr. Walter Wahl, two lectures on ‘* Prob'ems of Physical 
Chemistry :” (1) “‘Study of Matter at High Pressures ;” 
(2) ‘Structure of Matter at Low Temperatures” (experi- 
mentally illustrated). Professor W. Batescn, Fullerian 
Professor of Physiology, Royal Institution, two lectures 
on: (1) ‘‘ Double Flowers ;” (2) ‘‘ The Present State of 
Evolutionary a Professor D’Arcy W. Thompson, 
two lectures on ‘‘ Natural History in the Classics :” (1 
‘The Natural His of the Poets—Homer, Virgil, an 
Aristophanes ;” (2) ‘‘The Natural History of Aristotle and 
of Pliny.” inp | A. ~ lectures on ‘* Celes- 
tial Spectroscopy : Experimen nvestigations in con- 
nection with the Spectra of the Sun, Stars, and Comets.” 
Three literary lectures. Professor Svante Arrhenius, 
three lectures on ‘‘Identity of Laws in General and 
Biological Chemistry.” Pro Silvanus P. Lee 
two lectures on ‘‘ Faraday and the Foundations of Elec- 
trical Engi ing.” Dr. T. E. Stanton, two lectures on 
“Similarity of Motion in Fluids:” (1) “‘The Theory of 
Similarity of Motion in Fluids the Experimental 








° . P Proof of its Existence ;” (2) The General Law of Surface 

the increased cost of fuel is making itself seriously felt. Friction in Fluid Motion.” Professor O. J. Patten, two 

Agricultural-implement firms, and to a less extent mining-| “THe Importers’ Sreruinc ApvANcE TABLES.”— | lectureson “ igration.” Prof W. i 

machinery firms, are feeling the effect of unsettlement in| These tables have pre by Mr. T. Robert] two lectures on: (1) “Fiords and their n;” (2) 

overseas markets. and form a book of over 180 pages, which is issued | ‘‘ Fiords ts.” Mr. Sigismu 

at pee of Spee See le ited, lectures on ‘‘ Studies on ion in Art:” (1) 

168, Fleet-street, London, . The tables show in| “Origin and Development ;” (2) ‘‘Right Expression in 

SHIPPING, ENGINEERING AND Maoutnery Exuisirion. | Canadian the “‘lgid-down cost” of an article Conditions.” The Fri meetings wil 
—We have now received a copy of the official bulletin and 


Modern 
by | be resumed on April 24, when the Astronomer Royal, Mr. 
F. W. Dyson, will deliver a discourse on “The Stars 
Around the North Pole.” Succeeding discourses will 
bably be given by E. F. Benson, Professor Karl 
Professor F. Keeble, Mr. Robert Mond, Pro- 
fessor J. C. Bose, Professor W. H. Bragg, and other 
gentlemen. 


Frospectas of this Bakibition, which i to be held st 
lympia, London, W., from September 25 to October 17 
next. It gives lists of the patrons, members of committee, 
exhibitors in the Dutch British sections, and a 


per cent. The following 
example is stated :—Given an article invoiced at 4s. 7}d., 
be Sant ths Sah sao sore 
cent., by t to the cent., 

is. 74d. is found $1.49.12, which is the laid-down cost. 
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PORTABLE BRIQUETTING PLANT. 


CONSTRUCTED BY MESSRS. WILLIAM JOHNSON AND SONS (LEEDS), LIMITED, LEEDS. 
oe Fug.t. (For Description, see Page 454). 






TTT 





MMANMAATAMAANAAAAA AA 









---— 


er ah Sanna ip ate 





| 
| 


“Japan YeArR-Book, 1914.”—We have received the 
first issue of a year-book on Japan, issuei by the Japan 
Gazette, at the price of 5s. net. The agents for Euro 
are Messrs. Kegan Paul, Trench, Triitiner, and Co., Ltd , | 
Broadway House, 68 to 74, Carter-lane, London, E.C. It | 
gives geographical data on the Empire, ethnological | 
information, a history of the country, oe its develop- 
ments, and a very large amount of financial and | 
trade information. The political constitution and the 
army and navy are also reviewed. The book will prove 
invaluable for reference purposes, and as a source of 
information for merchants and traders. We should like 
tos t the insertion in future editions of a coloured 


map of the different territories forming the Empire. 
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ELECTRIC BATTERY VEHICLES. 


THE idea of driving a vehicle by means of electric 
storage batteries has been discussed and experi- 
mented with since the early days of the a 
ng of electricity. We do not sup 

as the first demonstration of poesibility in this 
direction, but, without going farther back, it — 
in 1882 that the late oro Ayrton equ 
and drove an electric tricycle in London. Pees 
1882 to 1914 is a long iod in the history of 
electric development, and yet from the point of 
view of commercial importance the battery vehicle 
in this country does not seem to have advanced 
much beyond the stage of the Ayrton tricycle days. 
Various things have been done in this thirty odd 
years, and electric cab companies and electric 
omnibus companies have risen and fallen, but at the 
end the achievement seems very small. We have/| the 
no statistics of the number of battery vehicles at 
present working in this country, but relative to 
other types of self-propelled vehicles it is certainly 
very unimportant. One hears that the Blackburn 


459 | Corporation Electricity Department has an electric 
4s9 | C8 and that the City Police have one or two ambul- 
463 | ances, and so on ; but acquaintance with either the 


streets of any of our large towns, or the contents 

that the 
reat Britain is 
concerned—at present a competitor of which the 


465 | petrol or steam vehicle need be seriously afraid. 


The very r place which the battery vehicle 
has won for itself in this country, coupled with the 
a. of its fable fg failures, has resulted in a fairly 

that the whole system is either 
rechatally or ey unsound. One fre- 
uently hears opinions from engineers expressing 
sea this view, and on must be admitted el an the 
face of things there is much reason in it. The 
developments of recent years, however, on the 
Continent and in the United States—especially 
in the United States—show that the battery 
vehicle can be made a practical success on a 
large scale. And it is impossible to suppose 


| that it could not similarly be made a practical 


gene eh ayaa ne wep , although 
y this is not to say that under British con- 
ditions it could successfully meet its established 
a titors. That may or may not be the case. 
e whole, the failure of the battery vehicle in 

| the past may be attributed to the failure of the 
battery, and it is by battery improvements and 
the introduction of new types that the Sagar 
success abroad has been rendered possi At 
the same time, the general advances in chassis con- 
struction, hub bearings, tyres, &c., which have 


marked the of the petrol ‘vehicle, have 
naturally not without effect on the progress 
of its rival. 


The people interested in the success 
of the battery sohicle are the builders and the 
electric- supply authorities. The potential cus- 
tomer, in general, recks n of the matter, 
while the builders of other forms of self-propelled 
vehicles i ane ee or — If 
battery wo’ cou ow very great advantages 
over steam —y petrol, it might be left to make a 
way for itself ; but if its relative advan are 
at the best com uparatively moderate, as we e, 
then considerable nursing and advertising will be 
necessary if it is to compete seriously in the near 
future with ite well-established rivals. The advance 
of the electromobile ‘in the United States, where 


read | there are now said to be 37,000 electric vehicles in 


use, owes not a little to the 7 and enterprise of 
the Electric Vehicle Association of America, and it is 
at | fairly certain that little will be done in this country 
without some more or less similar ancillary aid. 
These things have been ised by the parties 
interested, and last year an Klectric Vehicle Com- 
mittee was formed by the Incorporated Municipal 
Electrical Association to foster the electromobile 
industry. Thecommittee includes certain co-opted 
members ee ean Bee on A -owned electric- 
supply undertakings, makers, car-builders, 
&c., and will consider and recommend standard 
voltages, charging-plugs, dee, distribute informa- 
tion, bring what pressure it can to bear on users, 
and generally do all that is possible to assist the 
of the electric car or lorry. The committee 
y recommended a standard charging- 


Bg will be noted that this new committee has 
been formed by an association, the main concern of 
which is the supply of electric energy. The asso- 
ciation is consequently chiefly interested in the 
electric vehicle as a possible large consumer of 
electricity. It is natural and legitimate that it 
should do all in its power to cultivate any new 
business, but it is pertinent to note that the case 
t | for the electric vehicle cannot rest on the fact that 
the Incorporated Municipal Electrical Association 
—or any other association—would like the central- 
station load which it might bri That the 
electric vehicle will work has tome HE Any 
that it can compete successfully with other forms 
of self-propelled vehicle, on the conditions 
ruling in the United States, has also been demon- 
strated, but that it can do the same thing on an 
adequate scale under the conditions ruling in Great 


Britain has yet to be shown. This point of view 
apart, however, it is peculiarly ap te that 
> oe pliers of electric interest 


ves in the fortunes of the electric vehicle. 
From the point of view of those responsible for the 
statements which are being circulated in connection 
with this matter, the electric-supply ly people may be 
said to hold those fortunes in 
Even were the virtues of the aan ‘vehicle 
those which its most strenuous advocates claim, its 
success On a scale would still be greatly 
determined by the charging facilities which the 
country was able to offer. Electric vehicles as 
now constructed are able to run about 50 miles 
with one charge, and it is clear that if they are to 
perform much of the work now carried out by 
petrol or steam, arrangements must be made for 
re-charging at a parallel _ net of points. To 
ee ona rentl 4 ‘able ep 
car y a to re-c A 
number of pleces equal to that at which peteol oan 
be bought, although in such a provision 
would not be necessary. None the less, an enormous 
number of charging-stations must be equi and 
ultimately it is in the carrying out or neglecting of 
this duty that the electric - supply people will 
aid or hamper the new ind The matter of 
the equipment of these stations is not a simple one 





for those who believe that the industry is on the 








| 
é 
| 
| 


458 


ENGINEERING. 





[APRIL 3, 1914. 








verge of considerable development. Clearly, little 
can be done until some vol is determined on as 
a standard; but even assuming this done, quite a 
fair amount of expense will be entailed in the pro- 
vision of the average station. In many cases, 
sped in most, a motor-generator will have to 

put down, and arrangements for attendance 
must, of course, be made. This sort of thing is 
easy enough to do, but the question is, will it pay? 
At present it certainly would not, and even 
assuming an extraordinary rate of development in 
the use of battery vehicles, we do not see how, 
in the majority of cases, it could pay for years to 
come. In general, we do not imagine that even 
members of the Incorporated Municipal Electrical 
Association are likely to go to much expense for a 
traflic which, at best, seems to promise a return of 
a few shillings a week. 

The situation is a difficult one from the average 
electricity supplier’s oe of view, but our advice, 
if he wants it, is that he go to no expense unless he 
can see direct evidence that he may obtain a 
battery-vehicle traffic. The development of the 
industry, if it does develop, is likely to take place 
through the action of certain users who have a 
class of business such that the limited range of the 
vehicle suits it, and who are prepared to act inde- 
pendently from the existence of charging facilities 
either outside their own garage or outside some 
particular conveniently-situated charging-station. 
As the number and distribution of such users 
increases we will have the beginnings of a series of 
charging centres spread about the country, and the 
case for the employment of the battery vehicle for 
long-distance or irregular work will have n to 
be made. For the present we think the Electric 
Vehicle Committee pe | do much good work in 
settling standards and advertising, but suggest that 
it would be ill-advised in making arrangements or 
bringing pressure to bear for the installation of 
haphazard charging-stations. 

n the long run the battery vehicle will stand or 
fall on its achievement. In the past it has fallen, 
but its apologists and backers now tell us that it 
can stand and even run, and the American experi- 
ence they can point to certainly makes out a strong 
case. Data = operation in this country is hardly 
available, owing to the few vehicles in use; but 
the Electric Vehicle Committee would do a ve 
good service if they could obtain and publish full 
information in reference to the work recently 
carried out, or being carried out, here. It is gene- 
rally contended that electric propulsion is better 
suited for heavy vehicles working at a comparatively 
slow speed than for high-speed cars, and it is mainly 
in the direction of the introduction of lorries and 
vans that the Electric Vehicle Committee appear to 
be working. Information in reference to some of the 
vehicles actually at work in England was given at 
a discussion on this subject held at the Institution 
of Electrical Engineers on March 19. Of greatest 
interest perhaps was the statement by Mr. A. B. 
Pescatore to the effect that fifteen of the original 
London electric omnibuses had been running in 
Brighton for the last six years. The battery main- 
tenance was below 3d. a mile, lead batteries being 
used. Lieutenant Sladen also gave some interest- 
ing information in reference to heavy vehicles used 
by the London County Council "Fire Brigade. 
Electric propulsion had practically been adopted 
as a standard for life-saving appliances, The cost 
averaged ls. a mile, not inlieding depreciation and 
capital charges. The corresponding figure for 
ere vehicles was 1s. 3d.a mile. The cost of a 

ttery vehicle being higher than that of a petrol 
vehicle, the cost of both vehicles, including all 
charges, was about the same and stood at 1501. a 
year. It is clear, of course, that the electric 
vehicle may prove particularly suitable for fire- 
brigade purposes owing to the rapidity of turn-out 
and the shortness of the aversge haul. 





TRON AND STEEL PRODUCTION. 

On reading the memorandum recently issued by 
the Census of Production Office of the Board of 
Trade on the consumption of iron ore and pig-iron, 
and on the | gage of steel, in the ‘Gnited 
Kingdom and the principal foreign countries in 
recent years, we 1 to mind several passages of 
the admirable presidential address delivered by Sir 
Robert Hadfield, F.R.S., before the Iron and 
Steel Institute in 1905. A special cha of this 
address, illustrated by diagrams, dealt with the 
supplies of ores, the production of iron, and also 





with present-day and future uirements. Sir 
Robert gave the production of pig-iron from 1800 
2 1904, and —, ph curve - one of his 

iagrams the estima’ uction of pig-iron in 
the years 1950 and 2000, and said : ‘‘ when it is 
borne in mind how — production has risen— 
practically without a break of any kind since the 
year 1860—I see no reason to suppose that the 
probable increase shown by the curve will not take 
place.” He thought that the total of close upon 
100 million tons, which he arrived at for the pro- 
duction of pig-iron in 1950, might not be much 
outside the mark, and he compared the increase in 
the use of iron to the gathering of a snowball. Sir 
Robert gave other interesting data on the subject, 
adding that ‘‘if in a few centuries there is likely 
to be a lack of iron ore, it greatly concerns us to 
watch the question. This as shows the 
importance of metallurgy, and proves that the man 
who can make 1 lb. of iron go as far as 2 lb. do 
now is a benefactor to mankind.” 

The Board of Trade memorandum in question 
and the figures it gives tend to show that Sir 
Robert's estimation in to the future produc- 
tion of pig-iron may in all likelihood be exceeded. 
This memorandum deals first with iron-ore ex- 
traction in ten principal countries: the United 
States, Germany, France, the United Kingdom, 
and Spain coming first in order of importance, 
followed by Russia, Sweden, Austria-Hungary, 
Oanada, and Belgium. The output of iron ore 
from these ten countries amounted to 108,784,000 
tons in 1908, to 139,190,000 tons in 1910, and to 
148,355,000 tons in 1912, in which latter total we 
have taken for Spain the figure which obtained 
for 1911, and have modified the figure for Austria 
to include Hungary—the statistics for these coun- 
tries not being yet available. If we add to these 
figures the output for eleven minor countries— 
taking for several of them the figures for 1911, 
where those for 1912 are also not yet available—we 
arrive at the following total outputs of iron ore : 
113,265,000 tons in 1908, 145,087,000 tons in 1910, 
and 154,261,000 tons in 1912. Taking some coun- 
tries separately, and compared with the output of 
iron ore for 1908, that for 1912 has increased by 
about 20,000,000 tons in the case of the United 
States, by about 8,000,000 tons in the case of 
Germany, 9,000,000 tons in that of France, whilst 
the British output of iron ore has decreased by 
about 1,300,000 tons. The increase for France and 
Germany is, no doubt, due to the working of the 
deposits in Lorraine, the very great importance of 
which was only ascertained at a comparatively 
recent date. 

The memorandum deals also briefly with the 
iron-ore resources of the world, and by reference 
to the report on this subject presented at the 
Eleventh International Goebel Congress held in 
Stockholm in 1910, it states that these resources 
(i.e., 22,408 million tons, that can at present be 
worked at an economic —_ would supply the 
requirements of the world for considerably less 
than two centuries, even were the present rate of 
— not exceeded on the average. This is 
qualified by another statement in the Stockholm 
report, a very satisfactory one, to the effect that 
the potential resources of the world not yet de- 
veloped are estimated to amount to 123,377 mil- 
lion tons of ore, representing 53,136 million tons 
of iron. These latter resources, however, are 
situated at a great distance from the present-day 
industrial centres—in Brazil, for example, where, 
we believe, the iron-ore deposits are of enormous 
extent. When the time comes for their utilisa- 
tion, this will be carried out, according to eve’ 
probability, in new industrial centres, which will 
spring up in close proximity to them. They 
remain nevertheless in the meantime a most im- 
portant asset in the world’s budget. 

In the matter of pig-iron guatiantinns, we find 
that the ten countries above referred to had an 
output of 47.4 million tons in 1908 ; 59.2 in 1909 ; 
= ed 62.4 in 1911; and 71.4 in 1912. 

ery little pig-iron is at present uced outside 
the above aatiien : pd peed gs Italy, Bosnia 
and Herzegovina, Finland, China and Japan, 
together produced probably less than 600,000 tons 
in 1912, in which total Italy entered for as much as 
374,000 tons. 

The total for 1912, approximately 72,000,000 
tons of pig-iron, comes, as will be seen, quite close 
to the of a ximately 100,000,000 tons, 


which Sir Robert Hadfield thought might be the 
production in the year 1960, thirty-eight years hence. 





The memorandum then deals in detail with the 
production of steel both on the acid and the basic 
—- in the converter, and in the open-hearth 

urnace. The invention in this country of the 
Bessemer followed by the invention, in 
this country also, of the basic process, has added a 
new lease of life to the world, in that it has made 
it possible to transform pig-iron into steel, a much 
more durable material than wrought iron. The 
inventors of the two processes in question have 
proved must supreme benefactors to mankind, for 
they have made 1 lb. of iron go as far as scores of 
pounds went formerly, and have accomplished this 
upon a lower fuel bill, another most important 
advantage, since the world’s coal resources are 
also far from being inexhaustible. In regard to 
steel, the memorandum states that the combined out- 
put of this metal in the United Kingdom, Germany 
and the United States in 1912 exceeded 55 million 
tons, whilst the world’s output during the same 
year might be estimated to have reached between 
71 and 72 million tons. Had it not been for this 
metal it amounts tu a platitude to state in these 
columns that our industrial and commercial pur- 
suits would never have attained their present degree 
of development. This is due to the processes above 
mentioned, which, besides yielding the superior 
material, have rendered possible the utilisation of 
poor iron ores for the manufacture of first-class 
steel, also the utilisation, with a similar result, of 
old slag and cinder-heaps and present-day refuse 
from chemical factories. 

The 55 million tons of steel referred to in the 
memorandum are shown to comprise 6.9 million 
tons for the United Kingdom (including 107,000 
tons of crucible and electric steel); 17 million 
tons for Germany (including 151,000 tons of 
crucible and electric steel); and 31.2 million tons 
for the United States (including 143,000 tons of 
crucible and electric steel). We may point out in 
this connection that the manufacture of crucible 
steel in Germany was 81,000 tons in 1910, 77,000 
tons in 1911, and 78,000 tons in 1912, this indi- 
cating a decrease, notwithstanding the increase 
during the same period in the calibre of that 
country’s naval guns and the consequent increase in 
the weight of the necessary projectiles, some of 
which latter, at all events, are now, we suppose, 
manufactured of crucible steel exclusively. 

By far the greater proportion of the steel made 
throughout the world is basic open-hearth; the 
very little progress accomplished in the matter 
of crucible-steel and electric-steel manufacture 
throughout the world points to the admirable 
adaptability of the open-hearth furnace for the 
manufacture of all grades of steel to suit the most 
varied conditions, including those required in the 
construction of all classes of ordnance. Taking 
the total figures for both acid and basic, open- 
hearth and converter steel, the output for 1912 in 
this country was 4.3 million tons acid and 
2.4 million tons basic ; in Germany there were only 
475,000 tons acid and 16.4 iaillion tons basic, this 
latter figure showing the extent to which the basic 
process has been ‘‘ developed” in Germany, to use 
the expression given in a recent issue of Technik 
und Wirtschaft. The figures for the United States 
were 11.5 million tons acid and 19.6 million tons 
basic steel. 

The memorandum deals also with the world’s out- 
put of manganese ore, which, in 1911, amounted 
to 1,700,000 tons. The information for 1912 in 
the case of six producing countries is lacking, but 
that given for the other countries points to a fall 
in the output of manganese ore for the latter year. 
The manufacture of wrought iron in the United 
ao is also reviewed, The production of 

uddled bars in Scotland, Cleveland, Lancashire, 

taffordshire, Yorkshire, and other British dis- 
tricts amounted in 1882 to 2,841,000 tons ; in 1907 
to 975,000 tons ; and in 1912 to 1,327,000 tons, or 
less than half the production which obtained in the 
early eighties of last century. 

e memorandum deals further with the commer- 
cial aspect of the question in a series of tables giving 
the iron and steel imports and exports of the prin- 
cipal countries ; but this is outside the scope of the 
present brief article, which we do not wish, how- 
ever, to conclude without paying a tribute to the 
untiring energy of a comparatively small class of 
metallurgists and scientists in all countries who are 
working actively for the husbanding of the world’s 
mineral resources by studying the manufacture and 
the application of steel alloys of great durability, 
and by studying the processus and the prevention 
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of corrosion. The efforts of the latter, combined 
with what we may be allowed to call the more 
general improvements in steel manufacture, lead 
us to view with much less apprehension than other- 
wise would be the case the upward tendency in the 
diagram above referred to, and given in 1905 by 
Sir Robert Hadfield. 





THE RAILWAY CONCILIATION 
SCHEME. 

Reapers of ENGINEERING are aware that the 
railway conciliation scheme may be revised or 
determined this year, and we have already referred 
to the difficult questions that are likely to be raised 
in connection with its revision. As a matter of 
fact, notices have been served on practically all the 
companies, intimating the desire of the men to 
determine the scheme, it being also mentioned 
that this course has been taken with the object of 
enabling the Executive Committee of the National 
Union of Railwaymen to enter into negotia- 
tions with the railway companies with a view to 
an amended scheme being drafted more satis- 
factory to .ailway workers. These notices, in 
accordance with the provisions of the scheme, 
have been given by a majority of the aggregate 
representatives of the employees on all the 
Conciliation Boards for each railway system. It 
is scmewhat curious that although the Royal 
Commission of 1911, in framing the present 
scheme, made provision for the parties to it 
to intimate their desire to amend it, no in- 
dication was given as to how the negotiations 
for revision should be carried on. Ina matter of 
the kind which affects a national industry it is 
obviously desirable to have a scheme universal in 
its application, and therefore variations as between 
one company and another should be avoided. In 
these circumstances we are glad to observe that 
the railway companies do not propose to repeat the 
mistakes of the past by refusing to meet represen- 
tatives of the men in the form of trade-union 
officials. We understand that the National Union 
of Railwaymen and the Associated Society of Loco- 
motive Engineers and Firemen have individually 
approached the companies with a view to arrangin 
a conference, and that the companies have indica‘ 
that a committee of general managers has been 
appointed to discuss with the societies the revision 
of the conciliation scheme. 

But, as we have previously foreshadowed in these 
columns, there are differences of opinion on funda- 
mental matters between the National Union of 
Railwaymen and the Associated Society of Loco- 
motive Engineers and Firemen. These differences 
are such that the two societies are not prepared to 
attend a joint conference with the railway managers ; 
indeed, we believe the point of issue to be one of 
vital importance to the Associated Society. That 
union caters for engine-drivers, firemen, and 
cleaners only, and, as such, is what is termed a 
sectional organisation. On the other hand, the 
National Union of Railwaymen is open to all 
grades of railway employees. Moreover, it has 
already absorbed two out of three rival unions 
—viz., the General Railway Workers’ Union and 
the Signalmen and Pointsmen’s Society, and more 
than one attempt has been made to induce the 
— Society to amalgamate with the National 

nion. 
and more devious ways. The conciliation scheme, 
as now existing, provides for sectional boards, or 
boards which, like the Associated Society, are 
representative of sections of each company’s em- 
ployees, there being usually from four to eight 
conciliation boards for each railway. 

The National Union desire to substitute a single 
board for each railway—for obvious reasons. If this 
were to be agreed, it would follow that the National 
Union, as representing a majority of the grades, 
would have a majority of representatives on each 
and every conciliation board, thereby undermining 
the position and influence of the Associated ee 
A flank attack of this description would inly 
have a far-reaching effect in forcing the desired 
fusing of the two trade unions. 

We do not propose to discuss the merits of the 
two schemes. Suffice to say that the Royal Com- 
mission of 1911 unanimously decided to recommend 
the sectional principle. e refer to the matter 
now in order to explain why the two trade unions 
desire to have separate interviews with the rail- 
way gy It also explains why Mr. J. H. 
Thomas, .P., seeks to claim for the National 


This desire is now being pursued in other | 





Union the credit of having brought about a con- 
ference. 

Speaking at Birmingham on Sunday last, he is 
reported to have said:—‘‘On Friday they had 
received a letter from the railway companies, 
addressed not through the Board of Trade or a 
third » nor to an individual, but to the 
National Union of Railwaymen, intimating that 
the companies had appointed a committee to meet 
a committee of the executive to discuss the whole 
situation ... The companies’ invitation would 
be accepted.” 

We are in a position to say that correspondence 
has been passing for some time between the rail- 
way companies and the two trade unions of rail- 
waymen ; that the companies did not invite the 
National Union to confer, but that they had merely 
replied to communications from the unions inti- 
mati illingness to meet representatives of the 
two unions, and that the decision to confer sepa- 
rately with the National Union of Railwaymen and 
the Associated Society of Locomotive Engineers 
and Firemen was come to after the two societies 
had failed to come together. 

Mr. Thomas’s speech seems to have occasioned 
ise in certain quarters, and effort has been 

e to represent the forthcoming conferences as 
constituting ‘‘ recognition.” For our part we 
would merely remark that if recognition consists 
in attending a conference, it cannot be very 
harmful to the railways. But it should be borne 
ini mind that a conference such as is now contem- 
plated is no new thing. In December, 1911, the 
representatives of the railway companies and of 
the trade unions of railwaymen foregathered to 
discuss the conciliation scheme, as drafted by the 
Royal Commission. That meeting was called in 
response to an expression of opinion by the House 
of Commons that a meeting should take place 
between representatives of the parties on whose 
behalf the Railway Agreement of August, 1911, 
was signed, to discuss the best mode of giving 
effect to the report of the Royal Commission. The 
outcome of this conference was an important 

reement, dated December 11, 1911, setting out 
that the scheme had been adopted by all ge ee 
subject to certain specified amendments. In view 
of this it would seem to be merely a display of 
common-sense that those who were ies to the 
agreement of December, 1911, should now meet 
to discuss the further revision of the scheme, and 
we have no doubt that, given reasonableness on 
both sides, good reaults will follow. The onl 
matter for regret is that—due to trade-union dif- 
ferences—all the parties are not to meet at one 
and the same time. 


su 





THE OIL RESOURCES OF THE 
EMPIRE. 

Lecturine at the Society of Arts on Wednesday, 
March 31, on ‘‘ The Oil Resources of the Empire,” 
Dr. F. Mollwo Perkin, F.I.C., remarked that he 
did not wish to refer to mineral oils only. Fifty 
years ago, vegetable and animal oils had been very 
much more a ge than mineral oils, both for 
lubrication and illumination, and although com- 
paratively small quantities of mineral oil were at 
present obtained in Great Britain and its dominions, 
the British Colonies supplied enormous quantities 
of vegetable oils, which added greatly to the wealth 
of the Empire. In Great Britain iteelf only traces of 
mineral oil had been located. The occurrence of 
natural oil in Derbyshire had suggested to James 
Young that the oil, which soon e out, had been 
Ee by the terrestrial heat from shales, and he 

d in 1850 taken out the first patent on a distilla- 
tion process of shale oil. Shales now yielded from 
16 to 40 gallons of oil per ton, the average bein 
23 gallons, and the oil-shale mined in Scotland 
risen from 2,690,028 tons in 1907 to 3,116,800 
tons in 1911. 

The Canadian natural oil had for some time 
had a bad reputation owing to its sulphur con- 
tents and bad smell, and when that trouble 
had been overcome, the production had to 
decline ; the number of barrels of oil produced 
had fallen from 788,872 in 1907 to 243,614 in 1912. 
Recently more oil had been found in Alberta, on 
the slopes of the Rocky Mountains, and Canada 
promised to become a rich oil-field. In New Bruns- 
wick 140 men had, in December, 1913, been em- 
ployed in shale-oil works, and natural gas was used 
on the Intercolonial Railway for car-lighting and 
other purposes. Australia was not at all rich 





in oil so far, but plenty of oil-shale occurred, 
chiefly in New South Wales, where the term 
‘* kerosene ” was rather inaptly applied to a variety 
of torbanite, a cannel or «head mineral ; 
the production of oil-shale in New South Wales 
had risen from 47,331 tons in 1907 to 75,000 tons 
in 1912. Oil shale was also found in Queensland, 
in Southern Australia, and Tasmania, but the oil 
finds were not important. The Taranaki oil-wells 
in New Zealand produced 6720 gallons per week. 
Papua was promising as to oil. The t sources 
of oil in India occurred in Burma, and the yield 
of the various oil-wells there had risen from 
173,400,000 gallons in 1908 to 245,300,000 gallons 
in 1912. Assam had since 1908 given over 
3,300,000 gallons every year, the yield in i 
to 3,747,360 gallons in 1912. rinidad was, 0’ 
course, famous for its asphalt lake, but recently 
oil-boring had likewise been very successful, and 
250,000 barrels had been ex in the one year 
1911-12. 

In Africa oil had so far not been mined in large 
quantities. Solid bitumen and holes filled with 

troleum were met with on the Gold Coast and 
in Nigeria ; in the Karroo the geological structure 
was favourable for leum, and oil-shale fields 
occurred in Natal ; the oil-fields of Egypt were als» 
attracting attention. Compared to other countries, 
the oil-production of the British Empire was still 


small. The total uction was at nt esti- 
mated at 1,359, tons, of which India contri- 
buted about one million tons. That te 
represented 2.06 per cent, of the total oil produc- 
tion of the world, to which the United States 
contributed 63.63 per cent.; Russia, 18.2 ; Mexico, 


5.9 ; Roumania, 3.72 ; the Dutch Indies, 3 02; and 
Galicia (Austria), 2.14 per cent. 


Having thus surveyed the mineral oil wealth, 
Dr. Perkin turned to the coal-tar oils, of which 
we have repeatedly spoken of late, and to peat- 


oil, vegetable oils and fish oils. The vegetable 
oils, he said, were utilised in the manufacture 
of varnishes, soap, and food-stuffs, like margarine ; 
that they had not answered as lubricants had 
y been due to the defective methods of refin- 
ing. At the present time much valuable palm- 
il was wasted, because the natives sto the 
fruit in holes in the ground, and allowed it to 
ferment ; the oil rose to the top, but hydrolysis 
set in, and proceeded still during transport, so that 
the percentage of fatty acids rose from 10 to 20 
and more by the time the oil reached its destina- 
tion. Recently, attention had been drawn to 
rubber-seed oil, which furnished a substitute for 
linseed oil. Dr. Perkin advocated the cultivation 
of various oil-yielding plants in Great Britain and 
in the Colonies. 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 

Tue Institution of Naval Architects opened ite 
usual spring meeting at 11.30 a.m. on Wednesday 
last, at the rooms of the Royal Society of Arte, 
John-street, Adelphi, the uis of Bristol, 
President, occupying the chair. The proceedings 
were commenced by the Secretary reading the 
mee of the Council for 1913. This we summarise 

ow. - 


Revort oF THE CoUNCIL. 


The net increase in the number of names on the 
roll was 36 in 1913, the slight falling off noticed in 
the previous year haying been more than made uP» 
so that the total of 2129 was larger even than the 
total membership in 1911. The membership was 
made up as follows :—Honorary Members, 17 ; 
Members, 1222; Associate Members, 264; Asso- 
ciates, 481 ; Students, 145; The Institution had 


lost through death during the year, among, others, 
Dr. 8. J. E Thearle, Mr. J.G. Dunlop, and Mr. 
J. Howden. 


A successful summer meeting had been held in 
Glasgow, but as this was fully reported at the time 
in ENGINEERING, we need not dwell further on this 
oe Sem rt. The Council had elected as 

onorary Members Dr. Carl Bualey, President of 
the Schiftbautechnische Gesellschaft, and Siynor 
8. Orlando, President of the Italian Society of Naval 
Architects. A summer meeting would, it was an- 
nounced, be held this year in Newcastle-upon-Tyne,~ 
at the invitation of the North-East Coast Institution 
of i and ape per It was expected 
that the Institution of Engineers and Shipbuilders 
in Scotland would also take part in the meeting. 

The Government Committees on Bulkheads and 
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Boats and Davits had continued their work, and the 
report of the latter had been presented. A third 
committee on tne load-line question had been ap- 
pointed, with Sir Philip Watts, K.C.B.,as chairman, 
and Sir W. E. Smith, C.B., vice-chairman. The other 
members were Professor W. 8. Abell, Mr. W. D. 
Archer, Sir A. Denny, Bart., Mr. J. Gravell, Mr. 
J. F. King, Mr. G. R. Mares, Oaptain A. H. F. 
Young, with Mr. C. J. O. Sanders as secretary. An 
important International Conference on the question 
of safety of life at sea was appointed in and 
was held in London, Lo ersey occupying the 
chair. Two of the British delegates werg Sir Archi- 
bald Denny, Bart., and Sir John H. Biles. 

The Elgar scholarship for 1914 was awarded last 
summer to Mr. R. J. Monk, but on his — 
ment to an yy cadetship, the scholarship 
had been given to . F. W. Thorne, who was 
now following the’ course at the Royal Naval 
College, Greenwich. The t- uate scholar- 
ship in Naval Architecture had awarded to 
Mr. C. Frodsham Holt, of Liverpool University. 
There would thus shortly be three uate 
scholars at work. On the death of Dr. Thearle, 
Mr. J. Foster King had been elected to fill the 
vacancy on the Willi Froude National Tank 
Advisory Committee. The Institution’s gold medal 
had been adjudicated to Mr. G. S. Baker for his 
peper on ‘‘ Methodical Experiments on Mercantile 

hip Forms.” A premium had been awarded to 
Mr. A. Cannon for his paper on ‘‘The Effect of Loose 
Water upon the Rolling of a Ship,” and one had 
also been awarded to Mr. L. Woollard for his con- 
tribution ‘‘ The Effect of Water-Chambers on the 
Rolling of Ships.” The medals and premiums were 
subsequently presented. 

The general committee, formed under the chair- 
manship of Lord Brassey, for the p of insti- 


tuting a memorial to the late Sir William White, | p 


were considering the form to be taken by the 
memorial, a total of over 22001. having been 
subscribed or promised. 


ELEecTION OF OFFICERS. 


After the report had been adopted; it. was 
announced that the Marquis of Bristol had been 
re-elected as President for the ensuing year. The 
names of the Vice-Presidents elected for the year 
were then read out. They were as follow :—Lord 
Pirrie, Engineer Vice-Admiral Sir J. Durston, 
Engineer Vice-Admiral Sir. H. J. Oram, Sir Philip 
Watts, Sir W. T. Doxford, Sir C. A. Parsons, Sir 
W. E. Smith, Mr. 8. W. Barnaby, Sir JohnH. Biles, 
Mr. H. J. Cornish, Sir Archibald Deaay Mr. A. 
Gracie, Mr. R. H. Humphrys, Mr. J. T. ilton, and 
Mr. A. F. Yarrow. + In addition, the following had 
been elected. As Vice-President, Colonel R. Saxon 
White ; as Members of Council, Professor W. S. 
Abell, Mr. C. Buchanan, Mr. J. Gilchrist, Mr. J. 
Hamilton, Mr.G. B. Hunter, Mr. Summers Hunter, 
Mr. W. J. Luke, Mr. A. E. Seaton, Mr. H, Rowell, 
and Mr. W. H. Whiting; as Associate Members of 
Council, Professor W. E. Dalby, Admiral Sir H. B. 
Jackson, and Mr. Alexander Richardson. ° - 


PRESIDENT’S ADDRESS. 


When the nominations for new members, &c., 
had been = the a on his 
address, of which we give the following a t :— 

The past year had been charsobetived boy consider- 
able activity. The world-wide interest taken in 

uestions relating to shipbuilding was proof of the 

eep and far-reaching influence it exerted on the 
commercial and industrial development of nations. 
The opening up of new territories had been one of 
the most remarkable features of the present century. 
The impending completion of the great work accom- 
plished by the United States in linking the Atlantic 
and Pacific Oceans was another factor in the com- 
mercial revival which the trading communities of 
the world had recently experienced. It could be 
asserted that this world-wide mcvement had been to 
a large extent due to the manner in which the sea- 
borne commerce of the world had been handled by 
the enterprise of great companies, who, in turn, owed 
their equipment to the skill of our shipbuilders and 
engineers. Underlying the causes of industrial 
prosperity there must always exist the fundamental 
recognition of science. very civilised country 
now recognised the need of encouraging talent 
and training men for the future. Many foreign 
governments contributed more liberally than ours in 
proportion to the extent of their industrial interests; 
the funds allocated did not correspond to the 
wealth of the nation or the interests at stake. We 


had always relied ly upon voluntary effort, and 
our universities and technical coll had all 
benefited by assistance of this kind. At Cam- 
bridge, and more recently at Oxford University, 
Chairs of Engineering had been instituted, and 
were tapping new sources of supply and broadening 
the field from which our future leaders of ind 

might be drawn. The Cambridge School of Engi- 
neering, under Professor B. Hopkinson, was of 
recognised value. Atthe more recently-established 
school at Oxford, under Professor Jenkin, good 
work had already been done. He hoped the claims 
of these establishments would meet with the recog- 
nition they deserved. At the National Physical 
Laboratory much good work was being carried on. 
The Froude National Tank was meeting with the 
recognition it deserved at the hands of shipbuilders, 
who were each year making better use of the facili- 
ties thus provided. The great shipbuilding firms 
had generously assisted towards the expense of 
maintenance, but with certain exceptions the ship- 
owning firms had been slow to realise the bearing 
such work had upon their immediate interests. 

The year’s shipbuilding record was one of 
1,932,000 tons of merchant ships, and 271,000 tons 
of warships. The activity in shipyards had been 
in evidence abroad also, so that the world’s out- 
put exceeded 4,000,000 tons. The percentage of 
the total world’s tonnage launched at home had 
fallen from 68 per cent. in 1911 to 58 per cent. in 
1913, or while our output had increased in two 
years by 128,000 tons, a had pro- 
duced 554,000 tons more. e average size of 
ships continued to increase. Last year 84 ships 
of over 6000 tons were launched, compared with an 
average of 41 during the five years 1908 to 1912. 
Shipbuilders had not shirked the difficulties which 
these large vessels brought with them. The chief 
in the motor-driven ship had been made 
upon the Continent. Here it had suffered owing 
largely to the uncertainty in the minds of ship- 
owners as to the future of the oil industry. The 

turbine made good progress. The aggregate 
orse-power of mechanically-geared marine tur- 
bines was upwards of 634,000 horse-power, and 
individual installations of 14,000 horse power were 
under construction. 

The Navy Estimates had been presented to 
Parliament under circumstances of grave national 
anxiety. The future of our Empire as a sea-power 
depended from year to year upon the sacrifices 
which the country was able and willing to make 
to maintain it. Never before had the number and 
variety of the different branches of that service been 


so great, or the justification for a — expenditure 
i fee 


so obvious. He could not but that nothing 
less than the 51,000,000/. of estimated expenditure 
could be considered adequate in view of the 
situation which confronted us. A great landmark 
in the history of merchant shipping had been set 
up by last year’s international conference on the 
safety of life at sea. So swiftly had changes suc- 
ceeded each other in the near t that practice 
had outrun the compass of existing regulations. 
It had been hoped that one or two papers dealing 
with the subjects of the conference would have 
been — at that meeting, but the members 
best fitted to contribute them were still serving on 
the Bulkheads aud Load-Line Committees, and 
the papers were therefore postponed. 


Batriesnre Desien. 


The first paper, entitled ‘‘Some Questions 
Relating to Battleship Design,” was then read in 
abstract by the author, Mr. T. G. Owens. We 
reprint this paper in full elsewhere in this issue, 
so may at once proceed to the discussion. 

Admiral Sir Cyprian Bridge, G.C.B., the first 
speaker, said that as a naval officer he was not 
qualified - » oh a Stee technical 
aspects of that which was y a naval archi- 
tectural question. He hoped that it would not 
look like presumption to say that the paper was an 
admirable illustration of the way in which the 
battleship problem should be approached. 

To some, perhaps, not the least interesting thing 
about the paper was what might be called its under- 
—_ It would be an : ion to K.. 4 that it 
was deprecatory, or even apologetic, but it sug- 
gested that the author me opinion that “the 
“ag recent growth of battleship dimensions called 

or explanation or even defence. When the highest 
authorities came forward possibly to defend, but 
certainly to explain, we might take it that they 





were not quite satistied with things as they were. 





Touching on the details of the paper, it was 
stated that, for a ship of 30,000 tons, an increase in 
speed of about 28 per cent. led to a reduction in 
armament and protection of approximately 30 per 
cent. The gun armament apparently remained the 
same, consequently it was the protection that was 
subjected to this relative diminution. 

e did not overlook curves A and B in Fig. 1 of 
the paper, but still suggested that in enumerating 
the features of a man-of-war’s design, armament and 
protection should not be lumped together. Not only 
were they distinct things, they are opposite, or, in 
reality, antagonistic things. In addition, if we get 
into the habit of speaking always of protection as 
though it could be given to a man-of-war only by 
structural arrangements, we should be in danger of 
begging a question of the highest tactical import- 
ance. It was at least — that the most 
efficient protection that could be given to a ship 
was the protection furnished by its own powers of 
offence. 

It seemed permissible to doubt if the remarks in 
the early part of the paper concerning speed would 
meet with general acquiescence. Everything else 
on both sides being equal, a —— speed would no 
doubt be an advantage, but this was a condition 
hardly possible to reach. In strategic operations a 
higher oy was only one of several things which 

ve 


would to a fleet choice of venue and time. 
Even considerable superiority in speed might be 
neutralised by the tatly tented of intelligence, by 
delay due to the necessity of comparing conflicting 
reports, by change of procedure on the part of the 
enemy, and by other things. 

In connection with tactics, it was impossible to 
receive as 8 maxim the statement that acceptance 
or non-acceptance of an engagement lay in the 
hands of the commander of the-faster fleet. The 
latter could only take the line of non-acceptance by 
avoiding the enemy— in plain language, by running 
away. If the maritime area in which the con- 
tending fleets were operating was limited, the bear- 
ing and distance of a coast-line would be quite as 
likely as speed to decide acceptanee or non-accept- 
ance of engagements. 

The structural protection of the hull comprised 
two methods—namely, that afforded by vertical 
armour and that afforded by internal subdivision. 
Except on the conning-towers the thickest armour- 
plate mentioned in the paper was to be 14 in. K.C., 
and this was to be limited to the front plates of 
the gun-shields. The armour on the water-line 
area was to be at ae 4 in. thick, and this, it — 
expected, would pro y vent penetration by 
14-in. or 15-in. Nooledtlles ot 10,000 yards. It 
would be useful to know how this admitted of 
being reconciled with the sentence following the 
information in reference to the penetration of 
13-in. armour at Tsushima given earlier in the 
paper, or to curves in Fig. 13. Judging from only 
these curves and the sentence referred to, some 
doubt might arise as to the utility of heavy armour, 
which it was calculated would not do the very thing 
that it is expressly meant to do. It would be 
rather imprudent to count upon normal impact 
never occurring in battle. 

The long ranges which we were sometimes 

romised as a condition of future naval actions 
involved the necessity of making due allowance 
for the curvature of the earth, from which the 
interesting conclusion seemed to follow that the 
praeticability of taking cover behind the terrestrial 
globe would depend in some measure on the distance 
of the scene of action from the Equator. 

The considerations he had so far touched on 
would not apply to battles in which recourse to 
the employment of a ship’s torpedo armament was 
contemplated. In the paper the efficient use of the 
present-day torpedo was allowed for up to 7000 yards. 
At this range, as we learnt from the curves in Fig. 13 
of the paper, armour much thicker than 14 in. 
could be penetrated by the 12-in. 50-calibre gun, 
and, judging from the tables in Brassey’s Annual, 
by an even lighter piece. As the ‘‘desirable”’ battle- 
ship was to carry six torpedo-tubes, the question 
arose: was she to be manceuvred to use them as she 
undoubtedly would be to use her guns. If she was 
to be manceuvred to use her torpedoes, the value 
of the thick armour would a tly disappear, at 


all events, as soon as effective torpedo range was 
reached. 


The present-day torpedo had, it was believed, a 
velocity that would enable it to reach an object 
6500 yards distant in a little over 4 minutes, A 
projectile fired from a 12-in. 50-calibre gun could 
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reach an object at that distance in about 9 seconds. 
The gun in question could be fired so as to admit 
of her projectiles reaching the object at least six 
times before the torpedoes got there, although the 
gun-firing did not start until the discharge of the 
torpedoes had taken place. The ship, as described 
in the paper, would have three torpedo-tubes on a 
broadside, and not one heavy gun only, but eight 
heavy guns. Consequently, if all three tubes were 
discharged, there would be time to fire forty-eight 
gun projectiles, all capable of reaching the object 
before any of the torpedoes could reach it. Sup- 
pose we allowed 66 per cent. of misses for the 
guns, there would still be sixteen hits against which 
neither the belt armour nor the gun - position 
armour would afford a real protection ; and when 
the torpedoes got there they would find that the 
work they were meant to do had been done. 

It was suggested in the paper that an under- 
water explosion would probably be less injurious 
to a large ship than to a small ship. This view was 

tly in favour before the Russo-Japanese war. 

e experiences of that war threw it into the back- 

und, so that its revival was now ‘interesting. 

f there was one thing more certain than another 
about the disasters to ships caused by under-water 
explosions in the war just mentioned, it was that 
the length of time they remained afloat after the 
explosion had no relation whatever to their superior 
size. The battleship Hatsuse disappeared entirel 
in 50 seconds. The destruction of the Petropavlos 
took place in a minute. Some of the small vessels 
destroyed by under-water explosions did not dis- 
Be yr so rapidly as either of the above-named. 

t was only natural that much of the paper 
should be taken up with descriptions of devices for 
the protection of the battleship against under-water 
explosion. Roughly speaking, these devices took 
the form of internal subdivision and increase in the 
number of compartments. The object, of course, 
was to locate as much as possible the damage 
caused by explosion. He might, rhaps, be 
pardoned for submitting that it would be worth 
while to consider the advisability of further sub- 
division. The protective principle would remain 
in reality unaltered if we were not only to go on 
dividing the interior of the ship, but also to go a 
step further and divide the ship herself by distri- 
buting her displacement among more units than 
one. If this were done, there would be one 
certainty—namely, that more than one unit would 
not succumb to a single explosive caste or mine. 

In considering the matter it might be well to 
bear in mind that concentration of fire was a very 
different thing from concentration of guns. The 
former would be more correctly described as con- 
centration of the effects of fire, and was the all- 
important thing in battle. If it was secured, con- 
centration, or non-concentration, of the guns then:- 
selves could be regarded as of secondary import- 
ance. 

Sir A. Trevor Dawson, the next speaker, com- 
mented favourably on the temperate way in which 
the views in the paper were put forward. He 
thought that nace f desi turned almost 
entirely on questions of gun and attack. A 
modern naval engagement, as soon as the range 
was determined, would not last more than five 
minutes, owing to the advances in range-finders 
and accuracy of fire. Methods for simultaneously 
firing the whole, or the greater part, of the 
primary armament were in use im practically all 
navies. For instance, the latest French battle- 
ships had four turrets, each carrying four 14-in. 
guns. These could all be fired together, and the 
result to an enemy after a second broadside would 
be to put him out of action. Quite a considerable 
proportion of hits out of the sixteen shots discharged 
in one broadside might be expected under modern 
conditions. Similarly, all nations now had torpedoes 
which were effective at 10,000 yards. Mines both 
in the sea and air had also to be considered. 
Modern airships could carry mines, and, he thought, 
they would prove of use. 

All this lent great importance to the question of 
heavy armour. He thought there was much in 
the idea of a turtle-back ship, and that it was well 
worth the attention of naval architects. The 
question of armour on the bottom of ships should 
also not be overlooked. He believed the French 
had already attempted something of the sort. The 
whole question ing so much on concentration 
of attack, the disposition of the main armament 
became of much importance. The guns should be 
so placed that simultaneous firing was facilitated. 





They should all be placed on the centre line. This 
made loading arrangements simpler, so that there 
would be lots of time, while the effect of a broad- 
side was being noted, to load again for a second 
broadside. In conclusion, he would again refer to 
the turtle-back ship as a very possible method of 
meeting airship attacks. 

Signor Salvatore Orlando said the paper was a 
pe valuable one indeed, and the questions dealt 
with—namely, submarine defence and armament— 
were of great importance in warship design. As 

armament, he would like to say that he 
could see no reason why, between the two ty 
oy su in the paper, the flush-decked ship should 
preferred. th types had the same broadside 
fire, whilst the two-range type had end-on fire of 
double intensity. If speed had to play a part in 
the game of aswift action, a straight course might 
be often called for as the shortest way to retire from 
or to chase the enemy’s ship ; in that case a strong 
end-on fire might become a vital requisite. 

Mr. Owens, in his paper, said that with four 
middle-line turrets, with their m ines, se 
from each other by a considerable length of ship, the 
chances were lessened of simultaneous destruction 
of two complete turrets and zines by one lucky 
shot. He (the speaker) thought everybody would 
agree that four turrets were the best for a modern 
battleship, but if we put all the primary guns at 
the same height above the water-line, we might, in 
case of damage to that one turret, cause the ship 
to have a range of 50 deg. fore and aft without big- 
gun fire. He also believed that the disposition of 
turrets in a flush-decked ship made the placing 
of boats, air-trunks, and other necessary deck 
fittings rather difficult. As regards machinery, he 
preferred the No. 2 design, where the boilers and 
engines were weet to each other, making a com- 
pact system, without any interposition of maga- 
zines and shell-rooms. Seatahaw ond auteene 
traversed by ame yl a re were not desirable things. 

All were much indebted to Mr. Owens for the 
experiment he carried out to determine the rela- 
tive value of different kinds of rudders. The 
figures he gave showed that the twin side-rudders 
were the worst, and gave a loss of about 4.6 per 
cent. of the power of the engimes, not including 
the additional increase of resistance due to working 
in the propeller race. If, however, one remem- 
bered that a rudder working in a propeller race, 
though it gave more resistance, still steered much 
better, one might be led to propose a central 
rudder with a central propeller—that is to say, 
three screws instead of four. 

The Director of the Froude tank of Spezia had 


made numerous comparative trials with two different 


models of battleships, both of about 25,000 tons 


displacement and 25 knots speed, each model being 


tried with three and four propellers of appropriate 
diameter, pitch, and revolutions. The chief results 
he oo at be as follow a7 

A four-propeller ship would have, in comparison 
with a three-propeller ship :—- 

(a) An increase of resistance due to the shaft 
brackets. 

(b) A better utilisation of the ship-race. In a 
four-propeller ship the central propellers worked, 
as regards the utilisation of the race, in a condition 
similar to a twin-screw ship ; the wing propellers 
placed too far from the middle were in a condition 
of inferiority. In a three-propeller ship the two 
wing propellers worked in the same way as those of 
a twin-screw ship, whilst the central one could draw 
the best advantage from the ship-race. 

(c) A variation (in favour of four propellers) in 
the thrust deduction due to the disturbing action 
of the propellers. 

So we two of these results in favour of 
triple-screw propulsion, and one against it. 

e general propulsive efficiency resulting from 
the products o' (a, (b), (c) was higher in the three- 
screw propulsion than in the four-screw by from 
8 to 12 percent., and this seemed to him sufficient to 
justify the adoption of the triple-screw in the pest, 
in many warships of France and Germany, and for 
the present in many fast and big steamers of this 
country. Signor Orlando concluded that No 2 
design seemed to be the more desirable, as Mr. 
Owens said, with the modification of three pro- 
pellers instead of four. 

Sir Philip Watts, K.C.B., continued the dis- 
cussion. There was one comparatively unimportant 
matter in the paper on which he would have liked 
Mr. Owens to dwell somewhat more fully. This 
was the question of single versus double rudders. 



















three things: the fighting 1 
and the speed. By the fighti 
armament and protection. 


21 knots one might have 12,845 tons of 


of fighting load to 





Twin-rudders were adopted on the Dreadnought in 
order to 
reason w 
possible to exaggerate the value of model experi- 
ments in thi 
figures it appeared that the twin rudders demanded 
an increase of 
practice he thought the Sgpre Ponrey work out 
nearer 3 per cent. with properly- appendages. 
The rudders had a ‘ 
interesting to note that 

service in practice. Ships 
pes|able to turn on their own centre, The question 
was if this was worth a }-knot loss in a 25-knot 
ship. 
pon out by Mr. Owens, he would point out that 
the second design, which Mr. Owens did not favour, 
had twice the end fire of the other. 
think many 
between the two desi 


ive better steering, and for a further 
hh no longer obtained. He thought it 


this connection. From Mr. Owens’ 
power of about 5 per cent., but in 
it was 
ey had been of great 

tted with them were 


been given up, but 


Comparing the two designs of battleship 


He did not 
foreign authorities would hesitate 


igns. 

Admiral Sir inald Custance, G.C.B., thought 
the pre raised the question it dealt with toa high 
level. was regulated by 


The design of battleshi 
on the displacement, 
load he — 
rding to , 
ed that for a 80,000-ton ship of 
hting 
load ; sonie third of this was for armament. If the 
speed were raised to'27 knots, the fighting load fell 
to $070 tons, so that one sacrificed nearly 4000 tons 
thing, ant She power required from tes 
not everything, and the power requi rom the 
guns might not depend = te speed at all, as, for 
instance, in the case of a battleship guarding a 


Owens, it ap 


convoy, which: might have to yay: fight no 


matter how much its fighting load been sacri- 
ficed to speed, It was stated near the ——— 
of the paper that ‘‘a limited number of high-s 
well-armed vessels ap to be an absolute 
necessity.” This might be true, but it was nowhere 
proved in the paper. If we were to get on firm 
ground, the reasons for these things must be stated. 
The paper also said that the of warships was 
indirectly influenced by the speed of merchant 
ships, but he could not see any reason why battle- 
ship speeds should follow that of liners. 

Turning to the armament question, Mr. Owens 
had stated that the 12-in. calibre gun was 
capable of perforating a thickness of K.C. armour 
in excess of its own calibre at 10,000 yards, and the 
15-in. gun 18 in. of armour. He spoke as if this 
had already been done. He also stated that at 
maximum range the guns of to-day appeared cap- 
able of penetrating the armour of all the Powers, 
excepting some cases in the United States navy. But 
he (the speaker) would point out that 14-in. guns 
were already being mounted, and he submitted that 
we must face the fact that all thie thick armour 
that was being fitted could be perforated. Mr. 
Owens took a battle range of 12,000 yards, but 
there was no f that it would not be less. He 
thought it would certainly be less in hazy weather. 
He hardly agreed with all Sir Trevor Dawson had 
said, and thought he was inclined to lay too much 
stress on trial results; but none the less it must 
be accepted that armour could be penetrated at 
certain possible ranges. 

Turning to the design of battleships worked out 
in the paper, it would be noted that it comprised 
13-in. armour on the water-line belt. This did not 
seem thick enough to keep out small-capacity shells 
from the primary armament, and thicker armour 
was necessary to keep out large-capacity shells. Also 
the armour was so limited in extent that the ship 
could be beaten without the armour being per- 
forated. It did not do what it was intended to do. 
He agreed that designers and naval officers would 
continue on the present lines until matters were 
cleared up bya naval war ; but in the meantime he 
thought the Institution might well consider the 
matter, and settle the principles on which we were 
su to be working. 
rofessor Sir John H, Biles, who was the last 
speaker, rose at the request of the President. He 
stated he had had no intention of speaking, but 
might point out that the problem they were dis- 
cussing was really anges unsolvable ; there 
were too many unknowns. e design worked out 
in the paper was based on certain assumptions as 
to armament, s , &.; but another set of 
assumptions would give a totally different design. 
The questions which had to be settled were w 
were to be the speed, armament and protection, 
and any equation involving these quantities could 
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only give a result in terms of their assumed value. 
The Admiralty demanded a speed of about 21 knots, 
and, according to Sir Trevor Dawson’s ideas, 

did not seem to matter much. The whole thi 
depended on what assumptions one made. He 
thought, however, on Sir Trevor Dawson’s first-hit 
theory, that the question of more and smaller ~— 
was worth consideration. A committee of t 
Institution, sitting for about two years, might, 
perhaps, be able to make some recommendations 
in reference to the assumptions. 

Mr. T. G. Owens then replied briefly. He 
thought many of the s ers had answered each 
other. He thought the question of under-water 
protection raised by Sir Trevor Dawson of great im- 
portance. In replyto SignorOrlando, he would point 
out that head-on or end-on fire was ered 
useless by naval officers nowadays. The point in 
his paper referred to by Sir Reginald Custance, 
which stated that warships were indirectly depen- 
dent on mercantile progress, concerned possible 
fast liners of other ma armed for use in war. 
It might be desirable to have ships capable of 
chasing them. Respecting the question by Admiral 
Sir Cyprian Bridge in reference to combining 
armour and protection weights in Tables I. to IV., 
Mr. Owens said this had been done for the follow- 
ing reasons :—It had been shown that hull, equip- 


ment, machinery, and fuel = a.P + b. Pp}, where 
a and b were constants for a given designed speed, 
and P was the load displacement. Hence, for 4 
given load displacement, those items might be 
readily determined. The remaining weight was 
then devoted to armament, armour, and protection, 
these being dependent on each other, because, firstly, 
a reduction in armour caused a correspondin 
increase in the weight which might be allot 

to armament ; secondly, the armour belt, so far as 
length was concerned, was to a certain extent 
dependent on the number of gun-mountings, as 


also was the number of armoured barbette rings. | 4 


Again, the armour protecting the secondary arma- 
ment depended on the character and number of 
secondary guns fitted; finally, the proportion 
devoted to armament alone might always approxi- 
mately be determined by multiplying the value 
of p given in the tables for the required displace- 
ment and s by 0.375 for speeds of 21 and 23 
knote, and by 0.43 for speeds of 25 and 27 knots. 
At the conclusion of Mr. Owens’ reply, Admiral 
Fremantle interposed to say he thought naval 
officers in general would prefer the battleship of 
design No. 1 in the paper over design No. 2, on the 
score that it had less top hamper. The meeting 
then adjourned until the afternoon, after a vote of 
thanks to the author, proposed by the President. 


Wake anp THrust EXPERIMENTS. 

The afternoon meeting commenced at 3 P.M., 
when the first paper taken was by Mr. W. J. Luke. 
The subject was ‘‘ Further Experiments upon Wake 
and Thrust Deductions.” We reprint this paper on 
page 452 of this issue, and therefore proceed to the 
discussion, in which the first speaker was Sir John I. 
Thornycroft. 

Sir John Thornycroft said the Institution was 

reatly indebted to Mr. Luke for his paper, which 
ealt with vital points affecting practically the 
subjects of coal consumption, &. He said he 
thought the result that the author recorded in con- 
nection with the combination-screw arrangement 
in open water worse than would be expected. He 
would have anticipated something better. When 
the combination-screw arrangement, however, was 
put into the dead water a very good result was 
obtained. In that perhaps there was indication of 
an effect which he thought existed—namely, the 
e of water through the screw’s disc, part of 
which water did no work, on account of a rota- 
tive motion it acquired. In the combination 
arrangement this rotative effect could not exist, and 
a better result was obtained. That, he thought, 
might be the cause of part of the gain; there 
were, of course, other factors. 

Mr. 8. W. Barnaby followed, saying that he 
thought “they were much indebted to Professor 
Welch for having invited Mr. Luke, on a former 
occasion, to contribute this further paper. The 
paper had this advantage, that it was full of experi- 
mental data, and the conclusions depended on the 
experimenter. If they could place faith in the 
experimenter, the conclusions could be accepted. 
He thought some of the results surprising. He was 
uot prepared for a loss of 15 per cent. for the com- 
bination screws with the fine-form ship. He 





th t nothing should cause them to adopt the 
complications necessarily involved by having to 
drive one shaft within another, as in the combina- 
tion arrangement. The results obtained with 
tandem screws were not surprising ; no one would 
have expected them to give good results. Of 
course, Sir C. A. Parsons had used tandem pro- 
pellers successfully, but for special reasons. Now 
they had been given up owing to other develop- 
ments. When the draught was small, and it was 
necessary to run the propellers in a tunnel, an 
advantage might be secured by the adoption of 
tandem screws, it being possible then to reduce 
the water cairied in the tunnel. That gave an 
advantage in other directions. 

Professor J. J. Welch said he thought the pa 
was a fitting sequel to that presented by the author 
four years ago. He thought it surprising that the 
combination arrangement showed such a falling off 
in efficiency in open water, but still more so that 
this was more than made up, at any rate behind the 
fuller model, so that a bul efficiency of about 1.33 
was obtained. If the mechanical difficulties of 
contrary-turning screws on the same axis could be 
overcome, they would have advantages in certain 
cases. Even in the fine model dealt with he 
thought that there would be a small advantage, 
owing to the fact that with the combination arrange- 
ment the A frames would be absent. Colonel 
Rota had compared a single screw with his combina- 
tion arrangement. Had the author made any experi- 
ments on those lines? The author had confined 
himself to experimental facts, and had not gone 
into theories ; Sir J. I. Thornycroft had helped them 
a little in that direction. The tandem screws gave 
effects such as he would have expected, and he was 
glad to see that, as he still had proposals brought 
before him from time to time embodying the use of 
tandem screws. He was glad to see data confirming 
his unfavourable decision in that connection. The 
uadruple-screw experiments constituted an addi- 
tional cause of indebtedness to the author. In 
that connection it ap to him reasonable that 
there should be a reduction in wake of something 
like 0.07 for the after screws. He noticed that the 
clearance between the tip of the blade and the hull 
was equivalent to {th of the diameter of the pro- 
peller in these experiments. In the earlier experi- 
ments of the author it had been }th the diameter. 
Did that indicate that the screws were now put 
nearer the hull in order to get a better effect of 
wake? The results embodied in the paper repre- 
sented an enormous amount of sesenbeh hich had 
been conducted in a private tank, and they were 
much indebted to Mr. Luke and his firm for the 
generosity displayed in laying these results before 
the members. 

Sir W. E. Smith spoke next, saying that the 
utilisation of the combination screws described 
meant very great practical difficulties. His experi- 
ence with the arrangement had been spread over a 
very large number of years in connection with the 
Whitehead to 0, in which combination screws 
were employed mainly to avoid heeling, which 
would affect the running power of the torpedo. 
The facta brought out in Mr. Luke’s paper went 
a long way to show how the arrangement had led 
to accuracy of shooting and the long range of the 
torpedo. On the subject of tandem arrangements 
he had long wanted experiments carried out on 
lines different from those usually followed. For 
instance, he had wanted trials made of two fore 
and aft rudders, each on the middle line, and so 

that the after rudder would be put over 
more than the forward. He would like to ask the 
author if, in his tandem arrangements, he had done 
work with an after screw of steeper pitch than the 
forward one. He thought that might give better 
results than tandem screws of the same pitch, but, 
even so, he did not expect the effect to be so good 
as other arrangements. 

Sir Archibald Denny followed. He said that the 
author referred to trials with and without bosses. 
Was it the practice of the author's firm to 
make trials without bossing? He believed that 
the cord drive had been used in the author's 
experiments. H's own firm had used that 
drive formerly, but had found that at high 
they had had to put on so much weight owing to 
the centrifugal effect of the belt that the results 
had been unsatisfactory. They had now adopted a 
direct electrical drive. With regard to the angle 
of bossing, that had an effect on the twist of the 
water as it came off the boss. was one reason 
why sometimes different wakes were observed. The 





tandem-screw arrangement had, of course, been 
tried in actual ships. It might be remembered that 
there were five screws at first on the King Edward. 
It was then thought that the screws were far enough 
apart for them to be revolving in solid water. As 
was well known, that vessel did what was gry 
of her, but it was subsequently found that she did 
just as well with three propellers as with five. He 
had once had brought to his notice a design fora 
tandem arrangement by a Colonel Smith. — In that 
there were two propellers on the same boss close 
together, the after one having a slightly higher 
pitch. It was a success to a certain degree when 
tested, but when tried on a full-size vessel it was 
a complete failure. With regard to the clearance 
between the blade and the hull there was a point, 
speaking of full-ended ships, when the propeller 
might be too close. The efficiency then went all to 
pieces. They had proved that the propeller then 
acted like a centrifugal pump, and if fitted to an 
actual ship under such conditions, it would have 
had the effect of propelling the vessel backwards. 
They had found the same thing with stern-wheelers ; 
when the engine had been put hard astern the ship 
went ahead. 

Professor J. B. Henderson said that the author’s 
paper of four years ago had proved valuable, be- 
cause it was not contradictory to theory, and he 
had been able to spend a considerable amount of 
valuable time over it with his —- a 

resent r did not eeem to agree so well wii 

Tncoey, oy he did not quite look forward with 
pleasure to the a of being pilloried by his 
students for the explanations which were wanting. 
The author had given experimental results, leaving 
the theory, whatever it might be, to follow. What 
did the author think was the explanation of the 
gain shown when the screws were near the hull 
and of the loss when in the open? It appeared to 
him that it meant that when the screw was a long 
way off the boat (say a mile off) there was one set 
of conditions, but when near there seemed to be 
another set of conditions involved. He thought 
that rather a surprising result. 

Mr. G. 8. Baker said he would like to compare 
the paper with some of the results that had gone 
before. He had compared figures previously given 
by Mr. Luke, and haa found thus an advantage of 
7 per cent. for the combination compared with the 
single screw, and not 15 per cent., as now shown 
in the paper. Colonel Rota had got a 20 per cent. 
gain, but had only obtained that by guessing at the 
mechanical efficiency. Colonel Rota’s figure, there- 
fore, was the result of guesswork ; Mr. Luke’s was 
nearer the truth, he thought. He was speaking of 
the full model. It would be interesting to know 
why the gain was obtained. Some experiments 
had recently been made in Germany with a single 
screw working in front of fixed curved blades. 
They had been made on full-sized boats, and a gain 
had been recorded averaging 8 per cent. (actually 
ranging from 6 per cent. to 10 per cent.) in 
the case of a cargo-boat and a first-class torpedo- 
boat. He thought the gain there was somewhat 
similar to that in the author's combination 
arrangement, in which, he thought, the gain was 
partly due to the fact that the second propeller 
took out the whirl imparted to the water by the 
first. Durand had tried about thirty combinations 
of propellers in tandem. In the best case he had 
got within 5 cent. of the efficiency of the single 
screw, but fad obtained a thrust 50 per cent. 
greater. With the second screw, of higher pitch 
than the first, he had got an efficiency of 68 per 
cent. The effect depended greatly on the distance 
apart of the screws; the arrangement was very 
delicate, and there was a great risk of complete 
failure when the propellers were close together. 

Sir C. A. Parsons closed the discussion, stating 
that many years ago a launch had been fitted on the 
Thames with contrary-turning screws running at 
the same speed. The propellers were very close 
together, and the edges were serrated like a comb, 
the idea being that the water would be squeezed 
out between — eo the oy sa 
painter got caught in the propeller on the day o 
the trials, which therefore came to an end. Nothing 
came of the arrangement. He thought that, in 
view of the fact that the term ‘‘ combination 
system ” was commonly applied now to an arrange- 
ment of turbines with reciprocating engines, some 
other designation should be used for the arrange- 
ment of screws dealt with in the paper, which was, 
of course, really quite an old idea. Tandem 
screws, of course, had been used on early turbine 
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boats with the object of getting more surface and 
less cavitation. 
and the better efficiency of the single screw secured. 
The difference, in his experience, was about that 
mentioned in the paper. 

In reply to the discussion, Mr. W. J. Luke re- 
marked that wake and thrust deductions were not 
the be-all and end-all of propulsion. Mr. Barna 
had shown in his reference to tunnels that other 
factors came in. People often spoke of wake gain, 


but omitted to take into account simultaneously | had 


the thrust deduction loss. The very best model 
experiments were good as an analysis of the trial 
of the full-sized ship. If good trial data were avail- 
able, he thought them the best to work on ; if they 
were complete enough to be analysed, they were 
then better than tank results. It was better to 
base the design of big ships on careful trials well 
analysed than to rely on models. He did not mind 
stating that the quadruple-screw experiments men- 
tioned in the paper arose out of failures in this 
connection. They could not make the results 
obtained fit in with those expected, but the results 
recorded in the paper had cleared the point up. 
The tank gave the analyser a lead. In endeavour- 
ing to assess the value of small excrescences on a 
model, one was apt to get a long way out, and for 
that reason they did not care to put cither bossing 
or bilge-keels or such-like things on their models. 
He was sure that the board of directors of Messrs. 
John Brown and Co would be as gratified as he 
had been with the discussion the paper had aroused. 
In moving the vote of thanks, which was 
with acclamation, the President remarked that in 
all matters dealing with -propellers deductions 
should be based on a large number of experiments. 
All propeller data came in the first instance from 
experimental work ; the theory, as Professor Hen- 
derson pointed out, followed later. They should 
therefore he extremely grateful to private firms who 
had testing-tanks when they placed their results 
before the Institution in the manner done in the 
present paper. 


Resistance OF MercantiLe Sup Forms. 


The next paper was entitled ‘‘ Model Experi- 
ments on the Resistance of Mercantile Ship Forms.” 
It was read by the author, Mr. G. S. Baker, and 
is reprinted elsewhere in this issue. 

The discussion was opened by Sir A. Denny, who 
said the paper was a statement of fact which did 
not lend itself well to discussion. The results 
obtained agreed with those of his firm. The 
appendix was interesting. The author made a 
modest claim in saying the resistance had been 
reduced 10 per cent. in one case. That figure was 
nothing to what had sometimes been done when 
thoy had been given abnormally bad forms to test. 
For instance, his firm had had the form of a train- 
ferry steamer submitted to them, and had improved 
it by 70 per cent. [Mr. Baker here stated that he 
had had a case in which an improvement of 40 per 
cent. was brought about.] People sometimes got 
hold of ideas about forms which were extraordinarily 
inaccurate. If Mr. Baker’s tank became popular, he 
thought the serious work would go bythe board. The 
work done at it was excellent, and should be widely 
appreciated. With regard to temperature correc- 
tion, they had adopted a figure of 4 per cent. on 
the whole resistance for every 10 deg. of tempera- 
ture, and they were correcting all these results to 
a standard temperature. What happened in a tank 
in this respect, of course, happened outside on the 
measured mile. Their results were by this means 
being brought much more nearly into accord. 

Sir W. E. Smith said he had been appointed as 
vice-chairman of the Tank Committee, and he 
wished to give members a personal assurance of 
the value of the work there conducted, over and 
above that which was derivable directly by mem- 
bers themselves from that and previous papers by 
Mr. Baker. They were much indebted to Mr. Yarrow 
in this matter, who was like the man who made 
two blades to grow where formerly only one had 
existed. A great deal of information was bein 
gathered from the tank work, and that would 1 
to the better utilisation of coal, &., all of which was 
of practical value. He thought the tank had also 
brought about a degree of co-operation between 
—— “a tanks, and — the acing Oye $ 
valuable data was making rapid progress. e tan 
was well installed. The President and Council of 
the Royal Society worked with them ; Dr. Glaze- 
brook was thoroughly interested in the work. It 
might be that ultimately research would be choked 


ow lower speeds were adopted, | p 





out by business ; but that did not affect them at 


resent. 

Professor J. J. Welch said the paper was one to 
be taken away and used. He would simply ask if 
the author could add to the value of his figures 
3 to 9 by giving a correction curve. Those figures 
applied to a vessel of 400 ft. length and were cor- 


by | rected for that only. Could he add the correction 


curve, so that the results might be applied to other 
lengths? No one could help seeing how much work 
been accomplished at the tank. In reference 
to the actual saving effected in coal, he thought the 
figures given should induce shipowners to come 
forward to support the work. 

Sir J. I. Thornycroft said he would like to place 
on record what William Froude had once said with 
regard to the relative fineness of bow and stern. 
Discussing the form a certain ship was to take, he 
(Sir John) had remarked that the stern might be 
fuller than the bow. Froude had corrected him 
with the following remark: ‘* Not may be fuller, 
but must be fuller.” . 

In reply to the discussion, Mr. G. 8S. Baker said 
they had only given conclusions when he felt they 
were based on fair grounds. Other work had been 
done, and would be published elsewhere; some would 
appear in the — of the Advisory Committee on 
Aeronautics. They had used a skin friction cor- 
rection of 3 per cent. for every 10 deg. of tempera- 
ture. They did that instead of allowing somethin 
on the whole resistance, as the temperature affec 
skin friction only. He would try and see if he could 
give average correction figures for skin friction 
without complicating his figures. A fine bow at 


high speeds was essential ; whether that was asso- | and 


ciated with a fuller stern was another point. 


THe ANNUAL Dinner. 


The annual dinner of the Institution was held at 
the Connaught Rooms on Wednesday evening, and 
there was a very large attendance, resided over 
by Rear-Admiral the Most Honourable the Mar- 
quis of Bristol, M.V.O. Amongst the guests 


were His Excellency the Japanese Ambassador ; | ; 


Lord Devonport, Chairman of the Port of London 
Authority ; Lord Southwark, President of the 
London Chamber of Commerce; Vice-Admiral 
Sir John Jellicoe, K.C.B.; Sir Edward Clarke, 
Master of the Worshipful Company of Shipwrights ; 
Admiral Sir Edmund Fremantle, G.C.B.; Sir Archi- 
bald Denny, Bart.; Sir F. H. Donaldson, K.C.B., 
President of the Institution of Mechanical Engi- 
neers ; the Naval Attachés and other representa- 
tives of foreign navies ; Sir Philip Watts, K.C.B. ; 
Sir Henry J. Oram, K.C.B., President of the 
Institute of Metals, &. 

After the loyal toasts, the President gave the 
toast of ‘‘ His Majesty’s Navy,” and fount ready 
acquiescence on the part of all in his timeous 
recognition of the loyalty and devotion of the 
officers and men, not only of the sea forces, but of 
the land forces of the Empire. Sir Edmund 
Fremantle responded. The toast of ‘‘ The Com- 
merce and Shipping of the United Kingdom ” gave 
Sir Edward Clarke an opportunity of enforcing the 
great indirect value of commerce and shipping in 
the development of empire, and also in the mainten- 
ance of happier relationships between the nations 
of the world. This plea he enforced with charac- 
teristic eloquence, and the toast was responded to 
by Lord Southwark and Mr. James H. Warrack, 
the President of the Chamber of Shipping of the 
United Kingdom. The toast of ‘‘ Our Guests” was 
proposed by Sir Archibald Denny and responded 
to by the Japanese Ambassador. Sir Frederick 
Donaldson, in happy phrase, gave ‘‘The Presi- 
dent,” and upon his reply a very enjoyable function 
terminated. 


Proceepines oF THURSDAY AND FRipay. 


Yesterday proceedings were continued, members 
reassembling in the hall of the Royal Society of 
Arts at 11 a.m., when the following papers were 
taken and discussed: ‘‘The Present Position of 
Diesel Engines for Marine Purposes,” by Mr. J. T. 
Milton ; ‘‘ Results of Trials Made on a Small Diesel 
Engine in which Accurate Indicator Diagrams were 
Obtained by Means of a New Form of Optical [ndi- 
cator,” by Professor W. E. Dalby; ‘‘The Use of 
Superheaters and Superheated Steam in Mercantile 
Steamers,” by Mr. H. Gray. In the afternoon the 
meeting re-opened at 3 P.m., and the papers taken 
were:—“ Elasticity and Endurance of Steam-Pipes,” 
by Mr. C. E. Stromeyer; ‘‘ Note on the Foster 
Strain-Meter and some Data obtained therewith,” 





by Mr. W. R. G. Whiting ; ‘‘ Description of a 

orsion-Meter with Visible Scale,” by Dr. K. 
Suyehiro. The discussion on these papers is 
unavoidably held over till next week owing to lack 
of space. due course several of the papers will 
be reprinted in extenso in ENGINEERING. 

To-day there are again morning and afternoon 
meetings, which we shall deal with fully in a future 
issue. The papers to be taken include ‘‘The 
Design of Steamships from the Owner's Point of 
View,” by Mr. L. Peskett; ‘‘The Stability of 
Ships in Damaged Conditions,” by Mr. P. Y. 
Brimblecombe; ‘* Safe Stability and the Economi- 
cal Use of Water Ballast in Ships,” by Mr. A. T. 
Wall; ‘‘ Further Results of Research Work in 
Connection with the Post-Graduate Scholarship in 
Naval Architecture,” by Mr. A. Cannon ; ‘* An 
Instrument for the Measurement of mye 4 of 
Roll,” by Mr. H. E. Wimperis. Several of these 

pers will be reproduced in ENGIN&eRING at a 
ater date. 

(To be continued.) 





INDUSTRIAL NOTES. 
THE joint committee of the English Coxciliation 


Board, at the close of the meetings held last week in 
London, decided that the original minimum wage in 
the Yorkshire collieries, sage the three percentages 
of 5 per cent. agreed to by the Conciliation Board, 
should continue to be paid, pending the consideration 
by the joint committee as to whether or not Sir 
Edward Clarke’s recent addition of 6d. per day should 
be paid with or without the percen The men’s 
section of the Conciliation Board subsequently met, 
a resolution recommending the Yorkshire 
miners to suspend the notices to stop work while the 
negotiations are in }. 
e following offer was made by the coal-owners’ 
representatives as a basis of negotiation :— 

** The owners’ section of this committee —- that 
any settlement of the present differences shall date 
and be paid from the date of Sir Edward Olarke’s 
award of January 30, 1914, in respect of certain col- 
lieries, or such earlier date as may be found on 

uiry that psyments of minimum w at those 
collieries were reduced; and, pending the date of 
such settlement of the questions arising out of such 
awards, not less than 7s. 5d. and 7s. 6d. per day, as 
the case may be, shall be paid to qualified coal-getters 
at those collieries where such minimum rates were 
—— prior to such award. 

‘** Where any deficiency exists in wages already paid 
at such collieries, an inquiry shall be at once set up, 
and such deficiency shall be as early as possible paid 
to the men affected. 

‘*The owners are not bound by this proposal if the 
local strike continues or notices are upon.” 

The men’s section of the Conciliation met 
together after the general meetings had taken place, 
when the owners’ proposals were submitted dis- 
cussed, and it was agreed, subject to the approval of 
the Yorkshire Miners’ Council, to recommend the 
suspension of notices to stop work, to enable further 
discussion to be held on the main question arising out 
of Sir Edward Clarke’s award. 

On Saturday, March 28, the council of the York- 
shire Miners’ y Hoorn tion met at Barnsley, and decided 


by a very large majority against the suspension of the 
strike notices. 

As will be seen, therefore, the men have refused to 
accept the recommendation of the Conciliation Board 
to suspend their notices pending further discussion of 
the matter in dispute. At the time of writing, the 
miners throughout Yorkshire are leaving work by 
thousands. 





A friendly meeting of the skilled workmen in the 
Sheffield engineering trades was held in the Corn 
Exchange, Sheffield, on Saturday last, March 28, when 
several speeches were made. In one of these it was 
stated that the engineers of Sheffield were now about 
the highest paid of any tuwn or centre in the country. 
Mr. Robert Young, general secretary of the Amalga- 
mated Society of Engineers, congratulated the mem- 
bers on the advance of wages they had secured. 
In regard to the raising of the — of engineers 
in Sheffield to 42s. per week, Mr. Young expressed 
the opinion that he was not in agreement with the 
idea of different districts haviog different rates of pay. 
If an engineer was worth 42s. per week in Sheffield, 
he was worth 42s. per week in Aberdeen, Lincoln, 
and other places. All the lower-paid centres should 
be brought up to the Sheffield level, not only in the 
interests of engineers themselves, but in the interests 
of the anee who were paying the higher rates. 
They should see to it that the lower-paid districts were 
lifted up, and that a good general rate of wages was 
paid to every workman from one end of the country to 
the other. 

With reference tothe shorter working-day, Mr. Young 
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said be had no hesitation in stating that they, a ong: 
in the 


neers, would have to tackle the question of hours 


interests of the workers of the country, Some steps 

tatives of 

the. various trade unions had met, and although 

they had not tabulated a demand, they had, at all 

events, indicated to the employers of labour that the 

— of an eight-hour day loomed in the near 
ture 


had been taken in the matter. 


The following points stand out from the above :— 


The Sheffield engineers have received a 3s. advance 

in their daily wage ; it is intended that the increase 

shall be made general in the interests, pertiy, = 
t 


the Sheffield employers ; then, in the interests o 


workers, the eight-hour day is to be demanded. We 
have often wondered how many men insist upon their 
wives not working more hours than eight each day at 


their domestic duties. 

At e re-union of old and new members of the North 
Salford Ind 
28th ult., 


was its lack of art and soul: Things were too sordid 
and too mean. Some day, he hoped, they would be 
the means of helping to restore to the world much of 
the beauty of which it had been deprived. He was 
lad to observe that already there was a better 
eeling of unity asserting iteelf throughout their 
ranks. Reall the chief difficulty they to contend 
inst was disunity and disorganisation among them- 
selves. Never at any time was there a greater need 
for unity than at present. Referring to the women’s 
movement, Mr. Keir Hardie exp’ 
Socialism had more to give women than it had to give 
men—more freedom, a larger outlook of life, and more 
opportunities of exercising the mother love. 
t is difficult to follow the speaker in his disquisition 
upon beauty, art and soul. sSut turning to the more 
ractical part of his speech, we note his belief that 
ocialism is able to give women more freedom, a 
larger outlook of life, and so forth. This would imply 
the institution of the eight-hour day referred to above 
for the wives and mothers in the home. But if this is 
to be secured, it must be by the action of each in- 
dividual man in his own particular case ; preaching, 
and probably remonstrances also, will be roagy | to 
induce some men to take the required action. en 
Socialism undertakes this task, it will find it a more 
difficult one by far than the advocating of a greater 
cultivation of art. 


It is announced that the South African Disturbances 
Bill has been withdrawn by the South African Govern- 
ment. We gave its various clauses on page 328 ante. 
It was withdrawn upon a motion introduced by Mr. 
De Wet, Minister of Justice, who gave notice of the 
Government's intention to substitute for it a Bill to 
amend the law dealing with riotous assemblies and 
their dispersal, and providing for the constitution of a 
special court to try certain offences. The Hon. F. 8. 

alan, Minister of Mines and Industries, gave notice 
of the introduction of a Bill to prevent strikes and 
lock-outs, and to settle industrial disputes by concilia- 
tion or arbitration, to regulate fre unions, and to 
establish labour bureaus. 

I. is said that labour men in South Africa, re- 
garded the withdrawn Bill as striking a serious blow 
to trade unioniem. This is paying a very poor com- 
pliment to trade unionism. The Bill in question 
was limited simply to finding guilty of an offence 
those who threatened a fellow-workman or his rela- 
tives; who beset the premises where a fellow- 
workman resided or worked ; who hid tools or clothes; 
and who acted otherwise offensively towards «4 
fellow-workman or his relatives. It has been stated 


that if the Bill had remained “peaceful picketing ” | Pending 


would have been impossible. But the above offences, 
we should have thought, do not constitute ‘‘ peaceful 
picketing.” 

A number of London electrical workers came out 
on strike on Wednesday, owing to a proposal on the 
pat of the employers: to introduce a new grade of 

bour—i.e., pipe-fitting—at a much lower rate of 
psy. The men claim that in electric installation work 
pipe-fitting ge ~ ney 70 per cent. of the labour 
employed. e employers’ proposals, therefore, would 
mean the displacement of qualified fitters to the same 
extent, and entail a great increase in unemployment, 
and a consequent reduction in w: In consideration 
of this, the London District Committee of the Electrical 
Trades Union passed early in the week a resolution to 
the effect ‘‘ that any firm to concede 104d. 
an hour as from the first pay-day in am and an 

and 


further advance which may be secu work: 
through the provisions of the 1912 working rules card 
of the Electrical Trades Union, and providing they 


‘ 


ent Labour Party on Saturday, the 
. Keir Hardie, M.P., advocated a 
greater cultivation of art in the Socialist and Labour 
movement. Beauty, he said, was an essential part of 
Socialism. One of the drawbacks of our modern life 


his belief that 


JANUARY. 
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In the accompanying diagra 


a settlement, shall be eligible to continue 
working if the application is considered by the dis- 
trict committee.” The disability clause in question 
establishes that no exception is to be taken in regard 
to any man who is or is not a member of a trade 
union 


The men at first wanted a minimum wage of 11d. 
per hour, this meaning a rise of 14d., and a 50-hour 
week for fitters and wiremen, also an equal rise for all 
electrical workers. The employers offered 10d. per 
hour in April and 104d. in July. From the above 
resolution, it would appear that the men are pre- 
pared to take 104d. instead of the lld. they formerly 

jemanded. 





The dispute in the London building trade is still 
ne. a far, it oa Py confined - the — 
whose employers ui e signing of a penalt 
clause, as indicated fn our note ni a 160 ante. x 
number of meetings have been he ith a view to 
reach an agreement, but without a At the time 
of writing it had been decided that the men employed 





that the erection of conduits is electricians’! by those London Master Builders who did not ask 
, and do not insist on the ‘disability clause’ 


signing of the penalty clause in question were to 








DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
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ms each vertical line represents a market day, and each horizontal line 
represents ls. in the case of tin-plates, hematite, Scotch and Cleveland iron, and ll. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to 801b. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box of I.C. cokes. 


be called out by the Men’s Federation. This new 
movement would affect forty more firms, and 10,000 
more men. 





INTERNATIONAL CONGRESS OF CONSULTING ENGINEERS. 
—Weare informed that the second International Con 
phage” Pag, is to be held in Bern, Switzerland, 
from July 15 to. | 2 The first was held last year in 

tis 


Ghent, Belgium. — to hold the third in San 
Francisco, 4 September, 1915. 


Prrsonat.—Messrs. J. E. and S. Spencer, 14, Great 
St. Thomas Apostle, Cannon-street, inform us that on 
and after the inst. their office address will be 16, 
pay Hill, London, E.C., and warehouse 33, Dow- 

te Hill, E.C.—Messrs. Andrew Brown and Co. state 

t they have removed to larger offices at 118, Cannon- 
street, ion, E.C.—The address of the Chartered 
Institute of Secretaries is now 59a, London Wall, E.C., 
the building having been taken for offices, library, and 
the - requirements of the institute.—We are 
informed that, from the present week, the Raslway Times, 
which has been go othe since 1837, — I i 
exist as a separate i is incorporated wi 
the Raslway amme 
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THE PHILLIPS AEROPLANE OF 1904. 





THE PHILLIPS AEROPLANE OF 1904. 
To THE Eprror oF ENGINEERING. 

S1z,—In view of the recent aviation show at Olympia, I 
thought that the enclosed photograph of my 1904 machine 
would be of interest. ; i : 

The engine, which was ~—— in 1900, is of the vee 
type, cylinders at 45 deg., cig t cylinders staggered on 
crank-case, 3.1 in. in diameter by 3.75 in. stroke, air-cooled, 
with auxiliary exhaust-ports ; I believe this was the first 
four-stroke engine to be provided with auxiliary exhaust- 

rts. The principle is good, but it can be easily overdone. 

f the auxiliary ports are too large, there is a waste of 
lubricating oil, and when the pistons overrun them on the 
suction stroke, there is a d } 
carburettor. When the ports are correctly proportioned 
these disadvantages practically disappear. xi 

In the engine illustrated there 1s od one auxiliary 
port in each cylinder; it is merely a hole drilled in the 
cylinder wall % in. in diameter. The ports commence 
to open when the pistons are 0.75 in. from the end of 
stroke. ‘ 

The area of the pistons is 7.547 sq. in., and the area of 
the ports is 0.11 sq. in., the ratio between the two being 
about 70 tol. This proportion was found to be ample for 
keeping the exhaust-valves well below a red heat. With 
the auxiliary ports closed the valves were at a bright red 
heat within one minute from starting the engine. The 
exhaust-valves remain closed until the pistons are within 
} in. of end of stroke. I believe in small auxiliary ports, 
even for water-cooled engines, as the valves remain cooler 
and the radiator may be made much smaller. ’ 

The propeller of the machine is 7 ft. in diameter. This 
machine rose from the ground at a very low 5) , about 
40 ft. per second, but in consequence of the wind being at 
a slight angle, it took a list, which now f increased, 
ending in destruction within 200 yar With the excep- 
tion of a few cuts and bruises, the pilot was unhurt. — 

In my opinion, the type of engine used on this machine, 
but water-cooled, is the aviation engine of the future. 

Yours faithfully. 


West Barnham, Sussex. Horatio PHILLIPS. 





PISTON-KNOCK IN INTERNAL-COMBUS- 
TION ENGINES. 
To THE Eprror OF ENGINEERING. 

Str,—I am interested tosee that this question has been 
raised in your eolumns. It is one which is frequently 
discussed in papers devoted to motor-cycling, but with- 
out, so far as I am aware, any really satisfactory and 
convincing explanation being given. _ 

The phenomenon is one which will occur frequently 
in an air-cooled petrol-engine unless it be carefully driven, 
and the noise produced is sometimes very remarkable and 
peculiar. It occurs chiefly when accelerating after having 
slowed down very much, or when the engine is labouring 
slowly uphill. It can generally be prevented or checked 
by reducing the amount of air admitted to the carburettor, 
or by retarding the spark. : 

I imagine that if the noise is caused by a “ piston 

as your correspondent, Mr. P. G. Tismer, suggests, 
is generally supposed, it would occur as the crank 
the dead centre, and the re on the piston 


sla ”» 
and ‘as 
passes 
changes from one side of the cylinder to the other. If 


stop to the suction on the | 8° 





this is true, the question is, How can reducing the air or 
retarding the spark stop the noise? 

Reducing the air may cause the mixture to burn more 
slowly and so soften the shock, but I have always under- 
stood that the amount of air introduced into the cylinder 
of an internal-combustion engine is always much in excess 
of what is required for complete combustion, because if the 
proportions were correct the explosion would be incon- 
veniently violent. Retarding the spark seems the more 
obvious remedy, as it may cause the -over of piston 

to take place under compression pressure only, 
the explosion shock coming later. 

However, I find practically that reducing the air is 

erally more effective than retarding the spark, and, 
indeed, as a rule, if the air is properly regulated, knock- 
ing is entirely avoided. Nevertheless, when the noise does 
occur, I always feel dissatisfied with these explanations, 
and sceptical as to the possibility of an accurately fitting 
piston, such as mine, noking such a noise, especially as 
there is no perceptible play in the connecting-rod 


Yours faithfully, 


H. A. Gapratr. 
London Coen Soon School of Engineering and 


Navigation, High-street, Poplar, E., March 16, 1914. 





‘““THE EROSION OF CANAL BOTTOMS BY 
BOAT-PROPELLERS.” 
To THE Epitor or ENGINEERING. 

Sin,—We have read with interest your remarks (on 
page 355, of your issue of March 13) under the heading 
of **The Erosion of Canal Bottoms by Boat-Propellers.” 

It may interest your readers to know that we designed, 
three years ago, a vessel for Messrs, Cadbury Brothers, 
of chocolate fame. This craft has twin-rudders, with the 
same object in view, and is known as the Bourneville I. 

ides overcoming the erosion of the canal bottom, these 
rudders eliminated what, in our opinion, is more detri- 
mental—that is, the washing away of the canal banks, In 
addition to preserving the banks and the bottom of the 
canal, we anticipated better steering, which was proved 


in practice. One of the rudders was shorter than the | | 


other, so that, when in locks, the helm could be put 
hard over to port, and the rudders would fold one 
over the other, and not project beyond the side of the 
vessel. 
The two rudders were, of course, connected and worked 
by one wheel. This arrangement was found to be entirely 
satisfactory, and was adopted on the repeat order that 
was <se | with us. 
Yours faithfully, 
For James Pouiock, Sons anp Co., Limrrep, 
Watter Pot.ock, Director. 
3, Lieyd’s-avenue, London, E.C., March 24, 1914. 








LANTERN - Stipes FOR ENGINEERING LE&cTURES 
Messrs. Browett, Lindley and Co., Limited, Manches- 
ter, inform us that they have a number of lantern-slides 
of their high-speed engines, consisting of photographs of 
various types and drawings. These slides will be lent to 
lecturers for a suitable paper which they may be giving 
on hi steam-engines, on application te the works 
at Manchester. 





MODEL EXPERIMENTS “ON THE RESIST- 
ANCE OF MERCANTILE SHIP FORMS.* 
By Mr. G. 8. Baker, late R.C.N.C., Member. 
INTRODUCTORY. 

THE paper gives the result of a number of model experi- 
ments, vaads to determine the effect of shape of 4 
curve on the resistance, at any reasonable speed. The 

ismatic coefficients of the models have been varied 
rom 0.664 to 0.85, either by filling out the ends or by 
working more lel body in a fixed length. The results 
are given in ‘“‘constant” form for a standard len of 
= t., and the coefficients Sos eaeens these me effective 

orse-powers are given on the diagrams. > gence 
conclusions to be drawn from the experiments with each 
set of models are given, and the question of eddy- 
making at the stern is considered. . The connection 
between the subject-matter of this paper and that of the 
earlier pages giving the results of experiments in the 
William Froude National Tank is also discussed, The 
appendix gives a general account of the work of the tank 
during the = twelve months, and detaiis some experi- 
ments on other matters of interest and importance. 

Ossect OF EXPERIMENTS. 

§ 1. These experiments constitute a part of an extensive 
programme of tests with ship forms which is being carried 
out at the tank. The tests detailed in the present paper 
may be considered as the second my of this programme, 
those detailed in Part I. of the author's 1913 paper 
[E~xornegrine, April 11, 1913] being the first part. The 
objects of the present tests were : 

1. To obtain the effect of varying the prismatic coeffi- 
cient of a ship upon the resistance and power required 
for propulsion. 

2. To define as far as possible the maximum limits of 
8 to which the forms of increasi: rismatic co- 
efficient may be pushed without material increase in 
resistance per ton of displacement. 

3. To find out in each case why the forms become bad 
at these liraiting prismatic coefficients or speeds. 

4. To define the influence upon a ship’s resistance 
of varying the shape of the ends, the prismatic coefficient 
remaining constanb. 


Deraits oF Mops. 
§ 2. The models represent a series of ships all of which 
have the same ratio of ©08* ——.. The midship 
m draught 
section coefficient was 0.98 in all cases. The rise of floor 
was nil, so that a fairly easy bilge turn was obtained 


—_ the large midship section coefficient. The stem 
and the stern-post were practically vertical lines of small 
siding, and the counter was raised well out of water. No 


rudder was fitted beyond the stern-post, which was 
finished with a taper of four to one. The models were 
“naked” in every case—i.e., no shaft-tubes or bilge-keels 
were fitted to them. The load water-line was kept 
moderately full at the stern, as this gives easy buttocks. 
Forward it was kept fairly fine, so as to obtain a small 
angle of entrance. In every case the tests were made with 
the models ballasted to level keel in still water. 

The models may conveniently be divided into three 
sets, each having a fixed proportion of parallel body. 
This parallel body varied from 10 per cent. to 50 per cent. 
of the length, was worked exactly amidships, so that 
the length of entrance and run was the same in each set, 
but differed in the three sets according to the length of 
parallel body. In each set five different entrances were 
tried with one stern, and five different sterns with one 
entrance, making a total of nine models. Three of the 
entrances had the same prismatic coefficient, but differed 
in shape; and three differed in fullness, but, with one 
exception, had the same character of curve of areas and 
load water-line. The same remark applies to the five 
runs. In the case of the form with the fullest stern asso- 
ciated with 50 per cent. of parallel body (Model 86a) a 
slightly finer end was required to the load water-line to 
obtain a reasonable form. The curve of areas and load 
water-line for this particular model, and for Model 68a, 
are given in Fig. 2, page 467, and for the remainder of the 
forms in Fig. 1. In each set those models, having entrance 
or run of the same prismatic coefficient and shape of area 
ey cut from the same half-breadth plan, the length 
scale being different, however, for the three eets of models. 

The variation of shape of ends has been 
case with the medium prismatic coefficient. The forms 
having the fine end and full shoulder (curves 2 and 9, 
Fig. 1) were given the same initial tangent to both water- 
ine and area curve as the form with the finer prismatic. 
The full ended forms (curves 4 and 7, Fig. 1) the same 
initial tangents as the form of full prismatic coefficient, 
but with a much easier shoulder, This medium prismatic 
was tried, therefore, with three angles of entrance, these 
angles being the same as those adopted with the three 
pr tic chang The coefficients of all the models, 
and their general dimensions brought to a standard 
length of 400 ft., are given in the table overleaf. 

§ 3. In order that the shape of the transverse section 
should not affect the comparison of the different 
forms, the models were made so that no matter what 
the prismatic coefficient, where the sectional area 
was the same in one form as in another, the trans- 
verse section, with one exception, was of exactly the 
same “shape. This exception was the 50 per cent. 
Peden body form with full stern mentioned above 

el 86a). As a necessary consequence of this, 
those forms which have an area curve with hollow 
entrance have also a hollow water-line, and vice versd. 


* Paper read before the Institution of Naval Architests, 
April 1, 1914. 
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Taste I.—Model Dimensions Enlarged to those for 
hips of Constant Length Equal to 400 Ft. between 
Perpendiculars. 

Beam 52.26 























The draught both forward and aft 235 235 ft. 
The length - Pe i = 7.654 x Beam 
The mi ip section coefficient = 0.98 
2) Prismatic & 
| E\s Coefficient. 
| a 
| 3 H S Be 
6 g z 3 g es Remarks. 
= |.ae |g ge 
3 Sale . » 
Z ee} = 
#| 3 34 3 3 54 
2 = |2@\m a | @ 
ft. tons 
65c | 25.7 -72 | .6388 9,690 
66n «625.5 -672| .688 9,396 | Straight-line bow. 
564 25.1 | |<672) [638 | 9/396 | Medium line. 
6566p 25.7 } .672| .688 9,396 | Hollow line bow, 
Fr | 56c 25.6 | 41.8 -625) -6388 9,108 
| 67a, 25.1 *©'") 672) .678 | 9,063 | 
57c | 26.9 || | | 672) .638 9,896 | Straight line stern. 
56a 25.1 -672| .688 9,896 | Medium line. 
678 | 25.1 .672| .688 9,396 Hollow line stern. 
‘57a | 25.1 7 | -672, .70 9,770 
30a | 25.0 | .72 | .688 10,540 
8380p | 26.7 -672| .638 | 10,310 Straight line bow. 
30n «25.0 | .672| .688 10,310 Medium line. 
30r | 26.6 | | 672, 638 10,310 Hollow line bow. 
q J) 80c | 25.0 120|4 825 638 | 10,090 
49 «| «(26.0 || .672 .678 | 10,020 
60n 26.1 -672, .688 10,310 Straight line stern. 
30n 25.0 .672| .638 10,810 Medium line. 
50a 25.0 -672 .688 10,310 Hollow line stern. 
47 25.0 672, .70 | 10,605 
68a | 25.0 . -764| .638 11,555 | 
68p | 25.7 -672| .638 11,259 Straight line bow. 
86c 8=— 5.0 -672| .6388 11,259 Medium line. 
97c 26.8 .672| .688 11,259 Hollow line bow. 
HJ 68¢ 25.0 | go | .625| .638 | 11,083 
978 26.0 -672| .578 _ 
86n 25.3 -672| .638 | 11,259 Straight line stern. 
86c 626.0 .672| .6388 11,259 | Medium line. 
97a 25.0 .672) .638 11,259 Hollow line stern. 
‘86a 25.3 \.672| .70 11,462 





This can be seen by reference to Fig. 1, which shows the 
load water-lines and cross-section area curves for the 
forms with differently shaped ends. 

Mope or PREsenTING REsuULTs. 


§ 4. In the paper read by Mr. Kent and the author 
last summer it was shown that the position of the humps 
and hollows in the resistance curve of a ship depended 
upon the value of a ‘‘ constant” which was called 


(®). This constant is given by the formula 


Vv 
©) = 0.746 jpy, 
where— 


V ie the speed of the ship in knots. 
P is the prismatic coefficient of the ship. 
L is the immersed length of the ship in feet. 
Since one of the objects of the experiments was to 
trace the cause of ‘ormances, the results have 


been plotted, and are here presented in the form of ©) 
to base of The © values have been corrected for 


skin friction so as to apply to vessels of a standard 
length of 400 ft. With each set the experiments have 
been carried to speeds which gave heavy poner pee in 
order to get a clear indication of the speed at which 
the humps occur in resistance curve. All the 
results given in Figs. 3 to 8 are shown to a common 
base in order to bring out the continuity of the wave 
phenomena as the forms are varied in fullness. 

The (®) expresses the relation of the speed of the ship 
to the speed of the waves having a length from crest to 
crest equal to P x L. The 
coefficient inverted and multiplied by a constant. It is a 
matter of a simple calculation to turn ©) into power for 
ship when the displacement and speed are known. 

The © plotting shows any wave-making by departure 
from a line slanting downwards as speed increases. In so 
far as this wave-making is due to interference of the bow 
and stern systems of waves, it will have humps and flats 
at known values. On reference to Figs. 3 to 8, it will 
be seen that such humps occur in most of the sets of 
models, and their cause is at once known, the worst of 
them being due to bad proportions of 5 to length for 
the prismatic coefficients of the ship. ese ‘‘ constant” 
curves show, more clearly than is possible in any other 
way, the effect of change of prismatic coefficient and 
shape of ship. 

ResvuLts. 
Ser F. 
Varying Bow Prismatic Coefficient (Fig. 3). 

§ 5. The model with the finest entrance was always 
better than the others, even at low speeds. At high 
speeds this entrance effect very noticeable. Thus, 
ata (P) value of 0.7 the decrease in power is 13 per cent. 
passing from an entrance prismatic of 0.72 to 0.672, and a 

tical Sa in going from 0.672 to 
1635. The i, ts correnponding to these three 
entrances are 9396 and 9108 tons, so that for a loss 
of approximately 5.5 per cent. in displacement the power 


isin reality the Admiralty | Th 


is lowered 26 per cent. This advantage holds for all 
speeds up to (P) = 0.77, which is the highest economical 


oat with the finest form of this set. The gain by fining 
the entrance cannot go on indefinitely, and we have reason 
to believe that the entrance of model 56c gives better 


results for speeds between (P ) values 0.55 to 0.7 than a 
much finer bow. It will be noticed that the minimum 
©) value for these forms averages about 0.63. 


Varying Stern Prismatic Coefficient (Fig. 4). 

§ 6. Atlow hws this has little effect, all the models 
having practically the same power per ton up to 13.3 knots 
for the 400-ft. ship. At speeds given by ©) = 0.65 to 0.73, 
Som tas top cairn, Wine tan makaonn pest 
for good ©) value is given by (?) = 0.715 this effect 
is an important one, and should be taken into considera- 
tion when designing any form of this type. 

Varying Shape of Entrance. 


§ 7. At low speeds all three entrances gave much the 
same result, the difference between them never exceeding 
1 per cent. But the ordinary or medium bow gives the 
best results over the useful range of speed. The straight 
bow was 10 per cent. to 8 per cent. worse than the 


medium at (?) = 0.63 to 0.7, but it became better for all 


(®) values above 0.75—a speed which is too high to be 


of much use for the ordinary vessel. The very hollow 
bow required practically the same power as the medium 


bow up to @) = 0.5, above which it became gradually 
worse, and at the highest speed was the worst shape 


of any. 
Varying Shape of Run. 
§ 8. The straight-line stern was about 2 per cent. 
better than either of the others at all speeds up to (" 


= 0.7. Above this speed the hollow run becomes better 
than either the medium or straight-line form, the advan- 
tage being of the order of 4.5 per cent. at(P) = 0.75, 
and nil at 0.8. 
Ser G. 
Varying Entrance Prismatic Coefficient (Fig. 5). 

§ 9. At quite low speeds the finest form is somewhat 
worse than the others, but this disadvantage disappears 
with increase of speed, and from (P) = 0.53 upwards a 
fine entrance is necessary for good performance. For 
example, at 13.5 knots for a 400-ft. ship the powers 


required for propulsion of 30a, 308 and 30c forms are in 
the ratio of— 


111 : 1.06 : 1.0 
the displacements being in the ratio— 
1.045 : 1.022 : 1.0 


or the power is increased 11 per cent. for an increase of 
only 4.5 per cent. in displacement. At higher speeds the 
case for the fine bow is even stronger, but none of these 
forms of Set G give good results above @®) = 0.61. 
Varying Stern Prismatic Coefficient (Fig. 6). 

§ 10. Passing from the finest to the medium prismatic 
coefficient of run gave practically the same power per 
ton up to(P) = 0.55. Above this speed the fine stern 

ins very slightly up tothe point at which all the forms 

me wasteful. e form with the largest stern 
prismatic coefficient shows a fairly constant increase of 


about 4 per cent. in ©) at all low and moderate speeds. 


This a to be due to eddy-making, a conclusion 
which is supported by the experiments with Model 50a. 
is has very hollow stern lines, which appear to have 
too much curvature for the water to follow, and this 


model also has a ©) value 3 per cent. higher than others 


of the same prismatic one sma: Soy with straighter 
lines. It would seem, therefore, t this fullest stern, 
which has an after body coefficient of 0.79, is slightly 
over the border-line of what is for qooneenienl pro- 
pulsion, a point which is again discussed in § 16. 
Varying Shape of Entrance (Fig. 9). 

§ 11. Extreme hollow is never good, and although the 
medium form is 2 per cent. to 3 per cent. worse than 
the straight-line form for speeds up to = 0.62, it 
becomes much better over the more useful range of 
speeds—viz., from (P) 0.53 to 0.62. The straight-line 
form becomes best at the highest speeds, but this fact 
has little practical importance. A word of caution is 
necessary with regard to the general application of the 
results with varying shape of entrance in this set. The 
case is not so simple as the curves in Fig. 9 might lead 
one to expect. very hollow bow is bad, but the 
ne to = the straight -_ , medium bow will 

ave any advan over other depends u several 
factors, of which the chief are :— “— 
Length of entrance, fullness of entrance ; 
Length of ship, fullness of ship. 
The interference between bow and stern systems depends 
upon the two latter. The interference between the 





trance* depends upon the two former, and the speed at 
which it occurs depends a little upon whether the lines 
are hollow or full-ended. In these 30 per cent. forms 
this subsidiary interference is of some importance, and 


between @) values of 0.5 and 0.6 the variations in the 
©) curves in Fig. 9 are largely due to this feature. 


Varying Shape of Run. 

§ 12. The results for the medium form and that with a 
straight run do not differ to any material extent over the 
practical range of speed. The hollow stern is somewhat 
worse at all speeds, and appeared to suffer from slight 
eddy-making, as mentioned in § 10. 

Ser H. 
Varying Bow Prismatic Coefficient (Fig. 7). 

§ 13. The fullest entrance in this set had a somewhat 
greater prismatic coefficient than the entrance of either 
of the other sets, as the results with set G indicated that 
it might be possible to carry a relatively fuller entrance 
than been tried before. At quite low speeds the 
power per ton for all the entrances is practically the 


same. But at @) = 0.375 the full bow begins to get 


worse than the others, and at (P) = 0.45 and above, the 


medium bow becomes about 2.5 per cent. to 3.0 per cent. 
worse than the finest form. None of these forms give 


good results above a @) value of 0.46. 


Varying Stern Prismatic Coefficient (Fig. 8). 

§ 14. The full stern (Model 86a) is very bad, and 
suffers from serious eddy-making at speeds. The 
difference in displacement between this form and Model 
978 is only 4 per cent., but the difference in effective 
horse-power is approximately 15 per cent. Eddy-making 
is also present in the medium stern Model 86c, and the 
experimental results given in Fig. 6 of my paper of last 
year, show that even with the finest stern (Model 975) 
there is every reason to believe that a still finer stern will 
give a better result—a conclusion which is borne out by 
our experience at the tank. The avoidance of 
rapid change in shape or curvature is the essential thing, 
and the greater the ratio of the midship section area to 
the length of run the more difficult this becomes. 


“ Varying Shape of Entrance. 
§ 15. The straight-ended and fine-shouldered form 
(Model 68 D) gave the best results. Its advantage is 


perhaps negligible at @) = 0.35 and below, but it 


increases to 3 per cent. and 5 per cent. at and above 

= 0.45. The hollow-ended form is a bad-looking model, 

and the experimental results bear this out, the effective 

horse-power per ton for ship at all speeds being from 10 

to 12 per cent. higher than those for the medium form. 
Varying Shape of Run. 

§ 16. The straighter the lines of the stern the lower is 
the resistance at all Any hollow in these stern 
lines shows as a pocket in the model, and this fills with 
eddying water. This pocket is noticeable in Model 86 C, 
and extends well down the post, and in the hollow-ended 
form 974 ct is — marked. ‘The wn 5 of any eddy- 

in these forms co letec' uu la 
nay Be the water at the stern whilst a an wee 
being towed. Such experiments showed that with all 
these models there was eddy-making, although in 978 
(the fine-ended form) it only existed near the surface, the 
lower levels being quite clear of it. (See also § 10.) 


CONNECTION WITH EARLIER PapERs. 


§ 17. Two of the forms whose results are given in 
this paper have been previously tested, and their 
results were published in a paper read before the 
Institution last year. [ENoingxRinc, July 26, 1913. 
Model 86c is a repeat of Model 198 of Set E, an 
Model 308 is a repeat of Model 19a of Set D. All the 
forms in the above paper had the same midship sec- 
tion coefficient, and those of Sets D and E were cut 
from the same drawings as the models of Sets G and H 

tively in this paper. In the earlier experiments 
fu of bow was obtained at the expense of a finer 
run, but in these new experiments the full bow was 
obtained with the same run. These experiments show 
that the increase in resistance obtained with the models 
having short sterns and | bows in Sets D and E was 
almost entirely due to the eddies formed at the stern, the 
bow change having little effect at low speed. 

In the paper by Mr. Ként and the Author, read at the 
summer meet: jlast year, the speed at which flats or 
hollows occu! in the resistance curves are given as:— 


@=1, 1, 1a 

V2 N38 
These @) values are marked by vertical lines on Figs. 3 
to 8, and it will be seen that with the new models these 
lines give a good indication of the speeds at which these 
— occur. The yo yen —_ more clearly = 
in the previous pa the range of speed over whic 
vessels of different fullness of form can work with reason- 
ably — aw ee. To ae aes this 
range must depend upon the proportions of the princi 
dimensions—+.¢., the ratio of fength to of al 
displacement to midship section area ; but for the ordi- 
nary type of mercantile vessel, setting aside the possi- 





* “* Effect of Form and Size on the Resistance of 
% ions of the Institution of Naval Archi- 
Resistance,” by T. H. Havelock 


poor ag and “* 





positive pressure hump and negative hollow in the en- | ( 


Proceedings of the Ropal Society, vol. Ixxxix., 1914). 
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bility of eddy-making, these things are of secondary 


im ce. 

n conclusion, the author wishes to express his cordial 
thanks to his assistants, Mr. Millar and Mr. Kent. Much 
of the experimental work of the tank naturally devolves 
upon them, and it is ey on to their support and 
co-operation that it has possible to produce this 
paper. 


APPENDIX. 


SumMARY OF THE Work or THE WILLIAM FrouDE TANK 
DURING THE YEAR ENDED Marcu 31, 1914. 


The following notes give a brief account of the work 
of the year other than that detailed in the body of this 
paper and in the paper read at the summer meetings of 
this Institution. A large proportion of time has 
spent on test-work for various shipbuilding firms. The 
models tested have varied from high-speed vessels, such 
as destroyers, to 10-knot steamers ; from shallow-draught 
steamers to deep and long ocean passenger ships. e 
work has come from various firms all over the kingdom. 
In the majority of cases we have been able to complete 
an investigation for any firm in from two to three w 
three or four models being tested in this time. The 
resistance of at least five large vessels has been reduced 
over 10 per cent. by modifications to the form made at 
the tank, and several others have been improved in a less 
degree, but to an appreciable extent. The im ce 
and value of these results can be seen from the fact that 
the saving in cost of coal per year for a single one of the 
above five ships would be more than sufficient to support 
the experiment tank for the same period. 

The investigation of the resistance and tipping moments 
experienced by aero-hydroplane floats has been continued 
during the year, and some vee» a interesting results 
have mn obtained. A considerable improvement has 
been effected in the power required for their propulsion, 
and the tipping moments due to the water forces are now 
known, and a float which is stable in character and of a 
low water resistance has evolved. An account of the 
early work of this nature has been published in the 
Annual Report for 1913 of the Advisory Committee for 
Aeronautics, for whom the work was done. The work of 
this year will be published in the similar report of 1914. 

Some com’ tive tests with a ship model have 
made in the Washington tank and in the Froude tank. 
When corrected to the same temperature the results 
agree very closely—the curves crossing and recrossing 
over the useful of speeds. At low speeds Mr. 
Taylor’s results are slightly lower than the Froude tank 
figures. Since Mr. Taylor works with wooden models 
having a varnished surface, the model tested at Tedding- 
ton was tried with four different kinds of surface, the 
paraffin wax being (a) bare; (6) freshly coated with 
shellac varnish ; (c} the same, with blacklead rubbed into 
a coating of shellac when the latter was a. and 
then allowed to harden ; (d) coated with red-1 Tce 
The spots from the four surfaces were indistinguishable, 
and show that, provided the surface is smooth and free from 
grit, the same result will be obtained. The exceedingly 
interesting result of trying a small model of this form in 
the air-c el has already been described. It is 
mentioned here simply because it bears out the above 
conclusion. This has an important ing upon the 
gear my of model results to full-sized ships, and shows 
that in the latter a good paint is probably as good from a 
resistance point of view as a highly-polished surface. 
Several other investigations, of which the chief are the 
effect of temperature upon resi ce, and the nature of 
the waves created by ship models, are in hand, but are not 
a sufficiently for any account of them to be given 

ere. 

Considerable oo has been made with apparatus 
for making model screw experiments, and it is hoped that 
by next year we shall be able to undertake research work 
of this character. 





THE CHEMICAL AND MECHANICAL RELA- 
TIONS OF IRON, TUNGSTEN, NICKEL, 
AND CARBON. 

The Chemical and Mechanical Relations of Iron, Tungsten, 

and Carbon, and of Iron, Nickel, and Carbon.* 

By J. O. Arno.ip, D.Met., F.R.8., Professor of Metal- 
lurgy in the University of Sheffield, and A. A. Reap, 
M. Met., F.1.C., of Cardiff, Professor of Metallurgy 
in the University of Wales. 

(Concluded from page 436.) 
NIckEL PorTION oF THE RESEARCH. 
INTRODUCTION, 

Valuable information about the properties of the allo 
of iron and nickel has been publi , amongst others, by 
Riley,+ Hadfield,t Dumas,§ but so far no systematic 
research has been carried out to dete-mine the condition 
in which nickel may be present in steel by separating and 
analysing the carbides. 

Osmond,| from the microscopical examination of the 
series of nickel alloys geepenedl | by Hadfield, referred to 








* Paper read before the Institution of Mechanical 
Engineers, Friday, March 20. 

+ — of the Iron and Steel Institute, 1889, No. 1, 
page 45 et seq. 

ft Proceedings of the Institution of Civil Engineers, 
1399, vol. cxxxviii., page 1 et seq. A reference to this 
classical paper will be made later on. 

§ Jou of the Iron and Steel Institute, 1905, No. 2, 
page 255 «¢ seq. 

|| Comptes Renlus, 1898, vol. cxxvi., page 1352. 





above, arranges the alloys into three groups, according 
to their percentage of nickel. : 

1. From 0.0 to 8 per cent. of nickel the structure is 
similar to that of carbon steels, but the crystals are 


2. From 12 to 15 per cent. of nickel the structure con- 
sists of rectilinear fibrous sheaves, parallel in three direc- 


tions, and ry characteristics of quenched steels. 
3. With - » r cent. Ss = structure is 
— white allotrimo: c crys 
oissan,* by reducing cali of nickel with carbon in 
the electric furnace, obtained nickel containing varying 
percentages of carbon. Guillet+ has examined micro- 
scopically two series of nickel steels as forged, and has 
also determined their mechanical properties. The con- 
stitution and the mechanical properties of the two series 
of nickel steels are described by him as follow :— 


Constitution. 





a new series of 1j-in. round bars, cool as quickly as 
possible in air, and turn the carbide bars from the alloys 
ascast. This method was toa t extent successful, 
since in a steel containing about 0.7 per cent. carbon and 
30 per cent. nickel the maximum percentage—namely, 0.13 
per cent. of graphite—was precipitated (see Table X.). 
Determination of the Carbides .—For all these determi- 
nations dilute hydrochloric acid, specific gravity 1.02, 
was used with « low-current density of 0.18 ampere per 
84. in. The colour of the carbides ranged from bright 
ilver-grey in the lowest to black in the steel with the 
highest percen of nickel. The residue obtained from 
the approximately pure nickel bar was also black. The 
carbon was estimated by direct combustion ; the carbides 
burning quite readily. The oxides of iron and nickel 
remaining in the boat after combustion were dissolved 
in hydrochloric acid and made up to a known volume. 
iron and nickel were then estimated in separate 
portions by the usual volumetric processes. 


ANALYSES OF SPECIMENS OF STEELS. 












































Carbon, Carbon, 
Group. | Microstructure. | 4 19 per Cent. 0.8 per Cent. TasLe IX.—Hammered Bars. 
1 Pearlite | Nickel<10 Nickel <5 é/%e/ 8 | on ie | 
2 Martinsite | 10<Nickel<27 | 5<Nickel<15 2/18 s\3 al 2 FA a om ble 
3 Gamma iron Nickel .. 27 Nickel515 | 3 165 @ = \83\438| & g§ 
#|8°'s 2 | & ie a®| 2 | 35 
Mechanical Properties.—Pearlite steels possess a tensile Mg Ey roe ere eer 
strength and elastic limit which rise with the percentage | 1358 | ctor do 7 z o7| Br 1} | 
of nickel. The elongation, reduction of and resist-| 1357 0.98 |0.00 1.04 0.06 | oy 0.10 | ry ry 
ance to shock are in no way diminished by the presence | 1360 0.91 | 0.05 3.07 0.05 | unger 915 | under | under 
of nickel ; the hardness is slightly inc . 1980 | 0.605 | 0.685 | 7.15 | O68 | 0.18 | 
Martensitic steels possess very high tensile strength, | __ = : . 
very high elastic limits, andlow elongations. They are Sone X~ Cet Be 
brittle and exceedingly hard. The maximum tensile xan heicsilh Mists enact sie 
strength met with in martensitic steels is obtained with 
® somewhat low percentage of carbon (0.2 to 0.3 per 3 | g g s 
cent.). Steelscontaining gamma iron are characterised 6 Ss 5 & ~ | a 
by medium tensile strength, usually low elastic limits,] 2 “3 ZS 641:8+64,86;1:2)14 
extraordinarily high elongations, and reductions of area, 3 8 5 = « s = & = | = 
a remarkable degree of resistance to shock, and medium| ssigigigi#ida:gi4 
hardness. I is to be noted that in —— alloys the Pe SS 
i | x5 .C. -C. ce. -C. -C. x5 .C. 
= 0 Get a Se Ge Ge « 1387 | 6.595 | boo | B25 doo | bs bio | 0.04 tot 
Waterhouse,z from his investigations of » sorice of| if 288 QE 7a8 018, or G1 on or 
steels, with the nickel constant at 5.8 per cent. and the| jgeg | 0.565 0.13 | 30.43, 017 | 0.34 | 
carbon ranging from 0.4 to 1.8 per cent., comes to the : 
following conclusions, amongst others :— 1405 


The constituents of steel with low percentages of nickel 
in the unquenched state are ferrite, rlite, cementite, 
and graphitic carbon. The pearlite of these steels shows 
a great readiness to segregate into its constituents, ferrite 
and cementite, and in this condition the cementite has 
the formula (Fe Ni), C. i 

Giessen§ has examined microscopically three series of 
nickel steels, and arranges the naturally hard samples, 
according to their structural constituents, in three groups: 














Nickel per Cent. 
Constituents. Series 1. Series2. | Series 3. 
Carbon Carbon Carbon 
0.15 per Cent.| 0.3 per Cent. | 0.95 per Cent. 
iron with Pearlite| 0 to 13 0tol0 | 0to6.5 
ure Martensite .. 13 to 33 10to3l | 6.5to 23 
Pure y iron .. és over 33 | over 31 | over 23 


Ruff and Martin|| found that the solubility of carbon 
in molten nickel increases with the temperature, reach- 
ing a maximum value of 6.42 per cent. at 2100 deg. Cent. 
(3812 deg. Fahr.). corresponding with the composition of 
nickel carbide (Ni;C). his carbide is much less stable 
than iron carbide, and not more than 1 per cent. of 
carbon is retained in the combined state, even on rapid 
quenching. The carbide appears as a distinct micro- 
graphic constituent in etched specimens. 


Metuop oF MANUFACTURE OF THE AUTHORS’ SERIES 
or NIckEL STEKExs. 


In 1893 the authors endeavoured to isolate nickel car- 
bide electrolytically from an annealed steel containin 
about 0.5 per cent. carbon and about 10 per cent. of nickel. 
They found that under the influence of the drastic 
annealing employed the nickel carbide dissociated and 
threw out the whole of the carbon in the elementary condi- 
tion apparently as well-crystallised graphite. In the 
present investigation, therefore, the authors determined 
to turn the bars for electrolysis from the steels as received 
from the fo’ so as to prevent, if possible, the decom- 
position of nickel carbide. 

A reference to Table IX. (annexed) will disclose the 
failure of the authors’ endeavours in this respect, in spite 
of the kind efforts of Messrs. George Senior and Sons, 
Limited, to realise them by varying the thermal condi- 
tions of f . The ingots were made by the ordinary 
Sheffield crucible process, and cast into 2j-in. square iron 
moulds. They in ge 40 Ib. each, and were hamme: 
down to 1-in. round bars. It will be seen that, in spite 
of every precaution, a small separation of graphite began 
(owing to the low manganese) when only 3 per cent. of 
nickel was present. With about 7 per cent. of nickel 
and 1 per cent. of car the precipitation of graphite 


became very amounting to about 42 per cent. of 
the total carbon. The saainin thondine decided to cast 
* Comptes Rendus, 1893, vol. cxvi., page 349. 
+ Journal of the Iron and Steel Institute, 1906, No. 2, 


page 4. 

Tt Ibid., 1905, No. 2, 399. 

a » Carnegie Scholarship Memoirs, 1909, vol. i., 
page 


\i Metallurgie, 1912, vol. ix, page 143 et seg. 








Combined carbon, 0.35; graphite, 0.03; silicon, 0.16; 
Nickel | sulpbur, 0.04; phosphorus, 0.01; manganese, 0.64; 
bar. | iron, 0.33 ; aluminium, 0.01 per cent. 


Consideration of the Carbide Results.—The results 
obtained on the hammered bars are recorded in Table XI. 
Those yielded by the bars as cast are embodied in 
Table XII. 

An inspection of the figures set forth in both tables 
will show that with steels fairly high in carbon, and con- 
taining up to 8 per cent. of nickel, the carbide Ni,C exists 
only in negligible proportions. The cast bar calculated 
to contain 0.55 per cent. of carbon and 13 per cent. of 
nickel was so hard as to defy both hack-saw and turning- 
tool. With carbon about 0.8 per cent. associated wi 
from 20 to 30 per cent. of nickel the Ni;C has obviousl. 
assumed the supremacy, although the results obtai 
from casts 1404 and 1388 mt a lack of natural 
sequence for which the authors can only suggest as & 
tentative explanation the difference in the car con- 
tents of the two alloys. The results as they stand, how- 
ever, wy «4 suggest that secondary internal electro- 
lysis has taken me, in which Ni;C is electro-positive 
to Fe,C, and that even in the absence of Fe,C, carbide 
of nickel is electrolytically unstable, because with 0.35 
per cent. of carbon associated with nearly pure nickel 
the carbide residue obtained, though free from Fe,C, has 
nevertheless appreciably decomposed. The electrolytic 
results present no evidence of the existence of a double 
carbide of iron and nickel, and, as will be seen later, the 
micrographic results confirmed the chemical data. 

Important Deduction.—The obvious conclusion from 
the foregoing summary is that in ordinary (necessarily 
somewhat manganiferous) structural steels containin 
nickel, say, up to 7 per cent., the nickel is not associa 
with the carbon, but is alloyed with the iron and manga- 
nese. This fact seems to explain the somewhat distin- 
guished position held in steel metallurgy by “‘ nickel- 
chrome ” steels. The chromium, as the authors have 
already shown, is essentially an element exerting its in- 
fluence as a carbide or hardening constituent, whilst the 
nickel also mt is an element modifying solely the 
properties of the ferrite ae panes in it an augmented 
elasticity without serio diminishing its ductility. 
(Thus this research distinctly confirms certain conclusions 
of Harbord,* but in some respects he will be the first to 
admit that his surmises can hardly claim to stand.) The 
question arises, in what definite proportions do iron 
and nickel alloy to produce a specific compound or solid 


red | solution ? 


Nickelide of Iron.—The authors are of opinion that 
there is a definite alloy of iron and nickel corresponding 
to the formula Fe,Ni, and that this substance is perha 
the most remarkable known to ferrous metallurgy. The 
authors’ reasons for this conclusion are as follow :— 

About 1898 Sir Robert Hadfield, prior to the publica- 
tion of his remarkable paper on ‘ Nickel Steels,” read 
before the Institution of Civil Engineers in 1899 (see foot- 
note in column 1), informed one of the authors that in a 
series of mild nickel steels, containing about 0.2 per cent. 
of carbon, 0.2 per cent. of silicon, and 1 per cent. of 
manganese, there was, between 11 and 15 per cent. of 
nickel, a remarkable mechanical critical point. 





* “ Metallurgy of Steel,” 1st edition, page 627. 
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fairly high silicon and high in Hadfield’s 
alloys were necessarily present to the steels from 
the dissolved oxygen (unavoidably added with the nickel 
used), and so enable-them to fo soundly. Hadfield, 
wishing to know the influence of nickel on nearly pure 
iron, urged one of the authors, with the special facilities 
available in the experimental steel works of what is now 
the University of Sheffield, to try to make, forge and 
test a set of alloys as nearly as ible free from 
carbon, silicon and m ese. his rather difficult 
commission was eventually carried out in the follow- 
ing manner. Oxides of nickel and iron mixed in such 
+e pe as to yield a ferro-nickel containing about 

per cent. of nickel were smelted in the open-hearth 
furnace with charcoal, in, as nearly as may be, a 
non-oxidising flame. No additions of carbon, silicon, or 
manganese were made to the reduced alloy, and the bulk 
of it was cast from the ladle into an 8-in. square ingot. 
It was, of course, certain that the alloy, being virtually 
free from carbon, silicon, and manganese, would be very 
wild, and rise violently. Therefore, when the mould was 
nearly full, the not yet solid ingot was covered with sand, 
and —— down with a plate and wedges in the usual 
way. But the evolution of gas was so violent that the 
still fluid alloy in the centre of the ingot rose so strongly 
as to gradually lift the mould up bodily a foot orso above 
the bottom of the white-hot ingot. It was thought that on 
reheating the cold ingot for ing it would be so 





b h ee 
ced-short as to break up into pieces suitable for remelting 


2s9s-n 


Fic. 14.—Carbon, 0.53; nickel, 7.89 per cent. 


higher carbon and silicon and much higher manganese in 
Hadfield’s alloys had been to mask to a great extent the 
surprising ductility—namely, 11 per cent. elongation, 
46 per cent. reduction of area, and a bending angle of 
167 deg. associated at 13 per cent. of nickel with a yield- 
point of 59 tons and a maximum stress of 88 tons per 
sq. in. The stiffness of the alloy when, as a 4-in. diameter 


Fig.13. TENACITY OF PURE IRON & NICKEL. 
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bright red heat over a iod of 100 hours; (c) a very 
rapid cooling from a bright ned heat by quickly quenchi 
in cold water. In Table XIII. (page 470), the letter 
signified ‘‘normalised,” the letter A ‘very slowly 
annealed,” and the letter H ‘‘ hardened ” or very quick] 
cooled. It will be noted that this very remarkable a 
+ ee definite alloy of iron and nickel is relatively 
little amenable to the processes of annealing and harden- 
ing. The ductility, as evidenced by the elongation and 

uction of area, is virtually unchanged, but there is a 
considerable raising of the tenacity, as measured by the 

ield-point and maximum stress on quenching from a red 
eat, anda more marked lowering of the tenacity as the 
result of drastic annealing. 

The Microstructure of Nearly Pure Iron and Nickel 
Alloys.—Alloy 549, containing 7.24 per cent. of nickel 
and 0 12 per cent. of carbon, showed a pale ground ma-s 
(exhibiting faintly the junction lines of allotrimorphic 
crystals) overlaid with a considerable number of streaks 
of very dark etthing pearlite, with possibly a trace of 
graphite and some sulphide areas. 

Alloy 548, containing 12.78 per cent nickel and 0.1 per 
cent. carbon, exhibited « fine even structure, but no 
signs of allotrimorphic crystals. This structure was 
indefinite, but rather suggested that observed in the first 
stage, when under the influence of overheating the 
pom ng ay amorphous iron hardenite begins to 
crystallise, but no triangles could be detected. 

Alloy 512, containing 33.45 per cent. nickel and 0.1 per 























bar, it was bent over by 
repeated blows froma 
sledge-hammer, was more 


than remarkable. 








Fre, 15. 


in the crucible. It was placed, therefore, in a coal-fired 
reheater ; but before getting nearly to a forging heat, the 
= exploded like a bomb-shell, blowing part of the 
reheating furnace into the River Don. The resulting 
fragments showed that the interior of the a= was 
exactly like a honeycomb, exhibiting empty (pre- 
viously filled with gases under pressure) surrounded by 
cell-walls of the ferro-nickel alloy. The fragments of this 
curious explosive shell were collected and remelted in 
white crucibles with the addition, 15 minutes before 
teeming, of 1 per cent. of metallic manganese, and 
0.1 per cent. of metallic aluminium to deéoxidise the 
alloy. The resulting small ingots were cut up into pieces 
convenient for crucible melting. By means of suitable 
mixtures of this specially prepared and slightly mangani- 
ferous alloy with nearly pure Swedish bar iron, a set of 
alloys of nearly pure iron and nickel were made, all the 
ingots hammered and rolled quite soundly, being 
evidently practically free from dissolved oxygen. The 
pram an | mechanical, and physical properties of these 
alloys are embodied in Table XIII., page 470.* 
Consideration of the Results set Forth in Table XIII.— 
An inspection of Table XIII. will show that the alloys, 
ae Bred Lr —— ae into 2-in. by fein. 
tes, similar mechanical properties. It 
also be noted that Hadfield’s prediction, that alloys of 
nearly pure iron and nickel would present a critical 
mechanical point somewhere between 11 and 15 per cent. 


of nickel, was quite true. But the combined effect of the 





* These fundamentally important data were published 
by one of the authors tically as a supplementary 

aper to that of Sir Robert field, read before the 

nstitution of Civil Engineers in 1899 and already cited. 
The facts thus elicited with difficulty appear, however, 
to have completely escaped the notice of engineers and 
etallurgists, 


Carbon, 0.88 ; nickel, 20.43 per cent. 


It will be seen from 
Table XIII. (page 470) 
that nearly pure iron con- 
taini 7 per cent. of 
nickel has nearly the same mechanical properties as iron 

ield-point of about 30, and a maximum stress of about 
385 tons . in., associated with an elongation on 2 in. 
of about 40 and a reduction of area of about 57 per cent. 

Hence the curve of tenacity of nearly pure iron and 
nickel with observed points at about 7, 13, and 33 per 
cent. of nickel probably prerents the curious contour 
shown in Fig. 13. The maximum stress shown in this 
curve occurs at 13 per cent. nickel, which es with the 
formula Fe;Ni. erefore it seems more t probable 
that a definite alloy of iron and nickel of this composition 
exists, which possesses the extraordinary mechanical 
properties already demonstrated. On the basis of pro- 
portionality (which is by no means always a reliable 
guide in metallurgy) it is difficult to explain the proper- 
ties of the 33 per cent. nickel alloy, though this line of 
argument is easily applicable to the 7 cent. alloy. 
In the latter case there is a solid solution of abcut 
per cent. of Fe;Ni in mutual interpenetration with the 
same amount of iron. Hence there is little difficulty in 
conceiving that the dilution of 50 cent. of Fe,Ni 
with 50 per cent. of soft ferrite might lower the maximum 
stress from about 88 to 38 tons persq. in. In the case 
of the 33 cent. alloy there would seem to be a 
mutual solid solution of about 76 per cent. Fe;Ni and 
24 per cent. of soft nickel, and that the latter element 
in this much smaller proportion has also lowered the 
maximum stress from 88 to 38 tons per sq. in. This 
action of the 24 per cent. of free nickel is quite possible, 
but a little difficult to conceive. 

The Behaviour of Alloy No. 548 Under Heat Treatment. 
—The alloy containing approximately 13 per cent. nickel 
and corresponding to the formula Fe;Ni was, as delivered 
from the rolling-mill, subjected to three kinds of heat 
treatment : (a) a normal or spontaneous cooling in air 
from a bright red heat; (b) a very slow cooling from a 





containing about 33.5 per cent. of nickel—namely, a| The 





Fie. 17.—Oarbon, 0.35 ; nickel, 98.48 per cent. 
Magnification = 150 diameters, Figs. 14 to 17, 


cent. carbon, Mag ted a pale ground mass of allotri- 
morphic crys with faint boundary lines. The field 
was dotted over with smal] dark spots, probably sulphide 
areas. 


The Influence of Rolling on Carburised High Nickel 
Alloys.—Alloy 511, containing 33.66 per cent. nicks] and 
1.3 per cent. carbon, when hammered and rolled down 
from an ingot 2} in. square into a strip 2 in. wide by ,'y in. 
thick, precipitated 96 per cent. of its carbon as graphite. 

fracture was, of course, black.* It is quite evident 
that the combination between carbon and nickel in the 
compound Ni,C is of a very feeble description, and that 
this carbide readily dissociates into its elements under 
the influence of (a) annealing (slow cooling), (b) rolling or 
hammering, and (c) under electrolysis. 

Mechanical Tests of the Carbwrised Nickel Alloys.— 
Owing to the separation of graphite in the forged set it 
would have been of little service to register the mecha- 
nical properties of these, whilst those from the cast would 
have of no real value. The mechanical properties 
of the cast series in the lathe are, however, embodied in 
Table XIV., page 470. 

Micrographic Analysis of the Cast Nickel Alloys.—The 
carefully - poliehed sections were all etched with an 
alcoholic solution of picric acid. 

Photomicrograph, Fig. 14 (above) —The structure of 
alloy 1386, containing 7.89 per cent. nickel and 0.53 
per cent. combined carbon + 0.02 per cent. phite, 
mainly consists of iron pearlite, exhibiting the usual 
mixed troostitic, sorbitic, normal, and laminated varieties. 
There are also present very considerable areas of pale- 
etching — ferrite; some of these ease grene “4 
large, ani t a martensitic structure li out 
streaks of dark-etohin pearlite. uf 

Photomicrograph, Pip. 15.—This section, from cast 
1404, containing 0.88 per cent. carbon and 20.43 per cent. 
nickel, presented mainly a poloceds homogeneous 
mass, broken here and there by the black boundaries of 
allotrimorphic crystals. Some sulphide areas were present 
resembling MnS, but quite possibly NiS. In this section 








* The unwelcome phenomenon of ‘“‘black steel” is 
well known to rollers of small sections of supersaturated 
steel, such as saw-filee and razor-strings. 
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TaBLE X V.—Comparative Mechanical Tests and Chemical 
TABLE XI.—Hammenep Bass. Compositions of some Rolled and Normalised Alloys of 
near DEX - ; : = eon Nearly Pure Iron with Nickel and Manganese. 
ss 1S . ANALYSIS OF oa ent ow Mae” — "aia ene a ; 
= | Z E ‘ sé g 53 3 CaRbIvE. | Tunony. | a P | ‘ | : 
i | a repeat TON Satara A SS ED ge 'gii 
< Ss ] ; é 8 a 6 
Zh 38 2 £ q. ot | ? 3 “ we the Formula é 3 A & zg z Ru s | 2 (3g 
2 le )aa | Eee He glad g2 2/8 2 BB) Pegli ie 
. | 2 | = i 2 = | & 
¢ 8 | 2 \e| 8 |e he os. SE | \S8\|E\a218| & 27 | a 8 é | & | 3 
| ee | cee | cece | eon | —_——- —_—_——————— —_——| oe | | } ————— 
} -C. .C, ’ c | pa! pc tons per tons per| p.c. on | per 
| pe | pe c. | hr. i ¢ pc. pc P- j pc.| p.c.| po] pc 
. . | 6.0809 | 0.6673 | 22.06 90.91 | 6.76 92.22 1.02 . | | sq. in. | eq. in. Zin. | aq. in. 
1368 | bor hte | bee tf | 6.0355 | 0.6688 | 19.78 92.19 | 691 92.18 0.91 } 104 Peso + Niz0 | 6:66 | 92.40) 0.94 | 549 | 325° | a2 | 27.5 | 622 | 0.12 7.%| O12! 0.10 
1357 | 0.98 | 0.00 | 1.04 | 6 | 5.2346 | 0.6779 | 13.88 89.00 | 6.86 92.01 / 1.13 | geme.c + NiO 6.66 92.28 111 [99 458 | 458 | 00 | 0.0 0.09 | none| 7.28) 0.25 
1857 | 0.98 | 0.00 | 1046 | 5.2682 | 0.7023 14.12 92.47 6.94 91.94 1.12 . " | 58.7 88.1 11.0 45.8 | 0.10 | 12.78 | 0.19 0.10 
1860 | 0.91 | 0.05 | 807| 6 | 5.3963 | 0.6519} 8.20 90.28 | 6.88 91.00 212 \ ys m.o 4 NiO | 666 91.20 214 [98 | 26 | 321 | 25 | 38 | O11 | none | 18.88) 0.25 
1360 | 0.91 | 0.05 | 3.07 | 6 | 6.8187 | 0. | 8.23 91.99 6.93 | 90.97) 2.10 ‘ ; | 512 | 28.9 38.9 | 33.0 46.1 | 0.10 33.45 | 0.35 | 0.10 
1350 | 0.685) 0.425 7.16 | 6 | 4.9513 | 0.4612 | 3.89 94.19 | 6.47 | 90.27 3.26 \ 29 FeyO + NigC | 6.66 | 90.07, 3.27 | 986" 197 | 416 | 580 | 65.1 | 0.14 none | 80.60 | 0.25 
1859 | 0.586) 0.425) 7.15 | 6 | 4.6960 | 0.4546 3.88 | 98.61 89.75 | 8.33 . 4 | 
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TABLE XII.—Casr Bars. 
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525 |0.00| 8.25 | 7 |5.69060.4203 7.00 93.13 | 6.69 | 90.20 11) + } 1887 
1887] 0.696 (0.00, &25| 7 15-68100.4064 6.58 | 9056 | 6.49 20.59 202 || SL Fes +NiyO =| 6.66 / 90.97 3.07 { 1887 
58 0.02; 789) 7 |5.79160.4257' 6. , .57 | 7.19 | . "i 1 
toe 0.58 \.02| 7.89| 7 |6:79080.8085, 6.50 | 9225 | 7.58|85.60| 673 $  -WWFeyC+Nis0 — | 6.66| 86.84 7.00 { |ise6 
408 0.55 2 ? 18.0 ? * | . = * | 7 * * | | 7 * * * 1463 
he me | | 3.04 | 82.29 465.04 oleae! gy FA ~es "6 | 
.88 -|0.08| 20.84 9 7.18100.1460 | 04 | 16. resulting from the 1 
1408 0.88 0.08| 20.34 9 |7.17700.1529 3.06 86.84 | 45.60 | 17.32 | 37.08|] decomposition of {| #40) 17-59) 37.01 {\ifes 
oe 00 Bs ve \ecualonel srl f* Seed oes | | 
} | 2 Fes C + NigC + 34 C,)| 
.565 (0.18) 30.48 | 7 5.24000.0983, 0.68 95.78 | 44.41 | 38.62 | 16.97 resulting from  the|| - |1388 
sae 0.868 0.18| 80.43 | 7 (6.28660.0888 0.66 | 80.83 | 44.58 | $7.75 | 17.67) decomposition of | 44.68 | 87.74 '17.68 { 1388 
2 Balt SMO | | 
} | +5 result 
1405| 0.85 0.03/98.43| 9 6.85900.1153 1.16 | 79.06 19.39) — | 80.61 3 : ‘\\ 19.18! — (so.se {1405 
1406] 0.35 0.08] 98.43| 9 7.17000,1254 1.28 | 83.16 18.69) — a.81/ Sion of Bite decompoet | 645; — 98.55 (1405 
: | 
ears The figures given have reference to the composition aimed at. The ingot obtained was self-hard, and could not 
be drilled for analysis. 
TABLE XIII. 
\ 1 . 
OnemicaL ANALYSIS. MECHANICAL TEsT8. 2 
y ee | 8 ‘ og on ardness on 
od eee Re | ‘ : g si4 Point. Ey #5 32 Cold Bends of Steel. Mo's Seale. 
at ‘ ? °39| ¥ | &< S< ad dogg S 
= = a | — jus. 
z 58 § |sia|2 6% 2 a® | a® 3 £ 
Ay. |p.c. p.c p.c. | pc.) pc.) pe. p.c.| pc tns. p. tna, p.| pe. 
wae | __ sq. in. 9q. in.| 
646 AR| 2in. by | 6.42 0.11 — 0.07/0.08/0.03/0,02'0.02) 80.46 39.76| 30.0 43.6 - As received — 
ys in. strip | | from rolling 
| m 
545 AR) ” 12.88 0.14 — _ (0.10/0.04'0.08/0.02 0.02| 6039 80.56 13.5 80.8 — Ditto | — _ 
512 AR ” 83.46 0.10 — (0.85,0.00/0.08 0.08 /0.02 | 28.86 38.92 33.0 46.1 180 deg. Ditto 8.065 4.5 (between 
| | unbroken juorspar 
| 0.05 1.25 | = and apatite) 
SILAR, =, = 88.06 4 a’ re} 0.21 0.08|0.04 0.02 0.02) 25.88 28.93, 30 7.8 _ Ditto 7.795 ae 
549 AR Gin.round 7.24 0.12 — (0.12/0.06/0.03/0.02(0.02| 92.5 382 | 27.5 69.2 180deg. | Ditto 7.865 4 (fluorspar) 
| | | unbroken 
548 N | ,, (12.78 0.10 — 0,19/0,05/0,05/0,02/0,02| 58.75 $8.10 11.0 45.8 167 deg. Normalised 7.855 *5 (apatite) 
a roken, 
| eset “ties” 
Be y 
BSA e (12.78 0.10 — (0,19 0.05 0.05 0.02 /0.02) 54.60 79.60 10.5 38.5 _ Drastically — _ 
| annealed 
548 H » —_‘*f1.78) 0.10, — (0.10)0.06 0.08 0.02 0.02 62.20 91.3 10.0 44.5, — Quenched — _ 
* This is also the mags hardness of normal iron pearlite ; the hardenite resulting from the thermal transf rmation of iron a 
pearlite has a scale of hardness of 7 (quartz). 
the Ni,C is obviously in solution, and with it apparently Taste XIV. 
the small —- Png pe ‘ _ (east 1908) 

Photomicrogra ig. 16.—This alloy (cas , con- — 
taining 0.57 per cent. combined carbon + 0.13 cent. | Ingot No. | oc Ni a 
of graphite and 30.43 per cent. nickel, presented a pale-| — . cellhlpaingnit shana nncphdat 
etching homogeneous field, sparingly dotted and streaked p.c. p-c. 
with emall dark areas, presumably graphite and NiS re- 1336 | 0.53 7.89 Hard 
spectively. In this section it is clear that Ni,;C and the 1408 0.55 ? 18.00 ? Would not turn 
small quantity of Fe,C present are both in solid solution. — be = Varese 

Photomicrograph, Fig. 17.—This section (from alloy 1405 0.35 98.43 Soft 
1405), containing 0.35 per cent. carbon and 98.43 per cent. 


nickel, exhibits a h us pale-etching field, in | - 
which the Ni,C is in cold solution. The Geld is dotted 


—— minute dark areas, probably graphite and NiS 
6s, 

Summary of Micrographic Results: Nickel Hardenite. 
—It seems almost certain that in hig nickel and carbon 
steels there is the constituent hardenite, which is 
relatively soft. A reference to the turning hardness, 
Table XIV. eer sy| will show that only one of the 
alloys was sufficiently to —_ machining, and _ 
without doubt, consisted of a solid solution of NisC ( 
possibly a small amount of Fe,C) in solution in the nickel 

“ y 

e; 


all 
F he This alloy itself is very hard (or rather stub- 
born), but it can nevertheless be machined. When, 
however, its alloy hardness is augmented by a 
uantity of dissolved Ni,;O it becomes un b 
There is no reason to eu 3e that there is a nickel pearlite, 
but rather that the Ni,O is always in solid solution as 


nickel hardenite, which, on or rolling, precipi- 





described as corresponding to the formula | and 





* Composition given that aimed at in the crucible. It was 
impossible to drill this ingot for analysis. 
tates practically all its carbon as graphite, owing to 
the remarkable unstable character of he compound 
Ni;C. Thus nickel agrees with all the other elements, 
the carbides of which the authors have investigated, 
in being a law unto itself. There is no royal road via 
pseudo-scientific isations to the true scientific 
metallurgy of s Every inch of the ground must be 
patiently and poe explored. It is true that there 
is some resemblance between the properties of nickel 


ee es nickel is, of all metals so far 


.| suitability. As 


but it is equally true that as a “‘ black- | pu 


* This alloy has the colour of pale brass. 

and manganese are often strangely dissimilar, as is shown 
in Table XV., which embodies data (obtained on forged 
steels) abstracted from the Metallurgical Records of 
Sheffield University. 

It is lamentable that theoretical metallurgists often 
fail to realise the profound truth contained in the dictum 
of a famous oe scientist, that the greatest tragedy 
in the world takes place when an elaborate hypothesis is 
slain by a fact. eoretical metallurgists seem to 
lose sight of the fact that tbe final verdict on their 
theories must be pronounced by the engineer, who puts 
them to the stern and implacable tests of mechanical 
practice. 

The authors hope to complete their researches of the 
double carbides of steel by presenting to the Institution 
a paper on ‘‘ The Carbides of Molybdenum and Cobalt,” 
and respectfully tender their thanks to the Council for 
the ‘‘grant-in-aid ” which has enabled this research to be 


404 | put in hand. 


The authors have eeony oy thank Mr. F. K. Knowles, 
B.Met., Senior Lecturer in Metallurgy in the University 
of Sheffield, for his skill in making the 9 = and also in 
carrying out the mechanical tests. They have cordially 
to acknowledge the valuable assistance of Mr. F. C. 
Thompson, M.Met., B.Sc., Demonstrator of Metallo- 
graphy in the University of Sheffield, in connection with 
the micrographic work and in plotting the curves. 

Their thanks are specially due to Mr. F. Amory 
Ruddock, Associate in Metallurgy of the University of 
Sheffield, for his able help with the chemical branch of 

e . Finally, they wish to ——= their appre- 
ciation of the careful work of Mr. J. Harrison, engineer 
to the Metallurgical department of the University of 
Sheffield, in preparing the numerous test-pieces. 





LgEDs AND LiveRPOoL CaNnAL.—The traffic receipts of 
the Leeds and Liverpool Canal Company for the past 
half-year were 67,251/., showing a decline of 23,843/. as 
compared with the corresponding six months of 1912. 
The working expenses were brought down to 58,608/., a 
reduction of 7919/.; but the net revenue was smaller 
by 15,9237. No dividend is proposed upon the ordinary 
shares, but a dividend at the rate of 34 per cent. per 
annum is to be paid upon the preference stock, leaving 
a balance of 56537. to be carried forward. The upper 
reaches of the canal were closed for upwards of nine 
weeks during the summer by reason of drought, and 
the receipts were, of course, reduced in consequence. 
No has been paid upon the ordinary stock 
since , 





ALcoHOoL As A Motor-Furt.—The Alcohol Motor-Fuel 
Committee of the Imperial Motor Transport Council have 
issued a preliminary report, in which they state that, 
granted that the demand for petrol is overtaking the 
supply, and that the industrial community is likely to be 

with a shortage of fuel suitable for use in high- 
speed internal-combustion engines, the situation aj 
to be full of danger, and to demand immediate and com- 
plete investigation. Coal-tar products have been pro 
as substitutes for petrol, and there is no doubt as to their 
D regards these fuels, the outstandin; 
uestion relates to the extent of the present supply, an 
the ibilities of its extension. It does not appear 
justifiable to assume that proposed substitutes of this 
kind will become available in sufficient quantities to 
afford any complete and permanent solution of the 
problem. If this be so, we are compelled to turn to 
alcohol in the belief that it affords the only possible 
escape from the difficulties in the present position. In 
this connection, and in view of the importance of render- 
ing the British Empire inde: ent of fuel supplies from 
— countries, it should be noted that crops from 
which alcohol can be obtained might be cultivated witb 
great benefit to the agricultural community in many parts 
of the Empire. In the great majority of the Dominions 
and Colonies alcohol offers the only feasible relief from 
abnormally high prices and shortage of supplies. The 
report considers problem under its various aspects, 
and states the following: — The committee desire to 
emphasise the imperial character of tais investigation, 
to point out that this character will necessarily be 
such as to make it of the greatest im ce to all those 
who use, or will use, internal-combustion engines for 
poses connected with industry or agriculture, and 
more directly to the agricultural community in the British 
Isles in the Empire overseas, for the reason that the 
supply of alcohol must be di t upon the production 
of new crops and the better utilisation of farm lands not 
at present employed to full advantage. The report is 
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THE SOLIDIFICATION OF METALS. 
(Concluded from page 440.) 


First Report to the Beilby Prize Committee of the Institute 
of Metals on the Solidification of Metals from the Taquid 
State. 


By Crom H. Deson, D.Sc., Ph.D., Graham Young 
Lecturer in Metallurgical Chemistry in the University 
of Glasgow. 


5. Liqurp Crysra.s. 


THE existence of substances which unite the properties 
of a crystal and of a — although seemingly so im- 
probable, has been established beyond doubt by the 
researches of Lehmann.+ It is mainly organic sub- 
stances which exhibit this behaviour, liquid crystals 
being formed by the cholesteryl esters of organic acids, 


by many azoxy-compounds, and by the alkali salts of 


the higher organic acids, especially those with branched 
chains.t The crystalline structure is rendered evident 
chiefly by the optical properties, globules of the liquid 
acting on polarised light in such a way as to indicate a 
regular orientation of the molecules. Although the 
nature of these remarkable structures has been denied, 
and their properties attributed to the presence of two 
liquid phases in an emulsified state,§ there appears to be 
no doubt that a definite arrangement of the molecules 
may, under certain conditions, persist in the liquid state, 
and this view is not now as incompatible with 
the space-lattice theory of the constitution of crystals. || 

It is characteristic of liquid crystals that they behave 
as distinct phases, having a definite position in the equi- 
librium diagram between Getonninel Halts of tem - 
tare. There is thus a definite temperature at which the 
solid phase passes into the liquid-crystalline phase, and 
another higher temperature at which this again passes 
into the isotropic hquid phase. Some substances even 
pass through two liquid-crystalline phases before becom- 
ing isotropic, and in this case also a definite transition 
temperature is observed.{] In binary systems of sub- 
stances which yield liquid crystals, the curves which 
represent the variation of transition temperature with 
composition have precisely the same general form as the 
curves of freezing-point or of the transformation of solid 

hases. ** 

As the crystalline structure in such cases is only em 
nisable by optical means, the formation of liquid crys 
in metals has not been observed. Nevertheless, the 
suggestion has been made on more than one occasion that 
some of the phenomena which occur at or near to the 
melting-point of metals may be connected with the 
formation of a liquid-crystalline phase. Thus, in some 
comments on Lehmann’s work, H. Le Chateliert+ drew 
attention to the analogy between the growth of crystal 
grains in a metal on annealing and the coalescence of the 
crystals of ammonium oleate, referred to below. A 
bolder suggestion was made by Carpenter and Edwards. t+} 
In the course of experiments with alloys containing 
90 per cent. of copper and 10 per cent. of aluminium, 
these authors observed that remelting the alloy was almost 
without effect on the composition or the mechanical 
properties, but that the size of the a crystals was modi- 
fied to a considerable extent, becoming greater in the 
second and again in the third cast. From these facts the 
conclusion is drawn that: ‘‘... the growth of the 
crystals with successive remeltings may constitute evi- 
dence that when crystalline metals and alloys from 
the solid into the liquid state they do not forthwith lose 
their crystalline character; that although the chief 
attribute of the crystal—namely form—is lost, yet the 
essence remains in the shape of a systematic orientation 
of its material; that the crystal units persist in what is 
probably a very mobile condition, at any rate for a certain 
range of temperature above the melting-point.” 

This hypothesis has not remained without criticism. 
On the large scale, the remelting of alloys of copper 
with aluminium is usually necessary for the purpose of 
eliminating the tough pellicle of aluminium oxide which 
is formed by oxidation during melting and, by remaining 
suspended in the liquid metal, prevents complete adhesion 
between the crystals, and so reduces the strength and 
ductility of the alloy. That this factor did not produce 
any serious effect in the authors’ experiments, which were 
conducted with small castings, is shown by the similarity 
of the mechanical properties of the three castings, shown 
in the table in the next column. 

There is thus no perceptible improvement in successive 
casts. Nevertheless, it is quite possible that minute 
films of aluminium oxide, insufficient to produce any 
appreciable weakening effect, might suffice to check the 








* Submitted to the Institute of Metals, March 18, 1914. 

O. Lehmann, Zeitschrift fiir Phystkalische Chemie, 
1889, vol. iv., page 462. See the books by this author 
referred to in footnote to page 5. 

+ D. Vorlinder, Berichte der Deutschen Chemischen 
Gesellschaft, 1910, vol. xliii., page 3120. 

§ G. Tammenn, Annalen der Physik, 1905 [iv.], vol. xix., 
pase 421; G. Friedel and F. Grandjean, Comptes Rendus, 
1910, vol. cli., 327. 

|| A. E. H. Tutton, ‘‘ Crystallography,” London, 1911, 
page 931. 

‘| O. Lohmann, Zeitschrift fiir Physikalische Chemie, 
1906, vol. lvi., page 750; F. M. J. , Proceedings of 
the hed of Sciences, inane, 1907, vol. ix., 
pre 4; 2. 

** A. C. de Kock, Zeitschrift fiir Physikalische Chemie, 
194, vol. xlviii., page 129. 

++ Editorial, in Revue de Méallurgie, 1906, vol. iii., 
page 105. 

tt H. C. H. Carpenter and C. A. Edwards, Eighth 
Report t> Alloys Research Committee, Proceedings of 
the Institution of Mechanical Engineers, 1907, page 164. 





growth of the crys and such films would be eliminated 
on remelting. F experiments are to 
decide whether such films are actually present, whilst it 


is also desirable to determine, in the case of some readily 
fusible, transparent substance, the relation between the 
size of the crystals in the solid state and that of the liquid 
crystals into which they pass on fusion. 





! 

Sand | Yield-Point, | Ultimate | Per Cent. 
Casting r~ my Tons per | —. | Elongation 
No. Ppe | Square Inch. | Square Inch. | on 2in. 

1 90.15 | 117 31.00 | 6&5 
2 90.10 10.8 31.92 29.2 
3 90.18 13.0 30.77 22.5 


The crystals of ammonium oleate, to which allusion has 
been made above, differ from the liquid crystals of such 
substances as p-azoxy-anisole in this respect, that whilst 
the latter when unconstrained become — the 
former have a definite geometrical figure, that of a long, 
narrow double pyramid. When two such crystals come 
into contact, they coalesce to form a single crystal, having 
the same shape but twice the size. When a crystal of 
ammonium oleate is deformed by pressure, it returns to 
its original shape on removal of the pressure.* The 
bearing of these facts on the crystallisation of metals is 
further discussed in the following section. 


6. THe InrLvENCE OF SurFAcE TENSION. 


The influence of surface tension in determining or 
modifying the forms assumed by metals and other sub- 
stances during solidification has been taken into con- 
sideration by many who do not accept in its entirety the 
foam-cell hypothesis. That dendritic forms, closely 
resembling the crystallites of metals or of ice, may be 

roduced by surface tension in colloidal materials has 
oven abundantly shown by the investigations of Lehmann 


and Quincke, and many workers with the microscope 
must have o ed structures of this kind. An in- 
teresting recent study of the subjectt utilises films of 


viscous liquid between glass plates. On separating the 

lates at one corner, air enters, and the liquid retreats. 

he boundary between liquid and air in such cases is not 
simple, but assumes dendritic forms, the air dendrites, 
with rounded outlines, resembling those of many metals. 
With — liquids, such as Venice turpentine, 
bubbles a ——— in the mass of the liquid during 
separation, and these bubbles spread and branch, pro- 
ducing an appearance like that of eutectic colonies. The 
structures have only a temporary existence, and are 
recorded by means of instantaneous photography. The 
author draws attention to the close similarity between 
certain of the structures obtained in this way and the 
eutectic arrangement in white iron, the dendrites of 
austenite representing those of air, and the intervening 
cementite the films of liquid. oe 

Whilst such analogies must not be pressed too far, it is 
impossible to resist the conclusion that surface tension 
ve @ part, and in all probability an important part, in 

letermining the external form of metallic crystallites. 
Fig. 9, e 439 ante, which represents crystallites of the 
solid solution rich in aluminium in an alloy containing 
24 per cent. of copper and 76 per cent. of aluminium, is 
typical of a very large number of alloys. The axes ter- 
minate, not in octahedral or similar sharp angles and plane 
faces, but in rounded expansions, suggestive rather of the 
shrinkage patterns of Arpi’s experiments than of crystals. 
Such an effect is very frequently, but not invariably 
observed. Antimony separates from alloys containing 
15 to 20 sy cent. of copper in branched crystallites, 
termina quite sharply, and some compounds are 
characterised by their sharp angles and a comparative 
absence of branching. The compounds SbSn, Fe;P. and 
Cu Al, are of this kind. The nature of the mother-liquor 
from which crystallisation takes place, may have an 
influence on the form assumed by the primary constituent. 
Thus FeSb, crystallises in rhombs if present in only 
small excess over the eutectic oe pm but in larger 
excess forms characteristic branched crystallites. 

How far surface tension is capable of modifying the 
shape of crystals is still a matter of some uncertainty. 
Quincke} attempted to determine the “capillary constant” 
of solid metals, but as the method adopted by him 
depended on the measurement of the strength of hard- 
drawn wires, the results cannot now be accepted, such 
wires now being known to be in part amorphous.§ 
An important step was taken by Curie|) A drop of 
liquid, so placed as to be 
external forces, assumes, under the influence of surface 
tension, the shape in which the surface is a minimum 
—that is, it becomes spherical. In similar manner, 
a solid crystal tends to assume that shape in which 
the sum of the surface energies isa minimum. As the 
different faces have different capillary constants, crystals 
do not become spheres, but strive to attain a condi- 
tion in which the total surface has the minimum area 
compatible with the crystalline structure. It follows 
from this fact that, when crystals of various sizes are 
placed in contact with a saturated solution of the same 
substance, the smaller crystals tend to disappear, the 
matter of which they are composed passing into solution 


* G. Quincke, Annalen der Physik, 1894 [iii.], vol. liii., 
page 593. 

+R. . Arkiv fir Matematik och Fysik, 1912, 
vol. viii., No. 7 [ , 

t Poggendorff’s Annilen, 1868 [v.]}, vol. xiv., page 356. 

§ See Dr. Beilby’s papers, fosladdng summary cited on 


page 3. 
|| P. Curie, Bulletin de la Société Minéralogique France, 
1880, vol. viii., page 145. 


also occurs in solids. 
lamelle in a pearlitic steel to form granules, or that of 
a crystals 
phenomenon of exactly the same kind. » 
growth of crystal grains when kept at a favourable 
annealing temperature. t 


ditions, overcome the crystallising force was 
in 1903 a. Beilby.t 

is that th 

tion to its mass. 
influence of surface-tension. Thin metallic films lend 
themselves well to the demonstration of these phenomena. 


on glass, which was normal 
reflecting, was 


of the microsco; 
creasing 
the film to collect itself into 

become globular. Evidently, a very 
readily undergo such a process than 
surface is very 
condition thus 
fluid, is akin to that which exists on the surface of a metal 
strained b 
tension is able to hold the crystallising force in check. 





suspended drops of oil in Plateau’s ex 


free from the action of | - 





and being re-deposited on Goleowaytel. Beitrten 
the material has been 


collected in one large This process, shown to be 
theoretically woh oy By does actually occur. It 
has been most fully studied, from a quantitative point of 


view, in aqueous solutions, and may be used to calculate 
the surface-tension between a solid and a liquid,* but it 


The segregation of the cementite 


in a Muntz metal to form plates, is a 
also, is the 


The view that surface-tension may, under certain con- 
t forward 
- “3 on oe le condition 
surface of the me large in propor- 
the mass, the os te the 


Faraday observed§ that thin gold or silver leaf wean 
»! translucent and brilliantly 

~ ue ¢ c ty eating to a Ss tem- 
rature, ing highly transparen t losing its 
igh reflecting power. The study of a. films by means 
shows that the effect of heat, by in- 
the molecular mobility of the metal, is to cause 
ing to 

in film can more 
a thick one, as the 


— 4 in proportion to the mass. The 
uced, resembli that of a viscous 


polishing.|| In such a film, also, surface 


The complete resemblance in this respect between the 


behaviour of a thin film of metal and one of a viscous 


liquid under the sole influence of surface tension is well 
illustrated b 


by gold or silver 
a thin film of oil on water as it breaks u 
to form globular aggregates. The similarity is very 
striking. 


a ——- between the forms assumed 
on annealing and those assumed by 
and collects 


It is ible to corroborate these conclusions abun- 


dantly from the mass of data published by Quincke, 
Lehmann, and Biitschli. 
the subject has 
conclusions are identical with those 
are ex 
determinations of the tensile strength of metallic films at 
high temperatures.++ The formation of curved crystall 
in 


t Quite recently the theory of 
again been treated by Tammann,** w 

‘ t uoted above, but 
in ise mathematical form, confirmed by 
ites 
y mixtures is explained in the same way. Un- 
fortunately, owing to our ignorance of the capillary con- 


stants of metals at different temperatures, it is nob 


possible to subject the formule at present to quantitative 
verification. 
A case in which the cohesive or directive forces are 


almost balanced by the surface tension is that of the 


oleates and similar “‘fliessende Krystalle.”{{ If two of 
the elongated, somewhat rounded crystals of potassium 
oleate are brought into contact in such a way that the 
long axis of one is at right angles to the other, they 
retain their position and form unchanged, except that 
the sharp end of the one crystal is flattened w it 
touches the other. On rotating one of the crystals, so 
that their directions become more nearly parallel, 
deformation takes place, and union of the two crystals 
takes place at the junction. Then, with increasing 
velocity, one is absor by the other, until at last a 
single crystal is obtained, similar in form to the te. 
The union is obviously the effect of surface tension, and 
takes place in the same general way as the union of two 
spen iments, with 
this difference, that the existence of a directive force in 


potassium oleate is rendered quite evident by the assump- 


tion of elongated forms, which are shown optically to 


belong to the tetragonal system. This is an extreme 
instance of the conditions which 


. obably prevail in 
many alloys during the process of solidification. 


7. UNDEROCOOLING AND THE EXISTENCE OF A 
Merastas.e Limit. 


step — may be cooled below its freezing- 
int without solidifying was first observed by Fahren- 
eitS§ in the case of water. The anal on 
of supersaturation in salt solutions—that is, the under- 
cooling of a binary qm below the temperature at 
which a solid a should make its appearance-—was 
investigated by Lowitz, ||| who found that the supersatura- 








* W. Ostwald, Zeitschrift fiir Physikalische Chemie, 
1900, vol. xxxiv., 495; G. A. Hulett, iid., 1901, 
vol. xxxvii., page 385. 

+ A summary of the literature on this subject is given 
by +; S epaaees Report of the British Association, 1912, 


page P : 
} G. T. Beilby, Proceedings of the Royal Society, 1903, 
vol. lxxii., 226 


é M. Faraday, Philosophical Transactions, 1857, page 


|G. T. Beilby, Journal of the Society of Chemical 
Industry, 1903, vol. xxii, page 1166. 
mF G. Seen Transactions of the Optical Society, 

nel & Tammann, Nachrichten der k. Gesellschaft der 
Wissensch+ Gottingen, 1912. 

++ H. Schottky, ibid. 

+t O. Lehmann, op. cit. on page 5, and Zeitschrift fiir 
Physikalische Chemie, 1895, vol. xviii., 91. 

ih D. G. Fahrenheit, Philosophical remnstions, 1724, 
vol, xxxix., page 73. 

Wl 9. T. Lowitz, Orell’s Chemische Annalen, 1796, vol. i., 
page « 
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tion could be removed by introducing a crystal of the 
same salt, but not of a foreign substance. The subse- 
uent history of the subject bas been described very 
fall by Ostwald,* who, however, does not notice the 
earliest English work on the undercooling of metals. 
The cooling of mercury several degrees below its freezing- 
point without crystallising was observed in the course of 
experiments carried out at Hudson’s Bay,t+ and was con- 
firmed by Cavendish, who was unable to detect any 
undercooling of molten tin or lead, although he con- 
sidered that such must occur, at least to some small 
extent.{ The “flashing” of gold beads during cupella- 
tion, which had been long familiar to assayers, was not 
shown to be due to the crystallisation of an undercooled 
liquid until much later.§ 
he first accurate measurements of the extent of under- 
cooling in metals 4 one a neg gn who used 
a photographic met of recording the cooling curves, 
a obtained very sharp and definite records of the 
process of freezing. Gold was undercooled to the extent 
of 3 deg., and copper to 7 deg., whilst some alloys of lead 
and tin showed a rise of 11 deg. when crystallisation set 
in. The experiments did not decide whether liquid 
metals could be maintained for any length of time in the 
undercooled condition, and evidence was obtained for the 
view that crystallisation was often started by the deposi- 
tion of minute crystals directly from the vapour. 

The size of the crystalline particle which is capable 
of initiating crystallisation has not been determined 
for me but some extended experiments have 
made with salts, and also with organic substances, 
especially salol.{| The latter substance, which can be lon 
preserved in an undercooled condition, lends itself well 
to such experiments. By grinding salol with increasing 
quantities of finely-powdered quartz, mixtures of in- 
creasing dilution could be obtained, until at last a dilution 
was reached at which the power of initiating crystallisa- 
tion disap) The limit for salol was found to lie 
near to 10-* gramme of the solid, whilst the quantity 
of sodium chlorate which would bring about the crystalli- 
sation of a supersaturated aqueous solution was consider- 
ably smaller—namely, 10~!° gramme. The difference was 
attributed to the volatility of salol. 

Ostwald has concluded, on theoretical grounds, that 
there are two stages of undercooling or supersaturation 
(the conditions in one- and in two-component systems being 
fundamentally alike), and that these s' _are probably 
separated by a definite bound A liquid which is so 
far undercooled as to be incapable of crystallising spon- 
taneously, but which crystallises when brought into 
contact with a particle of the solid phase, is termed 
‘‘metastable,” whilst a further degree of undercooling 
renders the liquid liable to spontaneous crystallisation, 
and is then termed “labile.” The existence of a definite 
bound: tween these two regions of instability, the 
matestaliie limit, has been denied by Tammann,** who 
considers that they pass continuously into one another. 
The principal experimental evidence relied upon by 
Ostwald was that furnished by Liesegang’s phenomenon. tt 
When silver nitrate diffuses into a jelly containing 
potassium dichromate, the silver chromate which is pre- 
cipitated does not form a continuous deposit, but arranges 
itself in parallel bands at regular intervals. Thus, if a 
drop of silver nitrate be placed in the middle of a plate of 
dichromated — the silver rt age Lp nag > 
concentric rings of crys' separa y clear spaces. 
similar effect “is obtained with many other substances. 
The only satisfactory explanation which has been pro- 
posed depends on the existence of a metastable limit. As 
the silver nitrate diffuses outwards silver chromate is 
formed, but remains in metastable solution until the 
limiting concentration is reached, when crystals are 
suddenly deposited, withdrawing the salt from the gelatin 
through an appreciable distance. The nitrate then 
diffuses further, and the reaction is repeated in a zone 
exterior to the first an As the silver nitrate mes 
more dilute as it extends further from the centre, so the 
distance between successive rings increases regularly. 

The earlier attempts to decide the question by direct 
experiment failed by reason of the difficulty of preventin; 
accidental contamination by crystallising particles, an 
of determining the exact degree of undercooling in the 
pee ream: me | of growing crystals. Both difficulties have 
been overcome in the brilliant investigations of Miers and 
his callaborators.{{ Determinations of the refractive index 
have been employed to ascartain the concentration of the 
solution at different points. These experiments show 
that for each substance there is a definite temperature, 
lower than the freezing point, above which inoculation with 
the solid phase is necessary to induce crystallation, whilst 
below it crystallisation can begin spontan y. The 
same is true of binary systems, so that it it possible 

* W. Ostwald, Lehrbuch der Aligemeinen Chemie, 1896- 
1902, vol. ii., Part 2, Sect. i., pages 379 and 704. 

+ T. Hutchins, Philosophical Transactions, 1783, vol. 
lxxiii., page 303* (double 6 

+ H. Cavendish, ibid., page 

§ A. D. van Riemsdyk, Ansales de Chimie et de 
Physique, 1880 [v], vol. xx., 66. 

| W. C. a Provoedings of the Royal 
Society, 1898, vol. !xiii., 447. 

q Ww: Ostwald, Zeitschrsft fiir Physikalische Chemie, 
1897, vol. xxii, page 289. ia 

** Kristallisieren und Schmelzen, Leipsig, 1903. 
++ R. A. Liesegang, Chemische Reaktionen in Gallerten, 
Dii-ssidorf, 1898 ; Ueber die Schichtungen bei Diffusionen, 


Leipzig, 1907. 
He A. Miers and F. Transactions of the 


Isaacs, 
Chemical Society, 1906, vol. lxxxix., page 413; and later 
oa in that eauel, and in the Proceedings of the 
Royal Society. Well summarised in Science Progress 
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draw, below and approximately parallel with the solubility 
curve, & ee curve, which shows the relation 
between metastable limit and the concentration. 
This has been verified for a number of pure substances 
and mixtures, including systems in which solid solutions 


are f , and in which the solid may crystallise in 
several polymorphic modifications. CO ing deter- 
minations have not yet been made with metals or alloys. 


There still remains the possibility that a metastable 
liquid may be caused to crystallise in some other way 
than by the introduction of a solid crystal, but that the 
operation is so difficult that shaking, scratching, and 
similar devices employed in experiments of this kind are 
insufficient to provide the necessary stimulus. If this 
ahould be the case, it would be possible in some measure 
to reconcile the views of Ostwald and Tammann. A 
remark of Miers in this connection may be quoted:— _ 

“If the growth of a crystal is really the coming 
together of vibrating particles which cohere because they 
are in tune with one another... then is it not 
sible that we may be able to communicate these vibrations 
to a supersaturated solution, which is so densely crowded 
that it is ready to crystallise, by some other means than 
by inoculating it with the appropriate crystal ?”* 

This expectation appears to be fulfilled.+ It has been 
found ible to make water, benzene, or salt solutions 
cxpenailie’ when in the metastable condition by applying 
mechanical shocks of sufficient intensity, by means of 
metallic hammers striking on hard metallic anvils. With 
a sufficient intensity of the repeated blows, water may be 
caused to crystallise without the addition of ice when the 
under-cooling is as little as 0.02 deg. 

The extension of such experiments to the metals is 
attended by considerable difficulty, occasioned in large 
part by the absence of transparency ; but the existence 
of a metastable limit in metals should be capable of 
experimental verification. It should be said that there 
is no evidence of a mass of liquid metal being so far 
undercooled as to form a glass—that is, to assume a rigid 
amorphous condition, although this condition has been 
observed in water. The vitreous water passes at once into 
crystalline ice when scratched with a needle, and is there- 
fore labilet 

Miers’s experiments have shown that the habits of 
crystals are different according as they have separated 
from a metastable or a labile solution. The fact that 
the formation of spherulites is dependent on crystallation 
under labile conditions§ may have some bearing on the 
origin of certain structures in alloys. 

_ A few isolated experiments with metals have been pub- 
lished, the object of which was to discover the relation 
of the number of centres produced in spontaneous crystal- 
lisation to the d of undercooling. The experiments 
were confined to bismuth and antimony,|| and the method 
adopted was that of pouring the molten metal, —— 
heated to a definite temperature, into a mould kept at 
constant temperature by means of a bath. After solidi- 
fication the number of crystal grains in a given area was 
counted, this being a measure of the number of centres 
of crystallisation. The temperature of the mould was 
vanied in different experiments from above the melting- 
point of the metal down to —70 deg. e method is 
faulty, because it gives no information as to the extent of 
+ ee A cold mould increases the rapidity of 
the cooling, but crystallisation undoubtedly sets in before 
the metal reaches the temperature of the mould. It is 
perhaps legitimate to infer that the undercooling will be 
more considerable the ter the difference of tempera- 
ture between the mould and the metal at the time of 

ouring ; but the two magnitudes are not necessarily in 

irect proportion to one another. 

It was found that the crystal grains became smaller 
—that is, the centres more numerous—the greater the 
rapidity of cooling; but at the lowest temperature 
examined the number of centres once more increased in 
the case of antimony, but notin that of bismuth. This 
was considered to show that antimony lost its power of 
crystallising spontaneously at low temperatures ; so that, 
with a sufficient degree of undercooling, it might con- 
ceivably be obtained in an amorphous condition. Amor- 
phous antimony has in fact been obtained by condensing 
the vapour of the metal very rapidly by contact with a 
surface cooled by liquid air.{{ This may, however, be 
merely the effect of deposition in minute globules, the 
size of which allows them to assume forms governed by 
surface tension. Many metals may be obtained in the 
form of minute globules by electrical dispersion (Zerstiu- 
bung) or sublimation. ** 


8. CHANGES OF VOLUME ON SOLIDIFICATION. 


The chores from the liquid to the solid state is usually 
accompanied by a change of volume. The density of a 
solid metal may be either greater or less than that of the 
liquid metal at the same temperature, and instances of 
both conditions are known to occur. The experimental 
determination of the change of volume is accompanied by 
serious difficulties, where metals of high melting-point 


* H. A. Miers, ‘‘ The Growth of a Crystal” (Robert 
Boyle Lecture, Oxford, 1911). 

+ 8. W. Young, Journal of the American Chemical 
Society, 1911, vol. xxxiii., 148; S. W. Young and 
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Sicklen, sbid., 1913, vol. xxxv., 1067. 
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’ Gesellschaft, 1905, vol. xxxviii., 3837. 
** V. Kohlschiitter and C. Ehlers, Zeitschrift fiir Elek- 
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are concerned. Similar difficulties present themselves in 
the study of minerals and rocks, in which a knowledge of 
the change of volume on solidification is of importance 
for geology ; but here they may be in part overcome by 
resort to an expedient. any mine and rocks may 
be obtained in the state of glass by rapid cooling from 
above the melting-point, and a comparison of the densi 
and coefficient of coor of the crystalline solid with 
those of the glass, which are continuous with the corre- 
sponding properties of the liquid, furnishes the informa- 
tion with a fair d of certainty. This device is not 
applicable to me which cannot be brought in mass 
into the form of glass, and direct measurements, there- 
fore become necessary. 

It was formerly thought that the solid substance must 

y have a greater density than the liquid at the 
same temperature, on the ground that the solid state 
corresponds with the most closely-packed arrangement of 
the molecules. This opinion waschallenged by Duvernoy,* 
who observed that many metals, when allowed to solidify 
in glass tubes, burst the tubes, thus indicating an expan- 
sion (diminution of density) during the act of freezing. 
Duvernoy’s results were somewhat variable, and led him 
to conclude that the volume-change is dependent on the 
rate of cooling, so that pure zinc or tin, for example, 
=a contract during solidification if cooled rapidly, bo 
ill expand if cooled slowly. For reasons which are 
discussed in the next section, observations of this kind 
prove nothing as to the direction of the volume change. 

The density of liquid metals has been determined+ 
by filling a vessel, the capacity of which at the tempera- 
ture of the experiment is known, with molten metal. 
The vessel is then weighed. In this way the difference 
of density between the cold solid and the hot liquid metal 
is obtained, but a knowledge of the exact expansion of 
the solid metal up to its melting-point is necessary before 
the actual change of temperature at that point can be 
determined. As carried out before the introduction of 
silica dilatometers, the method was not susceptible of 
high accuracy. Metal-containing vessels were used, 
which became emg 9d distorted as the result of 
heating and cooling, and it was impossible to determine 
the volume at the moment of freezing exactly. The 
density of the liquid metal could, however, be determined 
approximately in this way, and the data so obtained have 
proved to be of some value. 

From the time of Réaumur onwards it has been 
observed that masses of solid metal will frequently float 
when thrown into a vessel containing the same metal in a 
molten condition. This has been recorded for iron, 
copper, silver, gold, antimony, and lead, and has occa- 
sionally m cited as evidence that such metals are 
lighter in the solid than in the liquid state, but this is by 
no means necessarily the case. t showed that the 
flotation did not always correspond with any true buoy- 
ancy of the solid, and explained it by the influence of 
convection currents. Actually, several different causes 
may combine to produce the effect. Flotation has been 
used as a means of determining the density of liquid 
metals. Thus the method commonly adopted by mine- 
ralogists of determining the density of solid particles 
which just sink or just float in the liquid has been applied 
to metals.t For measurements with tin the solid masses 
employed were lumps of tin, in which copper was 
enclosed to increase their density. This method led to 
very incorrect conclusions. Obviously, the first condi- 
tion of the mineralogical method—that the solid particles 
should not be acted on by the liquid—is not here 
fulfilled. 

A special form of instrument, the oncosimeter, was 
also devised, in which the force acting on a metal ball 
suspended in the liquid metal by a spiral spring was 
measured§. In this way it was shown that cast iron 
and bismuth expand on solidification, whilst copper, 
silver, lead, tin, and zinc contract. 

More satisfactory results have been obtained by means 
of the dilatometer, which has hitherto been usually of 
glass, but may now be advantageously constructed of 
silica. The principal difficulty in making such determi- 
nations is that of finding a suitable filling fiquid. Molten 
metals are inapplicable, on account of their miscibility 
with the metal which is being studied, whilst oils and 
other organic substances decompose or volatilise at rela- 
tively low temperatures, restricting the experiments to 
the more readily fusible metals. e use of fused salts 
should here present some advantages. 

The first metals which were shown in this way to con- 
tract on freezing were sodium and potassium|| and tin. { 
A more extended series of measurements** included the 
determination of the density and of the coefficient of 
expansicn of both the solid and the liquid metal in the 
case of lead, cadmium, tin, and bismuth, expansion 
during solidification being gg Fee to occur in the 
case of the last-named metal. e volume changes of 
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bismuth were also studied in detail,* and it was found 
that this metal resembles water in having a maximum 
density at a temperature just above its melting-point. 
Ona cooling ane this emg eet —_ he quid 
undergoes slight expansion, follo a mi larger 

ion as the metal freezes. The p Badin of volume 
wever, much smaller than in the case of water. 

The dilatometric method was further improved by 
‘Toepler,t who studied a number of elements, and 


= 
is, 








has sufficient friction to resist the thrust due merely to 
the weight of liquid metal, but the extensometer indi- 
cates all changes which take place after solidification 
has proceeded so far that there is a rigid connection 
between the fixed and the movable pin. 

It is evident that the records of such an instrument do 
not necessarily correspond with those of the dilatometer. 
The volume of liquid metal is undefined, as there is a 

te in which the liquid can rise and fall to compensate 


of solid metals is increased by pressure,* and the same is 
true of liquid mercury.} | ore, as Tammann has 
pointed out, the conductivity should increase at a ch 

of state accompanied by diminution of volume, de. 
crease when the volume increases. 


tion hitherto being antimony, as to which consi 








wh : t i still vails, o to ite ani ic char- 
took the important precaution of ensuring that solidifica- | {for variations in the volume of metal in the mould. | acter, which candle its cryetallivation veny Mabie to vary 
tion of the metal proceeded slowly from w up Moreover, as is shown in the next section, many metals, i y. The data are collected in the table, the 
in order to against the formation of in especially those which do not crystallise in the ar | authorities being given in the foot-note.t The specifi 
cavities. The results hitherto obtained by these observers crates are capable of exerting a considerable thrust in | resistance has been used in place of the conductivity. 
are summarised in the following table :— e direction of one axis during growth, forcing them-| nly a few alloys have been examined in this way. 

; Cf elves spart in the process and simulating expansion. | Northrupp found the eutectic alloy of sodium and 
a i In dilatometric measurements, this complication has to | potassium behaved like its com t metals, and the 

Metal. Percentage Increase of Volume on Melting. | be guarded against as completely as possible by allowing | solid solutions of copper and ni have been found to 
sodium... | 85 25 GD. Sengtlt of the enntalaing versal & foen anvils on uy| ad bases kendo ihn on ee 
jum 2. ing Vv 80 cavi id i iqui ing-poi 
Potassium .. 25 (Th 26 CB). are formed are filled up, either by the liquid metal or by | o liquid at the melting-point § 
,~1 a ore = nw =o the fiuid used to fill the capillary of the dilatometer. | 
ian Ol. ge Gh Rentvand Oh This is impossible in the present instrument, in the — Resistance of Liquid + yeiting-Point. 
Thallium .. .. 8&1 (T). mould of which the metal crystallises irregularly, and ___ Resistance of Solid 
——. .. | Cam cavities may remain unfilled. In point of fact, the test-| Sai, aan aa - 
Aluminium .. 4.8 (T) bars often reveal a considerable d of porosity when | potassium | 1.36 fe 1.54 ON) 
———— a8 oy ae me the gree It is — a, Tie... 22 (a mp 2.21 (V and ° 2.1(8) 2.12(Va) 
Bismuth —3.27(T). —331(Vand0) —30 (1). Guaieel auae. weeking, to climinate the Suiuenes Gf) Gatatem ..| 18 ais 19s v =e 1.97 (Va) 
: A date instrament bes been qualeged by wea.* _— 20 @IR) 2.00 (V and 0) 

The initials in brackets refer to the authorities quoted | +" 5415 form, however, there 18 no Hx! and the two | vercur; 4 4.08 (O and B 5 
in the footnotes, and it will be seen that the pooh mom ends of the bar solidify around sliding rode which , autinnen y 2.) a7 ‘at R) oas™ Ls @) 
between the results obtained by different observers is very | P8tons, the changes in length being indicated by the dis-| Bismuth | 0.46 1 R) 0.45(V and 0) 0.46 (Va) 


satisfactory. . 

The change of volume on solidification was found by 
Toepler to be a periodic function of the atomic weight, 
and the curve exhibiting the relation is very similar in 
form to the atomic volume curve. 

Organic substances have been examined with much 

ter precision than metals. In a recent investigation} 
the substances examined were enclosed in capillary tubes 
sealed at one end, and immersed in a bath the tempera- 
ture of which was only very slightly below the freezing- 
point of the substance. In this way freezing may be 
made very gradual, the process occupying many days, 80 
that the formation of cavities in the solid is avoided. 
The level of the upper surface of the solid having been 
noted, the substance is melted and the level in deter- 
mined. Subsequent calibration of the tube with mercury 
gives the change of volume directly. The results ob- 
tained in this way are in excellent agreement with those 
found by the indirect method of determining the density 
of the solid and the liquid metal at tem tures not far 
removed from the ery hemry It is very desirable 
that determinations of this kind should be extended to 


For most substances hitherto examined Tammann’s Vv 
relation holds good :— 
dv’ dv" 
iv= a inl cs 
— (FF aT) 


where 5 v is the change of volume on fusion in cubic 
centimetres - gramme, T, is the absolute temperature 
of fusion, an av - 

v 


d 
aT at 


are the ery of volume, in cubic centimetres per 
mme, of the liquid and solid respectively per d agree 


t. 

Very few alloys have been studied in this way. Hagen 
examined the liquid eutectic of sodium and potassium, 
and Roberts { Austen] examined Levol’salloy, the eutectic 
of silver and copper, finding that it behaved similarly to 
the pure metals. Wiedemann found that the eutectic 
of lead and tin expanded 2 per cent. of its volume on 
melting, and that alloys of lead and bismuth expanded 
or contracted according to the proportions of the com- 
ponent metals. , 

It is also necessary to discuss a series of experiments 
bearing on this question, but based on a different prin- 
ciple. For the practical purposes of the foundry it is 
important to know how far a finished casting will differ 
in size from the pattern used in preparing the mould. 
The contraction of the solid metal during a © 
allowed for by moe the pattern slightly larger t' 
the casting is required to be, the ratio being determined 
by experiment. The contraction is usually expressed as 
a linear fraction, such as “‘4 in. per foot,” instead of, as 
in the above laboratory experiments, asa volume ratio. 

An apparatus for pu was devised by Keep,§ 
and improved by Turner.||) The metal to be tested is cast 
in a sand-mould, in the form of a T-shaped bar, one end 
of which is held by a fixed pin, whilst the other is in con- 
taet with a freely-movable rod attached to an extenso- 
meter. The pouring-gate is on one of the branches of 
the T, and a thermo-couple is inserted at a convenient 
=. In later work with this apparatus a chronograph 

been used for the purpose of recording the variations 
of temperature and of length with time more exactly. In 
its most recent forms the instrument is very sensitive. 

As long as the metal in the mould is liquid, no record is 
made by the instrument, provided that the movable rod 





* C. Liideking, Annalen der Physik, 1888 [iii.], vol. 
xxxiv., page 21. 
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| T. Turner, sbid., 1906, No. 1, 48, and papers 
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placement of a column of liquid. 
the method are applicable here. 

Professor Turner and his students have obtained some 
very interesting results in the course of experiments with 
the mould and extensometer, some of which are difficult 
to explain without further investigation.t Copper, tin, 
lead, and bismuth were found to solidify without expan- 
sion, whilst zinc, aluminium, and antimony were observed 
to pee These results cannot be accepted without 
some hesitation. Dilatometric measurements, which are 
necessarily more trustworthy owing to the elimination of 
disturbing factors, clearly prove that whilst tin and lead 
contract during solidification, bismuth ex The 
apparent expansion of aluminium is attributed by Cham- 
berlain to the influence of dissolved gases, and Wiist has 
observed a similar effect in copper. Effects of this kind 
may be disregarded, but there remain some remarkable 
cases of apparent expansion during solidification, indi- 
cated by movements of the extensometer. In such cases 
a general correspondence has been observed between the 
amount of expansion and the “crystallisation interval” 
—that is, the vertical range of temperature between the 
liquidus and solidus curves in the equilibrium diagram. 
ery large expansions were 0 ved in the freezing of 
an alloy of 15 per cent. copper and 85 | wel cent. zinc. In 
this case the expansion begins at 590 deg., the tempera- 
ture of formation of ¢ crystals from 6 crystals and oe 
and continues until the mass is completely solid at about 
420 deg. The effect is thus connected with the formation 
of a new solid phase from the liquid and the solid phase 
initially deposited. Some of the alloys of copper with 
large proportions of aluminium also give apparen 
expansions. The reason for doubting whether the results 
are in all cases due to actual increase of volume are dealt 
with in the next section. 

Experiments in the dilatometer have not yet been 
made with metallic solid solutions, or with intermetallic 
com so that a comparison of the extensometer 
results with those of the control method is not yet 
sible. As regards eutectics, the extensometer reco a 
small expansion in several cases. The eutectics already 
mentioned contract, like their component metals, on 
solidification, but it is quite possible for a eutectic, com- 

of two metals which contract, to solidify with 
imcrease of volume, although the occurrence of such an 
gem awaits experimental verification. 
hatever may be the theoretical significance of the 
results obtained with the extensometer, there can be no 
doubt of the value of its indications for the practical 
work of the foundry. The increase in external dimensions 


he same criticisms of 


of the test-bar before contraction sets in is a fact, and | — 


one of importanca in the practical any hy the alloys in 
question, as it affects the allowance to made in con- 
structing the pattern. Moreover, these investigations, if 
they have not solved the problem of the changes of volume 
in solidification of alloys, have raised many questions 
of high scientific interest, and have pointed the way to 
new knowl 

Some of expansions observed are no doubt due 
to reactions between previously existing phases or to the 
decomposition of such a phase. The principal expansion 
in the solidification of grey cast iron is due to the 
liberation of graphite, a solid phase of high specific 
volume, and such cases as that mentioned above, of the 
6 € alloys of- copper and zinc, may be uty accounted 
for in the same > There still remains, however, an 
important residue of anomalous observations, which still 
await explanation. 

Qualitative, if not quantitative, evidence of the change 
of volume at the melting or freezing-point is also fur- 
nished by measurements of the electrical conductivity of 








metals in the liquid and solid states. The conductivity 
* F. Wiist, M ie, 1909, vol. vi., 769. 
+ T. Turner and M. T. Murray, Journ the Institute 
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9. Taz Turust Exertep sy Growine CrysTa.s, 

Reference has been made to effects produced in the 
crystallisation of certain metals, which may be readily 
confused with ch of volume. A great many experi- 
ments were made by Duvernoy,|| tending to show that 
per | substances, ordinarily oqgpened to contract on 
soli ifying, really expanded. us, an iron vessel pro- 
vided with a neck was filled with molten lead, which 
contracted during cooling, but towards the close of the 
solidification the remaining liquid rose in the neck, indi- 
cating expansion. 

These experiments were criticised in detail by Volger,4 
ss o— that ry conclusions were mae. 

greater part of the apparent expansion might be 
accounted for by the thrust exerted by the "growls 
crystals. Inthelead experiment, for example, crystals grew 
from the walls of the vessel inwards, pushing the liquid 
metal before them. As tions were not taken to 
ensure a progressive solidification from the closed to the 
open end of the mould, the mass was closed at some dis- 
tance below the neck, and cavities formed in the body of 
the solid metal. A spherical casting of lead always 
contains a central ape = ey 2 the necessity in dila- 
tometric experiments of allowing freezing to proceed v 
slowly from the closed end of the containing vases Ge 
wards, so that liquid may be continually supplied, and 
the formation of a cavity avoided. 

difference between a true increase of volume and 

an apparent expansion due to the thrust exerted by grow- 


*| ing crystals is well illustrated by the case of 


paris. When a test-tube is partly filled with a paste of 
plaster and water, the mass sets with a t expansion, 
and the tube is often burst. Nevertheless, the reaction, 


2Ca SO, H,O +3 H,O =z2 [Ca S80, 2 H,0] 


ey by a diminution of volume of about 7 per 
cent. force acting on the glass walls is a thrust due 
to the power of orientation of the crystals. The power 
possessed by growing crystals of gypsum, of pushing 
aside large masses of clay, was observed in volcanic 
deposits by Bunsen.** It is a factor of some importance 
in geology. Thus crystals of prea may grow ovtwards, 
thrusting rock before them with considera force, ++ and 
similar phenomena have been shown to occur in the for- 
mation of metallic veins. The evidence on this point 
has been recently summarised.}t 

The disintegration of earth by the growth of ice-crystals 
has been recorded by many o vers.§§ The columnar 


* O. Chwolson, Beiblitter der Physik, 1881, vol. v., 
449 ; author's abstract from Russian publications. 
R. Lenz, ibid., 1882, vol. vi., page frem separate 
publication. — 
t A. Matthiessen, Poggendorf’s Annalen, 1857 liv} 
vol. x., page 177. (Communicated by G. ey ° 
Siemens, sbid., 1861 [iv.], vol. xxiil., page 91. de 
la Rive, Comptes Rendus, 1863, vol. lvii., page 698. 
G. Vincentini and D. Omodei, Atti R. Accademia delle 
Scienze di Torino, 1889, vol. xxv., page 30. G. Vassura, 
Nuovo Cimento, 1892 [iii.), vol. xxxi., page 25. EK. F. 
a of the American Electro- 
chemi iety, 1911, vol. xx., 185. L. Grunmach, 
Annalen der Physik, 1888 [iii.], vol. xxxv., page 764. L. 
P, Cailletet E. Bouty, Journal de Physique, 1885 
[ii.], vol. iv., page 300. 
K. Borneman and G. von Rauschenplat, Metallurgie, 
1912, vol. ix., 473 and 505. 


Loe. cit. e page 40. 
4 G. H. O. Volger, P ‘fs Annalen, 1854 [ii.], 
vol. xciii., pages 66 and 224. 
_ Bunsen, Liebig’s Annalen, 1847, vol. lxii., page 1. 


tt F. renee. Archiv fur Praktische Geologie, 1880, 


vol. i., L 

pe WwW "Bornhardt, Archiv fur Lagerstittenforschung, 
1910, Heft ii. 

§§ James Thomson, ‘‘ Collected Pa .” page 269; 
observations made in 1864. B. Schwalbe, Verhand/ 
der — Physikalischen Gesellschaft, 1885, vol. iv., 
page 
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crystals may raise masses of earth vertically in the course 
of their growth, and it a rs that the disruptive action 
of frost on rocks is probably due as much to thrust exerted 
in this way as to the actual ex ion during freezing. 
This conclusion was emphasised by Volger, and receivas 
further confirmation from the behaviour of crys 
salts when absorbed porous materials. Thus porous 
tiles and bricks are disintegrated by soaking in a solution 
of sodium thio-sulphate and allowing this to c f 

although the crystallisation of the salt takes place with 
diminution of volume. This process is employed in the 
testing of porous ceramic materials.* tetas 

The thrusting aside of impurities by the advancing tip 
of a growing crystal is easily observed under the micro- 
scope, and many exam are given by mann. The 
measurement of the force exerted is not easy. In a 
single experiment a crystal of alum, the area of which 
could not be accurately measured, was observed to exert 
a vertical lifting force of 1 kg. when growing upwards in 
a flat-bottomed vessel.t The thrust measured in Cham- 
berlain’s experiments is, of course, the resultant of actual 
volume changes and of many individual thrusts varying 
in direction. 

Effects of this kind may be expected to be most pro- 
nounced in anisotropic me’ but are not confined to 
them. The metals which crystallise in the cubic system 
commonly exhibit a tendency to skeletal growth in the 
direction of a single axis, which may result in a thrust. 
The whole subject calls for further investigation. 

It isnot necessary to assume the existence of a separate 
‘‘orystalline force.” The ordinary cohesive forces in 
solids have, in crystals, vector oe ge and act more 
strongly in certain directions others. This is, in 
fact, implied in the idea of a crystal, and the phenomenon 
of crystal thrust is to be expected as a result of the vec- 
torial character of cohesion. 


PROGRAMME OF EXPERIMENTAL Work. 


The scheme proposed by Dr. Beilby included the pre- 
paration of a summary of the existing knowledge on the 
subject of the solidification of metals, and also an experi- 
mental investigation of some of the factors. Only the 
first of these objects has been dealt with, and that very 
briefly, in the present report. It is probable that man 
publications bearing on the subject have been overlooked; 
whilst many others, although consulted, have been 
omitted owing to consideration of space. An attempt 
has been made to include all relevant work in the 
preliminary gurvey ; but, from the nature of the subject, 
it is almost impossible to e an exhaustive search. 
The discussion of the pheromena of crystallisation from 
solid solution has been postponed to a later occasion. 

One point which an examination of vious work has 
made clear is that more than one cell structure may 
be present in a solid metal at the same time. This is 
clearly shown by some of Cartaud’s photographs, and it 
is evident that some observers, ing to explain the 
origin of the cellular structure, have confounded cells of 
different orders. One series of experiments now in hand 
is therefore directed to determining the relation between 
different cellular structures. For this purpose it has 
been found advisable not to confine the experiments to 
metals, but to include readily fusible salts and organic 
compounds, the use of which presents several advan- 


tages. 

Another fact which has become strikingly evident is 
that very similar structures may arise from very different 
causes. Plane sections through a bee’s honeycomb, a 
lithostrotion coral, a cake of wax solidified in zdre’s 
apparatus, a mass of columnar basalt, a zene-water 
foam, and an oven cenenlet B brass are all An — in 
appearance, ing divi into approximately cells, 
tending towards a more or less Ne outline. Yet 
the origin of the hexagonal cells is very different in the 
cases quoted, the first two being the product of living 
organisms ; the third, and probably also the fourth, being 
produced by mutually repe ‘y! convection currents; the 
fifth by surface tension ; and the last, in all probability, 
4 crystallisation from independent centres or nuclei. 

© property common to all of them is a geometrical one, 
connected with the regular distribution of points in a 
plane or in space. Some writers who have sought to 
explain the structure of metals have fallen into the error 
of assuming community of origin where there is only 
similarity of arrangement, due to merely geometrical 


causes. 

Preliminary experiments have shown that some of the 
effects recorded by previous observers are connected with 
the presence of a thin film of oxide at the surface of the 
metal. Ibis ore prop to use as a standard of 
structure in free) tallised metals, buttons of metal 
which have been fased and allowed to solidify in a high 
vacuum. It should be possible in this way to obtain a 
structure which is fully representative of the process of 
cr isation of an undisturbed metal. 

For metals of low melting-point the method is also 
being adopted of observing the process of crystallisation 
in & small mass of metal, melted on an electrically-heated 
microscope stage, and covered by s thin cover - glass 
of transparent silica. In this way it is possible to com- 

a eee teats Wa that in salts and organic 
compounds, —_ . 

Lastly, a series of experiments on volume changes is in 
progress, , using silica dilatometers and fused salts as 

lling are It is hoped that the results may be 
presented to the Committee at an early date. 





* J. W. Cobb, Journal of the Society of Chemical 


ery ig | 1907, vol. xxvi., page 390. 
+ G. F. Becker and A. L. Day, Proceedings of the 
Woeagees Academy of Science, 1905, vol. vii., page 
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THE PHYSICAL SOCIETY OF LONDON. 


At the meeting of the Physical Society of London, 
held on Friday, the 13th ult., at the Imperial College of 
Science, Dr. A. Russell, vice-president, in the chair, a 
paper entitled ‘‘ Time Measurements of Magnetic Disturb- 
ances and their Ir. ion” was read by Dr. C. Chree. 
uel to one read before the Society in 
roceedings, vol. xxiii., 49), dealing 


with the times of commencement of fifteen tic 
disturbances discussed by Mr. R. L. Faris, and sup- 
by him to suppert Dr. L. A. Bauer’s theory that 


be comniencing movements of magnetic storms travel 
round the globe at rates of the order of 100 km. per 
second. In his previous paper the author criticised 
Mr. Faris’s , and au that for an ade- 
ye test of Dr. Bauer’s theory data could only be 
obtained from a number of stations encircling the earth. 
Shortly afterwards Dr. Bauer issued a circular requesting 
magnetic observatories tosend him their measurements of 
the times of commencement of the fifteen magnetic storms 
discussed by Mr. Faris. Upwards of thirty stations eent 
in data in answer to Dr. Bauer’s request. A discussion of 
the data derived from the horizontal force curves has re- 
cently been — by Dr. Angenheister, whose conclu- 
sions are unfavourable to Dr. Bauer’s theory. The present 
paper deals with the data from the declination and 
vertical force curves as well as those from the horizontal 
force curves following a somewhat different method from 
that adopted by Dr. Angenheister. The —- of the 
data on Dr. Bauer’s theory is discussed, and the pecu- 
liarities of the individual stations are idered. 

Professor 8S. P. Thom thought that Dr. Chree’s 
conclusions pointed to the necessity of equipping al 
tic observatories with similar instruments, and 

them keep records to a tenth of a second. 

Mr. R. 8. Whipple mentioned the enormous amount of 
work involved in the reduction of these observations. The 
instrumental errors due to and other causes were 
apt to be so great that it was really marvellous that 
observers went so far as to discuss times of the magnitude 
involved. He emphasised the need of standardised in- 
struments. 

Professor C. H. Lees said that, like most peo le who 
had read Dr. Bauer’s paper when itappeared, he had had 
grave doubts of the instrumental accuracy. He thought 
the method of calculating the results rather biassed. He 
had set a student to work out the correlation number of 
the times of the disturbances and the longitudes of the 
observatories. The number was too small to justify any 
conclusion as to connection between the quantities. 

Mr. C. W. S. Crawley thought it would be an advantage 
to work on a much time-scale, say, 2 in. or3 in. per 
niinute, and make use of the little everyday disturbances. 
‘41e had observed a large number of these in this way. 
Sometimes the disturbance commenced with a contrary 
kick, and sometimes it did not. The phenomenon, when 
present, was quite easy to detect. e asked Dr. Chree 
if no connection ever existed between disturbances and 
volcanic action. 

Ir. A. Russell asked the author if it was known 
whether atmospheric gales any effect in producing 

netic storms. It was well known that in the Arctic 
and Antarctic regions violent magnetic storms were of 
frequent occurrence. These were often attributed to 
swarms of electrons flying past theearth. If this were so 
it would be possible for vortex rings of electric current 
to be set up which would travel comparatively slowly 
round the surface of the globe. These might conceivably 
alter the force components of terrestrial magnetism. In 
his opinion the ible effects of the currents existing 
in the interior of the earth, or set up on its surface by 
celestial disturbances, ought to be considered as well as 
the currents in the upper a here. 

The author, in reply, stated that the objection to using 
@ wide time-scale was that an enormous amount of photo- 
graphic paper would be necessary. Moreover, if the 

es are too open, the curves present such a large 
number of features demanding attention that the staff 
usually at the disposal of an observatory would be unable 
to cope with the work involved. The objection to using 
the small disturbances, which were quite frequent, was 
the difficulty of ensuring that all the observers were 
dealing with the same disturbance. Dr. Moos had sug- 
gested a connection between certain tic disturbances 
and volcanic action, but he did not think the evidence 
was conclusive. Dr. Leyst, of Moscow, had established a 
relation between the amplitude of the ordinary magnetic 
variations and the height of the barometer. 

A paper on “The Ratio of the Specific Heats of Air, 
Hydrogen, Carbon Dioxide, and Nitrous Oxide,” was read 
by Mr. H. N. Mercer. 

The main object of the experiments was to test the 
accuracy with which yy could be measured, employi 
small quantities of the gas, with the ultimate view o' 
experiments on the variation of + with temperature. 
The method employed was to observe with a platinum 
thermometer of very fine wire the instantaneous fall of 
temperature corresponding to a given rapid fall of pres- 
sure. method was first employed by Lummer and 
Pri im (‘*Smi' jan Contributions,” 1898), using 
a bolometer strip, with a vessel of 50 to 100 litres capa- 
city. It was later employed by Makower (Philosophical 
Magazine, February, 1903) for the determination of + 
for steam, with modifications introduced by Professor 

lar, which consisted in the substitution of a plati- 
num me may for conduction along the 
leads, in place of the bolometer strip, and in the adoption 
of an automatic contact for closing the galvanometer 
circuit at the right moment, which made it possible to 
work with smaller quantities of gas. The vessel used by 
Makower was about 9 litres in capacity. The apparatus 
employed in the present experiments was similar to that 


] | energy o' 





used by Makower, but it was found that with due pre- 
cautions an a degree of accuracy was obtainable with 
a vessel of only 300 cub. cm. capacity. 

A table is given in the paper oe the values of the 
specific heat at constant pressure for the various gases as 
calculated from the | yew experiments. The values show 
good agreement with direct calorimetric determinations. 

Professor C. H Lees thought the paper marked an 
advance in the subject. Hydrogen was always a severe 
test in such measurements, and the corrections were 
troub!esome. 

Mr. F. E. Smith asked what was the diameter of the 
platinum wire used, as there was probably a lag between 
its temperature and that of the gas. He thought more 
information was required on the time of making the 
galvanometer contact. It was possible that the gas 
might have commenced to cool, and, in consequence, to 
lower the temperature of the thermometer, before the 
correction due to the heating current had attained its 
final value. ss 

The author stated that the wire was very fine, about a 
fortieth of a millimetre in diameter, and he did not think 
there could be an — ble lag. 

A paper entitled ‘* The Asymmetric Distribution of the 

ary Electronic Radiation Produced by X-Radiu- 
tion,” by Mr. A. J. Philpot, was taken as read. 

Homogeneous X-radiations, characteristic of various 
elements, have been employed to eject electrons from 
gold. By an ionisation method the relative energies of 
the electrons emitted in the direction of pro; tion of 
the exciting X-radiation and in the reverse direction 
have been measured for each of the homogeneous X-radia- 
tions a. It has been found that the ratio of the 

the former to that of the latter increases with 
the penetrating power of the exciting radiation, its value 
rising from 1.11, when the mass absorption coefficient of 
the X-radiation was 5.0, to 1.24, when the mass absorp- 
tion coefficient was 0.5. 

A paper entitled ‘‘.A Lecture Experiment on the Irra- 
end of Dispersion” was read by Professor S. P. 

om pson. 

Newton’s method of crossed prisms throws an oblique 
spectrum on the wall. If the prisms used are of iden- 
tical kinds of glass, the oblique spectrum is straight from 
red to violet. But if different kinds of glass are used, 
the spectrum is curved by reason of the irrationality of 
dispersion in one or both of the glasses. If a diffraction 
grating is used instead of one of the prisms, then the 
curvature which is observed is that resulting from the irra- 
tionality of dispersion of the a employed ; 
and for all known kinds of glass the refraction for blue 
and violet rays is disproportionately large. To exhibit 
these effects in the lecture theatre a diffraction grating 
of 12,000 lines to the inch is employed to cast on the 
screen a horizontal spectrum of the first order, the light 
from an arc-lamp being sent through a small round or 
square hole. On interposing a | semery to disperse the 
light vertically 5 A eae the resultant oblique spectrum 
is finely curved, being concave upwards. If in the arc- 
lamp the carbons used are those supplied for commer- 
cial ‘* flame ares,” the effect is more brilliant, since the 
spectrum contains several bright bands. If an alloy of 
zinc, thallium, and lithium is introduced into the crater 
of the positive carbon, a still more striking series of 
bright points is produced in the curved spectrum. 





“* Mexican Fugit O1n.”—The great and growing import- 
ance of the subject of fuel oil for steam-raising and indus- 
trial heating, together with the development of Mexico 
as a source of this fuel, should render particularly 
interesting a publication bearing the above title _ 

TOo- 


received from the Anglo- Mexican Petroleum 
ducts Company, Limited, of Finsbury-court, Finsbury- 
verment, EC. The first chapter of the book deals 


riefly with the chemical and physical properties of the 
fuel oil, and also contains some interesting statistics on. 
oil production in Mexico. In 1910 the total production 
of petroleum was just over three million barrels, while the 
corresponding figure for last year was twenty million 
barrels. This places Mexico third on the list of petro- 
leum-producing cougtries of the world. The imports of 
fuel oil into the United Kingdom between January 1 and 
October 13 of last (not including the quantity de- 
livered to the Admiralty) totalled twenty-five million gal- 
lons, of which nearly thirteen millions came from Mexico, 
a little over nine millions from Roumania, and under three: 
—— from the hte a Mexico thus “_ ly hey 
the foremost place wit to our supply of fuel oil. 
This development has been almost —ae due to the 
tions of the Mexican Eagle Oil Company, Limited, 
which, together with its allied organisations, has been. 
created by the commercial activities of Messrs. S. 
Pearson Limited. The company owns a re- 
finery at Minatitlan capable of dealing with 1400 tons of 
crude oil a day, and has a larger one under construction 
at Tampico, the capacity of which will be 4000 tons daily. 
For ti rting the oil by sea the company is associated 
with the le Oil Transport Company, which is building 
a fleet of twenty large tank-steamers for this service. 
Half of these vessels are already in commission, the well- 
known San Fraterno being among the number ; the 
remainder are expected to be in service by the end of the 
year. Later chapters of the book deal with the Yow 
advan’ of liquid fuel, and illustrate and describe 
types of burners and systems for utilising it. These 
chapters contain much useful and gn | informa- 
tion, and -— ey illustrated. The book has been 
sotueet inly for presentation to the firm’s clients, 
but as many other technical and commercial men are 
interested in this subject, 
for its publication by Messrs. G. 
32, Fleet-street, E.C., whence it can 
at the price of 33. 6d. net. 


ments have been made- 
ilip and Son, Limited, 
obtained through. 
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LONG-DISTANCE TELEPHONY. 


Lecturine on *‘ Improvements in Long-Distance 
Telephony” at the Royal Institution on Friday, 
the 27th ult., Professor J. A. Fleming, D.Sc., 
F.R.S., was able to give an instructive account of 
progress made and being made. Having in his in- 
Coladien explained the working of the telephone, 
he stated that he would chiefly draw attention to 
the difficulties due to the line or cable. The line 
was expected to transmit wave-forms representing 
by the amplitude, wave-length, and irregularities 
of the waves, the loudness, pitch, and quality (or 
timbre) of the voice. This wave-form of the sound 
was rendered visible to the audience by letting the 
sound from an organ-pipe, or the voice, enter an 
artificial ear or phonautograph, the style of which 
was replaced by a little mirror, which sent the waves 
back on a revolving mirror—an octagonal box 
having its sides covered with looking-glass. The 
telephone, the lecturer continued, translated the 
aerial vibrations into electric vibrations, which 
were investigated by means of the Duddell oscillo- 
graph, in which the currents flowed through a 
wire loop suspended in a strong magnetic field. 
The osoillograph could be provided—and was so 
provided for the demonstrations—with two loops, 
to give separate curves of the current entering 
the line and the current leaving the line. An 
electric line constituted, together with its in- 
sulation, a kind of Leyden jar, and had four 
chief characteristics, two conservative qualities, 
capacity C and inductance L, and two dissipative 
ones, conductor resistance R, and dielectric leak- 
ance 8. The current flowing through the copper 
created a magnetic field around it, which repre- 
sented stored energy, and some energy was 
lost as heat, because the conductor had resistance; 
the insulator stored up energy because it had 
capacity, but dissipated part of it because it was 
not free from leakance. The current was propa- 
gated through the line in a wave ; it was not high 
tide at all points at the same moment. 

In order to illustrate these phenomena Dr. 
Fleming made use of his beautiful vibrating- 
string experiments which he recently showed 
in the Physical Society.* The mass per unit 
length of the string corresponded, he said, to the 
inductance of the cable, the tension applied to the 
string corresponded to the reciprocal of the capa- 
city; but when a string was very flexible there 
was nothing to correspond to the ohmic resistance 
or to the leakance. When strips of metal were 
soldered to a steel wire, so that the strips, all in the 
same vertical plane, formed a kind of elastic wall 
fence, and the end strip was twisted by hand, a 
torsional wave ran along the wire ; in this case the 
torsional elasticity corresponded to the tension of 
the string, and when the whole arrangement was 
partly immersed in water, the resistance which the 
water offered to the movements represented the 
electric resistance. Since fluid friction increased 
with velocity, moreover, the attenuation of the 
waves was greater for short waves of high fre- 
quency than for long waves of low frequency ; that 
held also for telephone-wire waves, whilst in a string 
the velocity was the same for all waves. 

In the string, Dr. Fleming proceeded, the wave 
was reflected from the far end, and when the time 
taken by the wave to travel the whole length of the 
string was equal to some multiple of the periodic 





time of the impulses, stationary waves were pro- | 
duced. To imitate these waves in a wire of| 
reasonable length, the wire had to be coiled in a | 
close helix, which was in the demonstration | 
pushed over an ebonite rod; the helix was joined | 
to a high-frequency alternator, and the nodes and | 
loops were explored with the aid of neon tubes. | 
The velocity of the wave used was 1250 miles per) 
second, but there was little dissipation of energy | 
in this helix. That was not so in an artificial Muir- | 
head cable, however ; this was a sheet of paraffined | 
paper covered on the one side with a whole sheet 
of tinfoil, and on the other side with zigzag strips 
of tinfoil, representing the conductor. The sheet 
was little more than 1 ft. square ; yet it was equi- 
valent to 100 miles of deep-sea cable, and a very 
irregular current-wave fed in at the one end 
of the cable came out almost a straight line at 
the other end, as the oscillograms proved. This, 
Dr. Fleming pointed out, was because only the 
strong fundamental wave held out, like the 
strongest man in a race, whilst the upper harmonics 





* See ENGINEERING, vol. xcvi., page 831. 





died out more rapidly. It was very interesting to 
watch in the demonstration how the wave lost its 
complex character more and more as successively 
10, 20, 30, &c., miles of this artificial cable were 
thrown in. The change in the wave form, due to 
the suppression of the harmonics, was known as 
‘*distortion ;” the lecturer elucidated this further 
by exhibiting oscillograms taken by Mr. B. 8S. 
Cohen, of the General Post Office Research Labora- 
tory. 

A remedy for the unequal attenuation of the 
waves of different amplitudes and wave-lengths had 
been proposed by Oliver Heaviside in 1887, who 
proved mathematically that if the four above-men- 
tioned characteristics were so related that L/R = 
C/S, or LS = CR, then all waves would travel at 
the same speed and would be equally attenuated. 
To avoid distortion either the inductance or the 
leakance might hence be increased ; Heaviside had 
ang the former, S. P. Thompson in 1891 the 





atter, by providing the cable with inductive leaks. 
Practical telephone engineers had not felt en-| 
couraged to try this remedy, however, and had pre- | 
ferred to decrease the cable resistance by increasing | 
the copper section ; but there was a limit to that. 
The introduction of paper insulation had improved 
matters by reducing the capacity of the cable. 
Yet a very important advance had been made when, 
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in 1899, Pupin, of Columbia College, had proved 
that Heaviside’s suggestion could be put into prac- 
tical form by loading the cable with coils of wire 
wound on iron-wire cores inserted at equal 
intervals, such that at least eight or nine coils were 
included in one wave-length of the average fre- 
quency of 800. If placed further apart, the coils 
did more harm than good, which Dr. Fleming 
illustrated by loading his string with beads. When 
the beads were so spaced that the half wave-length 
was a little more than the distance between two 
beads, there was much reflection and attenuation. 


Thus an attenuation constant of 0.1 meant that the 
wave amplitude would be reduced to about one- 
third in 10 miles of that cable. The wave-length 
constant was a number, the reciprocal of which 
multiplied by 6.28 gave the wave-length. It was 
not right to speak generally of the velocity of 
electricity in a wire ; the velocity depended upon 
the wire and upon the frequency of the oscillations, 
together with which both the attenuation and wave- 
velocity increased, whilst the wave-len dimi- 
nished, as the following table showed. The figures 
concerned a standard telephone cable, R=88 ohms, 
i =1 millihenry, C = 0.05 microfarad, all for 
one loop mile. 








Wave- 
. Attenuation Wave-Length Wave-Len Velogity 
Frequency. Constant Constant in Mie in Miles 
per second 
100 0.0370 0.0373 168 16,800 
1,000 0.1134 0.1218 61.5800 51,680 
10,000 0.2667 0.6181 12.1300 121,300 
100,000 0.3005 4.4530 1.4110 141,100 
1,000,000 0.3110 44.3700 0.1414 141,400 





The speech limit on this cable would be 47 miles, 
and there would be considerable distortion ; but if 
a ring of iron wire (wound with many turns of 
insulated copper wire included in the circuit, so as 
to have an inductance of 200 millihenrys and a 
resistance of 8 ohms) were inserted every 2 miles, 
the attenuation would be reduced by one-third, the 
wave-length to 18 miles, and the velocity to 13,280 
miles for a frequency of 800. 

These loading coils were placed in iron boxes on 
the poles of overhead wires at intervals of 6 or 12 
miles, and in pits on underground cables. But the 
great difficulty with submarine cables was that 
heavy thick iron coils could not be inserted in 
them. Messrs. Siemens Brothers and Major 
W. J. O’Meara, chief engineer to the General 
Post Office, had done much to overcome this diffi- 
culty ; the latter had very ably dealt with the 
problem and its practical solution in a paper read 
before the Institution of Electrical Engineers in 
1911. The British Channel Abbots Cliff-Grisnez 
cable of 1910, 21 nautical miles in length, had 
loading coils of 100 millihenrys every mile, so that 
the current would be reduced to about one-third 
in 60 miles, instead of 20 miles without the coils, 
and the attenuation constant varied for frequencies 
between 700 and 1700 almost proportionately to 
the frequency ; complete non-distortion had not 
been obtained thus, but a great improvement 
effected. The British Anglo-Bejgian cable of 1911 
(from Dover to La Panne), 48 miles long, was 
superior to the former chiefly owing to the 
superiority of its gutta-percha, as all gutta-percha 
was not a perfect insulator for alternating cur- 
rents ; the attenuation depended largely upon the 
ratio S/C, which in the ordinary insulation was 120, 
but was reduced by Siemens Brothers to 12 by 
some special treatment, probably a perfect desicca- 
tion, of the gutta-percha. 

Dr. Fleming here interposed a brief reference to 
some experiments on the power factor and the con- 
ductivity of dielectrons, which he had made in 
conjunction with Mr. G. B. Dyke and brought 
before the Institution of Electrical Engineers in 
1912. In the case of gutta-percha the conduc- 
tivity, plotted as ordinate in Fig. 1, and expressed 
in billionths of a mho (the reciprocal of the ohm) 











The helix cable was also used again for demon- 
stration ; the cable consisted of four sections joined 
by three bridge- wires, which could be taken out and 
replaced by pairs of loading coils ; the outcoming 
current was greatly strengthened when the loading | 
coils were switched in. To explain this peculiarity, 
that the introduction of more resistance should 
strengthen the current, Dr. Fleming spoke of 
simultaneously launching two equal ships, the one 
loaded with ballast, the other light. The loaded 
ship would travel further into the open water than 
the light ship, because it had acquired more kinetic 
energyin launching. Similarly, by adding inductance 
to the circuit the wave-energy was increased, so 
that the waves attenuated less—for a given distance 
of travel. 

These experiments, the lecturer continued, 
showed the importance of the attenuation constant 
and of the wave-length constant of a cable, both 
calculated from the four primary constants men- 
tioned. The reciprocal of the attenuation constant 
was the distance in which the wave amplitude 
decreased to 0.367 of its amplitude at the sending 





end, the 0.367 being 1/e (e the Napierian basis). 


per cubic centimetre, increased with the frequency 


\(up to 4600 periods per second) for all the tem- 


peratures ; at about —50 deg. Cent. the conduc- 
tivity became very low, and it looked as if gutta- 
percha would be a perfect insulator near absolute 
zero, where metals becamealmost perfect conductors. 
The power factor (the quotient of conductivity per 
mile divided by the product of the capacity of the 
cable per mile and 2 77, where n was the fre- 
quency) was mainly iofluenced by this conduc- 
tivity, as the curves of Fig. 2 showed, where the 
power factors were plotted as ordinates against the 
temperature. The power factor had its maximum 
near + 10 deg. Cent. ; that is to say, at ordinary 
temperature, falling off on both sides. The case of 
vulcanised rubber was different; it was extra- 
ordinary that the power factor for the whole range 
of telephonic frequency should have its maximum 
for gutta-percha at about the same temperature at 
which it had its minimum for vulcanised india- 
rubber. 

Poth the cables just referred to were four-core 
cables for two pal circuits, but the two pairs 
of cores could also be utilised simultaneously for a 
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third * phantom” circuit. For this purpose the 
circuits were, at their ends, connected through 
transformers to their respective transmitters or 
receivers (Fig. 3), and one might use the two 
wires of the first circuit as lead, and those of the 
second circuit as return, in order to telephone 
independently along this third phantom circuit ; 
special loading coils could, moreover, be intro- 
duced into this third circuit, which was superior to 
the other two, because its conductors had twice the 
amount of copper. There was, further, another 
system of calles the ‘continuous or uniform” 
loading of Krarup, which was really a reversion tog 
Heaviside’s original idea. If a stranded copper 
cable had soft-iron wire closely wound on it, the 
inductance, capacity, and resistance were all in- 
creased, yet the attenuation constant was dimi- 
nished. Further to test the still-disputed question 
of the merits of this continuous loading, the 
French Government had in 1912 charged the Tele- 
graph Maintenance and Cable Company to lay a 
Channel cable, 21 miles long, of this type. It had 
twice the weight per mile (300 lb. against 160 lb.) 
of the other cables, and its attenuation constant 
was very slightly greater. The longest cable of this 
type—from Nanainio, on Vancouver Island, over to 
British Columbia, 31 miles long—had been con- 
structed by the Henley Telegraph Works Company. 
Dr. Fleming gave particulars of all these cables and 
mentioned that two more British telephone cables 
were being constructed or projected, one to Holland 
a distance of 125 miles) and one to Germany (at 
least 250 miles). 

When loaded cables were joined to unloaded 
land lines, the difficulty crept up that there was a 
reflection back at the junction of the two lines, 
somewhat analogous to the mirage which was pro- 
duced when the sun heated the ground and the air 
in contact with it, whilst the atmosphere above was 
relatively cool. The vibrating string made the matter 
clearer. When beads were s on the string at 
distances comparable to half a wave-length, the 
vibrations were almost all reflected back and would 
not travel beyond the beads ; but when there was 
a heavy bead in the middle and smaller beads, 
tapering off in size, on both sides, the wave passed 
through with little loss. Henze the loading of 
cables was tapered off in this way. The advantages 
secured by loading the cables and by tapered 
loading were elucidated by the diagram, Fig. 4. 
The total attenuation—i.e., the product of the 
attenuation constant and the cable length in miles— 
was also important. It should not exceed the 
value 4.5, and for good speech transmission should 
keep below 2.5. 

It was now possible to speak through distances 
of more than 100 miles by submarine cables, of 500 
miles underground, and of 2000 miles by aerial lines. 
The longest loaded aerial line reached from New 
York to Denver, over 2000 miles, and was to be 
extended to San Francisco, 1350 miles further 
away; the copper wire used, No. 8 B.W.G., 
weighed 435 lb. to the mile; the circuits were 
associated in psirs, loading coils of 6.5 ohms and 
0.265 henry were inserted every eight miles ; the 
attenuation constant was ,},, and the total atten- 
uation 25. In Europe the fine Berlin-Frankfurt- 
Basle -Simplon Tunnel (uniformly loaded cable 
here)-Milan-Rome had a length of 1300 miles; a 
pair of 4.5mm. phosphor-bronze wires, weighing 
500 lb. per mile, was used, the lead and return wires 
being kept 16.5 in. apart. In England, Mr. Slingo, 
successor to Major ©’Mesra at the General Post 
Office, had informed the lecwurer, they had installed 
30,000 miles of loaded telephone lines, aerial and 
c vble, fitted with 12,448 load coils, and 45,615 miles, 
with 17,767 coils, were being added. The longest 
underground cable working was Hull - Leeds - 
Newcastle, 154 miles; the total attenuation was 
2.32. Underground air-space paper-coil-loaded 
cables, 3 in. in diameter, containing fifty circuits, 
were being laid from London to Birmingham and 
L'verpool ; the loops formed tww circuits of 300 Ib. 
per mile, 14 circuits of 200 lb., 12 of 150 Ib., and 
24 circuits of 100 lb. per mile; the coils were 
2.5 miles apart, the S/C was 20. 

In the last five minutes of the hour at his dis- | 
posal, Dr. Fleming referred to the ects of 
abolishing telephone lines with their troublesome 
distortion. The arrangements ado for lineless 
telephony were closely similar to those for radio- 
telegraphy. The waves radiated from the antenna 
should be about 5 miles in length (not longer than 
10 miles), and be perfectly continuous and of high 
frequency, such as were produced by the machines 





of Goldschmidt, Poulsen, Marconi, Moretti, and 
others ; if spark discharges were used, the spark 
frequency should not be less than 20,000 per 
second. Those waves would be above the limits of 
audition, and an unbroken wave train would not 
directly affect the telephone. When, however, the 
amplitudes of the waves varied in accordance with 
the lower frequency of speech, these amplitude un- 
dulations in the high-frequency wave would affect the 
telephone in the receiver. The transmitter micro- 
phone was placed between the antenna and earth, 
and had thus to carry the large oscillatory currents 
flowing up and down the antenna, and the chief 
difficulty of wireless ae was to construct 
microphones which would carry 5, and even 50, 
amperes, instead of the half-ampere usually wanted. 
Dr. Fleming showed a multiple microphone of five 
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( £) 
joined transmitters, 


and briefly described 
microphone of Vanni, of Rome, Fig. 5. A jet of 


the 


acidulated water J fell from an ebonite mouth- 
piece on one of two inclined metal plates P; the 
one plate was movable and joined to the antenna 
A and to the diaphragm of the microphone R, the 
other was fixed and connected to earth. The liquid 
bouncing off the first plate established an electrical 
connection between the two; the vibrating dia- 
hragm set up oscillations in the liquid column 
tween the — and altered the thickness and 
resistance of the connecting film. At the receiving 
end the antenna was coupled to a condenser cir- 
cuit comprising a crystal or valve receiver and the 
telephone. e valve rectified the continuous 
current received, but the uniform current produced 
did not per se affect the telephone ; it was the modu- 
lations in the amplitude produced by speaking to 
the transmitter, to which the receiving telephone 
a |e 
ith his transmitter, Dr. Fleming remarked 
in conclusion, Dr. Vanni had spoken from Rome 
to Tripoli, 1000 km., the timbre of the voice being 


reproduced with great accuracy, it was said. As 
all electric waves travelled at the same speed 
through space, and attenuated proportionately, 
there was little distortion. Successful experiments 
with lineless telephony had been conducted in many 
countries in different ways; the speaking micro- 





phone might, for instance, be inserted in the 
exciting circuit of a Goldschmi it alternator. There 
was no insuperable obstacle to lineless telephony 
across the Atlantic, and we might speak from 
London to San Francisco. Long before that line- 
less telephony would probably used between 
ship and shore. Thirty-eight years had elapsed 
since the days of the introduction of commercial 
telephony, and the field of the exploration of the 
problems was by no means exhausted. 

Mr. P. R. Coursey was in charge of the demon- 
strations. 
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Egyptian Irrigation. By Sir W. Wittcocks, K.C.M.G., 
F.RG.S., and J. I. Craic, M.A., F.R.S.E., F.R. 
Met. S. With an Introduction by Sir Hansunry 
Brown, K.C.M.G. Third Edition. Two volumes. 
London: E. and F. N. Spon. [Price 42s.] 

In turning over these two handsome volumes, telling 

a tale of unexampled progress and success, one is 

irresistibly reminded of Lord Cromer’s saying, that 

English history affords many examples of the 

Government and people of England drifting by 

accident into doing what was not only just and 

right, but most in accordance with British material 
interests. Certainly we drifted, and drifted fortu- 
nately, when we ac:epted the responsibility of the 
occupation of Egypt, and undertook, without effi- 
cient machinery or organised plan, to evolve order 
out of chaos, and prosperity out of unspeakable 
misery. Sir H. Brown reminds us that it was in 

1883 that the author first visited the Nile Valley, 

a date that recalls, to an older generation at 

least, Tel-el-Kebir,the sacrifice of Gordon, of inter- 

national complications, and Egyptian bankruptcy. 

If we would have an adequate picture of what 

British enterprise, combined with scientific skill, 

has achieved, it is necessary to reconstruct, as well 

as we can, the tof the early ‘eighties, when the 
nadir of financial chaos and popular misery had 
been reached, when a starving nation lay helpless 
at the caprice and tyranny of the Egyptian Pasha 
and the native usurer. Then we may compare the 
abject misery and hopeless stagnation of a race, 
who had known sixty centuries of misgovernment 
aud oppression by various rulers from Pharaohs to 
Pashas, with the regenerated condition and renewed 
strength that followed British occupation and rule, 
hampered though it had been by special political 
complications and exceptional difficulties arising 
out of international jealousy. We must admit that 
the introduction of Western reforms and scientific 
methods has been of inestimable value, and that 
perseverance in well-doing has enormously benefited 
the country. A very superficial investigation will 
show that the factor that has worked the greatest 
change has been the control of the Nile waters, 
enlarging the acreage of cultivated land under irri- 
gation, increasing ths production of more valuable 
crops, stimulating industry, and promoting pros- 
perity. E opportunity and the certainty of 
ordered government have inspired the natives with 
hope and energy. The welfare of the country has ad- 
vanced by leaps and bounds. To quote Sir Saber 
Brown : ‘‘ During the ten years following the pub- 
lication of the second edition of ‘ Ezyptian Irriga- 
tion,’ the total value of the imports of Egypt more 
than doubled itself, rising from £ £11,090 to over 
£E22,000 000, while the exports incre sad in value 
from £E13,009,000 to £E24,000,000. During the 
same period the revenue of the country increased 
from £E11,500,000 to ££16,000,000. Irrigation 
claims a large share of the credit for the progress to 
which these figures testify. When Nu Pasha 
said that the Egyptian question was the irrigation 
question he uttered a great truth and showed 
himself a statesman. ithout irrigation there 
could be no Egyptian people, certainly no civilisa- 
tion. If, therefore, we would understand Modern 

Egypt, we must study the irrigation question, and 

we are very fortunate in having the tale put for- 

ward in such complete detail by him who can say 
quorum pars maxima fui. Not only does it illu- 
minate history, throw sidelights on some 

places in the tangled skein of politics, but it forms 

atrustworthy guide for any engineer who has to 

attack the problem of irrigation, and teaches all 
that he need know, save only what experience 
alone can teach and what is peculiar to any 
country. 

The task undertaken was more onerous than 
appears from the clear account here given. Much 
of the information exhibited was unavailable when 
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Sir W. Willcocks and the English engineers under- 
took to give efficiency to the irrigation scheme. 
The Nile still held many mysteries, or, at least, 
many factors of unknown operation. It is only 
necessary to read the first chapter—that on the 
Meteorology of Egypt—so admirably handled 
Mr. J. Craig, who has collaborated with Sir 
Willcocks in the preparation of this third edition, 
to perceive what a mass of useful information has 
been collected that was not at the command of the 
early engineers. Systematic observations by 
Captain Lyons, and the able staff of the Helwan 
Observatory, have supplied much that was deficient. 
The new data refer not only to the evaporation, 
absorption, and seepage of the water, but detail 
the movements and composition of the ground 
water, so important in drainage. The amount and 
character of salts and solid matter carried by the 
Nile waters are known with some precision, the 
water that might prove injurious te the crops is 
recognised, and the means for its escape provided. 
When the English engineers put their hand to the 
work of sudituntlin thay had to grope in the dark. 
Conjecture, rather than certainty, was their guide. 
That they achieved so much is due to Indian train- 
ing and to the necessity of proceeding cautiously, 
arresting decay, and effecting restoration wherever 
—s but meanwhile accumulating information. 
eir tactics were as admirable as their work, 
but in surveying the field of so much successful 
endeavour, if we would do justice to Sir Scott 
Moncrieff and his lieutenants, we must appreciate 
the difficulties against which they had to contend. 
Colonel Ross complained in 1889 that the outside 
world could not find any facts concerning the supply 
and distribution of the Nile water. It was not 
only the outer world who were left in ignorance, 
the facts had not been ascertained. That reproach 
has now been removed. Foot by foot the course of 
the Nile has been traced. Its slopes and velocities 
are known as accurately as those of any canal. Its 
tributaries and catchment basin have been studied 
with equal care. For the first time the irrigation 
engineer knows the extent of his resources, how 
they can be used most economically, and what are 
ag | pence ne of the future. 
e can only insist on the magnitude of the work ; 

we cannot do justice to it. e experience of a 
busy life, the lessons learnt, the criticisms by others, 
and the prospective work of the future, cannot be 
compressed into a few paragraphs. It is only 
necessary to remember that since 1899, when Sir 
William last gave an account of his stewardship, 
there have been constructed and made available for 
public service the Assouan Dam, the Assiout, Zifta, 
and Esna Barrages, and the weirs below the Delta 
Barrage, together with the necessary work of dis- 
tribution in both Upper and Lower Egypt. The 
engineering details connected with each of these 
operations, illustrated by plans and accompanied 
by numerical tables, constitute a mine of informa- 
tion that will be frequently consulted. The authors 
have made these sections the more instructive by 
quoting the opinions, adverse or favourable, of 
many experts. This plan of appealing to outside 
authorities enables one to see both the advantages 
and the drawbacks at critical points in the under- 
taking, and to weigh the arguments that have 
prompted decision. The main result of so much 
energy, but as affecting one industry only—that of 
cotton cultivation—may be seen from the following 
table, showing the approximate increase in acreage : 





Yeas. a. ° Laome a "4 of | my pee tete 
1995... 1,000,000 _ | 5.27 
1901.. 1,250,000 250,000 | 5.10 
1906 . 1,500,000 250,000 4.61 
1911.. 1,710,000 210,000 4.34 





Every five years it is seen that there is an 
approximate increase of more than 200,000 acres, 
and in sixteen years the total increase in available 
land has been 70 per cent. This is eminently 
satisfactory from the point of view of the engineer, 
who fora definite expenditure undertakes to supply 
so much water to so much land. To fix ideas, we 
may suppose that the price per acre of reclaimed land 
ave 301., and the quantity of water required may 
vary from 30 cubic metres per acre per day for a 
cotton crop, to double that quantity for rice. This is 
rs geen a very definite proposition to put before 
the hydraulic engineer, who has to devise the 





means for meeting thejdemand. There are, however, 
many other considerations which complicate the 
issue, such as previous contracts and water leases, 
but more especially the necessities of the agri- 
culturist, who is as much concerned in zetting rid 
of the excess water by efficient drainage as in 


-| securing his supply. If the land becomes water- 


logged, its fertility is reduced and may be destroyed ; 
consequently the irrigation engineer has to provide 
a drainage system. Again, this is not the whole of 
the problem. The Nile not only gives the needed 
moisture, but it carries in its current a rich red 
sediment that throughout the centuries has brought 
fertility to Egypt. This sediment can be carried 
down the to the fields only when the water 
has sufficient velocity. Hence another factor in a 
very complicated problem ; and one might mention 
others, such as the washing-out of the injurious 
salts that have collected in the soil, but this is 
sufficient for the point we want to make. It would 
seem that the quantity of fertilising sediment 
brought into the Nile for distribution is fixed by 
the conditions that obtain in the catchment 
basin and area drained. A low Nile does not 
mean only less water, but less sediment and 
less current, permitting a larger deposition in 
the earlier parts of the course. But even sup- 
posing a constant amount of ‘‘red water” at the 
source of distribution, this fertiliser has to be 
spread oyer a larger area, giving a smaller per- 
centage per acre. One would expect, therefore, 
that the fand would be less productive in propor- 
tion as more acreage was brought under cultivation. 
Whatever be the explanation, this is what has 
actually happened, as shown by the last column in 
the preceding table. The meaning to be attached 
to the phrase ‘‘the poor lands are better, the rich 
lands are worse,” is doubtful, and where so many 
factors are concerned it is unsafe to deal in 
generalisations. But the falling-off of the crop 
occasions considerable anxiety, and one can hardly 
take the optimistic view that poor land will be 
improved by continual cropping and continual 
irrigation, independently of many other factors. 
The growth from inferior seed, supplied on credit 
by grasping seed merchants and money-lenders to 
the fellahin, has no doubt operated disastrously, but 
this source of trouble is being remedied. Possibly 
a more potent cause is the deleterious influence of 
the ground water on the deeply-penetrating roots 
of the plants. But so long as the depredations 
caused by the cotton worm and the boll weevil are 
evident, the latent, but possibly more powerful, 
causes will receive inadequate attention. 

The necessity of settling these vexed questions 
on a satisfactory basis is essential in contemplatin 
any plans for the future. The authors, persuade 
of the safety of the Assouan Dam and its capacity to 
bear the strain put upon it, notwithstanding 
ominous cracks, propose to increase the water 
supply by enlarging or modifying the existing 
machinery. They suggest constructing a new dam 
on the down-stream side of the talus of the existing 
dam, to hold up water to R.-L. 120.00 metres. 
The scheme would double the present supply and 
utilise the existing talus as an up-stream apron to 
the new work. e value of the dam would be 

tly reduced, or it might be altogether scrapped, 
ut the authors seem to think that the original 
structure has sufficiently done its work and repaid 
its outley by providing valuable lessons, which 
would be camel to profitable account in building 
the larger work. A sum of about 4,000,0001., it is 
suggested, would see Egypt possessed of a dam of 
homogeneous masonry ‘‘ which would stamp the 
British occupation of, the country for all time as 
effectively as the Pyramids have stamped the great 
days of the early Pharaohs.” We would respect- 
fully associate ourselves with the opinion expressed 
by Sir H. Brown, who, while admitting the bold- 
ness of the conception and the courageous ambition 
of the authors, cannot view the new proposition 
with unmingled satisfaction. ‘‘To propose to dis- 
miss the present dam from the a Service 
before it has had time to develop fully its useful- 
ness, in order to put in its place a successor, how- 
ever promising, seems to me at least premature.” 

This is not the only project that the authors are 
considering with the view of maintaining an abun- 
dant supply, and at the same time preventing 
undue flooding. The possible construction of 
reservoirs on the White Nile is discussed as offeri 
peculiar advan and free from the substanti 
objection of unduly tapping the water supply of 
the Soudan, and imperilling its advancing we. : 





A reservoir at Gebel Auli, 30 km. up stream from 
Khartoum, could be planned in connection with an 
enlarged dam at Assouan, to add a million more 
acres to the perennially irrigated area of Upper 
Egypt. An area of 600,000 acres in Lower Egypt 
aan be brought under cultivation by a second 
storage reservoir at Gebelein. A sum of six 
millions, it is thought, would cover the cost, and 
such a sum cannot be regarded as an excessive 
price for some 1,600,000 acres. The problem of 
satisfactory irrigation, however, is not solved 
simply by the provision of so many gallons of 
water. Other difficulties have to be overcome. 
The possibilities of the existing scheme, brought 
into operation at a very considerable expenditure, 
are not yet exhausted. Greater experience will 
teach many valuable lessons, and the cautious 
policy of ‘‘ wait and see” does not seem out of 
place here. 





Practical Stone-Quarrying: A Manual for M ers, 
Inspectors, and Owners of Quarries, a ‘or ents. 
By ALLAN GREENWELL, Assoc. M. Inst. O.E., F.G.S., 
and J. Vincent Etspen, D.Se. (Lond.), F.G.S. 
Illustrated. London: Crosby Lockwood and Son. 
[Price 12s. 6d. | 

In these days of strenuous competition it is unsafe 

to neglect any sources of information that may 

promote the economic working of industrial pro- 
cesses. The much-admired ‘‘ practical man” is not 
above accepting the services of the student of 
science, whose technical value he is quick to per- 
ceive. The authors apparently have the view that 
in the method of quarrying, as generally pursued, 
there is much that needs improvement. In the 
old days, the presence of a useful stone and the 
power of getting it out were a sufficient induce- 
ment to set to work without much thought of the 
morrow, or, indeed, any outlook beyond immediate 
needs ; but there comes a time when the stone can 
no longer be red with the same ease, when 

rofits shrink, and the life of the quarry ends. 

‘oo late it dawns upon the proprietor, or the 
manager, that if the plan of quarrying had been 
arran more judiciously from the outset, on 
sound principles of geology and — science, 
the work could be still continued at a profit. 

Scattered up and down the country there are too 

many instances of a haphazard method of working, 

leading to the early abandonment of a quarry 
owing to the heavy expenses of operation. To be 
able to extract the stone at the very minimum of 

cost is the whole essence of success, and ‘* even a 

small increase, amounting to no more than a few 

pence per ton of output, may make all the differ- 
ence between handsome profits and an adverse 
balance on profit and loss account.” 

The object therefore which the authors have in 
view is to explain the — on which quarry- 
ing can be most economically conducted. Their 
advice is timely, practical, and well considered. 
Very wisely, the authors have submitted their work 
to the gratuitous criticism of those most interested, 
by publishing a connected series of articles in a 
technical journal, the Quarry. This volume is 
founded on those articles, and it cannot be but 
that the treatise has profited by this course, since 
the requirements on one side become known, and 
the best means of satisfying them are made evident 
to the other. 

We may leave to the subtleties of the legal mind 
the task of deciding between a quarry and a mine, 
between stone, rock, and ore. The authors are 
liberal in their interpretation, and do not withhold 
any useful information that could be excluded by 
too rigorous a definition. It will be understood 
that their aim is to demonstrate how rock, which 
may include stone, slate, lime, chalk, clay, gravel, 
or sand required for commercial purposes, can 
be got from any pit or opening made for the pur- 

of extracting these materials. And not only 

— they in contemplation all the scientific and 

technical aids that can be brought to bear upon the 

subject, but they keep in view the main feature 
of working for a profit. It is not sufficient to get 
stone from a quarry ; as a rule, stone, or other 
material generally considered in this connection, 
has no value till. it has been transported to its 
market, or the place where it is to be used. 

Therefore, traffic facilities, cost of labour, efficient 

drainage, disposal of refuse, the choice and use of 

economic power plant, assume an importance not 
inferior to the scientific aspects of the problem. 

Although the authors naturally give some ele- 


mentary and practical geological explanations, yet, 
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accurate as these are, it would be injudicious to 
trust to them and dispense with the services of an 
expert. It would be a t mistake to suppose 
that because it was possible to acquire some know- 
ledge of the methods of sedimentation, and of the 
existence and consequences of the intrusion of 
igneous rock and other disturbing factors, that there- 
fore a judgment might be formed on all the intri- 
cate problems of bedding planes, lamination, joints, 
cleavage, and a host of other material factors that 


affect the profitable working of a quarry. In very | The 


evident conditions of unsuitability, the information 
might be sufficient to deter; under any circum- 
stances, it would scarcely warrant one in proceed- 
ing. In calling attention to these lexing 
matters, the authors, we imagine, are pointing out 
the many chances of pitfalls that are to be avoided, 
rather than advising an interested proprietor to 
trust to his book information. For the chances of 
disaster in quarrying are manifold and concealed. 
The presence of a near-by, but unsuspected, fault 
may make development in the most desirable direc- 
tion impossible : from an undetected shift, the extent 
of the overburden may be enormously in . 
or the value of a deposit may deteriorate from the 
proximity of an igneous intrusion, or from some 
cause which cannot be conjectured. The drill, in 
capable hands, can tell much, but not all. The 
evidence it brings to light cannot be overlooked, 
but is often very difficult to interpret correctly. 

Of all practical matters, such as the location of 
quarries and their successful development, the 
treatment is not only admirable, but the hints are 
extremely useful. Some may seem so obvious as 
to be unnecessary, but the number of workings 
that have been attempted without plan and without 
forethought prove the contrary. As an instance 
of practical utility, we may quote the following 
rule, of which the prudence is as evident as the 
neglect is frequent. ‘* Before starting a quarry, 
draw a careful plan of the surface conditions as 
they may reasonably be expected to exist in the 
space of five, ten, or fifteen years.” It is the want 
of that due prospection here suggested that has led 
to the sinister definition of a mine as ‘‘a hole in 
the ground in which a man drops his money.” 

The admirable illustrations from photographs 

rmit a very clear idea to be formed of the 

ding, stratification, and methods of working, 
whether on the surface or underground. In the 
method of extraction there is much that may be 
strictly limited to non-metalliferous rock; but the 
distinctive character of the appliances employed is 
not so noticeable in the matter of blasting, of 
tools, hoisting appliances, cableways, and haulage 
systems. In all mines where large excavations are 
necessary, or in the construction of embankments 
involving the tranference of heavy loads, operations 
similar to those described are employed. ey are 
needed in quarry work, and are rightly described 
in a manual aiming to include the whole processes 
involved. We get back to the main topic in treating 
of the breaking of stone for roars ay and the 
dressing of stone generally for the market. The 
various types of machinery that are gradually super- 
seding hand —— are efficiently explained. 
That nothing should be wanting, two chapters on 
legal matters are added. These seem to cover all 
that a layman need know about leases and royal- 
ties and the various Government regulations, but 
legal niceties open up an infinity of details, upon 
which we are not competent to express an opinion. 

The authors have had in view the requirements 
of candidates for the position of inspectors of 

uarries, and the possible recommendations of the 

yal Commission now sitting. They seem to anti- 
cipate that a certificate for efficiency will be required 
from managers and from all who are responsible for 
the conduct of operations. We imagine that their 
experience would recommend some guarantee of 
competency, obtainable only on exhibiting a wider 
range of knowledge than that now required. 
Under any circumstances, the authors have catered 
for those who aim at a higher technical education, 
and at the same time they have indicated to those 
working under disadvantageous circumstances what 
opportunities for improvement exist. To many, it 
is to be feared, who have taken over antiquated 
methods and obsolete tools, and who dimly recog- 
nise the necessity of drastic alterations, involving 
very considerable expenditure that might have 
been avoided earlier, the book will not prove par- 
ticularly cheerful reading ; but to those who con- 
template new development it should prove a 
useful guide and instructive companion. 
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OPTICAL ROTATORY POWER. 

On Friday, March 27, the Faraday Society held a 

neral discussion on ‘* Optical Rotatory Power.” 

e meeting, which took place in the rooms of 
the Chemical Society, was opened at 5 p.m., 
under the chairmanship of Professor H. E. Arm- 
strong, and was continued after a dinner interval, 
when Professor Percy F. Frankland took the 
chair. 
Hans Rupe had come over from Basle, and 
Professor H. Grossmann from Berlin, for this 
meeting ; Professor Leo Tschugaeff, of St. Peters- 
burg, and three scientists of Paris, Professor 
A. ttt, Dr. E. Darmois, and Dr. G. Bruhat, 
had sent communications, and Dr. T. M. Lowry, 
in conjunction with Mr. T. W. Dickson and Mr. 
H. H. Abram, Dr. T. S. Patterson, of Glasgow, 
and Dr. R. H. Pickar3 and Mr. J. Kenyon pre- 
sented papers. 

There was thus more than ample material for 


the discussion of a problem which is more than | sh 


a century old, and still obscure. Dr. Armstrong 
coupled the early history chiefly with the names of 
Biot, Pasteur, Wislicenus and Van’t Hoff. Optical 
rotation was first observed in quartz plates. The 
plane of polarisation is turned when light passes 
through an optically active substance, a crystal, a 
liquid crystal, or a solution; the angle through 
which the plane is turned may be large—it depends 
upon the substance and the thickness of the column 
—and may amount to thousands of — The 
rotation may be to the right or to the left, and it 


By invitation of the Society, Professor|to Ma 





was observed that the crystals (and also the solu- 
tions) of that tartaric acid which is characterised 
by a peculiar crystalline face on the right-hand 
side, turn the plane to the right, whilst the laevo- 
crystals turn the plane to the left. The rotation is 
larger in the liquid crystals and still larger in the 
solid crystals than in the solutions of the same 
substance, because the molecular aggregation is 
closer in the former instances. That the inter- 
molecular structure is involved in this problem was 
soon recognised, and of late the investigation has 
chiefly passed into the hands of chemists, who 
study the structure of complex organic compounds 
especially by creating new compounds in which 
certain properties may be accentuated. The sub- 
ject is all the more interesting as all the organic 
substances which seem to be more directly asso- 
ciated with life are optically active, and are mostly 
of one kind, as if from the earliest periods a selected 
force had been in operation to produce one kind of 
material. 

The early workers experimented mostly with some 
kind of monochromatic rays. When different lines 
from the spectrum were used for the experiments, 
the rotatory dispersion became an important factor, 
and the discussion mainly concerned this dispersion 
and its connection with chemical constitution. The 
rotatory dispersion is considered normal or ano- 
malous ; but Dr. Armstrong rightly asked in his 
introduction, What is normal? It will probably 
be accepted that the dispersion is considered as 
normal when the rotation increases steadily with 
decreasing wave-length, and as anomalous when 
it diminishes in any part of the spectrum with in- 
creasing wave-length. Temperature, concentration, 
the nature of the solvent, all have their influence 
upon the rotation. Dr. Patterson suggested that 
every compound would yield a curve showing a 
maximum at one temperature and a minimum ata 
much lower temperature; the positions of the 
maximum and minimum would vary for different 
kinds of light, and might not be recognised when 
the temperature range was kept too limited. The 
importance for these phenomena of asymmetry in 
structure was first accentuated by Van’t Hoff, and 
the papers read supplied a very large amount of ma- 
terial in support of this view; the nature and position 
of the bonds is likewise important. Professor Frank- 
land thought that changes in optical activity brought 
about by any agent would have the greater effects 
the smaller the wave-length; the apparent anomalies 
might be spurious. Dr. Lowry and others ascribe 
great value to the action of dynamic isomerism 
—the term refers to compounds which, in solution, 
easily pass from one modification into another. 
Dr. Lowry also exhibited his enclosed cadmium arc, 
designed for such investigations, an arc lamp with 
cooled electrodes of solid cadmium rods, which is 
worked in connection with a Gaede pump, because 
the hot metal (on 100-volt circuits) gives off much 
gas. Professor Cotton combines determinations of 
optical rotation with observations conducted in a 
powerful magnetic field, when magnetic birefrac- 
tion is sometimes seen. But the communications 
discussed by the meeting were of too varied a kind 
to allow of our entering into further details. 





Printine Exursition.—The Fifth International Print- 
ing, Paper, Stationery, Bookbinding, Boxmaking. and 
Allied Trades’ Exhibition is to be held at the Royal 
Agricultural Hall, Islington, London, N., from May 13 
y 30, inclusive. The Exhibition offices, whose 
address is 124, Holborn, London, E.C., have now issued 
a — edition of their Official Bulletin, giving detailed 
information on the various events. 





Messrs. CAMMELL LarrD AnD Co., Limitep.—In their 
fiftieth annual report and balance-sheet to December 31, 
1913, recently iesued, the directors state that the past 
year’s trading has resulted in a profit of 174,126/. 7s. 4d., 
which is an increase of 29,137/. 15s. 1d. over the profit 
for the previous year. As a consequence, it is now 
—, not merely to liquidate the arrears of ae sare 

ividend outstanding at the end of last year, but also to 
permit the payment of a small dividend on the ordinary 
ares, and make a start in the direction of building up a 
reserve account. The Birkenhead shipyard has been 
kept busily — ay during the year, and shows greatly 
improved results. A number of important contracts 
have been completed in this period, including that for 
H.M. battleship Audacious, and the volume of work now 
in hand is considerable. The results at Cyclops, Grimes- 
thorpe, and Penistone maintain the standard of previous 

ears, and the orders now on hand are satisfactory. The 
Goveniay Ordnance Works, Limited, show a substantial 
improvement as a result of the past year’s trading, and 
the interest held by the ey bg the Workington Iron 
and Steel Company, Limited, proved to be of great 
advantage. 
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NEW WORKS AT PORTSMOUTH 
DOCK YARD. 
(Continued from page 411.) 
Main anp Dratnace Pump WELLS. 


In our previous article we described the pumping- 
station and the machinery in it, and now we publish 
on Plate XLVII. a series of sections illustrating 
the wells in which the main and drainage pumps 
— The main pump wells are shown in 

igs. 72 to 76, the drainage wells in Figs. 77 to 81, 
-— the penstocks with their headgear in Figs. 82 
to 91. 

As to the main pumps, these, as already ex- 
plained in the previous article, are operated by 
compound horizontal engines, with cylinders set at 
right angles, both connecting-rods working on to 
one crank-pin placed vertically, and coupled direct 
to the impeller-shaft, as shown in Fig. 72. 

The impeller-shaft, Fig. 72, thrust-block, Fig. 73, 
and disc-bearings, Fig. 75, are all supported by 
heavy cast-steel beams, which are, in turn, bolted 
to cast-iron corbels built into the masonry of 
the well. This arrangement, which is clearly 
illustrated in Figs. 72 and 75, allows the bear- 
ings to be removed if necessary. The shaft 
pedestals are fitted with gun-metal bushes lined 
with lignum vite, the shaft, which is 10 in. in 


electric-motor, and the remaining thirty-five are 
worked by compressed air, but are also capable of 
being worked by hand. There are in all eleven 
compressed-air engines. Three have twin cylinders, 
8 in. in diameter by 10-.in stroke, and eight have 
cylinders 6 in. in diameter by 9-in. stroke. These 
engines have been manufactured by Messrs. Cowans, 
Sheldon and Co, Limited, Carlisle, and by the 
Hydraulic Engineering Company, Limited, Chester. 

The working air pressure at the engines is 50 lb. 
per sq. in., and the engines are designed to with- 
stand a working pressure of 100 lb. persq.in. The 
engines are controlled by levers passing through 
the cover-plates of the engine-pits. Indicators are 
provided showing when the valves are open or 
closed. The whole of the engine work and shafting 
is fixed below the coping level in pits and trenches 
covered with plates. 

Each penstock is fitted with automatic gear, 
that will disconnect it from the engine at both ends 
of travel, while each engine works one or a group 
of penstocks. The gearing is designed so that 
only one door is lifted at a time, the rate of lifting 
being 2 ft. per minute. The penstocks are at 
varying depth, ranging between 69 ft. 3 in. and 
22 ft. below coping. The frames are carefully 





bedded in cement and bolted to the masonry 
so as to form a thoroughly water - tight con- 
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Fics. 92 to 94. Detarits or Doors anp Frames or 7-Fr. Diameter CULVERTS. 


diameter, being gun-metal sheathed at the bearings. 
The thrust-block is fitted with removable cast-iron 
rings, white-metal lined on the rubbing surfaces. 
The block is so designed that the shaft runs in an 
oil-bath, and the outer casing forms a water-jacket. 
Ladders, staging, &c., are fitted in the well with 
suitable access to eagh bearing. The impeller, 
which is shown in Fig. 72, is 9 ft. in diameter. 

The drainage wells are illustrated by Figs. 77 to 
81. Into these there flows any leakage making its 
way into the lock when it is empty. The pumps 
for dealing with this water are of the three-throw 
type ; the crank-shaft, designed for a pump stroke 
of 4 ft., is shown in Figs. 77, 78, and 79; it is 
operated alternatively by a steam-engine working 
direct or by an electric motor through gearing. The 
bottom pump-rods are of naval brass, and the others 
of mild steel, while the adjustable bearings are of 
gun-metal. The 254-in. barrels, of gun-metal, at top 
and bottom, are connected by cast-iron chambers, 
the discharge-pipe, of cast iron, extending from the 
top chamber to the top of the well, delivering into 
a cast-iron main, Figs. 78 and 79. 


Tur Penstocks. 


In all fifty-one pen-tocks are provided for con- 
trolling the water flow in the filling, suction, 
discharge, and scouring culverts; of these, nine 
are old ones refixed, and the remaining forty-two 
are new. These latter were made by Messrs. 
Cowans, Sheldon and Co., Limited, Carlisle, and 
Messrs. Stothert and Pitt, Limited, Bath. They 
range in size from 4 ft. by 2 ft. to 8 ft. by 6 ft. 
Four are cylindrical, 7 ft. in diameter. Twelve of 
these penstocks are worked by hand only, four in 
in the pumping-house are actuated by steam or 
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nection with the masonry of the culvert. The 
whole of the trenches and the tops of the pen- 
stock shafts are covered in with cast-iron chequer 
mee divided up into sections convenient for 

andling and fitted with cast-iron = flaps and 
manholes for the inspection of the different sets 
of gear. The doors, 8 ft. by 6 ft. for the shallow- 
type penstocks, and 7 ft. in diameter for the deep 
type (the latter being shown in Figs. 85, 86 and 87), 
are of forged manganese bronze. The valve- 
seatings are of gun-metal, and are planed and 
rive to the planed surfaces of the frames, and 
afterwards machined or scraped until a water-tight 
joint is ensured. All the bearings have gun- 
metal brasses and are adjustable. e valves are 
shown in Figs. 85 to 91, while Figs. 92 to 94, on the 
present page, show details of doors and frames of 
@ culvert 7 ft. in diameter. 

The whole of the gearing, which is well shown 
in Figs. 82 to 84, is machine moulded. Each 
long lifting-screw is enclosed by a dirt - tight 
cast-iron casing, with a door in the front for in- 
spection purposes, and is supported by ball-races 
at the top and bottom, to take the thrust in either 
direction. The penstocks are arranged so as to be 
capable of being worked by hand, by means of cast- 
steel capstan heads and ash hand-capstan bars. 
Removable hand-levers are also fitted for reversing 
or disengaging the gearing. 

Arr-CoMPRESSOR. 

One of the new compressors installed for the 

supply of air for operating penstocks and a great 


variety of work, not only in connection with the 
new locks, but in constructional work, is illustrated 





on pages 480 and 481 (Figs. 96 to 98). It was 


supplied by Messrs. Fullerton, Hodgart and Bar- 
clay, Limited, Paisley, and is of the vertical two- 
stage type, with compound vertical enclosed direct- 
acting jet-condensing steam-engine, capable of 
compressing continuously 4000 cub. ft. of free air 
per minute to a gauge pressure of 100 lb. persq. in., 
with a steam pressure at the high-pressure receiver 
of 120 lb. per sq. in. All the parts, however, have 
been Seanad tor an initial pressure of 150 lb. per 

. in. 

The principal dimensions are as follow :— 


High-pressure steam-cylinder ... 25 in. in dia. 
Low-pressure steam-cylinder ... B.: w 
First-stage air-cylinder ... 40 a 
Second-stage air-cylinder BE Sites 
Stroke oh el ict 18 in. 
Revolutions minute... 155 
Crank-shaft Gocnale # Four, each 9 in. by 
12 in., and one 
9 in. by 15 in. 
Steam piston-rods 43 in. in dia. 
Air piston-rods 4 a 
-pin 54 in. in dia. by 
84 in. long 
Connecting-rod centres ... 3 ft. 9 in. 
Crank-pin ... Me ne 9 in. in dia. by 
9 in. long 
1 ae wo dismeter 10 ft. 6 in. 
eight... oa “i ~ 9% tons 
Air inter-cooler length between 
tube-plates st jee oi 10 ft. 
Air inter-cooler, diameter of 
shell om et oad wiih 2 ft. 6 in 
Air inter-cooler, cooling surface 1000 sq. fb. 
Duplex circulating-pump 5 =, oon 5 in. 
y 5 in. 
Gallons of circulating water per 
minute ... wit ss ee 100 
Water - cooler, length between 
tube-plates and diameter of 
shell ot “ae mn jes ier’ fly 
Water-cooler, cooling surface ... sq. ft. 
Jet condensing plant, capacity 
in lb. of steam per hour 13,000 Ib. 


duplex 18 in. by 12 in. 

engine, driv- 

...8in. and 14in. by12in. 

... 6in fresh, 7 in. salt 
6 in. 


Edwards’ tan 
Vertical compoun' 
ing air-pump cylinders 
Injection-valves ... ps 
Pets: o 
ank, ca ty in gallons es 
a Gananions a ... 5 ft. by 4 ft. by 4 fe, 
» suction to circulating 
es nw 34 in. 


pumps ... 

‘The high-pressure cylinder is fitted with piston 
slide and expansion valves, and the low-pressure 
cylinder wk o flat slide-valve, with gun-metal 
relief-ring on the back. Cast-iron trunk distance- 

jieces are fitted between each steam-cylinder and 
raming, with openings on the sides for access to 
the packing glands. The bed-plate is of the con- 
tinuous type, and the transverse members carrying 
the bearings are of box section. The bottom of 
the bed-plate is cast solid, with recess to form oil- 
well. All the working parts of the engine are of 
forged steel ; and the eccentric straps are of gun- 
metal lined with white metal and provided with 
ample bearing surface. The fly-wheel is cast in 
halves, with barring rack on the periphery. A hand 
barring-winch, with automatic throw-out gear, is 
provided. The makers’ ial combined and 
air-governor is fitted, having gear to the equilibrium- 
valve. 

The air-cylinders are water-jacketed, and air- 
valves on the Meyer patent system are fitted in 
the heads of the cylinders. There ie no valve-gear, 
the action of the valves being entirely automatic. 
The valves and seats together can be easily removed 
and replaced by only removing the cover over each 
individual valve. Cast-iron segmental distance- 
pieces are fitted between the steam and air-cylinders, 
of sufficient length to allow the steam-piston and 
slide-valve rings to be removed without lifting the 
air-cylinders. The receiver-pipe between the high- 
pressure and low-pressure steain-cylinders and the 
exhaust-pipe from the low-pressure cylinder to the 
condenser are of copper. 

The circulating pump is of the Worthington type 
duplex steam-pump, by Messrs. Mumford, of Col- 
chester. The fresh-water cooler has cast-iron body 
and ends, rolled naval brass ik mage and stays. 
There are 300 solid-drawn brass tubes, § in. outside 
diameter by 0.048 in. thick. The cooler is con- 
structed on the ‘* Contraflo”’ principle. 

The intercooler, which is horizontal, has cast-iron 
body and ends, and rolled naval brass tube-plates, 
baffie-plates, and stays. Thereare 619 solid-drawn 
brass tubes. The air is baffled across the tubes 
about six times, and the cooling water twice 
through the intercooler. The intercooler is fitted 





with inspection- doors, wash-out doors, testing- 








[APRIL 10, 1914. 


ENGINEERING. 


480 











‘oynuru red *43 9g 98 8U04 gy ‘’zIA—pepraoid Suteq ands puv jeaeq ySno1y4} UoALIpP SI jerIeq uvyed¥d | Jo OUD pozwIySNI]I SI C104 ‘Fgp OSed UO ‘gg “Big Aq | 1048 IO} JO[OOOIOJUI OY} JO sSeyoUeIG 4eTQNO puY 
eSvney jo speeds oarqisod oM9 Satais 103 sivas ey, ‘leysaqouvpy ‘W0Z104) 43044 ‘poztuutry ‘aog pue "NVISAV) N@ATUQ-uLy qoTUt yI0q 07 peqgy st ooald-4 ssviq y ‘seovds-ate 
-ofuvyo eaqvureqje ‘re pesserdmoo Aq pezeiedo | uvysnv, ‘sisseyy Aq porjddns o10M oseyy, “sx00] Mou *pesn | puv 1048M 490q 04 SOATBA-UTeIp puB ‘syoy00d 1a30Ur 
seulsue Saisseaer [eyuoziiey jo sed & wosy Bu1vad | oy} 98 suvysdeo uaAlIp-11e-pesserdui0o u04-g7 ey9| oq Avm 19}¥M YseIJ IO 4/¥8 JOYzI0 4uYyy Os ‘A[ddns | -oums0y} ‘earea-jorfor ‘uI-¢ ‘oBnes-ornsserd ‘qouvsq 


—— 















DA 
g | 
/ 


| 
i 
! | 
| | 


|} a ! le | | 
ee ae Pee aan aE 
| : | a | 
|e | io ae | 
iH | He ii | | | 


| 
| 
| 
| 
| 
















fr . 
/ 
H 
/ 
7 
4 





‘AWISIVd ‘SHHANIONA ‘GHLINIT ‘AVIOUVE GNV LUVOGOH ‘NOLYATIONd ‘SUSSHN Ad CALONALSNOS 


‘duvVAWOOd HLOOWSLYOd ‘SHOLOW YMOOLISNAd WOH UIV ONIATddAS AOSSHUCNOOUIV GOVLIS-OML 











APRIL 10, 1914. ] ENGINEERING. 


481 








AIR-COMPRESSOR AT PORTSMOUTH DOCKYARD 


CONSTRUCTED BY MESSRS. FULLERTON, HODGART AND BARCLAY, LIMITED. 


Fig. 91. 


Fic. 97. Verticat SteamM-Driven Two-Strace Arr-Compressor. 
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Fic. 98. Genera. View or Two-Stace Arr-Compressor. 


8 tons at 120 ft. per minute. The engines and | wheels project above the ground-level. Speci 

gearing are contained in a masonry pit built on the | attention was given to accessibility, the pit being 
top of the foundations, and covered with steel | sufficiently large to allow passage around the whole 
chequer plates level with the ground. Only the|of the capstan base, as well as around the engines 
capstan barrel and the controlling levers and|and gearing. The spur-gearing is all of forged or 








cast steel, and the teeth are all machine-cut. The 
bevel-gearing under the capstan head is of cast 
steel, with shrouded teeth. The bearings are of 
the adjustable pedestal type, fitted with heavy 
gun-metal steps. The engines are of the ordinary 
double-acting piston type, having two cylinders 
operating on cranks at right angles ; the cylinder 
dimensions are 15 in. in diameter by 12-in. stroke, 
and the working air pressure 60 lb. per sq. in. 
The air distribution is controlled by ordinary flat 
slide valves placed on the top of the cylinders, and 
operated by Stephenson link motion through rock- 
ing-levers. The piston-rods and valve-spindles are 
of forged bronze, and the pistons and slide-valves 
of gun-metal. The bearing surfaces are exception- 
ally liberal throughout, and complete arrangements 
for automatic lubrication are provided. 


(To be continued.) 








THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Continued from page 463.) 

On the meeting of the Institution of Naval 
Architects re-opening on Thursday, the 2nd inst,, 
the first two papers to be read and discussed dealt 
with the Diesel engine, and were taken together. 
The first paper was by Mr. J. T. Milton, and 
was entitled ‘‘The Present Position of Diesel 
Engines for Marine Pur ” The second paper 
was by Professor W. Dalby, and was entitled 
** Results of Trials made on a Small Diesel 
Engine, in which Accurate Indicator Diagrams 
were Obtained by Means of a New Form of Optical 
Indicator.” Both these are reprinted in extenso 
elsewhere in this issue. The first was read in 
abstract by the author, the second was given in the 
form of a lecture illustrated by lantern-slides, by 
Professor Dalby. 

The discussion on the two papers was opened by 
Mr. J. Gilchrist, who said Mr. Milton’s paper was 
valuable as on some of the great diffi- 
culties and problems encountered, and as showin 
that with experience these could be overcome. Wit 
reference to the fuel-valve the ideal was one in which 
resistance was a minimum and the atomising effect 
a@ maxinum. This would produce the best and 
most rapid mixing of the injection with the air 
compressed in the clearance space, and would give 
to the cylinder that rate of fuel injection which would 
not raise the pressure much above compression 
pressure, and would maintain that pressure until the 
valve closed. The lower the pa of the injection 
air above that in the cylinder during the time the 
fuel was being injected, the less weuld be the 
power needed for air-compression, and the lower 
would be the minimum speed and power at which 
the engine would work. A considerable margin 
was necessary to prevent a back-fire into the fuel- 
valve. Even with a well-designed fuel-valve and 
fuel-cam, overload mean pressures of 140 lb. per 
sq. in. would be quite possible, In the Jutlandia 
they had on her initial trials, in an occasional cylin- 
der, such a pressure for some time before the fuel 
adjustments had been made. In that ship there was 
one fuel-pump to eight cylinders. Mean pressure 
corresponding to those conditions was possible with- 
out smoke in the exhaust, although the temperature 
at that point must have been somewhat high. This 
would lead to the conclusion that with four-stroke- 
cycle engines working at 90 lb. at full load, 
an increase in efficiency could be got by altering 
the inlet cam so that the air-inlet valve 
closed later in the compression stroke than usual, 
and by decreasing the clearance space to give 
the same pressure at the end of the stroke. @ 
temperature at exhaust would probably be also 
lower, which would be an advantage to the exhaust- 
valve. Some time ago his staff had gone fully into 
the temperatures at various points of the cycle on 
an experimental engine having a single cylinder 
20] in. in diameter and a stroke of 28f in. Their 
findings bore out those of Mr. Milton in general. 
Combustion was found to take place to a greater or 
less extent throughout the whole of the expansion 
stroke in all cases. The only troubles in his expe- 
rience from charred lubricating oil had 
in a 30 days’ continuous trial on that experimental 
engine. It arose with the valves of the low-pres- 
sure stage of the air-compressor for fuel injection. 
Indicator cards were en off each of the two 
stages, and those from the low-pressure —_ 
showed an increasingly high pressure at the 
end of compression, above that registered on the 
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pressure-gauge of the intermediate receiver. On 
examining the valves, which was possible without 
stopping the engine, charred lubricating oil was 
found to have accumulated on the valve and 
in the passages. They had really been using too 
much oil. The quantity was reduced to a = 
small amount, ~* there was no more trouble. It 
was probable that the compressor might have been 
worked with no lubricating oil at all, as the vapour 
in the atmosphere might be sufficient to keep the 
surfaces moist ; but that was not tested. The quality 
of the lubricating oil certainly required very care- 
ful consideration. It would be of great service to 
members if some of the superiotending engineers, 
who had had Diesel-engined ships running for some 
time, would give their experience of the effect of 
using sea-water in the cylinder jackets and 
pistons for cooling. The opinions he had been able 
to obtain had been very contradictory. 

Dr. Dugald Clerk referred to the point that tem- 
peratures rose sometimes during the expansion 
stroke. That, he thought, was mainly due to 
imperfect atomising. he air injection was not 
strong enough to break the oil up to the requisite 
degree. The newer engines were free from that 
trouble, and the terminal temperatures were 
considerably lower than the maximum tempera- 
tures. Mr. Milton said that, even with engines 
in which the high temperatures were maintained 
for a good part of the stroke, the expansion 
line was above the adiabatic. He (Dr. Clerk) 
assumed that Mr. Milton’s comparisons were 
made with the so-called air standard, in which case 
it should be remembered that it had been conclu- 
sively proved that the specific heat of air rese with 
the temperature. In the case of carbonic oxide this 
rise in the specific heat was rapid, and it also occurred 
in the case of water. With the specific heat thus 
varying with varying temperature, if the adiabatic 
line of air were taken as a standard, it would 
always be found that the expansion line was above 
that of air. In calculating for the variable specific 
heat in gas-engine work, where the combustion was 
rapid and soon completed, he found that the gas 
particles did not combine with oxygen until one- 
tenth of the stroke had been completed. After 
that there was possibly some further increase, but 
the expansion line would be below the air adia- 
batic. It was therefore essential to take into 
account the fact that the specific heat of the mix- 
ture was from 20 to 25 per cent. above that of air 
at the higher temperatures. Even Regnault’s 
figures for air were about 4 per cent. too low. 
With the air cycle it did not matter whether 
the highest temperature was 1000 deg. or 2000 
dsy.; the ideal efficiency was the same, assuming 
no heat lost. The efficiency was constant, even if 
the initial pressure of the gas and air charge was 
raised before compression. It did not matter 
either, from the ideal efficiency point of view, 
whether the exhaust was at 80 lb. per sq. in. or at 
30 lb. per sq. in. There were three cycles possible— 
the constant-temperature cycle, which Dr. Diesel 
first aimed at; the constant-pressure cycle ; and 
ths constant-volume cycle. The three gave iden- 
tical ideal efficiencies. In all tests in Germany the 

ractice was made of over-estimating the in- 

icated efficiency, because account was not taken 
of the work done in compressing the air. 
had pointed that out in the discussion on Dr. 
Diesal’s paper at the Institution of Mechanical 
Engineers in 1912. The German system was 
evidently incorrect, because, if one had a very 
large pump, the efficiency could be made whatever 
one pleased. He would like to persuade Professor 
Dalby to adopt the English method and allow for 
this, instead of employing the German method. 
About 6 per cent. should be taken off some of 
Peofessor Dalby’s figures at the higher loads, and 
in other cases 10 per cent. No Diesel engine had 
ever given a legitimate indicated efficiency of 


40 per cent. Diesel-engine cylinders were no 
more efficient than others, and 46.4 cent. was 
very much too high. Dr. Diesel agreed with 


him, and had said that he was one of very few 
German engineers who held his (Dr. Clerk's) opinion 
on the point, the majority preferring to take the 
engine without allowing for the compressor work. 
The brake efficiency, of course, was all right, not 
being affected in the same way. The actual effi- 
ciency and the obtainment of a minimum heat flow 
depended on more than temperatures. He had 
found that with a temperature of 1700 deg. Cent. 
the flow of heat at the compression end was five 
times what it was at the expansion end; the flow 


He | as 





was a function of the density of the fluid, as well as 
of its temperature. 

Professor W. H. Watkinson said he had taken the 
indicator diagrams shown in Mr. Milton’s paper and 
had replo them as temperature-pressure curves, 
the temperature scale being horizontal and the 
pressure vertical. They showed how the tempera- 
ture increased during compression and also during 
the supply of heat by firing, then remaining con- 
stant daria part of the expansion, after which it 
decreased. The first diagram (that for the Suecia) re- 
drawn in this way was fairly regular, but the second 
(for the four-stroke -cycle engine) showed some 
inexplicable irregularities. He had drawn similar 
curves in 1898 for a case the data of which had 
been supplied to him then by Dr. Diesel. That case 
gave distinct indications of delayed combustion due 
to the imperfect atomisers then in use. He wanted 
to point out that isothermal combustion was not 
attained. (n such a pressure-temperature basis 
the ideal diagram would show a regular curve of 
rise of temperature during compression, a hori- 
zontal line representing the firing, and a regular 
curve falling from the end of the horizontal to the 
commencement of the compression, giving a trian- 
gular figure with two curved sides and one 
horizontal. Mr. Milton referred to the fact that 
smoke was sometimes developed in the exhaust. 
He thought it would be an advantage if'a small 
branch-pipe with a trial-cock was fitted to the 
exhaust-pipe. By rape a paper at the end of 
this little test-pipe it could be seen whether com- 
bustion was good or not. Professor Watkinson 
showed a piece of paper with several black spots 
on it, formed by deposit on the paper when the 
engine was suffering from overloading or bad spray- 
ing. That simple method tended to the easy detec- 
tion of troubles and their prevention or remedy. 
He thought the most serious accidents with Diesel 
engines occurred asa rule at starting. He had some 
continuous diagrams which would illustrate what the 
conditions were in the cylinder at starting. If sbart- 
ing air were admitted to the cylinder at a pres- 
sure of 450 lb., at the end of the expansion stroke 
its temperature would be —220 deg. Fahr., assum- 
ing » as 1.3, and the piston and walls would be 
covered with snow, due to the presence of moisture 
in the air. That was next exhausted and the charge 
taken in from the atmosphere, and after four 
charges or so the oil was switched on, with at first 
many misfires, because the temperature in the 
cylinder was too low. During these blank charges 
some heat was being given up to the cylinders, so 
that the temperature was ually raised and igni- 
tion resulted after somedelay. The effect, however, 
was not at first normal, giving a di with a 
flat top ; but an Otto cycle diagram was given with 
an actual explosion, —_ twice the normal 
pressures in the cylinder. ese explosion pres- 
sures decreased until after a while the conditions 
became normal. Those dangerous pressures could 
be avoided by shooting the oil in less quickly, which 
could be done by reducing the pressure of the 
blast to about 550 Ib., Bo a@ quiet start and 
normal diagram would be obtained. He would 
only add that during the last few months he had 
tried on their Diesel engine an oil distilled at low 
tem ture from canne!l coal, with as good results 
vm obtained with the usual oils. 

Professor E. G. Coker followed, and spoke on 
the question of the calculation of high tempera- 
tures. In his appendix, Mr. Milton gave figures 
for explosion temperatures of 2509 deg. and 
2369 deg. Fahr., which were very much lower than 
those commonly found in gas-engine work, and he 
would like to know whether the author had taken 
any steps to check those temperatures by inde- 
pendent observations. Mr. Milton had apparently 
started with a tem at the beginning of the 
compression stroke of 100 deg. Fahr. It was a 
chance proceeding to calculate very high tempera- 
tures from a base so low as that ; the risk of error 
was very great. Had the figures been checked, 
for instance, by placing a fine platinum wire in 
the combustion s and observing whether it 
melted? With the Otto cycle, very different 
figures had been recorded by Professor Dalby, 
himself, and others. Professor Dalby had o 
tained figures of 1800 deg. Cent. at the highest 
— of the Otto cycle card. That was about 

deg. Fahr. In some of his own work 
1850 deg. Cent., or about the same figure, had 
been obtained. His highest figure was 4050 deg. 
Fahbr., but all these were much higher than 
Mr. Milton’s figures. It would be well for engi- 





neers to bear in mind that temperatures much 
higher than those given in the paper were common. 
The actual temperature should be more definitely 
settled by experimental means, and calculation alone 
should not be relied on. The diagrams exhibited 
by Professor Dalby seemed to him to be a very 
faithful representation of the cylinder conditions. 
He wished to draw attention to the small ripples 
shown in them. They were not, he was convinced, 
errors in the cards, but were real. The Diesel 
engine, of course, was not a constant - pressure 
engine at all, as was commonly supposed. Could 
Professor Dalby say in what way the ripples, to 
which he referred, were produced ? 

Mr. N. T. Batho read a lengthy contribution on 
some results of practical experience. Of this we 
give the following extract :—Mr. Milton said the 
four-stroke cycle was more efficient than the two. 
The difference was not great. Comparing figures 
for a 1500 - brake - horse - power two-cycle engine 
and an 800 - brake - horse-power four-cycle engine 
of the same cylinder dimensions and speed, the 
two-stroke engine had a consumption of 0.31 lb. 
per indicated horse-power and 0.44 lb. per brake 
horse-power at full load, with a mechanical efficiency 
of 71 percent. The four-stroke engine had a con- 
sumption of 0.32 lb. per indicated horse-power and 
0.4 Ib. brake horse-power, with a mechanical 
efficiency of 73 per cent. Since those tests they 
had obtained with a two-cycle engine a fuel con- 
sumption of 0.429 lb. per brake horse-power in an 
engine similar to the above. The improvement 
was due to the method of scavenging, in which 
scavenging-valves were dispensed with in the 
cylinder cover, and ports were used in the cylinder 
walls. In addition, an auxiliary valve was pro- 
vided, giving extra air after the piston had covered 
the scavenging ports. That ensured a cylinder full 
of fresh air for the next working stroke. In addi- 
tion to being more efficient, this arrangement 
avoided the necessity of so great complications in 
the cylinder covers, which was a source of weakness. 
His firm built four-stroke-cycle engines up to 
1000 brake horse-power, with trunk pistons. In 
large two-cycle engines they used the cross-head, 
but in high-speed two-cycle marine engines they 
used the trunk piston. The Junkers engine 
referred to in the paper appeared to have several 
disadvantages. The whole running gear was 
inaccessible, and dismantling seemed very diffi- 
cult. The cylinders appeared to be weak; just 
where the stresses were greatest the liner had 
to be bored to take the valves. The engine was 
not well balanced: He had compared a set of 
four-cylinder two-cycle engines witha three-cylinder 
Junkers engine, and had come to the conclusion 
that the unbalanced forces were seven times as 
great in the latter asin the former. If anything 
happened to one piston, the other in the same 
cylinder was placed out of action. Cooling the 
upper piston would be difficult to arrange, and so 
on. In reference to the tests of Junkers engines 
with oils high in asphalt, mentioned by the author, 
it appeared that compression pressures of 44, and 
even 73, atmospheres were used. He thought 
those excessive for general practice. Under 
normal conditions Mexican, Californian, and other 
oils containing a large percentage of impurities 
could be used with pressures of about 33 atmo- 
a. The two-cycle engine ran to about half 
the weight per brake horse-power of the four-cycle 
engine ; the fuel consumption was very little dif- 
ferent, and he thought therefore that there was a 
future before the two-cycle engine for marine pur- 
poses, if it could be proved as reliable as the four- 
eycle engine. Mr. Batho then proceeded to give a 
large number of fi relating to the perform- 
ance of the Monte Penedo, the particulars ranging 
over the period from August, 1912, to the present 
time. ese we cannot reproduce in full, though 
it may be said that, beyond ordinary repairs, the 
only work needed in that time was the renewal of 
the pistons, one of which worked loose, with the 
result that a new design had been got out and a com- 
pletely new set fitted. The boat had now covered 
over 50,000 miles. A typical figure for her con- 
sumption was 7.25 tons of fuel per 24 hours ; 
machine-lubricating oil, 384 gallons per 24 hours ; 
cylinder oil, 4.8 gallons in 24 hours. The salt 
water used in the jackets appeared to have no dele- 
terious effects. 

Mr. Hamilton Gibson was the last speaker. He 


spoke as a manufacturer of marine steam-engines 
and boilers. He did not like the idea of propelling 
vessels by explosions in a battery of ogtalees. That 
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might be prejudice, but it was the general attitude. 
The engineers did not like an engine that gave a 
kick every second revolution. or did they like 
being = at with flames when taking indicator 
cards. The Diesel enyine was too compiested. In 
it temperatures and pressures were used 30 times as 
high as those of a furnace, and the problems were 
more those of a gunner than of an engineer. There 
were serious chances of back-fire due to compressing 
from the whole cylinder volume up to ignition 
pressure. There were difficulties in the two-stroke- 
cycle engine, especially with re to bearing 
pressures ; but he thought that Mr. Michell’s work 
on bearings had possibly done something towards 
the solution of these points. He had lately 
inspected a two-stroke reversible engine which 
appeared to him to be promising Lach cylinder 
was a self-contained engine ; there were no extra- 
neous counter-shafts, cam-shafts, or clockwork. 
Each cylinder of the engine had a trunk piston, in 
which, while the piston oscillated vertically, two 
other pistons moved from side to side horizontally. 
The latter pistons were driven off the connecting- 
rod, one by an extension of the rod beyond the 
gudgeon-pin, and the other from a pin in the rod 
below the gudgeon-pin. The former acted as the 
compressing piston, and the latter the piston of 
the fuel-pump. Passages in the main piston led 
the compressed air from one end of the air-com- 
pressing cylinder in the main trunk, and the fuel- 
supply, from the opposite end of the fuel-pump, to 
the top of the main piston. Similar passages 
connected the other ends of the compressor 
and fuel-pump with the combustion space. 
The fuel-pump was supplied with oil by an 
automatic valve, worked in conjunction with a 
supply with which a connection was formed durin 

part of the stroke. Fresh air was taken in an 

compressed to 200 lb., and there was no risk of 
pre-ignition. The fuel and compressed air were 
discharged into the cylinder after the dead-centre 


had been passed. Reversal was merely by stopping 
the supply of oil to one end of the pump. ition 
continued to half the stroke, so that a full card 


was obtained. Exhaust and scavenging was as in 
the ordinary two-stroke-cycle engine. He thought a 
move might be made in some such direction, com- 
bining simplicity and reliability. Economy of fuel 
might be ar A too dearly. The Diesel engine 
was too complicated, and they could afford to dis- 
pense with the last ounce of economy if in return 
they could get something the average engineer 
could understand and handle. 

As the time for adjournment had arrived, Mr. 
Milton, on being called on by the President, said 
he would reserve his reply, and contribute it in 
writing to the Proceedings. Professor Dalby said the 
ripples spoken of by Professor Coker were merely 
oscillations in the pipe between the cylinder and 
indicator—organ-pipe oscillations, in fact. He 
would bear in mind Dr. D. Clerk’s suggestion with 
regard to indicated efficiency. After the usual vote 
of thanks, the meeting then adjourned till 3 p.m. 


SuPpERHEATERS IN MeroanTILE STEAMERS. 


The afternoon meeting began with a paper 
entitled ‘‘The Use of Superheaters and Super- 
heated Steam in Mercantile Steamers.” It was 
read by the author, Mr. Harry Gray. We reprint 
the paper elsewhere in this issue. Sir John H. 
Biles was in the chair. 

Professor W. H. Watkinson opened the discus- 
sion. He thought the Institution was indebted to 
Mr. Gray for the information he had given in refer- 
ence to superheating in practical working. There 
were, however, one or two details he would like to 
criticise. Mr. Gray early in his paper, advocatin 
superheat, said that one of the important causes o 
loss of power in steam-engines was the drop in tem- 
ary sng not only between the boilers and engines, 

ut also in the cylinders themselves, beyond that 
due tothe expansion. This was quite wrong. The 
value of superheat was that it decreased or elimi- 
nated cylinder condensation. All the saving was 
practically due to this. There was a slight 
thermodynamic saving directly due to the super- 
heat, as could easily be shown on the entropy 
diagram, but it was so small as to be sunday 
— in practice. 
ere was a further point, in the first table in 

the pon. It would be seen that in the last column 
the low-pressure cylinder had been credited with a 
negative superheat. There was no such thing as 
a negative superheat, and could be no such thing. 
The only explanatiuns of the readiug not being that 





of the temperature of saturated steam-were that 
either the observation, or the instrument used, was 
faulty. The general figures for coal consumption 
given in the paper were probably as reliable as any 
similar practical figures that had been published, 
but in reality the whole of the conditions were so com- 
ag that accurate figures could not be obtained 

y the methods used. For instance, in the selected 
trial given near the end of the paper the coal per 
indicated horse-power was given as 1.043 lb., and 
the coal for the average trialsas 1.15 1b. But this 
was a difference of 11 per cent., and if such large 
differences were peeililie with the methods used it 
was impossible to suppose that there was any great 
accuracy in the figures at all. Tests of this sort 
could only be approximate ; he had himself known 
of a ship having a maximum superheat of 500 deg. 
voyaging from Glasgow to New York, in which 
the introduction of superheat increased the coal 
consumption owing to increased friction following 
trouble with the valve-rings. 

Mr. R. J. Walker thought the paper very interest- 
ing as recording three years of practical success 
with superheaters. The author, near the end of 
his paper, had referred to the question of super- 
heating on turbine ships. He (the speaker) would 
say that the reason superheaters had not n 
adopted hitherto on such ships was not on account 
of difficulties with the turbines, but of difficulties 
with the superheaters. In early marine superheat- 
ing there had been troubles owing to tube erosion, 
due to salt getting into the boilers. On the turbine 
side there was no difficulty, and superheating was 
practically universal for land turbines; 150 deg. 
superheat was common, while 200 deg. and 250 
deg. were met with. Hoe would say that a 100 deg. 
superheat gave an economy of 10 per cent., a 150 
deg. superheat an economy of from 13 to 14 per 
cent., and a 200 deg. an economy of 17 to 18 per 
cent. There was no reason to suppose that similar 
economies would not be shown in marine turbines. 
He knew of some turbine ships now being built 
in which superheats of from 100 deg. to 150 deg. 
were being adopted. The paper had referred to 
the supply of superheated steam to the auxiliaries. 
He would like to know what degree of superheat 
was recommended for this purpose. Some auxi- 
liary machinery makers, he believed, stated that 
eer products were suited for 100 deg. super- 

eat. 

Mr. Allen thought the important feature of the 
paper was that it was a record of tests taken in 
practice over extended voyages, and was not merely 
concerned with laboratory results. He considered 
that Mr. Gray's success was very largely to be put 
down to the very effective feed-water filterin 
arrangements he had introduced. If he had h 
oil and salt getting into the boilers, the results might 
have been very different. There had, no doubt, 
been other troubles in the early days, owing to 
lubrication difficulties with valves and pistons, but 
Mr. Gray’s methods were now such that high-pres- 
sure piston rings might run to Australia and k 
and show no perceptible wear. 

Mr. Harold Yarrow, called upon by the Chair- 
man, said that he had had no intention of speaking, 
but might perhaps say that since he read his paper 
on superheating before the Institution, his firm 
had built 11 superheater destroyers. Two of them 
had seen three years’ service, and as there had 
been no complaints, he presumed there had been 
no troubles. The superheat was 100 deg. 

Mr. T. Bell said he would like to-direct atten- 
tion to the eleventh clause in the collection of 
points, dealing with the advantages of superheat, 
given at the end of the paper. This stated that 
the first cost of the superheater was saved in a 
year if the vessel was under steam for 200 days. It 
seemed to him that everything depended on what 
was paid for cargo, and he would have some diffi- 
dence in going to an owner with that clause. Each 
indicated horse-power of superheater was said to 
cost 11. Assuming roughly that each indicated 
horse-power used 1 lb. of coal per hour, it would 
use 24 lb. in a day, or 4800 lb. in the 200 days 
under steam. The saving with superheating would 
be, say, one-tenth of this—480 1b. If, now, coal 


cost 15s. a ton, one would have a saving of about 
3s. a year on an expenditure of 1l. t was a 
reasonable saving, but was far from paying the first 


cost in the year, and then upkeep and supervision of 
the superheater had to be considered, which might 
knock 30 per cent. off this 3s., and leave 2s. a year 
saved. This was 10 per cent. on capital outlay, 
and was quite reasonable, but was rather a dif. 





one thing from the statement in the eleventh 
clause. 

Mr. A. E. Seaton, continuing the discussion, 
said he agreed with Professor Watkinson that the 
chief saving from superheating was due to it givin 
a more or less perfect gas in the cylinders, inst 
of what was the time a sort of shower- 
bath. He had pointed this out years ago. He 
had been struck with the cost of superheaters 
given by Mr. Gray. He had no idea they would 
come to 20s. a horse-power, and would have 
thought 10s. would have been enough. Super- 
a was an undoubted gain. He could quote a 
case of a land installation in which heating to 
550 deg. gave an increase of 15 per cent. economy 
in water, and another, some years ago, on a triple- 
compound engine working at 2001b. with saturated 
steam, where, by working at 150lb. with steam 
superheated to the temperature of saturated steam 
at 200lb. there was a slight economy. This was 
on a land job. At sea, where there were long 
eps and connections, the saving would probably 

ter. 

ine superheating, as usually carried out, was 
under a disadvantage, as the flue gases had to pass 
the superheater at a high temperature if they were 
to do any good, and as a consequence they had to 
go to waste at a high temperature. To-get the best 
results, it was almost n to have an in- 
dependently-fired superheater. If one did this, 
the proportion of the gases escaping at a high 
temperature was reduced. He had known super- 
heater trials in which the waste gases were found 
to have a very low a but when he 
examined them he found that the people who were 
running them were not getting any superheat at 
all. In reference to Mr. Gray’s figures of economy 
he must say he would rather have had results in 
terms of water saving. He could not help being 
sceptical of results giving fractions of a pound of 
am saving, when he thought of losses in stoking 
and ag ore variables. He also + the com- 
ison between a triple-expansion and a quad- 

ae e engine hardly fie ’ 

r. M. Miles thought the paper very valuable, 
being the first giving actual results of a modern 
marine superheating installation. It was such 
figures as were given stating the saving in coal 
over complete voyages that shipowners were in- 
terested in. If boilers were designed from the 
beginning for superheaters, they might be made 
about 10 per cent. smaller than was necessary if 
saturated steam was used, and this would almost 
pay for the superheater right away. There were 
about 1000 steamers in service fitted with super- 
heaters, and the system was quite it the theo- 
retical stage. An interesting side issue was that 
the superheat pyrometers gave an immediate indi- 
cation in the engine-room of the way stoking was 
being carried out. If stoking got k, and the 
temperature began to fall, it was at once seen in 
the engine-room, and instructions could be given 
to improve matters. 

Mr. Harry Gray then replied to the discussion. 
He said he agreed with Professor Watkinson that 
the chief value of superheat was that it reduced 
cylinder condensation. If it were possible to get 
some superheat through to the low-pressure cylin- 
ders, he thought they would show even better 
results than they had done. In the initial stages 
of their work they had had some trouble with high- 
a rings, but proper lubrication was an abso- 
ute cure. In reply to Mr. Bell’s calculation, he 
would say that when he spoke of the capital cost 
of the superheater being paid off in 200 sailing days, 
he naturally meant the days in cargo. He did not 
contemplate the boat running about light. On 
Mr. Bell’s basis the superheater for a 4000-indi- 
cated-horse-power ship would cost 40001. This 
ship would burn 11,200 tons of coal in the 200 days ; 
but if it had no superheater it would burn some 
2000 tons more, which, with coal at 15s., would 
account for 15001. towards the cost of the super- 
heater. This 2000 tons of coal being no longer 
required, py me Beare be free for er, the 
rates for which would go a way tow ing- 

pom | up to the 2008. 


ing the 15001. saved on 

required to poy for the superheater. This sort of 
rough calculation was not off-set by increased 
depreciation or repairs on the superheater ship. 
He had found no such increases. As au example 
of the way in which the superheater engines per- 
formed, he would say that nf a few weeks ago he 
had renewed some gland ing which had run 
with absolutely no trouble for two-and-a-half years. 
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THE NEW LOCKS AT PORTSMOUTH DOCKYARD; AIR-DRIVEN CAPSTAN. 
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The discussion of the pee was then concluded 
with a vote of thanks to the author. 


Tue ENpuRANCE oF STreaM-Pipes. 


The next paper, ‘‘The Elasticity and Endurance of 
Steam-Pipes,’’ was then read by its author, Mr. C. E. 
Stromeyer. This — we hope to reprint at a 
later date, and as there was very little discussion 
on it, we need not attempt to summarise it now. 
This would, indeed, be impossible, to any pur- 

e, as the value of the — lay in its detail. 
$ covered an examination of a very large number 
of Board of Trade reports on steam-pipe explosions, 
attributed to fatigue or want of elasticity, and 
attempted, by means of certain assumptions, to 
calculate the actual fatigue stresses which had 
caused the fractures. 

Mr. A. E. Seaton, making a few brief remarks 
on the paper, said that, like all Mr. Stromeyer’s 
contributions, it was interesting, instructive and 
unique. For himself, however, he would have to 
say that it was something like bovril and would 
want considerable dilution before he would be able 
to digest it. Its subject, however—the b 
of steam-pipes—was very important, and any light 
Mr. Stromeyer was able to throw on it would be 
of great value. He ho he would, later on, 
prepare another paper dealing with the results 
obtained with the new testing-machine he spoke 
of. Mr. Stromeyer proposed to do some investi- 
gations on copper. This was a very obscure material, 
and it was not always certain, for instance, whether 
annealing would do good or harm in any particular 
case. He suggested that Mr. Stromeyer should 





Fig. 99. 


analyse his specimens chemically as well as test 
them mechanically. This might clear up some 
doubtful points. 

Professor E. G. Coker was the only other speaker. 
He said he would like to add his tribute to the 
extraordinary skill with which Mr. Stromeyer 
had disentangled what ap to be a hopeless 
collection of discordant results, and had shown 
acommon cause running through many of them. 
The law of alternating stresses given in the paper 
was new to him (the speaker). He thought it put 
matters in a very clear way. 

Mr. Stromeyer then replied, and, after a vote of 
thanks had been carried, the meeting turned to the 
consideration of the next paper. 


Data OBTAINED WITH THE Foster StRarn-METER. 


This paper was by Mr. W. R. G. Whiting, and 
was entitled ‘‘ Note on the Foster Strain-Meter 
and some Data obtained therewith.” It was read 
by the author. We reprint the paper elsewhere 
in this issue. 

Mr. S. V. Goodall opened the discussion. He 
said it was unfortunate that the strain-meter did 
not give autographic records, so that the figures for 
the asamp ne connecting-rods in the table in 
the paper might have been mean values instead of 
isolated values. A little more than half way 
through the paper it was said, referring to the 
balanced rudder of the steering-gear tests, ‘‘ another 
explanation is that the commen assumed position 
for the centre of pressure on a plane. surface 
inclined to a stream-line is not the fixed point 
supposed.” He presumed this referred to the 





velocity of the stream relative to the size of the 
surface, and not to the well-known fact that 
the centre of pressure altered with the inclination 
of the plane. If the first was intended, however, 
he would point out that both Froude, at Haslar, 
and Dr. Rateau had found the centre of pressure 
the same for different speeds. 

He would also refer to a later point in the paper, 
where, dealing with Fig. 6, it was stated t in 
plotting the calculated curve, the calculated stresses 
due to ‘‘ setting up” had been subtracted from the 
theoretical curve of stress. Surely these correc- 
tions must have been based on estimates of the 
pressure on the ways and blocks, and if so, they were 
really pure assumptions. Referring again to the 
steering-gear and rudder experiments mentioned 
earlier in the paper, he would say that these were 
carried. out on a light cruiser built at Elswick. 
Before the experiments there had been no idea that 
the rudder was overbalanced, and no overbalancing 
had been shown by model experiments. The strain- 
meter tests seemed to be warning that overbalancing 
might possibly occur. He would also say that as a 
result of the tests larger connecting-rods had been 
fitted, and the method of end-play mentioned given 
up. In conclusion, he would say that certain 
launching strain tests with another strain-meter had 
shown a quickly varying strain at the upper deck, 
the graph showing a wavy line. He thought it 
probable that this varying stress was actually pre- 
sent as the ship slid down the ways, and that its 
absence in the curves given in the paper was due to 
it being plotted from a single reading instrument. 

Mr. E. F. Spanner, the next speaker, said he 
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had had some experience with the Foster strain- 
meter in connection with launches, and there were 
a few difficulties in obtaining accurate records from 
it that he would like to refer to. The first diffi- 
culty was in fitting it so as to get rid of all air. 
Any air present seriously affected the reading. 
The only thing to do was to tap it vigorously 
at the time of filling to make sure there were 
no bubbles —_ in the diaphragm - chamber. 
The liquid was water, and it was interest- 
ing to note that when he had got it quite free 
from air and used it satisfactorily, after leaving 
it for sixteen hours, air-bubbles had reappeared. 
He could only suppose the air had come out of the 
water. The obvious remedy was to use boiled 
water. Another point was that when the instru- 
ment was in use and a sudden strain came on, so 
that the level of the liquid fell rapidly in the scale- 
tube, there was apt to be a film of water left inside 
the tube. This would make the reading appear 
too low on the scale. The presence of the film 
was shown by the fact that after a time it settled 
down and formed a bubble above the meniscus. 
There was also a possibility of trouble with evapo- 
ration. That in a long test the liquid left on the 
gides of the tube had partly evaporated was shown 
by the fact that at the end some of the red colour- 
ing matter from the water was found adhering to 
the tube. A further point to be noted was that 
owing to the strain of ¢ the material being tested 
lagging behind the stress _— to it, it was 
necessary to wait some time the application 











of the stress before taking a reading. The 
bility of an error due to this cause existed with all 
strain-meters. 

Mr. C. E. Stromeyer said that a long time ago 
he had tried the system used in the Foster instru- 
ments for the construction of a strain-meter, but 
quickly gave it up, as he considered the inherent 


difficulties too great. In reference to the lag of 
the material behind the stress, referred to by the 
previous speaker, it would be found that increasing 
and decreasing tensions did not give the same 
effect, owing to the material not being perfectly 
elastic. The results obtained for the steering- 
engine dealt with in the paper would have been 
much more reliable if two strain-meters had been 
used, one on each side of the connecting-rod. He 
noted that water was used in the Foster instru- 
ment, but thought that alcohol would have been 
better. Water would give considerable friction. 
This might explain the very smooth curves published 
inthe paper. His own strain curves were irregular 
and jaggy, and he thought the smooth curves 
pointed to internal friction in the instrument. 

Sir Archibald Denny said that he believed it was 
usual in measuring strains in ship’s plates to have 
two instruments, one inside and one out. He once 
got a negative reading to begin with with a Foster 
instrument, due to the surfaees not being parallel. 

Mr. W. R. G. Whiting, in reply, said no doubt 
recording gear would be feasible with a Foster 
strain-meter, but, personally, he always preferred the 
simplest apparatus possible, With regard to Mr. 





Goodall’s point about the curves of theoretical 
bending moment, of course, certain assumptions 
had to be made in reference to the centres of the 
wave reactions. In the matter of using two strain- 
meters, one on each side of the steering-gear con- 
necting-rods, the strain-meter was fixed on the side 
between the bearing pin-holes, and he did not think 
the question as to whether the rod was parallel or 
not could affect the whole experiment very much. 


A Torston-Meter with Vistste Scare. 


At the conclusion of the discussion on Mr. 
Whiting’s paper, and after a vote of thanks had 
been conveyed to him, the Chairman announced 
that the next paper was one by Dr. K. Suyehiro on 
‘“‘A Torsion- Meter with Visible e.” Dr. 
Suyehiro was not present, and as the hour was 
late he suggested the pa should be taken as 
read. He would be glad if anyone who wished to 
discuss it would do so forthwith. We shall reprint 
this paper in a future issue, but we may mention 
that an account of the torsion-meter was published 
by us on October 3, 1913. 

Sir Archibald Denny said he would like to make 
one or two remarks. . Suyehiro’s torsion-meter 
was somewhat on the lines of that devised by Dr. 
Hopkinson, but had no F gamer connection be- 
tween the two mirrors. e would like to criticise 
it on one or two points, but perhaps his remarks 
should be discounted by the fact that he had a 
rival instrument of hisown. Dr. Suyehiro’s torsion- 
meter was a spot-reading instrument. It only 
indicated the torque at a single point in a revolu- 
tion. This was all right for ordinary boats with 
turbines, but on to o-boat destroyers, owing to 
vibration and other causes, the torque might vary 
10 per cent. between two sides of the revolution, 
and with severe cavitation the variation might be 
even more. Further, of course, the instrument 
could not be used for reciprocating engines. Dr. 
Suyehiro has proposed to get over the difficulty 
by fitting several telescopes for reading at different 
points, but he (the pt a thought the arrange- 
ment would prove very cum me, 

The instrument with which he was more nearly 
concerned—the Denny-Edgcumbe—was an integ- 
rating torque-meter, so that variations in torque 
were indicated. It had mechanical connection 
between the two main parts; and although Dr. 
Suyehiro was undoubtedly right in saying that the 
less of such connections one had the better, owing 
to the difficulty of eliminating slack, none the less 
it was found possible to use such connections 
and still get correct results. Dr. Suyehiro 
was undoubtedly entitled to make out a strong 
case for his ingenious arrangement, but, all the 
same, there were difficulties with mirrors in an 
engine - room, owing to oil and dirt getting on 
them. He had attempted to read a Suyehiro 
instrument on the Laurentic, and had not found it 
easy. He got an occasional glimpse at a reading. 
This did not alter the fact that other people had 
done very good work with it. The very ingenious 
optical arrangements of the eres were 
chavestetlatie of our Japanese friends. 

There were no other speakers on the paper, with 
the — of Mr. Stromeyer, who said a few 
words before the meeting was adjourned until the 
next morning. 

(To be continued.) 





60-TON FLOATING SHEERS FOR 
VALPARAISO. 

WE illustrate herewith 60-ton arating cheam, con- 
structed by Messrs. Day, Summers and Co., Limited, 
Southampton, for Messrs. 8. Pearson and Son, Limited, 
in connection with dock construction work at Val- 

iso. The front legs of these sheers are 68 ft. long 
tween centres, and the back leg 81 ft. 6 in. long. 
The overhang from the perpendicular is 37 ft., and 
from the end of the toon, 35 ft. The | are 
arranged to travel inboard a distance of 12 ft. 
from the perpendicular. The screw, which is 84 in. 
in diameter, is on the inclined principle adopted 
by the firm, which enables the length of the pon- 
toon to be considerably reduced. The rope pro- 
vided has sufficient len to enable the bottom 
block to be lowered to a depth of 36 ft. below water- 
level. Messrs. Day, Summers and Co. also built last 
year a set of floating 60-ton sheers for Rio de Janeiro, 
to the order of Messrs. C. H. Walker and Co., Limited. 
In this case the front legs were 90 ft. long, and the 
back leg 95 ft. 3 in., the overhang from the of 
the pontoon being 32 ft. For a Spanish firm at Bilbao 
they also constructed sheer-legs of 130 tons capacity, 
not, however, building in this case the pontoon. 
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INDUSTRIAL NOTES. 


On Thursday, the 26th ult., the Labour Members of 
Parliament iesued the text of a new Trade Board Bill 
for establishing trade boards, with power to fix 
minimum in occupations cana some 
253. a week or less. It is pro to the 
Trade Boards Act, 1909, and the new boards shall be 
established by the Board of Trade for dealing with 
occupations at or below the 25s. limit, and also with 
avy other trade or occupation where a majority of 
the members of an association of wage-earners or 
employers makes application. 

The s would endeavour to establish—subject 
to considerations of special circumstances—a ire 
wage not less than 25s. a week and a working week of 
not more than forty-eight hours. To this end they 
would be empowered to fix minimum time rates and 
piece-work rates, maximum hours of labour, meal 
times and holidays, and the maximum proportion of 
apprentices and improvers to adults in a trade, with 
their pay. The minimum rates and conditions would 
become obligatory on the trade by virtue of an order 
from the Board of Trade made six months after notice 
had been given by the trade board to all concerned. 
Any employer fai ing to ye | would be liable toa 
penalty of 20/. and 5/. for each day afterwards. 

It is proposed that the boards shall be constituted 
of representatives of workers and employers in equal 
proportion, women being eligible as well as men ; 
je owe with persons to be appointed by the Board 
of Trade who would be in number less than half the 
total number of elected members. Officers appointed 
by the Board of Trade would assist in carrying the 
trade board’s decrees into effect, and the expenses, 
including remuneration and expenses for appointed 
persone, and expenses only for representative members 
of the boards, would be paid out of moneys provided 
by Parliament. 

The fact that the promoters of the Bill in question 
have found it necessary to include a penalty clause 
applicable to employers is a most significant one. This, 
taken in conjunction with the refusal of the men in 
the London building trades to agree to a penalty 
clause applicable to them, would lead any outsider to 
believe that the men have all the virtues, whilst the 
employers are guilty of the seven capital sins. From 
the dase it will be seen that the boards ‘‘ would 
endeavour” to do many things. It is to be presumed 
that orders to manufacturers would flow in apart from 
any endeavour they might exert. Would they guaran- 
tee to facilitate their delivery in due time? 

We gather from the Reichsarbeitsblatt that, in 
January last, the German blast-furnaces have had to 
stock a portion of their output of pig-iron, and that 
the steel works were compelled to restrict their pro- 
duction, Engineering works, with the exception of 
those building locomotives and those eng: in the 
motor-car e, were less busy. Electrical and textile 
works also were less busy. There is further great 
slackness in the building trades. The Free Labour 
Bureaus received in January 236 offers from workmen 

r 100 vacancies, as against 218 in December last, and 
91 in January, 1913. 





We take the following remarks from the 
delivered by the chairman at the annual meeting of the 
Birmingham Chamber of Commerce, which was held 
on Tuesday, the 24th ult. Local trade during the 
past year, he stated, had been, on the whole, ‘ 
with a few exceptions, perhaps, here and there. 
The iron trade, however, seemed to be suffering 
from depression, and he was sorry to say, judgin, 
from what he had heard, and from the remarks o 
the chairman of the Exchange at the annual meeting, 
that it seemed to be ina very depressed condition, and 
there was apparently no improvement for the moment. 
But they hoped it was only a temporary matter, and 
that things would come round again to what they were 
@ year or two back. With regard to the trade of the 
country, the word ‘‘phenomenal” was most appro- 

viately descriptive of it. They had never had such 
figures as those contained in the returns for last year, 
and probably they re ted a record in the history 
of the world. Alluding to the question of profits, he 
ventured to think, after having looked into the matter 
very carefully, that the ratio was not so good as in 
the previous year. 

There certainly appeared to be a slackening in trade 
at the present time, but nevertheless a hg 2 large 
volume continued. There was not so much forward 
trade to look for; in other words, trade was being 
worked off to some extent, but there was no t out- 
ory as to unemploymeat. Unemployment last year 
was the lowest on y must not be pessi- 
mistic ; they must hope, even if there was a lull in 
some ow of trade, that things would im- 
prove. ey were not going to have any serious 
slump. . . . Another feature of the past year was 
the American tariff. He had made some inquiries 
in Birmingham in regard to that matter, and he 
had come to the conclusion that it would be pro- 


ductive of some good to certain trades. He men- 
tioned that a representative of one Birmingham 
firm had given him figures showing that the busi- 
ness of that firm had increased 50 per cent. owing 
to the reduction in the American tariff... . . 
Speaking, as he thought he might, for the commercial 
community of the city, as represented by the 1700 
members of the Chamber, he would say that what 
business men wanted to see in the interests of trade 
and commerce were, primarily, confidence and stability 
well established in the country, more settled condi- 
tions, and industrial peace in the labour world, 
and capital and labour working in harmony in the 
common interest and to the advantage of both. The 
whole trend of modern thought was towards the 
betterment of labour conditions. It must be admitted 
that there had been a very distinct levelling-up these 
last few years. Legislation had been mainly carried 
on in this direction at immense cost to the commu- 
nity, the bulk of which cost fell upon traders. 
And, again, as a Chamber of Commerce engaged in 
looking after their trade, might they not properly 
claim that they were working also in the interests 
of the workers themselves? This might not be 
admitted, but it was perfectly true. ey looked, 
not as party politicians, but as business men, with the 
greatest dissatisfaction and alarm upon the dangerous 
state of a immediately confronting them. They 
appeared to be rapidly es to a position which, if 
it were reached, would probably mean disaster to our 
trade and finances. Did it not seem, in this so-called 
enlightened age, the highest of folly that such a dan- 
—- state of affairs should be allowed to continue ? 
t might be a form of high politics, but it was not good 
business, and some via media should be found out of 
the difficulty. 





According to the Moniteur Industriel, metallurgical 
and —— works in the North of France, taken 
generally, did less business in 1913 than in 1912. In 
regard to mechanical industry, attention is called 
to the most active competition experienced on the 
part of Germany, lee ara and the United States, 
which countries, notwithstanding high Customs duties, 
succeed in selling their material at lower prices than 
the French gustiesta Attention is also called to the 
insufficiency of the Customs duty on certain classes of 
French manufactured articles, in the price of which 
the cost of labour forms the heaviest constituent. 
Complaints are raised in the article by our con- 
temporary concerning the orders placed abroad by the 
French railway companies ; no organisation, it says, 
which owns any concession in France ehould be 
allowed to give orders to neighbouring countries 
unless it be ascertained beforehand as an absolute fact 
that French works cannot deliver them in the time 
stipulated. Loans made by foreign countries in France 
should carry with them stipulations to the effect that 
the material and machinery required by the said 
— countries should be ordered from French 
works, 





Official statistics dealing with juvenile labour in 
Germany show that the number of workers below 
fourteen years of age totalled 7780 male and 6133 
female. tween fourteen and sixteen years Hdl age 


speech | there were 358,327 male and 179,964 female 


Out of a total number of 1,379,540 female hands more 
than sixteen years of age, 533,399 were between six- 
teen and twenty-one. 





In the course of the annual meeting of Messrs. 
Staniey Brothers, Limited, Nuneaton, held on 
March 27, the chairman stated that the company 
might have made a much larger profit than they had 
done had it not been for the slackness of the miners. 
The profit was 35,835/., as compared with 70,000/. in the 
preceding year. They had not been blessed with any 
revival in the building trade. Prices had been fair, 
but the boom which had been so long predicted had 
not yet come. They were assured that houses and 
buildings were badly wanted all over the country, and 
yet ya Mae not forthcoming. In the coal trade 
the slackness of the miners by inattention to work had 
been the most serious matter for them. He disliked 
many accusations against any class, and what he said 
was only applicable to a certain oo of their 
men. It was this percentage which destroyed every- 
thing. Unless they got a colliery working with its 
full complement of men, turning out a full tonnage of 
coal, the expenses were so heavy that it was 
impossible to make any appreciable profit. The slack- 
ness of the miners therefore spoilt their chance last 

ear. Another reason had been trouble which had 
ae experienced at the Bedworth Colliery. In the 
autumn they had a fire which swallowed up all the 
money which they had made in the spring. 





On Thursday, the 26th ult., meeting. <8 the Execu- 
tive Committee of the Employers’ Parliamentary 
Association was held in Manchester, under the chair- 
manship of Sir Charles Macara. The cotton, coal, 





iron and steel, engineering, bleaching and dyeing, 





building, and other trades were represented. The 
operation of the Trade Disputes Act and of the 

ational Insurance Act were di . A sub-com- 
mittee was appointed to deal with the evidence to be 
given before the Royal Commission on Railways, and 
to select a representative to appear before the Com- 
mission. 

The Committee unanimously decided to do their 
utmost to secure the appointment of a Commission to 
inquire into the incidence of taxation so far as the 
National Insurance Act was concerned, and with this 
object in view to ballot the members of the Association 
for the purpose of ascertaining their views on the 
selection of a representative deputation to wait upon 
the Prime Minister. 

The chairman strongly urged the representatives 
present to use every endeavour to enlarge the member- 
ship of the Association. It was hopeless, he said, for 
employers to expect to make themselves felt in legis- 
lative matters affecting industry generally except by 
eombination. So far as the cotton industry was con- 
cerned, he added, instead of increasing the efficiency 
of the workers, the National Insurance Act had 
undoubtedly had the opposite effect. 


We have received a copy of a pamphlet entitled 
‘* Industrial Co-Partnership,” containing three papers 
by Mr. Charles a D. Se., M. Inst. C.K., 
Chairman of the Sout’ a a ne Gas Company. 
The a also gives chronological notes on British 
“ t-sharing and co-partnership from 1829 to 1914. 

t is published at the price of ls. net by the Co- 
Partnership Publishers, Limited, 6, Bloomsbury- 
square, London, W.C. The papers in question were 
read at different periods in Oxford, Birmingham, and 
Leeds ; they deal with the subject from three different 
aspects : (1) as regards the responsibility which labour 
co-partnership gives to the worker; (2) the attitude 
of trade-unionism towards co-partnership ; and (3) its 
relation to industrial efficiency. Dr. Charles Carpenter 
is the successor to Sir George Livesey in the chairman- 
ship of the Seuth Metropolitan Gas Company. 





At a meeting of the Leeds City Council, held on the 
lst inst., it was stated that the cost of the recent 








strike was well over 100,000. Notwithstanding this, 
the total rates were not to be increased. The Rees 
for last year and this year were given as follows :— 
1913-14. 1914-15. 
: s. d. 8. 
City rate... pen 22 2 9 
Consolidated rate 4 33 40 
Highway rate 0 11 09 
7 4 7 6 
Poor rate 1 4 2-7 
Total 91 9 1 


As will be seen, the 1}d. increase in the Corporation 
rates is counterbalanced by a similar decrease in the 
poor rate. 





The fifty-sixth annual financial report of the Asso- 
ciated Blacksmiths’ and Ironworkers’ Society states 
that ‘‘ during the eo the working classes have 
tasted of the rare refreshing fruit; they have 
experienced the full flow of the benefits accruing from 
the National Insurance Act, Parts I. and II. The 
cost of administration seems to dwarf the glorious 
blessings, which were to surround the unfortunate 
worker and overwhelm him with good health, trans- 
mitted and delivered by medical gentlemen and a large 
army of inspectors, auditors, accountants, and, last 
but not least, the Sanhedrim who deliver the law and 
numberless regulations which appal us from time to 
time and serve to prevent us from indulging in day- 
dreams. The nation is rejoicing in good health, and 
is providing the medical profession with motor-cars. 
How happy we ought to be—9d. for 4d.—we do not 
appreciate the gift sufficiently.” Part II. of the Act 
is somewhat of a muddle, says the report ; ‘‘a forger 
who is employed in a smith’s shop is within the four 
corners of the Act, but if a wall separates him from 
the smith’s shop, he is an outcast from the blessings 
of the Act.” Other “‘decisions have placed a large 
number of opr members beyond the consideration of 
the Board of Trade officials.” The report says also 
‘*if a member spoils a job, and in consequence is dis- 
charged, he cannot enjoy the luscious fruit for a period 
of six weeks, on the ground that he has been guilty 
of carelessness. . . . Again, our Birmingham 
members have tasted of the Dead Sea fruit, and after 
our experience in that quarter, we may well be excused 
if we express the opinion that the Act is being 
administered with the set purpose of throttling 
organised labour. . . .” 





PgrsonaL.—The Judson-Jackson Company, Limited, 
of 50, Masham-street, Westminster, have opened addi- 
tional offices at Parliament Chambers, Westminster, for 
their catalogue and publicity departments, 
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THE SURFACE- 
SER. 
To THe Eprror or ENGINzERING. 

Srr,—The first two instalments of ENGINEERING’s very 
welcome collation and discussion of the data of ‘‘The 
Theory of the Surface-Condenser” have reached Mel- 
bourne. Deferring until the conclusion any remarks that 
may then be thought admissible the deduc- 
per by myself (ENGINEERING, 1906, 

to in the articles, a few interim 
remarks may, perhaps, be itted. 

Tt is ex ingly tif ying to me to find that the 
discussion. so far as it 6, so fully confirms the work 
of 1905. Particularly is is the case in regard to the 
line HJ, Fig. 6 (Enoinzerine, January 2, 1914, page 3), 
of general slope denoting thermal transmission results, 
for it must be remembered that at that time not only 
had no law been recognised as relevant, but that the 
conventions which were recognised were misleading. Also 
no law could have been accepted until such time as crucial 
experimental work had been made available by indepen- 
dent observers. Clearly the Osborne Reynolds law, whilst 
in close, is not in absolute, accord with ex- 
periment ; but it may not be wise to assume 
that the divergences, small, and possibly 
quite negligible in practice, are not mani- 
festations of real causes not fully covered by 
the simplifying assumptions of the law. 

Might I suggest that my paper must be 
read in the light of the known facts at the 
time of its publication? Theapparatus was 
in no sense submitted as representative of 
commercial condenser design. The experi- 
ments were directed to show the absence of 
reliable published data and rational law in 
the condenser design prior to that date. It 
was our endeavour to direct attention to the 
true basis of efficiency, and also to direct 
the attention to matters to be avoided. 
Some of the matters which, as the articles 
point out, differentiate my experiments from 
the design of to-day are matters which the 
paper suggested might be so varied with 
advantage. 

The important information which it is 
assumed in the articles (ENGINEERING, Janu- 
ary 9, 1914, par. 2, page 38, re Figs. 11 and 12) I have 
omitted to supply will be found duly recorded in the 
original paper (a copy is sent herewith). Unfortunately 
the descriptive matter, associated with each di e 
and not always repeated in the text, was omitted from 
ENGINEERING’S reprint of 1906. The omitted matter is 
as follows :— 

Re Fig. 3 of the original paper (Fig. 11 of the articles):— 

** Air Effects: Air mass constant, temperature varied. 
Air partial pressure in inches of mercury at 70 deg. A, 
traces only ; B, 0.06 in.; C, 0.14 in.; D, 0.31 m; E, 
0.63 in. ; F,1.3in. Inttial water temperature, 61.5 deg.” 

Re Fig. 4 of the original paper (Fig. 12 of the 
articles):— 

“ Air Effects: Sage constant, air mass varied. 
Initial temperature, 61.5 deg.” 

Thus the assumption in the article that the tem- 
perature, italicised above, was about 61.1 deg. is very 
nearly correct. 

Similarly, the omission of the context of Fig. 7 of the 
original paper (Figs. 7 and 8 of the articles) in the 1906 
reprint, renders the diagram difficult to follow. The 
descriptive matter is as follows :— 

‘* Variation of B.T.U’s. transmitted, due to variation of 


THE THEORY OF 
COND 


tions relating to a 
vol. Ixxxi.), ref 


ow. 

“A, A: steam with traces only of air. 

“B, B: curves show effect of 0.22 in. (mercury pressure 
at 70 deg.) added air. 

“‘Note.—The inclination to the base of the curve A, 
Fig. 8 (Fig. 8 of the articles also) increases rapidly when 
the water initial temperature is reduced.” 

Comparison also shows that there are some slight 
differences between the original photographic re: uc- 
tion of the curves and subsequent reproduction by hand 
engraving. Some differences, also it, may 
= appear in based upon measurement of the 

tter. 

As to actual freedom from air in the “‘ air-free” tests, 


transcribed, in brief, from the peper, the precautions were | happen 
in 


as follows:—The vessel, cy , about 36 in. by 
74 in., was about half filled with water. The space above 
the water oo re , cold, —_ the me — 
vapour and air partial pressures did not ex: in. oO 
mercury. The vessel was then heated until the gauge 
showed a steam positive pressure of 21b. per sq. in. ne 
small aperture was opened to the atmosphere, and about 
10 lb. of water boiled off at 2 Ib. per sq. in , in order that 
the escaping steam might scour the vessel of residual 
traces of gases. All openings were hermetically sealed 
under pressure. After each test the whole a 
permitted to stand for many hours unt 
were in complete equilibrium 
the surroundings; then it was 
mercury gauge. The reading was corrected for the 
partial pressure of water-vapour st the temperature of 
the apparatusatthetime. If comparison of this corrected 
vacuum with the barometric vacuum disclosed any 
measurable discrepancy, it was taken to indicate imper- 
fect elimination of gases, or subsequent air-leakage, and 
the experiment was rejected. Similar precautions were 
= in those experiments in which air was added by 
in 
Awaiting with interest the continuation of the series, 
I remain, yours very truly, 


as. ALEX. SMITH. 
Melbourne, February 10, 1914, 
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THE WEIGHT OF MARINE BOILERS. 

_ To Tae Eprror or ENGINgERING. 
Srir,—Since you published beg «bay uced in 
art below) of the boilers of the s.s. Kai ilhelm der 
rosse, nearly or quite twenty years ago, I do hob re- 

member seeing illustrated in ENGINEERING a high- 
efficiency marine boiler joint until your issue of Jan 

30, 1914. In that issue there appeared, on one 
te of a boiler built by Messrs. Prudhon, Capus 
Durand et Cie., of Marseilles, in which there was a joint 
of about 92 per cent. efficiency. 

.When your issue of February 27, 1914, reached me, 
tg Bw) full illustrations of the White Star Line 
8.8. Britannic, I was curious to ascertain the efficiency 
of the longitudinal joints of her boilers, and found it to 
be 84 per cent. I then made a computation to see how 
much weight could have been saved if the efficiency had 
been 92 per cent., and found that in the 24 double-end 
and 5 single-end boilers the saving would have been 
about 80 tons of 2240 Ib. each. As an efficiency of 92 per 
cent. is entirely practicable, and as the reduction in the 
weight of steamships is of great importance, I cannot 
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understand why the advantage of the higher efficiency 
is not more generally recognised in English marine 
practice. 

I observe that the strain of the plates for 215 lb. pres- 
sure, which the Britannic is to carry, allowing for 84 per 
cent. efficiency, is 14,470 lb. per sq. in., or, say, 14,500 Ib. 
I understand that it is customary to use a factor of safety 
of 5, and, if so, the steel has a minimum strength of 
72,500 Ib. In other words, it is 32-ton steel, which is 
unusual. It would be interesting to know what the 
physical qualities of the steel are. 

Yours bas A ‘ 


. Dean. 
53, State-street, Boston, Mass. 


The Board of Trade rules allow a factor of safety of 
4.5 in the case of boilers of first-class materials and 
workmanship, made according to their requirements, so 
that a unit stress of 14,500 per sq. in. would only mean 
the use of steel having a tensile ——— of 65,250 lb., or 
a little over 29 tons, per sq. in.—Ed. E.] 





PISTON-KNOCK IN INTERNAL-COMBUS- 
TION ENGINES. 
Srr,—I a. ae ae Wr. HL A 
IR, — 6 your lent, ° . ° 
Garratt, am not satisfied by the usual explanations of 
piston-knock. It has occurred to me that possibly there 
may be no complete explanation unless the influence of 
Tagine something like she foll take place 
imagine something like ollowing to take : 
—When the piston is moving up on the com ion 
stroke it is being firmly and evenly pressed against the 
(say) right-hand wall of the cylinder, and is maintained 
thus until the top dead centre. When the angle made 
by the connecting-rod with the centre of the cylinder is 
reversed upon crossing the dead centre two things 
1. The friction of the piston-pin in the little-end bush 
causes the connecting-rod to begin to carry the piston 
with it, thereby bri => top of the piston across on 
to the left-hand wall while maintaining the bottom of 
the piston against the right-hand wall. In short, the 
piston is canted. his canting is gradual, and probably 
gives rise to no knock. 
2. The friction of the big end causes the crank-pin to 
try and carry the connecting-rod and piston round with it 
bodily, and this at first negatives the thrust towards the 


was | left-hand wall, which at the moment is a great, due to 


the small angle made by the connecting- 
pie, which I will call tho “righ le, the 
whic! i the “righting” angle, piston 
will straighten up with considerable violence, and there- 
after bear evenly on the left-hand wall. : 

It is, in my opinion, this straightening up of the piston 
that causes the audible knock. i 

During the “righting” period the mass of the piston 
and of the upper part of the connecting- is being 
accelerated towards the left, and the greater the ‘‘right- 
ing” force—i.e., the higher the gas pressure on the 
piston—the greater the velocity with which the piston 
will strike the cylinder wall. The angle at which 
“ righting ” will take place will probably not vary much 
whatever the gas pressure in the po Sow = 
although higher gas-pressure means greater ‘ 


reaches a certain critical | the 





ita | 


force, it also means increased pressure on the piston-pin, 

&e., clamping the parts more tightly together, and 80 

resisting ‘ righting” action. j 
Maximum pressures will always be obtained when 


tiained may be 400 Tb. por sq. ta, against (any) 300 Ib. 
al ma: . In, sa) ‘ 
- oo vunuily O00 y: The effect of the 


i pressure in causing piston knock will be increased 
if, as appears likely, the coefficient of friction is greater 
when ene vets slowly — aa load. i is 

When ‘ast, even on throttle, peak 
the di will be more rounded than when dead slow, 
unless ignition be unduly advanced, when, accordi 
to this theory, we should expect a knock even at hi 
speeds, and this we do get in ically every 
with over-advanced ignition—unless the mixture be very 
weak—not because ignition is early, but because it 


ives a high pressure. 

- . Yours ew: 
Seacombe, April 4, 1914. C. H. T. Atston. 
THE FUTURE OF THE AERIAL 
LOCOMOTION. 

To THE EprTor OF ENGINEERING. _ 

Srr,—One cannot read Mr. Phillips’s letter, in your 
issue of March 1: ea age efforts during the last 
fifty years, toge’ with his monetary expenditure, 
without sympathising with him for the somewhat meagre 
— — = on the Yor is - be = 
arbitrary in hi emnation of the present type o 
canvas and wood frame of the aeroplane versus his own 
system of 1}in. wide thin wood supporting surfaces? 
Has he ever tested his multiple-plane principle with a 
modification of the hf nay omy 8 or its equiva- 
lent, the “ aileron?” design of the modern mono- 
plane, as even Mr. Phillips will admit, approaches 
more and more to the beautiful models furnished by 
Nature, both in configuration and principle, and to-day 
one has but to watch the marvellous evolutions of 
Mr. Hamel and Mr. Hucks in their *‘ looping ” displays 
with their birdlike monoplane with canvas wings, to 
receive additional confirmation of the practical correct- 
ness of the —- Mr. Phillips must not imagine that 
I bear any subtle animosity to his work, but there is no 
qeineaying the facts and evidence of our own eyes. 
Whilst Mr. Phillips advocates his principle of diminutive 
chord, as seen in his design of thin wood supporting 
‘sail area,” I, on the other hand, have in these pages 
strenuously enlarged u the reproduction more ser- 
vilely of Nature's models, as exemplified in the bird. 
The famous ‘“‘ Phillips curve,” which he found after 
exhaustive experiment, is virtually the re uction of 
the section of the bird’s wing near the shoulder. 

I_often discuss with aeronautical friends why Mr. 
Phillips does not the chord of his early 
with an approximate 1}-in. chord. The albatross—the 
largest flying animal—with an average span of 11 ft., has 
the smallest chord proportionately, yet this chord of 
—9 10 in. far exceeds that employed by Mr. 
ili 
Yea, the future of aerial locomotion lies with the evolu- 
tion and improvement of the bird-like monoplane, and 
the evidence as furnished daily by countle:s aviators 
throughout the world i=, that the closer we copy the 
lessons demonstrated by Nature’s examples, the safer and 
better will our flying-machines be. Is not the warping 
ed by the bird to restore 





a 
P 


system but one method ae > e 1 
lateral stability, which Mr. Phillips admits he lacked in 
his machines? And by bg whe a —— fuse- 
lages reproductions e bird’s y, the “swept-back” 
contour of the Handley-Page planes, which ensures longitu- 
dinal stability, the dihedral angle seen in the Blériot, the 
rear elevator, the cambered ey the flexible rear margin 
of the win; io not these all follow the pioneer lessons 
shown by Nature’s models? Mere size and power, as seen 
in the Sikorsky machine, have nothing to do with these un- 
deniable laws. To the future safe flying-machines capable 
of travelling round world, over the Atlantic and 
Pacific oceans, facing opposing winds with indifference, 
and forging an aerial path irresistibly onwards, to the 
improved machines seen in the Davidson type snd modern 
“bird monoplane,” the true conquest of the air will 
assuredly fall. That its ia! embodiment is one 
roved by the modern bird-like monoplane none will 
} ves Slowly, but none the less surely, the evolution is 
incontrovertibly seen to lie in the path of the ‘‘ mono- 
plane mechanical bird.” é 
Yours faithfully, 
Epear E. Wriison. 
85, Glamorgan-street, Pimlico. 





Tue Cuarcine or Exzcrric Batrery VrHicLes.—The 
Electrical Vehicle Committee of the Incorporated 
Municipal Electrical Association is sending a circular 
letter to all the electric supply authorities throughout 
= F mew Sa a8 = ol, om to 

ior energy for charging electric vehic is 
& hours the 


suggested that at other times th po ‘ 
rate should not exceed 1d. a unit. For peak- times, 
however, no recommendations are made. Standing 


charges varying so much in different localities, it is not 
considered desirable to attempt to fix any rate applicable 
to e station under peak conditions. Between the 
hours of 11 p.m. and 6 a.m. the committee are of opinion 
that a rate of #d. a unit should be remunerative. Other 
recommendations are that a discount of 20 per cent. 
should be allowed off all energy for re-sale and 
metered on the consumer’s premises, and that a minimum 
should be fixed for a supply of energy, this 
minimum not exceeding 2s, 
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TIMMIS BOGIE SPRINGS ON TANK LOCOMOTIVE; NORTH-EASTERN 
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We illustrate herewith a North-Eastern Railwa 
tank locomotive fitted with bogies provided wi 
springs of different resiliences, one of the bogies: 
being illustrated in Figs. 1 to4. The feature of this , 
bogie is that the springs fitted to the leading axle are | 
more resilient than those for the trailing axle, so that ' 
the leading end may adapt itself readily to the} 
inequalities of the road, with the idea of ensuring 
easier riding. In the case of the tank locomotive 
illustrated the trailing bogie is similarly fitted, but 
in this case, of course, it is the springs of the trailing 
axle which are the more resilient. The system, 
which has been patented by Mr. E. W. Timmis, has | 
been adopted by Mr. Vineent Raven, Chief Mechanical | 
Engineer of the North-Eastern Railway, for two types 
of engines recently built at Darlington—viz., for a 
class of 4-6-2 tank engines, and the 4-4-4 tank engines 
illustrated herewith (Fig. 5). 








TWO-SPINDLE MILLING-MACHINE. 

WE illustrate on 492 a very large two-spindle 
milling-machine, which has been designed for the 
heaviest class of work and constructed by the Niles- 
Bement-Pond Company, 111, Broadway, New York, 
U.S.A., and 23-25, Victoria-street, London, 8.W., 
or the General Electric Company of Schenectady. 
Two views, taken from opposite sides of the machine, 
are given. It will be seen that two vertical spindles 
are provided on the cross-rail. The maximum dis- 
tance between the posts is 74in., and the maximum 
height from the end of the spindles to the surface of 
the table is 614 in. The diameter of the spindles is 
84 in. in the bearings, but 12 in. at the heads. The 
drive to each sales is en or disengaged by 
means of a separate clutch, while lower mandrel 
bearings are provided which are adjustable in unison 
with the spindles. The cross-rail is 24 in. wide, and 
the length is such that the left-hand head can mill the 
full width between housings. The race is provided 
with vertical feeds as well as power traverse on the 
uprights. 

The bed is 48 ft. long, and carries a table 24 ft. 
between end pans. The table has reversible automatic 
feeds, effected by a spiral rack and pinion, and, in 
addition, is provided with rapid power traverse. A 
ay 9 _ rovided ape ss le, cast solid with 
it, for collecting chips and for drainage purposes, the 
soapy water being collected in a tank, from which 
it is pum to the milling cutters. A 2-horse-power 
motor is fitted which drives a pump capable of dealing 
with 18 gallons of water per minute, The machine is 
driven by a direct-current motor of 50 horse-power, 
and its net weight, exclusive of motors, is 133,224 lb. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, March 25. 

Tue Carnegie Company is shipping its first lot of 
ship armour-plate to Sweden on an order for 1000 tons. 
The production of all kinds of steel rails for 1913 
was 3,502,780 tons. Contracts are pending for 12,000 
freight-cars, and the New York Central has placed an 
order for 3050. The past week’s railroad orders were 
6 locomotives, 40 coaches, and 12,400 tons of rails, 
against 22,750 tons of rails, 136 locomotives, 4475 
freight-cars, and 41 coaches. Negotiations are pendin 
for locomotives. Structural steel orders last w 
amounted to 39,350 tons, of which 21,000 tons were 
for the Memphis Bridge. Much new structural busi- 
ness is in sight. The month of March has not come u 
to expectations as to business, but April is cnpentel 
to furnish indications for the year. Thus far the 
railroads have ordered 30,000 cars, and 10,000 more 
will be shortly ordered, calling for 450,000 tons of 
steel, or at the rate of 1,800,000 tons a year. Last year 
the steel absorption for cars was 1,500,000 tons. It 
seems to be the general belief that bars, plates, and 
shapes may decline fractionally as the season advances, 
but this hinges altogether on the volume of business 
that may be offered. The railroads are in a tight 
place, and their policy is to put off expansion as long 
as possible. Net earnings are decreasing, but the gross 
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earnings are r. The negotiations in the bitu- 
minous-coal fields are not advancing favourably. The 
miners’ demands are for rates that employers do not 
see their way to grant. 





Tue Panama Canat.—The expenditure of the Isthmian 
Canal ission up till the end of the 1913 
amounted to the sum of 314,726,717 dols. 
included the 40 million dollars paid to the New Panama 
Canal Cummpear and the 10 million dollars paid to the 
Panama Republic, as well as other items, which 
with the above accounted for 89.3 ion dollars. Engi- 
neering and construction costs represented to that date 
an expenditure of 197,748,407 dols. ; civil administration, 
about 6? million d ; Sanitation, 16.87 million dollars ; 

The expen- 


1 
18 re 


and fortifications, nearly 4 million 
diture in recent months has been much lower than in 
1913, owing doubtless to a large amount of the i 





&c., being now installed and completed. 


Fie. 











5. 


Tue Institute or Merats.—The fourth annual May 
lecture of the Institute will be delivered on Tuesday, 
May 12, at 8.30 p.m., by Professor E. Heyn, of Berlin, 
whose subject will be ‘‘ Internal Strains in Cold Wrought 

tals, and Troubles Caused Thereby.” The 
meeting will take place at the Institution of Mechanical 
Engineers, Storey’s Gate, Westminster, S.W. 


“‘Tue JAPAN Drrecrory.”—This directory for 1914, 
the forty-seventh annual issue, is printed | published 
the Japan Gazette Company, Limited, and can be 
obtained at the price of 15s. net from Messrs. 
Paul, Trench, Triibner and Co., Limited, Broadway 
House, 68-74, Carter-lane, London, E.C. It contains 
Court information, information on the Japanese Govern- 
ment, navy, ome, a. a directory of merchants, bankers, 
traders, hotels, &c., in the principal towns, lists of foreign 
residents, of ious societies, general commercial in 
formation, &c. book will appeal to all who trade 
with Japan, or who are interested in the social and 
religious work in that country. 
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THE FOSTER STRAIN-METER. 
Note on the Foster Strain-Meter and Some Data 
obtained Therewith.* 


By Mr. W. R. G. Wurrtine, M.A., Associate-Member. 


THIs instrument depends on the principle of the 
Bramah’s press, and differs from that aettiins in that 
@ multiplication of displacement and not of force is 
desired. It is somewhat that such an apparently 
obvious method of recording minute strains has not been, 
publicly at any rate, employed before. It is possible that 
others, having ey with the idea, were deterred 
by two inherent difficulties I mention later on. 

The instrument as ordinarily manufactured is shown in 
Figs. 1 to 4. The magnification is about 500 times, and 
is obtained by a volume of liquid equal to that displaced 
by the motion of a Snes thous f in. in mean diameter 
being forced along a tube of about 3.5 one-hundredth 
bore. With tubes of considerably smaller diameter some 
trouble from capillary action is experienced ; larger mag- 
nifications are, therefore, best obtained by employing 
a larger chamber, but one instrument at least has ons 
made having a multiplying ratio of 3615, obtained by 
employing a smaller bored tube. 

difficulties referred to are occasioned by tempera- 
ture change and by leakage. Since water, the liquid 
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employed, has an expansion coefficient varying rapidly 
with temperature, it has not been possible to obtain auto- 
matic compensation by suitable proportioning of the parts. 


with its area the temperature correction can, however, be 
made small, and in fact zero at a particularly low tempera- 
ture. The coefficient, however, increases with increase of 
temperature, and this is an undoubted, difficulty in any 
test prolonged over a considerable alteration of tempera- 
tures. Sample instruments are calibrated for this correc- 
tion and the appropriate coefficients found. Lea! was 
a most unexpected difficulty, but after many experiments 
a suitable packing materia] was found in chrome leather 
washers boiled in paraffin wax. erected on an 8 in. 
base of steel, the total range of 4 in. in the divided tube 
represents a strain of one-thousandth of an inch per inch. 
Taking Young’s modulus at 13,000, this strain would be 
caused by a stress of 13 tons—that is to say, each of the 


50 divisions dy ny A pe Cr agen 
It is quite easy to estimate the fifths of a division, or to 
oy ton stress. 


bilities of the instrument under 
conditions of eovere vinewtion, @ pair were mounted, some 
time ago, on the connecting-rods of a screw steering-gear 


* Paper read before the Institution of Naval Architects, 
April 2, 1914 
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Stations om Way Ends 


| this type are provided with a slight end play expressly 
| to ensure the 
, thence 
By keeping the volume of the chamber small compared | head 


of cuotumeny tape During the trials of the the fol- 
lowing resu ha wore obtninad when going er 




















| | ‘ | 
Stress in (Compression) Ratio of | 
Helm Tension in | S Tensile to | haage 
, ie ing-|C ting-| Compres- | nue 
| Rod. sive Stress.| *°°9"*- 
| tons/sq.in.| sq. in. | ft.-tons. 
Centre line to hard-, 
overstarboard .. 1.9 0.8 24 | 195 
Hardover starboard) | 
to hardover port . .| 2.75 275 1.0 390 
(total stress, | 
Hardover port to) differences) | 
centre line. . ae 1.8 0.9 2.0 | 200 
3 coe starboard to | 
over starboard 19 1.0 1.9 215 
| | i 








‘The recorded torques were not dissimilar from ‘those 
calculated and designed for. The great difference in the 


division of the push and pull forces in the two conneécting- | 


was quite unexpected, and, in fact, screw gears of 


Fig.5. 
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BATTLESHIP “B”. 

STRESSES ON UPPER DECK AT 184 FRAME, DURING LAUNCH. 
VERTICAL, %"=1 TON. 
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cing of the 
the annulment of any resultant force on the rudder 
In this case, however, if the records are to be 
relied on, an unbalanced force of at least 50 tons must 
have been acting. As the several readings given above 
seem quite consistent, there is no primd facie case for 
believing that this unbalanced force did not exist in the 
trial, nor that a similar state of affairs may not frequently 
occur in other gears of the same design. 

It is possible that the failure to act in the desi 
manner arises in the following way. As the crossh 
moves from the athwartship ition one connecting- 
rod has to travel slightly further than the other. This 
necessitates an endwise adjustment of the right and left- 
hand a Lage ape ee oe by a — and 
groove coupling at the fore en the is sug- 
gested that this coupling tends to bind | the following 
reason, —_ from the question of ordinary sliding 
friction. is latter alone, when the full torque is being 
transmitted along the control shafting, is estimated to 
require a force of about 10 tons before endwise motion 
ensues. The two shafts on either side of the 





ours 
each take the full wom ree | to and just clear of the 
coupling, and no torsion w end within the 
coupling. Hence the whole shaft, and with it the feather 
or groove, is twisted in a helix of steadily diminishing 


| Canter Soman pressure on a plane surface i 
- | conceivable that it varies, not onl 





1 and push forces and | f 


commencement of the coupling to the 
t within the muff. Since the shafts are 
twisted part of the feather lies in 
of groove, and vice versd. If 
jowances are small, as indeed they are in this class 
the two parts jamb as soon as a considerable 
lied, and before endwise motion can occur 
itudinal force has to be employed. 
ther interesting result noted was that, going ahead, 
peared to be slightly over' at full 
ightly under at low This 
pointed to a shift of the centre i yes = tween the 
two cases, which might be attributed to a impi 
ment of propeller race on the rudder at igh speeds. 
Another explanation is, that the commonly assu - 
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ined 
. Ivis 
je of inclina- 
‘ion, but with , either absolute or tive to size 
of the surface. is simple problem, together with the 
more complicated cases of concave —. ped 
surfaces, could, I think, be closely investigated at some 
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of our laboratories or colleges with great advantage. B 
ar the largest stress observed in the counecting cole 
was the momentary one due to the inertia effects. The 
powerful steering engine, suddenly started up at the dis- 
tant end of a long line of shafting, produced an action 
of impulsive type on the connecting-rods directly con- 
nected to a rudder weighing many tons. Another pheno- 
menon noticed was that the vertical vibration of the 
stern produced an alternating bending moment on the 
connection-rods of considerable magnitude, and this was 
very evident in the strain-meters, especially at certain 
s. 


Experiments have been made with these instruments 
by several firms and at least one royal dockyard on the 
launching stresses experienced by ships. The first of 
the records of this nature obtained at Klswick (Fig. 5) 
is interesting, but not very conclusive. The instruments 
were in place only a few minutes before the launch, and 
doubtless initial stresses were — y ty on ge The 
greatest r mean stress on the upper ting 
was about two-thirds of the calculated stress, but as far 
as ascertainable it occurred at the “ drop ae my not 


at an earlier stage, as was to be expected. e inner 
bottom results must be 7 5 Pe as showing that 
the structural stresses are masked by the local 


ones due to 





from the ways. More 


ing pressures 
recently, the b=: shown in Fig. 6 were obiained. On 
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this occasion strain-meters were rigged only on the upper 
deck, one at the stringer and one adjacent to a barbette 
opening. The plating near this latter was practically 
held up on shoring from the deck below, and in the 
result shirked its work as was to be expested. On this 
diagram the calculated initial stresses due to ‘‘setting 
up” have been subtracted from the theoretical curve of 
stress; even so, the observei values appear to be uni- 
formly less (having regard to sign) than the calculated 
values, whilst the extreme stress difference agrees ver 
nearly with that anticipated. Considering that a ship's 
structure consists of an almost infinite number of com- 
ent parts connected together at various times, under 
ifferent conditions 4 support, a -_ — 
perature, it is nob perhaps surprising that, when that ship 
1s first subjected to a large structural ing momen 
the strains and stresses observed at one or two isola 
and arbitrarily selected spots should be somewhat ob- 
scurely related to those calculated for a homogeneous 


body. 

We have also tried to obtain the stresses arising from 
the operation of ‘dropping the stern” antecedent to 
boring out the stern tubss. In this case, as in the last, 
we had the practical objuct in mind of attempting to 
decide to what extent a vessel should be structurally com- 
oo before permitting these operations to take 


he results, however, have not been so conclusive as those | th 


for launching, though similar in sense. Quite recently 
the existing Bulkheads Committee has obtained informa- 
tion of interest and value with regard to the stresses in 
watertight bulkhead stiffeners, py the employment of 
these and other strain-meters. The results not having 
been yet presented to the Board of Trade, I am, unfor- 
tunately, precluded at present from describing them. 

have to tender to Sir W. G. Armstrong, 
Whitworth and Co., my grateful acknow ts for 
permitting the publication of these results, whilst certain 
members of my staff at Elswick have given me much 
valuable assistance in the conduct of the experiments and 
preparation of the diagrams. 





COLONIAL AND FOREIGN ENGINEERING 
PROJEOTS. 


We give below particulars concerning several colonial 
and > = engineering projects, taken from the Board 
of Trade Jowrnal. Further information cunee Oo 
projects can be obtained from the Commercial Intelli- 
gence Branch, Board of Trade, 73, Basinghall-street, 
London, E.C. 

Canada: Reports have been received from H.M. 
Trade Commissioner for Canada and the Imperial Trade 
Correspondent at Quebec notifying the inception of 
enterprises, &c., which may afford opportunities to manu- 
facturers in the United Kingdom, as follows :—A lumber 
company in New Brunswick has completed plans for the 
erection of a 50-ton sulphite mill in that province. A 
firm in Quebec dealing in agricultural implemente, stoves 
and general hardware, has recently been incorporated 
under the Quebes Companies Act, with a capital of 
300,000 dols. (about 61,600/.), with the object of extending 
its business. A firm in Ontario has secured a building 
for a steam laundry, and machinery and equipment are 
to be installed. An Ontario company will shortly be 
requiring machinery for making chelne. The contract 
for the supply of a steel twin-screw ice-breaker re- 

ui 

isheries, Ottawa, has been secured by a Canadian 
firm, whose quotation was 998,583 dols. (about 205, 260/.). 
A firm in Nova Scotia contemplates the erection of a 
cold-storage déy6t, and a fish company in the same pro- 
vince may instal a small-sized refri ting plant at a 
town there, A company in Ontario is interested in 
having an artificial-ice plant erected, capable of produc- 
ing 4 tons of ice per day. A shoe-manufacturing com- 
pany in Quebec, wh-se factory was recently destroyed, 
contemplates the er. ction of a new building. A cement 
company in British Columbia proposes to add another 
unit to its plant so as practically to double the daily 
output. An Alberta oil company has let a contract for 
the boring of eleven wells in the province, representing 
an outlay of about 150,000 dols. (about 30,8001). H.M. 
Trade Commissioner reports that a firm in Montreal 
wishes to secure agencies of United Kingdom manu- 
facburers of combs, brushes, soaps, talcum powders, 
manicure sets, scissors, rubber tubes, &c., and cod-liver 
oil. H.M. Trade Commissioner further reports that a 
sanitary engineer in Montreal wishes to re) nt United 
Kingdom manufacturers of sanitary appliances, includ- 
ing sewage disposal plant, water reticulation and purifi- 
cation plant, closets, sinks, lead piping, &c. 

New Zealand: The Wellington Harbour Board has 
adopted a report containing a recommendation to con- 
struct a central wharf, 850 ft. in length, at an estimated 
cost of 160,000. Preparations have been made by the 
Wellington City Corporation for the erection at the city 
electric-light station of the new s»eam-turbine and generat- 
ing set which is on order, and it is stated that the growth 
of this municipal undertaking has been such as to warrant 
a further increase in power tin thenearfuture. The 


Nelson Borough Council is considering the question of | S 
the installation of a tramway system. Storage electric | of 
petrol cars, have been sug- | M 


cars, petrol-electric cars, and 
gested, to run either on or without rails. The preparation 
of the streets is expected to cost about 3000/., and a ga 
and repair-shop have been estimated to cost about . 
The ratepayers of Hastings have sanctioned a loan of 
68, 2602. for street improvements, and extension of electric 
lighting, sewer.ge and water supply; a further loan of 
,5002. for the erection of municipal buildi 
theatre has been sanctioned. The Imperial Trade Corre- 
lent ab Dunedin that the Dunedin Corpora- 
tion proposes raising a loan of 150,0002. ostensibly for 


for the Canadian Department of Marine and | W. 


and aja 





expenditure in connection with the triplication of the 
present electric-power system, and for the provision of an 
auxiliary plant. This loan has, however, been anticipated 
to the extent of about 112,000/., so that only about 38,000/. 
remains to be spent. same body proposes to ask for 
authority to borrow a further 50,000/., to provide for the 
erection of a town hall. The Corporation has also had 
under consideration the purchase of three electric omni- 
buses for use in connection with the tramway system, the 
doubling of a portion of the present tramway line, and 
the construction of additional cars. 

Russia: The Acting British Consul-Ganeral at Odessa 
reports that, according to the local Press, the Town 
il of Odessa has under consideration a project 
for increasing the water supply of Odessa from 8 to 
12 million vedros (22,135,840 to 33,205,760 gallons) per 
day by the construction of a third water-main line from 

jayevka, at a cost of about 300,000/. This expenditure 
will covered by a loan which the Council proposes to 
raise. 

Bulgaria- (New Territories): H.M. Legation at Sofia 
reports that the contracts for the construction of railways 
and other Government works in the New Territories will 

bably be placed in the quarter from which the special 
oan destined to cover the works is obtained. A pre- 
liminary survey of the Haskovo-Porto Lagos section of 
© pro railway in the New Territories is now being 
actively carried out, and it is expected that notice of the 
contracts will be given about the end of July. Ona 
rough estimate, the amount required for the Mikhaelovo- 
Haskovo-Porto Lagos line (124 miles), the Radomir- 
Dubnitza line (50 miles), the Shumla-Karnobat line (68 
miles), and the harbour works at Porto —_ is placed 
ill be allocated 


at about 4,000,000/., of which 1,000,000/. 
to the harbour works. 

Argentina: H.M. Minister at Buenos Aires reports 
that tenders for the onay ant delivery of two suction- 
dredgers for use on the Lower Parana will be received, 
up to 2p.m., on May 25, by the Direccién General de 
Obras Hidrdulicas, Ministério de Obras Piiblicas, Buenos 
Aires. With reference to the decree granting a conces- 
sion to the Central Argentine Railway for the working of 
a line from Peyrano to Rio Quatro, H.M. Minister at 
Buenos Aires a that the plans for the construction 
of the second 100 km. (62 miles) of the line have now been 
approved. 





8.8. ‘* Puzrto- Rico.” — The Société des Chantier 
et Ateliers de St. Nazaire have recently completed at 
their Normandie yard, Grand-Quevilly, near Rouen, 
a new twin-screw ship, the Puerto-Rico, for the Com- 

ie Générale Transatlantique, for service between 
avre and Haiti. Her length is 130 m. (426 ft.) ; her 
breadth, 15.60 m. (51 ft.); and displacement, 8600 tons. 
The propelling machinery consists of two reciprocating 
engines, supplied with steam from four boilers. The 
power developed is about 4500 horse-power, an e 
speed at the trials exceeded 15 knots. The ship will 
accommodate 103 first-class and 32 third-class passengers, 
and also over 400 emigrants ; she carries a powerful wire- 


less-telegraphy instaliation. 





Tue Iron ann Srest Institutr.—The annual meeting 
of this Institute will be held in the building of the 
Institution of Civil Engineers, Great George - street, 
estminster, on Thursday and Friday, May 7 and 8, 
1914, commencing each day at 10.30 a.m. On Thursday, 
May 7, the retiring President, Mr. Arthur ay will 
induct into the chair the President-elect, Mr. Adolphé 
Greiner, who will present the mer Gold Medal for 
1914 to Mr. Edward Riley, F.1.C., and will then deliver 
his inaugural address. The Andrew Carnegie Gold Medal, 


for 1913, will be —— on Friday, May 8, to Mr. 
Thomas Swinden, D.Met. The following is the list of 
papers that are expected to be submitted for reading and 


discussion on both days:—‘‘The Forms in which Sul- 
oo may Exist in Steel ~~ — , ?— J.O. Arnold, 
.Met., F.R.S., and Mr. G. ver; ‘* Experi- 
ments on Allotropy of Iron (Behaviour of Ferro- tic 
Mixtures; Dilatation of Pure Iron),” by Mr. O. e- 
dicks, Pb.D.; ‘Recent Developments of the Iron and 
Steel Industry in India,” by . A. Bose; “The Re- 
stallisation of Deformed Iron,” by Mr. C. Chappell ; 

ze Hardening of Metals, with Special Reference to 
Iron and its Alloys,” by Mr. C. A. Edwards, D.Sc., and 
Mr. H. ©. H. Carpenter, Ph.D. ; ‘‘ Influence of Molyb- 
denum upon the Corrodibility of Steel,” by Mr. J. N. 
Friend, D.Sc., and Mr. C. W. Marshall; ‘‘ Note on a 
Curious Case of Decarburisation during the Hardening 
of Steel Dies,” . 7 Mr. H. C. Greenwood, D.Sc. ; ‘‘ The 
Magnetic and Mechanical Properties of Man 
Steels,” by Sir Robert A. Hadfield, F.R.S., and Mr. B. 
Hopkinson, F.R.S.; ‘‘Some Improvements in Case- 
Hardening Practice,” by Mr. H. L. Heathcote, B.Sc. ; 
** Failures of Heavy Boiler-Shell Plates,” by Mr. 8, A. 
Houghton ; “ Production of Steel Direct from the Ore,” 
b . E. Humbertand Mr. A. Hethey, B.Sc. ; ‘‘ Theory 
Hardening,” by Mr. A. McCance, B.Sc.; “‘The 
Colorimetric Estimation of Sulphur 
iteels by Means of Paper Impregnated with a Solution 
Arsenious Anhydride in Hydrochloric Acid,” by Mr. 
. Misson; ‘‘The Development of Dry Sa | in 
A New Reagent for Etching Mild: Steal,” by Ms. W- 
a ew t for ing Mi ra » W. 
Rosenhain, D.Sc., F.R.S. and Mr. Tk. Haughton, 
M.Sc. ; ‘Results of the Talbot Process at Witkowitz,” 
by Mr. F. Schuster, D Ing. The annual dinner of the 
ee will My my iy on Thursday, May 7 
t) ms, Great Queen-street, on, 

W.C. ary ca invitation of the Comité des Forges, 
the autumn meeting will be held in Paris on September 18 


; #0 25 next. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was very quiet, but Cleveland warrants 
were strong. The turnover was limited to one lot at 
5ls. 744. one month, and closing sellers quoted 5le. 6d. 
cash, 51s. 8d. one month, and 52s. three months. In the 
afternoon Cleveland warrants were just the turn easier, 
and one lot changed hands at 5ls. 5d. cash, with sellers 
over at that figure, and at 5is. 7}d. one month and 
51s. 11d. three months. On Friday an there was 
a he business 
consisted of 1500 tons of Cleveland warrants at 51s. 34d. 
cash, and 5ls. 74d. May 13, and closing sellers named 
51s. 4d. cash, 51s. 64d. one month, and 51s. 10d. three 
mon The afternoon session ——e idle, and prices 
of Cleveland warrants were steady and unchanged 
from the morning. On Monday morning the market 
opened with a firm tone, and, although dealings 
were small, prices were up. The turnover amounted 
to 1500 tons of Cleveland warrants at 5ls. 6d. three 
days, and 51s. 8d. one month, with closing sellers quoting 
51s. 6d. cash, 51s. 74d. one month, and 51s. 104d. three 
months. In the afternoon the tone was dull, and one 
Cleveland warrant was _ at ee ge a 
closing quotations practically unc at 4 
cash, bis 74d. one month, and 5is. 104d. three months 
sellers. On Tuesday morning the market opened with a 
firm tone, and 2000 tons of Cleveland warrants were put 
through at 51s. 6d. cash, and 5ls. 10}d. and 5ls. 94d. 
three months. Closing sellers quoted 51s. 6d. cash, 
51s. 84d. one month, and 51s. 104d. three months. In the 
afternoon Oleveland warrants were weaker, and the 
turnover consisted of 1500 tons at 51s. 84d. three months, 
with sellers at the close naming 51s. 4d. cash, 51s. 64d. 
one month, and 51s. 9d. three months. 

Sulphate of Ammonia.—There has been no perceptible 
increase in the demand for sulphate of ammonia during 
the tt week, and prices are nominally unchanged. 
Inquiries are only moderate. 

Scotch Steel Trade.—Scotch steel-makers report little 
change in the condition of the trade since last week, and 
also that ifications are very scarce. Buyers are still 
holding off except where they can secure near date require- 
ments on extra Dag terms, and the actual state of affairs 
is that very little business is going through. The compe- 
tition is indeed very keen when anything is on offer, and 
ship-plates are reported to be on sale under 6/. per ton, less 
5 per cent., and boiler-plates rather under 7/. per ton, also 
less 5 per cent. Sectional material is in fair request, and 
although the recent reduction in black sheets has not 
brought forth much fresh business, makers are moderately 
well employed. 

Malleable-Iron Trade.—The malleable-iron industry is 
still far from busy, and makers are suffering badly from 
the foreign competition. ‘‘ Crown” bars have not changed 
in price, and are called 62. 17s. 6d. per ton, less 5 per cent. 


Scotch Pig-Iron Trade.—Rather a better feeling per- 
vades the Scotch pig-iron trade this week, and the 
demand shows signs of increasing, despite the dullness in 
steel and finished iron. The export departments have 
been in receipt of better orders for the ordinary qualities, 
while the home demand is also more encouraging. 
Prices are unchanged, and the following are the market 

uotations for makers’ (No. 1) iron:—Olyde, 68s. ; 

der, ie, Summerlee, and Langloan, 68s. 6d. 
(all shipped at G w); Glengarnock (at Ardrossan), 
71s. ; Shotts (at Leith) 68s. 6d. ; and Carron (at Grange- 
mouth), 69s. 








Tue CunarD Firet.—The fleet of the Cunard Steam- 
ship Company, Limited, comprises 27 steamers and 
tenders, having an aggregate displacement of 284,097 
tons, and propelled by engines working up to 309,800 
horse- power. The 12 principal steamers are : — The 
Mauretania (turbine), fitted with engines working up to 
67,000 horse-power ; Lusitania (turbine), 67,000 horse- 
power ; the Campania. 30,000 horse-power ; the Caronia, 
21,000 horse-power ; the Carmania (turbine), 21,000 horse- 

wer ; the Doussesla, 13,500 horse-power ; the Saxonia, 
10,000 horse-power ; the Ivernia, 10,000 horse-power ; the 
Carpathia, 8000 horse-power ; the Andania, 7500 horse- 
power ; and the Alaunia, 7500 horse-power. ‘I'he follow- 
ing three steamers are now building, and will be added in 
x te months to the fleet :—Aquitania, for the Liv 1 
and New York mail service ; Transylvania, for the Rew 
York and Mediterranean service; and Aurania, for 

jan service. 

Rorat AvTomopire Ciusp TRIAL OF AN EIGHT- 
Cy.inpger Dr Dion Bouton Car.—On the 4th to the 7th 
ult. a standard 24-horse-power eight-cylindered (66 mm. by 
130 mm.) De Dion Bouton chassis, fitted with a five-seated 
nen body, hood, screen, a rims, dynamo, 
ighting set, engine-starter, &c. y in touring trim, 
in fact), ran over the London-Edinburgh-London course, 
under the official observation of the Royal Automobile 
Club. Its total running weight was 38 cwt. 1lb. The 
carburettor was fitted with standard jets, no extra-air 
inlet being fitted, and the engine, which was controlled 
throughout the run by means of the standard De Dion 
Bouton decelerator pedal, was never stopped while the 
road-wheels were in motion, nor was the gear-lever put in 
the neutral ition. The car covered a distance of 797} 
miles, at miles per hour, without any involuntary 
stop. the journey 40.36 gallons of petrol were 
used, which works out to a car-mileage of 19.77, and a 
ton-mileage of 37.56 per gallon 5 4} pints of engine-oil 
sufficed for the journey, which gives an oil-consumption 
of 1418 miles per gallon. Only ? pint of water was evapo- 
rated during the trip. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, W 

South Yorkshire Coal Trade.—A satisfacto 
an otherwise very unsatisfactory position is apparen' 
certainty that Yorkshire railwaymen will continue to 
handle coal imported from Derbyshire and Nottingham- 
shire. Such has been the toni 
district that railway sidimgs are choked with wagons, and 
many consumers are almost as badly off as they were 
four or five days ago, since a big part of the fuel pur- 
chased by them at excessive rates has not yet bee 
delivered. Merchants at first found no difficulty in 
securing advanced rates, but buying has since become 
more restrained, consumers having made up their minds 
to risk the consequences rather than pay as much as 7s. 
to 103. advance on recent contract prices. The best 
demand is for slacks and house coal. Not only have the 
South Yorkshire pits nothing to offer, but several of them 
are having to buy from outside markets to keep their 
engines running. House coal varies from 17s. to 22s.; 
best nuts, from 20s. to 25s.; secondary, from 18s. 6d.; 
and inferior, from 17s. 


Iron and Steel.—The Sheffield industries are threatened 
with paralysis by the county coal war. The very big 
concerns have good stocks on hand, and by reducing the 
length of the working week, should be able to continue for 
three or four weeks, but a considerable proportion of the 
works have already closed down for the Easter holiday, 
and it is doubtful whether many of them will reopen 
next week if no settlement of the coal strike has been 
arrived at. Several of the smaller firms closed down on 
Friday, and many were unable to resume on Monday. 
This unsettlement comes at an unfortunate time for the 
local trades. It is bringing the decline in business into 
a just when there were — of a much 

oped-for revival. Orders are being held up on all sides. 
At the same time there is a fair volume of activity in the 
general iron and steel trades. In the local iron market 
the tone is not so strong and reliant, but with the pro- 
spect of restricted coke supplies, makers show no inclina- 
tion to book forward at decreased rates, an upward move- 
ment in values being rded as almost inevitable. 
Hematites are a fairly market, particularly for East 
Coast mixed numbers, which stand at 68s. delivered in 
Sheffield or Rotherham. Foundry iron is firm at 55s. 6d., 
but there is marked depression in forge, which is selling 
in cheap lots. Bar-iron, which for several months has been 
badly hit by foreign dumping and underselling, has 
occupied a much worse position since the commence- 
ment of the county coal war. Many local mills 
that for the past few weeks have been working on 
short time have now shut down completely. An improved 
overseas demand is reported for steel products, princi- 
pally on colonial account, but Canadian buying shows no 
expansion. Railway and tramway material departments 
are among the best employed, substantial orders having 
been received from South Africa, East India, and Japan. 
The armament firms, which occupy the strongest posi- 
tions, have lately booked orders for stern castings for 
H.M.S. Royal Sovereign, which is building at Ports- 
mouth, and armour-plate for H.M.SS. Royal Oak and 
Cleopatra, both of which are being built at Devonport. 
There is no apparent falling off in the big demand for 
forgings and castings from shipbuilding centres. Steady 
working is maintained in twist-drill, file, and saw depart- 
ments. The War Office invites tenders for a year’s 
pos hed tools, including hammers, twist-drills, and hack- 
saw blades. 


y: 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade. — The number of t- 
furnaces blowing on the North-East Coast is fewer than 
for a long time past, and as the cost of manufacturing 
Cleveland pig is declared to be at present unremunera- 
tive, makers are not likely to restart the furnaces unless 
prices improve or cost of production is reduced, notwith- 
standing the fact that the output is insufficient to meet 
current requirements. The blowing-out of furnaces in 
the Midlands in consequence of the Yorkshire coal strike 
is benefiting, for the time being, this district as far as 
Cleveland pig is concerned, but is having a somewhat 
detrimental influence upon the hematite branch, as 
Sheffield users are stopping deliveries because of 
the coal strike. American reports and iron-trade in- 
formation from Germany are anything but satis- 
factory. No. 3 g.m.b. Cleveland pig has this week 
sold at 5ls. 9d. f.o.b. ; but the general market quota- 
tion now is 51s. 74d. Named brands are realising much 
more, as high as 55s. being quoted by one firm. No. 1 
Cleveland is scarce, and is 6d. ; No. 4 foundry is 
5ls. 14d.; No. 4 a 50s. 104d.; mottled and white iron 
each 50s. 74d. ; and Nos. 1, 2and 3 East Coast hematite 
ig, 61s. 6d. to 6ls. 9d. All the foregoing quotations are 
or either early or forward delivery. Foreign ore at last 
shows a downward movement. Some sellers still adhere 
to —_— on the basis of 18s. ex-ship Tees for Rubio 
of r cent. quality, but others are to accept 
17. 9d., and — 17s. 6d. As a matter of fact, a 
contract has mn made at 17s. . for best Rubio 
delivered up to ry gr Freights, Bilbao-Middles- 
brough, are firm at Coke prices are irregular. 
local consumers are generally well supplied, but firms 
who are necessitated to purchase have to pay high prices. 

orward contracts can be made at round about 17s. for 
average blastfurnace coke delivered at Tees-side works, 
but for spot lots 20s., and even more, is asked. 


. Stocks and Shipments.—The stock of Cleveland pig-iron 
in the public warrant stores now stands at 113,187 tons, 


already sent into this | § 


Large | Fimited, 


all of which but 43 tons of standard iron is No. 3 
quality. Since the beginning of the month the stock has 
been reduced by 6580 tons. Shipments of pig iron from 
the Tees promise to be satisfactory. To date this month 
they average 4247 tons per working day, the total de- 
spatches being returned at 25,486 tons, 23,380 tons of 
which have gone from Middlesbrough, and 2106 tons from 
kinningrove. To the same date last month the loadings 
were given at 21,808 tons, or a daily average of 3634 tons, 
and for apd ee ree part of April a year ago the 
clearances reached 24,645 tons, or an average of 4109 tons 
per working day. 


prod 
the end of the year. Fairly — in 
for steel joists and rails. essrs. 
and Co. have just booked an order for 8000 tons of rails 
for India, and an Australian order will probably find its 


: 


Blastfurnace 

No. 3 Cleveland pig-iron for the months of January, 
February, and March was this week certified to have 
been 51s. 5.13d. per ton, as compared with 55s, 3.79d. in 
the previous quarter, This means a reduction in blast- 
furnacemen’s wages of 4.75 per cent., which brings the 
wages from 29 per cent. above the s' d to 24.25 per 
cent. above the standard. The reduction takes effect 
from the 4th inst. 


Diamonds from Blast-Furnace ‘‘ Bears.”—Mr. J. E. 
Stead, D.Sc., D.Met., F.R.S., read an interesting paper on 
** Blast-Furnace ‘ Bears,’ and What They Teach Us,” ata 
meeting of the Cleveland Institution Engineers, held 
at Middlesbrough this week, in the course of which he 
defined a blast-furnace ‘‘bear” as a solidified mass of metal 
below the hearth or floor-level of a blast-furnace found 
after the furnace had been blown out after long service. 
During the life of a furnace, the floor, mf 
made of fire-brick, was slowly acted upon by the metal, 
and much of it eventually out with the slag into 
the slag-ladle. The result of this was that in time a hole 
many feet deep was formed ; into this pig or hole liquid 
metal ined, and none of it could be removed via the 
tapping-hole. The metal sometimes not only worked 
its way downward, but after —e a considerabie 
_—_ acted upon the brickwork laterally, and travelled 
sideways. Sometimes the metal through the walls 
of the furnace foundations and then worked its way 
upwards, and escaped, doing damage, causing 
inconvenience to the workmen, and leading occasionally 
to serious damage. When the furnace was blown out, 
the whole of the liquid metal below the level of the 
tapping-hold eventually became solid and constituted the 
blast-furnace ‘‘bear,” called in the North-East of England 
district ‘‘an old horse,” and in Germany a ‘‘sow.” The 
‘*bears ” when taken out of the furnace hearths weighed 
from 20 tons to several hundred tons. To remove them 
they had to be drilled and blasted bit by bit—a process 
involving considerable labour, cost, and time. The 
“bears” taught the practical smelter that during the 
working of his furnace he had been continually losing 
metal, and storing up a substance of much less value than 
it would have been had it been run out and castinto pigs. 
The large apparent amount of pure graphite found in 
the ‘‘bears” had led to the trial of carbon and tar 
concrete, and solid carbon bricks had recently been in- 
troduced and put into use. The concrete hearths had 
failed, and the solid carbon bricks had not been long 
enough in use to justify any definite conclusion being 
formed as to their —— quality. Diamonds, it was 
alleged, had been found by some German chemists in 
**bears,” and Moissan actually produced diamonds by 
suddenly chilling highly-heated and carburised iron in 
crucibles. The contraction of the outward solid envelope 
on the interior fluid and solidifying metal uced 
enormous pressure, which induced a ion of the excess 
carbon to assume the diamond instead of the much lighter 
prs hitic form of carbon. These manufactured diamonds 

to be highly magnified before they could be seen. 
The largest ever produced measured not more than half 
a millimetre in diameter, and it was not likely, therefore, 
that they would appear in the crowns of king or queen. 

Cleveland Engineers. — The Cleveland Institution of 
Engineers will celebrate its jubilee next year, and Sir 
Thomas Wrightson, Bart., has accepted the invitation to 
be president during that year. 





Tue Fieer ANNUAL AND Navat Ygar-Book, 1914.— 
This year-book now enters upon itsninth year. It is com- 
Mr. Lionel rae oe is issued by The Fleet, 
4lla, Harrow- , London, W., at the price of 
1s. net. It contains over 130 pages of matter on our naval 
papend, developments in — guns, faye od — 

engineering progress. It gives also ta par- 
ticulars on the units of the world’s navies, and the na 
i the various nations. The subjects dealt wi 
are treated in an interesting popular form, and the book 





will be found interesting by a large clase of readers. 


men’s Wages.—The ascertained price of be 


NOTES FROM THE SOUTH-WEST. 


Cardif.—The steam-coal trade has been scarcely so 
active. This is explained partly by the fact that many 
po have completed their arrangements until after 
the Easter holidays, while fresh tonnage has arrived 
slowly through stormy weather. On the other hand, 

i owners have shown little or no disposition to 
modify quotations, as the number of steamers in dock is 
— a) ef ys well — —_ Foy th 

ohda, are rp t unless great 
Yorkshire strike is settled at once there will be a con- 
siderable demand for Welsh coal from Northern customers. 
House coal has exhibited scarcely any chan The best 
Admiralty steam coal has made 18s. 6d. to 19s.; best 
ond ities, 188. to 18s. 6d.; other secondary de- 


same dimensions as one alongside, which was o 

about a year ago. It is 900 ft, | and 100 ft. wide at 

= ceed and it hasa depth of 35 ft. of water over 
e 


Dowlais.—There has been some improvement in trade 
at Dowlais, the furnaces and mills having been working 
more fully. The Goat Mill has had a good output of 
oe section Lo ~ p re a > = the 

leeper press turned out a number of sleepers. 
The Big Mill has also been fairly well occupied. 





“Lista Navaue Iramana.”—No. XVI. of this pub- 
lication for the first quarter of the present year, issued 
by the Lista Navale Italiana, Rome, gives the recent 
enactments in the Italian Parliament, dealing 
with the Navy, shipping, fishing, &c. 


CommerciaL Yrar-Boox, Norringuam.—We have 
received a gopy of the first issue of the ‘Commercial 
Year-Book” of the Nottingham Chamber of Commerce. 
This is edited and compiled with the authority of the 
Chamber by the Secretary, Mr. R. H. Beaumont, and 
is printed y Messrs. Bemrose and Sons, Limited. It 
gives an illustrated history of the town, and deals 
with its development from the commercial and _in- 
dustrial standpoint, and is completed by a classified 
trade directory in English, French, Spanish, and 
German. The spaciousness of Nottingham’s city bounds, 
the book states, leaves room for newcomers. It is a 
busy but not an overcrowded city, and there are large 
— of land available for factories and commercial 

—— It is also admirably served by the waterways 
and railways of the kingdom. 

Lance DrainaGeE Pumpinc-PLant ror Ecypt.—The 
Egyptian Government has placed with Messrs. Sulzer 
Bro’ of Winterthur, and 30, Norfolk-street, London, 
W.C., an order for an exceptionally large pumping instal- 
lation which is to be erected near Baltim in the Delta of 
the Nile. The value of the contract, exclusive of build- 
ings and canals, amounts to about 180,000/., and the plant 
is to be capable of dealing with 824 million gallons of 
water per hour with a lift of 6 ft. to 10 ft. The motive 

wer consists of eight Sulzer- Diesel engines of 400 brake 

orse-power, and six Sulzer-‘‘ Uniflow” steam-engines of 
475 brake horse-power, each of these units being direct 
coupled to a Sulzer centrifugal pump. The four boilers 
for the steam section, also supplied by Messrs. Sulzer 
Brothers, are of the ‘‘Garbe”-water-tube type, having 
a total eg Oy of 5700 sq. ft. The order further 
includes all the necessary piping, an electric lightin 
installation with Diesel engines, a repair workshop, an 
special arrangements for automatically istering the 
volume and height of water, and from which a complete 
record of the working of the plant will be obtainable. 





Kamm’s KINEMATOGRAPH PRoJEcTOR.—It has often 
been the desire of a lecturer, when using hnsuateges bh 
films, that he might be able to arrest the passage of the 
film through the lantern at some particular picture, so 

his explanation of a detail might be illustrated 
clearly. This has not been possible for two one 
being the fact that the lantern operator is often enclosed 
in @ separate box or room and out of touch with the 
lecturer, and the other reacon, the liability of the film to 
catch fire should it remain stationary for any length of 
time in the path of the rays of light. These drawbacks 
have been overcome by a new model projector by Messrs. 
L. Kamm and Oo., 27, Powell-street, Goswell-road, 
London, and demonstrated at the oe Regent- 
street, on Friday the 3rd inst. In thi ~~ y the 
driving mechanism is actuated through a clutch by a 
small electro-motor. The clutch is electro-magnetic, and 
may be thrown into or out of gear by the lecturer from 
his platform az eee of a switch to which it is con- 
nected by flexible wires ; the film is kept quite cool whilst 





moving or stationary by a constantly revolving fan or 
shu ter acting between the condenser and the film. 








492 





ENGINEERING. [APRIL 10, 1914. 














TWO-SPINDLE MILLING-MACHINE FOR HEAVY WORK. 
CONSTRUCTED BY THE NILES-BEMENT-POND COMPANY, ENGINEERS, NEW YORK, U.S.A. 
(For Description, see Page 488.) 

















Fic. 1. View or Macutne sHowrne Cuancr-Sperep Box. 
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Fic, 2. View or Macuine snowixc Draivixc Motor 
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Fig 72. 
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Blairhall Colliery, Fife.” Mr. John Gibson read a paper on 
i Economics : Some Notes and a 8) ion.” 

E 


NCRETE InsTITUTs.—Thursday, April 16, at 7.80 p.m., at 
Denison House, 296, Vauxhall e- Wi r, 8. 
Mr. Oscar Faber, B.Sc., A.O.G.1,, Assoc. M. Inst. O.E., will 
read _—~ entitled ‘‘ The Design of Steel and Reinforced-Con- 
= lars, with Special Reference to Secondary and Accidental 

Tue InstiITUTION OF MINING AND MerTALLURGY. — Thursday, 
April 16, at 8 p.m., at the rooms of the Geological Society, 
Burlington House, Piccadilly, W. The following rs will be 
submitted for discussion :—“* Notes on Mine Survey rds and 
Calculations,” by Mr. Cecil G. Priest, Associate, and Mr. William 
Whyte, Associate. ‘* Collecting and Handling Flue Dust,” by 
Mr. Erle Huntley, Member. ‘A Description of a Portion of 
—— Africa,” by Mr. Henry W. Hill, jiate. 

JUNIOR INSTITUTION OF inkeRS.—Friday, April 17, at 

8 p.m., at 39, Victoria-street, a paper will be read by Mr. R. 8. 
Fox on ‘‘ A Few Typical Oarburettors.” On the same day the 
North-Western Section will meet at 26, Corporation-street, Man- 
chester, at 7.45 p.m., when Mr. J. H. Lester will read a paper on 
“*Motor-Cars, Ancient and Modern.” Saturday, ‘April 18, at 
2.30 p.m., visit tothe Australia House, Kingsway. 


ENGINEERING. 


FRIDAY, APRIL 10, 1914. 





THE CAPACITY OF SUPERHEATER 
LOCOMOTIVES. 


Ir is now fairly accepted that superheater loco- 
motives are more economical than those using 
saturated steam, not merely as regards fuel costs, 
but also over-all at the end of the year’s working. 
Anyone in touch with practical opinion on this 
matter can hardly fail to come to such a conclusion. 
The student of locomotive problems is also not 
surprised that improvement for the superheater 
locomotive is claimed as regards capacity. It would 
prove tedious were we to endeavour to quote the 
many statements made showing this expectation to 
be realised. The fact has been publicly attested on 
innumerable occasions, and is, as far as our experi- 
ence goes, the uniform opinion of those in direct 
charge of the running and working of such engines. 

It is well known that the capacity of a locomotive, 
within limits, may be increased by forcing up the 
rate of firing, though at some loss in boiler efficiency. 
In fact, at anything beyond moderate speeds, 
usually about 15 miles per hour, the capacity of an 
engine is dependent upon and limited by the ability 
of the boiler to supply the cylinders with steam. 
This, of course, postulates satisfactory design of 
cylinders, steam-passages, &c., so that there shall 
not be uneconomical wire-drawing, choking of the 
exhaust, andsoon. This limitation is at the back 
of the modern tendency to supply locomotives with 
larger boilers than formerly, in comparison to cylin- 
der sizes, within working limits, the enlarged boiler 


alone permitting of higher rating. Similar reasoning 


¢| will lead to the conclusion that, given two engines, 


one more economical than the other when handling 
equal loads, the former, when both are forced to 
equal rates of coal consumption, will have a greater 
hauling capacity than the latter, though perhaps 


90 wm ore y= by some falling off in efficiency. 
Tran 


ted into figures, the argument often takes 
some such form as, for example, the following :— 
Suppose a locomotive develops 1000 horse-power 
when burning 2500 lb. of coal per hour, a similar 
engine, but one more economical by 20 per cent., in 
the same service would use only 2000 lb. per hour, 
or 2 lb. per horse-power ; if, therefore, it is held, 
the latter were forced up to a rate of consumption 
wer. 
This plausible reasoning fails, unfortunately, by not 


99 | taking into account the fall in boiler efficiency as 
500 | the output is forced up. 


That such a decrease occurs in the case of the 


500 | Saturated-steam boiler is now accepted. The point 


was fairly clearly brought out in Mr. Lawford H. 


1| Fry’s paper before the Institution of Mechanical 
504 En 


gineers in 1908, in which he discussed the Penn- 
sylvania Railroad teste at St. Louis. The data 
thus provided were utilised in a paper read before 


507 | the Institution last session to show what effect this 


decreased efficiency had on increased capacity at 
eyual rates ef firing. The effect na y varies 
with different conditions, but there is evidence 
tending to show that superheater locomotives are 
aff in much the same way as non-super- 
heater engines, in spite of the advantage of the 


higher superheat at the higher outputs. It may 
be well to call to mind the fact that, in the 
second paper referred to, a case was noticed in 


inding which an increase of power of 33} per cent. had 


been anticipated, whereas if account had been 
taken of the falling off in boiler efficiency an increase 
of perhaps 20 per cent. only would have been 
expected, the latter figure proving to be, as a matter 
of fact, com tively close to the actual increase 


in power . 

The difficulty of making just comparisons on the 
question of maximum power between saturated and 
superheated-steam locomotives is largely due to the 
want of some standard for the generator unit. The 
introduction of a smoke-tube superheater usually 
adds to the weight of the steam-generator to the 
extent of from 15 cwt. to 25 cwt. or so. Should 
this weight be allowed, or should the generators 
be compared on an equal weight basis, or on some 
other? In ordinary circumstances the introduction 
of the smoke-tube superheater reduces, as a rule, 
the water-heating tube surface, though to what 
extent is ‘again a matter dependent upon the 
designer. It commonly happens that this reduction 
amounts to something in the neighbourhood of 20 
to 25 per cent. of thetubesurface. Since about 35 
per cent. of the steam production takes place in the 
surroundings of the fire-box, leaving only 65 per cent. 
for all the tube surface, the water-surface steam- 
es capacity is only reduced from the 100 per 
cent. in the saturated boiler to about 85.5 per cent. 
in the superheater boiler, a reduction of 14.5 per 
cent. in capacity for about 22 per cent. less tube area. 
Again, since the superheater engine uses less steam 
than the other by between 20 to 25 per cent., there 
is at once, evidently, a margin which can be trans- 
lated into additional capacity without even forcing 
or working at rates of heat transmission through 
the water surface higher than in the saturated- 
steam boiler—that is, of course, unless the process 
of transmitting heat through the superheater 
counterbalances the advantage gained. 

Apart from other reasons, these features of 
design give the superheater boiler something of 
an advantage as regards capacity. For this in- 
creased capability to be of value, however, 
cylinder conditions must be taken into account. 
Considering the matter strictly from the engine 
point of view, we are immediately faced by the 
fact that the expansion line for superheated steam 
falls below that for saturated steam, and it is 
usually concluded therefore that the mean effective 

ressure for the former is less, Some interesting 
indicator cards bearing on this point and taken at 
equal cut-offs, &c., are given in the Pennsylvania 
Railroad Company’s report of tests conducted by 
Mr. C. D. Young at the company’s testing plant 
at Altoona, under the direction of Mr. J. T. Wallis, 
General Superintendent of Motive Power. These 
tests were on 4-4-2 type express engines. The indi- 
cator cards show that though the expansion line of 
the superheater is lower, the exhaust line is also 
considerably lower, with the result that the mean 
effective pressures of the cards for the superheater 
and non-superheater engines are practically iden- 
tical. As this is the result of work on a testing 

lant—appliances held in contempt by certain 
ie may further refer to Mr. H. Fowler’s 
recent paper before the Institution of Civil Engi- 
neers as showing exactly the same effect in trials 
on the road. 

This remarkable confirmation is, to those who 
will profit thereby, one more proof of the value 
and accuracy of many of the lessons which testing 
plants can be made to bring out, and we commend it 
to those in whose opinions it has been hitherto held 
that tests thus made give no indication of actual per- 
formance. Standing alone the ‘‘ expansion line” 
argument does not give the whole truth. Back 
pressure is an important point, and therefore other 
factors affect the situation, such as the size and 


shape of the we top. In the Midland 
engines, compared by Mr. Fowler, the cylinders and 
blast-pipes were identical. In the Pennsylvania 


teste the shape of the blast orifice had been changed 
in the course of the tests from a circular to a 
rectangular one, so that unfortunately a factor was 
introduced which, for the sake of clear deduction, 
should ferably have been absent. Normally it 
is jounh'e advisable, with superheated steam, to 
reduce somewhat the blast-pipe top, in order to 
secure a velocity of discharge with smaller 
weight of more fluid steam, though, of course, owing 
to the economy realised, less coal is burnt and less 





flue-gases have to be entrained. It may, however, 
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rove that, if some other feature of design, not yet 
Pally understood, is properly attended to, such a 
reduction may not be essential to pF meg of 
maximum power. The Midland Railway experi- 
ence is suggestive on this point. 

Taking it, then, that in the cylinder at equal 
cut-off superheated and saturated steam may give 
a presen zo" A the same mean effective pressure, 
the actual effect of the increase in generator capa- 
city is, at equal rates of firing, to render it pos- 
sible to work either at increased s or with 
longer cut-off at the same speed, allowing higher 
rating of the engine. Since for every class of 
locomotive there is a speed and cut-off at which 
it is most economical, an increase of cut-off to 
take advantage of the greater capacity will be 
accompanied by some falling off in efficiency. This 
is so with both saturated and superheated steam, 
though whether in the same degree is not quite clear, 
since a variable is introduced in the case of the 
superheater, as the superheat rises with increased 
cut-off. In that engine these two may possibly 
counterbalance one another for a time at least. The 
loss in cylinder efficiency may be avoided by the 
adoption of larger cylinders, a resource which is per- 
fectly justifiable, and is not, as some would argue, a 
subterfuge to procure astrong machine with a weak 
working agent. Engines should always be designed 
to perform most of their work at an economical 
cut-off. If there is every ibility then of the 
yo a a gacet engine being loaded up, it would 
only be consistent with good design to provide the 
large cylinders, rather than work with an uneco- 
nomically long cut-off. If, on the other hand, 
superheating be adopted purely for the sake of 
fuel e2x0nomy, the cylinders need not be increased, 
as the economical cut-off will then be retained. In- 
directly larger cylinders may be adopted, in order 
to reduce boiler repairs, as they permit, for equal 
work, of a lower boiler pressure. 

Reverting for a moment to the question of blast- 
pipe tops, it would seem from recent tests at 
Altoona, and elsewhere in America, that there may 
yet be a good deal to learn in this direction. The 
result of tests at Altoona has been to show that a 
circular top does not give nearly such evenly-distri- 
buted pressures in the chimney as do rectangular 
or elliptical orifices. With the circular top the pres- 
sure is high in the centre and low at the edges. With 
the rectangular or elliptical top the pressure at the 
edges, which come most in contact with the gases 
the blast has to entrain, is a good deal higher. On 
other lines trials have been made of tops other than 
circular, and with reported good results. The 
reasons for these improvements do not appear clear 
at once, and it would be interesting if further 
investigations were conducted into the matter. 





POSITIVE-RAY ANALYSIS. 

As in the three preceding years, Sir Joseph J. 
Thomson, 0.M., concluded the series of Friday 
evening discourses, given at the Royal Institution 
before hates, by lecturing last Friday on ‘‘ Further 
Researches on Positive Rays.” Recapitulating the 
method for the analysis of mixed gases, he said 
that he electrified the gases by the electric discharge, 
forced the electrified particles through a very narrow 
channel, and separated the light and heavy particles 
as to their masses into a series of curved bands or 
lines, displayed in palm-leaf fashion, by submitting 
the stream of mixed gases to the action of two 
powerful fields, electric and electro-magnetic, at 
right angles to one another. The icles striki 
a phosphorescent screen made it phosphoresce, an 
they acted upon the sensitive film of a photographic 
plate, and thus left records. He would that evening 
refer to the technique in the first instance. 

A great deal depended, the lecturer said, upon 
the photographic plates. What he wanted to 
examine was the direct effect of the particles 
hitting the front surface ; hence the film should 
be exceedingly thin, and contain the maximum 
amount of silver. The old Daguerreo-type (silver 
salt exposed to iodine vapours) would be suitable, 
but the film was not transparent and had other 
objections. The best plates were those which 
Dr. Schumann had brought out for studying the 
Schumann rays, rays of very small wave-length, 
which were sto by a layer of air only 1 mm. 
ia thickness. ollowing the instructions given 
by Schumann in the hie ( “ayer of his k 
on spectroscopy, one of his (the lecturer's) assis- 
tants had developed great skill in prepari 
these films. Schumann seemed to have studi 





every possible variation in his for none of 
the improvements they had tried had proved suc- 
cessful. The films had their peculiarities like good 
wines ; they were no good for some days, but they 
improved by maturing, and might turn out good or 
bad. But when good, they made a wonderful 
difference in their experiments, since an exposure 
of one minute gave as clear a picture as exposures 
of three-quarters of an hour had done before. The 
saving in time was particularly important, because 
the experimental conditions could be kept constant 
for short periods. The exposed plates distinctly 
showed the reduced silver, and the developed i 

were more and less patchy than the older 
negatives. Sir Joseph demonstrated this by exhibit- 
ing a plate showing the decomposition of a mixture 
of chloroform and chlorine (CHCl, + Cl,), on which 
the curves of hydrogen (atom H and molecule H,), 


carbon G = 6, C = 12), nitrogen, oxygen, &., and 


various compounds between C, H, Cl, and, finally, 
of mercury, were all very well developed. We 
have on several occasions reproduced such photo- 
graphs, the last occasion being on page 324 of our 
issue of March 6, 1914, and we need only say that 
the new curves were much more regular in their 
breadth. 

The use of the right developer, Sir Joseph con- 
tinued, was exceedingly important. e new 
photograph, just alluded to, been developed 
with pyro-metol ; when a plate had, during the 
same experiments, been developed with hydro- 
quinone, a very patchy photograph had been 
obtained (exhibited); it was difficult indeed to 
believe that the two photographs were to illustrate 
the same experiment, and one felt a little doubtful 
as to the reliability of the interpretations. Sir 
Joseph showed other beautiful photographs, de- 
veloped with pyro-metol—for instance, of the de- 
composition of hydrochloric acid, HCl. On this 
plate, again, the lines of carbon and carbon com- 
pounds were almost as plentiful as on the plate 
illustrating the experiments with chloroform, 
although HCl does not itself contain carbon, of 
course. Tin chloride, SnCl,, also gave fine curves, 
and the photograph of hexane, C,H,,, studied, Sir 
Joseph stated, by his son, was remarkable, because 
it showed the lines of CH and OH on the nega- 
tive side, together with C, (24), C, (36); on that 
side so far only atoms (not compounds) had been 
observed. Another example of this occurrence of 
a@ compound PH, on the negative side was given 
later on, as will presently be mentioned. 

Passing to applications, Professor Thomson first 
referred once more to the peculiar lines X,, corre- 
sponding to an atomic weight of 3, which, as he 
had explained on previous occasions, notably at 
the Birmingham meeting of the British Associa- 
tion,* was really a new element or a modification 
of hydrogen, H,, though the assumption of such a 
polymer might appear peculiar to chemists. That 
compound, H,, which was visible on many of his 
positive-ray photographs, could be obtained by 
cathode bombardment of metals and other sub- 
stances. It could also be produced by heating 
metals, and it was, of course, known that metals 
gave off hydrogen when heated. 

In order to produce it from pure substances, he 
had tried one of the purest substances known, 
water, in the frozen condition ; he had lowered 
the spherical bulb, in which the cathode stream fell 
on water, into liquid air, so that the rays hit a 
lump of ice into which they had driven a hole, as 
if a sand blast had been at work. This was shown 
by breaking the bulb and taking the ice out. Water 
gave comparatively large quantities of H,, frozen 
ammonia, NH,, did so also, and it seemed that it 
must be derived from the hydrogen in these com- 

unds. That view was supported by exposing 

ydrogen within a spherical bulb to the electrode- 
less discharge flowing through a coil encircling the 
bulb, which brightened up in a —— tint. 
The H, could also be generated, without any electric 
agency, by heating phosphorium iodide, PH, . HI. 
When this compound [beautiful colourless crystals, 
which can be sublimated | was submitted to positive- 
ray analysis, the PH, (as identified by the atomic 
weight of the curve) appeared on the negative side 
[a fact to which we have already alluded] and on the 
positive side as well, so that this compound could 
take up negative charges like an atom. 

There was further indirect, but _ strong, 
evidence that X, was really Hy. our readers 





* See ENGINEERING, vol. xovi., page 447. 





will refer back to the already-mentioned photograph 
on page 324 ante, and to previous photographs, 
they will notice that most of the curves begin at 
some distance from the vertical, passing through 
the origin or centre of the diagram, which would 
be the point where the undeflected rays would hit 
the plate. This distance, Sir Joseph explained, 
was the same for most curves, and it was the 
inverse measure of the energy possessed by the 
respective particles. If the distance in some case 
were twice the unit average, those particles would 
have half the usual energy. Suppose the gas sub- 
mitted to analysis contained H,; that H; might 
partly be broken up into H,, which would not have 
the common unit amount of energy, but % of it, so 
that the distance should be 3, and there should be 
some indication of that on the hydrogen-molecule 
line, which (in the photograph) was ae the H, 
line (the lightest particles being most deflected and 
highest up); this line, indeed, showed a faint bright 
spot on the photograph exhibited. 

Passing to another point, Sir Joseph said that 
when metals were bombarded by the cathode dis- 
charge, the photographs also showed the helium 
line ; he had made many more experiments on 
ba paar aon last year, and the result was 

ways that helium appeared, but disappeared again, 
or stopped appearing, when the beadiniahens was 
—— e ray analysis could detect the 

elium contained in + cub. cm. of air, which itself 
only contained four parts of helium in 100,000. 
If, therefore, a trace of helium were left in a dis- 
charge-tube, and the oxygen and nitrogen were 
absorbed by the charcoal-tube (dipped into liquid 
air) joined to the discharge-tube, the helium would be 
left as residual gas, and it could even be recognised 
by its green phosphorescence. As regards metals, 
the helium liberated might have been condensed 
on the surface. The case of salts was more difficult. 
Salts, and potassium iodide in particular, also 
liberated helium when bombarded ; and when the salt 
was dissolved in water and reprecipitated (by evapo- 
rating the solution and recrystallising or fusing the 
residue), considerable quantities of helium were 
again given off. This helium could hardly be an 
impurity, and it came probably from the air, being 
retained in the fissures of the crystals or on the 
surface. This view was supported by the observa- 
tions that the experiments often gave inconsistent 
results, that sometimes more helium was found after 
redissolution than before, that the bombardment 
during two weeks (for several hours daily) would not 
yield more helium than bombardment for two hours, 
and that different salts gave different amounts of 
helium. Sir Joseph added, however, he did not 
mean that the helium came off independently of the 
bombardment. Photographs illustrating the ray 
analysis of such bombardment gases were exhibited. 
The first showed the usual lines, H,, H,, He = 4, 


y ae O 
= »g= 7% 9 =8,C=12,0 = 16, 0H =17, 


H,O=18, &c.; but on a second phot h, taken 
after a long bombardment, the line 4 (helium) was 
no longer visible, whilst the H, line came out more 
strongly. Sir Joseph mentioned that Professor 
Strutt, experimenting with neon, had found that 
all the neon observed seemed to have leaked into 
the apparatus from the air during the experiment, 
but had not come off from the salts like Sir Joseph’s 
helium. 

Professor Thomson then referred to another 
a of these researches, the ‘‘ embryology 
of chemical combination.” When hydrogen and 
oxygen combined to water, H.O, he said, the per- 
oxide H,O, might first be formed as intermediate 
product {ui is the view of Engler and some other 
chemists | and be split up afterwards. The instan- 
taneous positive-ray analysis might decide this 
question, but the small difference in the molecular 
weights of O,, H,O, and H,O, = 2 OH, made these 
experiments very delicate. He had therefore tried 
the oxidation of alcohols, esters, and of the oxide 
NO; but he had in no case obtained any evidence 
of the existence of intermediate products. The 
exhibited pho ph illustrating the analysis of 
the mixture (NO + 0,) showed all the lines very 
— but nota trace of NO,. Sir Joseph sug- 
ges' that the formation of the intermediate 
addition products might take place round nuclei 
(traces of water vapour, ammonia, &c.), but that 
the whole reaction might be completed before the 
product passed through the narrow tube of his 
apparatus, in which the separation of the particles 
occurred, though a millionth of a second wasa kind 
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of eternity for the phenomena in his discharge-tubes. 
He had considered whether the molecular com- 
pounds were split up into atoms by the minute 
cathode particles hitting them, or whether particles 
were merely chipped off from the atoms, leaving the 
atoms almost unchanged. In order to investigate 
this point he had provided a discharge-tube with 
an additional Wehnelt cathode, a strip of platinum 
covered with lime to be heated by an independent 
battery current. He had passed the discharge with 
the platinum hot, when the lime gave off particles 
enormously increasing the number of cathode ~ 
ticles present, and when the platinum was cold. The 
examination of the photograph taken under these 
different conditions then might show whether the 
number of atoms was increased or whether the 
molecule lines were merely intensified. The two 

hotographs exhibited supported the first view. 

he oxygen line was the first becoming visible 
when the plate was developed with the Wehnelt 
cathode hot, and the line widened out, moreover, 
as if the cathode stream had been intensified in 
its decomposing action when the particles from the 
Wehnelt cathode mixed with it ; in the bulb the 
cathode was fixed in the upper portion, at the side, 
and the Wehnelt cathode in the central, lower 
portion. 





ENERGY FROM THE SUN. 

Puysicists tell us that if we disregard atmo- 
> age absorption, the sun delivers energy to 
the earth at the rato of 7000 horse-power per 
acre, but though the fact cannot be disputed in 
the face of the concordant data as to the solar 
constant now available, very little has yet been 
accomplished in solving the problem of utilising 
this energy in the form of mechanical work. 
Since the temperature of the sun is about 6000 
deg. Cent. (absolute), Carnot’s theorem shows us 
that of the energy received here, a proportion 


equal to about GORD deg. ~ B00 dng. , or over 95 per 
cent., should be convertible into work, at least from 
the theoretical standpoint. 

The only uated. by which it has yet been 
attempted to convert the solar energy into mecha- 
nical work have, however, involved a degrada- 
tion of the energy received from its high-grade 
condition as radiation into low-temperature heat. 
The immediate consequence is that the energy, 
even theoretically, convertible into mechanical 
work falls from 95 per cent. of 7000 horse-power 
per acre down to, say, 26 per cent. of 7000 horse- 
power, or 1750 horse-power per acre. This is, of 
course, merely a theoretical result, and is very far 
from realisable in practice. Indeed, in certain regions 
the atmosphere exacts a toll of nearly 50 per cent. 
on the energy it transmits, but as this defect of 
transparency is closely associated with the amount 
of aqueous vapour in the air, the loss is very sub- 
stantially less in arid areas. As indicating what 
fraction of this power is actually attainable with 
present appliances, the figures given in a on 
read on Monday last, before the Society of Engi- 
neers by Mr. A. S. E. Ackermann, B.Sc., have much 
interest, although they lead to the negative conclu- 
sion that there is little prospect of commercial 
success being achieved along these lines. 

The site of one of the installations tested by Mr. 
Ackermann was at Meadi, Egypt, and the trials ex- 
tended over about three weeks. The area occupied 
by the sunshine-absorbing plant was { of an acre, and 
the highest output sunested was 19.1 pump horse- 
power, as against the 5000 to 6000 horse-power 
which would have been obtained from a perfect 
motor capable of utilising the radiation direct. 
Somewhat better results were obtained in some 
previous trials near Philadelphia, where tests made 
by Mr. Ackermann, extending over a period of 
5 hours, were, he claimed, equivalent to the deve- 
lopment of an average of 18.54 horse-power from a 
sunshine-absorber occupying an area of 0.41 acre. 
The maximum rate of power development during 
this test was 26.8 brake horse-power, and the lowest 
8.6 brake horse-power. 

These figures bring out well the characteristic 
difficulties attaching to any attempt to retrieve 
mechanical energy from the sunshine by converting 
the latter into heat. These drawbacks are the 
enormous area occupied and the costly cumbrous- 
ness of the plant, to which must be added the great 
variability in the rates of power production. In short, 
the system seems to tin an exaggerated form 
all the drawbacks attaching to wind-power. 





Ruskin, in one of those works which are at once 
a delight to the lover of literature and the despair 
of the seeker for ideas, reproved his generation 
for preferring steam-power to air-power, since the 
latter, he observed, cost nothing. Such fallacies 
constitute, of course, much of the stock-in-trade of 
all superficial writers, but commonly find a happy 
oblivion in the corner of a couutry newspaper, or in 
the of a popular magazine. They do no harm 
save when, as in Ruskin’s case, the sterility of the 
‘*half-idea”’ is to some degree concealed by the 

rfection of the phraseology in which it is em- 

ied. It was his contemporary who pronounced 
the bulk of his generation to be ‘‘ mostly fools,” 
and, though Ruskin was less direct in his methods, 
he evidently thought that the preference for steam 
of the great creative intellects of the past century 
was to be attributed to innate imbecility or sheer 
perversity. His suggestion, however, merely illus- 
trated once more the every-day fact that the man 
who writes easily will not often be bothered to cull 
the results of the past experience of mankind, but, 
like the proverbial German anatomist, prefers the, 
to him, easier task of constructing his ‘‘ camel ” 
out of his inner consciousness, 

Wind-power is, of course, cheap only in excep- 
tional circumstances, where the total amount of 
power required is insignificant, and intermittency 
of working is immaterial. A windmill 40 ft. in 
diameter is rated at about 8 horse-power, and costs 
about 4001., or about 50/. per horse-power. It can 
not be relied on to work for more than one-third 
the total number of hours in the year, and even 
so, the working hours are distributed erratically. 

In this latter regard a sun-power plant would, in 


a favourable climate, probably be somewhat less 


capricious, but the windmill, cumbrous and bulky 


though it may be in comparison with its effective 


output, is still many degrees superior in this regard 
to the best sun-power plant yet constructed. 

In the plant erected at Meadi, and described in 
Mr. Ackermann’s paper, the steam-generators com- 

rised a series 0 

cast-iron boiler 
205 ft. long. 
centre of a parabolic mirror of the length stated, 
and measuring rather over 14 ft. in extreme width. 


in. wide by 14} in. deep and 


Of these huge mirrors there were five, and the 
reflecting portion consisted of flat plates of silvered 
These 
enormous mirrors were mounted on rollers, as it 
was necessary to make them ‘follow the sun ” 


glass arranged round a parabolic surface. 


in its passage across the sky from east to west. 


The plant was found to work best with a steam 
The engine was of 
a very special design, having small clearances and 
very large exhaust-ports, the latter being provided 
in order to take better advantage of high vacua 
than is practicable with the normal type of recipro- 
In some preliminary trials some 
excellent results have been recorded with engines of 
this type, an efficiency ratio of as much as 52.7 per 


pressure of about 64-lb. gauge. 


cating engine. 


cent. being obtained, which is certainly a remark- 


able figure for an engine developing only 29.6 


horse-power with steam supplied at 15.8 absolute, 
and with a vacuum in the condenser of 28.07 in. 
For a small output such as this, the reciprocating 
engine is no doubt superior to a steam-turbine ; 
but were it commercially practicable to construct 
a large sun-power plant, it would obviously be 
desirable to substitute a steam-turbine, with which 
a materially higher efficiency ratio would then be 
readily realised. 

At the Meadi tests it appears that the engine 
did not work satisfactorily, so that the steam con- 
sumption was exceedingly high ; but even assum- 
ing that as good results are obtainable as with a 
large exhaust-steam turbine, the output in brake 
horse-power would still on the Meadi figures not 
amount to an average of 70 brake horse-power per 
acre, so that even a 1000-kw. plant would require 
a gathering ground of nearly 14 acres. It would 
probably not be possible to generate at the above 
rate for more than 3000 hours year even under 
very favourable climatic conditions, and the unwieldy 
character of the plant is thus sufficiently obvious. 

The output would, no doubt, be raised were the 
steam pressure increased to 200 lb. per sq. in ; but 
in the exposed position in which a sun boiler must 
needs be placed, it is quite possible that the in- 
creased convection losses would go ‘far to offset any 
particular gain in this direction. If, however, the 
apparatus could be sheltered from wind, very high 
temperatures could, no doubt, be attained, but there 
would be obvious difficulties in utilising them. 















elements, each consisting of a 


itis boiler was arranged at the 








Since the temperature of the solar radiation is that 
of the source, there is no physical bar to the attain- 
ment of extremely high temperatures, with a corre- 
Te gain in the Carnot efficiency. In short, 

eory shows that a body exposed to the solar 
radiation, prevented from losing heat to the sur- 
rounding space, would attain the temperature of the 
sun, even without any concentration of the rays 
of the latter, and it would be of considerable 
interest to determine the temperature thus attain- 
able inside a well-silvered vacuum flask. In prac- 
tice with high temperatures, however, the gap 
between the Carnot efficiency and that actually 
attainable rapidly widens. Gas-engine makers 
discovered this long ago, the loss of heat to the 
cylinder - walls increasing more rapidly at high 
temperatures than does the gain from the greater 
availability of the heat energy. Inside a gas-engine 
cylinder temperatures of deg. Cent. can be 
dealt with fairly successfully ; but whilst there 
should be no serious difficulty in attaining a 
temperature of this order from concentrated sun- 
nes. there are no obvious means to hand by 
which energy supplied at this temperature could be 
successfully converted into work. If the solar 
engine is to be a heat-engine, it would seem that it 
must be a low-temperature engine, and this, of 
course, involves an enormous waste of availability, 
and this waste will, in practice, be notably more 
than indicated by the theory. Bad as the solar-heat 
engine is, it is, however, probably at least equal 
to Nature’s own method of converting sunlight 
into a form —— of its utilisation for the 
roduction of mechanical work. A few tons 
largely water) per acre is the net result of many 
months’ conversion of radiation into chemical 
energy, and the 1000 million tons of coal now 
produced annually is the product of millenniums of 
sunshine over vast areas. The energy thus stored 
for us can, moreover, only be converted into mecha- 
nical work at a vast sacrifice, which future improve- 
ments can but little diminish. Even in the Diesel 
engine not more than some 33 per cent. of the 
energy of the fuel is realised as brake horse- power 
at the crank-shaft, about two-thirds of the total 
supply being thus lost to the exhaust. 

o doubt terity, if civilisation is to be main- 
tained at the level to which the engineer has raised 
it, must find some substitute for our rapidly- 
diminishing coal supplies, and many considerations 
point to sunshine Sang the principal source of 
power in ages yet distant, but it seems highly im- 
probable that the conversion of radiation into mecha- 
nical work will be effected by the essentially crude 
device of first degrading this energy into heat. 
Theoretically, of course, a direct and efficient con- 
version of radiation into work is possible, but as 
the only mechanism yet conceived to this end 
involves the construction of a kind of turbine with 
a bucket speed comparable to that of light, or the 
production of absolutely perfect reflectors, this 
theoretical possibility advances matters little or 
nothing ; and we must hope that some indirect 
method may yet be discovered which will avoid the 
drawbacks inherent in such schemes as have already 
been tried, whilst equally evading the insuperable 
obstacles in the path of a direct attack. . 








SERIES LINES IN SPARK SPECTRA. 
Tue subject of spectroscopy, so beautifully simple 
apparently to the student, once he has grasped the 
rinciple of the Fraunhofer lines, has me 
wilderingly complex of late. The spectra ob- 
served in the Bunsen flame, in the electric arc, and 
the discharge-tube lines, on the one side, and the 
** enhanced lines” of condenser sparks, on the 
other, show so little resemblance to each other 
that the non-expert wonders how identification 
of the elements is ible. Quite recently the 
question has been hotly contested whether cer- 
tain indicated the presence of hydrogen or 
of helium, and speculations concerning apparent 
transmutations of elements based upon spectroscopic 
evidence, have seriously or derisively been dis- 
The Bakerian lecture on ‘‘ Series Lines in 
Spectra,” delivered before the Royal Society by 
Professor A. Fowler, F.R.S., of the Imperial 
College of Science, South Kensington, on Thursday, 
April 2, may not, in the short abstract which we 
can offer, appear to quite clear away difficulties ; 
but it really simplifies matters. 
The lines of many spectra, Professor Fowler 
said, appeared to be distributed at random, but 
in other spectra the lines succeeded each other 
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with regularity, and their positions could be 
represented by formule. There were generally 
in the same spectrum several series, in which 
the lines become closer and their intensities 
ed in passing from red to violet. For the 
wave-lengths A of the simple spectrum of hydrogen, 
Balmer’s formula was: A = 3646.14 — hand y where 
nm — 
m took successive integer values. It was often 
more convenient to deal with wave-numbers or 
oscillation frequencies than with wave-length A, 
n = 10°/A. Then Balmer’s formula became n = 
Ne — : =a, where n, was the limit or end of the 
m 
series corresponding tom = «. Numerically the 
formula for hydrogen was n= 27,418.75 — — 
and that number, 109,675—the universal constant 
—occurred in all other series, and was designated 
by N. In general three associated series could be 
distinguished in a spectrum, and they were known, 
arranged in the order of their intensities, as the 
‘* Principal P Series,” the ‘‘ Diffuse D Series,” and 
the ‘‘Sharp S Series.” The generalised form of 
Balmer’s formula was inapplicable to the series as a 
whole, and had hence been modified b Rydberg, 
Kayser and Runge, Paschen, Ritz, and Hicks, to 
express the relations between the —— and 
auleelieste (D and 8) series, as Professor Fowler 
explained at some length. Each member ofa series 
might bea doublet or a triplet, the members of 
which might be close to one another or far apart ; 
their separations in the different series were subject 
to certain laws. Systems of single lines, doublets, 
and triplets sometimes occurred in the same spec- 
trum. In elements of the same chemical group 
those separations were roughly proportional to the 
squares of the atomic weights, and the limits of 
the corresponding series advanced towards the red 
as the atomic weight increased. 

Series lines were further complicated by the 
presence of satellites associated with the less 
refrangible components of the D series; these 
again followed certain regularities. Ina doublet 
there was only one satellite to each component, 
while the least refrangible lines of triplets had 
two satellites each, the middle line one satellite, 
and the third none at all. Now the wave-numbers 
of lines always appeared as differences of two 
others, one of which was the limit of the series of 
which it formed part. Lines often appeared in 
positions corresponding to differences between the 
wave-numbers taken hom the same or from dif- 
ferent series. That was the combination principle 
of Ritz and Paschen ; it had led to one very impor- 
tant combination series which was first ence te 
Bergmann in the infra-red, then found also in the 
Schumann region, and finally recognised to be so 
general that Hicks had named it the Fundamental 
or F series. This F series, which in Professor 
Fowler's tables ap: next to the other P, D, S 
series, consisted, in the absence of satellites, of 
one line only. The application of the combination 
— had brought many hitherto unattached 
ines into the series scheme, and Professor Fowler 
had added two such combination series, A and B, 
to his tables. 

In introducing his subject he had pointed out 
that the early formule of Rydberg and Runge had 
been based upon studies of. flame or arc spectra, 
and that they did not appear to fit the enhanced 
lines. He had particularly been induced to take 
up this study by an observation which he had made 
in 1912. Passing strong discharges through helium 
tubes containing hydrogen as impurity, he had 
observed new lines of A = 4686, &c., which 
Pickering had discovered in Zeta Puppis and, 
following Rydborg, had attributed to the P series of 
hydrogen, though those lines had never been pro- 
duced in laboratory experiments with hydrogen. 
Obher lines belonging to that series had been found 
in the spectra of nebule and in stars of the Wolf- 
Rayet type, which were regarded as stars in the 
earliest stages of their evolution from the nebular 
stage, in which matter was supposed to be in its 
elementary forms. Certain peculiarities of the 
line 4686 had suggested a search for other series 
of this type, and he had found the line 4481 
in the yellow of the magnesium spectrum, about 
which more had probably been written than about 
other lines, particularly instructive. In order to 
study the ultra-violet region, he had produced the 
magnesium arc in a vacuum, and worked with 
the radiations from the negative electrode. He 





had then found a well-developed series, as in the 
helium tube, and the further investigation of the 
enhanced esium lines and of the calcium, 
strontium, and barium sj a, studied by others, 
had led him to the following chief results, which 
we will first briefly state without comment :— 
Enhanced (spark) lines formed series similar to 
the arc lines, but differing from those connected with 
arc lines in that the value 4 N had to be adopted 
for Rydberg’s constant N (mentioned above). In 
the case of enhanced lines, the F series derived 
its limit and the separation of its components 
from an observed negative term of the D series, 
and the magnesium spark line 4481 was the first 
member of such an F series in association with a 
newly-discovered system of doublets. No numerical 
relations had been traced between any of the en- 
hanced line series and the series of arc lines of the 
same element. The 4686 series of helium tubes 
was of the enhanced (4 N) type, and could no longer 
be considered to belong to the same group as 
the Balmer series of hydrogen lines (N type) ; 
the 4686 series and the associated Pickering ye 
were in all probability due to helium (Bohr) and 
should be designated ‘‘ protohelium ” lines, on 
Lockyer’s nomenclature. Analogy with the 4481 
series of magnesium suggested that the 4686 series 
of protohelium was primarily of the F type; the 
Pickering series were represented in magnesium by 
a combination series derived from the fundamental. 
Bohr’s theoretical formule for hydrogen and helium 
were in close accordance with the facts of observa- 
tion. Adopting these formule, the spectroscopic 
data at present available gave the mass of the 
hydrogen atom in terms of the mass of the electron 
as 1836 + 12. 

So far the conclusions. The name of Dr. N. 
Bohr, of Copenhagen, was introduced at an earlier 
stage of Professor Fowler’s lecture. The distribu- 
tion of the lines of the spectrum should in some 
way be connected with the structure of the atom. 
According to Dr. Bohr, Professor Fowler pointed out, 
the atoms consisted of a positively-charged nucleus 
surrounded by negative electrons in a state of rapid 
vibration, and the spectrum lines would appear 
when the electrons returned to their positions. 
The hydrogen atom would consist of one nucleus 
and one electron; it should therefore give the 
simplest spectrum, and from this consideration 
Bohr concluded that the 4686 series seen in dis- 
charge-tubes could not be due to hydrogen, but to 
helium or protohelium. Bohr’s helium atom had 
a nucleus of two positive charges, and therefore of 
four times the mass of the hydrogen atom ; hence 
the 4 N in the formula ; but as certain terms can- 
celled out in the calculations, one could under- 
stand that Rydberg’s formula—which Bohr could 
not accept—seemed to hold for both the hydrogen 
and the helium lines. If Bohr’s formule were 
correct, calculations of the mass of the electron 
could be based upon spectroscopic observations ; 
these calculations yielded the above-mentioned 
value of 1836 electrons for the mass of the hy en 
atom, which agreed with other estimates. The 
ordinary arc-spectra lines, Professor Fowler con- 
tinued, were produced when one electron was driven 
out, in the first instance ; the enhanced spectra 
when two electrons were driven out. The mathe- 
matics for atoms containing more electrons had not 
been worked out ; but Professor Fowler was willin 
to accept Bohr’s views. He had himself measu 
the line 4686 to within one-hundredth of an Ang- 
strom unit. That line did not occur in the solar 
chromosphere, nor had be been able to find it in 
the peculiar ring nebula of the Lyre, which con- 
sisted of a bright ring encircling a dark space with 
a bright spot in the centre ; that dark space did 


show the line, however, as if helium were being | 0 


produced in the interior of the ring. 

Concluding his lecture, Professor Fowler re- 
marked that the apparent complications, which 
laboratory studies and discoveries of new lines 
introduced, sometimes brought a better knowledge 
of the facts and tests for old theories, finally lead- 
ing to simplification. We have to make an addi- 
tion. Professor Fowler had very briefly referred 
to some quite recent unpublished observation made 
4 Professor R. J. Strutt, of the same college. 

ese experiments seemed to prove that the systems 
which gave rise to the lines of the principal series 
were not the same as those which gave rise to the 
subordinate (S and D) series. Professor Strutt 
stated, after the lecture, that he worked with a 
mercury arc surrounded by a jacket in which a 





was heated. A jet of metal vapour issued from the 
jacket and retained its luminosity far beyond the 
limits of the electric field, but changed its colour 
(for sodium) from yellow into green and again into 
yellow. When these vapours were through 
electrically-charged wire gauze, they behaved as if 
the lines belonging to the different series (P, D, S) 
were affected to different degrees. 








RECENT DISCOVERIES IN PHYSICAL 
SCIENCE. 

On Saturday last Professor Sir J. J. Thomson, 
O.M., F.R.S., delivered at the Royal Institution, 
Albemarle-street, the concluding lecture of his 
course on the above subject. 

In opening his address he said that ‘‘The Specific 
Heat of the Elements” was a subject of unusually 
wide interest, concerning not only the physicist, but 
it was at the same time both interesting and perplex- 
ing to the mathematician. Indeed, one of the most 
interesting points about specific heat arose from the 
fact that actual experimental results constituted 
one of the greatest difficulties in the acceptation of 
some very general theorems in applied mathematics. 
To the chemist, moreover, the measurement of 
specific heats was an important aid in the determi- 
nation of atomic weights. 

In discussing the subject he pro , he said, 
to commence with the simplest possible case—that 
of the monatomic gases, such as helium or argon. 
In these each molecule consisted of one part only, 
and these molecules did not exert any influence 
inter se. The specific heat of a body could, he 
continued, be defined as the work required to raise 
1 gramme of it through 1 deg. of temperature. 
To render this definition precise, the conditions 
under which the heat transfer was made must be 
specified. Hence in dealing with a gas it was 
essential to state whether, during the operation of 
heat transfer, the volume of the gas was maintained 
constant, or whether it was allowed to expand at con- 
stant pressure. He intended to confine himself to the 
former case, so that during the transfer no work was 
done by expansion of the gas against the external 
pressure. Tn the case of a gas the temperature was 
measured by the mean energy possessed by the 
atoms-of a molecule in virtue of the movements 
of the centre of gravity of this molecule. In the 
case of a monatomic gas, therefore, the tempera- 
ture was measured by the mean kinetic energy 
of the gaseous particles. If heat were applied to 
such a gas, maintained, as stated, at constant 
volume, there was only one way in which work could 
be absorbed, and that was by increasing the 
kinetic energy of these sete It appeared, 
moreover, from the gas theory, that the average 
kinetic energy of the particles at a given tempera- 
ture must be the same whatever the gas. Hence, 
as the only work that could be done in applying 
heat to a monatomic gas was to increase the kinetic 
energy of the particles, this work would be the same 
for the same number of particles, and independent 
of the nature of the gas ; and whether a light gas, 
like helium, or a heavy one, like mercury vapour, 
the specific heat per particle should be the same. 
If the atomic heat were defined as the heat required 
to raise by 1 deg. a weight equal to the atomic 
weight of a gas, the number of molecules concerned 
would be the same in all cases, and for monatomic 
gases the ‘‘atomic specific heat” was the same for 
all, and on a certain scale might be represented by 
the number 3. 

A more complex case, in which the gas was not 
monatomic, but diatomic, with two atoms in the 
molecule, might be considered. Here, as before, the 
temperature was measured by the average motion 

f the centre of gravity of the molecule; but in 
addition to the kinetic energy attributable to this, 
other energy might now be expended in producing 
rotation of the two constituent atoms of the molecule 
round their mutual centre of gravity. Hence, when 
further energy was communicated to such a system, 
there were two places where it could go. It might 
either go to increase the kinetic energy due to 
the motion of the centres of sae | of the mole- 
cules or to increase the energy of rotation, and 
any energy expended in this latter direction would 
not appear as temperature. Evidently, there- 
fore, a diatomic gas should have a higher atomic 
specific heat than a monatomic gas. It was, more- 
over, possible to predict how much higher this 
should be, and it was at this point that we came 
across a theorem in mathematics as to which very 


volatile metal (sodium, potassium, or magnesium); great trouble had arisen, This theorem was 
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known as that of the ae pe of energy, and 
implied that in the case of a system such as a gas, 
if it were possible for a molecule to take up a supply 
of energy in more than one way, then the average 
amount taken up in each way was the same. 
Referring back to the case of the monatomic gas, 
there were three ways in which a supply of energy 
could be taken up. In fact, to fix the position of a 
particle of such a gas it was necessary to fix three co- 
ordinates, and such a particle had thus ‘‘3 degrees 
of freedom.” In the case of a diatomic gas three 
co-ordinates would fix the position of the centre 
of gravity of the molecule; but in order to 
prevent’ rotation about this centre of gravity it 
was necessary to fix in space the direction of the 
line joining the two constituent atoms, and for 
this two further co-ordinates were necessary, so 
that the molecule of a diatomic gas had 5 d 
of freedom. If, finally, instead of a diatomic 
molecule we had a solid of irregular form, six co- 
ordinates would be required to fix it in position, 
and there were then 6 degrees of freedom. 

Referring back to the diatomic molecule, if the 
distance between the two constituent atoms was 
capable of varying, then each constituent atom 
would, Sir Joseph said, have 3 degrees of freedom, 
making 6 degrees in all for the molecule, and the 
energy in the final state would be equally dis- 
tributed between all 6 degrees. 

Hence, with a monatomic molecule, the supply 
of energy needed for a given rise of temperature 
was three times the supply to each degree of free- 
dom, whilst with a diatomic molecule, which had 
two more degrees of freedom, the supply of energy 
would be five times that for one degree of freedom. 
Hence the ‘‘ atomic specific heat” of a diatomic gas 
should be § that of a monatomic gas, and taking a 
number of simple gases, such as hy m, oxygen, 
nitrogen, or such a compound gas as hydrochloric 
acid, this was, Sir Joseph said, found to be the 
case. All had the same atomic specific heat, which 
was represented by 5 on the same scale as that on 
which the specific heat of a monatomic gas was 
represented by 3. 

f, however, more complex cases were taken, the 
specific heat, it was found, did increase, but not at 
all in accordance with the theorem of equipartition 
of energy, and this was the difficulty to which he 
had referred. How was it to be got over, and the 
discrepancy explained between the predictions of 
theory and the results actually observed in specific 
heat determinations ? 

The theorem in question required that the same 
amount of work should go into each degree of free- 
dom. The amount did not depend in any way on the 
stiffness of the constraint. Hence if two atoms were 
absolutely rigidly bound together, there would be 
only 5 deg. of freedom, and the atomic heat would 
be 5. If, however, the constraint were relaxed ever 
so little, then, according to the theorem, the value 
would go up to 6, since the mathematicians main- 
tained that the absorption of energy in a new 
degree of freedom would be just as much as if the 
bond were very elastic and loose. It was, in short, 
a case of all or none. If there were any freedom 
at all, the energy absorbed would be the same with 
the most minute ‘‘ give” in the connection as with 
the greatest looseness, at least when the steady 
state was attained. The theorem did not, however, 
say how long it would take to acquire this steady 
state when the constraint was of a very stiff kind. 

The above difficulty in accounting for the way 
the energy was actually observed to be divided had, 
Sir Joseph proceeded, given rise to various methods 
of surmounting it. One of the most prevalent was 
the ‘‘ quantum theory.” 

This was to be looked upon as the outcome of the 
necessity for providing some way of escape from 
the conclusion that the absorption of energy was 
exactly the same in each degree of freedom, however 
stiff the constraint. According to the ‘‘ quantum 
theory,” if a system vibrated in a certain period, it 
could not absorb less than a certain ‘‘ quantum” of 
energy, the size of this quantum being proportional 
to the rapidity of the vibration. icons, if the 
latter were very rapid, the quantum would be large ; 
and this, by hypothesis, was the smallest amount that 
could then be absorbed. Hence a very stiff con- 
straint (involving a great rapidity of vibration) 
meant that energy could only be absorbed in that 
degree of freedom if the supply were large. If this 
view were adopted, an escape was open from the diffi- 
culty already set forth, and the amount of energy 
** got into” a stiff degree of freedom was very con- 
siderably less than the normal for easy constraints. 





What, Professor Thomson continued, governed 
the communication of energy by collisions to a 
system capable of vibration? If the system struck 
were incapable of vibration, it would be repelled 
during the whole period during which the collision 
lasted, and acquire energy continuously throughout 
the whole time of contact. If, however, it had a 
period of its own, this would no longer be the case, 
and if the collision lasted long, in comparison with 
the frequency of the vibration, there would be little 
absorption of energy, since the system struck would 
‘*push back” on the colliding body, restoring 
energy to the latter. This consideration, Professor 
Thomson proceeded, had, he thought, an applica- 
tion in connection with the effect of low tem- 
peratures on the specific heat of bodies. In such 
a case the communication of energy would depend 


egrees | upon the time the collision lasted. The higher 


the temperature the faster the motion and the 
smaller the time of a collision, which lasted, ac- 
cordingly, a very short time at high temperatures. 
Hence, if the temperature were so high that the 
time of collision was shorter than the frequency 
of the quickest vibrations of the system, energy 
would be absorbed by every degree of freedom. 
On lowering the temperature, however, the time of 
collision might be increased till it was longer than 
one of the periodicities of the system, and, when 
it was much longer than this aeitel, no energy what- 
ever would be absorbed by the corresponding degree 
of freedom, which would, as it were, be ‘* wiped 
out,” and a corresponding amount of specific heat 
would accordingly disappear. 

In this way one degree of freedom after another 
might become ineffective. Thus in the case of carbon 
at the temperature of liquid air the time of collision 
was so long that there was no appreciable specific 
heat. As the speed of the particles diminished 
with the lowering of the temperature the time of 
the collision increased, and one part of the molecule 
after another gave up its power of absorbing energy, 
so that the specific heat fell off accordingly. 

In this connection he would just state one or two 
of the most prominent results acquired as to the 
specific heat of bodies at the ordinary temperature, 
and compare them with what had been observed 
atvery low temperatures. One of the most important 
and striking facts about specific heats at ordinary 
temperatures was embodied in the law of Dulong 
and Petit, according to which the specific heat of a 
mass equal to the atomic weight was the same for all 
elements. In other words, if a number of grammes 
equal to the atomic weight of an element were 
taken, the amount of heat required to raise this 
mass by 1 deg. of temperature was the same for 
all elements. To this law there were certain excep- 
tions amongst the lighter elements, carbon, silicon, 
and boron being notable examples. Nevertheless, 
speaking generally, at ordinary temperatures the 
atomic specific heat of all elements was the same, 
and if this were represented by a curve plotted 
against the atomic weight, it would be a straight 
line 6.4 units above the axis of reference. 

Sir James Dewar, Professor Thomson continued, 
had devised a most ingenious method of measuring 
the specific heats of various elements by dropping 
masses of them, proportional to their atomic 
weights, into liquid air. To this liquid air these 
masses gave up their heat whilst being cooled 
through a range of about 200 deg. Cent. This heat 
evaporated some of the liquid, and the amount of 
gas thus liberated was proportional to the heat 
given up. Using Sir James Dewar’s apparatus, the 
speaker showed that, in the case of lead, the 
amount of gas liberated was 6.5, with copper 5, 
magnesium 44, and carbon 2 only. 

Repeating the experiment with similar speci- 
mens cooled down previously to the temperature of 
solid carbonic sa gas, thus getting a range of 
about 100 deg. Cent., the corresponding figures 
were :—Lead, 4; magnesium, 3; and carbon, 1; 
so that whilst in the first experiment the specific 
heat of carbon was about one-third that of lead, it 
was in the second only one-fourth. 

Carbon, Professor Thomson continued, was the 
element which showed this effect of temperature 
more markedly than any other. Professor Dewar 
had, he said, shown that the specific heat of the 
diamond fell off with very great rapidity as the 
temperature was lowered, and further work by 
Dewar, Nernst, and Lindemann had yielded very 
striking results in the neighbourhood of the tem- 
perature of liquid hydrogen. Thus at 220 deg. 
absolute, the specific heat of carbon was 0.72, 
whilst at 40 deg. absolute, it was too small to be 





measured, With lead at 0 deg. Cent. the specific 
heat was 6.4 deg., whilst at — 250 deg. it was still 
2.9 deg., or nearly half its original value. In the 
same condition, the specific heat of ice was reduced 
to one-eighth, and that of silver to one-tenth of its 
value at ordinary temperatures. 

If the view he had set forth as to the way the 
specific heat fell off were adopted, it fitted in very 
well with the properties of carbon. Carbon had the 
faculty of combining with itself, and in the solid 
form the forces uniting the atoms were according] 
very considerable. Hence the atoms of the diamond 
vibrated with great rapidity, and when the time of 
a collision fell so that it was long compared with 
any of the frequencies concerned, that part of the 
specific heat went out. The slowest vibrations 
involved were those depending on the elasticity, 
or the motion of one atom relatively to its neigh- 
bours. If these vibrations were quick, it would 
not be long before the temperature got so low that 
the duration of a collision was long compared with 
that of a vibration, and the corresponding part 
of the specific heat would accordingly disappear. 
On the other hand, with lead one could imagine 
that the periodicity was much slower, the forces 
being not nearly so great, and hence a much lower 
temperature was needed to cut out the correspond- 
ing part of the specific heat. The specific heat of 
lead would, therefore, still be considerable at low 
temperatures. Ina general way, the temperature 
at which the specific heat disappeared gave, he 
eaid, a kind of index to the periodicity of the atoms 
in the solid state. 

At ordinary temperatures the specific heat was, he 
continued, nearly constant. Sir James Dewar had, 
however, made experiments to determine the average 
specific heat of bodies between the temperatures of 
liquid air and liquid hydrogen, at which it might be 
supposed the individual peculiarities of the elements 
would be in evidence. At high temperatures the 
time of collision was so short that every degree of 
freedom came in, and a metal could not show its 
characteristic properties. In experiments within the 
limits of temperature stated, however, Dewar had 
found a remarkable relation between the atomic 
volumes of the elements and their atomic specific 
heats, the two being coincident through consider- 
able ranges of the atomic weights. There were, how- 
ever, some discrepancies, these being most marked 
in the case of the heavy metals, such as platinum 
and gold. In the early stages, however, where the 
lighter elements (which had the quicker rates of 
vibration) were concerned the coincidence between 
the atomic volume and the specific heat was very 
remarkable. 

It was, Professor Thomson continued, interestin 
to note in this connection that Debye had deriv 
a formula for the specific heat of the elementa at 
very low temperatures, in which the specific heat 
depended on the cube of the absolute temperature 
and a single constant, and this constant was that 
which fixed the atomic volume of an element. 
Hence, when all but the slowest vibrations were cut 
out, the specific heat of the element depended on a 
single arbitrary constant, which was the atomic 
volume of the element. 

In Professor Dewar’s curve, showing the relation 
between atomic heats and atomic volumes, it was 
interesting to note that a critical state appeared to 
arise at about atomic weight 40. There was other 
evidence indicating a breakdown here in many laws. 
It was here, in fact, that the long series of Mendelejeff 
had to be introduced, and it would appear as if some 
fundamental change in the character of the atom 
came in at this point. 

At ordinary temperatures the specific heat of 
compounds could be determined by Kopp’s law, by 
which the atoms retained in the compound the same 
specific heat as if free. In most cases to get the 
molecular specific heat of a compound it was 
sufficient to add 6.4 for each atom involved; but 
for elements of smaller atomic weight than phos- 
phorus the number to be added was smaller, but 
still constant, for each element. Sir James Dewar 
had measured the specific heat of a number of com- 
pounds at low temperatures, and obtained results 
equivalent to Kopp’s law, but with totally different 
constants. At these low temperatures the specific 
heat of carbon could, he found, be neglected. 
Some of his results are tabulated overleaf. 

B... wr Me on — ong Mauer 7 re- 
ing of hydrogen by chlorine had the peculiarity 

rf doubling the aiieitien specific es On the 
other hand, in the compound C,H,C), the mole- 
cular specific heat was nearly the same as in C,O],, 
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the introduction of six atoms of hydrogen pro- 
ducing practically no change in the systems absorb- 
ing energy ; 80 it would appear as if the hydrogen 
atom and the chlorine atom formed one system 
swinging together, absorbing practically the same 
amount of energy as if the chlorine alone were 
present. Again, C,H,OH had practically the same 
molecular es heat as C,H,, although the 
hydrogen been replaced by a radical weighing 
17 times as much, a this was still the case with 
C©,H;(OH),, in which three atoms of hy had 
thus been replaced. This result still held when the 
radical replacing the hy m was NH,, and water 
in accordance with this the same specific heat 
as H,. When, however, the radical was NO, we had 
for C,H, (NO,), the value 12.6 instead of 7.6, and 
for C,H, (NO,), the value 14.7. in, when the 
hydrogen was replaced by CO.OH there was a con- 
siderable increase in the molecular ~—— heat 
O,H, (CO.OH) giving the value 9.3, and C,H, 
(60 . OH,) the value 13.3. It appeared therefore 
that different types of radical produced very dif- 
ferent effects, some being capable of replacing 
hydrogen without any effect on the specific heat, 
whilst with the other radicals a very considerable 
increase ensued. 





Specific 
Substance. _ 

CCl 10.6 Deduced 2.6 
6.Ch, 15.3 specific heat 2.5 
O,Cl, 15.9 of chlorine 2.5 
CH 4.6 Deduced 1.1 
OH 7.8 specific heat 13 
OH 9.6 of hydrogen 1.2 
Ci4Hio 11.1 11 

Specific Specific 
Substance Heat. Substance. Pore 

C,H, 7.8 O;H;N 79 
OO), 15.9 0;H,,N 8.3 
C.H,Ol, 16.01 »HN 9.6 

)},H,H 9.0 C,Hy,N 10.2 
CsH,Ol 7.8 sHy (NOs)s 14.7 
OH, (OH), 7.8 C,H;(CO.OH) 9.3 
O,H, (OH), 7.4 C,H,(CO.OH), 13. 
C,H, (NH,) 7.6 O,H,OH 7.6 
OyHy (NO. 12.6 


In conclusion, he said that for the present the 
means of interpreting the above results hardly 
existed, but they were obviously of a very funda- 
mental character, and would undoubtedly lead in 
the future to very important conclusions in connec- 
tion with chemical constitution and the nature of 
the action of one atom on another. In this con- 
nection Sir James Dewar had not merely done the 
pioneering work, but was responsible for many of 
the final figures, and he hoped that Sir James would 
himself deal with the question at a later date. 








NOTES. 
A Mercury Enerne. 

In a paper read before the American Institute 
of Electrical Engineers, Mr. W. L. R. Emmet 
described some highly interesting experimental work 
undertaken to ascertain the feasibility of employ- 
ing mercury as the working agent of a heat-engine. 
Mercury boils at 677 deg. Fahr. at atmospheric 
temperature, and condenses under a 28-in. vacuum 
at 455 deg. Fahr. The proposal is to use the 
mercury vapour in a turbine, using the exhaust to 
generate steam in a contrivance which is at once a 
condenser for the mercury and a boiler for the 
steam ; the steam thus produced is to be utilised in a 
steam turbine. The physical properties of mercury 
render it in some re very well adapted for use 
as the working agent in a turbine. Its high tem- 
perature is associated with a very moderate pres- 
sure. It is perfectly clean in use, so that its 
boiler will never require cleaning, and it ap 
from Mr. Emmet’s experiments that as it does not 
wet the blades, through which it passes in the tur- 
bine, it has no tendency to erode them. Its 
high density makes — @ very moderate blade 
speed and a simple design of turbine. Some data 
as to the physical constants of mercury are quoted 
by Mr. Emmet as follow :— 


Specific heat of mercury liquid .. = 0.0373 
Specific heat of mercury - = 6.008 
Latent heat at 25 Ib. absolute = 117 B.Th.U 
Latent heat at 15 lb. absolute zis. 
Latent heat at 28 in. vacuum =iZi ,, 
Latent heat at 29 in. vacuum = 191.5 ,, 

The disadvantages of the mercury are its cost, 

which is about 6d. a pound, and its poisonous 


character if it escapes. There are, moreover, Mr. 
Emmet states, certain difficulties in confining both 
the vapour and the liquid, but these are, he con- 





tinues, not serious. As for the question of cost, 
the experiments made have led Mr. Emmet to the 
view that not more than 10 dols. worth of mercury 
would be needed per kilowatt of output, and this 
is, he believes, a higher and not a lower limit. A 
tandem mercury steam plant would, he claims, 
show a gain of 44 per cent. on the output per 

und of fuel burnt. A boiler of considerable size 
is now under construction in order to investigate 
the matter further. 


Exectric Iron-OrE SMELTING. 


Ata joint meeting of the Polytechnical Society 
and the Christiania , Fath of the _ of Engi- 
neers, recently held in Christiania, Dr. Helfenstein 
read an interesting paper on electric iron-ore smelt- 
ing, with ym reference to the conditions pre- 
vailing in Norway and Sweden. He emphasised 
the advantage of the large closed-in furnace as 
against the ordinary shaft furnaces, and referred 
to the Domnarfoet iron works in Sweden, where 
a large electric furnace after the Helfenstein prin- 
ciples had been erected. The most conspicuous 

vantage of this system was a material reduc- 
tion in first costs; the working was easier to 
control and became more convenient, and it was 

ible to use a considerable amount of concen- 
trate. In addition the staff required was reduced to 
a minimum—with the most recent improvements— 
five men in each shift. In Sweden, as is well 
known, charcoal is used as a means of reduction, 
but he considered the question of using coke for this 
as a matter of fundamental importance in 
connection with electric iron-ore smelting. It was 
only by using coke, he said, that electric iron-ore 
smelting could be carried on in Norway with 
advan us results. By using coke, gas was 
obtained—carbonic oxide—and he thought this gas 
would become the most important product from 
the pig-iron manufacture of the future. Electric 
iron-ore smelting would produce this gas in its pure 
state, and by means of it carbide, artificial manure, 
synthetic sugar, &c., could be produced. It was of 
special importance to Norway that peat coke could 
be used with excellent results in electric iron-ore 
smelting, and peat gas could easily be put to advan- 
tageous uses. The discourse was received with 
general applause, though some dissension manifested 
itself in the subsequent discussion. General Olesen 
maintained that large shaft-furnaces were the best 
construction in pig-iron smelting. The process went 
on so evenly and well that the best iron was obtained. 
Professor Vogt, of the technical high school, stated 
that the main point was to utilise the effect as much 
as ible, in the first place of the electric energy 
and the heat of the reducing medium, and to reduce 
the kilowatt consumption per ton. This would 
endow electric iron-ore smelting with greater 
importance. The old shaft-furnace principle was 
the one which had the future before it. Dr. Hel- 
fenstein’s furnaces, on the other hand, would be 
excellent under certain local conditions, for instance, 
in the smelting of concentrate in the briquette 
manufacture, as for instance, in South Varanger. 


MANUFACTURE OF ELECTRICAL APPLIANCES IN 
JAPAN. 


We have, from time to time, noted the great 
development of the applications of electricity which 
have taken place in Japan. The greater part of 
the machinery, appliances, and instruments which 
have been used were imported from the United States 
of America, Great Britain, and Germany ; but we 

ather from an interesting article in one of the 
apanese papers that during the last eight years 
there has been a great extension of the Japanese 
electrical industry. During this period the capital 
invested in electrical supply undertakings and 
electric railways incr from 2,858,0001. in 
1903 to 47,163,0001. in 1911. During the same 
period the total electric power for which sanc- 
tion had been given rose from 44,000 kw. to 
344,000 kw. The length of transmission lines in- 
creased from 5981 to 33,584 miles, the length of 
electric railways grew from 93 to 704 miles, while 
the total power of electric motors installed rose 
from 3000 kw. to 33,000 kw.“ This rapid develop- 
ment in all directions caused a t increase in 
the demand for all kinds of electrical machinery, 
ven ine materials, = various factories were 
accordingly set up in Japan. While progress is 
being made, as a rule, ihe ous do not yet make 
much more than motors, transformers, and switch- 
boards, but the successful manufacture by the 
Shibaura Works of a 6000-kw. dynamo is worthy of 


note. Only the simpler forms of electric meters 
and other measuring instruments are made in 
Japan, the more complicated instruments being 
almost entirely imported from abroad. Hitherto 
the sale of electric current by meter has been rarely 
adopted in Japan, but this method is now coming 
more into vogue, with a consequent increase in the 
use of electric meters. Until recently the Japanese 
makers of electric lamps devoted all their attention 
to carbon-filament bulbs, these being easy to make, 
and, moreover, the consumers having been accus- 
tomed to kerosene lamps, were satisfied with the 
light given. Now, however, metal-filament lamps 
are coming into use. The Japanese lamp companies 
import the metal filaments and make them into 
lamps under licence. The copper produced in 
Japan is well suited for electrical purposes, and the 
manufacture of electric wire, both bare and 
insulated, has made good progress, and the imports 
are now practically confined to a certain quantity 
of submarine cables and other cables armoured 
with metal, the Japanese factories not yet being 
completely equipped for the manufacture of 
these articles. Tocnstie, however, the electric- 
cable factory of the Yokohama Electric Wire Com- 
pany was completed, and is expected to send out 
a considerable quantity of cable. The Sumitomo 
copper-rolling works are planning a large extension 
on the banks of the Seirenji River, and reclamation 
‘and construction work is now well in hand. Until 
two or three years ago, insulators and other porce- 
lain ware ui in connection with electrical 
work were imported from Germany, but the 
Japanese article is now said to be in no way in- 
ferior to that imported, and has the additional 
advantage of costing only half as much. The 
various earthenware factories are well equipped 
with all the necessary testing apparatus, for in 
this, as in other matters, the Japanese go about 
their work in a thoroughly scientific manner. 


Miners’ BREATHING APPLIANCES. 


The use of apparatus which enables the miner to 
breathe in poisonous atmospheres and to make his 
escape does not spread as rapidly as might be 
desired. Recently such apparatus have been de- 
signed especially for the inspection of plants, wells, 
machinery, &c, charged with poisonous gases, and 
this extended ang may popularise the use 
of breathing appliances. Several novelties in such 
apparatus were recently brought before the Insti- 
tution of Mining Engineers. The most striking 
appliance was the new Draeger self-rescue appa- 
ratus, which was described by Mr. R. Jacobson. 
The new Draeger apparatus, which consists of 
oxygen cylinder, potash cartridge, breathing-bag 
and breathing-tube with mouthpiece and nose-clip, 
weighs only — complete, which is a remarkably 
low weight. The expired air passes through the tube 
into the — charged with alkali on trays, to 
the bag in which it is revived with oxygen. The 
apparatus was said to yield breathing air for 30 or 
45 minutes, and as much as 36,250 ft.-lb. of work 
were stated to have been done by its aid in experi- 
mental use. The oxygen in the cylinder is com- 
pressed r 150 atmos spat this ay aye A a high 
pressure for a portable apparatus; the gas must 
— through a reducing-valve. The improved 

neumatogen-Rescue apparatus, described by Mr. 
R. Cremer, is also intended for the use of the 
miner, but differs from many appliances of its kind 
by not requiring an oxygen cylinder. The cart- 
ridge is charged with potassium-sodium peroxide, 
which is stored in layers } in. thick between three 
fine-wire gauzes; the exhaled air, containing 
moisture and carbon dioxide, decomposes the per- 
oxide and generates an equivalent amount of oxygen. 
The generation is accompanied by an evolution of 
heat, and the improvement chiefly concerns the re- 
duction of the temperature ; yet this temperature 
still reaches 180 deg. Cent. in the inner cartridge, 
while in the outer cartri (the two are carried 
on the back) it rises to 100 deg.; in the mouth- 
pieces it is supposed not to exceed 40 deg. Cent., 
which is fever tem ture (104 deg. Fahr.), 
whilst it normally remains at 98.6 deg. (blood heat). 
Further to reduce the temperature, the peroxide 
is mixed with granulated soda-lime, which the 
chemist uses as absorbent for water and carbon 
dioxide. Experiments made at Derne (Westphalia) 
were said to prove that no ignition of methane 
or of coal-dust could be produced by the cart- 
ri It was mentioned that in the Austrian 





Monarchy 611 of these apparatus were installed 


_by July, 1913, this being a third of all such 
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der Tann. The only other versels of 50,000 horse- 
power or more are three cruisers of 60,000 horse-power 
and one a of 56,000 horse-power for the 
Durine the t year the Parsons Company and | Japanese navy, six cruisers, four of 66,000 horse- 
their licensees have either constructed or received | — and two of 50,000 horse-power, belonging to 
orders for marine turbines ting over 1} million | Russia. 

shaft horse-power, comprised in forty-seven warships,| The statistics given will appear all the more remark- 
totalling 1,016,520 horse-power, and thirty-three mer- | able if it is borne in mind that it is only some thirteen 
chant vessels, totalling 251,855 horse-power. This years since the Admiralty were making experiments 
brings the total power of marine turbines built or | with turbines in afew destroyers. Now over 11,000,000 
ordered up to 11,007,590 horse-power in 614 ships. horse-power are used for marine propulsion alone. No 








apparatus used in the country. The weight of 
the 24-hours apparatus is 22 lb., that of the 
1-hour apparatus 16lb. The two other apparatus 
descri in the meeting were intended more for 
inspections. The ‘‘Meco” half-hour type of port- 
able breathing apparatus, which Mr. H. C. Jenkins 
showed, is a miniature breathing-dress consist- 
ing of oxygen cylinder, regenerator and reducing- 
valve, and in addition to the other indispensab: e 
parts, bag, tube, mouth-piece, and an injector to 
maintain the air circulation. When the oxygen- 


PROGRESS OF THE PARSONS MARINE 
TURBINE. 








valve has been turned on, the reducing-valve needs Nationatity, Numpger, AND Powrr or Suips Firrep with Parsons’ Tursings. 
no further attention. The weight of the apparatus 2 malas ia 2 se tree a 
is 18 lb.; but little detail was given. e Hus- 


WARSHIPS. | MuercHant STEAMERS. Yacuts, TOTALS. 


kisson emergency rescue apparatus was exhibited 
by its inventor, Sergeant-Major Huskisson, —. 
intendent of the Mansfield Rescue Station. It is 


Country. 


Number. | Horse-Power. 


Number. Horse-Power. | Number. Horse-Power. 


Number. | Horse-Power. | 














eae =" a 
manufactured by the Mining Engineering Com- y at — - a eae? — £508,600 % Tor 000 =. 3 ie ‘600,600 
pany, of Sheffield. The apparatus is used as a| Austria -- 12 144,000 1 im ~ - 13 | 148,800 
portable appliance or is associated by a rescue-team, | Beigium.. a oa 5 4,00 | — ‘aer tees 64,000 
in case of accident, with the ordinary apparatus | Brazil .. 3 400 — - | 3& | 38,400 
worn by one of the The oxygen passes | Chili 1 ey ioe ov “4 _ os esd 
from the cylinder hear a — ag ge at the Denmark z -2500 3 rae | - | . eo ioe 
bottom of the flexible pipe, whereby its pressure en 84 30 151, , - ca 
is reduced, and thence A. Ryne into the bag. United _ x 4 0 800 2 108°300 ‘ eee : Jenene 
The mouth-piece is divided into two compartments, | Greece .. 4 92,000 —_ —_ | . 4 92,000 
the top part being joined to the bag 5 on exhala- | Holland. . = 4 my : .- 4 9,000 
tion, part of the air escapes through the lower com- | Italy 1 227,300 2 24,000 - 18 | ~— 251,800 
partment and through a non-return valve, the | Japan 9 331,100 _ py 7 2: | = 
deficiency in the bag being made up by the oxygen | portugal ‘ 11.000 +. ~ 1 | 11/000 
supply. There are no regenerators. The supply | Russis 30 1,121,500 _ _ 30 | 1,121,500 
lasts 20 or 25 minutes, or 40 minutes with a double Turkey 1 Re = ne + - ; | oun 
bag ; the mouth-piece fitting weighs 34 lb. ss : | ———— 
451 9,372,300 152 u 84,200 614 11,007,590 





**Moror Traction.”—This journal has recently issued 
its fifth special Progress and Empire number, dated 
March 28. It deals with the recent developments made 
in industrial motors, in industrial motor-boats, and 
gives a large amount of data on motors, industrial 
vehicles, tools, &. The number is sold at 1d.; the offices 
of the journal are 20, Tudor-street, London, E.C. 





Tue InstiroTiIon or Civin Encinggers: StTupEnTs’ 
Meetines.—At a students’ meeting held at the Institu- 
tion on Friday, April 3, at 8 p.m., Mr. Edward Sandeman, 
M. Inst. C.E., in the chair, a paper was read on “* The 
East Stirlingshire Water Works and a Note on Earthen 
Embankments,” by Mr. Oswald Irving Bell, Stud. Inst. 
C.E. The first part of the paper consisted of a descrip- 
tion of the methods employed in the construction of 
water works supplying the eastern district of the county 
of Stirling. It was illustrated by a number of very 
interesting slides, which were explained by the author 
in the course of the paper. The second part dealt 
with the design and construction of earthen embank- 
ments employed for impounding water, and was illus- 
trated by diagrams. he discussion was opened by 
Mr. W. C. Mitchell, and was continued by Messrs. D. A. 
Stephens, F. R. Freeman, W. H. Cooper, P. V. Hoare, 
P. J. Bowie, and H. E. Denny. The author, in his reply, 
dealt at length with the various points raised in the dis- 
cussion, and the chairman made some remarks on the 
design and construction of the puddle wall in earthen 
embankments. The meeting concluded with a vote of 
thanks to the chairman, proposed by Mr. W. C. Mitchell. 
After the meeting nominations were received for the 
London Students’ Committee for the year 1914-15. 





Tue Copper Marxket.—In their monthly report dated 
the 1st. inst. Messrs. James Lewis and Son state that 
Standard copper fell away from 64/. 11s. 3d. for cash on 
the 2nd ult. to 62/. 18s. 9d. on the 13th. A baying 
movement then developed, and prices rapidly advan 
to 641. 15s. on the 18th, and then declined to 64l. on the 
20th. From this point they again advanced to 65/. 8s. 9d. 
on the 25th, falling to 64/. 15s. on the 3lst. On the 
lst inst. closing values were 65/. 12s. 6d. cash and 661. 
three months prompt. Sales amounted to about 26,500 


tons. Shipments from the United States to Europe for 
the month of March were exceptionally large—45,973 tons. 
A considerable business was reported to have been 


transacted in American electrolytic copper about the 
middle of the past month. Early in the month producers 
reduced their price from 14] to 14} cents per pound, and 
to 65/. 5s. per ton cif. At about this level, and 14} 
cents, some 20,000 tons were sold in three days for home 
consumption and export, the price being subsequently 
advanced to 144 cents and 67/. 10s. 500 tons Japanese 
electrolytic were recently sold at 66/. 10s. to 671. The 
bookings of the General Electric Company of America 
were stated to be 20 per cent. less than a year ago, and 
the production of steel in the United States was between 
70 and 75 per cent. of the full capacity, there being a 
marked ing off in the receipt of new orders and 
specifications. Imports into Germany for the months of 
anuary and February had been 35,873 tons, against 
32,395 tons in the same months of 1913, and the exports 
1440 tons, against 1520 tons. Stocks had decreased this 
year 92 tons, against an increase last year of 5645 tons, 
ing the consumption 34,525 tons, against 25,230 tons 
—an increase of 9295 tons. In view of the rally 
reported stagnation of the electrical industry in Germany 
this apparent increase of nearly 40 per cent. in the 
consumption for the first two months of this year seemed 
to require explanation, 





Of these, 451 are warships, totalling 9,372,300 horse- 
wer, 152 are merchant ships, making collectively 
,601,090 horse-power, while the remainder, 34,200 
horse-power, is contained in eleven private yachts. 
The accompanying table shows the number and ton- 
nage of ships owned by the various nations. It will 
be seen that Great Britain and her colonies occupy the 
first place on the list with 330 vessels, in which the 
aggregate horse-power is 5,285,090. Germany follows 
next with forty-three vessels, totalling 1,699,600 horse- 
power, while Russia takes third place with thirty 
vessels, of 1,121,500 horse-power collectively; no other 
country has more than a million horse-power. 

Perhaps the most striking development that has 
taken place is the increase in the number and power 
of vessels propelled by geared turbines. There are 
now twenty-seven such vessels either in service or 
under construction. Of these, seventeen, totalling 
131,700 horse-power, are owned in Great Britain, 
while other countries own ten vessels, making together 
40,800 horse-power. The most important installations 
are those of 14,000 horse-power in the s.s. Paris, be- 
longing to the London, Brighton and South Coast 
Railway Company (see ENGINEERING, vol. xcvi., 
page 749), a 14,000-horse-power set ordered for 
the Orient liner being built at Clydebank, two 
13,000-horse-power sets for Canadian-Pacific Railway 
steamers, a set of 11,700 horse-power for the Union 
Steamship Company of New Zealand, and a 10,000- 
horse-power set for the s.s. Transylvania for the 
Canepa Company, now building at Messrs. Scott’s, of 
Greenock. year ago, only ten vessels, of 48,145 
horse - power together, were fitted with geared 
turbines. 

A similarly rapid development has taken place with 
the combined turbine and reciprocating-engine system 
of propulsion. There are now built, or on order, 
thirty-three installations, of which the turbines alone 
total 164,190 horee-power. Of these, twenty-two 
vessels, making 111,690 horse-power together, are 
owned in this country, 18,400 horse- er bein 
accounted for by the Britannic, which has the largest 
installation of this kind (see page 278 ante). 

The most powerful merchant steamers with turbine 
machinery are still the Lusitania and Mauretania, 
which have 70,000 horse-power each. The Aquitania 
and the Hamburg-America liners Imperator, Vater- 
land, and Vaterland No. II., each have 60,000 horse- 
power ; these are the only merchant ships with horse- 
powers exceeding 50,000. In the British Navy, how- 
ever, there are the battleships of the Queen Eijsabeth 
class, with 56,000 horse-power each, the cruisers Lion 
and Princess Royal, with 70,000 horse-power each, 
and the cruiser Queen Mary, of which the turbines 
develop no less than 80,000 horse-power. This is also 
the power of the German cruiser Von der Tann, the 
8 of which is 28 knots, while the displacement is 
19,000 tons. We mention this to give an idea of the 
power required for the German cruisers Moltke and 
Goeben, both of which have displacements of 23,000 
tons, their speeds being given as 29.5 and 28.6 knots 


respectively. The actual power of these ships is not | 
given, but both must evidently have very much | 
greater power than the 80,000 horse-power of the Von | 
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stronger evidence of the efficiency and convenience of 
the Parsons system can possibly be given. 





Lonpon Untversity.—At the last meeting of the 
Council of the ye of Engineers the following resolu- 


tion was passed :—‘*That the Council of the Society of 
Engineers (Incorporated) are of opinion that the abolition 
of the external degrees in engineering proposed by the 


Royal Commission on university education in London- 
would be a grave injustice to many engineering students, 


and they are strongly opposed to the recommendation 
being carried into effect.” 





Tue Roya InstitvTIon.—A general meeting of the 
members of the Royal Institution was held on Monday 
last, the 6th inst., the Duke of Northumberland, Presi- 
dent, in the ir. The chairman announced that the 
septennial award under the Acton Endowment had this 
ear been made to Professor C. 8. Sherri m, Wayne- 
ete Professor of Physiology in the University of Oxford, 
for his important work entitled ‘‘ The Integrative Action 
of the Nervous System,” being a oo of his elaborate 
per published in the Philosophical ions of 
yal Bociety on “Experiments in Examination of the 
Peripheral Distribution of the Fibres of the Posterior 
Roots of Some Spinal Nerves.” Previous Actonian awards 
have been made to Sir George Stokes, Miss 5 ~ 
Clerke, Sir William and y Huggins, and e 
Curie, for achievements in the field of physical science. 
Professor Sherrington is the first investigator in experi- 
mental biology to receive this distinction for a third of 
a century. 

New SrTgaMER FOR THE P. anp O. Company.—A new 
P. and O. liner—the Karmala—was launched on Satur- 
day, the 14th ult., from Messrs. Cammell Laird’s ship- 
yard, Birkenhead. The r is the third of four 
steamers of the same type built and building at Birken- 
head for the P. and O. Com . Their dimensions 
are :—Length, between perpendiculars, 480 ft.; breadth, 
moulded, 58 ft.; depth, moulded, 36 ft. 6 in.; gross ton- 
nage, about 8800; dead-weight, approximate, 10,200 tons; 
loaded draught, about 26 ft.; speed, 14 knots ; indicated 
horse-power, about 7000. The vessel is divided into eight 


& | water-tight compartments, the bulkheads all extending to 


the upper deck. Ample lifeboat capacity is provided for all 
onboard. A te - steam-tiller operates the rudder, and 
is controlled by telemotor gear from the bridge wheel-house 
and flying-bridge. Marconi wireless ins tion is fitted, 
with rey to © my sending house for the operator on the 
bridge-deck. e machinery consists of two sets of quad- 
ruple-expansionengines, the cylinders being 234 in., 344 in., 
48) in, and 70in., by 4ft.6in. stroke. They are designed to 
run at about 95 revolutions per minute, and are balanced 
on the Yarrow-Schlick principle. Steam issupplied by two 
double-ended and two single-ended boilers at a pressure 
of 215 Ib. per sq. in., and the engines are capable of 
developing about 7000 indicated horse-power. Howden’s 
system of forced draught is installed ; Weir's “‘ Uniflux” 
condensers are fitted. The propellers are of the built type, 
with cast-iron boss and manganese-bronze blades. A very 


|complete workshop and store-room, supplied with elec- 


trically-driven lathes, drilling-macbine, &c., has been fitted 
up. The hull and machinery have been constructed to 

latest requirements of the Board of Trade and Lloyd’s 
Registry, and were desi under the supervision of 
Messrs. C: G. Deané R. Leslie, the naval architect 
and superintendent engineer of the owners. The overseer 
during the construction of the ship was Oaptain G. O. 
Henning, assisted by Mr. J. T. Smith as resident engineer. 
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FOREIGN TRADE OF JAPAN IN 1913. 


Tue Commercial Intelligence Branch of the Board 
of Trade has issued a memorandum on the foreign 
trade of Japan in 1913, from which it we that 
it showed a considerable increase over that of the 
preceding year, the imports amounting to 74,400,000/., 
and the exports to 64,300,000/., making a total of 
138,700, -» a8 compared with imports, 63,200,000/., 
and exports, 53,800,000/. (total, 117,000,000/.), in 1912. 
It is stated, however, that although, from a statis- 
tical point of view, the trade has shown a stead 
increase, and the position would seem to be , 
it is, nevertheless, true that 1913 was, as a whole, 
a bad year for business men, and many of the foreign 
firms had a trying time. There was a falling-off in 
the trade in materials required for the execution of 
public works, and business in general was dull. 

According to figures prepared by the Hypothec 
Bank, the total amount of capital issues in 1913 was 
only 50,000, 000V. , or 21,000,000/. less than in 1912. Silk, 
which is the staple product of Japan, had a good year; 
the imports of rice during the year were very heavy, 
and there was a big advance in importations of wheat 
from America and Australia. The item which contri- 
bated the most towards the swelling of Japan’s 
import figures was raw cotton. Last year the value 
for the first time exceeded 22,000,000/., or over one- 
quarter of the value of Japan’s total imports. To this 
amount India was by far the largest contributor. The 
development in the cotton-spinning business was as 
large as in —_— years ; there were many new mills 
started and many extensions, and nearly 500,000/. 
worth of spinning machinery was imported in the 
course of the year. Apart from the increasing home 
demand, the chief outlet for the products of these 
mills is China, and it is becoming s great question 
whether the extension has not been too rapid. In 
cotton piece-goods, as well as in yarns, there was & 
big advance in shipments to China, of 50 and 40 per 
cent. respectively, and the Japanese authorities hope 
that the new arrangement, whereby goods going into 
Manchuria over the Korean and Antung-Mukden 
Railway get an advantage of one-third of the duty, 
will still further increase this trade. 

One of the most interesting features of the year’s 
trading was the exportation of coal. The exports were 
very large, far greater than in other years, and various 
foreign markets, such as India, the Pacific Coast of 
the United States, and Vancouver, have been entered 
by Japanese coal. Meantime the increase in local 
shipping and in Japanese industrial concerns caused 
@ growth in the demand for coal which was in excess 
of the supply. The result was that it went up con- 
siderably in price, thus handicapping those factories 
which are large consumers. Trade with China was 
also good in other articles, especially since quiet was 
restored. Exports to China increased by nearly 50 
per cent. as compared with 1912, and in cotton yarns 
and tissues, “ and cuttlefish, there was a striking 
development. With regard to the distribution of trade 
amongst countries, it is satisfactory that the British 
Empire is still well at the head of the list, enjoying 
about one-third of the total trade, imports and exports, 
while America comes second and China third. The posi- 
tion of the British Empire is chiefly due to the large 
amount of raw cotton sent by India to Japan, but as 
far as the United Kingdom alone is concerned Japan 
purchased more goods in 1913 than ever before. There 
was some falling off in cotton textiles, but in woollens 
there was a recovery, and the figures for fertilisers, 
machinery, and paper were quite good. Although the 
returns for metale would make it appear that a large 
business had been done, it was probably most of it of 
an unprofitable nature, and there was.a good deal of 
trouble between metal importers and dealers. Ger- 
many has done fairly well, having sold to Japan 
increased quantities of tnachinery, woollen yarns, and 
dyes. The United States have bought more from 
Japan, but sold less to her. 





ARRIALLY-PROPELLED Tuc.—As a result of the trials 
of aeris] propulsion for water-craft, which were recently 
carried out on the Surrey Canal, London, it is claimed 
that sufficient data have now been obtained to adapt the 
new method to commercial purposes. There is under 


construction, at Staines, an ially-propelled steel tug 
for use in British-Guiana, on ce: of the shallow water- 
ways which exist in that colony, and on which at t 


cane-punts are hauled by mules at a speed of 2 miles 
hour. Previous to its despatch abroad, the tug, which 
measures 30 ft. in length and 8 ft. in width, and draws 
only 11 in. of water, will be tried, about Easter, by the 
Aerial Propulsion Syndicate, Limited, and will afford an 
early opportunity of gauging the commercial merits of 
the new method of propulsion. A two-stroke heavy-oil 
engine of 16 horse-power, weighing 1800 ib., will be ueed 
on the tug, whose towing force will be about 250 Ib., 
obtained from a specially-designed tractor-screw placed 
amidships. This force it is estimated will be sufficient to 
tow, at 4 miles per hour, some twelve 28-ft. by 8-ft. by 
3-ft. cane-punts, each weighing 1.5 tons empty, and 
capable of carrying about 4 tcns of sugar-cane with a 
draught of 12 in. 





PIPES FOR ‘TATA HYDRO-ELECTRIC SUPPLY PLANT. 


. 











Fie, 1. 











Fic. 2. 


In connection with our articles, ‘‘The Tata Hydro- 
Electric Power Supply Scheme, Bombay,” which 
appeared in our issues of October 24 and 31, 1913, it 
may be remembered that the pipes used for the con- 
struction of the turbine pipe-line varied from 38,*, in. 
to 72 in. in diameter. 

The two photographs above show the method of 
testing and drilling the pipes. Fig. 1 shows how 
the pipes were submitted on special presses to a pres- 
sure of from 340 lb. to 1150 1b. per sq. in., in order 
to test whether they would s the required work- 
ing pressure. Fig. 2 shows the rivet-holes being 
drilled at the pipe ends. To make sure that the single 
sections when placed together would fit correctly, each 
section was inserted into the next, and the rivet-holes 
were drilled by an electrical drilling-machine at the 
same time through the walls of both tubes. The pipe 
sections were numbered, so that they could be fixed 
together without difficulty on the spot of erection. 

he _—_ were manufactured by the well-known 
firm of Messrs. Thyssen and Co, who possess at 
Mulheim-Ruhr, Germany, large iron and steel works, 
plate and tube-rolling mills. 





APPROXIMATE RULES FOR ARCHITECTURAL STEELWORK. 
—Some useful approximate formule are to be found in 


Per! a paper on ‘Calculations and Details for Steel-Frame 


Buil om the Draughteman’s Standpoint,” recently 
read before the Concrete Institute by Mr. W. C. Cocking. 
The author states that the section modulus of an I beam 
is given approximately by the expression, 


where W, denotes the weight of the section in pounds 
per foot run, and d its de over flanges in inches. The 
safe load on 1-ft. span for I sections is approximately 
W.d 

2 


the corresponding stress being 7} to 8 tons per sq. in. | load. 





For I beams used as pillars the safe load is approxi- 
mately equal to the safe load per foot run on a span, 
which measured in feet is equal to twice the width of the 
flange in inches, the load being taken as applied laterally, 
and the column considered as fixed at both ends. Fora 
stress of 74 tons per sq. in. the section modulus required 
is M = 0.2 w L?, where w denotes the load in tons per 
foot run, and L the span of the beam in feet. 
approximate weight of a beam to carry a given load is 


wi 
W,= 
* 1000 a’ 


where W; denotes the weight of the beam in tons, W the 
total equivalent uniform load in tons per foot run, L the 
span in feet, and d the depth of the beam ininches. The 
weight of a column is approximately 


wL 
W,= A 

"ay © 
where C is 2500 for both ends fixed, and 2000 for one 
hinged and the other fixed. In this case W denotes the 
total central load on the column, and L its laterally 
unsupported length in feet. The weight of a beam-casing 


is approximately 
W. = 0.00035 b d L, 


where W. = total weight of the casing in tons, } the 
breadth, andd the depth, both in inches, whilst L is the 
length in feet. The same formula applies to columns. For 
calculating the effect of eccentric loads on columns, Mr. 
Cocking recommends the following factors :—For I sec- 
tions the equivalent central load 


= 14 times eccentric load if latter is connected to 
the web of the I beam, 


= © tines comntate load if the connection is to a 


The corresponding factors for an I-beam column with 
tes over each are 1} and 24 respectively. Fora 
ouble I section, with plates riveted to each a om the 
factor is greatest when the connection is made to the web) 
of one of the I’s and may be taken as 2# times the eccentric 
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engine friction (pistons, guides, shafts, &c.), during twice | They are supplied with com air from the receivers, 
THE MARINE DIESEL ENGINE. the number of strokes as compared with the two-stroke | and work in , manner similar to that of a two-cylinder 
Present Position of Diesel Engines for Marine Purposes.” | cycle, and it also has to be provided with exhaust valves | double-acting steam-engine. 
By Mr. J. T. Mixrox, Vice-President. and gear to work them, which are not required in two-| In the engines made at Stockholm, fitted in the 


A DESIRE having been expressed that as much infor- 
mation as possible should be given as to the experience 
which has been gained with marine Diesel engines, the 
following pow has been prepared :—There are several 
types of this engine at present — at cea, and some 
others are in course of construction. It is proposed first 
to mention the principal features of each type, then to 
give as far as possible a statement of the experience with 
the vessels fitted with each of the types, and finally to 
offer some remarks upon the different points which these 
experiences have shown to require consideration. 

Diesel engines are broadly divided into two classes, 
viz., the two-stroke and the four-stroke-cycle respectively. 
In both types a cylinder full of air at atmospheric pres- 
sure is compressed by the piston till at the top centre its 
pressure becomes about 500 Ib. per sq. in. The compres- 
sion raises its temperature to about 1000 deg. Fahr. At 
this instant a small quantity of oil fuel is blown into the 
very hot high-pressure air by means of a blast of air 
at still higher pressure. @ arrangement of the fuel- 
valve and its gear is such that the oil is broken into a fine 
spray, and its admission lasts only for the short time which 
it takes for the piston to perform about one-tenth of its 
downward stroke. During this short time.much of the oil 
becomes burned in the hot air. The hegt 
the combustion raises the tem ture considerably, and 
consequently must increase either or both the ure 
and the volume occupied. What is aimed at is that the 
combustion should proceed at the critical rate which 
would permit the increase of volume occupied, due to the 
motion of the piston and the increase of temperature, to 
be so balanced that the pressure will remain constant until 
the whole of the oil has oe burned. After this the expan- 
sion of the hot gas will still further push the piston down, 
and the pressure will rapidly decrease. The temperature 
will also rapidly fall, mainly through the conversion of 
some of the heat into work, but partly also by some of it 
being conveyed into the — surfaces, these being 
kept comparatively cool by water circulation. _ The 
maximum temperatures actually attained in the cylinders 
are very high, approximating in some cases to nearly 3000 
deg. Fahr. It is these excessively high temperatures 
which occasion some of the special difficulties of Diesel 
engines. It is necessary to keep the rubbing surfaces of 
the metal which are exposed to the hot —_ sufficiently 
cool to permit of their retaining their lubrication, and it 
is also necessary to prevent all the metal with which the 
heat comes into contact from becoming so overheated as 
to damage the strain-resisting properties. 7 

The foregoing remarks apply to all — of Diesel 
engines. In the case of the two-stroke-cycle engine, just 
before the completion of the expansion stroke the piston 
uncovers some ports in the lower part of the cylinder 
walls leading into an exhaust passage, and a considerable 
portion of the hot gas escapes, the pregsure falling to 
about that of the atmosphere ; then in some designssome 
valves in the cylinder cover are opened, and fresh air 
supplied by the scavenge-pump at 4 pressure of about 
4 lb. per sq. in. blows out the remainder of the burnt gas, 
leaving the cylinder full of fresh air ready to be com- 
pressed by the return stroke of the piston. In some 
designs the exhaust-ports are placed on one side only of 
the lower end of the cylinder, and on the other side 
similar ports, also opened by the travel of the piston, but 
nt a somewhat later instant, admit the scavenge air. In 
these cases the tops of the pistons are curved to direct the 
entering air upwards, and it is claimed that the —- 
air travels right to the top of the cylinder and entirely 
displaces the burnt air. these latter designs the 
scavenge-valves and the gear for working them are dis- 
pensed with, and consequently the engiaes are to some 
extent simplified. 

In the “‘ Junkers” engine, which is another type of the 
two-cycle engine, and which will be refe to later, 
there are two pistons working in one cylinder. The 
exhaust-ports are disposed round one end of the cylinder, 
and are controlled by one piston in manner first 
described, while the scavenge-ports are placed at the other 
end, and are similarly controlled by the other piston. 
The scavenge air in this case sweeps straight through the 
cylinder, as it does in the type of engine with scavenge- 
valves situated in cylinder covers. 

In the four-stroke-cycle engine the exhaust takes a a 
through valves in the cylinder covers, the gases being 
pushed out by the piston on its return stroke. During 
the next stroke fresh air is drawn into the cylinder 
through other valves also situated in the cylinder-cover. 
It is com during the third stroke, and the fuel is 
then admitted in the same manner at the commencement 
of the next stroke, as in the two-stroke cycle type. 

It will be observed that in the two-stroke cycle there 
is one impulse in each cylinder every revolution, while 
in the four-stroke cycle there is only one impulse per two 
revolutions, so that with the same diameter of cylinder 
and the same piston speed double the number of cylin- 
ders have to be used with a four-stroke compared with a 
two-stroke engine of the same power, if the same mean 
pressures are maintained. In both types a considerable 
part of the exerted during the impulse stroke is 

up in the following compression stroke. Also in 
= a, cycle large scavenge-air pumps have to 
provided, having an aggregate capacity greater 
that of the whole of the cylinders, “| i 
ower is expended in working these pumps, and this 
must be taken off the effective power of the engine. On 
the other hand, the four-stroke-cycle engine has the 


+ Paper read before the Institution of Naval Architects, 
April 2, 1914, 


ord: 
than | worked b 
connec 





stroke-cycle engines. 

that while the “‘indicated ” power obtained from a stated 
quantity of oil is about the same in both types of engines 
working under similar conditions of compression and fuel 
supply, the four-stroke cycle is somewhat more efficient 
than the other, in that a larger Ce a of the power 
exerted on the pistons is transmitted to the screw, owing 
to no scavenge air having to be supplied. 


In land Diesel engines there are no piston rods, and, 
consequently, no piston-rod guides. The pistons are 
made in the form of trunks. They are fi with fixed 


gudgeons upon which the connecting-rod top ends work, 
and the sides of the trunks rubbing on the cylinder walls 
form guides for taking the side thrust of the connecti 
rods. This form has not found favour with marine engi- 
neers, only one large vessel—viz., the France, being 
Shas ane es Guan ee ene. In her case the engi 
were made by meider, of Creusot, from 
designs by Messrs. Oarels Frires. In all other large 
marine Diesel engines the pistons have been fitted with 
piston rods, the lower ends of which are arranged with 
guides. Special forced lubrication has always to be 

for providing a small but continuous supply of 
higt : mineral oil for lubricating each piston in its 
cylinder. 


In some cases the engines have all the other _— 
working parts lubricated by a circulation of oil under 

ure, and in consequence these parts are all enclosed 
in a casing for containing the splash oil, which is collected, 
filtered, and cooled, can then be used over and over 
again. Other engines are lubricated in the manner 
commonly employed in marine steam-engines, and are 
made of the ‘‘open” type. Each style has its advantages 
and disadvantages as compared with the other. All 
Diésel engines require to have compressed air for 
manceuvring and for blowing in the fuel. The air for 
both of these pur has to be supplied by special 
compressors. Of there are coment types. In most 
cases, but not in the air for manceuvring is stored at 
a lower pressure that which is required for fuel 
injection. This is generally considered to be the preferable 
method. It certainly is much safer, as the manceuvring- 
valves must be to permit the air pressure to be 
carried for a considerable part of the stroke, and it is not 
prudent to have to depend only upon wire-drawing tho 
air to prevent an excessive amount of air pressure entering 
the cylinder and unduly straining the mechanism. 
sides a com | low and therefore safe air pressure 
is capable of doing all that is required. 

In Messrs. Burmeister and Wain’s engines of the 
Selandia type the manceuvring air is taken from low- 
pressure reservoirs which are charged by two-s' com- 
pressors worked by auxiliary Diesel engines. —_ 
pressure spuamennes worked by each main engine 
takes its supplies from the same reservoirs, further 
compresses air into other receivers from which the injec- 
tion air is taken. In the ‘‘ Werkspoor” engines the main 
compressors are of the three-stage tandem type worked 
by levers from the main sagan, In the engines made 
by Messrs. F. Krupp and Co., at Kiel. the compressors 
are of the Reavell type, worked by auxiliary oil i 
and not by the main engines. In the engines of the 
France, which are of the Carels type, the compressor is a 
three-s tandem, worked direct from the main engine 
by a special crank and connecting rod. In the engines 
of the Fordonian, Eavestone, Wotan, and Rolandseck, 
all of which are also of the Carels design, the compressors 
are of the Reavell type, worked by the main engine. In 
the Nirnberg design of engine for cargo vessels, the 
compressor is tandem three-stage, worked by levers from 
the main engine. In the Monte Penedo, the engines 
were made by Messrs. Sulzer Bros., of Winterthur, and 
the compressors are also three- tandem, worked by 
levers from the main engines. In all cases auxiliary 
compressors have to be provided for in addition to the 
—_ vrs a saree both asa “— 

In case 0} ent o} © main compressor, an 
he for supplying the extra air required for manceuvring 
the engines when entering docks, picking up moor- 


i &e. 

met will be seen that there is a great diversity both in 
the types of compressor and in the methods of working 
them. The consensus of opinion amongst marine engi- 
neers now is that in all cases of engines of small or 
medium power it is best to arrange the main compressors, 
and also the scavenge-pumps, w these are required, 
to be worked by the main engines; but in engines of 
large powers, in which the power required to work these 
accessories is considerable, it will become advisable to 
have them independent of the main engines, to enable 
the sizes of the cylinders uf the main engines to be kept 
as small as ible. This is due to the recognised fact 
that the difficulties inherent in the Diesel engine become 
aecentuated with increase of diameter of cylinder. 

A special feature of the engines made at Stockholm 
and those made by Messrs. Swan, Hunter 
Wigham Richardson, of Wallsend, and by Messrs. Benz 
and Co., of Mannheim, is that the mechanism of the 
scaven: jumps is for manceuvring the engines. In 
most of these engines ae are two pumps which in 

inary running supply the scavenge air. These are 
a supplemen crank-shaft in line with and 
tothe main crank-shaft. This supplementary 
shaft has two cranks at right angles. The scav 


pumps are eae the arrangement vil 
a falrly uniform supply of scavenge air. When the | shi 


engines have to be ee Mp ee os air no 
scavenge air is uired, and ti sca venge- pum 
virvually become ing cylinders for driving the shaft. 


On the whole there is no doubt | Sebastian, 


é e arrangement is that there is one scavenge- 
pump immediately below each working cylinder, its 
piston being connected to the working-cylinder piston- 
rod. As in the other design, the scavenge-pistons, acted 
upon by compressed air, are used for manceuvring. The 
Junkers engine has been mentioned as being one of the 
types of two-stroke cycle. This has been made in 
two forms, the simple and the tandem. In the simple 
Junkers engine the cylinder is made open at both ends 
and has two pistons fitted in it. The crank-shaft has 
three cranks for each cylinder. The firet and third are 
in the same phase, the second, which is between the 
other two, being o ite to them. The bottom piston has 
& piston-rod which is fitted with a guide, and its con- 
necting-rod connecte it in the usual manner to the central 
crank-pin. The u piston has its rod passing out of 
ee eae er and connected to a guided cross- 
head. Side rods connect the ends of this crosshead to 
side connecting-rods, which work upon the two outer 
(first and third) crank-pins, the top ends of these connect- 
ing-rods being guided similarly to the u end of the 
centre -rod. The arrangement is such that the 
two pistons work in opposite directions in synchronism 
in such a way that they are both at the centre of the 
cylinder when the middle crank is at the top centre, and 
both at the ends of the cylinder when it is at the bottom 
centre. As has been mentioned, the sca ir ports are 
at one end and the exhaust-ports at the end of the 
cylinder, both being fully uncovered by the two pistons 
at the instant when the pistons are at the ends of the 
stroke. The only valves required in each cylinder are 
the fuel-valve and the air starting-valve and a relief 
valve, all of which enter the cylinder at the middle of its 
l . There are certain advantages claimed for this 
engine, SS being that in ion to the 
effective stroke (sum of the strokes of two pistons) the 
engine requires less height than any other type of Diesel 
engine. Alsothere are no cylinder covers required, parts 
which in some engines have given cousitonatie trouble, 
and, there a covers, the gas in the cylinder does 
not lose so much heat to the cooling water, and a higher 
heat efficiency is therefore obtained. The valve gear is 
reduced toa minimum. The bending strain on the crank- 
shaft is very much less than in an ordinary Diesel engine 
of the same power, and uently a smaller shaft can 
be used. There are very small loads on the main bear- 


Ba. | 1288, and therefore there is a minimum of shaft friction. 


On the other hand, there are three connecting-rods and 
their accompanying rods and guides instead of one, 
although each one is much lighter, three crank-pin 
brasses to lubricate, and there are also the guides of the 
side rods requiring attention. 

_In the tandem type a second cylinder is provided in 
line with, but above, the lower one. This, also, is pro- 
vided with two pistons. The lower is connected to the 
same crosshead as the upper piston of the lower cylinder, 
and works in unison with it. The upper piston is con- 
nected to a crosshead ina plane at t angles to that 
connected to the middle pistons, and this is connected by 
side rods to the guide of the lowest piston of the lower 
_— The arrangement vides that the pistons of 
the up cylinder are at the centre of their cylinder 
when those of the lower cylinder are at the ends of 
their stroke, and vice versd. By this means the pair 
of cylinders with their four pistons produce the effect 
of one double-acting cylinder; whereas, when only one 
cylinder is used, the action is that of a single-acting 
cylinder. As the impulse stroke of the upper cylinder 
occurs during the com ion stroke of the lower, and 
vice versd, the effect of the two cylinders in tandem is 
to obtain double the power of the one cylinder without 
increasing the maximum strain on the crank and other 
shafts. 

The Junkers engine, in its tandem form, has been 
made by the Weser pany, of Bremerhaven, for a 
vessel owned by the Hamburg-Amerika Company. These 

ines were illustrated in ENGINEERING on November 24, 
1911. They have, however, not yet been tested at sea. 
The simple form of engine has been fitted in the Arthur 
von Gwynner, which commenced working at the begin- 
ning of January of this year. 

Another form to be mentioned is the double-acting two- 


stroke-cycle ges. It is rumoured that large en, of 
this type have , or are being, made for foreign war- 
ships, but so far none has yet fitted to merchant 


vessels. The M.A.N. Company, of Niirnberg, in con- 
junction with Messrs. Blohm and Voss, made some 
three-cylinder engines of this type for a merchant ship. 
The set made at Niirnberg was unfortunately destroyed 
by a fire which followed an accident at the works. At 
the present time Messrs. Blohm and Voss have in hand 
some engines of this type for a twin-screw vessel. These 
have been successfully run on the test-bench, but not yet 
tried at sea. Their performance will be watched by 
marine engineers with much interest, as they ocoupy so 


much less than me haze Ad Diesel engine. 
Being double - acting y give the same number 
of impulses per cylinder per revolution as are obtained 
in a steam-engine, and are thus in marked contrast 


engi 
with the four-stroke-cycle single-acting type. From 
the point of view of a registration society, as well as of a 
shipowner, reliability under the conditions of ordinary 


service is of the first im: questions of economy of 
po dpaeenay we A cossndary 
are 


running and of upkeep 
interest, although they very important to the 


i with economy of running in the first place, it 
may be mentioned that whereas in i trades 8 ovn- 





stant supply of one uniform quality of oil can be obtained, 
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it is nm for the success of the engines in ge’ The table below shows some of the results obtained. | Also the smaller the particles into which the oil can be 


ecessary i neral, 
that they shall be able to use the particular quality of 
oil which may be obtainable at any of the to which 
the vessel trades. A reference to this will have to be 
made in the appendix when dealing with the experience 
obtained in the Christian X. 

Dr. Diesel always maintained that any oil which would 
burn without leaving a residue could be used as fuel in 
these engines; and it may be of interest to know that 
Professor Junkers has experimented with several kinds 
of oils, some of which were considered by some engineers 
to be unsuitable for use owing to the large percentage of 
asphalt or unevaporable hydrocarbon they contain, and 
he has found them to burn perfectly satisfactorily when 





It will be seen that throughout the trials recorded 
the mean indicated pressure was very high, in no case 
being less than 10 atmospheres (142 1b. per sq. in.), which 
very considerably exceeds anything which has been 
obtained with large marine Diesel engines, and that this 
high mean pressure was obtained with a maximum pres- 
sure of 47 atmospheres against 35 atmospheres usual in 
marine work. It must be mentioned, however, that trials 
were made showing that with each kind of oil used the 

ine worked well with low loads as well as with these 
high loads. 

t 


is worthy of remark that, with the very high m 
pressures obtained during the overload trials, the ter- 







































divided by the sprayer the te 
surface exposed and the quicker will be the combustion. 
Again, the less viscosity the oil has the more easily it 
becomes finely sprayed, and, further, the ter the 
excess of pressure of the blast above that the com- 
pression, the more quickly will the quantity of oil 
measured out per rae into the fuel-valve casing be 
blown into the cylinder, and probably also the finer will 
be the spraying. Then, again, some oils contain more 
of the lighter, highly inflammable hydrocarbons than 
others, and therefore they will more readily ignite and 
burn more quickly than the heavier oils, again some 
oils are capable of being cunguteny vaporised, whilst 
others, generally spoken of as having an asphalt basis, 
consist partly of evaporisable components and partly of 
ay ied eophal which will not evaporise and are generally 
as ts. 

As has been mentioned, it has sometimes been con- 
sidered that these latter oils cannot be used in Diesel 
e but Professor Junkers’ experiments show that 
this is a mistake. It will be thus seen that there are 
— conditions of detail in connection with the ignition 

hich afford scope for skill and ingenuity. In no case 
can the combustion fully realise the ideal condition. The 
nearness or otherwise of the approach to it can be ascer- 
tained by a careful analysis of the indicator diagram. 
Such analyses always show that some combustion takes 
place along the whole of the stroke. When the com- 
bustion is far from perfect at the end of the stroke the 
exhaust will show smoke. A less imperfect combustion 
may leave carbonaceous deposits in the cylinder, which 
in time may so accumulate as to cause the piston rings to 
seize or become inoperative. Although there may be no 
smoke, part of the fuel may be burned only to C O instead 
of to CO,, and, even if the combustion me actually 
complete before the end of the stroke, the ideal condition 
will not be obtained. What is wanted is that the heat 
should be produced early in the stroke, so as to give full 
oO a its conversion into mechanical energy. 

o show what may be done in this way one may compare 
the results obtained with an early four-stoke-cycle Diesel 
engine referred to in ENGINERRING on July 31 and 
August 7, 1903, as being a remarkably successful example, 
with that obtained more recently with the four-stroke- 
cycle engine fitted in the Suecia. The diagram in the 
latter case was kindly supplied by Messrs. Burmeister 


larger will be the 


and Wain, of Copen and is the mean of a large 
number of di ms taken with these engines, and it 
will be seen that it s extremely closely with the 


typical diagram given Mr. I. Knudsen in his recent 


Fig. 2. 
4-STROKE DIESEL ENGINE. 


P=-PRESSURE IN LBS. PER SQ.IN. ABSOLUTE. 
T=TEMPERATURE IN DEGREES FAHRENHEIT. 





























they are properly treated. Some of his results are as| minal pressure was very high, in some cases being above 
follow :— 70 lb. per sq. in., and consequently much energy must 
| | 
Mexican German Coal- Pacura | Mazut : 
— Crude Ol. ‘Tar Oil. Gas Oil. | (Roumania). | (Russia). Guienien Reviten. 
| | Brand K. Brand L 
Carbon 83.21 p.c. 90.12 p.c 86.98 p.c. | _ | 85.67 p.c 84.00 p.c. 84.78 p.c 
Hydr. gen ; 1} See ae " \ee _ 12.13 ,, 1107. ,, 1L.85 ,, 
Sulphur os aa “ie 2.43 ,, a6 ,, OM io _ 0.05 ,, 0.87 ,, 0.84 45 
Oxygen and nitrogen 290 ,, " 0.16 ,, os ON « 3.93 ,, 245 ,, 
Incombustible 0.14 ,, 0.60 ,, — — 148 ,, a13 ,, 0.08 ,, 
Specific gravity ° 0.937 } 1. 0. | 0.90 to 0.98 0.9 0. 0. 
at 12 deg. ©. ‘at 15 deg. ©. at 15 deg. C. at 12 deg. C. 
Viscosity 411 es deg. 1.66 a 20 deg. 1.14 — deg.| = meee: deg. 6.41 as deg. 2.22 om deg. 
Asphaitum .. .. _..| 45.6 pe. be = ite — 48.1 p.c. 12.9 p.c. 
Calorific value in B.T.U.’s | 
per pound.. ; os 17,460 15,950 18,000 | —_ 17,800 17,400 17,550 
Flash point .. — 98 deg. C. 80 deg. 0. | 140 deg. C. 118 deg. C. Oy Ay open —_ nate 
Average Results of Cali- 
fornian Oil. 
Normal load revolutions . 200 200 204 200 200 
Brake horse-power.. «| 146.2 144 160 - - 15L8 
Indicated mean pressure. . 10.0 atm. 10.0 atm. 10.5 atm. 11.0 atm. 11.0 atm. 10.6 atin. 
Maximum pressure aa 44.0 ,, 46.0 ,, _ 40.0 ,, 47.0 ,, 47.0 ,, 
Thermal efficiency .. 44.3 p.c. 45.0 p.c. 48 p.c. 46 p.c 46.5 p.c. 44.7 p.c. 
Overload sovelotiens 200 200 _— _ = 200 
Brake horse-power.. >i 212 ~ —_ } _ — 97 
Indicated mean pressure .. 13.9 atm, 18.6 atm. | — | —_ _ 13.2 atm. 
Maximum pressure cal > ae 64.0 ,, } — } — os 73.0 4, 
Thermal efficiency .. 42.8 p.c. -- b -- = — 44.1 p.c. 
In all the cases quoted the experiments were made on | pos 
the same engine, which is a small experimental one, with 7.214 
Rn diameter of 8 in. and a piston stroke (each piston) baad 8 
of 16in. At 200 revolutions the normal load is 150 brake 
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horse-power, but arrangements are made b 1 
overload up to 220 brake horse-power can obtained 
with the same number of revolutions. The overload is 
obtained by so obstructing the exhaust that the scavenge 
air imprisoned in the cylinder at the commencement of 
the stroke is above thé atmospheric pressure, and at the 
same time more fuel oil is injected during the im 
stroke; in o' words, more fuel and more oxygen to 
burn it are rye — pin f e, with the 
reater amount of air a er compression pressure 
£ , So that the stresses on the engine are also 
increased when working with an overload. _ , 
Professor poset 9 oy out that, the engine being an 
experimental one, the first of its to be made, 
the results obtained must not be | ic to be the 
most favourable attainable with oil-engines ; but, as the 
Sid under tho comp sight expercisien, the seule ole the 
and u same supervisi results wi 
wastous teale enn Gb equalinged > be sdiiehio fer etm 





to 
parison with one another. In all cares the trials were 


very prolonged. 


which an | have been lost in the exhaust, yet the thermal efficiency 


was practically the same as at normal power. 
moana ay bee ag may be drawn to the differences 
between the ds K and L of Californian oil, in which 
it will be seen that the oil with the higher specific 
gravity has less viscosity, less asphaltum in its compo- 
a. — ignites at a much lower temperature than the 
ter oul. 

t has been mentioned that what is aimed at in the 
Diesel engines is that the combustion should proceed at 
the eritical rate which would permit the increase of 
volume occupied due to the motion of the piston to be so 

y increase of temperature due to the com- 
bustion of the fuel that the p e will in constant 
until the whole of the oil has been injected. This ideal 
condition is, of course, never obtained with any kind of 
oil, with any form of sprayer, or with any > Seman of 
com: 


In general terms it may be said that the hotter the air 








into which oil is , Other conditions remaining the 
same, the wl ype + Bea combustion take ‘pues. 








paper to this Institution upon the performances of that 
vessel.* This comparison is given in an Appendix to this 


r. 

obtaining the actual temperatures of the cylinder 
contents at any instant throughout the stroke, we know 
that at the completion of the suction stroke the cylinder 
and its clearance have with air at a pressure 
slightly less than that of the atmosphere. The precise 

re oo F eg with sufficient accuracy 
rom an inary diagram owing to its small scale ; 
but, through the kindness of Messrs. Burmeister and 
Wain, and also of the Nederlandsche Company, of 
Amsterdam, I have been supplied with diagrams taken 
with weak springs. These only show completely the 
exhaust and suction strokes, as owing to seale of 
pressure the com on and impulse strokes cannot be 
shown on the but the exhaust and suction pressures 


* Transactions of the Institution of Naval Archi- 
fome vol. lv. (II.), page 153. Enoingxzrine, Joly 4, 
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can be ory spt precision. Sie Ome ont 
it is seen that in ordinary wor! conditions pres- 
sure of the air in the cylinder y & commencement of 
the compression is a little less than that of the atmos- 
here. 

7 We next want to know its actual temperature at that 
instant. There is no means of measuring this, but from 
the considerations given in the Appendix, which gives in 
detail the methods of calculation employed in the two 
cases taken as illustrations, a very fair approximation to 
the actual temperature can be arrived at. The assump- 
tion is made that the temperature at the commencement 
of compression is 100 deg. Fahr. From this point the 
ordinary laws relating topressure, temperature, and 
volume of gases enable the ave temperature of the gas 
in the cylinder to be determi at any instant, if the 
indicator card is a correct representation of the pressure 
and volume at that instant. The onlyspecial matters to 
remember in applying these laws to the ee of to-day 
are, first, that during the impulse stroke the quantity of 
air has been oy een beyond that shown in the com- 
pression stroke by the amount of blast air used per stroke, 
and, secondly, that while no ch occurs in the volume 
of gas produced by the burning of the carbon of the fuel 
into C Og, there is an increase of volume due to the com- 
bustion of the hyd m into H,O. The allowances for 
these are shown in the Appendix. If at the point at 
which the pressure commences to fall the combustion were 
complete, and if also no heat were abstracted from the 
gas . the cold cylinder walls, the expansion would be 
adiabatic, the only loss of temperature of gas being due 
to the work it does during expansion. If there is a loss 
of heat through the cylinder walls, as of course there must 
be, but at the same time no combustion, the temperatures 
and pressures would, during expansion, fall below those 
due to adiabatic expansion. An examination of the two 
diagrams, however, will show that the actual pressure 
line, instead of falliag below the adiabatic expansion 
curve, risos considerably above it in both cases. This 
shows that there must be so much combustion p i 
all along the stroke as to more than make up by the 
heat so produced for that lost by entering the cylinder 
walls, In the diagram of the earliest engine this takes 
place to such a marked extent that towards the end of 
the stroke the temperature is seen to be actually risinz, 
so that the combustion here more than makes up for 
the waste through the cylinder walls, and also for the 
heat which is at the moment being converted into 
work. 

Attention is now drawn to the marked difference in the 
tem tures at the latter end of the stroke in the cases 
of these two engines. Even making very large allowances 
for the fact that in the earlier ongine the mean pressure is 
so high as 114 lb. per sq. in., whilst it is only 88 1b. in the 
case of the Suecia, it will be seen that in the latter the 
terminal temperatures are much lower. This must have 


a considerable effect on the durability of the exhaust- | p), 


valves, which are exposed to the currents of hot gases 
flowing over them, and which, so far, have not been 
artificially cooled. It may be thought, perhaps, that in 
the case of the Suecia the lower temperature is in 

due to more heat being abstracted through the cylinder 
walls. This, however, is seen not to be the case, from the 
consideration, first, that the Suecia’s cylinders are much 
larger than the others, consequently their cooling surface 
is considerably less in Ye em to the volume of the 
gas they contain ; and, secondly, from the fact that, 
combined with the large proportion of cooling surface in 
the small cylinders of the land engine, there was a very 
ample supply of circulating water, as is shown by the 
fact that this water abstracted over 20 per cent. of the 
total heat of combustion, this being more than half the 
quantity converted intowork. The real cause of the com- 
paratively low exhaust temperature is, as has been 
pointed out to the writer by the engine-builders, the 
spraying of the fuel oil has been so improved that much 
earlier combustion has been secured. 

It is recognised that the actual efficiency of a heat 
engine—that is, the proportion of the heat converted into 
work—increases by using a higher initial temperature, 
consequently the portion of an oil c’ which becomes 


burnt in the early part of the stroke, where the tempera- | la 


ture is very high must yield up more work than an equal 
quantity of oil burning towards the end of the stroke, 
where the temperature is very much lower. Early com- 
bustion, therefore, is to be aimed at so long as it does not 
increase the pressure at any instant above the maximum 
pressure provided for in the design, and provided the 
temperature attained does not of itself cause troubles. A 
reference to the figures giving the tem tures of the gas 
at different points of the stroke will show that, although 
excellent results were obtained in the Suecia, there is still 
room for turther improvement, as still earlier combus- 
tion would be possible without increasing the maximum 


ressure. 

Pot might be thought to be possible further to increase 
the thermal efficiency by carrying the expansion further. 
Certainly it does seem to be extremely wasteful to exhaust 
the gases while they are at a considerable pressure, and 
also while they are ata very high temperature. Attempts 
have been 6 to utilise their high temperature for steam- 
raising, but these have not been so successf 
pated. With regard to the 
of further expansion, it must be remembered that greater 
expansion necessarily means r cylinders, which will 
increase the loads on the mechanism in far greater pro- 
Brecitles this, hy Fa tinge veil Mea jo ‘ 

es the c ers eat- 
abs’ ing surfaces, and in view of the large proportion 
of the heat which is lost by the — water, it is easy 
tosee that there must be a point at which any gain due 
to greater expansion will be accompanied by an equal 
loss by extra hea: rejected in the cooling water. That the 


ul as was antici- 
ibilities in the direction 





= 

t practice is not far from that point is seen from the 
t that the actual thermal efficiency of the engine is 
not much affected th h a long range of power, pro- 
duced by what is virtually a variation of expansion, ex- 
tending from, say, 15 or 20 per cent. overload down to 
about two-thirds power in many land engines, and Pro- 
sessor Junkers’ experiments, chendy quoted, show the 
same result. 

‘An important point which deserves consideration is 
the amount of heat carried away by the cooling water. 
There are two distinct conditions dominating this. First, 
the materials of the cylinder barrel, cover, and piston 
must be kept sufficiently cool throughout their thickness 


to ensure that the temperature at no point rises ro much | thi 


that the strength of the material becomes unduly depre- 
ciated, and also—and this is equally important—the tem- 
perature gradient through the thickness of the metal— 
that is to say, the difference of the temperature of con- 


tiguous parts of the metal must not be so great that the | crack 


consequent differences of expansion would cause abnormal 
stresses in the metal, altogether independently of the 
stresses due to the pressures in the cylinder. 

As illustrations, take the simple cases of a plain cylin- 
drical barrel, such as the actual cylinder liner of a Diesel 
engine and of a circular furnace of a steam boiler. Both 
are subjected to intense heat on the inside, and both have 
water in contact with them on the outside. One, however, 
is ntindy thick and the other comparatively thin. 
In both cases the — of metal forming the inner sur- 
faces of the cylinders must be much colder than the gases 
in contact with them on the one side, but they must be 
hotter than the particles of metal next tothem. Similarly 
the particles next the outer sides must be hotter than the 
water which wets them, but colder than the metallic par- 
ticles adjoining them. The difference of the tempera- 
tures of the two sides of the material will depend upon the 
conductivity of the metal which determines the rate at 
which heat will flow through it. It is evident that the 
thicker the metal the ter will be the difference of tem- 
perature of the twosides. Ina boiler furnace the material 
is steel, which can be relied upon as being continuous 
throughout the thickness—that is, it will not contain av 
laminations or small local defects of continuity which will 
impede the flow of heat through it ; whilst in cast iron, of 
which the cylinder liner, cover, and piston are generally 
made, there are always innumerable particles of graphite 
imbedded in the metal, and these must more or less 
impede the flow of heat, so that with the same thickness 
of material and the same temperature conditions outside 
the two sides of it, there mu-t always be more difference 
of temperature of the two sides in the case of cast iron 
than would exist in the case of steel plate. In a furnace 
in which oil-fuel is burned, it is common experience that 
a thickness of } in. will withstand continuous working, if 
it is kept scrupulously clean on the water side, and it is 
generally felt that it would be unwise to exceed that 
ickness. In a Diesel engine the thickness of cast-iron 
cylinder liners, piston crowne, &c., owing to considera- 
tions of strengih, must be made considerably in excees of 
this; in fact, thicknesses ter than 2 in. have been 
successfully used. Now, the temperature in the furnace 
burning oil-fuel and the maximum temperature in a Diesel 
engine cylinder cannot be very different. The reason the 
thick cast-iron metal withstands the temperature is 
because the latter is intermittent — not continuous. The 
actual temperature of the skin of the metal must depend 
more upon the mean of the temperature taken on a time 
basis than upon the maximum. This is one great argument 
frequently quoted in favour of the four-cycle engine 
as against the two-cycley As will be seen from the 
temperature calculations given in the Appendix, the 
mean temperature in the former is considerably less than 
that in the latter, and it is quite conceivable that a 
much less difference might put one below and the other 
well above the critical temperature which would give 
trouble. 

If now, say, in the cylinder barrel, the inner layer is 
raised in temperature more than the outer layer, as, of 
course, it must be, it will tend to expand more, and the 
difference in the expansion can only be accommodated 
by the inner layers being compressed and the outer 

yers put into tension, which tension will be 
superimposed upon that which the liner has to bear on 
account of the pressure in the cylinder. It is thus quite 
conceivable that a thick cylinder exposed to high tem- 
perature, as well as to a high pressure inside it, will be 
actually more stressed than a thinner one. The same 
reasoning applies to the piston crown and the bottom of 
the cylinder covers. The metal in these parts is put into 
a state of compression by reason of the high temperature, 
besides being subject to a similar stress due to the 
pressure. These considerations show the great import- 
ance of keeping the thicknesses of the metal at parts 
exposed to great heat as small as possible, consistent with 
their possessing sufficient strength. It is these con- 
siderations which lead to the impression that only com- 
paratively small cylinders will be possible with Di 
engines. On this point experience will be the only safe 
guide.) Laboratory tests, although very useful, cannot 
reproduce the strenuous conditions incidental to constant 
use involving rapid variati of conditions repeated 
many millions of times. (It, of course, does not follow 
that an enlargement of cylinder diameter necessarily in- 
volves a proportionate thickening of metal throughout. 


As an instance, it might be mentioned that in some of | small, 


Messrs. Burmeister ain’s have 
been made with less thickness of metal than was success- 
fully used in the Selandia. This has been rendered 
ible by a modification of the design, and it is not to 
be supposed that no further can be made in this 
direction. Another point which it has been thought will 
present difficulty is the fact that cast iron will appreciabl 
change form and dimensions throu,h continuous hi 





temperatures, and so cause troubles similar to those 
which have occasionally been experienced in large steam- 
—. It was probably fear of the growth of cast iron 
under these severe heat conditions which led to the use of 
cast steel for cylinder covers. Most Diesel engine manu- 
facturers have reverted to the use of cast iron for covers. 
Some of them give the metal a severe heat treatment 
before the completion of the machining operations. It 
is quite possible, however, that cast steel will be again 
used fur these parts,| There have been several cases of 
cracks in cast-iron cylinder covers in positions where, 
irrespecti\e of the expansion by heat, the pressure on the 
parts puts the material into compression. In some ca:es 
ese cracks have been allowed to remain, and as they 
have not extended when in use, it has been considered 
that they were due to heat stresses only. In some cases 
saw-cuts have been initially ~ into similar positions of 
the covers, and these cuts have prevented subsequent 
ing. 

From the Appendix giving the work done by each of 
the Diesel-engined ships it will be seen that greater 
troubles have, in general, been caused bv the air-com- 
pressors and their accessories than by the Diesel engines 
themselves. It must be frankly stated that this was not 
expected. Machines com ing air up to as great, or 
even greater, res are required with Diesel 
engines have in use in warships for very many 
years, and it was ogres eng that compression would not 
present a difficult problem. If there have been special 
troubles in war-vessels with air-compressors, they have 
not become cay property. Much, if not most of the 
trouble, has due directly or indirectly to the lubri- 
cation with the compressors of Diesel engines. 

Attention was specially drawn to this point by the sad 
accident which occurred to the Suecia, a Swedish vessel, 
on her second voyage. This vessel was built and engined 
by Messrs. Burmeister and Wain, and has similar engines 
and auxiliaries to those of the Selandia, although they 
are rather smaller. When off the coast of Brazil one of 
her high-pressure air-receivers burst. The vessel put 
into Rio, where the machinery was temporarily repaired, 
and she completed her voyage to Stockholm, where an 
official inquiry into the accident was held. The arrange- 
ment in this vessel is that the air used for starting, as 
well as for fuel-injection, is first compressed by a two- 
stage compressor, worked by an auxiliary Diesel engine, 
up to 20 atmospheres, and is stored at that pressure in 
large cylindrical receivers. The air used for fuel-injeo- 
tion is taken from these receivers and further compressed 
by a high-pressure compressor worked by each main engine 
to 70 atmospheres, and this pat pee air, after passing 
oe coolers, is stored in smal] steel receivers, passing 
from them asrequired for injection pu The receivers 
are fitted with drains for clearing them from the water 
which always separates from compressed air. It had become 
evident during the voyage that an abnormal quantity of 
lubricating oil was passing through the compressor, as 
much oil was blown out through the drain along with the 
separated water. It had also been found during the 
voyage that the cooler pipes through which the air has 
to pass had on more than one occasion become partially 
choked with greasy matter. They had been cleared by 
disconnecting them, making them red hot, and so burning 
out the grease from them, and then blowing out the 
residue by means of com air. An examination of 
the damage after the accident showed that an explosion 
first occurred in the pipe leading from the air-cooler to 
the high- ure receiver, this pipe being burst in two 
places. flame then passed the valve connecting the 
pipe to the receiver, melting a groove in ib, and entered 
the receiver, which in its turn burst. The engine-room 
after the accident was filled with smoke, showing that 
oil ——— — occurred, and that phan qpanen 2 
not ue merely to over-pressure y pumpin 
too much air into the receiver. When air is conguenel 
its temperature rises, the rise of temperature becomin 
greater as the compression increases. In the Di 

ine-cylinders, in which air compression to 35 atmo- , 
spheres place in one stage, the temperature be- 
comes so much raised that combustion of the oil fuel 
takes place immediately it is sprayed into the cylinder. 
In the air-compressors the work is done in two or more 
8 the air being cooled after each stage, so that, 
alt’ the final pressure is higher than it is in the 
working cylinders of the engines, under proper working 
conditions a very high temperature is not at any time 


reached. 

It is stated that, under normal conditions, the air 
vemperature on leaving the com pressor was about 100 deg. 
Cent. (212 deg. Fahr.), and that after passing throvg 
the cooling coil this was reduced to 40 deg. Cent. (104 deg. 
Fahr.). n, however, the cooling coil became partially 
obstructed with oily deposits, a higher pressure had to 
be obtained in the compressor in order to force the air 
past the obstruction, and in these circumstances the 


air would occasionally attain a tem ture of 300 deg. 
to 400 . Cent. (572 deg. to 752 deg. Fahr.) before 
being and 60 deg. Cent. (140 deg. Fabr.) after 
cooling. . 


On vessel’s arrival at Stockholm, when the cover to 
the air-compressor uf the starboard engine was removed, 
a quantity of black carbonaceous matter was found on 
oa in the vicinity of the valve and in the air-channels. 
the quantity was comparatively 
these parts were more oily and 
a. The explanation of the accident appears to be as 
follows :— 

The lubricating oil used is a hydrocarbon oil of high 


flash-point. The com passes a considerable quan- 
tity this oll into the compressed air. Some i 
become ited upon the surfaces of the valve, valve- 


chest, cooling-spiral, and pipe connecting the cooler with 
the air-receiver. These particles become partially diied 
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by evaporation of their lighter constituents in the hot 
and dense air ing over them, the residue Seyuing Se 
tough and sticky composition which was found on t 
aces. When the temperature of the air is excep- 
tionally a? this sticky composition becomes carbonised, 
or cracked, and partially transformed into carbon. 
ordinary circumstances ticles of oil which do not 
become deposited on the above-mentioned surfaces are 
carried by the air current into the receiver, either as 
vapour or in the form of “‘oil-fog,” which, consisting of 
oil intimately mixed with air, form an explosive mixture. 
When the cooling coil becomes much obstructed, so as to 
cause the temperature of the air to rise considerably, as 
above mentioned, the deposit in the pipe becomes spon- 
taneously ignited, and the heat so generated may ignite 
the “‘ oil-fog” in the receiver, causing an explosion there. 
It had not previously been generally xd that there 
was a considerable difference in the behaviour of oil in 
highly-compressed air from that of oil in air at ord) 
atmospheric pressure at the same temperature, althoug 
it was known that it was dangerous to have oil in con- 
tact with highly-compressed oxygen. In July, 1912, a 
serious explosion occurred at the electric station at Bray, 
Ireland. A report, made by Mr. G. 8. Taylor, H.M. In- 
spector of Factories, of the Home Office, has recently 
been published (September, 1913) giving particulars of 
the accident and the cause of the explosion. 

In this report it is stated that many explosions and 
failures of receivers connected with air-com pressing plants 
have been recorded in the past which have been traced 
to the presence of lubricating oil in the receivers, and 
that similar explosions have also occurred in. ths, pipes 
and air-vessels of Diesel engines. At Barrow, in-1911, an 
explosion occurred in a com -air receiver-pipe. 
The explosion was attributed to vapour of the lubricating 


oil pete an explosive mixture with the compressed air. | p' 


} aren other a the explosions ang occurred in 
C) -pressure ivery-pipe near _compressor. 
ly the pipes had been subjected to high tempera- 
ture, and contained carbonaceous deposits. It is men- 
tioned that there is always a possibility of ignition of the 
oily deposits in the blast-vessel by a *Baok fire” from the 
cylinder into the valve-casing and blast-pipe, that such a 
case is known to have occurred in a marine Diesel engine, 
in which the blast-pipe was burst for a length of 20 fo. 
Mr. Taylor recommends that only mineral oil with a 
very high flash-point should be used for lubricating air- 
compressors, and that it is advisable to provide special 
oil-separators between the compressors and blast vessels. 
He points out that only rarely are means provided for 
cleaning or examining the interior of air-vessels after a 
period of use, and that it is considered by some engineers 
that the oily deposit which accumulates in the interior is 
an advantage, as it acts as an anti-corrosive, and so pre- 
serves the metal; and he recommends that air-vessels 
should be cleaned and examined ore. say at least 
every twelve months. Besides the cases quoted by Mr. 
Taylor, the following are of interest. At one works 
the high-pressure air-pipes are now always made of 
copper. They were formerly made of steel, but several 
accidents occurred, pieces of metal being burst out of the 
pipes. Sane ee = %. the steel pipes = 
possessing sufficient ductility, and so copper is now used, 
and with this metal no such casualties have occurred. 
In the light of recent experience it is probable that the 
bursts were due to oil ignitions and not to faulty material 
of the pipes. In the case of an experimental Diesel 
engine, an explosion of a steel high- re air-pipe has 
occurred. At another works several cases have occurred 
of bursts in high-pressure air-pipes. These always 
happened = the pi onmeng Se - compebared air 
to the cooler, none having occu in the pipes leading 
from the cooler to the receivers. These accidents 
have led the-firm to place the coolers close to the com- 
, 80 as to minimise the portion of pipe. 
n these cases copper has always been the material u 
for the pi m Another firm stated that burstings have 
occurred, in their experience, in pipes conveying hot air 
from the compressor to the coolers, and that there have 
been quite as many accidents of this kind to . joes 
attached to the low-pressure and to the intermediate- 
pressure stages of compression as to those connected 
with the epgeemae stage. An accident through com- 
bustion within an air-compressor was discussed in a contri- 
bution from Mr. A. R. loux, of New York, to the 
Transactions of the American Institution of 7 Engi- 
neersin February, 1903, and wax referred toin Mr. Taylor’s 
report. In this case the air-compressor had a single- 
stage, compressing to 80 |b. per sq. in., and was being 
for driving some mining machinery in one place and 
for ventilation in another part of the workings. There 
was no explosion, but the accumulated oil and carbon 
deposit in the delivery-pipe took fire, made the pipe red 
hot, and the products of the combustion being delivered 
instead of air led to the deaths of two of the workmen. 
In the discussion which followed it was pointed out that 
the air in the cylinder at the commencement of the stroke 
comes from three sources—viz.:—(t) The air left in the 
clearance space on the poe stvoke ; (2) that which 
leaks back either past the discharge-valves or past the 
piston ; and (3) the fresh air drawn in from the atmo- 


sphere. As os (1), this is at first heated by the com- B 


pression, but by expanding back to the atmospheric 
pressure it does work and adiabatically loses its tem - 
ture. As regards (2), however, as it expands back 

the discharge pressure to the in pressure without 
doing work, it maintains the tem it had attained 
on d increases 


The effect of this te that leaknee 
the initial temperature of the charge to be compressed, 
and with it the temperature at which the air will be dis- 
charged at the end of the compression. A calculation is 
made showing that a 5 per cent. leak in the case of 
the compressor in use would increase the temperature 


In| the effect of leakage, either past the piston or past 


sed | from their own vessels. 





by 39 deg., and a 10 per cent. leak by 85 deg., and 
it is pointed out also that, in a leak is a 
constant quantity, so that Se owing _—" 4 com- 
pressor proportionate leakage, upon whic 

rise of temperature depends, becomes greater. Besides 


the valves of the compressor, there are other causes 
which lead to the com: -air having higher tempera- 
tures than —e~ 4 f the valve pissages are restricted 
the pressure will be considerably raised in forcing the 
air through them. The increased pressure will be accom- 
panied by increase of temperature, and, as in the case 
of the air leakage referred to, the fall of pressure when 
the restrictions have been passed will not cause a 

ing of the tem ture. Another cause has been 


lessening 
pointed out by one of the makers of Diesel engines. The | d 


compressors are mad. with a greater capacity than is 
necessary to supply t..c net quantity of air required for 
ordinary a in order to replenish the reserves, and 
in some cases of twin-screw engines they are made so 
large that one compressor can supply the needs of both 
engines. Where too —_ a compressor is kept working, 
its air supply is throttled, so that only the quantity 
actually required is drawn into it. The wire-drawing of 
the supply leaves the air at the same temperature, but 
lessens its initial 
ratio of compression, and with it the temperature of the 
ee me air. : 

t will be seen from the foregoing what an important 
part of the success of a compressor lies with the lubri- 
cant. The oil itself is most probably more easily 
ignitable, or ignitable at a lower temperature in highly 
compressed air, than it is in the ordinary atmosphere, as 
is known to be the case in compressed oxygen. If it 
decomposes under the influence of high temperatures or 

ressures, part of the result of the “cracking ” is a lighter 
and more inflammable oil. It is possible that the car- 
bonaceous deposit resulting from the decomposition of the 
oil is itself spontaneously ignitable in high-pressure air 
at not very high temperatures. If the oil decomposes 
and becomes sticky it will tend to clog the and 
also to interfere with the action of the valves, making 
them leaky. Both these occurrences will lead to higher 
temperatures, and so accentuate the evil, especially in the 
case of se! tely driven compressors which will natu- 
rally be driven faster to compensate for loss of output due 
to leakage. The difficulties will therefore be increasing 
ones. It has been suggested that sufficient lubricating 
oil is carried over from the first and second stages to 
supply all that is needed for the high-pressure stage, and 
that consequently there would not be much oil leave 
this stage to enter the receiver. It may be —~— out, 
however, that risks occur at each stage of the compres- 
sions, that explosions of the connecting-pipes between 
the stages have occurred, and that although an explosion 
of a pipe would not cause so much damage as that of a 
receiver, yet it would equally put the engine out of 
action until repairs were made. hese considerations 
point to the importance of having the total compression 
performed in at least three stages with intercoolers, so as 
to lessen the maximum temperature obtained at either 
stage, and also to the importance of having ths passage 
of the air from the compressor to the coolers as direct 
and short as possible, and to have these pipes and the 
coolers easily accessible for cleaning and clearing in the | 
event of any — occurring in them. They also 
point to the fact that oil experts must turn their attention 
to the production of an oil which will stand not only high 
temperatures, but high temperatures in conjunction with 
high-air pressures without either cracking, vapourising, 
or dispersing into oil-fog. Referring to the experience 
gained from the number of Ce memes gee vessels now 
and their suitability 





running, both as to their reliability 
for general service, it will be useful to note the action 
taken by shipowners who have obtained their experiences 


The Anglo-Saxon Petroleum Company and their allies, 
who have now had considerable experience with the 
Vulcanus and Juno, have no less than seven vessels now 
in course of construction, which will be fitted with Diesel 
engines. Of these, three will very shortly be running. 
They appear to have been cautious in not attempting 
large powers on one shaft, as a BK adopted twin 
screws in vessels which, had they been fitted with steam- 
engines, would, without question, have been single screws. 
The East Asiatic Company have given the greatest 
impulse to the movement. = J started with perfect | 
confidence by ordering the andia and two sister | 
vessels, and they have now five vessels running, and four 
all Wits af Gusuhagen” Tang chap bet cemeend te 
ani ain, 0 pen " ey a! ave to 
takb out the steam-engines from three vessels of their fleet 
and to fit them with Diesel engines made by Messrs. 
Burmeister and Wain, of Glasgow. This shows the 
absolute confidence which the company has both in their 
reliability and also in their suitability for trades in which 
a plentiful and cheap fuel-oil supply can be obtained. | 
The Copenhagen firm of Messrs. Burmeister and Wain | 
have also in course of building four vessels, which will 
have Diesel engines, for the owners of the Suecia and 
Pedro Christo; The Glasgow firm of Messrs. 
i Wain, besides the engines for the three 
vessels mentioned, are constructing Diesel engines for six 
twin-screw vessels being built by Messrs. Harland and 
Wolff at Glasgow, and for a single- 
screw vessel, whi 
larger than those fitted in the Fionia, which, up to the 
present, are the largest yet put into sea service. The’ 
running of the Fordonian, Rolandseck, and also of the 
Monte Penedo and Eavestone, since the new pistons 
were fitted, shows Soe Se earn eae ose Se eat | 
as reliable as the four-cycle. — principal point upon | 


which experience is now desired is as to whether the 








pressure, and so increases the actual | be 


| connection with the 


are paring plans 
ich will ns eight fone a slightly | also 


large sizes can be made as reliable as the smaller ones. 
The Fionia will be carefully watched, as hers are the 
1 3 = et afloat. - P 

t is outside the scope of this to deal with the 
question of oil supplies. This will 1 Ge vital one, ag it 
is only the question of all-round economy which will 
induce shipowners to depart from their old well-tried 
servant, the steam i and it is worthy of special 
notice that the East Asiatic Company, who have given 
the greatest impulse to marine Diesel engi are having 
built at the present time three new men. Sp 4 will be 
fitted with the steam machinery displaced from three 
other vessels by Diesel engines, the reason being that 
the new steamers will be employed Mm @ service in 
which coal is comparatively cheap and oil comparatively 


ear. 
When the ) enon of the vessels are carefull 
considered, allowances made for the fact that with all 
new introductions difficulties must occur, that some of 
the casualties which have occurred have been due to 
causes which have no connection with the Diesel-engine 
principle, and that the others have been remedied when 
po ai i, there is, in the writer’s opinion, no reason 
to doubt that in a very short time still r installations 
will be successfully made, and that the Diesel engine will 

recognised as being equally reliable with the steam- 
engine. 

(To be continued.) 





[There are two appendices to this paper, which we 
shall publish later. Appendix I. is entitled ‘‘ Experience 
with Vessels Fitted with Diesel ines,” and gives 
accounts of the services of the different vessels referred 
to, while Appendix II. gives practical examples of calcu- 
lations of temperature, &c., in Diesel engines.—Ep. E. ] 





TRIALS OF A SMALL DIESEL ENGINE. 
Results of Trials Made on a Small Diesel Engine in which 
Accurate Indicator Diagrams were obtained by means 
of a New Form of Optical Indicator.* 
By Professor W. E. Datsy, M.A., B.Sc., F.R.S., 
Associate Member of Council. 


THE object of this paper is to pana before the members 
of the Insti tution the results of some trials made by the 
author ona 10 horse-power Diesel engine in the labora- 
tory of the City and Guilds (Engineering) College. 
There are many records of Diesel engine trials. The 
novelty of the trials about to be described lies in the 
indicator diagrams. These diagrams which are relatively 
large, were taken photographically by means of an optical 
indicator devised by the author, and show the action in 
the cylinder with accuracy. Practical details of the 
Diesel engine are well known to the members of this 
Institution, and the author will confine himself, there- 
fore, to a description of the general arrangement of the 
plant, to such details as are necessary to follow the 
trials, and to the method by means of which the experi- 
ments were carried out. 

Fig. 1 is a diagram, not to any scale, showing the 
— arrangement of the engine with its accessories. 

he central area of the diagram is occupied by the 
cylinder, and shows the air-admission valve, the exhaust- 
valve, and the fuel-valve which admits the supply of oil 
fuel to the cylinder. These valves are open y levers 
operated by a half-speed cam-shaft, and are closed down 
on their seatings by springs. There is also a separate 
pay my Oe pe controlled by a se te lever and a cam 
on the -speed shaft; this valve lies behind the fuel- 
valve, but it is not shown on the diagram. The supply- 
pipe connecting the starting-valve to the store-bottle 
through the po manag iy nee B is, however, indicated. 
To start the engine, the lever which operates the fuel- 
valve is put temporarily out of action, so that the fuel- 
valve keeps closed ; the regulating-valve B is opened, and 
for a few revolutions the engine runs on compressed air 
drawn from the store-bottle. After the normal speed is 
reached valve B is closed, valve C is opened, and the lever 
controlling the fuel-valve is thrown into action, oil is 
admitted, and the engine then works normally. 

The oil supply is contained in a tank placed about 6 ft. 
above the pump. The pump forces the oil into theannular 
space round the fuel-valve, against the blast pressure 
which is ee, there in virtue of its 

bottle through the blast-pipe 
and the regulating-valve C. Then, when the fuel-valve 
is opened, the blast pressure blows the oil through the 
narrow passage ways surrounding the nose of the fuel- 
valve, into the clearance space of the cylinder. The dif- 
ference between the pressure in the annular space and 
- pressure in the regen hy aS and 
© energy corresponding to ifference is utili in 
reducing the oil to a fine mist. Air for the blast is com- 
jag by a two-stage water-jacketed compressor driven 
m the crank-shaft, and after each stage of the compres- 
sion the air flows through a cooler, as illustrated in the 
diagram. Air is drawn into the compressor at A. - A, in 
fact, is a cap by means of which the size of the openi 
can be , and in this way the quantity of air de- 
livered to the bottles can be lated. These bottles 
are placed in communication with one another through 
the valve E. Air is delivered to the blast-bottle from 
the compressor through the valve D, and then, if it is 
jo necessary to the stock in the store-bottle, 
the valve E is opened and part of the delivery flows 
across into store, to be used later for starting the engine ; 
the other part maintains the supply in the blast-bottle 


against the intermittent flow through the fuel-valve. 


"© Paper read before the Institution of Naval Arch 
tects, April 2, 1913. 
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The of the supply to the fuel-valve is regulated | passes through a gun-metal sleeve G, the end H of which | Until the suction-valve closes the ram merel ys 
by the ve C. In one of the experiments described | is to fill the hole just above the seating. This | oil back thro: it into the supply-chamber. The osing 
below the pressures were :—In the bottles, 1080 lb. per head is milled on the edges into narrow can be dela: by the action “ governor, so that, in 
sq. in.; in the blast-pipe, 715 Ib. per sq. in. ; and at|so that the oil is atomised as it is forced through these | general, part of the charge drawn in th: the suction- 
the intermediate stage between the low-pressure and | channels on its way to the cylinder. The more usual | valve is turned back to the supply-chamber Y through 
high-pressure cylinders of the compressor, 120 Ib. per | arrangement is toform the head of the sleeve with a series | the suction-valve, and the remainder is forced out 








































sq. > Four Fm ate en See es ea © = washers = pee with holes a in. in diameter, h the Cerca canes D,, D, to the fuel-valve in 
su tively wa ) the jackets o engine | forming in way passages offeri igh resistance to | the cylinder cover of the engine, against the pressure of 
c ie er, > sag ee of the high- re cylinder of the | the flow of the oil. The valve-cpindio fe lifted by the | the ae in the annular chamber surrounding the fuel- 
compressor, the jacket of the low-pressure cylinder of | lever L against a yg gat and the lever L is| valve. The proportion of the whole which is de- 
the compressor, and to the inter-cooler. The discharge | operated by the cam C, which is placed on the half-speed | livered the delivery-valves during the down-stroke 
. of the ram — 5 the position of the governor- 
Fig.1 Iutermediate DIAGRAM OF DIESEL sleeve E. Be y means of which the 
‘ ENGINE. governor delays the closing of the suction-valve is shown 
Aw 120 Pressures in the figure. The link H is jointed at one end I to 
Blast (bbe Sein) the link L, which hangs from the arm K. The arm K 
: is connected to the governor-sleeve, and pivots at N. 
1060 3 oe a eh A - ink . is connected oo “yA 
s pin Q, whi rives the pump-ram, so that as 

- Out Py : engine works the link H executes angular oscillations 
- 3 Saentiend about the joint I. The plug-rod G is connected to the 

a fe link H, so that it oscillates vertically through a 

A { equal to about one-third of the stroke of the ram. 
5 plug-rod G passes Hn say ag pump-block B, which acts 
asa guide, and carries below an J fas’ to it. 








Assuming that the governor is ting steadily so that 

the eg I is at rest in ——_— corresponding to 

full load, the arm J, as it illates up and down, 

clear of the end of the suction valve S. If the 5 

increases the pin-joint I moves up as the C= 
brings 
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SE oe sleeve moves up, and this movement arm J 
—ae into contact with the end of the suction-valve during 


& portion of the stroke, and so delays its closing. From 
this it will be understood that the actual movement of 
the plug-rod G is a resultant of two motions—namely, the 
motion of the joint I, produced by the movement of the 
ap ep and the motion of the point Q, produced 
yy the small crank on the end of the hal oe cam-shaft. 
The engine works on a modified four-stroke Otto cycle. 
Air is drawn in through the suction-valve during the 
downstroke, and — the next upward stroke it is com- 
pressed to about 500 lb. per sq. in. The temperature 
ree yey = | to this high pressure is sufficient to cause 
the oil to burn as it is sprayed into the cylinder. Just 
before the end of the compression stroke the fuel-valve 
opens, and remains open during a fraction of the next 
down-stroke. After the fuel-valve closes and the burning 
is complete, the expands until the exhaust-valve 
opens, and during the next up-stroke the products of com- 
bustion leave the cylinder through the exhaust-valve in 
the usual way. The cycle differs from the Otto cycle in 
that air is compressed instead of a mixture of air and gas, 
and the gas burns at approximately constant pressure. 
The cycle is illustrated by the indicator diagram 
(Fig. 4), which shows a diagram taken during a trial in 
which the engine developed 11.66 indicated horse-power. 
It shows clearly the high compression, the point at which 
aaaane seman the fuel-valve opened, and the point at which it closed. 
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|shaft. The lift of the spindle B is about #, in, A | The actual cut-off shown was somewhat later than the 
; . . v sketch of the oil-pump is shown in Fig. 3. 3 is the cut-off for which the cam was set, and this difference is 
from all the jackets is collected in an orifice tank W, so suction-valve ; D,, are two delivery-valves in series ; | — by the inertia of the moving parts of the engine. 
that the quantity of water wage emer the tcan|Ristheram. The ram is driven by a small crank and It will be seen that the pressure at the end of com ion 
be measured by observations of the head over the orifice. connecting-rod attached to the end of the half-speed cam- is nearly 500 Ib. per sq. in., and that after the Corning 
A section through the fuel-valve is shown in pte Oil | shaft, as indicated at C by dotted lines. A small screw-| period the pressure falls by expansion to 25 Ib. per sq. in. 
from the force-pump is delivered through the nel O, | down valve V is provided to test the oil flow ; it opens | The blast pressure is marked on the diagram together with 
and air enters through the channel A. When the fuel-| communication into the space above the first delivery- | the maximum pressure, from which it will be seen that 
valve is opened the air forces the oil through the narrow | valve D,, and when open, oil spurts from the pipe P when | there isa drop from 700 Ib. per sq. in. to 529 Ib. per sq. in. 
winding passages which obstruct its free entry into the | the pump is working properly. The quantity of oil forced |—that is, 171 lb. per sq. in.—through the nose ott the fuel. 
clearance - in the cylinder. The valve itself is a ye the delivery-pipe during the down-stroke of the | valve. e corresponding to this drop is used to 
steel spindle B, closing down on to conical seating S, | ram depends upon the fraction of the stroke of the ram | atomise the oil. mean ure is 102 Ib. aq. in. 
giving access to the clearance space of the cylinder | at which the suction-valve S closes; and this ing is| It will be convenient here briefly to explain e general 
through a hole about .; in. in diameter. The spindle | determined by the action of the governor on the valve, nature of the indicator with which this and other dia- 
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ome ar Leno have been wie This indicator is an 
optical photographic apparatus. © piston or md is 
used, and the variation of re Tn the syitad 
measured by the deflections of what may be eae in thick 
telephone disc, which is connected by light mechanism 
with a small mirror, so that the deflection of the disc 
wpe the corresponding angular tilting of the mirror. 
renee of action of the disc is only a few hundredths 
ta an inch, and it will be understood, therefore, that for 
all practical purposes inertia is eliminated so far as the 
measurement of preesure is concerned. A second mirror, 
whore axis is placed at —_ angles to et y+ ro 
receives an angular moti ie bonnes 
displacement. A beam of light a rated reais the 
a) tus falls upon each mirror in succession, and is 
brought to 4 focus on the und-glass screen of the 
camera, which is attached to the indicator. When desired, 
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Rig. 6. 


@ small crank, and a rod connects it with the arm of the 
mirror. The ratio between this small crank and the con- 
is | necting-rod is the same as as Seoene | ——— 
and connecting-rod of the ee is arrangement 
enables the shes of the diagram to nestanges rooney A fe 
through any number of d while the engine 
running. It is awh B. interesting to 
phase tl h 90 deg. When this is done, the dead-point 
period is exhibited on an a ximate-time base instead 
of on a piston- nes , 80 that the variation of 
pressure in ti jead- point ion can more 
studied. I ma, Iornted tn after each dis is 4 it 
is in general in situ. diagram shown in 
Fig. 4 was calibrated in sttu, and the scale of _ was 





used for -. the others, because, after taki 
number of it was found that the ‘aid not 
alter. Fig. $s is another diagram taken during the same | 


the focussing screen on which the diagram is being pro- 
duced. Fig. G shows a diagram taken at 10 horse-power, 
giving a mean pressure o me Fig. 7 


ak ee SP ee vernor 


> regulate the oil ~ k. ion is 
searly shown both by the norm i le nate 
phase throu 90 deg. te ode —_ 

po = etn 2 aah ant e drop of the 
esume 


line is emphasised still farther. In each of thee 
poo blast is marked above the maximum pres- 

Fig. 9 - oecRng a diagram taken at 12.6 horse-power. 
Tn ti this case the mean pressure was 118 lb. per sq. in., and 
the blast pressure 715 lb. per sq. in., dropping to a maxi- 
mum pressure A. about 558 Ib. per sq. in. in the cylinder. 
The coi — is also shown chan in 
| phase > an h 90 90d In this case compression ends 
| at C, and the phase is changed so that the compression 
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Fig. 7 
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SUPERPOSED DIAGRAMS TAKEN WITH OPTICAL INDICATOR. 
CYLR.6°5 IN. DIAS 106 IN. STROKE; COMPRESSION RATIO 14-3. 
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TABLE I.—Summary or TrRIAts or 10-Horss-Power Dreset ENGINE. 
































| ! | | 
Line No. — | No Load. } Full. q Full. 0.83 Full. | Full. 
1 | Duration of trial oa -| 60min. | 60 min. 60 min. 60 min. 60 min. 
2  |Indicated horse-power ‘ 4.5 7.27 10.66 11.69 12.95 
3 |Brake horee-power .. on wa | 0.0 3.33 6.71 8.35 | 9.94 
4 (Mechanical efficiency _ 45.8 p.c. 63 p.c. 714 p.c. | 76.75 p.c. 
5 (Ol supplied to engine during the trial . 1.5 Ib. 2.372 Ib. 3.63 ib. 4.35 Ib. 5.44 Ib. 
6 (Oil per indicated -power hour ee -| 0.333 ,, 0.326 ,, 0.340 ,, 0.372 ,, 0.42 =, 
7 (Oil per brake horse-power hour .. al _ 0.718 ,, 0.541 ,, 0.521 ,, 0. ” 
8 Mean revolutions per minute 270 264 259 256 250 
9 Mean effective pressure ‘Ib. per 8q. in. 87.6 61.6 92.1 102.9 117.7 
10 Cut-off determined by cam, per cent, of stroke ‘ 4.23 4.23 4.23 4.23 4.23 
ll Pressure in storage-bottle, by = ee ‘ os to 1060 |1080 to 1070|1075 to 1095/1100 to 1110 1112 
12 Pres-ure in inter- ——. by gauge 110 ,, 115 | 120 ,, 118 117 115 115 
13 | Max os pressure in cylinder, measured from indicator 469 1b. per | 478 lb. per | 5851b. per | 529 1b. per | 531 Ib. per 
diay eq. in. +q. in. > ip. +" in. * in. 
14 Blast, pressure, by gauge .| 483 Ib. per | 475 1b. per | 675lb. per | 700 lb. per | 715 Ib. per 
| aq. in. . in sq. in. aq. in. aq. in. 
15 | Drop of pressure through fuel-valve’ .. | 4 97 140 171 184 
16 = Cooling waver flowing through plant .. * Ib per min.| 10 11.35 11.47 11.15 11.67 
17 _— Rise in temperature . os . deg. Cent.) 7.1 8.5 11.4 12.8 16.2 
18 Heat carried away by sooling water . Ib, cals. per min. 71 96 181 142 189 
19 |Heat produced by combustion of the fuel _,, ee 234 369 565 67 847 
20 Heat equivalent to indicated horse-power 106 171 251 275 305 
21. = Therma efficiency, reckoned from indicated horse-power 45.3 p.c. 46.4 p.c 44.4 p.c 40.6 p.c. 36 p.c. 
2 |Meat a wivalent ¥ 10 brake horee. power .. Ib. cals per min. — rf 158 197 234 
23 «(Thermal efficiency, reckoned from brake horse-power _ 21.1 p.c. 28 p.c. 29 p.c. 27.7 p.c. 
24 ~~ Heat equivalent to I.H. P. per cent. of heat supplied 45 46 44 41 36) 
25 | Heat carried away by cooling water per cent. of heat, | 
supplied 81 26 23 21 22 
26 «©©Heat carried away by exhauat-gas, ‘rad! ation, &e., by| 
difference .. 24 28 33 38 42 
100 100 100 100 
27 ~=— Efficiency of standard engin: of com | 0.62 0.62 0.62 0.62 0.62 
2’ Relative efficiency, reckoned from the I. H. P.. 0.78 0.75 0.72 0.65 0.58 
29 ~=Kelative efficiency, reckoned ‘rom the B.H.P. | _ 0.34 0.45 0.47 0.44 
Calorific value (lower) of the oil, 9840 Ib. -calories. Specific gravity, 0 812. 
the screen may be replaced by the photographic oP rand trial, showing, in addition to the normal di nym — 
Ordinarily, w the engine is running, the indicator | diagram altered in phase h 90 deg. 
di appears on the ote drawn out Tight, sion curve now begins at A, to the right, ~ a 
every variation in the working of the engine can be| at B. The fuel- valve was opened at point C, a point 
watched. The second mirror, whose motion is| well marked on the diagram. uent changes 
ional to the piston di t, is not con-| in picaniedaing tietiiioten sateiens Early chow, 
nected directly with the ey In between it expansion curve begins at D, and continues until 
and the piston is a » which is Ge eee wale opens somewhere about the point E. 
driven from the crank-shaft by means of sprocket-wheels The diagram can be altered through 90 deg. in this way 
and a pitch-chain. The shaft of the phase-changer carries | in a few seconds, in fact, without hate Soph from 





we & on the left of the diagram. we a 
our diagrams 8 uperpoced, so that a gene view 0 
the whole set can be obtained. - The cut-off was the 
same in each case, being fixed by the cam. It will 
be seen that the compression curve is practically 
coincident for each diagram, and that burning takes 
= at slightly rising pressure during the full-load 
iagram, and as the load is decreased the burning pres- 


sure ually decreases ; ia fact, at no load the pressure 
line almost merges into the e ion line. The follow- 
ing are the main dimensions of the engine :— 
Trials. 
Cylinder 6.5 in. in diameter 
Stroke... 7 108 in. 
Connecting: rod 28 in. 
Air-pump pistons 38 in. and 1, in. with 
a common stroke of 
2? in. 
Diameter of fiy-wheel 5.34 ft. 
Rim . sila 6 in. wide. 
Compression ratio ... 14.3. 


The cams on the crank-shaft are set so that the air- 
— valve opens when the crank is 20 deg. before its 
taroed th position, and it closes when the crank is 
through 195 deg. from its dead-point ition. 

The fuel-valve is set to open when the crank Ayi 2 
before its dead point positon, and closes when the crank 
a) turned 24 the dead- ~ — The 


valve opens when the cran from its 
dead. -point position, and closes when aha. 
beyond the upper dead-point position. It will 


an toane that through 24 deg. movement of the crank 
= sir-inlet valve and the exhaust-valve are open 


er. The fuel used during the trial was con 
in a tank of about 12 — enti pacity, placed 6 ft. 
above the centre line as illustrated 


7 Ge See Oe, 1). “By the aide of this tank 
ith a hook- a Se Aegegh » ~~ = 
with a -gange. ore ” 
tank is filled up to the hook-gauge, and 
of a three-way valve, it is shut off, and the fuel is supplied 
to the engine from the main tank. This may be called 
the normal condition of running. The trial begins when 
the three-way valve is thrown over, and the supply of oil 
is drawn from the smaller tank. The trial ends w 
valve is thrown over to the normal direction of running, 
and the engine is again drawing its supply from the main 
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tank. Oil is then weighed into the smaller tank until it 
is filled to the lever of the hook-gauge. In this way an 
accurate measurement can be made of the oil used by the 
engine during an observed interval of time witbout in 
any way disturbing the conditions of running. The oil 
used in these trials was a heavy Russian oi). Its calorific 
value, measured with a Junker calorimeter, was 
calories per lb. Its specific gravity was 0.812. 

The table on page 506 shows the results of the trials. 

Line 2.—The indicated horse-power was measured with 
the optical indicator. 

Line 3.—The brake horse-power was measured by an 
ordinary rope-brake. 

Line 5.—The oil measurement was made in the way 
described above by means of a small tank connected to the 
main tank and to the engine through a three-way cock. 

Line 16.—The ccoling water flowing through the plant 
was measured by means of an orifice tank designed by 
the author, in which, instead of the turbulence of the 
water being baffled out by means of wire gauze and per- 
forated zinc plates, the stream-lines are brought to a 
parallel direction by a properly-shaped deflecting-piece 
before passing through the orifice. e flow for the 
orifice used is given by— 


W = 9.45 JH, 
where 
W = pounds of water per minute flowing through 
‘ the orifice, 
an 


H = the head of water over the orifice, in feet. 


The measurement was correct within 4 per cent. 

As shown on the diagram (Fig. 1) there are four inde- 
pendent water circulations in the t—an independent 
circulation through the main cylinder jacket, through the 
cooler, through the low-pressure compressor jacket, and 
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through the high-pressure compressor jacket. All «f these 
circulations were measured together, as indicated. The 
bulk of the flow was through the main cylinder jackets, 
uite small quantities flowing in the other circulations. 
e temperature measured was the common temperature 
of the whole discharge. The thermal efficiency of the 
engine is shown in line 21 of the table. In line 23 the 
thermal efficiency is calculated with reference to the brake 
horse-power. e heat lost by radiation and in the 
exhaust is found y Ng ew = and is recorded in line 26 
as a percentage. e distribution of heat through the 
engine is shown in lines 24, 25, and 26. 

Line 27.—The standard cycle with which the perform- 
ance of a Diesel engine is usually compared is one in 
which heat is received at constant pressure and rejected 
at constant volume, and using air as the pee | agent. 
Also the ideal engine works with the same cut-off as the 
actual engine. A sketch of the ideal diagram is shown in 
Fig. 11. Both the compression curves and the expansion 
curves are in this diagram adiabatic, following the relation 
P V)-4 = a constant. 

Neglecting the variation in the specific heat of air, and 
indicating by subscripts 1, 2, 3, 4 the state as 
either temperature, pressure, or volume at the corre- 
spondingly numbe points of the diagram, the heat 
received per cycle is 

K (T; — T), 


and the heat rejected per cycle is 
K, (T, _ T, ). 


for OW pa BHP Hour. 


‘3 | 


| the oil per brake-horse-power hour is a minimum at about | “ 


Hence the efficiency of the ideal engine is 
_ K(t-T) 
Let 5 be the ratio 
Volume at cut-off _ V; 


Volume of clearance V. 


And let r be the ratio 
Maximum volume _ Vi 


Ciearance volume V3: 


And 7 the ratio 
Ky _ 


Then it is easily shown that 
af er- 


‘adie \ =a 
The measured value of 5 for the setting used in these 
trials was 1.56, and the measured value of r was 
14.3. With these values the efficiency of the engine of 
comparison is 0.62. It will be seen that thissmall engine 
in a trial at one-third full load realised 75 per cent. of this 
value, and in the 0.83 full-load trial it realised 65 per cent. 
of this value. This expression for the efficiency of the 
ideal engine is similar in form to the expression for the 
efficiency of the constant volume cycle—namely, 


1 
rot se 


Expression (1) is, in fact, obtained from expression (2), 
if the jgecond term of (2) is multiplied by the factor 

fy -)) . : 
a 4 i a factor which depends upon the cut-off. This 
factor is greater than unity, and hence the second term 
of (1) is greater than the second term of (2), and the 
efficiency mapernentes by (1) is less than the efficiency 
represented by (2) for ag agen conditions. OCom- 
paring two engines having the same compression ratio, 
one working on the constant- volume cycle and the second 
working on the constant- re constant-volume cycle, 
it will seen that the constant-volume cycle is more 
efficient, and that the constant-pressure hs me jag mon 
this efficiency as the cut-off factor is reduced. Hence 
the earlier the cut-off the more economical the Diesel 
Pony is likely to be. It is also evident that this is likely 
| to be the case from the consideration that the earlier the 
cut-off the lower the temperature to which the products are 
| reduced at the end of expansion, and the smaller, there- 
fore, the quantity of heat rejected. oe 

The results of the experiments are plotted in Fig. 12 
against the brake horse-power. It will be seen that the 
indicated horse-power line is almost straight, and that 


1.4. 


y»=1- (1) 


7=1 





8 horse-power. The results are plotted against the indi- 
cated horse-power in Fig. 13. curves show that 
the thermal efficiency is a maximum at about 7 horse- 
power. The two diagrams—viz., Figs. 12 and 13, to- 
gether with the indicator diagrams, exhibit the worki 
of a Diesel engine through its whole range of economi: 
action 
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'THE USE OF SUPERHEATERS AND 
| SUPERHEATED STEAM IN MERCAN- 
| TILE STEAMERS.* 

By Mr. Harry Gray, Member. 

| ‘THE re-introduction of superheaters in boilers, and the 
use of superheated steam in engines of the mercantile 
marine, has been brought about by continuous research 
| together with costly experiments, by the greater know- 
|ledge obtained in the process of making and amalga- 
| mating metals, by the improvements in the manufacture 
of such metals into tubes and other cuitable forms, by the 
| introduction of oxy-acetylene and electric welding, b 
|the preparation of lubricating oils for use under hig 
temperatures, together with a mass of data, the result of 
years of experimenting and investigation, and which has 
now been put to the crucial test of practical working. 

Superheaters, when introduced into marine boilers 
some seventy years ago, developed rapid deterioration, 
producing Ms a heavy bill for repairs and renewals 
that they were regarded as too costly, not to say 
dangerous, for use on board a steamer, and it is pos- 
sible that the experiences and the troubles which then 
developed have contributed to the extreme caution 
exhibited by many engineers and steamship owners in 
considering the and cons of the use of superheaters 
and superheated steam to-day. , 

In the ‘‘ Mechanics’ Magazine” of April, 1861, appears 
an article on ‘*Superheated Steam,” which is a most 
interesting record of what may be considered the last 
serious effort to give a superheat to steam for use in 
cg and the following extracts are taken there- 
rom :— 

“Mr. Thomas Howard is credited with establishing the 
fact that great economy might be effected by the 
principles of su ting in about the year 1833, and 
that Dr. Haycroft shortly afterwards urged its applica- 
tion on the gr und that it would effect a raving of 30 per 
cent. in fuel. The Prince Alfred, of 200 horse-power, 
belonging to the Inter-Colonial Royal Mail Company, is 
pares as oe Me first sea-going vessel working with 
| unmixed superheated steam, and fitted with Partridge’s 
, system.’ Other vessels mentioned are the Damascus, of 

horse-power, the consumption per indicated horse- 
| power being reduced to 3 lb, In the Tyne a vessel of 


* Paper read before the Institution of Naval Architects, 
| April 2, 1914. 











400 horse-power was fitted, and ‘it was found very 
beneficial during a “—— from Southampton to Rio de 
Janeiro and back.’ The H.M.S. Dee was fitted, and 
after four years was re as ine condition. 
Altogether fifty vessels were fitted with ‘ Partridge’s’ 
apparatus, representing 10,000 to 12,000 borse-power, 
and the savings effected by the use varied from 15 to 30 

rcent. In general, the steam was superheated toabout 

0 deg., and the pressure ranged from 10 Ib. to 25 Ib. 
per sq. in. Other superheating a: tus mentioned are 
those of Pars: ns and Pilgrims, fitted on the Osprey in 
1859, aleo H M 3. tug Bustler in 1859, and in fifteen other 
vessels. Lamb’s superheater, patented in 1858, was 
adapted to over fifty vessels with a saving of 20 to 40 per 
cent. Mecsrs. ien and Clarke’s superheaters were 
fitted on the Southampton in 1860, trading between 
Southampton and Channel Islands, of 262 horse-power 
condensing engines with two-slide oscillating 60-in. cylin- 
ders, 5-ft. stroke. She burnt only 37 tons on each trip 
out and in, averaging 22 hours, or about 12 1b. per horse- 

wer. The Despatch was also fitted. Butler’s super- 

eater was fitted to the City of Nantes, with saving of 
30 per cent. and in speed. Pullen, Cresswell and 
Longstaff’s apparatus, patented in 1860, and many others 
which showed equally favourable results. Reference is 
also made to the researches of Dr. Taylor, Mr. Brande, 
Profeesor Faraday, Mr. Fairbain, and others.” 

Mesers. J. and W. Dudgeon, of Millwall), between 
1859 and 1870 fitted about forty vessels with Beardmore’s 
system of superheat. 

The steam-engine being essentially a heat-engi no 
excuse is needed for advocating the use of superheat; if 
such were the case, however, the records of the past 
seventy years alone are full of instances of the devices 
brought out for steam-jacketing, reheating, and otber 
arrangements for retaining and maintaining the tempera- 
ture in the cylinders. The drop in the temperature, not 
only between the boilers and the engi but also in the 
cylinders themselves, beyond that due to the expansion 
of steam, has been, if not the greatest, at least one im- 
portant cause of loss of power in steam-engines, as it has 
thereby in the amount of saturation in the steam. 
Another loss arose from the amount of saturation brought 
over by the steam from the boilers, when priming was 
not violently taking place. This loss is seen more or 
less in all marine engines by the quantity of water 
which comes down through the piston-rod | oe. to the 
detriment of the packing and the piston- . It is also 
manifest by the noise which betrays the presence of 
water in the cylinders, although there may be none of 
the usual evidence of priming in the boilers, which shows 
that whilst a small percentage might be attributed to con- 
densation in the cylinders, a large volume is really due 
to the heavy state of saturation of the steam coming from 
the boilers, and, moreover, that this is a variable 
uantity, due, no doubt, to the conditions of firing, 
circulation, or the quality of fuel. 

In order to obtain some data bearing upon this loss, 
measurements were taken of the water coming from the 
cylinders of oe mpi mee engines of indicated 

-power working under saturated-steam conditions, 
readings being taken during the voyage, and at times it 
was found that as much as 20 \ ere per hour was 
drained off the M.P.2 and LP. steam-chests. The 
fact that such a quantity cf water was found to accumu- 
late in the cylinders of a quadruple-expansion engine, 
working under saturated-steam condiuons, convinced 
Mr. Alex. J. Dudgeon and the writer that superheat 
would convert this loss into effective horse-power, and so 
contribute to a more economical result. The modern 
system of superheating steam the saturated steam 
from the boiler through small tubes placed in different 
positions, according to the type of boiler, whether water- 
tube or marine cylindrical nultitubular, usually termed 
the ‘‘ Scotch” b iler. Some of these systems have been 
placed before the members of the Institution in pa 
read by Professor W. H. Watkinson, on ‘‘Some New 
Types of Superheaters,” in 1903; by Mons. Felix F. T. 
Godard, in “* Notes on the Use of Superheated Steam 
with Marine Engines,” in 1908; , 4 r. Yarrow, on 
“Results of Experimenting with Water-Tube Boilers 
with Special Reference to Superheating,” in 1910; and 
also before the Institute of ine ineers by Mr. 
haf on ‘‘Marine Engines under Superheated Steam,” 
in 1910. 

It is not proposed to deal with the various points of 
interest regarding the different types or design of super- 
heaters which naturally arise, but which do not come 
within the scope of this paper, which is confined to the 
experience of the use of superheat on stearers, with 
special reference to the important question of economy 
and cost of epee: based on over three years’ working 
in engines of both triple and quadruple-expansion type in 
the mercantile marine engaged in a regular trade, voyage 
after voyage, to Australia via the Cape of Good Hope. 
In the system adopted (Schmidt’s) the steam from the 
boilers passes into a vertical pipe called the ‘‘saturated” 
header placed in the smoke-bux, from which small branch 
pipes are led horizontally across the front of the tube 

lates, the pipes passing down each tube of the row 

ing doubled in a U form for that purpore, so that each 
“element,” as it is termed, is a series of U’s, the other 
end being brought back to what is termed the “‘super- 
heated” header. The jointing of each end of the element 
to the headers is effected by a small cross bar or “dog” 
with a stud through the centre, so that each dog makes 
two joints. Careful supervision, testing, and tightening 
up, as the pressure rises when getting up steam, prevents 
any | is, as when once tight the fittings 
do not give trouble. A drain is fitted to both headers, 
that on the saturated header for blowing away | scum 
that might be brought over from the boiler, and which 
would possibly choke the lower rows of elements, and a 
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drain on the superheated header to permit of a circula- 
tion. of steam through the elements when getting up 
steam, or when the steam is not being circulated in con- 
sequence of the supply to the engines being shut off 
whilst working the engines to orders in ports. The 
elements are examined periodically, being removed from 
each nest of tubes in rotation, so many each voyage; 
thus all are dealt with at least once a year; but whenever 
the boilers are cleaned the ends of the elements are 
examined from the combustion-chamber, as they are only 
about 9 in. inside from the back tube-plates, for any 
signs of leakage at the weld of the (j bend of the elements. 
defects are something less than 0.1 per cent., and 
are oneniy only pa. Even should it be neces- 
to deal with the U end it is nota serious matter, 
either in time or expense ; in the event of a serious 
leak, the steam from the boiler can be shut off the super- 
heaterand by-passed direct to the engines, whilst the defec- 
tive element is withdrawn and the joints on the headers re- 
made with blank plugs, the gross area through the elements 
allowing fora considerable reduction without unduly wire- 
drawing the superheated steam. ace has shown 
no deterioration of the elements from corrosion or burning 
of the end, or any injurious action on the boiler tubes. 
The chief ex incurred with superheat is on account 
of extra labour when withdrawing these elements for 
inspection. None of the steamers under consideration 
has been delayed either in port or on the voyage from 
defects in superheater elements since being fitted, not- 
withstanding the fact that they are turned round quickly 
and have long runs, that of the Port Augusta being forty- 
five days without a call at any port, and the Port Lincoln 
and, Port Macquarie thirty-nine days, with a call of a few 
hours only at Cape Town for coal and fresh water. The 
cleaning of the tubes on the waneee 3 effected by 
** Diamond Blowers” fitted in each combustion chamber, 
and they are blown through e day, the operation 
taking about two or three minutes for each nest, the soot 
which accumulates in the smoke-box being cleared away 
through the doors provided for the purpose. These 
blowers can be fitted to double-ended as well as single- 
ended boilers. 

The absence of moisture, upon which marine ines 
rely for internal lubrication, makes the lubrication of the 
cylinders and valve faces of most vital importance when 
superhea steam is used. In the first instance, an 
excess of internal lubrication is advisable, until the pores 
of the metal surfaces become saturated and filled up with 
oil. When this has taken place it will be found that, 
although the surface of the cylinder walls may be cleaned 
and wiped when they are hot, upon the metal cooling 
down a film of oil will be ny out of the pores on to 
the surface of the metal. en this condition has been 
attained, the a of oil for internal lubrication may 
be reduced with safety. 

On the Port Augusta, of 2000 indicated horse-power, 
1.5 gallons per day of cylinder oil were used at first for 
internal lubricating and swabbing of piston-rods of both 
main and auxiliary ines; on the Port Lincoln and 
Port Macquarie, of indicated horse-power, about 
2 gallons per day, this being gradually reduced until now 
only 0.5 to 0.75 gallon is required. Another important 
detail with to this is that independent means of 
lubrication must be provided for each engine, either in 
the valve-chest or cylinder. That for the high-pressure 
cylinder should be on the engine side of the stop and 
throttle-valve, otherwise the surfaces are liable to become 
coated with an oil deposit during a long run, and ma 
cause them to work stiff, thereby interfering with their 
steam tightness when brought into use again on working 
the engines to orders. It is advisable to arrange for 
independent lubrication for the low-pressure valve, as 
owing to its being generally of the flat “‘D” type and un- 
balanced, the large surface, even with a low ure 
upon it, gives rise to considerable friction. It been 
found in triple-expansion i where the medium- 


pressure cylinder is placed adjoining the high- re 
cylinder with short exhaust sages, that, after the 
surfaces become saturated with oil, the regular supply 


to the medium-pressure cylinder may be shut off, as 
it would ap that a sufficient quantity of the 
oil injected into the steam in the - - pressure 
valve-chest becomes vaporised, and is carried ov 
medium- ure valve-chest with the exhaust. Neverthe- 
less, in the first instance, a regular supply should be in- 
jected into the medium-pressure valve-chest, and even 
when this is shut off, a little extra oil should injected 
from time to time, according to the evidence of the runni 
and condition of the surface when opened up for exami- 
nation. 

The selection of a suitable lubricant for internal lubri- 
cation under the temperatures and conditions met with 
when using superheated steam is one requiring considera- 
tion. There are several oils on the market with a flash- 

int under the open test of from 610 deg. to 630 deg. 
i. but due consideration must be given to their com- 
position, whether it represents an absolute mineral oil, or 
a compound of a mineral with an vnimal or vegetable oil, 
which, it is claimed, adds to the lubricating qualities 
without creating troubles from carbonisation or other 
causes; this, however, is a —— se Upon the 
question of the evaporation-point, 
point, when the oil is under pressure, we know of no 
reliable data ; _ these points are higher under 
pressure than those obtained by the tests under atmo- 
spheric conditions. It is absolutely necessary to have a 
reliable system of filtration for the feed-water, so as to 
ensure the abstraction of the oil and to safeguard the 
boilers from the possibility of any traces getting through. 
The difficulties at first met with to obtain this result 
have been overcome by fitting a large gravitation filter. 

The whole secret of filtration is “time” to allow the 
feed-water to come almost to rest, and enable the oil to 


also the flash- | watch 





rise to the surface and be collected ; afterwards the feed- 
water should pass through a chamber filled with coke, 
and finally through a section fitted with ‘‘ cartridge” 
cylinders, cov with filter-cloth towelling of sub- 
stantial body having a rough surface. The more com- 
partments of the first or settling ~~ that are provided, 
the longer the coke and filter-cloth sections will last 
without requiring to be changed. The filter must be so 
eo that the water will gravitate to the same water- 

vel as the weir in the hot-well of the air-pumps. It is 
essential that the covers of this filter should be always 
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_The table below, which is approximately reliable, 
gives the —— results chtained, although the higher 
temperature taken by the pyrometers may, as before 
mentioned, be lower than was actually the case. 

It will be seen that superheat is shown in the steam- 
chest of the first three engines, and almost in the low- 
pressure, while at times a few degrees of superheat are 
reported to have been actually registered there. The 
cut-offs are about:—H.P., 73 per cent.; M.P. 1, 70 per 
cent.; M.P. 2, 70 cent.; L.P., 70 per cent. 

The steamers from which these data were obtained 
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Quadruple-Expansion Engines. 
STeAM-CHEST. 

Gauge Tempera- " Gauge Tempera- 

Pressure | tore ue to or pew of | Pressure | ture due to a Degree of 

in Steam- | team uperheat. | in Steam- Steam Superheat. 

Ohests. | Pressure. Recorded. Chests. Pressure. Recorded. +4 

Ib. _| deg. Fahr. | deg. Fahr. | deg. Fahr. Ib. deg. Fahr. | deg. Fahr. | deg. Fahr. 

High-pressure .. be z 160 370 550 180 | 206 389 600 } + 2 
First intermediate ..  .. 53 300 400 100 97 335 460 | + 195 
Second intermediate .. a = — _ _ 38 | 284 290 | + 6 
Low-pressure.. .. ..| 10 240 ? ? 9 | 337 2 | - 17 





open when working, so that it may be under observation, 
and that the thick scum accumulating on the surface 
of the settling chambers may be removed by hand from 
time to time. 

The cleaning of the coke and filter-cloth chambers can 
be done very quickly if a full set of spare parts is 
carried, which can be kept c with fresh coke and 
with clean filter-cloths on, y for use. When such 
spare parts are provided there is no necessity for a 
by-pass arrangement, as the working of the filter is not 


@ oe 






38 8 


Tons par 


$e 8 &-8 3-8 


7 8 9 11 
(9951) per. > par . 
interfered with during the process of changing the filter- 
ing medium, and the time is so short that no danger from 
oi ing through with the feed-water is experienced. 

@ feed-water betrays not the slightest sign of oil, 
even in emulsion, when drawn off from the feed-pumps ; 
there is no “taste” of oil ptible ; the internal 
surfaces of the boilers, even on the water-line, do not show 
any signs of oil, and this has been confirmed in each of 
the four boilers in both the steamers with quadruple- 
expansion engines having r certificates, u 
inspection at the end of six and twelve months’ service, 
as well as at the annual survey on the other steamer, 
fitted with fon net wap engines and two boilers. 
The temperature of the steam during the various stages 
is ascertained by pyrometers fitted to the suparheater 
steam-pipe of each boiler, to the H.P. and M.P. 1 steam- 
chests, and by thermometers fitted in the steam-chests of 
the M.P. 2 and L.P. engines. The general experience 
with be Perenten having long connecting capillary 
tubes filled with ether or mercury, by means of which the 
temperature is recorded on the dial, shows a tendency to 

ive unduly low readings after months of constant use, to 
the extent of about 5 per cent., necessitating their being 
frequently tested, and short connections are therefore 
recommended, although the position of the dials may not 
then be so conveniently for observation. The 
variations in the reading of the _ eso due to the 
fluctuations of the temperature of the 
the condition of the fires, indicate beforehand the rise or 
fall of the steam pressure, and enable the engineer on 
to know in which boiler the furnace temperatures 
are falling, through the fires getting low or dirty, and so 
give the necessary orders to maintain a full steam pres- 
sure. The fitting of pyrometers and thermometers in 
this manner given some very interesting information 





as to how far the superheat is carried through the | coal 


engine, in other words, whether the temperature of the 
steam due to superheat falls more or less quickly than 
the temperature of the steam consequent upon the 
pressure, so as to indicate at what stage, if any, the 
steam loses all ‘‘superheat” and returns to the “sa 
rated ” state, 


steam following on | the 











penny | to Messrs. W. Milburn and Co., of London, and 
our thanks are due to Mr. Milburn for his permission to 
place the results before the Institution. The Port 
a was built and engined by Messrs. Hawthorn, 

e and OCo., in 1906; the boilers were fitted with 
superheaters, and the necersary alterations made to the 
engines, &c., by the North-Eastern Marine Engineering 
Company, Limited, of Wallsend-on-Tyne, in May, 1911, 
when the boilers and engines were five years old. The 
Port Lincoln and Port Macquarie were built by Messrs. 
Hawthorn, Leslie and Co., and engined by the North- 
Eastern Marine eye Company, Limited, of 
Wallsend, in 1912. e boilers were designed for work- 
ing the engines under saturated steam requirements, but 
fitted with superheaters. The Port Albany was also 
built by Messrs. Hawthorn, Leslie and Co., and engined 
by the North-Eastern Marine Engineering Company, 
hers — boilers were designed for and fitted with super- 

eaters. 




















‘ - “Port | « 
*Port Port Port 
Particulars. wl ps | ac- | _ 
| Augusta. Lincoln. quarie.” | Albany. 
| | 
Length .. .. —.... 880 ft. Gin.|425 ft. 9 in. 425 ft. 9 in.| 125 ft. 9 in. 
Breadth. . ee -- 49 ft. lin.) 54ft. | 54 ft. 54 ft. 
Depth, moulded .-/28 ft. 7 in.|31 ft.10} in 31 ft. 104in|81 ft. 10}in 
ross tonnage ..| 4,063 7,286 | 7,236 236 
Dead-weight ..  ..| 7,226 9,254 9,254 
Engines oe --| Triple (Quadruple ruple Quadruple 
Oy rs ‘ --| 27, 45, |274, 39, 56,274, 39, 56 |<74, 39, 56, 
. | 74 in. sliin. | 8lhin. $14 in. 
Stroke .. - --| 48 in. 54 in. 54 in. 54 in. 
LH.P. on voyage ..| 2,100 4,100 4,100 4,100 
Boilers, number ee Two Four |‘ Four Four 
oe type .. .| Cylindri- | Cylindri- | Cylindri- | Cylindri- 
lcal, single|cal, cingleice , Single|cal, single 
| end end end end 
Total heating surface 6,720 11,600 11,600 11,360 
o” o» | 137 240 240 260 
»»  Superheat ,, | 2,390 4,000 4,000 4,320 
Working pressure .. 180 220 220 
Exte diameter of 
boiler tube, plain ..| 2} in. 23 in. 23 in. | 3 in. 
External diameter of | 
boiler tube, stay . 24 in. 23 in. 2in. | Sin, 


Internal diameter of 

superheater tubes... 18mm. | 13 mm. 13mm. | 15 mm. 

Forced draught ..| Howden | Howden Howden | Howden 
| 





In the case of the Port Augusta no alteration was 
made to the boilers, the grate surface, or any of the satu- 
rated-steam connections, the only change or addition 
being in the case of pipes or connections coming in con- 
tact with the superheated steam, and some modification 
was made to the smoke-boxes to allow of the superheater 
headers being fitted. The alterations to the engines con- 
sisted, in addition to the usual general overhaul, of fitting 
a balanced flat valve in place of the ordinary ‘‘ D” valve 
for the M.P. engine, fitting of suitable piston-rod metallic 


ow, Bae ae instead of brass, and addi- 
tional ring to cylinders, &c. A gravitation filter was 
installed, afterwards enlarged and improved until its 


efficiency was satisfactory. The Port Lincoln and Port 
Macquarie are duplicate vessels in every respect ; they 
have no auxiliary boiler, so that all demands for steam are 
supplied by the main boilers; these are increased above 
the usual requirements of auxiliaries owing to the vessels 
being fitted up for emigrants, which necessitates addi- 
ti galleys, pantries, refrigerator machine, and electric 
light. The Port Albany is a duplicate of the Port Lincoln, 
but fitted for carrying frozen cargo, and not fitted for 
emigrants. Before dealing with the tabulated results of 
performances of the steamers under consideration, 
some description of the data available, and the basis on 
which Se deductions ae been drawn, is essential for the 

rpose of arriving at their value, not only to engin 
But also to shipowners. Mercantile pm hm bem pey +4 
commercial purpose of carrying passengers and cargo 
at remunerative freights, and, to do so, the cost of 
running involves a heavy expenditure for fuel, either 
or oil; the ordinary means of ascertaining such 
expenditure on the fuel account is by calculating the 
tons of fuel used per day. 

The data for this purpose are obtained from the voyage 


- abstracts of the engineers’ log-book, which latter is also 


available for the verification of the daily averages as set 
forth in the abstract-sheet, date, when covering 
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a number of consecutive voyages, assume a value, and in 
general ice are accepted as a fair basis of compari- 
son, SO with a known consumption of tons of coal 
per day, the quantity in bunkers required for a definite 
number of steaming days can be ascertained. The 
amount of coal required for loading and + a 
cargo and other purposes is estimated separately accord- 
ing to the conditions and circumstances of the voyage. 

The tabulated results are therefore not compiled upon 
data, such as are available in a laboratory, on the “‘ test” 
table, or even on a “‘trial trip” with a special staff of 
engineers to collect them over a few hours, or —- 
days, but they are the averages of months and years 
of every day’s work, which for commercial pu is 
the best guide, as representing what the shipowner has 
to pay for. The data available with the triple-expansion 
engines of the Port Augusta comprise seven consecutive 
voyages extending over three and a-half years, using 
saturated steam, as well as the five following voyages, 
after being fitted with superheat, extending over three 
years, all of which are from London to Adelaide via the 
Cape of Good Hope, most of them beiag without any 
cal at an intermediate port. The reason that the out- 
ward voyages have been taken is, not only that they 
cover the same run, but also use the same bunkers 
for the whole voyage were taken either on the Tyne or 
at Middlesbrough from the Auckland (Durham) or 
Mickley coal-seams. The conditions, therefore, are ex- 
ceptional, if not unique, for the purposs of comparison. 
The data dealt with of the quadruple-ex ion engines 
of the ss. Port Lincoln and Port Macquarie are on exactly 
the same basis as that of the Port Augusta, and cover 
three voyages of each steamer to Melbourne from London, 
calling at the Cape, with this difference, that two-thirds 
of the bunkers fur the voy: were Mickley coal (un- 
scr: ened) and one-third Natal coal, which latter gives a 
higher percentage of loss (ashes, &c.), and consequent 
consumption, than the North Country coal. There is 
also a deduction of two tons instead of one ton a day on 
account of these steamers carrying more than 600 emi- 
grants, besides a crew of 125, or about 749 souls all told, 
entailing a heavy expenditure of coal for — 
ba‘ers’ ovens, and steam for the cooking-presses, boilers, 
pautry-sinks, plate-heaters, &c. 
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| SS. “Port Augusta.” Lineola 





and “ Port 
Macquarie.” 
Average of Consecutive = —_——_— Rite ve eine 
Voyages. Triple Exp Quadrupte 
With With With 


Saturated eee superheated 
Steam. team. Steam. 





Port Augusta, London to 
Adelaide, via the ae. 
Port Lincoln and Port 
Macquarie, London to 
Melbourne, calling at the 


5 — 


~ 


. 46 days 10 
hrs. 46 min. 
.| 45 days 17 
hrs. 38 min. 
Boiler pressure in pounds 
per square inch .. én 
Speedin knots .. os 
Draught (mean) leaving 
London v =) ae 
isplacement (mean) leav- 
a London ex . 10,150 tons 
Coal used for all purposes : 1744 
Less deductions for rais-| 
steam, banked ey 
nches, ley fires,| 
crew's WE ay con- 
densing fresh water ..| 
Coals used for main boilers 
for supplying steam on) 
voyage for main engines 
and auxiliaries, also 
steering-gear and electric) 


6 
41 days 1 
hr. 35 min. 
39 days 2 
hrs. 43 min. 


49 days 12 
hrs. 2 min. 
46 days 14 
hrs. 1 min. 


180 
10.46 


24 ft. 5} in. 


Oape - 
Days on voyage 


Days under steam .. 


220 
12.7 


10.67 


24 ft. 9} in. 24 ft. 103 in. 
10,000 tons 


12,266 tons 
1560.45 2335.05 





61.88 


light ee ee es 1710 1545.45 2273.17 
Less deduction for Port) 
Augusta steering-gear 
electric light at) 
1 ton per day .. ost 43 
Less deduction for Port) 
Lincoln and Port Mac- 
, including also 
steam cooking process, 
and boilers and provi- 
sion refrigerator ma- 
chine at 2 tons per day 
Coals used for main en- 
gines and auxiliaries (cir- 
culating - pump, feed - 
pump, evaporator, and | 


1664 
Coal per day 


49.5 


81.9 





1495.95 
32.1 tons 


2191.27 
pe ae ..| 36.66 tons 56 tons 

Coal per indicated horse- } 

power in pounds per hour 1.6 | 
Quality of coal as indicated | 

by loss reported on | 

voyage (ashes, &c.) ..| d4percent 13 rows. 16.4 per cent 
indicated horse-power .. 2102 2005.4 4027 


14 1.29 





The above results cover all the contingencies which 
arise on a long sea voyage—weather, adverse trade-winds, 
currents, also coal troubles arising from its being onl 
“*fair,” or what is described as “dirty” or “small ;” 
further, the human element is included, a most im- 

a voy — Therefore these 
have a i ue to t powner. 

The engineer naturally asks for a higher standard, by 
which to gauge the capabilities and possibilities of the 
use of superheat; for this reason the results of a 





Economy AnD Savine or Coat in Tons per Day per 1000 Inpicatep Horse-Power. 














om Pounds Saving, 
LHP. per — LELP. per Economy, Tonsper Day 

Hour. Hour. per Cent. | per 1000 

re Pe eM Ah LY Ba Se ay H.P. 
Triple- ion superheated at .. 14 |Over triple-expansion saturated at 1.6 12.14 2.14 
Quadruple-expansion saturated at | 1.34 > - at 16 | 16.25 2.79 
Quadruple-expansion superheated at .. 1.15 | pat an at - 16 28.1 | 4.88 
pn 0 at .. 1.15 \Over triple-expansion superheated at ..) 1.4 17.85 2.68 
o pe at 1.15 Over quadruple-expansion saturated at Ls 14.2 2.08 








selected voyage, from London to Cape Town, of one of | 6. No danger from oil getting into the boiler n 
the steamers fitted with quadruple engines is given when | feared with filter such a oy Be g ene 
the was described as “good” but “small,” the! 7. The arrangement and fitting of the superheater 
weather was ‘‘fair to good,” and the stokehold crowd | elements and pipe- connections present no serious ob- 
well up to the average. Then we get :— jections. 


‘va | 8. The maintenance of the superheater elements in an 
Selected. Avene of Five efficient condition requires calp onl i attention. 
9. In using superheat there is no necessity to carry any 


oyages. | 
Dage on passage ... 19d.10hr. 19d. 17hbr. 28m. | 


vs se ov 1292 knots -12.77 knots | @4ditional spare gear. 
Coal consumption per day | 10. is no necessity to carry any spare superheater 
for main engines and elements. - ' 
auxiliaries pes ... 50.33 tons 51 tons |. 11. The first cost has been recovered in one year on the 
Coal per indicated horse. | basis that the vessel is under steam for 200 days, as a 
| ogy 1.15 = Rd — —— saving wy ae pre but $s 
Indi 50-DOW ' | the itional freight carried in lieu of the weight sav 
ndicated horse-power 4500 4122 thereby. In subsequent years the whole ao for the 
=o ue of the voyage from the Cape to Australia is pr-fit of the shipowner, subject to, say, 5 per cent. of 
gen y more detrimental to exhibition results, owing to same for additional overhaul and maintenance of the 


weather conditions, as well as to the less satisfactory | 
quality of Natal bunker coal taken at the Cape, which 
consequently increases the daily consumption without | 
any increase of indicated horse-power. From the results | 
obtained we get the following consumption :— 


Pounds 
H.P. per Hour. 


superheater elements, &c., and the usual allowances for 
insurance and depreciation on first cost. 
_ 12. All that is required to obtain these benefits is to 
instil confidence into the engi in charge, and to see 
that the wor instructions are implicitly carried out. 
The number of steamers fitted with superheaters during 
| recent years is an indication of succeasful working under 
| superheat conditions. The following figures, though far 
Triple-expansion, super! | from being a complete record, are worthy of note and 
Quadruple-expansion, saturated ... | Consideration :— Suite . 
Quadruple-expansion, superheated... umberof Total Indicated 
2 : . Steamers. § Horse-Power. 
The figures for quadruple engines with saturated steam Hide superbeaters ‘ 20 _ 
are taken from similar data of two steamers fitted with Yarrow superheaters ... 13 261,000 
engines of 3000 indicated horse-power during seven | Babcock and Wilcox 
voyages each to Australia via the Cape, with the same | superheaters... ... 316,675 
bunkers as used for the superheated quadruple engines as | Thornycroft super- 
heaters... soe rae _— 60,000 
Schmidt superheaters 1042 1,322,092 


Triple-expansion, saturated ... 
heated 


far as the Cape already dealt with. 
In the following comparison of the economy obtained | 
the consumption for quadruple engines superheated is | 
taken at 1.15 lb. per hour per indicated horse-power | 
obtained on the voyage as far as the Cape, because coal| TH Trnz.—The revenue of the Tyne Improvement 
from the same collieries—namely, Auckland or Mickley Commissioners last year was 477,278/. The Northumber- 
—was burnt as was used on the other steamers. In the land and Albert Edward Docks showed a loss on i 
cass of the voyage averages of the Port Lincoln and _ last year of upwards of 39,000/. ; but when other | 
Port Macquarie, the consumption works out at 1.291b. by vessels entering the river in order to use these docks 
per hour per indicated horse-power in consequence of | are considered, a profit is shown. A rebate given in order 
one-third of the coal being from Natal, giving a higher | todivert coal to Tyne Commission docks, pending the com- 
percentage of loss. | pletion of West Dunstan staithes, has not been successful, 
These results are shown on the diagram on page 508 up and will be dropped as soon as the staithes are completed. 
to 10,000 indicated horse- power. | The DO paomy ne of the Tyne Commission in 1913 was 
The additional cost of fitting superheat cannot be set | 335, +—an increase of 22,532/. a3 compared with 1912. 
down at any definite figure, as although a large number | Last year’s increase included 6313/. for increased dredging. 
of installations have been fitted, the different conditions 
that have to be complied with make a comparison, in| E.A.C. Heavy-Duty Incuinc Startrer.—A new form 








order to form a standard of — very conflicting ; still, | of starter for direct-current motors, specially designed 
for rough estimating, it may be taken as ranging from 15s. | for heavy duty, is ey introduced the Electrical 
to 203. per indicated horse-power, against which the re- | A Ww me imited, of Vauxhall Works, 
duced size and consequent cost of the boilers must be | South Lambeth-road, London, 8.W. In it the auto 


considered. |matic features usually associated with direct - current 
The full benefit of superheat can only be obtained by | control-gear have been removed from the starter proper, 
extending its use to all the auxiliaries, and this has been | their place being taken by an independent overload and 
carried out on the vessels fitted when new. The steam- | no-volt circuit-breaker, so interl with the starter 
pipesere of steel and the gland ings mostly metallic. | that the moto: cannot be started under any circum- 
he temperature used is about 500 deg. Fahr., and is | stances unless all star resistance is in cirouit. The 
regulated 7° mixing-valve from the saturated-steam | circuit-breaker operating independently from the starter- 
pipe-line. is arrangement ensures dry steam to the handle, if an o tor attempts to start up a motor 
auxiliaries without any injury, although they are not all | too ym the breaker simply opens, and it is necessary 
specialty constructed for the use of superheated steam. |for him to return the starter- handle to the ‘‘off” 
Most of the leading makers of auxiliary engines make | position, and begin again. It will be noted that 
the necessary alteration for moderate superheat with but | current is always broken on the circuit-breaker, and 
little, if any, extra The mixing of superheated | never on the starter-contacts. To describe the arrange- 
steam with the saturated supply for the winches is also | ments of the apparatus briefly, the starter proper 
a great advantage, even though very little superheat, if | may be consid to be a plain multi-contact rotary 
any, gets so far. |switch without automatic features of any kind. This 
The use of superheat on turbines is another and most | switch is operated by a hand-lever which is pivoted on 
interesting phase of the subject, and one on which a the same centre, but is free to move through a small are 
résumé of experience would be most valuable whether | relative to the switch. The switch carries an insulated 
on the turbine direct or after passing through the recip- copper roller making contact with a sector on the starter 
cogging engien. | front, and an insulated plunger on the hand-lever is so 
The data on the use of superheated steam during the arranged that when the handle is moved forward to 
last three years contained in this paper has been col- operate the starter the plunger makes contact with the 
lected by the writer’s firm in their professional capacity copper roller. N M a small spring holds the 
of consulting engineers to the owners of the steamers. starter-switch and hand-lever in such relative positions 
The fact that superheat has been fitted in all their | that this contactis broken. The ing of th 


con as 
subsequent vessels built, after a careful comparison as | above described, completes the circuit- cireult 80 
judged from the owners’ stan of coals 


aid for, | that it closes, and the starting of the motor may proceed. 
prompted the writer to place this information before the Overload at any time causes the circuit-breaker to open 
members of the Institution as pointing to the facts :— quite independent from the position of the hand-lever, 
1. The economy of coal claimed is maintained. and further contact is embodied in the arrangement, 
2. The economy with ey es ee engines of 2000 making it always necessary to return the starter-handle 
indicated horse-power after being altered to use superheat to the “off” position again if the circuit-breaker has 
has been 12.14 per cent. o It will also be clear from this t 
3. The economy with quadruple-expansion engines fitted of the hand-lever contact that if the lever is moved 
with superheat over triple-expansion similarly fitted is backwards at any time the breaker immediately opens. 
about 17.85 per cent. |The great advantage of the design is that the starter 
4. The wear on the machinery is not appreciably in- proper, being free of all sutomatic gear, can be 
creased where proper lubrication of internal surfaces is | arranged with a brush giving adequate pressure on the 
maintained. | contacts for heavy work, and that ing never takes 
5. The filtration of oil from the feed water has been place in these contacts. The apparatus is soundly made 
successfully carried out, so as to ensure its satisfactory and appears a very useful addition to the various forms 
condition. of direct-current starting devices available. 
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illustrated. 
Where inventions are communicated from abroad, the Names, &c., 
ioe Specifications i Se ie darter Office, Sales 
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a pee ae, ot 
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ELECTRICAL APPARATUS. 


22,159/13. A. Hiorth, Christiania, No . Induc- 
tion {8 Figs.] November 30, 1912.—This invention 
relates to electric induction furnaces of the type in which one 
coil is placed above, and the other below, the melting-bath, both 
coils being of the disc-transformer type—that is to say, having 
the windings arranged substantially in a horizontal plane. In 
electrical induction furnaces of the disc-transformer type, accord- 
ing to this invention, the upper and lower primary coils are of 
different diameter, one of the coils having a larger and the other 
a smaller diameter than the annular melting-bath, the coils 
being 8o arranged that the centre line of the melting-bath lies 





























on the conical surface through the centre lines of the upper and 
the lower primary coil for the pu of rendering the surface 
of the melting-bath easily accessible. In the example shown, A 
is the iron core, B the upper, and C the lower primary coil, D 
is the melting-bath comprising, in known manner, an annular 
channel surrounding each of the core legs, both being connected 
with a widened central bath. As will be seen, the annular 
channels of the metal bath are arranged in such manner that 
an oblique line through the sectional surfaces of the two coils 
converge upon the sectional surface of the melting-bath. At 
the top the melting-bath is quite free and easily accessible at 
every point. (Accepted January 28, 1914.) 


1337/13. T. von Zweigbergk, Southport. Brush- 
Holders. (1 Fig.) January 16, 1913.—This invention relates to 
brush-holders for dynamo-electric machizes, and is particularly 
applicable to a holder requiring a flexible or like connector be- 
tween it and the brush to provide the requisite electrical con- 
nection between them. The present invention comprises the 
combination with a holder adapted to accommodate a brush to 
which is secured one end of a flexible or other connector, of a 
spring-grip electrically connected to the holder and so con- 
structed as to grip that one of the two ends of the connector 
remote from the brush, and also to apply the pressure required 
between the brush and the commutator. From a bracket A con- 
veniently connected to the dynamo-electric machine there is a 
member B held to the bracket A by means of screws and pro- 
viding: arms or projections B? insulated at O, which arms or 
projections form a support for the brush-holder. The holder is 
constructed as follows :—Cast in one piece is a slotted member D, 
in which the brush can slide freely, a casing D!, and a split sleeve 
or the like D®, The sleeve D? is split at its upper end in a plane 





parallel to the plane of the paper, so that by means of screws D® 
or similarly-acting devices the split portion may be drawn 
together, and so the sleeve D“ may be clamped on the insulated 
rtion of the projection or arm P*. The casing D®, as shown, 
sides D4, each provided with a boss D° for the jon of a 
spindle D® in such a manner that it is maintained rigidly against 
rotation. Mounted on the spindle so that it is free to rotate 
thereon is an upper cylindrical casing E, concentrically arranged 
about its axis of rotation, and form: integrally with a part El 
pos a grippl jaw E®, and also the part E* by which it may 
be moved. voted to the part E! at E‘ is a member F, having a 
gripping jaw F! and a part F2 normally adapted to contact with 
the outer end of the brush G. A coiled spring H has one end held 
rigidly on the spindle D*, while the other end H2 projects through 
an opening E® in the casing E, and bears against the casing, tend- 
ing to rotate it in the direction indicated by the arrow. As illus- 
trated in connection with the brush on the right of the drawings, 
the casing FE has been retracted until the end F2 of the ber F 


G! may then be inserted between the jaws F! and E2, and the 
parts moved into the position illustra’ in the brush shown on 
the left of the drawings. It will be seen that the spring H causes 
the jaws E* and F! to grip the brush-connector G! strongly 
between them, while the casing E, E!, and member F, form 
a compound lever, of which the end F2 presses on the brush G, 
and transmits to it the pressure of the spring H. It may be found 
desirable to provide a flexible connector J between the casing E 
and the casing D!, as illust: Connections may be made from 
the brush-holders by conductors sweated or otherwise secured in 
the thimbles K. (Accepted January 21, 1914.) 


10,841/13. A. H. Railing and C. C. Garrard, 
don. Converters. -(3 Figs.) May 8, 1913.— 
The method hitherto adopted of operating rotary converters 
which are started up from the alternating-current side is to 
employ an induction or other motor as a starting motor, which is 
generally arranged to run at a higher speed than the normal 
speed of the rotary. When the set is started up, the required 
exact synchronous speed is obtained by varying the speed of the 
starting motor. When exact speed has been attained, the rotary 
is synchronised with the alternating-current supply and its main 
switch closed. This is a somewhat laborious process, and the 
object of the present invention is to enable the connecting-up of 
the rotary to the alternating-current supply to be done in a more 
expeditious manner and without the trouble of synchronising. 
The method of starting up a rotary converter or other alternating- 
current machinery without synchronising, according to this in- 
vention, consists in running the converter to approximately full 
by means of the starting mot>»r, connecting the alternating- 
current slip-rings of the rotary or other machine to the source of 
alternating current through an adjustable resistance or choke-coil 
short-circuiting this resistance or choker and disconnecting the 
starting motor. In carrying the invention into practical effect, 
































(969 +44 


it is generally arranged that the synchronous speed of the induc- 
tion starting motor A is equal to the synchronous speed of the 
rotary converter B, so that when running at full speed the start- 
ing motor will be just under the full speed of the rotary by the 
extent of the slip of the motor; this is, however, not always 
essential. When the starting motor A is running at full speed, 
or as near to synchronous speed of the rotary converter B as may 
be required, the slip-rings ‘ of the rotary are connected to the 
alternating-current supply D without synchronising, but between 
the slip-rings C and the supply D a resistance E or choking coils 
is or are inserted, the effect of which is to limit the rush of cur- 
rent to a manageable amount, but allows sufficient synchronising 
current to pass to bring the rotary into synchronism. The fact 
that synchronism has taken place can be observed by the current 
being reduced in value and becoming steady. The resistance E, 
in series with the slip-rings C, is then gradually reduced in value, 
and finally short-circuited by operating the switch F: theswitch 
controlling the starting motor A is then opened. The leads 
from the rotary converter B to the continuous-current supply 
are indicated at H, and the rotor-starting rheostat ¢«f the start- 
ing motor is shown at I and its slip-rings at J. (Accepted 
January 28, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


1953/13. The Wolseley Tool and Motor-Car Com- 
pany. Limited, and A. J. Rowledge, Birming 
ternal-Combustion Engines. [1 Fig.) January 24, 
1913.—This invention relates to the type of internal-combustion 
engines, of the non-sleeve-valve type, which are provided with 
self-starting means in which a valve is used in connection with 
each cylinder, which directly admits compressed expansible fluid, 
such as air, into the cylinder, behind the piston, for the — 
of forcing the piston forwards by the pressure of such fluid. Now, 
each valve which admits the compressed expansible fluid into the 
corresponding cylinder for the purpose of forcing the piston 


forwards is, according to this invention, sealed from the combus- 


tion-chamber of the engine when the piston is at the inner end of 
its stroke, by placing the valve within a chamber from which a 





passage communicates with the interior of the cylinder and 
arranging that this passage shall be opened to the interior of the 


cylinder at such point that it is covered by the piston at the time | 


when the ure due to ignition is at its maximum, with the 
result that, at such time, there is no communication between the 
combusti hamber and the chamber within which the valve is 
situated, the valve being then protected or sealed against flame 
and against excessive heat. A is one of the motor cylinders of 
the engine, B the piston therein, and C the compression space or 
combustion-chamber. D is the valve for admitting compressed 








has fallen below the level of the upper end of the part D, so that 
it engages with the side thereof, and in this position the parts are 
held against movement. The flexible or other brush-connector 





expansible fluid to the cylinder for forcing the piston forwards in 
starting the engine. e¢ is a small port which communicates 
between the valve-chamber E, into which the valve first admits | he 
starting-fluid, and the interior of the cylinder. The opening of 


this port into the cylinder is always covered by the piston when 
it is at the inward end of its stroke, as shown, and the port is not 
uncovered by the piston until, in the ordinary work: :* of the 
engine, the combustible mixture has been ignited. ere is, 
consequently, no commun’‘cation between the interior of the 
cylinder and. the chamber E during the period of maximum pres- 
sure and heat of the combustible mixture, and by the time the 
n has uncovered the port there is substantial reduction in 

eat and pressure of such mixture. The port eis made of such 
size only as is sufficient for its purpose, and in consequence when 
the combustible mixture which may be in the chamber E becomes 
converted into an inert gas it will not have time, during a cycle of 
the engine, to scavenge, to any substantial extent, through such 
port into the cylinder ; with the result that even from this cause 
alone the valve D is sealed nst the direct action of flame 
(apart from which may be caused by the ignition of the com- 
bustible mixture originally within the chamber E) and against 
the excessive heat from the cylinder. (Accepted January 21, 


1914.) 
RAILWAYS AND TRAMWAYS. 


15,033/13. H. E.Gresham, Salford. Brake Mecha- 
nism. (2 Figs.) June 30, 1913.—This invention relates to 
brake mechanism for railway and like vehicles, and has for its 
object to provide an improved arrang t aud bination of 
parts for actuating the brake-blocks from the piston of the 
vacuum or pressure apparatus. This invention consists in the 
combination with the vacuum or pressure-brake piston-rod, of a 
wedge or like-shaped member formed integrally with or attached 
to the rod and pull or tension-rods extending to and actuated 
from the opposite sides of the member. The piston-rod a of the 
vacuum or pressure-brake apparatus is formed integrally with or 
attached to a wedge-shaped block b, upon the two side faces or 
edges of which bear rollers c, c! operating the brake-block pull- 
rods d, e by means of their supporting pins or spindles f, f1. The 
ends of the pull-rods are preferably divided or forked, and work 

















Fig.2. : 
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telescopically over one another, as shown, the pull-red from one 
end of the vehicle extending to and being operated by the roller 
upon the opposite side of the wedge-block, so that the pull-rods 
are in tension, and not compression, when the brakes are 
actuated. Each roller c, cl is supported in its correct vertical 
position by radius-links g, g!, which pivot about lugs or eye- 
ter cast upon or attached to the vacuum or pressure-cylinder 

of the brake apparatus. The bearing-pins /, f1 of the rollers 
c, cl extend through slots in the sides of the pull-rods d, e so as 
to support the latter in their horizontal position. The wedge- 
block 6 is so shai that the first movement thereof causes a 
rapid movement of the pull-rods d, e in order to take up all the 
slackness in the brake mechanism. The acting edge of the wedge 
may, if desired, be straight or curved, so as to give equal incre- 
ments of movement to the pull-rods for equal increments of 
movement of the piston-rod. (Accepted January 21, 1914.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


26,346/13. R. Kilburn, W. Pritchard, and J. Hop- 
kinson and Co., Limited, Huddersfield. Ball Stop- 
Valves. (3 Figs.] November 17, 1913.—This invention relates 
to an improved form of stop-valve operated by an oscillatory 
—= of the known type described in Specifications No. 27,450, 
of 1906, and No. 18,572, of 1910, in which, when the valve is shut, 
the egress side of the valve body is in communication with the 
| external atmosphere, such communication being cut off when 
the valveisopen. According to the present invention, the carrier 

which holds the ball, and which serves to control the ball to open 
and >| ose the thoroughfare, is an incomplete annulus open at its 
| lower side to allow the ball to project, and a support or a path- 
way is provided in the valve body or ona part attachable and 
adjustable, if desired, to the body, as the case may be, so that 
when the ball is lowered it rests upon the support or pathway, 























and is then free to roll or to be carried to its seat by the pressure 
of the steam or other fluid behind it. The ball A is suitably 
enveloped by a carrier B constituted by an incomplete ring made 
conveniently in two parts held together by a screw C. The 
internal diameter of the carrier is larger than the diameter of the 
ball so as to allow a reasonable amount of freedom or play with- 
out permitting the ball to escape from the carrier. The carrier is 
suspended from an arm D, which is mounted on the actuating 
— E, and is raised and lowered by oscillating the spindle. 
The broken lines in Fig. 1 indicate the raised position of the ball 
and carrier, and the full lines the lowered position. In the bottom 
of the casing are two rails F, F forming a pathway, upon which 
the ball rests when in its lowered position; and when so resting 
on this pathway it can be readily carried to its seat G by the fluid 
pressure behind it. (Accepted January 21, 1914.) 
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Modern Seismology. By G. W. Watxer, A.R.C.Sc., 

M.A., F.R.S. With plates and diagrams. London: 

Longmans, Green and Co. [Price 5s. net.] 

Mr. Wakes has apparently missed a great oppor- 
tunity. There is a very large section of the 
public who are intelligently interested in the 
results of seismology, and who might have been 
benefited by his varied experience. He has pre- 
ferred to address himself to a select audience of 
trained physicists, and pays so little consideration 
to the inexpert that he often scorns to translate 
his mathematical formule into words. Much that 
deserves to be known, and would prove entertaining, 
is rendered needlessly obscure The geologist who 
hopes to extend his knowledge of the construction 
of the earth’s crust from the discussion of the pheno- 
mena of wave motion passing through it will find 
here little to assist him, the author frankly admit- 
ting that he is unfamiliar with the geologic side. 
Similarly, the engineer and the man of commerce, 
eager for a clearer insight into the several ways 
that construction and industry are affected by the 
instability of the earth’s fabric, will be disappointed. 
Physicists pure and simple will, however, welcome 
this ccitienion to the literature of seismology. 
They can here learn how far this new science is trust- 
worthy in its deductions, what it may be expected 
to accomplish and what are its limitations. They 
are made familiar with the tools available for 
research, and are put in possession of a complete 
theory of seismological instruments. They have 
the advantage of seeing the various types con- 
trasted, of comparing the results of registration, 
and are made to appreciate the discrepancies in 
the different records that make interpretation 
difficult or uncertain. This assistance to skilled 
mathematicians justifies the appearance of the 
book, but its value would not have been lessened 
if the results had been made more comprehen- 
sible to meaner intelligences. 

The author has enjoyed a cathedral position. 
It has been his lot to arrange the instrumental 
equipment and direct the energies of, possibly, the 
finest geodynamical observatory in the world. 
Not only has he had under his personal observa- 
tion at Eskdalemuir seismographs of the Milne, 
Wiechert, and Omori types for measuring the hori- 
zontal component 6f displacement, but he had a 
Galitzin installation with galvanometric registra- 
tion for three components. In addition, auto- 
matic registration of magnetographs and meteoro- 
logical instruments permitted the elimination or 
detection of some of the disturbing causes that 
are suspected of vitiating the records of less-com- 
plete installations. 

We are afraid that the outcome from such a for- 
midable array may be found a little disappointing, 
because the author occupies himself mainly with 
criticism. Of his own achievement it is natural 
that he should say little, but his review of the past 
unfortunately zaises a feeling of mistrust of the 
work done, or attempted, with earlier instruments 
when the niceties of seismological inquiry were 
less appreciated than they are to-day. Evxpecially 
is thistone of disapproval apparent in the description 
of the Milne form of horizontal pendulum. While 
everywhere speaking in the most handsome terms of 
Milne’s energy and enthusiasm, and acknowledging 
his eminent services in directing attention to the 
subject, and in organising a connected network of 
stations around the globe, he leaves us with the 
feeling that the typ> of instrument employed was 
untrustworthy, and the conclusions premature and 
inconsequent. If that was not the author’s inten- 
tion he has been unfortunate, for that is the im- 
pression he has created. The main grounds for this 
mistrust of the Milne pendulum arise from the 
absence of damping. The natural damping effect 
from friction with the air is very small, and, com- 
pared with the large artificial damping introduced 
in some forms of seismographs, mechanically negli- 
gible. The contention of the author is that the Milne 
records are largely influenced by vibration or reso- 
nance, and that the derivation of the period and 
magnitude of the seismic wave cannot be regarded 
as possessing a useful degree of accuracy. That the 
amplitude is magnified and rendered too rhythmical 
by resonance effects is admitted, and needs not to 
be emphasised ; but we fail to see why the period 
ptr be largely disturbed, especially in the 
earliest stages of the record. May we be per- 
mitted to say that we are not prepared to place 





| unquestioning confidence in the records of the 
heavily damped instruments; they may equally 
err from want of sensitiveness. In this connec- 
tion, it is important to note that the author states 
that the total number of earthquakes registered in 
1911 by the Galitzin seismographs was 235 ; this is 
a smaller number than many other instruments 
have recorded. Some further evidence is obtained 
by the last-issued earthquake chart for May, 1913, 
in which no earthquake is recorded that has not 
been perceived at 31 stations at least. Eskdale- 
muir has to its credit 15, against 24 at Edinburgh 
and 38 at Shide. Evidently the energy of the 
wave has to exceed a definite limit before it 
registers at all, and this want of sensitiveness may 
prove as misleading as the exaggeration due to the 
synchronisation of the periods of undulation and of 
pendulum swing. But owing to the sensitiveness 
of the undamped pendulum the time of arrival—a 
not unimportant point—should be more definitely 
marked than in the approximately aperiodic forms 
of Bosch and Wiechert. 

The difference in the character of the trace pro- 
duced by the Milne and Goelitzin seismographs is 
both interesting and suggestive. Dr. Walker’s 
analysis of the latter is critical and exhaustive, 
but the interpretation of the record is not simple 
and is sometimes baffling. It is overlaid with too 
much detail, due, it may be, to gusts of local wind, 
or the beating of sea waves on the distant sea 
coast, or toas yet unsuspected causes. As resi- 
dual phenomena, the explanation of these minute 
variations from uniformity is much to be desired, 
and may be of profound importance to meteorology 
or geophysics. Leaving these on one side, the 
prominent features caused by the passage of the 
longitudinal and transversal waves travelling by 
brachistochronic paths with different velocities 
can usually be detected ; but whatever form of 
— is employed, there are frequently diffi- 
culties in determining the beginning of the trans- 
versal waves when the distance from the origin is 
very large. The oscillations caused by the ‘‘ long 
waves” travelling round the surface have attracted 
eng attention than they are entitled to claim. 

heir importance lies in the working hypotheses 
they suggest concerning the formation of the crust 
of the earth. Itis in the elucidation of such pro- 
blems that the usefulness of the Galitzin seismograph 
will probably be demonstrated. Already the 
greater amount of information collected by that 
instrument has been turned to happy account. 
The determination of the approximate distance of 
the epicentre from the observing station by the 
known difference in the time of arrival of the 
longitudinal and transversal waves has long been 

ible from the discussion of the results obtained 
in well-defined earthquakes ; but the Galitzin record 
permits the location of the focus of disturbance 
within very moderate limits. Assuming that the 
first impulse represents the arrival of a longitudinal 
effect in the plane passing through the focus, station, 
and earth’s centre, the ratio of the magnitudes of 
the displacements to north and east will give the 
tangent of the azimuth of this plane ; and since the 
distance is known, the position of the epicentre 
can be derived from the observations at a single 
observatory. In the example given to show the 
accuracy of the method, the results obtained at 
Pulkova are compared with those from Eskdale- 
muir. The former give longitude 20.1 deg. east, 
and latitude 40.5 deg. north; the latter, longitude 
20.3 deg. east, and latitude 40.6 deg. north. If the 
azimuths have be&n determined at twostations, the 
position of the epicentre can be found without 
knowing the distance. In this particular case the 
Tesults must, of course, agree ; but it is eminently 
satisfactory to find that the three assigned positions 
|do not differ by more than 20 km. 

Dr. Walker adds a chapter on seismological 
| effects other than those due to earthquakes, which 
perhaps will prove to the general reader the most 
interesting of all. For here it is shown how the 
|minute displacements of the pointers may contri- 
| bute information concerning the physicl constitu- 
'tion of the globe and declare its deviation from 
| absolute rigidity. The connection of such results 
with seismology is through the observed change in 
| the zero of the pendulum. Asan example of this 
change there is shown the slow swing of a pillar as the 
foundation is moved by the variation of the tidal load 
in its neighbourhood. The bending effect due to the 
periodic movement of the Channel tides is brought 
clearly under the eye. But more subtle are the 








| observations of Hecker, who attempted to determine 





the apparent angular change of the direction of 

vity by carrying on a series of observations at the 

ttom of a well 25 metres deep, so as to secure 
constant temperature and to be free from chance 
disturbances. His results have been repeated by 
Orloff at Dorpat and by Schweydar at Freiberg, 
who, moreover, has discussed the whole of the 
data bearing on the subject. Roughly it may be 
said that the most probable value of the rigidity 
of the earth is two or three times that of 
steel, but that the semi-diurnal lunar terms 
indicated by seismographs are not of much value 
in settling the problem. Lord Kelvin, it will be 
remembered, concluded that the a | of the 
earth was about equal to that of steel. The ques- 
tion will not be allowed to rest here. Other 
experiments are in ——. by means of hori- 
zontal pendulums, and the author suggests a very 
elegant and delicate method depending upon the 
difference of tilt in a liquid and solid surface, 
which might prove successful. 





The Republics of Central and South America : Their Re- 
sources, Industries, Sociology and Future. By C. 
RecinaLp Enock. Illustrated. London: J. M. Dent 
and Sons, Limited. [Price 10s. 64. net. ] 

Tue States of Latin America constitute a factor of 

great, if uncertain, importance in determining the 

world’s progress, commercially and industrially. In 
the past, development has not been in proportion 
to the resources essed by this vast area, but 
recently a keener desire to compete in wealth and 
in enterprise with other countries can be detected, 
though it must be admitted that the signs of this 
improvement are by no means equally manifest 
throughout the country, nor, with the spectacle 
presented by Mexico, would one like to say that 
the progress would be steady and uninterrupted. 
Recurring periods of advance and retrogression are 
not uncommon in the history of young and immature 
nations. To judge of the causes that make for 
and against continuous progressive movement, we 
need to be acquainted with the mentality and tem- 
perament of the mixed tropical races who people 
these lands. In attacking this difficult problem, 

Mr. Enock is well qualified to serve as a guide 

and instructor; his acquaintance with South 

America is extensive, his opportunity for study- 

ing the people has been ample, and his observa- 

tion is keen and trained. But even he would 
not care to indicate definitely the direction 
that this collection of mercurial and inflammable 
elements, influenced by vague and untutored 
ambitions, will follow in promoting national and 
industrial development. In his review of the 
actual conditions he has undertaken a task of no 
common difficulty, and one that calls for sympathy 
rather than challenges criticism. He proposes to 
describe the variety of social and political condi- 
tions that prevail over an entire continent; to 
discuss the civilisations that reigned of old, and 
their displacement by modern ambitions ; to trace 
the effect of foreign enterprise on an environment 
little adapted to receive it; to weigh the mutual 
relations that obtain among the several republics, 
and the attitude these independent States are 
inclined to adopt in their foreign policy. To 
ensure clearness each of the countries is considered 
in turn, in order to show what it has accomplished, 
what opportunities it offers to the emigrant or the 
capitalist, what are its stores of latent wealth, and 
what are its prospects in the immediate future. 

The mass of information collected is enormous, is 

well arranged and instructive, but is apt to grow a 

little fatiguing. The necessity of severe compres- 

sion has introduced well-nigh insuperable difficulties. 
It is a relief to turn to the chapters on sociology, 
on the general economic conditions, and on the 
sible future that awaits these peoples in a struggle 
etween the rather picturesque indolence they affect 
and the enforced submission to the stifling con- 
striction of a stern and selfish commercialism, learnt 
in a different climate and under a harsher discipline. 

Mr. Enock’s sympathies are with the people whom 

he would wish to see work out their own civilisa- 

tion and culture, unhampered by external inter- 
ference, and uninfluenced by the unhealthy stimulus 
of industrialism. He contends that the land and 
its resources belong to the people, and that this 
fact has been insufticiently apprehended amid the 
conflicting exigencies of modern enterprise. We 
respect the author’s loyal championship of those 
nations that have in some cases been unduly ex- 
ploited ‘‘ to fill the larders of the teeming factory- 
workers of another continent,” but we doubt if he is 
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justified in regarding the people as the victims of 
** an exploitation only less selfish than that which 
earlier filled the coffers of the moribund empires of 
Spain and Portugal.” If one is prepared to pursue 
the author’s contention of non-interference to its 
logical conclusion, it would sound the knell of 
ambition and enterprise. If every backward nation 
or community is to retain undisturbed possession of 
its undeveloped resources to all perpetuity, is to 
resist all attempts at amelioration or advancement, 
progress becomes impossible. Such stagnation 
would mean the preservation of the unfit, the 
paralysis of legitimate enterprise, and lead to the 
continuance of evils as revolting as the tyranny of 
commercialism. 

The suggestion that these peoples should be 
allowed to work out a socialistic Utopia, in which 
traditional civilisation would progress without the 
evil stimulus wrought by capitalism and the factory 
system, is more alluring than practical. If we cor- 
rectly interpret the details of a visionary scheme, 
the future of the country belongs, or should belong, 
to the mestizos, whom, doubtless from insufficient 
information, we have classed as half-breeds, pos- 
sessed of the drawbacks usually attributed to 
miscegenation. This belief, the author states, is 
an error. The mestizo is a self-contained type, 
formed by the union of white and aboriginal. It 
is a mistake and an injustice to suppose that the 
mestizo has inherited the vices of his ancestors 
without the virtues of either. He is full of imagi- 
nation, a creature of impulse. ‘* His ideal is high, 
but in practice he easily descends to tortuous 
methods, and the opportunist side of his character 
is much in evidence.” The author has sucoumbed 
to the charm of his hospitality and urbane courtesy, 
but is obliged to admit that political and class 
oppression is rife, and that ‘‘in times of stress, 
vengeance and assassination are common incidents 
of republican life.” Such characteristics may 
belong to a young, unformed nation, ‘‘an evolving 
race, full of life, with the extravagance of a people 
in the making,” but do not augur well for stability 
and firmness of purpose in the coming stock. 

If we could watch the evolution as an experi- 
ment, it would possess a profound fascination ; but, 
whether for good or for evil, we are compelled to 
take more than an academical interest in these 
one communities. We have to look to them 
or new markets, to their undeveloped country for 
raw materials, for adequate outlets for industrial 
enterprise, for stores whence we can make up our 
deficiencies in foodstuffs, and for the means to 
increase the activities of the world. We believe 
that the advantages to be derived can, and should, 
be mutual, notwithstanding Mr. Enock’s gloomy 
view. The sombre picture of the despotism of 
capitalism drawn by the author is painted in too 
harsh colours. The hordes of serfs in farms and 
mines, the struggling poor of the tropical slums, 
the beggarly Indians and half-breeds ‘‘ toiling and 
dying to earn dividends for grasping and absentee 
capitalists,” all summoned up to make an effective 

icture, fortunately convey only half the truth. 

r. Enock reminds us that Great Britain has 
invested in Latin America a sum approaching a 
thousand million pounds. With is money 
docks and railways have been constructed, mines 
exploited, plantations developed, agriculture 
encouraged, and the country improved in a variety 
of ways. These benefits remain a very solid posses- 
sion, and we find it difficult to see how the hordes of 
serfs and suffering poor would have been better off 
if these Se eee had not been provided. The 
total wealth of the country would have been less. 
The rich would have been poorer, but the poor 
would not have been richer. By means of the 
foreign capitalist, the stagnation of the past has 
been overcome, and if his interference has not been 
an unmixed blessing, many good things can be set 
to his account. Harbours have been made service- 
able, railways have made intercourse possible, pure 
water has been widely distributed, yellow fever 
and tropical diseases have been fought. Though 
the author may regret the disappearance of an 
artistic idleness, the ple, or many of them, have 
had to work, and this is entirely to their advan- 
tage, for the absence of all exertion does not spell 
wane The returns from the reproductive 
works may be regarded as operating in two direc- 
tions. They are of a to both the investor 
and to the country itself. To the one they pay an 
adequate interest ; that is his due, if he is fortu- 
nate, for much capital has been lost. To the other, 
the country concerned, very substantial benefits 


accrue, supplying the means for further advance- conduction through walls and heat transference by 
age and enabling it to enjoy a worthier position conduction and a by a from sur- 
in the community of nations. Progress was not faces and points, and by contact with water and 
possible without these hostages is dachinms, and | gases. Consideration of the furnace tempera- 
It seems not only ungenerous, but impolitic,|ture and its fluctuations, of the air supply, 
a aoe — — terms A = = | and pac “ — a ane » the a 
ce . e cannot agree wi e author, | conclude this main section. regards air 
though we acknowledge and applaud the sym- supply, the author shows that with conveyor 
pathetic attitude he adopts, when he contends, | stokers too little air enters in front through the 
- — — Roney that ha oe — | thick a of —— — air - —_ — and 
the docks, the railways, the mines, and public | too much in the rear, where the thin layer of coal 
works, furnished by foreign money, belong entirely requires a small supply only. The direct spraying 
to the community, and should not be paid to those of oil on the coal, it is likewise shown, is wasteful ; 
who have risked investment. The sympathy which for immediately above the coal the oil finds not 
is so readily offered the Latin Republics might be enough oxygen to burn, and produces smoke. All 
“leanibility the « — — ae oil ae be ee from below. There is not 
plausibili e author urges a form of syn m much said on oil fuel, however. 
which we cannot approve. To argue that the de-, The second main division, on the heating surface, 
mocracy have not the stolidity and patience of the | opens with Zeuner’s tables on saturated steam, and 
—~ Briton, 2 that the _— re aig seid | = 4, ee = re gery) > 
e sacredness of commercial con ing | realised wi er and tube walls of differen 
more elastic than those cultivated by older nations, thickneses and of the water circulation in different 
would warrant them in committing acts of confis- | types of boilers. The author arrives at general 
cation, seems to argue a want of commercial | formule for the circulation, but might have devoted 
morality that is reprehensible. A leader of} more attention to recent researches on water-tube 
thought, as Mr. Enock is, should encourage a/ boilers. Superheaters are dealt with in the fol- 
firmer grasp of commercial principles. | lowing section on *‘ Action of the Heating Sur- 
| face ;” flues, boiler jackets, and water-softening 





, Entwurf und Betrieb rationeller Kesselan- | 
y Max Genscu. Berlin: Julius Springer. | 
Tue title of this volume of 207 pages, ‘‘ Calcula- 
tion, Design and Working of Rational Boiler | 


Berechn 
lagen. 


Plants,” might be shortened by leaving out the 

word ‘‘ Design.” The author lays down the theo- | 
retical foundations of the processes which are going 
on in the furnace and boiler ; he demonstrates how | 
they are interdependent upon the arrangement and 

efficiency of the furnace, the grate, and tne draught, 

and he gives in the last division some general ad- 

vice on the construction of boilers and on boiler 

installation. But he does not discuss different 
types of boilers and their construction, nor does 
he dwell on their advantages and disadvantages, 

nor describe boiler fittings and control apparatus 
at all. There is thus little to justify the claim to 
** Design,” but a great deal of general theory, in 

elementary mathematics, interspersed with good 

advice as to the proper treatment of boilers and the 

way of improving their efficiency. What the author 

gives is quite sufficient to make upa useful volume, 

which will all the more be appreciated because the 

literature on the subject is scanty. 

Mr. Max Gensch describes himself merely as a 
Berlin engineer without indicating his particular | 
sphere of work ; the volume is dedicated to Dr. 
Emil Rathenau, the veteran chief of the Allgemeine 
Elektrizitiits-Gesellschaft. The author states that 
the inception of the volume dates back more than 
ten years, and he is evidently a man of considerable | 
experience, entitled to advise on the proper treat- | 
ment and testing of boiler installations. He also 
says in his preface that the expert will recognise | 


are then treated, the latter briefly. 

In the third main division draught and chimneys 
are discussed, and the fourth and last division con- 
tains the general remarks on boiler installations 
under the headings of efficiency, losses, load factor, 
furnace selection, dimensions and type of grate 
and heating surface. There are many diagrams 
again in this section explaining real or assumed 
cases. Notes on the boiler-house and the grouping 
of the boilers, as well as on the control by appa- 
ratus, conclude the volume. It will be understood 
from our brief survey that many a detail and useful 
hint might be looked for in several of the sections ; 


‘the table of contents is the only guide which the 


reader is offered, and it will not always help him 
much. One thing Mr. Gensch might certainly have 
done: he might have printed under each diagram 
exactly what it was intended to elucidate. As it is, 
the diagrams are apt to deter rather than attract 
the reader who glances through the book. 





Structural Engineering. By A. W. Bricutworg, D.Sc., 
M. Inst., C.E., sometime Professor of Engineer- 
ing at the late Royal Indian Engineering College, 
Coopers Hill, joint author of “‘Water Works Engineer- 
ing.” Second edition. Cassell and Co., Limited, 
London, New York, Toronto, and Melbourne, 1913. 
[Price 10s. 6d. net. ] 

Tue title of this book is perhaps somewhat 

broader in its inclusiveness than in strictness is 

warranted by the contents. This, it must be 
admitted, is not uncommon in works on engineering 
subjects, and the statement need not be taken to 
imply that the treatment is unduly limited. 

ithout preliminary verbiage the author begins 


the author’s own researches without their being! with the consideration of simple beams, dealing 
pointed out. The reader would probably prefer | with bending moments and shears in a manner 
to have more guidance as to the originators| which is helpful, though not usually found in 
of the many tables of constants—not always | works of this character. A short chapter on the 
the most recent available—diagrams, and graphic | equilibrium polygon leads to the study of braced 
solutions, and would welcome further references, | girders of parallel type, which are treated simply 
with which the book is rly stocked. Posi-| by well-known methods, the determination of live- 
tively irritating are the beget introductions | load stresses being such as to commend it to those 
of undefined or insufficiently defined symbols, | who are concerned with respect to the exigencies of 
whose meaning it is not always easy to guess, | practical design. The stresses on girders having 
and general references to diagrams and curves, | curved booms are next dealt with in sufficient 
such as, ‘‘These features are iflustrated in the detail, followed by the consideration of roof trusses. 
annexed figure.” What the curves really signify,| The cross-sectional area of members is somewhat 
and what the numbers along the ordinates and cursorily treated, the space devoted to column 
abscissze mean, is by no means always properly ex- | sections covering little more than one page. After 
plained. This feature and the absence of any | giving some attention to compound stress the author 
index make the volume of questionable value as a proceeds to consider in detail beams having solid 
book of reference. The book has to be studied | webs ; this, always a question of interest upon 





through from beginning to end, and how many 
engineers in charge of plants will find the necessary 
time for that ? : 

We have already indicated the main contents of | 
the volume. After an introduction follows the first 
chief division on the furnace. It gives analyses of 
coal and lignite (also of oil) from all parts of the 
world, though predominantly from Germany, and 
describes the coking properties of the coals ; it 

s to discuss the amount of air wanted for 
the fuel combustion and the combustion gases, with 
due consideration of volume, weight, specific heat, 
composition and temperature of the and also 
of the barometer and height above sea-level. The 
heat transference is next studied ; that is, heat 





which the views of engineers differ much, is handled 
instructively, and in a way which, though incom- 
plete, is not likely to be seriously questioned, so far 
as it is carried. The Theorem of Three Moments 
applied to multiple spans, for uniform and for 
concentrated loads, is dealt with at length, followed 
by some pages relating to cantilever bridges. The 
deflection of girders and framed structures is 
treated both by analysis and by graphical methods. 

In the examination of elastic arches the funda- 
mental principles underlying design are clearly 


stated before the writer proceeds to deal with the 
matter in detail, carried out with respect to the 
three-hinged, the two-hinged, and fixed-ended 


forms, in due order. Some pages are also devoted 
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to masonry arched structures, considered with some 
regard to the requirements of the engineer engaged 
in the design of works. 

Suspension bridges having stiffening girders with 
centre hinges are well and adequately . 
though on page 219 there appears to be an error in 
the formula given for cable stretch and the move- 
ment of the saddle resulting therefrom, the sign of 
multiplication being used between two terms instead 
of that for division. 

A chapter devoted to earth pressures and retain- 
ing-walls calls for no special remark, though that 
dealing with foundations and piers ends by re- 
stating a. not uncommon heresy that the cost of 
girder-work in one span, exclusive of floor structure, 
should equal the cost of a pier. This conclusion 
follows, it is true, from the premises, but in these 
the cost of each pier is supposed to be constant 
and known, though this is as uncertain as is the 
spacing between them, and the weight to be sup- 
ported by each. The fact is, the pier costs differ 
with different spans, the true criterion for economy 
being equality of cost variation of piers and girder 
spaus, rather than equality of total costs. De- 
tailed estimates for graduated spacings, in which 
the cost of piers is properly considered, confirm 
this view, and show that there may be, for mini- 
mum cost, a considerable difference in the cost of 
piers and of span girder- work. 

Masonry dams, straight and curved, are, as to 
stress, treated at some length, particular attention 
being given to shear at the toe in the case of 
straight dams. The examination of dams curved 
on plan cannot be considered satisfactory, the 
author’s treatment of such a dam as part of 
a thick pipe ring under exterior pressure fails 
to meet the case. Any two points at the mid- 
thickness of such a ring, which before pressure is 
applied are at some definite distance apart, are no 
longer separated by this distance when pressure 
takes effect and reduction of diameter ensues; 
whereas in the case of the curved dam, such points 
being supposed to coincide with the skew-backs, 
on common assumptions remain always at the same 
distance from each other, the span under pressure 
remains unchanged, and there is horizontal flexure 
(or flattening) of the arch ring, with co uent bend- 
ing stresses of considerable amount. ese effects 
in such an arched dam may indeed be greatly more 
serious than those increments of stress on the 
concave face indicated by the author’s investiga- 
tion. Itis seriously to be doubted whether such 
calculations, even when based on correct assump- 
tions so far as they can be ascertained, lead to any 
reliable results, having regard to the want of 
homogeneity in most masonry structures, and par- 
ticularly to the doubtful character of abutment 
rigidity. The question of what happens near the 
base of a curved dam when it yields horizontally to 
compressive stress is not touched upon. 

Reinforced concrete receives some: attention to- 
wards the end of the book, the basic principles :of 
such construction are dealt with, and the simpler 
cases of beams and columns considered in detail. 
Referring to the thickness of concrete cover to rods, 
the author on page 269 leads up to the statement : 
—‘*The centre of the rods should be kept at least 
1} in. from the outer surface, but in shallow beams 
this distance cannot be obtained.” This seems to 
imply either that shallow beams should not be used, 
or that propriety in design is to give place to con- 
venience. It is to be feared that this latter view, 
though indefensible, does in a measure obtain in 
practice. The author says further, no doubt truly, 
that ‘‘ the limit of usefulness of steel for the pur- 
pose of reinforcing concrete is reached when the 
limit of elasticity ‘is attained,” and urges that a 
factor of safety should be used with reference to 
failure at this limit, which should be also the point 
of failure of the concrete. This view may be ques- 
tioned on the ground that while the limitof elasticity 
of steel, toa given i is fairly constant, 
the crushing strength of the concrete may vary 
materially, so that wider margins for the concrete 
are desirable. In reinforced concrete as commonly 
designed, this is in effect secured, though the factor 
of safety at ultimate strengths for the two materials 
may be nominally equal. In the art of practical 
design there are many instances of conventional 
methods in use which, though not strictly scientific, 
may yet be justified, their continued use being 
warranted by a fuller understanding of the prin- 
ciples involved than appears on the surface, and by 
experience. 

To avoid disappointment it may be well to say 





that this book does not pretend to treat of the 
strength of materials used in engineering works, or 
of details of construction—within the s avail- 
able this could hardly be—but deals chiefly with 
methods of determining stress. The explanatory 
matter is generally clear and sufficient ; where applic- 
able simple processes of calculation are used. 
diagrams are excellent, and the mathematical work 
well displayed, a matter of some importance to 
most readers. There is a fairly good index 





A Text-Book of Physics. By R. 8S. Witiows, M.A. 
Camb.), D.Sc. (Lond.). 


London: Edwin Arnold. 
Price 7s. 6d. net. } 


THERE is little that is distinctive about this book. 
It belongs to a family whose general features are 
easily recognisable, and will 
sale among those students of physics who need a 
treatment of the subject within the com of a 
single volume. It is very difficult to place oneself 
in the position of a pupil and judge whether it 
possesses any advantage over many others having 
a like object ; but as the author, by his connection 
with the technical institute of Sir John Cass, has 
had considerable experience in teaching, no doubt 
the contents are admirably adapted to the class of 
pupils for whom these books are intended. Every 
teacher likes to have his own text-book, having 
found the weak point of others, which he believes 
to have sufficiently remedied. After all, it is the 
teacher, and not the book, that is of the utmost 
importance. No thorough teaching of practical 
physics is possible if the services of the demon- 
strator are dispensed with, but a skilful demon- 
strator can overcome any deficiencies in the text- 
book. A small advantage in preparing one’s own 
hand-book consists in knowing the extent and 


capacity of the apparatus in use, and in selecting | 


experiments accordingly, though the experiments 
here described are generally simple and require 
— what may be called ‘‘ jandegl apparatus.’ 
his particular treatise is intended to supply the 
requirements of those students who propose to 
submit themselves to the intermediate examinations 
of the various universities or of the Civil Service 
Commission. This will indicate to teachers and 
pupils alike the standard that is reached in the 


several branches of heat, light, sound, magnetism | 


and electricity. 

The author of an elementary text-book has to 
meet two special difficulties. He has to decide 
what to omit, and oftentimes this must be a hard 
task. As an example, we may take the case of 
Doppler’s principle. In the section on light, to 
which it seems naturally to belong, no reference is 
made to it in the book before us. In the acoustic 
section there is a bald description, but it is 
difficult to justify the omission of the subject in 
one case and the retention in the other. On the 
other hand, though a paragraph is added on ‘‘ The 
Kinetic Theory of Matter,” we should doubt if any 
useful purpose is served by this inadequate treat- 
ment. The other difficulty from which an author 
suffers arises from the fact that many phenomena 
cannot be adequately explained without the use of 
more advanced mathematics than the students of 
elementary physics usually possess. Statements 
have to be accepted for which logical proof cannot 
be produced, and reliance must be placed on experi- 
mental evidence. The author, in the present case, 
seems to have realised this difficulty, and therefore 
the treatment as far as possible has been based upon 
— 

lying on his teachi 
inclined to believe that Dr. Willows’s treatment will 
be successful. The illustrations are adequate but 
not lavish. They have been reproduced with care. 


experience, we are 
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NEW WORKS AT PORTSMOUTH 
DOCKYARD. 
(Continued from page 481.) 
250-Ton Exectric Giant CANTILEVER CRANE. 

On Plate XLVIIL., and in Fig. 110, on page 516, 
we illustrate the electric revolving cantilever crane 
which has been erected onthe end of a pier projecting 
into the basin—a pier which was formerly part of the 
wall dividing two basins. This crane is of 250 tons 
working load and 300 tons test load. The design and 
erection of both the structural and mechanical work 
of this crane was carried out by Sir Wm. Arrol and 
Co., Limited, of Glasgow, a firm responsible for 
the construction of many cranes of this type in 
marine engineering establishments where heavy 
lifting a ee have been found necessary, for 
the economical and rapid handling and placing of 
large marine boilers and engines, rotors for heavy 
catbians, gun-mountings for battleships, and other 
heavy pieces of machinery on board ships. 

The foundations for the crane are clearly shown 
in Figs. 100, 102, and 103. As has already been 
explained, the crane is erected at the end of a wall 
which projects into the basin, as shown in the key 
plan of the works, Fig. 1, on page 205 ante. This 
arrangement affords the great advantage that ships 
may more easily be moved under the crane for 
the shipping of gun-mountings, guns, engines, or 
boilers at any point in the length of the ship 
than would be the case if the crane was on an 
ordinary wharf, where the ships ahead or astern 
might uire to be moved to suit the conveni- 
ence of the vessel under the crane. The wall 

rojected into the basin is part of the original 
Bivision walls which separated the area into t 
basins instead of one, as at present. It was neces- 
sary, however, to make the depth of the foundation 
for the crane very much greater than that of the 
original wall, and to effect this a cofferdam was 
built around the pier down into the hard clay, and 
holes were excavated by means of grab-dredgers, 
in order that the piers of the crane might be carried 
to the required depth below the surface or cope 
level of the pier. Concrete mass-work was deposited 
and brought up to the required level to take the 
footings of the vertical members of the crane 
standards. These are secured by lewis bolts, as 
shown in the section, Fig. 100. It will be seen 
that the old division-walls of the basin were sup- 
ported on timber piles driven into the boulder 


olay. 

The crane erected for the Admiralty at Porte- 
mouth is at present the largest fitting-out crane 
in this country. In design it resembles a rim- 
bearing swing-bridge p' on the top of a tower, 
with a crab or trolley travelling on the long canti- 
lever-arm, and propelled from the machinery house 
by racking-ropes led to the jib-head, the load being 
suspended directly under the crab. 

The tower (Figs. 100 and 101) consists of four 
vertical legs of open-angle section, forming a square. 
The four sides are braced together by three bays 
of horizontal and diagonal members of braced box- 
section, the lower bay being in the form of a portal, 
to allow the passage of railway traffic along the 
quay. The foundations on which the tower is 
built are formed of concrete piers (Figs. 100 and 
103), one under each leg, carried to such a depth 
as to ensure an adequate resistance to the stresses 
imposed by the structure. The main platform 
girders are framed into the legs at the top of the 
tower and have short ciagonal girders at each 
corner to form an octagonal frame and give a con- 
tinuous bearing for the lower roller-path. Two 
box cross-girders at right angles to each other are 
placed between the main yy irders, and the 
centre pivot-pin passes through these girders at 
their intersection and through a box-girder secured 
to the main-jib girders. The centre pin provides a 
point of rotation for the jib and prevents its dis- 
placement, but will only subjected to tension 
in case of emergency loading, as under ordinary 
conditions the centre of gravity of the moving parts 
falls well within the circle of the roller-path. The 
electric cables pass through the the centre pin, 
which is hollow. 

A segmental drum-girder, forming one-quarter of 
the circumference of the roller-path, is fixed to the 
under side of the jib at the verticals on each end 
of the centre panel, and to the lower flange of these 
two segments the upper track is attached. It will 
thus be seen (Fig. 101) that the upper track con- 
stitutes only one-half of the circumference of 
the roller-path, and that only one-half the total 





number of rollers, and those most nearly under the 
jib, will be loaded at any instant. This arrange- 
ment allows of access for inspection and repair of 
the rollers. The rollers are — to an me 
spacing-ring and an inner peripheral-ri irder by 
bolts passing through their ¢ cation, men the latter 
girder is connected rigidly to a pivot-ring round the 
centre pin. 

A pair of open-lattice box-girders forms the jib of 
the crane, and the rails on which the crab travels 
are fixed to the top booms over the four webs 
(Figs. 100 and 1015, The box-girders of the jib 
are securely connected together at the nose by a 
substantial frame, which carries the jib head-gear, 
and are further braced together between the front 
drum-girder and the tail end of the jib by heavy 
lattice frames and horizontal diagonal bracing. 
The racking and lifting machinery is placed at 
the tail end of the jib, over the ballast-box, and 
assists to counterbalance the crane. Two indepen- 
dent sets of slewing-gear are placed over the circular 
rack of the roller-path, one set being on the front, 
and one on the back, drum-girder. The jib can be 
revolved in either direction by one set of slewing- 
gear. A jigger-hoist runway been constructed 
on the underside of one jib main girder, with a 
separate set of racking and hoisting machinery at 
the centre of the jib, enabling light loads to be 
handled with greater expedition than by the main 
hoist. 

All machinery is enclosed in steel-plated houses. 
The operator’s cabin is placed about one-third of 
the height up the tower, Fig. 100, and is connected 
to the centre pin, revolving inside the tower as the 
jib revolves, thereby permitting the operator to 
have the load under constant observation. A small 
overhead travelling-crane has been provided in the 
main machinery-house ; it travels on an elevated 

mtry out past the centre of the jib, and is 

igned to deal with the different parts of the 
machinery in the main house, the slewing-gear, 
the jigger-hoist machinery, and the crab, when 
drawn back. 

The main hoisting-gear consists of two electri- 
eye winches, each proportioned for dealing 
with half of the maximum working load, and each 
geared for two different s of hoisting. These 
winches are arranged so that they can be run in- 
dependently or together, as desired, or also to give 
equal pores of hoisting, irrespective of the load on 
each hook. Two automatic brakes are provided, 
one electric and one mechanical, each brake bei 
independent and capable of sustaining the full ] 
by itself. The auxiliary hoist, from the main 
trolley, is worked by one winch, having two speeds 
of hoisting, and being fitted with independent 
automatic electrical and mechanical brakes. The 
trolley or crab is traversed along the cantilever by 
means of two ropes attached at each end of the 
trolley, and winding or unwinding on two motor- 
driven drums, geared for two different speeds of 
traversing. An automatic electric brake is fitted 
on the motor-spindle. Limit - switches are 
fitted to prevent over-winding or over-lowering 
by the hoisting-winches, and to prevent the trolley 
exceeding its range of traverse in either direction. 

The jigger-hoist machinery consists of a hoisting- 
winch to run at two speeds, fitted with electrical 
and mechanical brakes, and traversing-gear for two 
8 with an electric brake. Limit-switches have 
also been installed in this machinery. The slew- 
ing of the jib is obtained by the gearing of a pinion 
on a vertical shaft running on heavy bearings 
attached to the drum-girder, with the spur-ring on 
the outside of the lower roller-track. Two inde- 
pendent brakes have been fitted to control this 
motion. The electrical equipment was provided 
by the British Westinghouse Company, Limited. 

The crane was erected by means of a 15-ton 
crane mounted on temporary diagonal girders 
between the legs, and these girders and the crane 
were raised by stages until the tower was com- 
pleted. A temporary platform was then placed on 
cantilevers from the top of the tower on one side 
and the crane mounted on this. The roller-path, 
drum-girders, and centre portion of jib were then 
erec and the cantilever arms completed by 
building out with 3-ton jib-cranes travelling on the 
top boom of the jib. Before the crane was handed 
over to the Admiralty it was satisfactorily tested 
with a 300-ton load. 


10-Ton Execrric Travetitinc Tower-CraNneEs. 


Several light cranes traversing the fitting-out 
wharves have been supplied by Sir William Arrol 





and Co., Limited, Glasgow, and these are illustrated 
on page 515 (Figs. 104 to 109). Each crane consists of 
a latticed steel tower supporting a braced steel mast, 
which carries the revolving cantilever jib. Motors 
and machinery are mounted on the jib to perform 
the separate motions of hoisting, slewing, and 
racking. The motors and gearing for travelling 
the crane are carried on the girders at the base of 
the tower. Each crane is capable of dealing with 
the maximum working load in all its motions 
while free upon the rails, and with the jib in any 
position relative to the track. The centre of 

vity is well within the base of the crane when 
ifting the full load at the maximum radius when 
a wind is blowing with a pressure of 10 lb. per 
sq. ft., or unloaded with a wind pressure of 40 lb. 
per sq. ft. 

The tower is square in section, and built up of 
rolled-steel sections strongly braced and riveted 
together. Substantial latticed girders are carried 
immediately over the portal opening to support 
the footstep bearing of the mast (Fig. 105). The 
top of the tower is arranged to carry a roller-path 

iving horizontal support to the mast (Fig. 108). 

he whole construction forms a rigid structure. The 
cranes are mounted upon eightcentre flanged wheels, 
keyed on to heavy steel axles revolving in gun-metal 
bushed bearings (Fig. 106). The running wheels 
have cast-steel centres with heavy steel tyres shrunk 
on. These wheels are mounted in pairs on equalis- 
ing bogies, in order that the load may be evenly 
distributed to each wheel. The travelling motor is 
carried on the side of the tower, and drives the 
eight running wheels through suitable reductions 
of gearing (Fig. 107). An automatic solenoid is 
fitted on the motor-spindle. Limit-switches are 
provided to prevent the cranes exceeding the limit 
of travel. 

The cantilever is of the over-trussed type, and 
is built up of rolled-steel sections, braced together 
in all directions to form a strong and thoroughly 
rigid structure (Fig. 109). The lower boom of the 
cantilever consists of a latticed girder, and provides 
a track for the trolley which runs inside:the girder. 
The cantilever is connected to the mast by large 
gusset-plates. 

The revolving mast carrying the cantilever is 
fitted inside the tower. The foot of the mast is 
securely connected to a steel casting resting in a 
rocking bearing, which in turn bears on a ball-race 
and carries the weight of the cantilever and load. 
Heavy cast-steel rollers are carried by the mast 
close to the underside of the cantilever and run 
inside a cast-steel roller-path, which is firmly 
attached to the tower. The teeth are cut on the 
outside of the roller-path, into which a steel 
pinion gears. This pinion is keyed to a vertical 
shaft secured to the cantilever, and driven by a 
motor through the medium of three spur and one 
bevel-gear reductions. The slewing-gear action is 
controlled by a hand-brake. 

The load is lifted on four parts of plough-steel 
wire-rope (Fig. 109), winding two parts on to a 
cast-iron dram, which is rotated by a motor through 
the medium of two reductions of spur-gearing. 
The rope-drums are of large diameter, turned and 
maeel right and left hand, to take the full 
amount of the rope at a single lap. Two brakes 
are provided—viz., one automatic solenoid brake 
and one automatic mechanical brake. Electric 
brakes are fitted on the hoisting, racking, and tra- 
velling motors, and are each operated by means 
ofa solenoid magnet. An air dashpot is fitted in 
order to secure an even and gradual application of 
the brake. The brakes are arranged so that 
they can be released by hand from the machinery- 
houses. The automatic mechanical brake on the 
hoisting action is of the friction-disc type, capable 
of sustaining the full load and of preventing it from 
lowering unless the motor is started by power in 
the lowering direction. A limit-switch is fitted to 
the hoisting-gear to prevent over-winding and 
over-lowering. 

The operator’s house is suspended beneath the 
front arm of the cantilever, and as close to the 
tower as ible. Suitable ladders and gangways 
with hand-rails are provided for access to all parts 
of the crane, and suitable provision is made, where 
necessary, for hooks, slings, or lifting-tackle for 
dismantling any of the machinery. 

The motors are of the totally-enclosed series- 
wound reversing type. They are rated so that 
after one hour’s run under full load the tempera- 
ture rise does not exceed 75 deg. Fahr. The con- 
trollers are of the drum-reversing type, of ample 
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250-TON ELECTRIC CANTILEVER CRANE AT PORTSMOUTH DOCKYARD. 
DESIGNED AND CONSTRUCTED BY SIR WILLIAM ARROL AND CO., LIMITED, ENGINEERS, GLASGOW. 
































capacity to control the operations of the motors. 
They are provided with resistances rated for two 
minutes, the temperature rise not to exceed 
240 deg. Fahr. 

The switchboard is erected in the operator’s cabin. 
The slip-ring collector is fitted immediately above 
the mast-pivot, and has two rings for the main 
circuit, four rings for the travelling-motor circuits, 
and two rings for the telephone. A double-pole 
isolating switch and fuses are provided at the foot 
of the tower, and cables protected in a galvanised 
conduit lead from the switch to the centre-pin 
collector. 


ELEOCTRICALLY-DRIVEN TRAVELLING CRANE ON 
Nortn Watt or Basin. 


On page 517 there is also illustrated in Fig. 111 an 
electrically-driven travelling crane, supplied by 
Messrs. Thomas Smith and Sons, Rowley. near 
Leeds, placed on the north wall of Basin No. 4, 
and used in the refitting of ships. This crane, 
lifting 20 tons at a maximum radius of 65 ft., runs 
on eight wheels on a railways track of 18 ft. gauge, 
and the jib is designed to derrick the full load 
through an angle of 30 deg., the minimum radius 
being 27 ft. 6in. The range of lift when the jib is 
at maximum radius allows of the lifting-hook being 
raised at least 60 ft. above the ground-level, and 
when the jib is at minimam radius the hook is 
capable of being lowered 40 ft. below ground-level. 
The height from the rail to the centre of the jib foot- 
pin is 27 ft. 9in. The clear height is 13 ft. 6 in. 

The speeds are as follow :— 

















Fic. 110. 


Lifting and lowering (with 60-brake-horse-power 
motor): 20 tons at about 30 ft. per minute; 10 
tons at about 50 ft. per minute; empty hook at 
about 75 ft. per minute. 

Derricking (with 60-brake-horse-power motor): 20 
tons (for full range), about 3$ minutes; 10 tons 
(for full range), about 3} minutes; empty hook 
(for full range), about 24 minutes. 

Boxing, revolving (with 20-brake-horse-power motor): 
20 tons at about ? revolution per minute; 10 
tons at about 1 revolution per minute; empty 
hook at about 1} revolutions per minute. 

Travelling (with 30-brake-horse-power motor): With 
20 tons suspended at any position, at not less 
than 50 ft. per minute. 


All the motors run at about 500 revolutions per 
minute, and the current is of 440 volts pressure. 
The loads are carried on three-ply rope. The motor 
and gearing for the revolving motion are capable of 
swinging the jib with the maximum test-load at 
the maximum radius against the maximum caleu- 
lated wind-pressure. 

The gantry is built up of steel sections, plates, 
angles, &c. The whole superstructure is of rigid 
design, so as to be as free as possible from vibra- 
tion under all conditions of load. The upper part 
of the gantry is fitted with a circular roller-path of 
large diameter, upon which the whole superstruc- 
ture revolves. The top and bottom roller-paths 
are of cast steel, accurately machined, and made 
in segments, so that they can be easily removed 
when required. The cross-girders are well fitted 
together, and firmly secured to the uprights ; and 
in order to prevent twist and sag, the girders 
are of considerable width and depth, with strong 





corner-plates where they join the uprights. The 
uprights are built up of steel sections, securely 
fixed on the top of the end carriages. The end 
carriages are of box type, being constructed of 
steel sections well braced together. Each carriage 
is fitted with four large travelling wheels with cast- 
steel centres and forged-steel tyres with centre 
flange. The wheels are 3 ft. in diameter on the 
tread, and the tyres are 3 in. thick with fillet. 
They are turned on the tread to a uniform circum- 
ference to ensure smooth running and freedom from 
cross-winding, and fitted with steel axles, which 
revolve in bronze bushes held in cast-iron bearings. 

The crab superstructure has strong side frames, 
constructed of steel joists and channels, plates and 
angles, well-braced and riveted together, to which 
are fixed the sides for carrying the brackets, shafts, 
and gearing of the hoisting, revolving, and jib- 
adjusting motions. The brackets have the requi- 
site caps and gun-metal bearings, which are adjust- 
able where practicable, 

The lifting and derricking gear consists of gear- 
ing running in gun-metal bearings, having flexible 
steel ropes wound on to the drums. The drums 
for the hoisting and derricking motions are 
of cast iron. The hoisting motion is provided 
with cut-outs for the prevention of over-winding 
and over-lowering, and the derrick motion to pre- 
vent the jib being hauled in beyond the minimum 
radius point, or run out beyond the maximum radius 

int. The revolving motion is given by spur and 

vel gearing, with cast-steel external wheel, 
having a ‘‘live” ring of rollers running between 
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20-TON ELECTRIC TRAVELLING CRANE AT PORTSMOUTH DOCKYARD. 
DESIGNED AND CONSTRUCTED BY MESSRS. THOMAS SMITH AND SONS, RODLEY, NEAR LEEDS. 
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two cast-steel roller-paths, which are turned to a 
bevel to suit the angle of the anti-friction rollers. 
The latter are of forged steel, running on wrought- 
steel pins, and connected to the centre pin by means 
of suitable radial rods. The travelling motion is 
given by spur and bevel gearing with vertical and 
cross shafts. The motor for this duty is placed on 
the gantry. af 

An electric brake is fitted to each of the lifting, 
derricking, revolving, and travelling motions ; those 
for the hoisting, travelling, and derricking motions 
being so arranged that whenever the current is 
applied to the motor controlling either of these 
motions, the brake for that motion is automatically 
released ; but should the current fail, the brake 
would be instantly automatically brought into 
action. The electric brake on the revolving motion 
is arranged to be actuated independently of the 
motor, so that the act of stopping will not cause 
the brake to be applied. Hand-gear is provided, 
so that the electric brakes for hoisting, derricking, 
and travelling motions can be controlled from the 
operator’s house when desired. 

The motors were constructed by Messrs. J. P. 
Hall and Co., Limited, Oldham. A switch-case 
is provided, containing a circuit-breaker for each 
motor, and double - pole switch and fuses for 
lighting supply. The main switches, releases, 
resistances, and all metallic parts carrying current 
are protected by a metal case, arranged to afford 
access to all parts for adjustment and repair. The 
circuit-breakers are of the double-pole type, with 
magnetic blow-outs to Admiralty requirements. 
The whole of the crane is electrically lighted by 
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means of lamps arranged two in series, those 
fitted in the operator’s cabin being suitable for 
lead-covered cable, and those exterior to the cabin 
suitable for heavy-screwed conduit work. The 
lighting circuits are independent of the motor 
circuits. There are electric radiators of the four- 
lamp luminous type for heating the operator's 
house. Telephones of the Graham loud-speaking 
navyphone type, with bells, are fitted between 
the operator’s cabin and all machinery houses and 
the operator’s cabin and ground-level. 


(To be continued.) 





THE INSTITUTION OF NAVAL 
ARCHITECTS. 
(Concluded from page 485.) 

ConTINUING our report of the spring meeting of 
the Institution of Naval Architects, we have now 
to deal with the meetings held on Friday, the 3rd 
inst. 

STEAMSHIPS FROM THE Owners’ STANDPOINT. 


At the morning session, the President being in 
the chair, the proceedings opened with a wes by 
Mr. L. Peskett, entitled ‘‘ On the Design of Steam- 
ships from the Owners’ Point of View.” The paper, 
which we print elsewhere in this issue, was read 
by the author. 

Dr. G. B. Hunter opened the discussion. He 
said the paper was of a type too rare in their pro- 

ceedings, and of which they could do with more. 
| The per clearly illustrated that necessary 
ialisation in ship design which all builders had 
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been obliged to recognise, even more and more 
during the last twenty or thirty years. He remem- 
bered when one could build a steamship without an 
order, with a fair certainty that, when sold, it would 
suit the traffic of any company, with, at most, but 
minor alterations. That sort of thing was not pos- 
sible nowadays. There was another class of flexi- 
bility of design, however—namely, that necessary to 
make a ship, although built for a single trade, yet 
capable of meeting the varying conditions of season 
and season and portand port. This was a matter in 
which he thought the Cunard Company had always 
led. They had also led in providing themselves 
with a staff capable of considering these varying 
conditions in detail, and putting forward a properly- 
considered design for the builders to estimate from. 

The company had led also in allowing their staff 
to assume proper responsibility for their own re- 
commendations, instead of, as was too often the 
case, laying down definite conditions of their own, 
and then asking the builder to guarantee their 
success. He thought it very unfair that so many 
companies should ask, say, ight to twelve ship- 
builders to prepare designs for ships and work out 
all the conditions and broad features which really 
ought to be done by their own staff. In the matter 
of subdivisions, he would point out that the system 
adopted in the Lusitania and Mauretania had been 
worked out by the Cunard Company together with 
the Admiralty. It represented a very great depar- 
ture at the time, and all parties concerned were to 
be congratulated on its success. There was one 





int in this connection he might refer te. It was 
in referenee to longitudinal subdivision. There 
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was great difficulty in utilising the wing ~— for 
carrying coal without placing doors in the longi- 
tudinal bulkheads. Such doors were a source of 
weakness, and it would be an interesting problem 
for the naval architect to do away with such doors 
and yet make the wing spaces available for coal- 
carrying. 

Sir Archibald Denny, Bart., was the second 
speaker. He pointed out that it was the practice 
of the Institution to have a paper dealing with 
warships from the users’ point of view at the 
opening meetings of their sessions. Mr. Peskett’s 
contribution was an example of the same class of 
paper dealing with the problem of the mercantile 
marine. The authorand the Cunard Company were 
to be thanked for the valuable information it con- 
tained. He did not think Mr. Peskett had sufli- 
ciently emphasised the fact that when the propelling 
machinery of the Lusitania and Mauretania was 
decided on the turbine had really only just come 
into use for marine work on a large e, and that 
although so large they were practically the first 
important installations. [Sir Philip Watts here 
— to say that the Dreadnought preceded 
the Cunarders.] Sir Archibald admitted that he 
had overlooked this. Still the Lusitania and Maure- 
tania were almost the first important commercial 
vessels, 

Referring to the subdivision question mentioned 
by Dr. Hunter, it was in some ways a matter of regret 
that no paper dealing with it was being presented 
to their meetings. As they all knew, the subject 
was attracting great attention at the present time. 
The matter was, however, to some extent sub 
judice, as the Bulkheads Committee, over which he 

resided, had not yet formally reported to the 

oard of Trade. An interim report, however, was 
issued, and placed before the International Confer- 
ence on Safety of Life at Sea. That report was 
employed by the Conference in framing the regu- 
lations they published. Subdivision was a matter 
the importance of which increased as the length of 
ships increased, and certain points had been left over 
for further consideration—such, for instance, as the 
recommendations to be made for cargo ships that 
carried a few passengers, as compared with passenger 
ships that carried a little cargo. The question of 
the relative value of horizontal and vertical sub- 
division had also still to be faced. In reference to 
the point gently touched on by Dr. Hunter, in 
connection with the carrying of coal in the wings 
and the development of some means of getting at 
the coal without the necessity of fitting doors in 
the bulkhead, he was afraid there were many 
objections and difficulties. Bunker work on a 
large liner partook very much of the nature of coal 
mining. Further, the great difficulty with lon 
bunkers was to ensure trim. If anyone coul 
devise a method by which coal would trim itself 
and automatically pass from one bunker to another, 
his committee would be very glad to hear of it. 
The matter was, of course, comparatively easy with 
oil-fuel. 

Sir Philip Watts, K.C.B., said the paper was an 
excellent one and gave most interesting information 
bearing on the building of the Lusitania and Maure- 
tania. When the a of these ships was first 
contemplated, the blue ribbon of the Atlantic had 
passed away from England, and the Cunard Com- 
pany were desirous to win it back. Prior to 1903 
the Government had recognised the desirability of 
the country possessing boats of the class proposed in 
order, if necessary, tofulfil naval duties. As, however, 
the special requirements of the Admiralty would go 
beyond the needs of the Cunard Company, it was 
recognised as necessary that some assistance should 
be given to the company. Details of the arrange- 
ments finally made would be found in White Paper 
Cd. 1703, 1903. The main provisions were that 
2,600,0001. should be advanced by the Admiralty 
to the company, and that an annual subsidy of 
150,0001. should be paid. The boats were to have 
a speed of 244 knots in modarate ocean weather. 
As was well known, the boats had considerably 
exceeded this speed in service, and had been alto- 
gether a great success, both from the point of view 
of the engines and the hulls. The Mauretania had 
at one time been aground in the Mersey without 
straining herself in any way. He was glad to see 
that the experimental work contributed by Messrs. 
Denny towards the design of the boats was men- 
tioned in the paper; as far as he knew, due acknow- 
ledgment of this work had not been made before. 

ith regard to a detail in the peper, it was stated 
nearly at the end that ‘‘it is desirable from the 





point of view of easy motion in a seaway to keep 
the metacentric height in the loaded condition as 
small as may be compatible with safety.” He pre- 
sumed by easy motion was meant a moderate angle 
of roll associated with a long period. It would be 
noted, however, that just above the sentence he 
had quoted from the paper it was stated that the 
metacentric height of the Umbria was 1 ft. 3 in., 
and the figure had continually increased since her 
day. He doubted, however, if there had been any 
decrease in the easy motion of boats in recent 
years. He had recently been to Japan via America, 
and on the outward and homeward voyages tra- 
velled on four different boats. He had been parti- 
cularly struck by the fact that they were all good sea 
boats with small initial stability and a large range 
of stability. "The Empress of Japan, as regards 
rolling, was as safe a ship as could be built. 

Mr. W. J. Luke said he wished to join issue 
with Sir Archibald Denny in connection with his 
invitation to inventors of automatic eoal-trimming 
devices. He hoped they would not bring their 
nostrums to the committee-room while he was 
there. The paper had dealt with the question of 
designing a shit for a special service. One difficulty 
which had not been mentioned was that of deter- 
mining if the special conditions designed for were 
likely to last for the life of the ship. If they did 
not, she might become an economic drag. Dealing 
with meal conditions on a large scale always 
demanded much enterprise. People sometimes 
spoke as if capital and labour were the only two 
factors involved in mercantile affairs, but he 
thought enterprise equally important. The Cunard 
Company for many years had shown an enterprise 
that was exceeded by no other company. He had 
mentioned economic drag. The avoidance of 
economic drag did not always follow from 
economy in first cost. Expensive work towards 
the best ends might prove the truest economy. 
He thought more. might be done with ship- 
model experiments in settling suitable types for 
particular work. He was afraid shipowners in 
general did not recognise the national asset we had 
in the William Froude Tank, and did not support 
it as they might do. In reference to the model 
experiments carried out prior to the building of 
the Lusitania and Mauretania, he would say that 
he had mentioned the work done by Messrs. Denny 
in a paper he read some years ago. He should 
mention that Messrs. Swan and Hunter also built a 
model launch, and did a lot of good work in the 
same connection. 

The question of economic running under all sorts 
of varying conditions did not, perhaps, bulk so 
largely in the North Atlantic trades as in some 
others. Apart from the fact that a very high 
standard was demanded on the Atlantic, owing to 
international competition, the conditions were 
relatively straightforward, in that the boats sailed 
direct between their terminal ports at express 
speed. There were no intermediate calle. To the 

ast, for instance, the conditions were very 
different, and the voyage was frequently so 
broken by calls at different ports that there 
was less object in aiming at a very high speed 
during the sailing time. A further point he 
might refer to was illustrated by the diagrams 
in the paper showing the relation between horse- 
power and knots for the various model forms 
tried. It would be noted that the beam, starting at 
80 ft., rose to 86 ft., and finally to 88 ft. is 
increase was to be explained by the fact that when 
the boats were being considered it was with refer- 
ence to a dock-gate at Liverpool, 90 ft. wide. It 
was all a question of how close to the 90 ft. the 
company were prepared to build their boats. As 
their experience increased, and it was seen how 
easily handled these large boats would be, the 
company increased the beam and gradually cut 
down the contemplated clearance of the boat and 
the dock entrance until it was reduced to a foot at 
each side. He knew an amusing instance bearing 
on this point, and showing that it was advisable 
to make sure that the figures for beam and width 
of gates that one was working with were really 
correct. The instance was of a boat at Paisley, 
which regularly once a month went through gates 
that were 6 in. narrower than the beam. 

Mr. W. H. Whiting, the next speaker, thought 
it of great value to have a full and frank statement 
from Mr. Peskett giving the ends and objects 
underlying mercantile ship design. The paper 
cove a wide range, and it was only possible to 
speak on parts of it. Something had been said of 





the relative values of longitudinal and transverse 
subdivision. This was a subject of which much 
had been heard during recent years, and he some- 
times thought that discussions on the relative values 
of the three types of subdivision might possibly 
divert attention on what were, after all, the essen- 
tials of the problem. There was no doubt that 
transverse subdivision for the purpose of securin 

a reasonable degree of safety was always essentia 
and generally sufficient, and for many classes of 
ships was all that could be expected. His first 
acquaintance with this subject went back thirty 
years, and he would like in this connection to add 
a tribute to his old chief, Mr. James Dunn, whose 
judgment and skill had laid a basis for much of the 
work done since. He hoped that whatever was 
done, the permanent importance of transverse sub- 
division would never be overlooked. A transverse 
bulkhead was much more likely in the hour of 
danger to be efficient than either of the other types. 

He thought the late Mr. Alfred Holt was almost 
the first shipowner to recognise the value of reason- 
ably sufficient subdivision. His boats of the Ocean 
Steamship Company were almost pioneers among 
cargo vessels. With this in view, it was interest- 
ing to note that Mr. Alfred Holt always said a 
bulkhead with a door in it was never to be relied 
on. His (the speaker’s) experience in the service 
had confirmed this opinion. By saying that 
nothing more than transverse bulkheads could be 
expected on the average cargo ship, it might appear 
that he was suggesting that such ships could not 
really be adequately subdivided. This was quite the 
opposite of his idea, however. So impressed was 
he with the greater likelihood of a simple trans- 
verse bulkhead being intact when it was wanted, 
as compared with other types, that he would always 
feel safer in a cargo-boat than in a liner with all 
sorts of subdivisions and a large number of 
water-tight doors. Such subdivision was also most 
valuable in locating a fire. He had once had a con- 
versation with the late Sir Donald Currie, when 
they were discussing one of his new Castle liners. 
This was in the days of flush-deck ships, with a 
light superstructure. Sir Donald Currie said that 
he always had the transverse bulkheads continued 
right up to the upper deck, so that in case of fire 
one could keep the passengers below entirely cut 
off from the fire, and could proceed to the main job 
of gave the fire out without interference. 

rofessor W. S. Abell concluded the discussion. 
He said that as some time had already been occu- 
pied in the discussion, he would confine himself to 
a few words. The paper was of great value, and 
it would be of advantage if other companies would 
follow the Cunard Company and let them have a 
record of the conditions and experience that had 
determined the policy in ship construction. He 
thought it would be an advantage if Mr. Peskett 
would add a short note to the paper recording 
the increase in 5 which had taken place with 
the Lusitania and Mauretania under service con- 
ditions. The scientific way in which the Cunard 
Company had tackled the design of these ships 
was deserving of all praise. Mr. Peskett had 
made it quite clear that the final length and breadth 
of the boats were determined directly from model 
experiments. There was a point in connection 
with transverse and longitudinal bulkheads from 
the bottom to the boat-deck. Those leading to 
great local stiffness might increase the longitudinal 
stresses due to bending. It would be interesting 
to know what expansion joints were fitted. 
Could Mr. Peskett give a short summary of any 
failures in the superstructure that the Cunard 
Company had experience of? Could he also give 
the curves of stability which it was their practice 
to work to? The large metacentric height men- 
tioned by Sir Philip Watts might have been 
adopted in order to keep the period of roll of the 
new boat the same as that of the Mauretania. 

Mr. Peskett, briefly replying, said that he would 
deal in writing with most of the questions raised. 
On the point of bulkhead doors being left open, he 
might say that all the doors in the transverse bulk- 
heads on the Aquitania were normally kept closed, 
and were operated from the bridge. It was impos- 
sible for them to be kept open except from the 
bridge. Sir Philip Watts had referred to the 
metacentric height. He hoped he did not think 
3 ft. 6 in. or 4 ft. was incompatible with safety. 
The figure was due to the superstructure, and the 
stability changed every day with the coal con- 


sumption. 
This concluded the consideration of the paper, 
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and after a vote of thanks to the author, proposed 
by the President, the meeting turned to the con- 
sideration of the next communication. 


Stasitity in DamaGEep ConDITIONS. 

This was a paper by Mr. P. Y. Brimblecombe, 
entitled ‘‘ The Stability of Ships in Damaged Con- 
ditions.” It was read by the author. 

The paper, to some extent, followed up one read 
by Dr. Flamm in 1912, in which he gave the results 
of an investigation of the initial stability of pris- 
matic bodies of various dimensions having different 
lengths flooded. Mr. Brimblecombe’s work, how- 
ever, dealt with the question as applied to a vessel 
of ship-shape form. He adop the assumption 
of the 1890 Bulkheads Committee, that in every case 
cargo occupied 60 per cent. of the flooded compart- 
ment. Two cases were considered, in the first the 
cargo being assumed distributed homogeneously 
throughout the space, and in the second concen- 
trated in the lower part of the hold. The flooding 
of compartments at the fore and aft ends and amid- 
ships was investigated independently. The stan- 
dard vessel taken for consideration was one of 
400 ft. length by 48 ft. beam by 32 ft. moulded 
depth. A load draught of 23 ft. 4 in. was taken. 
With these conditions and homogeneous cargo 
there was a gain of G M after flooding any of the 
compartments. The maximum gain was 2.05 ft. 
when the amidship compartment was flooded, and 
the minimum 0.7 ft. for the aftermost compart- 
ment. 

The same ship was then considered with its 
depth decreased to 27 ft., 22 ft., and 17 ft., and it 
was found that for the last two cases there was a 
loss of GM at every of the ship. The same 
investigations were then repeated with the initial 
draught taken at 26 ft., and it was found that witha 
depth of 22 ft. there was a slight decrease of G M at 
the ends, and with 17 ft. a decrease at every point. 
Curves were then plotted for the same ships with 
the cargo concentrated at the bottom of the holds, 
and in general it was found that the worst condition 
obtained with flooding amidships, and that G M 
was in all cases negative except for depths of 32 ft. 
and 27 ft., with an initial draught of 26ft. Further 
cases were then taken in which the cargo filled the 
compartment to just below the flooded water-line. 
The general conclusion from the work was that for 
vessels of ordinary proportions the initial G M 
would retain a positive value except in the unlikely 
event of cargo reaching to just below the flooded 
water-line, as in the last cases taken. The latter 
part of the paper was concerned with the considera- 
tion of initial stability with compartments flooded 
to various heights or for various lengths. 

Professor J. J. Welch, opening the discussion, 
said the subject dealt with in the paper had an 
important bearing on the question of water-tight 
subdivision. It investigated the case of a vessel 
losing sufficient buoyancy to cause her to sink to the 
margin-line recommended by the 1890 Bulkhead 
Committee, and determined if she would retain 
sufficient stability to avoid capsizing. The cargo 
was assumed homogeneously distributed in one 
case, and concentrated in the other, the volume 
remaining the same. The subject of the paper 
consequently differed from that investigated by the 
1890 Committee, which dealt with the relative 
effects of cargoes of equal weight but different 
densities. The paper showed that for uniformly 
distributed cargo there was either a gain or only 
a small loss of initial stability up to ratios of beam 
to draught as great as 3, while beyond that the 
loss became considerable. The curves of stability 
showed that, notwithstanding the loss of reserve 
buoyancy resulting from immersion to the buoyancy 
line, a vessel under these conditions was likely to 
remain afloat in moderate weather except possibly 
in cases of vessels of extreme ty These conclu- 
sions were in accord with the fact that it was 
extremely rarely one heard of a mercantile vessel 
capsizing after being bilged. 

if the cargo was concentrated at the lowest por- 
tion of the compartment, the paper showed that a 
very serious lowering of the metacentric height 
would result under the conditions assumed, the 
fall being greatest amidships. The assumptions, 
however, did not — apply to machinery 
compartments. In shallow vessels, such as cross- 
Channel steamers, the engines, boilers, and coal 
were distributed vertically more or less throughout 
the space of the bulkhead deck, while even for 
deeper sea-going ships the same thing was true to 
someextent. For the purposes of the comparison 





the permeability had been taken as 0.4 throughout, 
but the recent International Conference had decided 
on 0.8 as the permeability of machinery compart- 
ments. Mr. Brimblecombe had shown that the 
stability of a vessel with uniformly - distributed 
cargo would be practically unaffected by this 
change, but with concentrated cargo he believed the 
results for 0.8 would be somewhat more favourable. 

It would be remembered that in warships of the 
old ‘* Admiral” class, coal, coke, and stores were 
located in the region of the water-line at the unar- 
moured ends, so that they would contribute to 
buoyancy and stability in the event of damage 
from shell fire, and the same principle held for 
merchant ships. That was to say, if a vessel was 
bilged, it was an advantage to have water-excluding 
material in the region of the deep water-line. Ifa 
~ 4 was designed to have reasonable initial stability 
with homogeneous cargo, the foregoing conditions 
tended to be fulfilled even with non-homogeneous 
cargo, owing to the desirability of stowing some 
portions high up to avoid undue metacentric height. 
It should be emphasised that the paper dealt 
with the limiting condition of a vessel with the 

test length of compartment allowable from 

uoyancy considerations flooded. The clear con- 
clusion was that the length should be subdivided 
as much as practicable, so that an ordinary accident 
would only result in a portion of the length bein 
flooded. The International Conference has decid 
that for the longest vessels the maximum length 
of any compartment should only be one-third the 
total length floodable. Larger fractions were neces- 
sary for shorter ships from practical considerations. 
Vessels of extreme proportions between beam and 
draught should have special attention paid to their 
stability conditions. It need hardly be pointed 
out that where practicable horizontal subdivisions, 
as shown in the paper, were a valuable addition to 
safety, as were also double skins. 

Mr. F. H. Alexander said that this paper should 
be read in conjunction with the one by Professor 
Flamn, if it were intended to apply the results to 
vessels of sizes which differed from those of the 
ships dealt with by Mr. Brimblecombe. He 
thought that a vessel of 26-ft. draught on 48-ft. beam 
was an unusual type in these days, and that the 
shallower vessels quoted by the author were not 
so extreme or unusual as was stated in the paper ; 
for instance, in the large vessel dealt with in Mr. 
Peskett’s paper, the beam was nearly three times 
the draught. The curves of stability would seem to 
show that although the GM might appear ample 
in the flooded condition, the resistance to over- 
es a be small, and he thought that it 
might be found desirable to increase the righting 
— by a the vomey | transverse bulk- 

eads to a greater height than those near the ends. 
He also — out that the water-tight deck above 
the bulkheads might be pierced by collision, and 
in that case the rightin: 


i would be repre- 
sented by the weaker stabilit 


curves given by the 


author. He hoped Mr. Brimblecombe would 
pursue his investigations of the subject further. 
Dr.-Ing. Ernst Foerster, who is the naval archi- 


tect to the Hamburg-Amerika Linie, said the paper 
was most valuable, and shipbuilders were greatly 
indebted to the author. The results obtained were 
most encouraging to builders of r ships 
with heavy superstructures, and showed that they 
were absolutely safe in all probable events. The 
subject had been investigated in connection with 
the building of the Vaterland, and the results 
confirmed in every way those obtained by Mr. 
Brimblecombe. The safety of ships of this class 
was not confined to the new conditions which might 
finally ensue after a collision, but endured during 
the whole change of trim. Curves of change of G M 
which they had obtained showed that the value 
first fell and then rose, and in nearly all cases the 
damaged ship had increased stability as compared 
with its initial conditions. In the worst case in- 
vestigated the G M value was for a time negative, 
but in the final state it rose nearly to its initial 
value. Their final conclusions were that there was 
nothing in the conditions of the modern high- 
superstructure ship to cause alarm, and that it was 
safer than ships of shallower type. He suggested 
that in future ships of this class the joints between 
the bulkhead deck and the ship’s sides might be 
made water-tight, so that, even with considerable 
heel, water would not find its way below the deck, 
even if there were openings in its centre. 

Sir Archibald Denny said that the question of 
stability in damaged conditions came prominently 





before the Bulkheads Committee, and the evidence 
showed that there was no record of a bilged ship 
having capsized. He thought the paper before the 
meeting showed the reason for this. The meta- 
centric heights assumed by the author were quite 
moderate, and yet it was shown that they provided 
sufficient stability, so that in the damaged condi- 
tion there was no danger. It must always be 
remembered, of course, that no amount of sub- 
division would save a ship if the damage was great 
enough, as might, for instance, be caused by a 
He had 


ripping blow. 
Mr. A. Cannon was the last speaker. 

no wish to detract from the paper, but although 
Mr. Brimblecombe said many papers had been 
written on subdivision, little or no consideration 
had been given to the effect upon stability of 
flooding compartments, he must point out that in 
1912 he read a on the effect of free water on 
board ship, aa. although not concerned with 
subdivision, none the less yd into the ques- 
tion of a certain amount of flooding. He showed 


that with a small quantity of water in a — and a 
small metacentric height, the range of stability was 
fairly large, and that there was no danger. ith 


water inside and out at the same level there was 
a large metacentric height and good stability, but 
of small range, and that nothing between these 
two conditions need be considered. He would like 
to know what Mr. Brimblecombe intended when he 
talked about the G M in the flooded condition. 
Was the water on board taken as added weight or 
loss of buoyancy? In conclusion, as the first 
research scholar, he would like to congratulate 
Mr. Brimblecombe, the second research scholar, on 
the fact that he had been able to obtain such definite 
results for his work. Anyone familar with investi- 
gations of the class undertaken knew how difficult 
it sometimes was to work up to any definite con- 
clusions. 

Mr. Brimblecombe, in reply, said that although 
the investigation had been confined to ships of a 
specific length and breadth, the results were, of 
course, applicable to any other ships of the same pro- 
portions by suitably modifying the factors. He was 
gratified by Dr. Foerster’s remarks. The question 
of the water-tight joint between the deck and ship’s 
side was practically indicated towards the end of his 

per, where he said to obtain the maximum benefit 

rom the ’tween deck s it was necessary that 
the hatch-covers on the bulkhead deck should be 
practically water-tight. He was sorry that he had 
appeared to overlook Mr. Cannon’s work. He had 
nit really done so, and Mr. Cannon, of course, did 
not deal with subdivision at all. His investigation 
was limited to the consideration of the effect of 
water in a single compartment. In reply to Mr. 
Cannon’s question, the water entering was treated 
as lost buoyancy. 

This concluded the discussion, and after a vote 
of thanks to the author, proposed by the President, 
had been carried, the meeting adjourned until the 
afternoon. 


Sare Srapiiiry anp Water Batwast. 


The first paper taken at the Friday afternoon 
meeting, at which Sir A. Denny occupied the 
chair, was by Mr. A. T. Wall, and was entitled 
‘* Safe Stability and the Economical Use of Water 
Ballast in,Ships.” It was read in abstract by the 
author, The ew aimed at the introduction of a 
comparative method of treating vessels of varyi: 
forms relatively from the stability standpoint, wi 
a view to determining the safe loading of ships so 
that they — proceed to sea with a margin of 
stability. e@ pu was to draw up tables for 
each ship, which might be placed in the hands of 


the navigating officers, and of such form that the 
information thus supplied might be easily applied 
in the ordinary working of the vessel. 


Mr. J. 8. Gillingham, who spoke first, said the 
method described in the paper was an elaboration 
of the principle described in Sir William White's 
manual. The author had treated the problem 
differently from other investigators whe had 
worked on the subject before, and had carried it 
further. An initial GM was very little guide by 
which to a the resistance of a ship to ca 
sizing. t, he thought, was the essence of My. 
Wall's Per. The author suggested that every 
ship should be subjected to inclining tests. That 
he thought a very excellent idea, but was rather 
a “*tall order” ‘‘ for every occasion of loading.” He 
also thought it was going too far to make the ship’s 
officers responsible for deciding on the stability of 
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the ship, as the author proposed, because the method 
the paper proposed took no account of the fact 
that in the design it was provided that the 
to float with certain compartments bilged. From 
calculations which had been made he understood 
that, so far as capsizing was concerned, no ship yet 
built would capsize from bilging alone. Bilging 
operations should he considered and covered by any 
method, such as that proposed by the paper. The 
method was, he thought, further unsound because 
the onus of responsibility was thrown on the captain. 
If a captain, con experience, thought he might 
encounter a 60-knot wind on a voyage, and loaded 
accordingly, and then actually encountered a 75-knot 
wind, or moderate hurricane, his vessel would be 
bound to capsize. Also, if he loaded in the ex- 
pectation of a certain maximum angle of roll, and 
that was exceeded, the vessel would capsize. He 
thought the application of the theory should be 
carried out by naval architects, and not by the 
mariners. In fact, inclining operations should be 
carried out also by naval architects. Vessels very 
often traded on a similar system of loading— 
that was to say, they worked regularly on routes 
on which similar cargoes were obtained, and on 
many successive voyages might therefore be simi- 
larly loaded. Under such conditions, inclining 
experiments should be done once, and not at each 
loading. For tramps pure and simple the more 
frequent tests, the author suggested, might be desir- 
able, but they would not be so for other types. 
Professor W. S. Abell was the next speaker. 
He said that as regards the paper, the method 
described of measuring the dynamical stability of 
a ship was one he had used] many times with 
advantage. He had first used it about twelve 
= ago in the case of an unstable vessel, and had 
en surprised to find how t was the effect of 
wind pressure. With regard to the height of the 
‘*wind line” on the statical stability curve, he 
found it by producing the curve back to 15 deg. 
to windward, drawing a vertical through that 
point, and then drawing a horizontal line at such 
a height that the triangular area above the curve, 
and bounded by it and the vertical and horizontal, 
should equal the area of the stability curve cut-off 
above the horizontal. He had found it in two 
cases to be about 56 lb. per sq. ft. That he 
thought a good guide. As to Mr. Gillingham’s 
point of making the zaptain responsible, that 
was already the law, and therefore it should be 
the endeavour to provide the master with data 
which would give him a correct knowledge of the 
case. As to the best method by which that could 
be done, many ways, of course, had been suggested. 
He was afraid the author’s way was too compli- 
cated, and really it was only possible to draw up 
certain general rules for each case with regard to 
loading. He thought inclining at the docks would 
never be done. The author dealt with stability at 
large angles. The effect of the GM disap 
at 10 deg. or 15 deg., and he thought the author 
would have done better to deal throughout with the 
height of G. The metacentric height merely com- 
plicated the matter. The height of G was simpler, 
and that it served the purpose was shown by the 


author’s tables, which were all drawn up for that. 
Mr. L. Woollard said the author attempted 
to set up a standard for eargo-ships. What was 


the force causing heeling and rolling, and what 
tended to limit it? The author had confined his 
attention to wind pressure as the only practical 
standard. Mr. Cannon, by means of the pendulum 
machine, had investigated the effect of rolling and 
of waves. It would be interesting to see if the 
ships pronounced as safe by Mr. Wall’s method 
were also safe against rolling in the light of Mr. 
Cannon’s work. The author was to be congratu- 
lated on the arrangement of his tables in a form 
which could be understood by the master. 

Mr. A. Cannon said that there had been many 
cases of ships having gone to se. and been lost, and 
when the matter had been gone into, there seemed 
to be no ible reason, unless it was this ques- 
tion of suggested instability. Ships were a good 
deal higher now in the water than formerly, and 
the wind effect, combined with rolling in the trough 
of the sea, was very great. If a master could 
sure of the knowledge that he was putting to sea 
with his ship in a stable condition, an advance had 
been made. Mr. Woollard had referred to his 
rolling experiments. The conditions there met 
were greatly complicated if there were free weights 
inside the ship. ose matters could not be solved 
mathematically, but only experimentally, and there 





was a great scope for experimental machines in 
such research. e had found some interesting 
facts in his work. For instance, in the case of a 
Channel steamer tested with various heights of 
water in the tank, he had found the very height 
which gave the greatest retarding effect when the 
vessel was rolled in still water, gave the greatest 
increase of roll when the vessel was rolled by waves, 
making the condition dangerous. In the case of a 
ship it was not so much the G M as the height of 
G that mattered, but as M was fixed it came to the 
same thing after all. With regard to the use of ballast 
and inclining tests, he knew of the case of two 
exactly similar ships, both of which had been 
inclined by the same naval architects, and in one 
case the G M was 1 ft. different from the other 
without any known reason. If such tests were to 
be put into the hands of the ship’s officers, he 
thought there would be risk of considerable differ- 
ences in the resultant G M’s found. There was no 
doubt that many ships were going about carrying 
ballast which was unnecessary. 

Sir J. Biles said the paper was a very interesting 
one, but he did not think the method ree of 
determining the necessary amount of should 
be accepted. It was based on wind pressure, which 
varied with the inclination of the ship. They also 
had to be careful in these matters, because in none 
of these things could they arrive at absolute results. 
They could only arrive at conclusions from com- 
parative work ; there was no absolute base to work 


on. Crossland was, he thought, the first to apply | pa 


the proposed method. He applied it to 

ships, in which the area exposed to the wind was 
practically constant. That was not the case with 
steamers. If a steamer was inclined, the exposed 
area of the side was increased and the centre of 
pressure was raised on one side while it fell on the 
other, so that the heeling moment was increased 
considerably. They were dealing with large forces 
(56 lb. per sq. ft.), and therefore with large 
moments. For these reasons it was necessary to be 
sure of their data. He had lately investigated the 
case of a vessel lost by rolling in the Bay of Biscay. 
The steering gear had failed and the vessel had got 
beam-on to the sea and had been lost. He had 
found that with a wind pressure of 45 lb. per sq. ft. 
and an angle of 20 deg. the reserve of stability had 
not been sufficient in that case. The problem was 
not simple, and the results, if interpreted one way, 
might lead tothe idea that many of our large ships 
should turn over, which they did not do in practice. 
It would be interesting if the system proposed 
could be applied to critical cases, and the results 
~— compared with the seagoing work of those 
ships. 

The author, in reply, said his principal object in 
submitting the paper was, so to speak, to set the 
ball rolling to get.a basis of comparison. He made 
no su ion that his method was an absolute one, 


peared | but pointed out in the paper that it was compara- 


tive. It erred on the safe side for several reasons. 
For instance, no account was taken of fluid resist- 
ance, which was very appreciable, nor had account 
been taken of the reduction of the effective pres- 
sure on the ship as it heeled, nor of the fact that 
the pressure taken had been a maximum for a small 
area, whereas over a large area there was always some 
reduction compared with a small area. Further, 
the coefficient had been taken as 0.00234, whereas 
Dines gave 0.00135, and Froude 0,0017. It was 
certainly not necessary to do inclining tests always, 
nor had he said that the ship’s officers should incline 
the ship.. They should, however, give the angle, 
and it was the officer, with the superintendent, who 
should decide what tanks should be filled. Actual 
miscalculations were made nowadays to amounts of 
several hundred tons. The safety of the ship was 
in the captain’s hands, and he should therefore be 

iven all data which he could profitably embody in 

is experience. His method might be used as a 
method of comparison, and some steps might be 
taken to give a better idea of stability than was 
possible at present. Professor Abell said the tables 
were complex, but he did not think them beyond 
the intelligence of any captain who would give them 
three hours’ study. Professor Abell also said in- 
clining at the docks was not ible. That was prob- 
ably so, but in the ee oo pact which occurred it 
would prove useful. It was true that the G M dis- 
appeared with angles of less than 10 deg. or 15 deg. 
A captain could control rolling if conditions became 
dangerous. Mr. Cannon had given them a some- 
what remarkable case of different results from 
inclining two similar ships. If it was correct it 





would mean that they would have to revise their 
methods; but he thought, as a rule, results were 
fairly in accord, ° 

Sir A. Denny, in proposing the vote of thanks, 
said the paper dealt with a subject which he had 
long been interested in. He had at one time 
endeavoured to get a large number of captains to 
take an interest in it, but only three would take 
the trouble to incline their a 8 One inclined his 
ship over and over again. He had given him a safe 
line to work to. He had not troubled him with the 
meaning of metacentric height and so on, but when 
he found this captain carried the idea out, he had 
been able to get data which they used subse- 

uently in the design of that company’s fleet, with 
the result that the vessels produced were famous 
non-rollers. 


Tue Roiirme or SHips AND Stresses DuE To 
HEAVING AND PITCHING. 


The second paper taken at the afternoon meeting 
was entitled ‘‘ Further Results of Research Work 
in Connection with the Post-Graduate Scholarships 
in Naval Architecture.” It was by Mr. A. Cannon, 
and stated that the research work programme 
selected had consisted of (1) experiments on rolli 
of ships in still water and amongst waves ; (2 
an investigation into the stresses on ships due to 
heaving and pitching amongst a regular series of 
waves ; and (3) the experimental determination of 
elasticity of riveted joints. The first part of the 
dealt with the relation between the time of 
rolling of a ship at large and at small angles. It 
was evident that if the period of a ship altered 
rapidly with an increase of angle, a tank whose 
period had been proportioned to a ship at small 
angles would not be as good as one based on the 
period at moderate angles. The variation of period 
was investigated, the problem being worked out 
with the aid of the integraph, Unresisted rolling 
was first considered, and then the system was 
applied to resisted rolling. The second part of the 

per went into the calculation of stresses due to 
Caskia and pitching, and applied them to examples. 

Mr. G. S. Baker said the paper was valuable to 
all who took an interest in the scientific side of 
naval architecture. He was astonished to hear 
that more money was wanted if the research were 
to be continued. He thought that in Glasgow they 
could get ever} thing they wanted in that way. In 
the case of the Revenge, he had found a period of 
15.6 when under conditions of resisted rolling, and 
15.2 for unresisted rolling. For the model of a 
lightship it was 4.06 for resisted rolling, and 3.94 
for unresisted rolling. The actual periods of both 
models and ships came out slightly less than the 
formula gave. Forms with small metacentric 
heights gave larger periods at large angles, and 
those with large metacentric heights gave the 
reverse. He did not think these differences of very 
great importance. The main thing was to take 
into account forced movement. Thesingle isolated 
roll was the most dangerous ; sometimes such a 
roil was three or four times as great as isochronous 
rolling. It was the heavy lurch which they had to 

vide for. When the roll made waves, especially 
where bilge-keels were fitted, the bigger the angle 
of roll the bigger was this effect, and in his opinion 
it was this wave-making which had the greatest 
influence on the reduction of the roll. 

Professor J. J. Welch said ry! were greatly 
indebted to the Commissioners of the 1851 Exhibi- 
tion for instituting scholarships which resulted 
in research such as had been embodied in the 
pa The work done was proof of the value of 
those scholarships, and he hoped the means would 
be found to continue it, where Mr. Cannon had 
been forced to leave it. He thought the time 
required for obtaining the result by graphical 
in tion, as introduced by Froude, was really 
small, and with a little experience quite good 
results could be got out by that means. They took 
a mathematical case, worked out, for which the 
period was known, and then set, as in Glasgow, an 
exercise for the ship, and they found that the 
time of unresisted rolling ascertained that way did 
agree with the mathematical method. It could 
subsequently be applied to resisted rolling. The 
time could be found quite quickly. Had Mr. Baker 
obtained his values from rolling experiments of 
moderate angles? Did the same values hold for 
large angles up to 45 deg. ? Mr. Baker here replied 
that they differed greatly between small and 
large angles, so much so that they would not be 
recognised as the same. Professor Welch thereupon 
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pointed out that it was impossible to use, for 45-deg. | 
angles, the a and b values obtained for 10 or 12-deg. 
angles. Inthe paper the author said the effect of 
heaving in the hogging condition was generally to 
decrease the stresses. He did not think that was 
always so. Had the author taken the crest of 
the wave as the maximum heave ? 

Sir John Biles said he wanted to correct Mr. 
Baker’s idea about there being no difficulty in 
getting what money they wanted in Glasgow. In 
this matter Sir A. Denny had been most generous ; 
the remainder had come from the University itself. 
The scholarships were crippled at present by the 
fact that the scholars had not enough money to 
devote to apparatus, and greater financial provision 
should be made to enable them to procure what was 
needed in the way of apparatus to make the research 
a success. He was more or less familiar with Mr. 
Cannon’s work, as it had been done at the Univer- 
sity ; and though it was not, therefore, for him to 
speak on it, he thought it was valuable. The 
method described was easily worked with the 
integraph. They did not have to stop now at 
equations which they could not integrate. The 
pitching stresses which the author had produced 
for the first time led to interesting conclusions. 
The maximum point in the bending-moment curve 
did not occur, in pitching, at the midship section. 
It was usual to make a fair curve of the bending- 
moment curves for pitching conditions, having 
maximum ordinates equal to the maximum ordi- 
nate of the statical bending-moment curve under 
different conditions of trim, and extending over a 
certain length on either side of the midship section. 
Mr. Cannon had shown that really the maximum 
stresses were not only to one side of the maximum 
bending-moment ordinate of the statical curve, but 
were also much greater than the statical bending- 
moment curve showed. 

Mr. Cannon, in reply, said that money was really 
so scarce in Glasgow that it almost needed a 
research scholar to search for it. He that 
it was the sudden roll which should be provided 
for. That fact was better appreciated now than 
formerly, and it was for that reason that Sir J. Biles 
had procured a rolling-machine, so that it might be 





discovered when and why it was caused, in order 
that it might be provided against. As far as his 
recollections went, Froude’s method of attacking 
the problem was laborious; but with the inte- 
graph, once the scale was set, it was possible to get 
out comparative results quickly. The work had 
proved very interesting, and he was greatly in- 
debted to Sir J. Biles and to Sir A. Denny for 
assistance in matters of finance and material and 
other ways. It was now proposed to found a 
scholarship as a memorial to Sir W. White. 
Might not the funds with advantage go towards 
the better financing of the existing scholarships, 
with a view to the provision of more adequate 
— and apparatus, than to a new scholar- 
ship ? 
Tue Ve .ocity or Roi. 

The last paper of the meeting was one by Mr. 
H. E. Wimperis on ‘‘An Instrument for the 
Measurement of Velocity of Roll.” This described 
an instrument which consisted of a gyroscope, with 
a horizontal axis, suspended in a frame by a tor- 
sion wire, the twisting of which was a measure of 
the torque applied, an indicator being provided in 
connection with it for showing the amount of the 
twist. With the instrument placed with the 
gyroscope ring athwart the ship, it would indicate 
the roll, and placed fore-and-aft would indicate 
pitch. A clockwork recording apparatus was fur- 
nished, and in the actual instrument the gyro- 
scope was electrically driven. 

Mr. G. S. Baker asked if the machine would be 
affected when the ship was rolling amongst waves, 
and also what was the size and weight of the in- 
strument. Professor E.G. Coker said it was an 
interesting instrument, following naturally on 
Mr. Wimperis’s accelerometer. He was not able 
to go into the construction of the instrument, but 
he wished to ask whether it had been used in con- 
nection with rolls of short periods. The only 
curve given in the paper was one of a long period. 
The instrument might find many applications other 
than on board ship, and it would be well to know 
whether it was accurate, or to what degree it was 
so, for short rolls. It might be used on airships, 
where the times of vibration were small, and in 





| 


other applications where the time of vibration was 
very different from what it was in ships. 

In reply, Mr. Wimperis said that the point 
Mr. Baker raised of the dynamical vertical not co- 
inciding with the true vertical would have affected 
the instrument greatly if he had not been wise 
enough, as he was glad he had been, to see that the 
centres of gravity of the moving masses lay in their 
respective axes. It gave him some trouble to 
arrange for that, but the point had been gone into 
carefully. The bulk of the instrument was com- 
posed of the recording apparatus. It was not large, 
and could be cartied in the hand. In reply to 
Professor Coker, the free period of the instrument 
could be made to suit different conditions by 
stiffening the spring. 

Sir J. Biles, who had taken Sir A. Denny’s place 
in the chair, in proposing the vote of thanks, said 
he had hoped to use the instrument in connection 
with his rolling-machine, but it was of too large 
proportions for that. Perhaps Mr. Wimperis 
might later devise a smaller one for such work. 
The usual votes of thanks to the Royal Society of 
Arts for the use of their rooms and to the President 
and other chairmen at the meetings were then 

by the few members remaining, and after a 
vote of thanks to Mr. R. W. Dana, the Secretary 
of the Institution, the meeting terminated. 





TRAVELLING PLATE-DRILLING MACHINE. 

THE increasing size of plates used in certain classes 
of work has raised various troubles with regard to 
drilling. Plates 12 ft. wide or more, and sometimes 
40 ft. to 50 ft. long, are extremely awkward things to 
move about under a drill; while their width, demand- 
ing a large radius for the drilling-machine, would for 
high - speed work necessitate a very cumbersome 
design. Messrs. William Asquith, Limited, of Hali- 
fax, have recently constructed a machine, which we 
illustrate on the present page, designed to overcome 
some of these difficulties. 

It will be seen from our illustration that this ma- 
chine is constructed to travel over the plate, instead 
of the plate being moved about under it in the 
ordinary way. The drill proper is mounted on a stiff 
bogie, constructed of strong transverse girders and 
end carriages running on four wheels, on rails laid on 
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the floor. The is traversed by hand, and can be 
locked on the rails in any desired position. The 
machine shown in our engraving is fur drilling plates 
12 ft. in width. The drilling spindle is mounted on 
# radial arm, giving a maximum spindle radius of 6 ft. 
and a minimum of | ft. 74 in. The arm is carried by 
a c lumn of cyliadrical section, mounted on a sliding 
carriage, having a cross traverse of 6 ft. a the 
bogie. This traverse is adjustable by hand, or the 
machine can be — for power traverse. 

The spindle is 2 in. in diameter at the driving ~ 
and has a feed of 15in. Its end is bored to No. 4 
Morse taper. It is provided with hand or self-acting 
traverse, and can be locked in any position, and has 
all the adjustments and controls necessary for expe- 
ditious work. It is carried in a slide supported by a 
double arm giving central thrust. The arm is provided 
with a strong sleeve, and can be locked on the main 
column. The machine illustrated is provided with a 
9-brake-horse-power motor-drive and a two- 
gear-box, the motor ~ being 760 revolutions per 
minute under load. he spindle has ball-thrust bear- 
ings ; the machine bearings are bushed with gun-metal, 
and the gears are cut throughout. A pump, with the 
necessary piping, is provided, the lubricant being 
collected from a trough and delivered at the drill point. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 1. 

Apvices from all the ter iron and steel centres 
throughout the United States indicate a week of un- 
usual dulness. The larger railway systems have within 
a short time —— some 70,000 trainmen and em- 
ployees, and reduced the number of trains. Numerous 
railroad orders are held up. Financial and legislative 
matters are still acting as a brake on the placing of 
new business. The output of pig-iron has slightly 
fallen off. Present deliveries are on orders sheet 
early in the year at bargain rates. The market for 
steel-making grades has been very quiet all the week. 
Basic and Besremer are dull, but prices are not yet 
shaded. Rail orders for the week amount to 15,000 tons 
for Western roads. Structural material was ordered for 
New York subways to the extent of 50,000 tons, and 
many small lots of 1000 tons each have been booked. 
Steel plates are the most active on the list. The 
Southern Railway will take 10,000 tons to build cars 
in its own shops. Iron and steel imports thus far 
have been light, but orders will probably soon go 
abroad for delivery on the Atlantic seaboard. There 
is a good run of small orders for early delivery, but 
very little business for late delivery, a condition part! 
due to the indifference of manufacturers for late deli- 
very business. The smaller mills are nearly at the end 
of their orders, excepting for sheets: The movement 
of tinplate is heavy for the time of year. The whole- 
sale discharge of railway employees is causing much 
comment. The miners in the bituminous coal-fields 
have refused concessions on certain details, such as 
pushing their cars into the mines, and a strike or 
general suspension is now imminent. 





Oontract.—Messrs. Sir W. H. Bailey and Co., Limited, 
Albion Works, Salford, Manchester, have just received 
an order through their agents, Messrs. R. H. bo 
and Co., Limited, Wakefield, for one of their ‘‘ Késter’s” 
patent electrically-driven air-compressors, to deal with 
1600 cub. ft. of free air per minute, for the Conseto Iron 
Company, Limited, Consett, Co. Durham. 





THE ery nr tenon Ra H. ‘eg = F.R.S. — We 
regret that Professor Poynting, a physicist of great 
distinction and an admirable teacher, who was widely 
respected, has passed away while only sixty-two years 
of age. John Henry Poynting was born in September, 
1852, at Moston, near Manchester, and studied at Owens 
College, Manchester, en his B.Sc. at London in 
1872. He continued his studies at Trinity Coll Cam- 
bridge, which he left as Third Wrangler in 1876. His 
first appointment was that of demonstrator at Owens 
College to Balfour Stewart ; in 1880 a professorship was 
offered to him at Mason College, Birmingham, and 
this he held till his death. He was eleeted a Fellow 
of the Royal Society in 1888, and was awarded the Royal 
Medal of the Royal Society in 1905 for his researches, 
especially in connection with the constant of gravitation 
and the theories of electro-dynamics and radiation. The 
balance which he used for determining the vitation 
constant is now in the National Physical Schesuines. 
His papers on the transfer of energy, in which he urged 
the identity of energy as a supplement to the conservation 
of energy, involve what is known ss Poynting’s th 
the fundamental generalisation ccncerning ste eo 
motion with electric’and magnetic forces. Our readers 
will, perhaps, remember Poynting’s name in con- 
nection with the interesting address which he delivered 
to Section A at the Dover Meeting of the British Asso- 
ciation in 1899, and with his experimental researches on 
the mechanical pressure of light, which he succeeded in 
demonstrating by very simple means. In the address 
referred vo, and in his y gevene, Ponteanes ynting 
expressed sound philosophical views. He ob to 
the idea of cause in physics ; to him the so called laws 
of Nature were nc but a formulation of observed 
similarities, and science was essentially descriptive. 





INDUSTRIAL NOTES. 


MEeETINGs have been held at Bradford, commencing 
last Saturday, the llth inst., to celebrate the coming 
of of the Independent Labour Party. Meeti 
of the British Socialist Party have also been held at 
Cannon-Street Hotel. At both places many of the 
points dealt with are outside our , Since they are 
more of a political than of an industrial nature. 

tes from foreign countries were present both at the 
Bradford aod at the Cannon-Street Hotel gatherings, 
and at the latter, on Monday last, the *‘ Internationale,” 
the hymn of Socialists who want no boundaries be- 
tween nations, wassung. That part of labour which 
has socialistic tendencies aims at an internationalism 
which it alone would establish and control. It will 
not allow employers to work internationally. When 
@ genius in some foreign country discovers an improved 
method of manufacture, a method which would imme- 
diately throw out of employment all other manufac- 
turers of that ay aeape kind throughout the world, 
the latter, if they are small in number, possessed 
of great resources, combine with the genius in question, 
whatever be his nationality, and after purchasing the 
patents they apportion among themselves the supply 
required in every country. It is true, we may add, 
that the same manufacturers may not be in agree- 
ment in regard to the manufacture of other things, and, 
notwithstanding their combine, they continue to com- 
oe actively with one another in the supply of the 

tter commodities. Nevertheless, their ament in 
the matter of some particular thing brings them closely 
together, and, so long as the patents remain in force, 
this leads to an understanding between them, the effects 
of which for the general of all the communities 
concerned may be a most far-reaching one indeed. This 
fact, however, the Labour Party ignorantly refuse to 
admit, and they ory out against any internationalism 
on the part of manufacturers. This party has set up 
internationalism as a one-sided fetish ; the leaders 
may understand what the word means, but 99 per 
cent. of the men forming the rank-and-file do not. 
We have stated above that at one of the meetings the 
delegates sang the ‘‘ Internationale,” the hymn to the 
fetish in question. We know part of the French ver- 
sion, in which the following words enter :—“‘ L’inter- 
nationale sauvera le genre humain;” and we have 
heard this, in France, lustily rendered by ‘‘ La terre 
nationale sera le genre humain,” which no sense 
whatever; not that the correct rendering of the 
phrase has much. Before enticing the men further into 
this particular movement, would it not be advisable 


le- 


Y | for their ‘‘ leaders ” to teach them what it really is 


and what it really implies? The men would have to 
learn far more than that before any agreement on a 
somewhat sound basis could be reached, and among 
other matters, failing an international language, the 
languages of the various countries concerned. 





A resolution put forward by the Norwich, Batley, 
Scunthorpe and Tooting branches at Bradford was to 
the following effect :—‘‘ That this conference protests 
against the ever-increasing burden of armaments and 
preparations for war, welcomes the growing inter- 
national solidarity of the workers as a potent factor 
for . . . and requests the Labour Party to press 
the Government to take immediate steps towards the 
setting up of an International Arbitration Board for 
the settlement of all disputes between nations. . .” 
This resolution was amended by the Cambridge branch 
by an amendment in which the following occurs :— 
‘** .. this conference further urges the Labour Members 
of Parliament to use their influence to secure the trans- 
ference of shipbuilding for the Navy from private 
firms to the Government dockyards.” The resolution 
so amended was carried with only three dissentients. 
The latter, probably, could not see the drift of the 
whole thing, and no doubt thought that if plough- 
shares are only article that is going to be manufac- 
tured throughout the world in the near future, why 
should Government dockyards be kept going at all ? 





At the annual Conference of the South Wales | besid 


Miners’ Federation, held at Cardiff on Monday, the 
6th inst., the official figures of the ballot on the 
question of increasing the contributions from 1s. to 
ls. 6d. amonth were announced. The figures were ;— 
Against the increase 95,624, and for the increase, 
26,884 ; or, majority against, 68,740. The chairman 
regretted the Prime Minister was not sympathetic 
towards the extension of the Minimum Wage Act to 
surface workers. In Yorkshire and Lancashire the 
coalowners had made considerable concessions, but the 
Welsh coalowners, the chairman added, declined to 
omsider the matter. The Conference authorised the 
executive to continue pressing also the banksmen’s de- 
mands for the pa: t of six turns for five worked on 
afternoon and night shifts, and to notify the owners 
that no new agreement would be entered into without 
this provision. A balance in hand of 29,613/. was 
reported. 


Mr. E. Middleton, secretary of Mesers. John Brown 


ngs | of the com 





and Co., Limited, has issued on behalf of the directors 
of this company « circular addressed to the share- 
holders, in which it is stated that ‘‘ For some time past 
the directors of the company have felt that the objects 
y, as defined in its Memorandum of \- 
ciation, which was drafted as long ago as 1864, are 
unduly restricted. The directors are accordingly of 
opinion that the time has come for applying to the 

tt for such an alteration of the Memorandum with 
res to the objects of the company as is authorised 
by Section 9 of the Companies (Consolidation) Act, 1908, 
and is calculated to cover the requirements of a modern 
and up-to-date undertaking, as has been done in the 
case of many other limited companies of long standing. 
A resolution proposes to sanction this alteration, and 
authorises the directors to apply to the Court to have 
the same confirmed. At the same time the directors 
feel that it will be to the advantage of the company 
to substitute for the old Articles of Association of the 
company new articles, which, in their form of expres- 
sion, are more in accordance with modern conditions, 
and a second resolution refers to these proposed new 
articles.” 

The proposed new Memorandum and Articles of 
Association can be inspected at the registered office 
of the company, Atlas Works, Savile-street East, 
Sheffield. 

A notice is also issued con saing Ure extraordinary 
general meetings, to be held in London, and givin 
the text of the formal resolutions to be conside 
and carried if agreed to. 





The price of No. 3 Cleveland pig-iron for the months 
of January, February, and March was certified on the 
6th inst. at 51s. 5.13d. per ton, as compared with 
55. 3.79d. in the previous quarter. This results in a 
reduction in the blastfurnacemen’s wages of 4.75 per 
cent., which brings them from 29 per cent. to 24.25 
per cent. above the standard. The reduction is to 
take effect from the 4th inst. 





In his report for the year 1913, the general secre- 
of the Amalgamated Association of Tramway 
and Vehicle Workers states the following with refer- 
ence to the National Insurance Act :—‘‘ During the 
year 1912 the society had s membership of 15,264 
paying for sick benefits, and the average amount paid 
per member was ll. 8s. 3}4d. In 1913 the number of 
members contributing for sick benefits was 17,063, being 
an increase of 1799, and the average amount paid per 
member was 1/. 9s. 104d., being an increave of Is. 6;°,d. 
per member. The actual financial increase for those 
who have been on sick benefit during 1913 over the 
average of those on sick benefit during 1912 is 
2s. 93d. per member. Such a position I think you 
must admit is a serious one, and will require every 
attention. The easy way that doctors issue certificates 
to allow members to declare on the sick allowance, 
the opportunities of over-insuranee, and the failing of 
human nature have to be taken in hand by every 
member, otherwise the matter is going to very 
serious for our voluntary societies, and instead of the 
Insurance Act proving the beneficial measure its sup- 
porters claimed for it, we shall find it has proved a 
great enemy to the great movements which have done 
so much for the working classes in the past—viz., 
the friendly and trade-union movement—in rendering 
financial assistance to its members in times of sickness 
and distress.” 





The following remarks, applicable to France and 
taken from the Moniteur Industriel, are interesting in 
that they are applicable in a general way to this 
country also, saligion from the experience of the 
Amalgamated Association of Tramway and Vehicle 
Workers. The industrial and agricultural labourers’ 
pension schemes, says our contemporary, cost the State 
over one hundred million frances (over 4,000,000/.), and 
are but little appreciated by the younger workmen. 
How simple it would have been, adds the Moniteur, to 
have recourse for one class of men te the savings banks 
and for another class to the mutual benefit societies ; 
ides, the educating of the population in the matter 
of thrift could have been carried out without incurring 
any very great expenditure. The sacrifices laid upon 
industry commerce have in no way improved the 
status of the working classes. The placing of employers 
to inconvenience has never served the cause of the em- 
ployees. Useful reforms could have been carried out 
without piling up law upon law ; undue haste has been 
the order of the day, and good work has been spoiled 
by abusive intervention on the part of the State, which 
now intermeddles with everything. Smallownerships 
in towns and on the land are now developing very 
slowly indeed, by reason of what may be termed a brak- 
ing action due to insufficient help from public funds, 
and to an accumulation of red tape. Compared with 
the sacrifices made, there is no social improvement 
worthy of the name, and agricultural labourers continue 
to flock to the towns. ws have never altered the 
morals of a nation, nor have they modified popular 
currents. Former experience has shown that certain 
provident measures applied with judgment could have 
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maintained the icultural labourer on the land, but 
this experience has been ignored. France has now 
close upon one million civil service employees, equal 
to 1 per 39 inhabitants. Does this mean progress? 
We may be allowed to doubt it. 





Meetings of employers and men connected with the 
London building trade continue to be held at different 
intervals without any appreciable result. At a con- 
ference, held on the 6th inst., the London master 
builders passed a resolution to the following effect :— 

That the National Board of Conciliation be in- 
formed that whilst the London Master Builders’ 
Association remains of the opinion that a monetary 
penalty affords the most satisfactory guarantee for 
the due observance of working-rule agreements, the 
Association is willing to compromise, subject to the 
following conditions :— 

1. The reinstatement of the working-rule agreements 
which had been recently entered into, subject to 
their remaining in force for a fixed period of four 
years, and the bringing intc conformity with such 
working-rule agreements any rules of the operatives’ 
unions which may be in conflict therewith. 

2. The infliction of an adequate monetary penalty 
by the executive on any member of an operatives’ 
union who may have committed any breach of the 
agreed working rules, and the dismissal from office of 
any official who may have incited or condoned any 
such breach, and the peaceful working by members of 
the operatives’ unions on their returning to work with 
all workmen who may then be or who may 
have been employed during a trade dispute. 

3. That there shall be no ticket inspection in any 
shop or upon any job, and no blackmailing of any 
member of the on Master Builders’ Association, 
or any association affiliated thereto. 

Subject to the acceptance of the foregoing * se 
posals, the Council of the London Master Builders’ 
Association offered to take steps to amend its rules in 
regard to the infliction of a monetary penalty upon 
any of its members who might commit any breach of 
the working-rule agreements. 

The men’s unions, we understand, have declined to 
accept the terms of the above resolution. 





The Yorkshire coal-mining strike has now fortu- 
nately been settled. The Yorkshire Miners’ Council 
held a meeting on Saturday, the 11th inst., when it 
was decided to take a ballot of the men with a view 
to ascertain whether they will return on the condi- 
tions which the Joint Committee of the Coal Con- 
ciliation Board recommended as the most satisfactory 
solution. The following official statement gives the 
result of the meeting :—‘‘The proposals of the Coal 
Conciliation Board have been put before the delegates 
and thoroughly discussed ; the delegates are agreed to 
go back to the works and to recommend that the pro- 
posals be accepted ; they are further agreed that an 
individual ballot of the members be taken, to be 
handed in by the first post on Wednesday, the 15th 
inst.” We are told that the amount lost in wages 
through the strike is close upon one million sterling ; 
the Yorkshire Miners’ Union is said to have spent 
about 150,000/. in strike pay. 

The result of the ballot was, on Thursday morning, 
announced as follows: For returning to work, 27,259 ; 
against, 11,393 ; majority for returning, 15,866. 

The case from the coalowners’ point of view was put 
in a letter recently published in the daily press, from 
which we take the following passages :— 

In the latter part of 1912 representatives of the 
owners and workmen met to consider the question of 
a renewal of the conciliation board for a further term. 
An ment was come to, and one of the conditions 
was that the men should have an immediate advance 
of 5 per cent. on the 1888 basis rate of wages. The 
men’s representatives raised the question of the mini- 
mum wage, which had been fixed by the respective 
joint district boards in the different counties. The 
men claimed that the 5 per cent. then granted should 
not be employed by the owner to make up the differ- 
ence between the men’s earnings and the minimum 
wage. If, for example, a man earned, on the 1888 
basis rate, 4s. day (+ 50 per cent. = 2s.) = 6s., the 
employer would have to give him 9d. to make him up 
to the minimum rate of 6s. 9d. Five per cent. on the 
4s. equals about 24d., therefore 4s. + 55 per cent. 
. 24d.; to make the man’s wage up to the minimum 
of 6s. 9d. the employer would have to give him 64d., 
instead of 9d., as was the case previous to the advance 
of 5percent. This the men objected to, and after dis- 
cussion the owners to the insertion of the follow- 
ing words in the resolution : ‘‘Where workmen are pai 

y contract and are not earning the minimum rate fixed 
by the joint district board foz the district, there shall 
be paid to such workmen, in addition to the minimum, 
5 per cent. on the 1888 rates so long as the wages 
remain at 55 per cent. above the standard of 1888.” 
(The same ent was made for the two succeeding 
advances of 5 per cent.) The question of this prin- 


ciple being applied to those who did earn the minimum 
and over was never discussed or even mentioned. 


The Board of Trade Labour Gazette contains the 
following information concerning the labour market in 
March :—Employment in March showed no marked 
change as compared with February, and was still good. 
There was some falling-off in iron and steel manufac- 
ture, but the engineering and shipbuilding trades con- 
tinued busy. e woollen and wors' industries 
improved, but linen and jute declined. The building 
and woodworking trades showed a further seasonal 
improvement, onl employment at coal-mines remained 
very good. It was reported by the Labour Exchanges 
that there was a continuance of the demand for labour 
in the shipbuilding trades. There was a deficiency 
of women in the clothing trades and in the linen 
trade in the Dunfermline district. Compsred with the 
high level of March, 1913, employment generall 
showed a decline. The —- iron and steel, 
engineering, shipbuilding, and textile trades were not 
so active, and there was a considerable decrease in the 
number of pig-iron furnaces in blast. On the other 
hand, there was a substantial improvement in the tin- 
plate trade, and some upward movement in the build- 
a ye ny - printing, and glass trades. 

e changes in rates of w which came into 
ration in March affected only 20,000 workpeople, 
of whom 15,200 received an increase of 1100/. per 
week, and 4800 sustained a decrease of 200/. per 
week, the net result of all the charges being an in- 
crease of 900/. per week. The princi increases 
affected 1200 carpenters and joiners at Sheffield, 7000 
card and blowing-room operatives in the Bolton dis- 
trict, and 3200 printing trade operatives at Glasgow 
and Edinburgh. The reductions affected 3996 iron 
and steel workers in the Northern counties and York- 
shire, and 800 fustian cutters at Congleton. 

The coal-miners’ dispute in the Rotherham district 
has extended and now affects the whole of the York- 
shire coalfield. The London building trades also 
continue to be seriously affected. e number of 
new disputes in March was 105, and the total number 
of workpeople involved in all disputes in progress 
was 92,788, as compared with 62,943 in the previous 
month, and 41,983 in March, 1913. The estimated 
total aggregate duration of all disputes during the 
month was 1,016,100 working days, as compared with 
827,300 in February, 1914, and 446,000 in March, 
1913. 

Cases dealt with during the month include carters, 
Manchester; blastfurnacemen, West Cumberland ; 
building - trade operatives at Cardiff, Cheltenham, 
Huddersfield, Didham, Tyne and Wear district, and 
Wigan; quarrymen, Carnarvon; boot, shoe, and 
slipper operatives, Kettering and Rossendale Valley ; 
pottery workers, Burslem ; and electricity-generating 
employees, Greenwich. Decisions have also been 
arrived. at in connection with meetings of Railway 
Conciliation Boards presided over by independent 
chairmen. 

The average weekly number of vacancies notified 
to all Labour Exchanges for the four weeks ended 
March 13, 1914, was 24,774, as compared with 23,874 
in the previous four weeks, and with 23,964 in the 
four weeks ended March 14, 1913. The average weekly 
numbers of vacancies filled for the same periods were 
18,642, 18,269, and 17,196 respectively. 








We are informed that negotiations between the 
Electrical Employers’ Branch of the Manchester, 
Salford, and District Building Trades’ Employers’ 
Association and the Electrical Trades’ Union for 4 
revised code of working rules for electrical wiremen 
and cable-jointers, to operate in Manchester, Salford, 
and District, have resulted in an amicable settlement. 
The advance of wages of 4d. per hour (9d. to 94d.), as 
provided for in the rules, came into operation at 
the termination of the strike on November 5, 1913. 
The new rules will come into operation after the next 
2 . These rules are as follow :— 

. Wages.—The minimum rate of w for qualified 
electrical wiremen and cable-jointers shall be did. r 
hour. Any extra for charge-hands to be mutually 
——— between noes and charge-hand. 

2. Hours of Labour.—The ordinary working week 
shall not exceed 52 hours ; 94 hours to constitute a 
maximum day for the first five days of the week, and 
44 hours on Saturdays. 

3. Overtime.—Overtime rates not to count until 
full time for the day has been made, this provision not 
to apply unless the loss of time is through the work- 
man’s own fault. Payments for overtime to be as 
foliows :—First two hours, time-and-a-quarter ; second 
two hours, time-and-a-half ; afterwards, until — 
time next morning, double time. When overtime 
required the question of taking meals to be arranged 
between employer and workman ; ordinary meal-times 
to be deducted ; overtime in all cases to commence at 
the usual times for ceasing work. Sundays, Christmas 
Day, and Good a also nan ss 

4. Night-Gangs.—Men employed on ni gangs to 
be paid at the rate of tine-and 4-quasten bebweas the 





hours of 6 p.m. and 6 a.m.; meal-times for night- 
gangs to be arranged between employer and workman, 
and ordinary meal-times to be deducted. 

5. Boundary.—The boundary shall be a radius of 
one mile from the Manchester Town Hall (main 
entrance). All men when working within the boun- 
dary shall commence and finish work at the usual 
times. When —e- by the employer or his repre- 
sentative to travel between the shop and job, or vice 
versd, men shall be paid travelling time and fares. 
This provision also to apply to Rule 6. 

6. Travelling Eapenses.—All men working beyond 
the boundary mentioned in Rule 5, but within a radius 
of five miles, shall be paid travelling expenses at the 
undermentioned rates in lieu of travelling time and 
fares :—One to two miles from town hall, 34. per day ; 
two to three miles from town hall, 5d. per day ; three 
to four miles from town hall, 8d. per day; four to 
five miles from town hall, 10d. per day. All men, 
when paid travelling expenses, to be on the job at the 
usual starting and stopping times. 

7. Country Work.—All men sent from this district 
beyond the distances stated in Rule 6 to be paid 
travelling time each way at the ordinary rates and 
railway fares. When required to lodge away from 
home, an addition of ls. 6d. per night to be allowed 
for lodgings (Sundays included). Return railway 
fares only to be allowed every two weeks when work- 
ing within 20 miles ; over 20 miles and up to 50 miles, 
every month ; over 50 miles, every three months. In 
exceptional cases, such as breakdowns, &c., men re- 
quired by the ae to travel outside the ordinary 
working hours 1 be paid railway fares and tra- 
velling time at the rate of time and a-quarter. 

8. Apprentices.—No employer shall en addi- 
tional apprentices whilst the total number shall exceed 
one-third of the journeymen employed by him, taking 
an average over three years. 

9. Discharge.—Should an employer require to dis- 
charge a workman, or a workman desire to leave his 
employment, one hour’s notice shall be given on either 
side, or one hour’s pay in lieu of such notice (except in 
cases of misdemeanour), which shall be added to or 
deducted from the workman’s wages at the time of 


= 
0. Society or Non-Society Men.—Whilst agreeing 
not to place any obstacle in the way of men joining 
the union, employers do not agree to employ union 
men orly. 

11. 7o0ols.—Each qualified workman to have a full 
kit of tools, comprising :—Pair of cutting-pliers, pair of 
gas-pliers, heavy and light hammers, two gimlete, 
ratchet brace and four small and two twist-bits, 2-ft. 
rule, four firmer chisels, tenon saw, 2-lb. soldering- 
iron, half-round file, large, medium, and small ecrew- 
drivers, two plugging-chisels, two bradawls, square, 


plumb-bob line, small plane, key-hole saw, e, 
and small foot print spanner. "~ 
12. Dirty Work —That extra 


ent be made to 
men when engaged on work as ieee s—del Mines, 
pits, and old-ship repairs (except oil-vessels after 
carryi oil), - per day. (b) Chemical works, 
accumulator works, paint works, riverside premises 
and docks, where the conditions are abnormal, 6d. per 
day. (c) Oil-vessels after carrying oil, clesaning-out 
or repairing old accumulators, ls. per day. 

13. Disputes.—No strike or lock-out to take place 
under any circumstances until the matter in diepute 
bas first been referred to a joint committee of em- 
ae pe and operatives, who shall meet within six days 
and endeavour to settle. Should they fail, the same 
shall be referred to an umpire to be mutually agreed 
upon by the said committee. Wherever practicable, 
current conditions to prevail, pending reference to 
the committee or umpire. 

14. Definition.—A qualified electrical wireman and 
cable-jointer must be over twenty-one years of > 
able to produce indentures of —— or refer- 
ences proving not less than five years’ employment in 
general electric contracting work, or, alternatively, 
must produce @ certificate from some recognised 
authority. 

15. Alterations to Rules.—No alteration shall be 
made in these rules either by employers or workmen 
without giving six months’ notice in writing, such 
notice to expire on the first day of Moy in any year. 
When notice for alteration is received by either side, 
fourteen days shall be allowed after the receipt of 
such notice in which to submit counter >a 
necessary, which shall be accepted as being in order. 





Procress or Parsons SteamM-Tursines.—lIn the article 
en this subject, on page 499 of last week’s issue, the figures 
given in regard to the application of geared Sastinas 
referred to mercantile vessels only, and did not take into 
ication of the principle to war vessels 
of veasels with turbines—war and 


account the a; 
The total num 


in the war vessels are onl t-geared, but only the 
power developed by the gummed | turbines is included in 
the above. In all erstand the geared tur- 
bines are working most satisf: 





cases we unde 
y: 
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BARNARD’S SELF-DISCHARGING GRAB. 


CONSTRUCTED BY MESSRS. WILLIAM GOODACRE AND SONS, LIMITED, ENGINEERS, LONDON. 


POSITION OF CAMS WHEN 
THE GR4B 1S OPEN 








LACK ENING 
HOISTING CHAIN JO REE VE THE CRAB PRIOR 

















Fia. 7. 


A new form of grab having many pointe jof interest 
and — is illustrated by the engravings on the 
present and opposite . It has been designed and 

tented by Mr. D. J. Barnard, and is constructed by 

essrs. William Goodacre and, Sons, Limited, of 
Russell-road, Victoria Docks, London, E. 

The grab is intended in the main for handling coal, 
sand, or similar material, but is also adapted, and 
has been used, for dredging. Before describing its 
construction and method of operation in detail, it will 
be well to mention some of the claims made for it. 
The description following will then show in what way 
these claims are substantiated. In the first place, 
the grab has a low centre of gravity, so that, 
without falling over, it will rest on a considerable 
slope when lying open on the material to be lifted. 
In the second it may be made with a large digging 

urchase, which meansa large power of penetrating 
into the material to be lifted, so that a maximum 















POSITION OF CAMS 
DURING OPENING 




















amount of material may be lifted with a grab of 
minimum weight. Thirdly, it is operated entirely 
either by a single rope or chain, and can be attached 
to any existing crane without alteration. Fourthly, 
the b ma opened by means of a tipping-ring 
attached to the jib-head of the crane in the usual way, 
or alternatively by merely resting it for a moment on 


| the ground or on the tipped pile of material or on any 


;convenient support. The special advantage of this 
last feature will be more clearly brought out when we 
refer to it again in connection with the details of the 
operating mechanism. 

Referring now to the arrangement of the grab, as 
shown in Figs. 1 and 6, it will be seen that above the 
bucket there are four links a which are hinged to the 
chain-guide b at their top ends, and to the four corners 
of the buckct at their lower ends. To the same pins 
which secure the top ends of these links the upper 
| ends of a pair of plate-chains c are fixed. The lower 











Fie. 8. 


ends of these chains are secured to two pulleys carried 
on & shaft, the centre of which is a little above the 
centre of the pivots by which the two leaves of the 
bucket are hinged together. The chains are of such a 
length that when the bucket is fully open the chains 
are taut, as shown in Figs. 1 and 6. The spindle 
which carries the chain-pulleys also carries a pulley 
for the main lifting-chain or wire-rope, as shown at d 
in Fig. 1. This figure shows a rope, while Fig. 6 
shows a chain. As before stated, either can be used. 
The pulley d has an internal controlling spring, 
which is in a wound-up position when the grab is first 
lowered on to the material which is to be lifted. As 
the = comes to rest on the material the lifting-rope 
is allowed to slack away by the crane, and is wound 
up on the pulley d, owing to the unwinding of its 
internal spring. When sufficient chain or rope has 
been wound on the pulley d it comes to rest, thus 
indicating to the operator that the grab is ready to 
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BARNARD’S SELF-DISCHARGING GRAB. 


CONSTRUCTED 


BY MESSRS. WILLIAM GOODACRE AND SONS, LIMITED, 











Fie. 9. 


be closed. It will be understood that when the rope 
is being wound on the pulley d, this pulley runs free 
from the pulleys that carry the plate chains, and that 
the bucket remains fully open throughout. When 
the state of affairs'so far described has been reached 
the grab is ready for a new stroke and the motion 
of the lifting-rope is reversed. This rotates the 
pulley d in the opposite direction from before. In 
the meantime, however, by a gravity catch, to be 
described later, the pulley d has become attached to 
the spindle carrying the pulleys to which the chains 
c are secured. As & consequence, as the lifting-rope 
rises the chains c are wound up on their pulleys, and the 
bucket hinge and the cross-bar soe oe the rope-guide 
are pulled together. This obviously closes the bucket 
owing to the action of the links a, and the whole 
arrangement is finally pulled into the position shown 
in Fig. 8. During closing, the bucket, of course, scoops 
up the material on which it is lying, and when it is 
closed will be quite full, as shown in Fig8. It will be 
clear from Fig. 1 that owing to the toggle arrangement 
formed between the links a and the bucket leaves, the 
bucket has a maximum digging action at the begin- 
ning of its closing stroke, so that it forces its way 
well into the material, and fills itself without 
difficulty. It will also be clear that by increasing the 
size of the pulley d, this digging action can be further 
increased if the grab has to be designed to deal with 
very heavy or stiff material. The same effect can be 
obtained by increasing the number of turns the rope 
or chain makes on the pulley d, it being understood 
that the motion of d is not confined to a single revo- 
lution. This point we will refer to again later. 

The gravity catch by which the pulley d is con- 
nected to and released from the spindle carrying the 
pulleys on which the chains c are wound is illus- 
trated diagrammatically in Figs. 2 to 4. The outer 
circle in each of these figures represents the rope- 
pulley d. This pulley carries a catch e pivoted on 
one of its faces, as shown in Figs. 2to 4. The catch 
is also shown in Fig. 1. The pulley d is loose on 
the chain-pulley —- but this spindle carries a 
cam /, which is forged solid with it. A further 
cam g, shown black in Figs. 2 to 4, runs loose 
on the spindle. When the grab is open, and is 
being lowered on to the material to be lifted, the 
whole of these ts are in the relative positions 
shown in Fig. 2, the controlling spring of the pulley d 
being at this time wound up, as before explained. 
When the grab lands on the material the lifting-rope 
is slacked off sufficiently to enable the spring of pulley 
d to uncoil, and in doing so to wind up the lifting-rope 
a sufficient amount, which can be varied according to 
the digging power required, The actual rotation of the 
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pulley is through“something over 180 deg., in the direc- 
tion of the arrow shown in Fig. 2. As the catch ¢ rides 
up from the position shown in Fig. 2 to that shown in 
Fig. 3, it comes up against the cam g, and knocks it 
into the position shown in Fig. 3. ‘lhe grab is then 
ready for closing, the state of affairs being as shown 
in Fig. 3, from which it will be seen that as the lifting- 
rope rises, rotating the pulley d in the direction of the 
arrow in that figure, the catch e will drive the cam /, 
and so operate the chain pulleys and close the bucket. 
The whole arrangement Rasther may move through a 
complete revolution and a half, during this motion, 
or more, depending on the pre-determined digging- 
wer, 

When the bucket is closed, the state of affairs is as 
shown in Fig. 4, the pressure due to the closed and 
charged bucket being transmitted to the lifting- 
rope through the faces of ¢ and /, which are in con- 
tact. The grab is now ready for discharging, and this 
action, as fore stated, may be carried out in 
either of two ways. in the first place a tipping-lever 
may be fitted. as shown in Fig. | and in Figs 9 and 
10. This tipping-lever, when the grab has been lifted 
the desired height, comes in contact with a tipping- 
ring shown at A, in Fig. 1, the tipping-ring being 
carried from the exnite-e. The hinged head of the 
lever is allowed to ride over the ring, and the grab is 
then lowered an inch or two, when the lever is thrown 
over, and its lower end engages the catch e and 
throws it out of contact with the cam /. This frees 
the bucket and it opens under its load. The action of 
the tipping-lever will be clearly followed from Fig. 1. 
The subsequent motion of the cams and gravity catch 
we will deal with in a moment. 

For the alternative method of discharging no tip- 

ing-lever is required, and, as shown in Figs. 6 to 8, 
it is not fitted. To discharge, the net hg grab is 
simply allowed to rest for a moment either on the 
heap of tipped material, or on a support placed across 
the tipping shoot, as shown in ~~ 8. The lifting- 
rope is then allowed to slack off a few inches. This, 
as will be clear from Fig. 4, allows the catch e to 
fall out of contact with the cam /, so that the bucket 
is freed from the lifting-rope. If the rope is then 
hauled in the few inches mentioned, the grab will 
open under its load and discharge itself, ready to be 
transported again to the pile of material being dealt 
with. ‘The spring of the pulley d is re-wound during 
the opening and closing operation. The action of 
the cam during the opening of the grab is shown 
in Fig. 5. It will be clear that when the trigger is 
released, cam / will run off in the direction shown 
by the inner arrow in Fig. 5, owing to the opening of 
the bucket, At the same time, however, the pulley d 
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will run off in the opposite direction, as shown by 
the outer arrow, and will carry the gravity catch ¢ 
with it. It is here that the purpose of the loose 
cam g will become apparent, since it is evident 
that if this cam were absent when the catch ¢ and 
cam f had made a complete revolution between them, 
they would lock together again, and the opening 
of the bucket would be arrested. Owing to the 
presence of the cam g, however, this premature lockin 

does not take place. As the catch e rides sonal 
the shaft it carries the loose cam g with it, so that 
when it would normally come up inst the face of 
the cam /, it rides up the sloping side of the cam g, 
and mirses the face of the cam f. The action is illus- 
trated in Fig. 5. This riding over the cam g goes on 
until the bucket is fully opened, and the motions of 
the various — are so proportioned that when the 
bucket is fully open the cams and catch are in the 

ition shown in Fig. 2, ready for a new cycle. 

It will be evident that the pulley d can, if necessary, 
make more than one revolution during the opening of 
the bucket. It will also be evident from what has 
been said earlier that the greater the rotary motion 
of the pulley the greater the digging power of the 
grab. henever practicable the pulley ¢d makes 
several revolutions. This is arranged for by making 
it with a worm on its outer surface to take the chain, 
as shown in Fig. 7. The same increased digging- 

wer can, as before stated, be obtained by increasi 
the size of pulley d, but the worm has the advan sof 
keeping down the diameter of the pulley, and making 
& somewhat more compact construction. A further 
feature of the grab shown in all the illustrations is a 
dashpot which is operated by the lever k, shown in Fig. 
1. his is a simple oil dashpot, and is fitted to mini- 
mise the shock as the grab opens. Another detail is 
the guide-pulley fitted alongside the rope-guide when 
a lifting-rope is used. It is shown in Figs. 1, 9, and 10. 

The grab is made up almost entirely of steel castings, 
except for the plate-bucket. All parte are very robust. 
Springs are fitted to the bucket-hinges to take end 
shocks when the grab is dropped heavily on the ceilings 
of ships, barges, or other objects. The spring operating 
the pulley d is of the flat clock-spring type. It is 
about 80 ft. long, so that the work on it is small. It is 
completely enclosed, and no trouble has at any time 
been experienced with it. 

In conclusion, it will be well to say something 
about the value of the alternative method of tipping 


without a tipping-lever, which the grab allows. One 
advantage is that the method enables weighing to be 
carried out on the crane. If crane-jib is fitted with 
& steel-yard arrangement, so that the coal or other 


material can be weighed when in the grab, it has been 
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found that if any grab tipping-ring arrangement is 
fitted the shock due to tipping seriously affects the 
condition of the knife-edges, and either renders the 
system impossible, or decreases its accuracy and in- 
creases upkeep costes. With the system of tipping 
which the Barnard grab allows there is no tipping 
shock at all, and the method proves very satisfactory 
and speedy. The Barnard grab also reduces the loss 
of dust to a minimum, and places the grab entirely 
under the control of the crane-driver. When, for 
instance, there is very little coal left in a steamer’s 
hold, the grab can be closed on very small heaps, 
which it transfers to another part of the hold until a 
heap large enough to fill the grab has been obtained. 
This results in @ great saving of power. At Messrs. 
Gardoer Lockett’s coal wharf at Stepney, although the 
cranes are only capable of — 35 owt., have 
non-luffing jibs, the rate of transference of coal from 
steamers to lighters has been increased to 60 tons in 
fifty minutes with one crane by using a Barnard 
15-owt. grab and jib weighing in place of the original 
grabs and a weighing-bin. A further advan of the 
absence of a tipping-ring lies in the fact t the 
grab can be worked from a ship’s winch. Working in 
this way from an ordinary 3-ton winch with a ship’s 
boom, an average rate of lifting of 45 tons of coal an 
hour has been maintained for eleven hours. 





LANGELIER SWAGING-MACHINE WITH 
SEMI-AUTOMATIC HOLDER. 

THE swaging-machine illustrated on page 528 is a 
recent addition to the extensive line of especially- 
Po cae swaging-machines built by the ag ed 

anufacturing en Providence, Rhode Island, 
U.S.A. The functions of the machine and holder taken 
as a unit are to feed, reduce or size, and automaticall 
withdraw from the machine dies, solid stock, round, 
hexagonal, square or of other sections, on which one 
= unreduced butt or end and a reduced shank or 

lade are required, such as on valve push-rods, nut- 
tapper taps, single-butt automobile spokes, gun-clean- 
ing rods, and similar parte ranging up to 4in in 
diameter and from 8 in. to 14 in. long, the operator’s 
duties consisting only in loading, starting, and unload- 
ing the holder, the swaging, feeding, and with- 
drawing of the work from the dies being done 
automatically. 

Figs. 1 and 2 are two views of the machine, Fig. 3 
is a part sectional elevation, and Fig. 4 shows speci- 
mens of work. The reductions are accomplished 
without wasting or removing the surface of the stock, 
and the saving of expensive material and of time of 
production is very large, as will be seen by a 
study of the time of operation and by comparing the 
lengths of the blanks with the lengths of the swaged 
samples in Fig. 4. In addition, a great saving of 
grinding is obtainable, as the machine brings the work 
very close to finished size, requiring but a minimum of 
grinding to produce absolutely accurate work. For 
many ~ Bed of work the swaging is so close to size 
that all grinding may be eliminated. 

For ge ey longer lengths and greater 
diameters, or for ucing tubing, the same t of 
feeding and withdrawing mechanism can be ted 
to the firm’s other types of swaging-machines. hen 
equipped with fen at pep dies, 24 in. long, the 
machine shown reduces cold-rolled steel stock 0.311 in. 
in diameter down to 0.250 in. in two operations, the 
feed being accomplished at the rate of 30 in. per minute 
at each operation, and the piece withdrawn at the 
rate of 60 in. per minute. Faster feed and return 
—— may aleo be employed if the size and character 
of the stock will stand them. 

The machine shown is so built that the size to be 
swaged with it may be controlled very closely, produc- 
ing work of uniform diameter for a high surface finish. 
Tne spindle, which is the vital element of the machine, 
is made large and heavy, cf hammered steel, turned 
and ground, bored for its entire length, so that long 
pieces may pass through and beyond the dies. The 
spindle is slotted across the enlarged end to receive a 
ad of hammer locks and dies, all sides of the slot 

ing lined with hardened-surface ground steel plates, 
securely riveted to the sides of the spindle slot, form- 
ing a construction which practically encloses the dies 
and hammer-blocks in a bendeadaoteat box. This 
es struction maintains the dies in true alignment and 
en:ure: long life to the surfaces .n contact. 

The hammer-blocks 7 on their outer ends two 
hardened and ground-steel rolls, which come in con- 
tact during every revolution of the spindle with all 
the hardened-steel rolls located around the head of 
the spindle in the machine-head (Fig. 3). As the 
head-rolls do not revolve slowly around the spindle, 
but are in fixed seats in the head, at every revolution 
of the spindle a itive number of s quick 
rioging blows are delivered by the dies to stock 

i 8 » producing a permanent set in the 
esetal, cad imenrting a high surface finish through 
the impact of the revolving hammer-block rolls with 
th» fixed head-rolls. 

The dies are of large, heavy section, 1} in. wide by 





% in. high by 24 in. long, and, when made of high- 
speed steel, maintain their size for a long time with 
but a minimum attention. These dies may be quickly 


taken out by removing a screw-plug with special 


wrenc 

To control the proper die-opening and maintain the 
reduced size omek on the stock, two conically- 
pointed screws are let into the front plate (Fig. 3), on 
the slotted end of the spindle, and project into corre- 
sponding holes in the ends of the hammer-blocks. 

ashers of the proper thickness are used under the 
head of the screws to retain the distance which the 
conical points of the screws will enter the hammer- 
blocks. By adjusting these conically-pointed screws 
in or out, different amounts of opening between the 
dies are obtained. These settings do not work loose 
while the machine is running, an unskilled operator 
— easily able to obtain uniformly accurate 
wor 

An extra long bearing is bored out for the spindle 
through the head, oat loose floating secti cast- 
iron perforated bushings are used over the spindle, 
serving greatly to decrease the surface velocity and 
increase the wearing surface. These cast-iron bush- 
ings are perforated all over, and the oil-holes act as 
small reservoirs for the oil, and serve better to dis- 
tribute the oil all over the spindles, as the bushings 
gradually revolve with the spindles. 

The fiy-wheel is heavy, and its hub split and 
through-bolted to the spindle with two ?-in. bolts. 
It is also keyed. This arrangement has been found 
very effective in preventing the fly-wheel from work- 
ing loose. At the rear end of the spindle a clamp-nut 
is | eee that serves both asa means of — up 
end play which might occur on the spindle from long 
service, and for holding the fly-wheel endwise in posi- 
tion. This construction is noticeable because it has a 
great bearing on the life, accuracy, and service which 
a swaging-machine gives. 

An automatic oil-feed pump driven from the main 
spindle circulates oil through the running parts of the 
machine, and is connected to a large oil reser- 
vuir, with strainer, concealed in the base of the 
machine, enabling the oil to be used over and over 
again. The ample capacity of this reservoir permits 
running the machine for a long time with only 
periodical atteation to the oiling. 

Tbe holder consists of a rigid ribbed projecting 
rail belted to the front of the machine head. This 
provides long bearings on machined and scraped 
slides, over which travel, in a reciprocating manner, 
@ crosshead and saddle, carrying an interchangeable 
self-centring spring-chuck, with a hand-lever tightener 
for holding the stock firmly, even with a very short 
grip, during the swaging operation. By the recipro- 
cation of the crosshead and saddle the stock to be 
operated upon is fed in when the crosshead pauses 
slightly before commencing its return stroke to allow 
the stock to be sw neatly against the shoulder 
joining the unsw with the swaged portion. As 
the crosshead recedes at twice the feeding speed, the 
stock is automatically withdrawn from the dies. When 
near the end of the return stroke the holder-mechanism 
driving-belt shifting device operates, slipping the belt 
to the loose pulley at the rear, and bringing the holder 
crosshead to a stop in a loading position. 

As the next blank is grip by the chuck, and 
bound by a quarter-turn of the hand-lever, the operator 
shifts the driving-belt to the tight pulley by the hand 
belt-shipper, starting the cross-head again on the 
feeding or forward stroke; this cycle of motions 
is repeated for every blank. The cross-head can 
be set at any desired position on the holder-rail, and 
the forward or backward travel of this crosshead varied 
at will according to the length of the blank before and 
after swaging. 

The length of the feeding and return strokes of the 
want are determined by the arc which the 
segment gear (partly shown in front view of the holder, 
and meshing into the rack cut on the under side of the 
cross-head saddle) describes as it is actuated by 
straight-line movement of an adjustable stud on the 

lower cross-head. 

y setting this stud at different positions in the 
ways of the segment-gear arm, the length of the arc 
can bs varied at will. On the rear of this lower cross- 
head another stud is provided, carrying a roller 
engaging in the path of a large cylinder-cam, which is 
rotated by a worm-wheel and worm-driven through 
reducing-gear and tight and loose pulleys from the 
overhead countershaft. 





Our Locomotive Exrorts.—The present promises to 
be a good year for our locomotive exports, there having 
been an excellent demand for British railway-engines in 
Argentina and British India, while the enlarged Austra- 
lian demand has shown a satisfac’ The 
value of the locomotives mene | —_ the United 
yay in March was 453,465/., as com with 
156, in March, 1913, and 211,716. in March, 1912 ; and 
in the first three months of this year, 1,224.672/., as com- 
pared with 567,101/. in the first three months of 1913, 
and 542,935/. in the first three months of 1912. 





NOTES FROM THE NORTH. 
Glasgow Pig-Iron Market. tos Wodncode A 
-Iron Market.— y 

the pig-iron market was steady, but dealing was Seale 
and consisted of 1000 tons of Cleveland warrants at 
51s. 34d. cash. The session closed with sellers at 51s. 4d. 
cash, 51s. 6d. one month, and 51s. 9d. three months. In 
the afternoon the market was fiat and lifeless, and no 
iness was transacted. Cleveland warrants showed no 
change, and sellers’ prices were the same as at the 
——" close. On Thursday morning the market opened 
with Cleveland warrants inclined to be easier for cash 
and one month, but the forward price was firmer. No 
dealings of any kind were recorded, and the closing 
quotations were called 51s. 34d. cash, 5ls. 5d. one 
month, and bls. 84d. three months sellers. The after- 
noon session was also idle, and sellers of Cleveland 
warrants quoted 5is. 4d. cash, 5ls. 54d. one montb, 
and 51s. three months. The market was closed on 
Good Friday and Easter Monday, but when business was 
resumed on Tuesday morning the tone was flat, and no 
dealing took place. veland warrants were y 
, and sellers quoted 51s. 4d. cash, 51s. 6d. one 
mon and 51s. 7d. three months. In the afternoon 
weakness prevailed, and 1000 tons of Cleveland warrants 
were done at 50s. 11d. cash, and at the close the quota- 
tions were called 50s. 114d. cash, 518. 14d. one month, 
and 51s. 4d. three months sellers. When the market 
poy to-day (Wednesday) the tone was easier, and 
tons of Cleveland warrants were done at 50s. 10}d. 
and 50s. 10d. cash, and 51s. twenty-seven days, and 
sellers’ closing quotations showed a slight decli at 
50s. lid. cash, 51s. 04d. one month, 5is. 3d. three 
months. The afternoon session was quite idle, and 
Cleveland warrants were unchan at 50s. 11d. cash, 

51s. 04d. one month, and 51s. 3d. three months sellers. 


Sulphate of Ammonia.—There has been a quieter 
demand for sulphate of ammonia during the past week, 
due most probably to the dislocation of business through 
the Easter holidays. Prices are nominally unchanged, 
and for ‘"e lots are called 12/. 5s. per ton, Glasgow, 
and 12/. 7s. 6d. per ton, Leith. 


Scotch Steel Trade.—The depressed state which has 
come over the Scotch steel and iron trades shows no signs 
of easing off in the slightest degree, and every week the 
struggle for existence seems to get harder and keener. 
The holidays have certainly caused an extra quietness, 
but as the inquiries have not been forthcoming, the 
holidays are being blamed. There is a very poor demand 
for plates, &c., coming to hand from the shipbuilders, 
even although prices are now so low and sellers are so keen 
to secure business, but there is still existing the thought 
that further shading is only a matter of time. How any- 
thing more can be done in that direction it is well-nigh 
impossible to see when the cost of raw material is so 
high, and the heavy on-cost charges are so difficult 
to meet. The foreign competition is very keen, and the 
import figures will give some idea of the amount of work 
which is being lost to our local producers, and that, too, 
does not refer to the quantities of iron and steel material 
going abroad, to markets which we were proud to call 
ours only. For structural sections there isa good demand, 
but makers of black and galvanised sheets, as in most of 
the other branches of the trade, are ss great 
difficulty in —y— plant opening. The export trade 
is ind poor, and no very large lines are finding their 
way into makers’ hands. Prices have varied little over 
the week, and present quotations are in the vicinity of 
rock-bottom, if they have not actually gone lower. he 
depression is certainly with us at present, but the outlook 

t long in so gloomy and overcast. 

Malleable-lron Trade.—The A oe 5 in the malleable- 
iron trade of the West of Scotland has not changed, and 
business is still of a hand-to-mouth character. Large 
consignments of cheap material from the Continent are 
cutting out the local makers, and coupled with that is the 
fact t the tube works are very quiet, and there is 
therefore not a very large outlet for the home makers. 


Scotch Pig-Iron Trade.—The Scotch pig-iron makers 
are not experiencing a very heavy demand for the ordi- 
nary qualities, but deliveries are keeping up fairly well. 
The furnaces in full blast number 72, which is 18 fewer 
than at this time last year. Hematite is dull and in- 
clined to be easier. e following are the market 

uotations for makers’ (No. 1) iron:—Clyde, 68s. ; 
(all ak ey = — and yy ‘ 

i at iw); lengarnock at TOS8saD), 
71s. ; 8 Oo Ton) exe. 6d. ; and Oarron (at Grange- 
mouth), 69s. 

Cl 
of 





Shipbuilding.—The returns of Lloyd’s Register 
ipping for the quarter ended March 31 of the total 
tonnage under construction, as at that date, show that 
the work on hand in the Clyde district is less than at the 
same time last year. The figures are as follow :— 





Mar. 31, 1914. Dec. 31, 1913. Mar. 31, 1913. 

essels. Vessels. Tone. Vessels. Tons. 
Glasgow .. 116 «= 478,773 110 =—- 612,865 126 4 8497,238 
Greenock .. 54 237,965 53 249,820 71 = =$11,482 
Total .. 169 716,788 163 762,685 197 808,720 


The decrease from the ow ending December 31 last 
is 45,947 tons, and from the quarter ending at March 31, 
1913, is 91,982 tons. 


The Institution of Civil Engineers.—Last week the 
Glasgow Association of Students of the Institution of 
Civil Engineers met on two evenings, in the rooms of the 
Institution of Engi and Shipbuilders in Scotland, 
Elmbank-street, Glasgow, to hear lectures under the 
Vernon Harcourt Trust. The President, Mr. W. A. 
Paterson, M. Inst. C.E., presided, and the lectures were 
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iven by Mr. C. S. Meik, M. Inst. C.E., London, on | 50 cent. quality, and the last actual transaction was 

# Reinforced. Concrete Work as Applied to Dock and| at iis. e.. But several sellers still quoted at the rate of NOTES FROM THE SOUTH-WEST. 
other Maritime Works.” The lectures were illustrated | 18s. Coke values returned to something like those ruling} Cardiff.—Business has been of a holiday character, and 
by a large number of wall-di ms and lantern-slides, | before the Yorkshire coal strike. There was no re | few transactions have been entered into in steam 
and were much appreciated by gatherings. to buy, consumers having fair stocks. The price of|coal. Being already well-booked, however, and antici- 
—, ey eng a a was round about 17s. 6d., pating cr «ape ny nye orders — Yorkshire, 
at Tees-side wor -owners have shown more disposition to 
NOTES FROM SOUTH YORKSHIRE. Stocks and Shi: ts.—The stock of Cleveland pig-iron advance prices than to reduce them. The best Admi- 


SHEFFIELD, Wednesday. 

Hull Coal Trafic.—A quieter state of trade in South 
Yorkshire coal is indicated in the official returns of Hull 
traffic for March. @ amount sent to the port aggre- 
gated 511,452 L..* Sams & decrease of . 66,000 
tons as compared wi corresponding peri: it year. 
The business for the quarter concluding at the end of 
March reached 14 million tons, a decrease of nearly 
66,000 tons. The decline is explained by the decrease 
in foreign demand, which on the month shrank by nearly 
100,000 toas to 280,731 tons. Holland took 26,000 
tons less; Germany nearly 20,000 tons less; Italy, 
10,000 tons less; a | 15,000 tons less; South 
America, 25,000 tons less ; and Egypt, 13,000 tons less. 
For once in a way, France was the chief buyer of South 
Yorkshire coal, receiving a total supply of 50,000 tons, an 
increase of 6500 tons. Business by way of the South 
Russian ports shows a marked expansion. For the first 
time this year Denaby and Cadeby main have a decrease 
of about 11,000 tons; Frickley, which stands second on 
the list, has a slight increase. Only the newer collieries, 
Brodsworth, Bentley, and Bullcroft, sent over 20,000 tons 
during the month. 


Scuth Yorkshire Coal Trade.—The market is much 
quieter. All signs of panic have away, and 
buying is much more restrained. © reason for this 
change, of course, is the promise of an early settlement 
of the county coal war. Many users who have been 
supplementing their stocks at excessive prices are now 
ho ai aloof in the hope of an immediate return to the 
eae in values. Quotations are accordingly on the 
decline, and it should not be long before price-lists are 
again in operation. e os trade is helping 
matters considerably. Although stocks at the Notting- 
hamshire and Derbyshire pits are very low, a fair pro- 
portion of the output in those counties is being received 
in this district. Warwickshire has not yet ceased to 
send supplies. Local gas companies have not experienced 
much difficulty. in renewing contracts at very little in 
advance of the usual rates. Quotations:—Best house 
coal, 17s. 6d. to 183. 6d.; seconds, 16s. to 17s.; un- 
screened, 14s. to 15s. ; hards, 16s. to 17s. 6d.; best slacks, 
lls. 6d. to 12s. 6d. ; common slacks, 8s. 6d. to 10s. 6d. 


Iron and Steel.—There is not much movement in iron. 
Prices are upheld by the continued scarcity of coke, but 
business is of a scrappy and uncertain Character . The 
market has been seriously dislocated by the miners’ strike, 


and little improvement is expected until a settlement of | been 


the county coal trouble is definitely reached. 
hematite is quoted ab 64s., foundry at 55s., and forge at 
5ls., delivered at Sheffield and Rotherham. The South 
Yorkshire Bar-Iron Association has decided to continue 
its basis quotation of 7/. 5s. Hoops are 5s. cheaper. 
Locally, mills are running ically. The stove- 
te trade is quiet and very little work is on hand for 
failders. In steel, some heavy contracts have just been 
booked, and if smooth working conditions are preserved, 
the activity of the past three months should largely 
reprodu' Big orders are on hand for West and Sout 
Africa. Four firms are ong Fy | material 
for the East Indian Railway. ers of files and 
steel tools are steadily engaged. The trade is 
making big demands upon tool departments. Business in 
mining machinery is in a flourishing condition. Seve’ 
engineering firms have a satisfactory outlook. Makers of 
coke-oven ge are particularly well placed for new 
business. In this connection one big Sheffield firm has 
booked a contract in connection with a North of England 
colliery. Both the Brightside Foundry and — pm | 
Company and Messrs. Hadfields, Limited, have fared 
in new business. There is a ene demand 
for motor-car steel. Armament firms have been un- 
influenced by the coal-strike depression. The billet trade 
is quiet, but there is — of an early improvement 
in superior qualities. Ordinary Bessemer sorts stand at 
61. 15s., and Siemens at 7/. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipp.esBroueH, Wednesday. 
The Cleveland Iron Trade.—The Cleveland iron market 
was reopened to-day after the Easter holidays, but few 
traders put in an appearance, and business on ’Uhange 
was on a very limited scale. Middlesbrough warrants 
showed a fall of 54d. as compared with the price ruli 
before the holidays, the closing figure being 50s. 9d. 
buyers. This drop had a detrimental influence on quota- 
tions for makers’ Cleveland pig. No.3 g.m.b. was offered 
rather freely at 51s. 44d. f£.0.b., and possibly some second 
hands would have accepted 51s. 3d. ; whilst No. 1, which 
is stiJl somewhat scarce, was fully 54s.; No. 4 foundry 
was 50s. 9d.; No. 4 forge, 50s. 6d.; and mottled and 
white iron each 50s. 3d. It was reported that the North- 
Eastern Steel Company had put a blastfurnace out of 


operation at their Ovklam Iron Works, but that make | had been 


does not come on the market, the firm consuming the 
whole of the output. There was little or nothing 
passing in East t hematite pig. Nos. 1, 2 and 3 
were on sale at 61s. $9d., and buyers were very » 
All pig-iron quotations were for either early or forward 
delivery. Foreign ore was inactive. Consumers declared 
that they would experience no difficulty in making con- 
tracte on the basis of 17s. 6d. ex-ship for Rubio of 





in the public warrant stores now stands at 110,797 tons, 
all of which but 43 tons of standard iron is No. 3 quality. 
Since the ing of the month the stock has been 
reduced by tons. Shipments of pig-iron from the 
Tees are on a satisf ecale. To date this month, 
those of pig-iron average tons working day, the 
total despatches being returned at 43,161 tons, 39,946 tons 
of which have gone from Middlesbrough, and 3225 tons 
from Skinningrove. To the same date last month the 
loadings were given at 48,832 tons, or a daily average of 
SUS Sete, aan Ser ho conenunoesins gust of April a year 
ago the clearances reached 49,742 tons, or an average of 
3826 tons per working day. 

M Iron and Steel.—There are no new 
features of moment in the manufactured iron and steel 
industries. As is usual in Easter week, several works 
are closed, and firms are taking the opportunity to 
execute necessary repairs. 
for work, but new orders are rather scarce. Quotations 
for some deseriptions are easy. Common iron bars, 71. ; 
best bars, 7/. 7s. 6d. ; best best bars, 7/. 15s. ; best best 
best bars, 8/. 2s. 6d. ; packing iron, 6/.; iron ship-plates, 
6l. 15s.; iron ship-angles, 7/.; iron ship-rivets, 5s. ; 
iron eel 71. 5s. ; steel bars (basic), 62. 15s. ; steel 
bars (Siemens), 6/. 15s. ; steel ship-plates, 67. 10s. ; steel 
———— 61. 2s. 6d. ; steel boiler-plates, 7. 15s.; steel 
ph . 128. 6d. ; steel strip, 62. 15s. ; steel hoops, 7/.— 


the customary 24 per cent. discount ; cast-iron | tons 


columns, 71. 7s. 6d.; cast-iron railway chairs, 4/. 5s. ; 
light iron rails, 7/.; hea steel rails, 67. 10s.; steel 
ae Sa, 7l. 5s. net at works; ag rs wm 
corrugated ts, 24 gauge. in bundles, 117. f.0.b.— 
less 4 per cent. 





MerTALLic PERMANENT Way.—Metallic permanent way 
—that is, chairs and metallic sleepers—was exported from 
the United Kingdom in the first two months of this year 
to the extent of 14,743 tons, as com with 21,347 tons 
in the corresponding period of 1913, and 10,852 tons in 
the corresponding period of 1912. The largest deliveries 
were e to British India, which took 8575 tons to 
February 28, as compared with 16,919 tons and 7157 tons 
in the corresponding periods of 1913 and 1912. The 
value of the chairs and metallic sleepers exported to 
February 28 this year was 94,968/., as compared with 
134,0862. and 62,2187. It will be observed that there has 
; . considerable slackening of late in the Indian 

emand. 





Roya InstiTruTion or Great Brrrain.—On Tuesday, 
April 21, at three o’clock, Dr. Walter Wahl will deliver 
the first of two lectures at the Royal Institution, on 
**Problems of Physical Chemistry”: 1. ‘‘Study of Matter 
at High Pressures” ; 2. *‘Structure of Matter at Low 
Temperatures.” On Thursday, April 30, Dean Inge will 
—— a course of three lectures on “‘ The Last pter 
of Greek Philosophy : Plotinus as Philosopher, Religious 
Teacher and Mystic”; and on Saturday, — 25, Dr. 
T. E. Stanton commences a course of two lectures on 
“Similarity of Motion in Fluids”: 1. ‘The Theory of 
Similarity of Motion in Fluids and the Experimental 
Proof of its Existence”: 2. “‘The General Law of 
Surface Friction in Fluid Motion.” The Friday eveni 
discourse. on April 24, will be delivered by Dr. Frank 
Watson Dyson (the Astronomer es on ‘* The Stars 
around the North Pole,” and on y 1, by Mr. E. F. 
Beneon on “‘ A Criticism on Critics.” 





Tue AUSTRALIAN ASSOCIATION OF British Manv- 
FACTURERS AND THEIR REPRESENTATIVES —The annual 
general meeting of this Association was held on Fe! 

27, when the third annual report, to December 31, 191 
was presented, showing it to be in a satisfactory situa- 
tion. The following statements are of special interest to 
British manufacturers :—During the year the directory 
of members of the Association had been issued, and 7000 
copies distributed. As the membership of the Associa- 
tion increases the directory would become more valuable 
to both members and to im rs of British manufac- 
tures. The opportunity of visit of the Dominions 
Royal Commission to Australia early in the year was 
taken to tender in writing a considerable amount of evi- 
dence on various subjects, including the following :— 
Office of H.M. Trade missioner in A ia; 


land income-tax; testing railway material ab. of 
delivery ; duty on ca &c. Mr. Hubert Johnson 
also gave verbal evidence before the Commission on behalf 


of the Executive Council. A joint committee had ap- 
inted by the Executive Council and the Council of the 
Victorian Institute of Electrical Engineers for the pur- 
pose of endeavouring to obtain better uniformity in the 
eee conditions of tenders invited by Government 
partments, municipalities, &c. A = many matters 
bers snd British ered fener cog 1 *. 
members ri le y, including a 
tions for preference to over 200 items for which at t 


no preference is given under the tariff to of British 
make. The Executive Council felt very with the 
satisfactory progress which was being made by the Asso- 
ciation. At the same time it was most desirable that the 


membership should be still further increased, as this 
would strengthen the Association in ite work. 


Most producers are well off | °° 
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secondary descriptions have brought 188. to 188. 6d. 
secondary qualities, 17s. 6d. to 17s. 9d. nker 
lls. 6d. to 11s. 9d.; and 
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e Royal Mail Steam Packet Company for 
50,000 tons of steam’ coal ; the contract price is rumoured 
to be rather less than 18s. per ton net, free on board. 
Coal Shipments.—The shipments of coal from 
five of the principal South Wales iff, 
port, Swansea, Port Talbot, and L y—in the first 
quarter of this year were :—Oardiff—forei 4,896,754 
tons; coastwise, 627,054 tons; total, 5,523,808 tons. 
Newport — i 
tons; total, 1, 


Talbot—foreign, 422,024 tons; coastwise, 29,215 tons ; 
total, 451,239 tons. Llanelly—foreign, 71,694 tons ; coast- 
wise, 19,610 tons; total, 91,304 tons. The aggregate 
shipments from the five | to March 31, this year, 
were, accordingly, 8,455, tons ; the correspondin 
shipments in the first three months of 1913 were 8,276,42 
tons. No returns are available for Neath. 

Llanelly.—The tin-plate market continues to exhibit an 
unsatisfactory oe as regards both demand and prices. 
Stocks are stated to be accumulating and manufacturers 
are, accordingly, tempted to accept lower prices. The 
check in production —- from the holidays has been, 
accordingly, rather welcomed than otherwise. Steel bars 
have been in fair demand at late rates. 


Electrical Power.—The annual meeting of the South 
Wales Electrical Power Distribution Company was held 
at Cardiff on ey, sale the presidency of Mr. W. 
Gascoyne Dalziel. chairman stated that the output 
during the past year showed a considerable increase over 
1912, the units sold being 25,812,031, or an advance of 
6,122,375. On the other hand, the benefit of this increase 
had been, to some extent, discounted by the high price 
which the company had had to pay for coal, and, so far 
as he could see at present, the indications were that 
they would have to face the same difficulty during 
the current year. After paying all working ex 
interest on prior lien debenture stock (3516/.), an 
setting aside 3613/. for depreciation of new plant, 
there remained a surplus of 2915/., which had been carried 
to a suspense account for the purpose of repaying those 
consumers who provided funds for carrying on the under- 
taking when the company was in great difficulties. The 
amount owing to those consumers was 13,511/., and the 
—e account now stood at 10,3797. Last year the 
additional electrical plant connected to the system 
amounted to 2000 horse-power, and, in addition, » 4 
ments had been entered into for supplies to the - 
rikyber Navigation Colliery Oom y. Limited; the 
Merthyr Electric Traction and vig ting Company, 
Limited ; the Mynachdy Colliery Company, and o 3 
while negotiations were ing with various large 
works in a a. ay steam- 
en ucing satisfactory results by giving 
4 bly increased output and papenen won p mew 
economy in consumption. A new over electric 
transmission main had been constructed from Cilfyndd, 

ing by Abercynon and Nelson to Trelewis, where a 
Jonetion been effected with the mains of the Merthyr 
lectric Traction and Lighting Company, Limited, to 
whom a bulk and stand-by supply was now being given. 
The same overhead main was leing continued from 
} ne lpn Magy the — > i - - 
of ymney Iron pany in 

the Deri Valley. 





ASSOCIATION OF RarLway Compantgs’- SIGNAL Super- 
INTENDENTS AND Signa Engineers (ENcianp).—The 
forty-eighth conference of this Association will be held at 


the way Clearing House, London, on Thursday, 
May 7 next. The President of the Association for the 
ensuing year is Mr. O. Dutton, si superintendent, 
London, hton and South Coast Railway, New Cross. 
Prrsonat.—The Warner and 8 Company, Cleve- 
3 a L- Mr. . C. } saad during the 
years represen them in Europe, was on 

April 1 appointed to the position of sales manager, with 
headquarters st Cleveland. Mr. Charles J. Stilwell, 


formerly in charge of their New York office, has been 
transferred to London to represent their company in 
Europe.—Messrs. Wailes, Dove and Co., Limited, inform 


us that, owing to the rebuilding of their present premises, 

they have larger offices, and their address from 

ae Sl 1914, will be Channel Chambers, James-street, 
iff. 
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for single advertisements, otherwise their insertion cannot be 
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in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week's issue must be delivered not later than 
5 p.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” can be supplied direct from the Publisher 
post free, for twelve months, at the following rates, payable in 








advance :— 
For the United Kingdom ............ £1 9 2 
ae, ‘ Bil 11 6 (97.65 
in paper copies .......... 
Thick 01, . eieegbnbind £1 16 6 34 
For all ph wee gpen my = ai 16 
paper Me secsecuane 
Thick — exeodibaiins £2 0 6 
When foreign subscriptions are sent by Post-Office Orders, 
advice should be sent to The Publisher. 
Foreign and Oolenial subscribers receiving incomplete copies 





through reg are req d to communicate the fact to the 
Publisher, together with the agent’s name and address. 

All accounts are payable to ‘‘ ENGINEERING,” LIMITED. 
Cheques should be crossed ‘ Union of London and Smith’s Bank, 
Limited, Oharing Oross Branch.” Post-Office Orders should be 
made payable at Bedford-street, Strand, W.C. 

Offices for Publication and Adver 
35 and 36, Bedford-street, Strand, London, W.C. 


ot ‘ 








We desire to call the attention of our readers 
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NOTICES OF MEETINGS. 


Tue Surveyors’ InstiTruTION.—Monday, April 20, when a paper 
will be read yb Dawbarn Young, Associate, entitled ‘‘ Com- 
ments on the Land Enquiry Committee’s (Urban) Conclusions.” 
The chair will be taken at 8 o'clock. 

Tae Junior InstrruTioN or Enoineers.—Monday, April 20, at 
8p.m., at the Institution of Electrical Engineers. Paper on 
**The Lines of Future Development in High-Power Marine Diesel 
Engine,” by Mr. James Richardson, B.Sc. Eng. (Lond.), Assoc. 
M. Ins’. C.E. 

Tue InstiruTe oF SantTrary ENGineers.—Monday, April 20, at 
Caxton Hall, Uaxton-street, Westminster. Subject: ‘“ The 
Birmingham Water Works,” by Mr. E. A. Lees, A. Inst. O.E. 
Mr. Wm. B. Bryan, Chief Engineer to the Metropolitan Water 
Board, will take the chair at 8 p.m. Discussion to follow. 

Tue InstrruTion OF RaiLway SienaL Enorvesrs. — Tuesday, 
April 21, at 2p.m., at the Midland Grand Hotel, St. Pancras, 
Room 38, first floor. A paper on ‘‘ Characteristics and Efficiency 
Factors of Some —— ectric Signalling Circuits,” by Mr. 
G. H. Crook, will be discussed. 

Tus Instrrution oF Orvi, Enoinsers. — Tuesday, April 21, at 
8 p.m. Paper to be further discussed: ‘“ The Transportation 
Problem in Canada, and Montreal Harbour,” by Mr. erick 
William Cowie, B.A. 8c., M. Inst.C.E. Friday, April 24, at 8 p.m, 
Students’ meeting. The Frame Thomson lecture on “ 0 
Contracts,” b r. A. A. Hudson, K.C. Mr. A. Ross, Vice-Presi- 
dent Inst. 0.E., will occupy the chair. 

Tas InstrroTion oF ExxorricaL Eneineers : Scortisn Locan 
Secrion.—Tuesday, April 21, at 8 p.m., annual general meeting at 
the Rooms, 207, Bath-street, Glasgow. The annual report for the 
closing session will be submitted. Paper: 
Reactances on Large Power Systems,” 
Hansen and J. S. Peck. 

Tue Farapay Society.—Wednesday. April 22, at 8 p.m., at the 
Institution of Electrical Engineers. The following rs will be 
read :—‘* Recording Pyrometers,” by Mr. Charles Darling, 
A.R.C Sc., F.LC “The Embrittling of Iron by Caustic Soda” 
(discussion), by Mr. J. H. Andrew, M.Sc. “ Diffusion and Mem- 
brane Potentials,” by Mr. E. B. R. Prideaux, M.A., D.Sc. ‘* The 
Acidic and Colloidal Properties of Aluminium - yl by 
Mr. R. E. Slade, D.Sc., and Mr. W. G. Polack, B.Sc. 0; 
*** Negative’ Adsorption,” by Mr. A. M. Williams, M.A., B.Sc. 

Tue Royal METEOROLOGICAL Society.— Wednesday, April 22, at 
7.30 p.m, at the Institution of Civil Engineers. Papers to be 
read :—1. ‘* Report on the Phenological Observations for 1913,” 
by Mr. J. E. Clark, B.Sc., and R. H. Hooker, M.A. 2. “ A Small 
Wy epaed for Tropical Use,” by Mr. A. J. Bamford, B.Sc., 

-R.A.S. 


“ Ourrent-Limiting 
y Messrs. K. M. Faye- 


Tus Roya Socrery or Arts.—Wednesday, April 22, at 4.30 p.m. 
Aldred Lecture. ‘‘Shakepeare’s Life and Work,” by Sir Sidney 
Lee, D.Litt., LL.D., Editor of the Dictionary of National Bio- 

phy. Colonel Sir Thomas H. Holdich, R.E., K.O.M.G., 

-C.LE., C.B., D.8c., Vice-Prerident and Chairman of the 
Council, will preside. Thursday, April 23, at 4.30 p.m. Indian 
Section. ‘‘The Port and City of Rangoon,” by Mr. George C. 
Buchanan, C.1.E., M. Inst. C.E., Chairman of the — Port 
Trust. Lord Inchcape, G.O.M.G., K.C.S.1L, K.C.LE., will preside. 

Tue INstiTUTION OF ELecTricaL Enornerrs.—Thursday, April 23, 
at Sp.m. ‘Electrification of Railways as Affected by Traffic 
Considerations,” by Mr. H. W. Firth, Member. 

Tue Nortu-East Coast InstiruTion or ENGINRERS AND Suip- 
BUILDERS. — Thursday, April 23, at Bolbec Hall, Newcastle-upon- 
Tyne. ‘‘ Wireless Telegraphy,” by Mr. H. Fothe: 
Tae ON OF MECHANICAL Enoinerrs.—Friday, April 24, 
at 8o’clock. Paper to be read and discussed :—‘‘ Application of 
Electric | Driving to Existing Rolling-Mills,” by Mr. Rothera, 
B.Sc., of London. The anniversary dinner will be held at the 
Connaught Rooms, London, on Thursday, April, 23. 
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ELECTRIC POWER SUPPLY IN 
LONDON. 


Tue story of the electricity supply of London 
during the last ten years is not one of which our 
governing bodies have any reason to be proud. It 
is admitted, and has long been admitted, that to 
supply a large, fairly homogeneous, and thickly- 
populated area with electric power from a motley and 
amazingly large collection of generating-stations of 
all shapes and sizes, each dealing with a comparatively 
small and quite arbitrary district, is not a system 
tending to efficiency. Many generating-stations 
means, on an average, small generating-stations, 
with the result that capital charges and production 
costs are high. Dr. Klingenberg, in a paper read 
before the Institution of Electrical Engineers last 


, | December, stated that in 1910-11 there were 64 


generating-stations in the London area, of an 
average capacity of 4670 kw. This compared with 
six generating-stations in Chicago, the average 
capacity of which was 37,000 kw. The total 
installed capacity in the two cities was roughly the 
same. Berlin, with a somewhat smaller total capa- 
city, had six stations, of an average capacity of 
23,000 kw. These figures all related to a time 


585|round about 1911, but it is probable that any 


changes which have taken place since then have 


586 | not been to the relative advantage of London. — 


As we have said, it has long been 


587 | that state of affairs which necessitates sixty-four 
542 


generating stations in London is not one tending 


544 | to efficiency, and consequently is not one tending 
544 | to the advantage of the 
5 | advantage of the population at large should be the 


population at large. The 


business of our governing bodies, and, to do them 
justice, it must be admitted that those concerned 
seem quite alive to the unsatisfactory state of the 





electric supply in London. When, however, in the 
past the ve been concerned with attempts to 
rectify that state of affairs, the results attained 
have hardly reflected favourably on their adminis- 
trative capacity. The problem is admittedly a 
difficult one, but not in any way insolvable, and ten 
years of failure in this urgent matter must be put 
down to incapacity in our elected representatives, 
and not to difficulties in the problem itself. 
Going back this ten years we come to the scheme 
ut forward by the Administrative County of 
mdon Power Company. The Bill which that 
company brought before Parliament covered the 
first serious attempt to place the electricity supply 
of London on a rational and economical is. 
The scheme was a good one, and the Bill failed to 
pass merely because the Parliamentary session 
came to an end before it could be read a third 
time. Had our administrators had the capacity to 
realise the importance to London of the proposals 
which were made, the Bill could easily have been 
passed, and instead of a legacy of ten years of talk 
we might by now have come into a comprehensive 
and invaluable unified power supply. The fact 
that the Administrative Company was so nearly suc- 
cessful roused competition, and when that compan 
resented its Bill again the next session it was faced 
- two rival proposals. One of these was the 
Additional Electric Power Supply (London) Bill, 
which dealt with a scheme for transmitting power 


"| to London from St. Neots, the other was a scheme 


promoted by the London County Council. About 
this time our legislators began to realise that if 
either of the Bills proposed by private promoters 
went through, there was a chance that someone 
might make a profit out of the supply of electricity 
to the public. Such a thing hong of course, not 
be contemplated, and, as a consequence, the 
Government refused to give facilities for the private 
Bills, and referred the County Council Bill to a 
Select Committee. 

This partial victory by the County Council was 
dearly bought. The Committee in effect reported 
that the Bill was ridiculous. The proposals it 
covered were to generate at Guecnwich, and ata 
new station to be erected at Battersea, and to 
distribute at 6600 volts to the County Council tram- 
way sub-stations and the others to be built. In 
condemning the Bill the Committee were unkind 
enough to refer to the scheme of the Administrative 
Company of the year before, which the County 
Council had opposed, and to say ‘‘ the scheme put 
forward by the Administrative County Company 
appeared to be conceived on scientific lines, and 
calculated to afford a cheap supply of electrical 
energy at private risk.” It will be seen that the 
County Council failed largely on the technical in- 
sufficiency of their proposals, and presumably, as 
& consequence, a further Bill was presented by 
the Council for the next Parliamentary session. In 
this the engineering provisions were greatly modi- 
fied, and pro ls were made to erect stations at 
Barking and rith. This Bill had little better fate 
than its predecessor, as its preamble was held not 

roved by the House of Commons Committee. 

is was in the summer of 1907, and from then 
until a few months ago the whole question was 
largely left alone both by private bodies and public 
authorities, and London still waits fo. the clearing 
up of an expensive absurdity which our adminis- 
trators have played with for ten years, first by 
giving no facilities for a good Bill, and then giving 
facilities for such a bad one that even a favourable 
Government could not back it. 

As is generally known, it seems probable that 
the whole of this question will be raised again 
in an acute form very shortly. Raised in it 
must be sooner or later. A Bill bearing on the 
matter was recently before Parliament, but was 
withdrawn owing to opposition. The Bill was pro- 
moted by the County of London Company, and was 
directed towards the carrying into effect of agree- 
ments between any two or more of the London 
electric supply companies. The Bill did not cover 
a unification scheme in the sense of the earlier 
ones we have mentioned. It was opposed by various 
companies, by some of the boro pond and by 
reach ndon reyes Council, — the position taken 
up by some of these opposers has apparently been 
hostile enough to cause the Bill to = uthiiown. 
A further matter presaging new action by the 
County Council in connection with electricity has 
been ught to public attention this week by the 
publication of Messrs. Merz and McLellan’s report 
on London Electricity Supply. This report hag 
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been presented to the County Council as the result 
of instructions received last August by Messrs. 
Merz and McLellan to investigate the present posi- 
tion, and to consider the future development of 
the whole electric-power question in London. 

The report is in a sense academic, and is less 
instant than would be an actual Bill. It is none 
the less of great interest, and will become of great 
importance if the County Council act on ite re- 
commendations. The Council are to be con- 

tulated on obtaining the assistance of Messrs. 
Wors and McLellan in their new consideration of 
this matter, since these gentlemen were very 
closely connected with the able, but unfortunate, 
Bill put forward by the Administrative Company. 
The report is concerned mainly with the tech- 
nical side of its subject, and does not deal with 
questions of general policy, except in so far 
as they affect the technical and commercial 
aspects. This is reasonable enough, and pre- 
sumably is within the terms of reference of the 
authors, but it has the result that the report does 
little towards helping a solution of one of the main 
difficulties of the whole of this question. To say 
this is not to reflect on Messrs. Merz and 
McLellan. No report by them or anyone else could 
do more than little towards solving this difficulty. 
The matter to which we refer is fundamental, and 
concerns the area to which a unified supply scheme 
is to apply. Technically to confine it to the County 
of ee would be unfortunate, but administra- 
tively it is difficult to see what else one can do if 
the matter is to be handled by the County Council 
at all. The report by no means assumes this as a 
matter of course, and discusses alternative methods 
of control ; but past experience rather leads one to 
assume that if the Council have a hand in the 
matter at all, they will not want anyone else’s 
hand in. 

The report considers two areas—the first the 
Metropolitan Police area, which may be call 
Greater London, and the second an inner area of 
100 square miles, which covers most of the County 
of London. From the point of view of the greatest 
technical efficiency, the first area is to be preferred, 
but if it is decided on, the position of the County 
Council at once becomes anomalous. Certainly 
one might conceive a committee of the Council, 
with additional outside members representin 
areas not in the county, but the County Counci 
Bills of 1906 and 1907 made no provision for such 
outside members, and proposed that the whole 
Greater London area should be handled by iteelf as 
far as electricity supply was concerned. This 
position is indefensible, and, a from the rights 
of the outside districts, it is difficult to see why, let 
us say, the harmless inhabitant of Lewisham 
should find himself involved in speculative enter- 
prises in Hornsey, a place with which he has no 
concern. If any useful action is to be taken by 
the County Council towards promoting an elec- 
tricity scheme of its own, this question of repre- 
sentation, both personal and financial, of the 
outside districts must be faced and settled on 
intelligent lines. 

The report deals with generation and distri- 
bution independently. A brief résumé of the 
present unsatisfactory position is first given. In 
this it is incidentally stated that apart from 
traction-stations there are 70 generating-stations at 
present in London, ceeteting 585 engines. It 
will be noted that the figure of 70 differs slightly 
from the figure quoted from Dr. Klingenberg earlier 
in this article. A further difference appears later 
in a table, in which it is stated that the average 
capacity of the Greater London stations is 5400 kw. 
These differences are probably to be explained by 
either different areas or different years being con- 
sidered. In either case, however, they illustrate 
the very unsatisfactory nature of nt affairs. 

Proceeding to new methods of production, the 
report states that there are practically only two 
ways of effecting important economies in electricity 
generation in London. These are, firstly, to allow 
the extension of eight or ten of the best exiating 
stations, and ually to abandon all others ; and, 
secondly, to abandon all sites in or near the Metro- 
politan area, and to concentrate the production of 
electricity for all well outside. Toobtain 
full advantage from either of these policies it would 
be n that the primary distribution syste 


m 
throughout on should be standardised. The 


question of generation at coalfields is also considered, | th 


and the final conclusions are that, assuming all 


existing stations for the supply of light and power 


ed | throughout London. 





in the hands of one authority, it would pay to shut 
them all down, sell most of the plant, and generate 
all energy on sites down the river. Considering 
only the central area —that is, roughly, the County 
of London—it is estimated that the saving in 
working costs with this scheme would be about 
18 per cent., or 170,0001. a year, and that the 
eapital required, allowing for growth of demand 
during the next four years, would be between 
6,000,0001. and 7,000, 0001. To supply from ten 
model stations on existing. sites, including capital 
charges, would cost at least 20 per cent. more than 
from the down-river stations ; while if, instead of 
model stations, ten of the best existing stations were 
extended and adapted for such plant now in other 
stations as was suitable, the comparison with the 
— scheme would be still more unfavour- 
able. 

Turning to distribution, it is recommended that 
present cable systems, instead of being extended, 
should be supplemented as required by a new 
three-phase 50-period high-tension network, from 
which customers would be supplied through trans- 
formers. It is estimated that this new network 
would finally reduce the total operating expenses 
of the undertaking by 12 per cent., and that the cost 
of the new network would be at least 10,000,0001. 
less than the extension of the present D.C. net- 
works. The supply given from the new network 
would be at a lower price than that from existing 
networks, so that many customers would gladly 
change over to it, and it is considered that it would 
not in general be necessary seriously to extend the 
existing systems. In many cases the existing cable 
systems would be sufficient to carry the increased 
loads anticipated from a growth and the great 
reduction in cost that would come with the new 
generating system, but the ideal would be gradually 
to lay down the three-phase network with a view 
to the ultimate standardisation of distribution 
The report continues that 
there should be two systems of distribution stan- 
dardised for London: the new three-phase high- 
tension system already referred to, which would 
ultimately replace the existing systems entirely in 
most districts, and a 500-volt three-wire direct- 
current network for lighting, which would largely 
be made up of existing systems. This might 
eventually be done away with in many districts, 
but where economical it would be retained. 

On the question of the administrative unifica- 
tion, which must necessarily precede the technical 
unification, the authors of the report do not make 
any definite recommendation, holding it to be 
outside their terms of reference. They, however, 
examine the various possibilities, and discuss 
various advan or disadvantages. They point 
out that unification by a combination between all 
the companies and local authorities in Greater 
London offers very great difficulties, and that past 
experience suggests that there is little likelihood 
of a solution lying in that direction. If a com- 
bination of existing companies only is considered, 
the matter seems more possible of success, but it 
is recommended that before supporting any such 
scheme the County Council should satisfy itself 
that there was sufficient unanimity of interest and 
financial backing to ensure that the change should 
be carried through on the best and broadest lines. 
Satisfactory arrangements for maximum prices and 
other matters should also be a condition of Council 
support. If the question of a new independent 
company was considered, the questions arising 
would be much the same. 

Public ownership is then touched on, and it is 
pointed out that all. questions of the control or pur- 
chase of undertakings at the expiration of licenses 
could be avoided, and that capital could be raised 
at the cheapest rate, but that the compulsory pur- 
chase of existing undertakings would be very costly, 
the development of by-product industries very diffi- 
cult, and that the increase in the number of muni- 
cipal employees would be very large. Municipal 
ownership and control and private operation is 
then dealt with, and the ents of this 
nature being made in Paris and Berlin, and in 
operation in Chicago and other American cities, 
are mentioned. Finally, it. is recommended that, 
whatever else is done, the London County Council 
should promote a Bill in the next session of 
Parliament empowering some central body to set 


up an undertaking with powers of bulk wn org 
e means iri a t- 


uiring 
ing the different undertakings on commercial terms. 
The authors consider that in no other way will it be 





possible for London toe obtain the full advantages 
of cheap electricity, and, moreover, that such an 
un ing, if carried out on proper lines, might 
be made self-supporting at a comparatively early 
stage. 





COAL-W ASHING. 

CoalL-wWasHING is carried out primarily with a 
view to the reduction or.elimination of impurities 
such as shale, fireclay, pyrite, &c., in order to 
increase the calorific value of the fuel, and to render 
it more efficient in the production of coke. Pyrite, 
though of considerable calorific value, is undesirable 
in fuel on account of the corrosive effect, on boilers 
and furnaces, of the sulphur dioxide evolved during 
combustion, whilst sulphur is detrimental when 
present in excessive quantities in metallurgical 
coke, so that pyrite is the most important foreign 
substance to be eliminated by the coal-washery. 

There are, however, other advantages to be 
gained by washing. From the point of view of the 
operator who has to market his coal, it is rendered 
more saleable by virtue of its better ap nce, 
and as the amount of refuse extrac may be 
anything from 10 per cent. to 30 per cent., accord- 
ing to the nature of the seam from which the coal 
is taken, and to the care in mining and to the 
efficiency of the washing, the saving in storage and 
freight is a factor worthy of consideration. 

In order to out washing effectively, a certain 
amount of classification is essential, and it is gene- 
rally the practice to classify before washing, in order 
to obtain more even settlement, and therefore better 
separation, and to classify again (generally into 
more grades) after washing, because a certain 
amount of breaking apart of lumps occurs during 
washing. Thus washed coal is carefully classified, 
giving it an attractive and even-looking appearance. 

The washing process is designed to effect the 
separation from the coal of foreign substances 
of greater specific gravity than coal by the use of 
water mechanically, though there is alsoa reduction 
of sulphur as a result of the carrying off of fine 
pyrite by the water. The raw coal, as stated above, 
is first classified ; the different sizes are then fed 
into jigs, or trays, on which they are subjected to 
an upward and downward movement of water 
through the bed which the coal forms on the tray. 
The refuse, which is always heavier than coal, has 
only the same resistance to passing water for any 
given size, and therefore it settles to the bottom. 
The line of demarcation between coal and refuse is 
more or less defined according to the greater or 
less uniformity of the size of i. ere are 
various methods of running off the refuse and coal 
according to the type of machine. In the piston-jig 
washery the tray carrying the material is firmly 
fixed at a slight slant, the coal is fed on to the 
higher end of the perforated tray (which is usually 
7 ft. to 8 ft. long), and gradually works its way to 
the lower end. The water is oscillated up and down 
through the mass of coal by a piston which is 
worked by an eccentric and plays in the water in a 
compartment suitably arranged in the retaining 
tank ; as the coal passes over the tray the refuse 
settles to the bottom by virtue of ite more rapid 
settling quality under the action of the passirg 
water. A gate at the lower end of the table has its 
lip flush with the tray and may be regulated in 
depth so as to carry away the layer of refuse from 
the bottom of the mass whilst the coal flows over 
the side of the containing tank into a launder. 
The tray above referred to, being perforated, any 
fine material may find its way through it, and the 
tank bottom is so shaped that such fine material 
will collect at one point, where it may be drawn off 
by a valve or removed by a conveyor. 

In the case of such a washery as the above being 
used for fine coal, a layer of felspar or some other 
heavy material is on the tray to form a bed 
for the coal. The refuse finds its way through this 
bed and the perforations in the tray, and is removed 
from the bottom of the tank in the way above 
mentioned. These are the essential characteristics 
of the “‘ piston jig” washing-machine. Modifications 
in the relative position of parts and details are, of 
course, to be found in the various makes. Another 
type of machine obtains the same effect by hang- 
ing the tray or pan from two eccentrics whic 


oscillate it up and down just under the surface of 
the water. e slants down to one end and 
is a good fit for the retaining tank, which commu- 


nicates bya non-return valve with another adjacent 
tank. As the pan moves in the upward direction 
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a certain amount of water is drawn through the! water supply, or of the sites for washeries and 


valve, and, as it descends, the water, which cannot | refuse dumps. 


Tt appears from statistics taken in 


find its way back through the valve, is forced up| the same district that the cost of a washery ranges 


through the pan and the coal, thus causing settle- 
ment of refuse to the bottom, and carrying away 
the pure coal over the edge of the pan and tank 
into a launder. The refuse is drawn off at the 
lower end of the pan by an adjustable gate and 
allowed to settle through the water, and mix with 
the fine material which (as in the piston-jig 
machine) finds its way through the perforations in 
the pan, and the whole is removed by a bucket- 
conveyor. The coal is, of course, fed into the 
higher end of the tray or pan. 

e same principle of separation by water re- 
sistance as that in the above machines is applied 
in the ‘‘Tub” washing-machine, which takes the 
form of an inverted truncated cone, upwards of 
10 ft. in diameter at the top and 2 ft. to 3 ft. at 
the bottom, where it finishes in a cylindrical 
refuse-chamber with a valve at the top and one at 
the bottom. Where the cone joins the refuse- 
chamber it is perforated and surrounded by an 
annular housing. During washing operations, 
water is forced through the housing and perfora- 
tions at constant pressure, whilst the coal is fed 
through a chute into the centre of the tub at the 
top; a vertical spindle, concentric with the tub, 
carries rotating stirrers running at about 20 revo- 
lutions per minute, which ensure the thorough 
admixture of coal and water. The flow of water is 
so adjusted that the coal is carried by it through a 
lip at the top of the tub, whilst the refuse collects 
at the bottom in the cylindrical refuse-chamber, 
whence it may be removed by the manipulation of 
the two valves above mentioned, without affecting 
the continuity of the process. 

The machinery used for sizing or classifying coal 
may take the form of simple grids, over which the 
coal runs by gravity or is drawn mechanically, or 
of perforated screens and cylinders, or of any com- 
bination of these. Flat screens are sometimes 
stationary, in which case they are inclined, or the 
coal may be drawn over them if it be desired to have 
them level. Shaking flat screens are much more 
efficient, as, by shaking, the coal finds its way more 
effectively through the screens. Stationary screens 
must necessarily be arranged in series horizontally, 
but shaking screeris may be arranged one above 
another, with the largest perforations at the top, 
the movement being arranged so that the coal 
remaining on a screen will work its way to one end, 
whence it may run off to its own particular bin. 

Cylindrical screens are revolved on a slightly- 
inclined spindle, and the different sizes of per- 
forations are arranged in series longitudinally with 
the smallest perforations at the feed end, or 
concentrically with the largest perforations in the 
innermost screen. These are generally run at 
a peripheral speed of 200 ft. to 250 ft. per 


‘*cone”’ shape in order to obviate the necessity for 
an inclined spindle ; the material, being fed in at the 
small end, works down to the large end by aid of 
gravity. 

The general arrangement of a washery depends 
largely upon how the coal is delivered to it and 
taken from it, and whether or not it is conjoined 
with the colliery. If joined to the colliery and 
designed as part of it, the coal should be lifted high 
enough in the first instance to be tipped direct into 
the bins which feed the washery, being lifted suffi- 
ciently high to let gravity the coal through all 
the stages of the process. Adequate bin space for 
raw coal, and for the finished _— should be 
provided to ensure continuity of working in case of 
any delay in the delivery of the coal or in the ship- 
ment of it from want of rolling-stock. This is, of 
course, nore important when the washery is any 
distance from a mine. 
gear is an essential adjunct to the washery. 

Costs for washing coal are generally very difficult 
to determine accurately, as washeries are generally 
run in conjunction with the collieries, and costs 
therefore are not easily differentiated. Some costs 
recently published in Bulletin No. 69 on ‘‘ Coal- 

_ Washing in Illinois,” by the university of that 
mtate in America, are interesting. Coste for power, 
labour, supplies, repairs and renewals in fifteen 
different washeries in Illinois State vary from 
3 cents to 18 cents per ton, with an ave of 
10} cents. The te capital outlay for the 
fifteen washeries whose total capacity is 1740 tons 


of raw coal per hour was 572,000 dols. (119,1661.). | time. 
This figure does not include cost of reservoirs for owner has relation to the contract. 








from 551. 8s, 6d. to 931. 7s. 2d. for each ton per hour 
of capacity. In view of the comparative cheapness 
of labour in this country, the above costs per ton 
would need considerable modification before com- 
parisons could justly be made with results which 
are obtained here. 

Coal - washing as carried out at present may 
justly be considered crude, and yet there seems to 
be little prospect of any considerable improvement 
without a radical change in methods. Taking 
averages over a wide area in Illinois, it is found, 
according to the Bulletin above mentioned, that 
20.81 per cent. of ash in screenings before washing 
is reduced to 9.81 per cent. after washing. It is 
probable that of this 9.81 per cent. a considerable 
part is due to the difference in the size of icles of 
the coal and refuse, because the greater this variation 
in size the greater the number of pieces of coal and 
pieces of refuse which will have the same settling 
rate, and which would therefore take up similar posi- 
tions (in same layer) in the washing-machine, and 
thus be inseparable by the process. It would seem 
to us that any increased reduction of ash must 
take place by avoiding this difference in size by 
suitably ellen the classifiers or screens before 
washing, so that the variation in size of particles in 
any one grade may be the least possible. The ideal 
solution of the difficulty would be by the develop- 
ment of an efficient system using a solution heavier 
than water, which would float off all the pure coal, 
while all impurities of greater specific gravity than 
the coal would sink and be removed. is is used 
in laboratory experiments, but is not commercially 
feasible in actual practice. 





RESPONSIBILITY FOR DELAY IN 
COMMENCING WORK. 

A FAVOURABLK example of the difficulties which 
frequently arise between employers and contractors 
was given in a recent case in the King’s Bench 
Division. The question arose as to who was 
responsible for delay which tock place in commenc- 
ing the work—the trouble having been caused by 
a third party preventing the contractor obtaining 
access to the site. As the case is liable to be mis- 
understood by those who are not very familiar with 
building or construction contracts, we propose to 
indicate what it actually did decide. 

A builder (Mr. Porter) undertook to erect certain 
schools for the Tottenham Urban District Council 
for the sum of 11,0431. By the fourth clause he 
was to be at liberty to enter on the premises 
immediately after signing the agreement—i.e., on 
February 20—for the purpose of executing the 
works, to begin the work forthwith, and to de- 


|liver it up complete in ten months, subject to 
minute. Sometimes the cylinder is modified .to the | 


malties for delay. The builder duly entered and 
anes the work in accordance with this agreement, 
but on March 6 he was constrained to stop, 
owing to the action of a neighbouring land- 
owner, who disputed the right of way to the 
site. This dispute was eventually taken up by 
the District Council, and became the subject of 
litigation, the result being that the builder was 
unable to resume work until May 11. Having 
been put to expense in consequence of this inter- 
ference with his work, he preferred a claim for 
5601. 12s. 6d. damages. The official referee found 
in his favour, but on appeal the Divisional Court 
— and Bankes, JJ.) gave aig against 
im. The ratio decidendi may gathered from 
the following passage in Mr. Justice Ridley’s 
judgment :— 

**In this particular case the facts present this 


1c mage iy that the reason of the delay, of the 
The usual refuse-disposal | fail 


ure to perform this obligation, was the inter- 
ference of a third person, who was a mere tres- 
passer, over whom the building owners had no 
control, and with whose acts 2 could not have 
dealt otherwise than they did. If the obligation 
were held to apply in such a state of things; it 
would be difficult to define any limit to the liability 
of the building owner. The obligation to give 
prompt ion is based on the builder’s con- 
tract to complete the work in a given time, subject 
or not to penalties. In the absence of such a ~ 
vision the obligation would be otherwise, and it 
would be for the building owner to give possession, 
and for the builder to complete in a reasonable 
Therefore the liability put on the building 
There is no 





reason to be deduced from the position of the 
parties to the ment why one of them rather 
than the other should be held to take on himself 
responsibility in the event of accidents which render 
its performance impossible.” 

A decision of this kind is not unlikely seriously to 
disturb the mind of the contractor, and to make 
him look with some anxiety at the terms of his 
contract. If the terms by which he is bound 
are similar to those of the contract in the case 
under review, the employer does not by any means 
pee possession of the site at the agreed time. 

f someone else chooses to hold up the works, the 
contractor is powerless. He is left to derive what 
consolation he can from the fact that if he is de- 
layed he will not, at any rate, be mulcted in 
penalties. In Russell +. Sa da Bandeira (1862) 
13 C.B.N.S., 149, a clause respecting penalties in a 
contract for the building of a ship imposed a 
penalty of 51. a day on the shipbuilder for every 
day after a certain day if the chip should not be 
then delivered. The ship was not delivered until 
long after the day appointed, but a large portion 
of the delay arose from the interference of the 
building owner or his agent. It was decided that 
no sum in the nature of a penalty was recoverable 
by the employer. 

It may be taken to be well established that if the 
time of commencing work is delayed through no fault 
of the contractor, he will not be liable to penalties 
(see Holme v. Guppy, 1838, 3 M. and W., 387). 
The case before the Divisional Court, however, is 
the first in which an English court has ruled 
that damages are not recoverable in such circum- 
stances. In an American case (Mansfield v. New 
York Central, &., Railway Company (1886), 102, 
N.Y., 205) certain contractors to erect an 
elevated railway on a foundation to be prepared by 
the employers. It was held that the proper pre- 
paration of the foundations was an indispensable 
condition precedent to performance, and if the 
employers made default, the contractor was not 
only excused from exact performance, but had the 
right either to rescind or, if he elected to con- 
tinue the work, to recover damages for the expense 
to which he had been put by the delay and default 
of the employer. This American decision seems 
to us to accord with good sense, and we shall not be 
surprised to see it followed now in our own courts. 

It will be found upon examination of many con- 
tracts that they make special provision for contin- 
gencies of this kind. For instance, the form of 
building contract approved by the Royal Institute of 
British Architects contains a compensation clause, 
the amount to be settled by arbitration. Many 
forms in common use make no such provision, and 
in future it will be well for every contractor who is 
in any doubt as to the ‘‘ title” of his employer to 
insist that an absolute guarantee shall be given. 





DIMINISHING ACTIVITY IN 
SHIPBUILDING. 

Wauiuze the shipbuilding work in hand in the 
United Kingdom has decreased to the extent of 
66,000 tons, as com with three months ago, 
and nearly 173,000 tons as compared with a year 
ago, the situation in foreign countries shows no 
falling off in present activity. The total for Ger- 
many, for instance, shows an increase, as compared 
with a year ago, of 38,413 tons, equal to 7.2 per 
cent. ; in France, of 31,234 tons, or about 16 
cent. ; in Japan the total is more than double that 
of a year ago; in Norway it is 18,472 tons, or 
62 per cent., higher; and in the British Colonies 
the total is 56,806 tons, as compared with 22,758 
tons. The ouly instance where there is an 
important falling off is in the United States, 
where the total now is 78,000 tons less than 
a year fam, Synee Se 38 pee. Sem. These facts 
are deduced from the returns just issued b 
Lloyd’s Register. There are two reasons which 
explain why there should be a diminution in the 
work in hand in this country while there is an 
increase in that in foreign yards. In the first 
place, Lloyd’s figures take cognisance of all vessels 
until they are delivered. The British ship- 
builders work generally at a more rapid rate of 
construction than foreign builders. Consequently, 
the state of activity abroad is prolonged to a 
farther period after the collapse of shipbuildi 
orders obtains in this country. In the coenl 
place, it must be confessed that our foreign 
competitors are in a better position to secure 
orders from foreign owners than is the case 
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with British firms, because, although the price 
of steel has gone down very considerably, the 
wage charges are still very high, and the state 
of unrest is not diminishing. ese effects mili- 
tate very seriously against the booking of orders. 
Moreover, shipowners in this country have very 
largely met their requirements for the present in 
respect of liners, and as low freights continue, 
there is little disposition to pay high prices for 
new tonnage. msequently, comparatively few 
orders are now being booked. 

The given for the United Kingdom by 
Lioyd's fraciotee are less favourable even than 
they seem at first sight. During the past quarter, 
for instance, only 163 vessels were commenced, the 
collective tonnage of these being 372,965, whereas, 
during the same period, there were launched 148 
vessels, of 429,125 tons. This excess of ton- 
nage launched over tonnage commenced has been 
the rule for a considerable time, so that, of the 
tonnage on hand at the present time, a much larger 
proportion than usual is in an advanced state. 
As a result of the completion a month hence of the 
Aquitania, we shall find deducted from the Glasgow 
total at one stroke 10 per cent. of the total tonnage 
now on hand, and similar results will follow from 
the completion of other large ships almost ready for 
delivery. The number of merchant vessels under 
construction is 535, representing a gross tonnage of 
1,890,856 tons, and this, as we have said, is 173,000 
tons less than a yearago. We have made reference 
to the increase in the tonnage in foreign countries, 
but the total to-day is still only 478 vessels, of 
1,452,298 tons, so that the shipbuilding yards in 
this country to-day have 438,000 tons more in pro- 

ess than the yards in all the countries outside the 

Inited Kingdom. A year ago, however, our excess 
over the mot of the other countries was 686,000 
tons. In other words, the total tonnage in course 
of construction at home is 173,000 tons less than 
a year ago, and the total abroad is 75,000 tons 
more. 

As regards the —s work in this country 
there is an increase of 17,000 tons. The total 
tonnage for the British Navy has increased to the 
extent of 43,000 tons, but the tonnage for foreign 
navies has dec by 26,000 tons. The situa- 
tion as regards merchant and warship tonnage, as 
compared with a year ago, is as follows :— 


aoe April, 1914. April, 1913. 





tons tons 
Merchant shi: - “a --| 685) 1,890,866 | 563) 2,063,604 
British wastage atdockyards ..| 15) 137,170) 14) 182,190 


British warships at private yards..| 64) 311,698 | 58) 273,421 
Foreign warships at private yards | 12, 124,445 | 13) 150,700 
| 626 2,464,169 


648) 2,620,005 





As regards the distribution of merchant ship- 
building throughout the kingdom, the results are 
very varied, us, as compared with a year ago, 
there are decreases in all cases, excepting only at 
Liverpool, and to a slight extent at Belfast and 
Hull, the position in Liverpool being due to the 
greater degree of activity at Cammell Laird’s works 
at Birkenhead. When compared with three months 
ago, however, it is seen that there are increases on 
the Tyne, at Hartlepool, and at Belfast, but decreases 
in all the other ports. Taking first the Glasgow 
district of the Clyde, the number of vessels now 
in progress is 115, of 478,773 tons. This is 
34,092 tons less than three months ago, equal to 
a falling-off of 6.6 per cent., and 18,465 tons, or 
3.7 per cent., less than a year _ In the Greenock 
district of the Clyde the work on hand includes 
54 vessels, of 237, tons. Here there is a decrease 
of 73,517 tons as compared with a year ago, or a 
drép of 23.75 per cent., but as compared with 
three months ago the decrease is only 4.75 per 
cent. At Newcastle, as we have said, there is 
an increase as compared with three months ago, 
the percentage being 5.53 per cent., but as 
against the figure of April last year there is a 
decrease of 4.8 per cent., the work on hand now 
being 70 vessels, of 319,227 tons. At Sunderland, 
the next in importance of the North-East Coast 
ports, there is a decrease of 41,600 tons as com- 
pared with a year ago, and of 27,154 tons as com- 

red with three months ago, the percentage of 

ecrease being respectively 17 and 11.7 per cent. 
The 51 vessels now in progress make up a total of 
204,066 tons. The Tees shows a heavier relative 
decrease than any other district ; the 34 vessels, of 
83,315 tons, represent a total tonnage 27.3 
gent. less than a year ago, and 8.85 per cent. 





than a quarter ago. The condition at Hartlepool 
is pretty much the same, the 20 vessels in the 
works there making up 83,750 tons, which is 21.6 
oe cent. less than a year ago, but only 3.9 per cent. 
ess than three months ago. The Belfast figures 
are larger than for a considerable time, the 29 
vessels in hand representing 334,980 tons, which 
is 4.2 per cent. more than in December, and 
1.34 per cent. more than in March of 1913; a 
fair proportion of the total is made up of the 
Britannic, which is well advanced towards com- 
pletion, and will make a big reduction in the total 
when she leaves Belfast some months hence. At 
Liverpool, as we have said, the situation is only 
slightly less favourable than three months ago, the 
15 vessels, of 56,699 tons, on hand being 11.6 per 
cent. less than at the end of the year, but 26.2 
per cent. more than at the spring time of last year. 

The falling off in merchant tonnage in course of 
construction is very largely due to foreign orders. 
A year ago about 465,000 tons were in course of 
construction for foreign owners, whereas to-day 
the foreign tonnage is 408,000 tons. Of our a 
clientéle at the present time, Holland takes the 
first place, with 79,290 tons; Belgium second, 
with 69,180 tons; Norway third, with 38,825 
tons ; Greece next, with 35,520 tons; Denmark, 
31,241 tons ; the United States, 23.500 tons ; and 
Sweden, 22,020 tons. The British Colonies are on 
the list for 28,850 tons. 

The number of large ships in course of con- 
struction is a matter of interest. The Britannic 
and the Aquitania stand alone in being over 40,000 
tons, but, in addition, there is one vessel between 
30,000 and 40,000 tons, and two between 20,000 
and 30,000 tons, so that over 20,000 tons we have 
five instead of four a year ago; between 15,000 
and 20,000 tons there are only seven, as compared 
with ten a year ago; between 12,000 tons and 
15,000 tons nine, as com with eleven a year 
ago; and between 10,000 and 12,000 tons nine, as 
compared with seventeen a year ago. Of those 
exceeding 10,000 tons there are now building thirty, 
as compared with forty-two this time last year. 





DIFFICULTIES DUE TO PRIMING. 

Ir is not always — that priming ma 
cause trouble even in the case of boilers whic 
are fitted with superheaters, the water and the im- 
purities in the water being sometimes carried into 
and through the superheater pipes, though only 
steam is supposed to enter. A few cases of this 
kind were recently discussed by Dr.-Ing. F. Déhne 
in the Zeitschrift des Vereines tscher Ingenieure. 

The boiler installation in question consisted 
of a nest of tubes, inclined at an angle of 15 deg., 
headers, an upper drum, and superheater tubes on 
both sides of the latter. There were 216 tubes, 
4} in. and 3.96 in. external and internal diameters, 
216 in. in length. The feed-water entered the 
front of the steam-drum (70 in. in diameter, 
277 in. in length) through a long pipe leading to 
a tray feed-water heater in the steam space of the 
drum. The steam was discharged from the front 


header through a, pipe opening above the water | hard 


level in the drum and beneath the long steam 
collector-pipe, which extended from a point near the 
front of the boiler almost to its end; thus wet 
steam could not directly enter the collector-pipe, 
which in this installation replaced the perforated 
dry pipe of other plants. The heating surface of 
the boiler was 4480 sq. ft., of the superheater 1550 
sq. ft., and steam was superheated to 400 deg. Cent. 
at 15 atmospheres. This installation had only runa 
few months when several of the superheater tubes 
burst. It was found that they had become incrus- 
tated, the inner hard deposit having in some places 
a thickness of 2 mm.; the steam supply-pipe to 
the steam-turbine was y choked with a loose 
deposit. The softened feed-water was carefully 
analysed, and found to contain some lime and a little 
magnesia, which might profitably have been removed 
by the softening process. More striking was the fact 
that, of 37 parts of solid residue per 100,000 left on 
evaporation, more than half consisted of sodium 
chloride, and nearly one-third of sodium sulphate ; 
the water, which was very slightly alkaline, thus 
contained an unusual amount of soluble salts. On 
analysing the hard incrustation in the superheater 
tubes it was ascertained that the deposit was essen- 
tially calcium carbonate together with small quanti- 
ties of magnesium carbonate and other salts, sand, 
iron oxide, and clay ; this incrustation was practi- 
cally insoluble in water. The loose grey deposit, 





found further away from the superheater, proved 
essentially to consist of soluble salts (mostly sodium 
chloride and sulphate) and only of 18 per cent. of 
insoluble carbonates and oxides. None of these 
several constituents is volatile. To account for 
their deposition and for the different compositions 
of the two deposits, Dr. Déhne suggests that salts 
were carried over with the water from the drum, 
in which the water hammered, because the boiler 
had not been blown off often enough, so that the 
salts became concentrated ; perhaps the hammer- 
ing was as much the result of the absence of 
air in the water as of the salts contents. Dr. 
Déhne thinks that the insoluble carbonates and 
sulphates were deposited together with the other 
salts on the superheater-tubes, and that the 
wet steam rushing through the tubes then eroded 
the soluble substances and carried them further 
away. The explanation may not be unassailable. 
But it is interesting that, in this instance, the 
trouble was cured by introducing a long water- 
separator, in the shape of a cylinder, between 
the drum and the superheater, in addition to an 
ordinary separator, and by making some modi- 
fication in the arrangements for the circulation ; 
the cylinder had a length of 196 in. and a diameter 
of 31.5 in., and lay across the boiler and imme- 
diately above it. The collector-pipe before men- 
tioned was shortened, so that the steam left the 
drum near its middle—not near the end, as before 
—and passed through a separator into the central 
upper portion of the cylinder, leaving the cylinder 
again through pipes branching from the top of the 
cylinder near both its ends. Provision was also 
made for frequent blowing-off and for rendering the 
steam consumption less irregular. We should have 
mentioned that the installation had been projected 
for a steady steam consumption, but had had to be 
used for an intermittent supply. 

The second case concerns the corrosion of a 
compound engine fed with superheated steam at 
300 deg. Cent. Within a few weeks of start- 
ing that engine, the cylinder walls, piston and 
piston -rings showed signs of considerable wear 
on the high-pressure side; ample lubrication 
did not improve matters. An examination of the 
cylinder and the separator joined to the steam-pipe 
revealed the presence of two kinds of deposits, a 
white and a grey deposit. The former was observed 
in spots which would be in the direct path of the 
steam current—e.g., on the thermometer—whilst 
the latter was noticed in corners, in the valve- 
chest, and as an incrustation on the piston and 
piston-rings. The white deposit was almost 
entirely soluble in water and consisted essentially 
of sodium chloride. The brown substance was 
chemically neutral, like the white deposit, but 
only a little of it was soluble in water ; the chief 
constituents of the insoluble residue were cal- 
cium sulphate (nearly half of the whole) and mag- 
nesium carbonate, together with calcium carbonate, 
iron oxide, and silica. It was clear that there 
had been strong priming in this instance as in 
the former ; deposits of sodium chloride were 
found even in the low-pressure cylinder. The 
salt crust settling in the high - pressure 
cylinder on the piston and rings scraped the 
cylinder walls clean of oil and gave rise to the rapid 
wear of these parts. There might also be chemical 
action; by hydrolysis some sodium carbonate, 
carried over with the superheated steam, might 
be decomposed, and the free caustic soda might 
— the oil at the high temperature ; the 
oil would thus lose its lubricating power. The 
difficulty ceased, in this case likewise, after better 
provision had been made for the water separa- 
tion. 

The two examples quoted demonstrate that 
priming may be responsible for trouble which 
might otherwise be ascribed to bad lubricants, to 

r workmanship of parte of the machinery, or to 
aulty construction of the superheater. Dr. Déhne 
mentions that lime had even been found to have 
settled on turbine-blades, and we know of such 
cases. 





THE STRENGTH OF LATTICED 
STRUTS. 


TxHoven the theory of the strength of struts 
cannot even yet be considered as entirely ade- 
coe, at nevertheless remains true that there is 
no culty in providing satisfactory compression 
members of even the largest size, peoviled’ emtain 
methods of construction are followed. A tube, for 
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example, with walls not too thin in comparison 
with the diameter of the strut, forms an exceed- 
ingly strong strut ; but such a tube is by no means 
a convenient form to use, and even built-up rectan- 
gular box-sections with solid webs are far from being 
universally applicable. In short, lattice compres- 
sion members must be used in very many cases, and 
experiment has shown pretty conclusively that such 
latticed compression members may be very mate- 
rially weaker than struts with solid webs. The 
results of some very interesting observations on 
this head, made by Professors Talbot and Moore, 
were described in our issue of March 10, 1911. In 
these experiments extensometers were applied to 
the compression members of actual bridges, and it 
was found that the local stresses in latticed struts 
were in many cases notably greater than the avérage. 
An interesting and suggestive discussion on the 
strength of latticed struts was contributed last year 
to the Revue Universelle des Mines by M. Gerard, 
in which he arrives at formule which are, he 
claims, both rational theoretically and in con- 
formity with experience. It has been quite usual 
in the past to consider a latticed strut as strong as 


a solid strut having the same ratio of S, where 


1 denotes the length and r the radius of gyration. 
In M. Gerard’s view this procedure may consider- 
ably over-estimate the compressive strength of a 
latticed member, even when the latticing is more 
than sufficient to take the shear stresses. He con- 
tends that it is n to consider not merely 
the strength of the strut reckoned as if it were a 
solid member, but also the strength of each section 
of it between successive points of junction with 
the bracing. 

It is not, however, correct to assume that 
safety is secured if the calculated strength of 
these sections is the same as that calculated for 
the strut as a whole on the assumption that it is a 
solid member. In fact, if Fs; be the calculated 
safe stress in tons per square inch on the strut as a 
whole, reckoned as a solid member, and /, that of 
the component segments, then, according to M. 
Gerard, the safe strength of the actual latticed 
member is 

F. = F, x tn , 
19.6 
where 19.6 tons per square inch is taken as the 
elastic limit of the material in compression. 
However short the distance between the points 
at which the flange of a latticed strut is supported, 
jf. is always less than the elastic limit, and hence 
the strength of a latticed strut is always less 
than that of a solid member having the same 


ratio of l 


r 

The reason for this is that, in practice, a column 
under load never remains straight, as it is assumed 
to do in Euler’s and equivalent formule. There is 
always a deflection, and the true stress on the 
material, in the case of a solid strut, is given by 


the relation 
Pra A 
+=}, 
a(s h ) 


where P denotes the load applied, A the area of 
the cross-section of one flange, A the deflection of 
the strut, whilst h denotes the effective depth of 
the strut considered as a beam. 

Hence, if the flange be considered as consisting, 
between ‘‘ panel points,” of a series of little struts 
placed end to end, the subsidiary strut near the 
centre of the main strut will be subjected to a 
thrust T which is given by the relation 


a ee 
T+P ( + sy 
If this elementary strut in its turn remained 
perfectly straight, the strut as a whole would fail 


when = became equal to the elastic limit of the 


material, and the strength of the complete strut 
would be the same as that of a solid webbed strut 


: l 
with the same ratio of + Actually, however, the 


elementary strut always takes a deflection on its 
own account, and the stress on it is equal to 
a» 1 6 
a T( Ws ) 
where z denotes the modulus of the cross-section of 
the flange. Failure will occur, therefore, when f 
becomes equal to the elastic limit, and the strength 
of the strut as a whole is accordingly diminished. 
With 8 equal to zero we should have / equal to the 


F. = 





elastic limit of the material, and the strength of 
the main strut would be the same as if the webbin 
were continuous. Actually, however, failure will 
occur when f is equal to the ¢rippling stress of the 
elemen component of the strut, and we thus 
get M. s formula, already given, which 
may be also expressed as 
Strength of latticed strut _ Strength of component strut 
Sorength of solid strus Elastic limit 2 

M. Gerard illustrates the use of the above rule 
by means of the Rankine-Gordon formula, although 
he expresses the opinion that this formula, although 
convenient, is not above criticism. In France and 
Belgium itis, he states, generally used in the form— 

A 
i\2? 
1 + 0.0001 (;) 

Here A denotes the actual section of the column, 
and A, the eff. ctive section ; that is to say, the 
stress is calculated as if the whole of the load were 
carried by the section A, in place of the true sec- 
tion A. 

If this formula be applied to a latticed column, 
it should, he says, be multiplied by a correcting 
factor, the equivalent effective area being then— 

A 

iy a yy’ 

(1 + 0.0001 (-) )Q + 0.0001 (5)) 
where | and r refer to the strut as a whole, and l! 
and r! to its components individually considered. 
Thus in the case of a column 6} metres long, 
built up of two channels, 220 mm. by 75 mm. 

by 156 mm., and connected by cross-pieces s 
104.2 cm. apart, he finds that the actual strength 
is some 21 per cent. less than that of a solid 


l 
column having the same value of >. If the cross- 


pieces were replaced by proper latticing, the length 
of the component parts of each channel would, 
in this instance, have been reduced to 35 cm., and 
the reduction in strength but 3 per cent. 

M. Gerard further extends the principle, above 
set forth, to the computation of the strength neces- 
sary in the latticing of a strut. Hitherto this 
has generally been done by judgment or rule of 
thumb, and such attempts as have been made to 
deduce rational rules have been far from satisfac- 
tory. They have consisted in general of assuming 
that the load was eccentric to the axis of the 
column; an attempt being made to deduce an 
average value of this eccentricity from the results 
of actual tests. 

In M. Gerard’s treatment of the problem the 
ideally straight and perfectly elastic strut assumed 
in previous theories is replaced by an imaginary 
strut which is assumed to bend even under the 
smallest load, this bending increasing in exact 
proportion to the load up to the moment of rupture. 
On this basis, there is a shearing stress in the 
latticing from the very outset, the amount of which 
can be calculated. At the moment of rupture this 
calculated shearing stress is equal to that in the 
actual strut, and at all smaller loads it is greater. 
Hence the error involved in.the assumption made 
is always on the safe side. He evaluates on this 
basis the maximum shear which should be provided 


for, and, for such values of l as are common in prac- 
- 


tice, finds results in remarkably good accord with 
the empirical formula of Mr. Pritchard, who designs 
the bracing of struts for a shear equal to 14 per 
cent. of the axial load on the strut. . Pritchard’s 


formula is, in fact, exact for a value of ve 70, but 
rT 
should be doubled when this ratio is equal to 125. 





WATER-POWER FOR RAILWAYS IN 
SWEDEN. 

In previous volumes we have given an account 
of the method by which the capacities of Sweden 
have been developed by the building of a compre- 
hensive railway system. Sweden is, of course, 
relatively a poor country, and capital is not forth- 
coming in large quantities. It was, therefore, 
necessary to study economy in the construction of 
the railways. So well was this done that a very 
large network was laid down at an exceedingly 
moderate cost, with great advantage, as it enabled 
the many products of the land to be brought to the 
sea and rendered available for export. Now the 
railway question in Sweden is entering on a new 
phase, and there is the prospect of securing further 





economies of a substantial character by the use of 
electric energy developed at a minimum cost by water 
power. The country has many big rivers, which at 
resent run to waste, but the eyes of capitalists, 
Both home and foreign, are directed to them ; and 
if they are to be made available for the State 
Railways, action needs to be taken soon. The 
Government, therefore, directed an investigation 
to be made of the potential a of a part 
of the country, with the result that the Hydro- 
graphical Bureau of Stockholm has recently com- 
piled a report, for the loan of a copy of which our 
ks are due. This report deals with the Vindel 
River, the Ume River, the Angerman River, the 
Rorstréms River, the Fijillsé, the Flasjé, and 
the Fax rivers. 

The Government investigation embraced the fol- 
lowing points:—The water areas, including those 
of the em lakes ; the aggregate industrial mean 
water-power within the above areas; a sketch of 
the rivers, with the more important waterfalls, and 
their mean industrial water-power, prior to any 
water —— ; and a general calculation of the 
industrial mean water-power after regulation. A 
survey as to the suitability for exploitation of the 
different waterfalls as regards cost, existing natural 
reservoirs, &c., was carried out. 

The work, naturally, was very comprehensive, 
necessitating the pre tion of numerous maps 
showing the course of the different rivers, with a 
number of profiles, the catchment areas of the 
respective streams, &c.; and it has in many cases 
been difficult, not to say impossible, to carry out 
the programme in all its details. As regards the 
mean industrial water volume, that has been 
taken, as a rule, as the normal nine months’ water 
volume—that is, the average figure of annual nine 
months’ water volumes for as many years as pos- 
sible. In northern countries the flow of the rivers 
is lowest during the winter and greatest during the 
melting of the snow, being the opposite of that in 

laces where the winter fall is rain and not snow. 

nless the traffic on the railways also declines 
during the period that the earth is frozen, as 
inlooll it does in very severe climates, the average 
water-power of the rivers in the remaining nine 
months is not of first importance. As far as 
North Sweden is concerned, owing to the long 
low-water periods prevailing there, a normal six 
months’ water volume might more aptly represent 
the mean industrial water volume, and for this 
reason this figure has been ascertained and in- 
cluded in the report. It has not been found 
possible, within the present inquiry, to define the 
industrial mean water volume after regulation ; 
such regulation would not materially affect the six 
months’ water volume, though it would add to the 
nine months’ water volume, and more jally to 
the low-water volume. In the calculation of the 
mean water volume somewhat different conditions 
have prevailed as to material, &., at the different 
rivers. 

The Vindel River figures in the report with a 
mean water volume for six months of 97 cub. m. per 
second ; for nine months of 82 cub. m. per second. 
For the Ume River, at Vinnis, the figures are, 
for six months, 132 cub. m. per second; nine 
months, 58 cub. m. per second. These figures will 
be on the safe side for the Ume River between 
Storuma and Tviiralund, inasmuch as both the rain- 
fall and the lake area are larger for this section. 

The water volume of the Angerman River has 
been ascertained at two places, at its commence- 
ment at Maksjéstrand and at Forsmo. The 
figures are, respectively, for six months, 31 cub. m. 
per second ; nine months, 18 cub. m. per second ; 
and 6 months, 180 cub. m. per second ; nine months, 
100 cub. m. per second. The observations as 
regards the Rorstréms, the Fijillsé apd the Flisjé 
Rivers have extended over too short a period to 
give accurate results, but the Angerman River 
figures also throw some light on these other rivers. 

Next to be ascertained was the power of the 
different waterfalls, the normal six and nine months 

wer being calculated according to the formula 
efficiency = 75 per cent.) :— 

B= *Q x 100 x 7% _ pg 
75 x 100 
h being the gross head or height of fall in metres, 
and Q the volume of water in cubic metres per 
second. 

The table on the next e gives the water 
power, the number of falls, their aggregate height, 
&c., for the various railway lines, the traces of 
which are based upon the river valleys. 
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Warter-Powrer AVAILABLE FOR RAILWAYS IN SWEDEN. 














! 
| Len | Hereur aAnove Leva. ‘Toran Tursing Ourput iN Tursine Output in Horse- 
Number | of } or Sza. Horse-Powsa. PowER PER KILOMETRE. 
—_— oft | Sa Kion ——_——- Height of il ATONE, 8 NEC i Saree ra Ret 
| Commence- End Six Nine Six Nine 
ment. Months. Months. Months. | Months. 
= on — | | 
metres metres| metres — | | 
The Vindel River .. 34 225 341 180 161 | 118,500 75,660 530 340 
The Ume River 8 181 348 142 206 | 181,800 83,000 1080 480 
The Angerman River 48° 245 341 1 340 «=| «(400,450 230,300 1630 840 
The Rorstromes River 17 81 260 2u4 46 | 10,600 3,600 340 | 200 
The Fijiilsé River .. 20 lll | 248 89 159 | 87,700 58,300 880 510 
The Flasjé River .. 3 y 265 237 28 | 2,850 1,400 280 160 
The Faxa River 15 120 287 112 175 92,000 56.150 777 460 





The turbine output is calculated on the average 
volume of water for six months and for nine months, 
and the above table only comprises certain sections 
of the different rivers, which it will not be necessary 
to specify here. It will be gathered from the table 
that it deals with an aggregate length of 922 km., 
with 140 falls, representing during the six months 
an aggregate power of over 900,000 horse-power. 

Some ninety-two power-stations are suggested as 
practical for the exploitation of the waterfalls in 
question, divided into classes according to their 
horse-power as per the subjoined table :— 


Horse-Power. Power-Stations. 

Oto 999... 1 1 
1,000 ,, 1,999 .. 1 
2,000 ,, 2,999 .. 10 
3,000 ,, 3,999 .. 9 
4,000 ,, 4,999 .. 14 
5,000 ,, 5,999 .. 5 
6,000 ,, 6,999 .. 4 
7,000 .. 7,999 .. 5 
8,000 ,, 8,999 .. 7 
9,000 ,, 9,999 .. 2 
10,000 ,, 14,999 ... 12 
15,000 ,, 19,999 ... ll 
Above 20,000 ll 


This table is based upon six months’ average 
water volume ; for nine months ee of the 
respective stations naturally is materially reduced. 





NOTES. 
BarrLesHirs OF THE 1914-15 ProcRaMME. 

Tue Admiralty have invited builders to tender 
for the hull and machinery for two battleships of 
the 1914-15 programme. This has been done at an 
earlier date than for many years, but the action 
now taken by the Board is consistent with the 
promise made by Mr. Churchill when submitting 
the Navy Estimates for the year ; he stated then 
that in order to compensate for the delay in con- 
nection with the vessels proposed by the 
Government of Canada, two of this year’s contract 
ships would be laid down at once. Last year there 
was some acceleration for the same reason, and 
the prices for the three contract ships were then 
eaeed for in the autumn and the vessels laid down 
in December. This year, however, the proba- 
bilities are that the vessels will be laid down in 
July, and as the time to be allowed for construc- 
tion is 27 months, they ought to be ready by 
October of 1916. The vessels will resemble the 
Royal Sovereign class, with eight 15-in. guns and 
a large battery of 6-in. quick-firers. In this respect 
they correspond t» the vessels of the Queen Eliza- 
beth class, but the — anticipated is not so 
great. There is therefore not the same need for 
sate pr machinery, and as a consequence the 
ength and displacement tonnage are less than in 
the Queen Elizabeth class. The other two ships of 
the year’s programme will be laid down respec- 
tively at Portsmouth and Devonport, the former 
vessel being also a Royal Sovereign, while the 
ship to be built at the latter port will be a Queen 
Elizabeth. The result of the pi mme of the 
three years ending now will be the building of 
eight vessels of the Royal Sovereign class and six 
vessels of the Queen Elizabeth class, including the 
Malay ship. This will give two fleets, one of six 
ships, with a potential of 26 knots, and the 
other of eight ships, of 21 kncts, all of the shi: 
a 15-in. guns. Owing to the fact that the 
two dockyard ships of this year’s mme are 
not likely to be laid down until October, the two 
fleets will not be complete with every unit of 
exactly the same power until January, 1917. 


TEMPERATURE OF THE UrreR ATMOSPHERE. 


It has long been believed that the stratosphere, 
or isoth layer, in which the temperature no 
longer falls, but begins to rise i yond we 
elevation, lies at a higher level in the tropics 
than in the temperate zones, and also that the 


temperature of the upper air is comparatively colder 
in the tropics than in our climate. But there were 
not many actual observations available at great 
heights in the tropics. In Nature of March 5 
Mr. W. van Bemmelen states that two sounding- 
balloons, weighing about 2 kg., sent up from 
Batavia, in Java, in November and December 
last, exceeded heights of 20 km., and recorded 
temperatures of — 90.9 deg. and —91.9 deg. Cent., 
the lowest temperatures ever registered. On 
December 4 the balloon went up to 26,040 m. (16.2 
miles) ; the lowest temperature just stated, — 91.9 
deg. Cent., was reached at a height of 17 km.; 
then the thermometer rose, and marked —57.1 
deg. Cent. at 26 km. The latter temperature is 
approximately the minimum of Euro observa- 
tions in the upper atmosphere, and the observed 
inversion, amounting to a rise of over 30 deg. Cent. 
in the stratosphere, is quite unprecedented. The 
instruments were found in good order after the 
balloons had been recovered, and as the ascent and 
descent curves are in very good agreement, the values 
may be accepted. The explanation of the tem- 
perature rise in the stratosphere, above the 
ym aes is, according to the modern theories 
of Humpreys, Gold, and Emden, to be found y 
in the assumption that above a certain height 
(above the isobaric surface of the quarter atmos- 
phere), radiation should have a heating effect, 
whilst below that surface a cooling influence. The 
decrease of water vapour plays an important part 
in these considerations. old (London) and 
Emden (Vienna) estimate that height for average 
European conditions, the former at 9500 m., the 
latter at 8950 m., while C. Braak, of Batavia, con- 
siders that the boundary between the two layers is 
indicated by the base of the cirrus clouds, which 
at Batavia corresponds to a height of 11.4 km., 
and an average temperature of — 48 deg. Cent. 


Gun-Fire iy Torpepo Crart. 


The Admiralty have just issued a return giving 
the results of tests of gun-fire in torpedo-boat 
destroyers and torpedo-boats, and the results are 
pronounced satisfactory, but their Lordships very 
properly make the observation that a ‘‘further 
improvement would result if Officers of Quarters 
paid more attention to their observation of fire.” 
An examination of the details shows a wide dif- 
ference between the results in ships of the same 
class, and although it may be that conditions vary 
greatly, this cannot always be the explanation ; 
the best result in a ship is often much better 
than the average in the same ship; in many 
cases the best result is double the average, and in 
other cases even more. The with which 
these —_ craft are fitted ranged up to the 4-in. 
breech-loader, and in all 201 vessels, having 
869 guns, passed through tests during the past 
year. The percen of hits to rounds fired, in 
all cases where the time of scoring was that pre- 
scribed, was 47.34, and in all cases where the a 
scribed time was exceeded, 45.82. Taking, first, 
the 4-in. breech-loader, we find that the time 
allowed for the test was 46 seconds, and that there 
were 138 in the various craft. The average 
number of hits per minute works out at 3.3. The 
best performance was at the rate of 7.82 hits 
minute. Six gunners achieved this result, and in 
all eighteen men managed to get in at least 64 hits 
per minute, so that there is room for an improve- 
ment over the average of 3.3 hits per minute for 
the whole of the gunners having charge of the 4-in. 
breech-loader. Such improvement is much to be 
desired, as in future destroyers this gun is likely 
to be still more largely used than in the past. In 
the case of the 12-pounder 12-cwt. on “ P.V.” 
and ‘“‘P. VI.” mountings, the time allowed for 
the test was 32 seconds, and 120 guns were used. 





In this case the average hits n per minute 
was 5 11, whereas the best perelaneh, attained 
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minute. 


as gunners, was 11} hits per gun 

hirteen gunners got in at least five hits during 
the 32 seconds, so that once again there is room 
for improvement at the bottom of the list. In the 
case of the 12-pounder 12-cwt. gun on ‘P.I.” 
mountings, of which there were 177 tested, the 
average hits per minute was 3.79; and in the 
case of the 12-pounder 8-cwt. gun, of which 84 
were tested, the average hits per gun per minute 
was 3.46. In the 6-pounder gun, with telescope, 
of which 340 are in this service, the average hits 
per gun per minute was 3.51, which again is scarcely 
a successful performance. Ten gunners managed 
to get ten hits per gun per minute, so that 3.51 
can y be regarded as a high average. Indeed, 
in some of the boats the average for this gun was 
less than one hit per gun per minute. Thus, while 
the results are considered satisfactory, there is 
room for very considerable improvement in the 
case of the vessels at the bottom of the list. 


MIniIne In CHINA. 


The Chinese are beginning to recognise that the 
development “. the mining resources of their 
country is of the greatest importance to eve: 

department of mechanical industry. His Majesty's 
Consul at Changsha writes that mining is the 
most flourishing industry in Hunan, not much 
capital being required to exploit superficially 
the rich deposits of that province, and that 
the new mines started in 1912 include silver, 
antimony, iron, lead, coal, manganese, cinnabar, 
tin, sulphur, copper, copperas, gold, zinc, and 
salt. Prospecting activity is also reported in the 
Fukien province for tin and iron, and in Kwan- 
tung for gold, tin and coal. The most important 
coal mines in China are those worked by a British 
company at Kaiping, in Chihli—that is, by the 
Chinese Engineering and Mining Company, and 
by what was a rival Chinese company working the 
neighbouring mines at Lanchow. The competition 
between these two —— is now removed by a 
working agreement, and this is expected to assist 
greatly the development of the resources of the 
whole coal basin affected. The combined output 
of the two collieries in 1912 was 1,706,658 
tons. The Pekin Syndicate mines in Honan 
produced 549,877 tons in 1912, against 417,190 
tons in 1911. The Hungshang and Fangstze 
mines in Shantung turned out 573,696 tons, as com- 
pared with 486,553 tons in 1911. No figures are 
at hand for the important coal-mines at Fushan, 
near Darien, but the present output is said to 
amount to 5000 tons daily. In order to encourage 
the mining industry, the Minister of Commerce 
and Industry, Mr. Chang Chien, is at nt 
devoting attention to the framing of pec ses 
which, if adopted, will place the mining industry 
of China upon a proper basis, and permit of de- 
velopment with foreign capital, knowledge, and 
experience. The four chief points which require 
remodelling, and which are receiving attention, 
deal (a) with the ownership of the mining pro- 
perty, (>) the extent of mining areas, (c) the tax to 
the Government, and (d) foreign participation. Mr. 
Chang Chien proposes that foreign and Chinese 
capital shall have equal rights. He expresses the 
idea (which he hopes to have embodied in law) that 
foreigners should be entitled to buy whatever shares 
they may like on the Stock Exchange, and it is his 
intention to establish stock exchanges under Govern- 
ment regulations, which will be open to foreigners, 
and which will be the medium whey foreigners 
may obtain scrip in mining ventures, as and when 
they please. e control of mining properties will 
be entirely in the hands of those who secure the 
mining rights. If a mine is to be developed by 
Government, the control will be in the hands of 
the Government ; but if the development is to be 
done by a company, then the company will make 
its own arrangements as to how far those who sub- 
scribe the capital will be entitled to a share in the 
control. With a view to classifying the minerals of 
China and the areas in which they abound, a Mining 
Bureau will be established, whose business it will be 
to attend to this work and to carry on a continuous 
policy of development on behalf of the Government. 
Already a beginning has been made of a survey of 
the mineral deposits of Shansi province, a 
similar work will be carried out eventually with 
— to each province. The results will be com- 
pi for public use, and it will be the aim of 
the bureau to assist the investing public properly 
to develop the rich resources that are now practi- 





cally untouched. 
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THE LATE MR. W. G. KIRKALDY. 


WE regret to have to record the death of Mr. W. G. 
Kirkaldy, who has long been known to a large circle 
of engineers on account of his connection with the 
testing of engineering materials. Mr. William 
Kirkaldy was the son of the late Mr. David Kirk- 
aldy, who was practically the pioneer of the sys- 
tematic testing of materials of construction, which 
has done so much to improve the work of engi- 
neers, and has rendered such assistance in design 
and in the solution of innumerable tical problems. 
William George Kirkaldy was born on July 6, 
1862, and received his early education at Univer- 
sity College School. He afterwards served a four 

ears’ apprenticeship to his father at the well- 
ane testing works at 99, Southwark-street, and, on 
attaining the age of twenty-one, was taken into part- 
nership by his father. The firm of Messrs. David 
Kirkaldy and Son was thus formed, and Mr. Kirk- 
aldy continued to be connected with it to the time of 
his death. It is hardly necessary for us to remind our 
readers that a great deal of important testing has been 
carried out at the Southwark-street works, some of it 
in connection with valuable research work. 

Mr. Kirkaldy became an associate member of the 
Institution of Civil Engineers in 1898. In 1899, with 
the late Sir William Roberts-Austen, he read a paper 
before the Institution on ‘“‘ The Effect of Wear upon 
Steel Rails,” for which he received a Telford Premium. 
He was a member of the Institution of Mechanical 
Engineers, and in 1910, with Captain R. Sankey and 
Mr. Bertram Blount, read a paper before that body 
entitled ‘‘ Comparison of the Tensile, Impact-Tensile, 
and Repeated - Bending Methods of Testing Steel.” 
He was connected with numerous other technical 
bodies, being a member, for instance, of the Inter- 
nitional Testing Association, the Concrete Institute, 
&e., and hs served on various committees. Mr. 
Kirkaldy died on the 10th inst. 





STATISTICS OF TRADE UNIONS. 

THE following information is given in the Board of 
Trade Labour Gazette with regard to trade unions in 
1912 :—The total number of trade unions in the United 
Kingdom at the end of 1912, so far as is known to 
the department, was 1134, of which 532 were regis- 
tered under the Trade-Union Acts, and 595 were not 
so registered. The unions with a large membership, 
however, were for the most part registered, the 
average membership of the unregistered unions being 
only about 1100, as compared with nearly 5000 for the 
registered unions. The number of trade unions shows 
a reduction of 59, or 5 per cent., as com with 
1911. The number has been declining since 1896 (the 
maximum year), in consequence of amalgamations and 
of the absorption of smaller unions. The membership, 
on the other hand, has shown an almost uninterrupted 
increase. ‘The total membership at the end of To12 
was 3,281,003, showing an increase of 8.8 3 cent. 
over 1911, which itself showed an increase of 23.4 per 
cent. over 1910. The aggregate membership has more 
than doubled since 1896. 

The largest group in 1912, as measured by member- 
ship, was mining and quarrying, with over three- 
quarters of a million members. This group of trades 
has held the first place in almost every year since 
1892. The second place is now held by the transport 
trades, with over half a million members ; this group 
rose to the second place in 1911, owing to a very great 
increase in the membership of the railway servants’, 
seamen’s, and dock workers’ unions in that year. The 
other principal groups are metal, engineering and 
shipbuilding, and the textile trades, with a member- 
ship approaching half a million in each case. 

The greatest relative increase in membership in 
1912 occurred in the group of shop assistants’ unions 
(85 per cent.), and considerable percentage increases 
were also shown in the clothing trades (23.4), the 
building trades (17.6), and the metal, &c., trade groups 
(15.5). A decline in membership (following a large 
increase in the previous year) among unions 
of tramway servants, carters, &c., and of dock and 
riverside workers ; the total membership of the trans- 
port trades group, however, showed a slight increase. 
With the exception of coal-miners’ unions in Lanca- 
shire and “heshire and in Wales and Monmouthshire, 
and of unions of printers, &c., the a of the 
remaining groups showed an increase over 1911. 

The total membership in 1912 was the highest 
recorded. The membership of the building trades 

p has increased by 30 per cent. since 1910, but is 
Cie the figures attained during the period 1897- 
1905. With the exception of the building trades 
group, of tramway and other land transport, dock, 
canal and riverside labour, and printing, the member- 
ship of every group reached its highest recorded point 
in 1912. 

The female membership of trade unions has relatively 
grown more rapidly than the total membership. At 
the end of 1912 there were 318,443 female mem of 
trade uuions, of whom 239,460 (or 75 per cent.) were 





in the textile trades, and 149,153, or nearly half the 
total, in the cotton-weaving trade alone. The total 
increase in female membership since 1896 (the earliest 
~ for which particulars as to female membership can 

given separately) has been 199,030, or 167 per cent. ; 
the increase has been greatest in the cotton-weaving 
and cotton- ing groups and among shop assis- 
tants; the female membership of shop assistants’ 
unions increased from 327 in the year 1896 to 20,758 
in 1912, two-thirds of the increase occurring in the last 

ear 


The total income of 100 principal unions in 1912 was 


greater than in any —— year. The variation in | showed 


income per member from year to year is slight, the 
extremes in the period from 1902 to 1912 being 
32s. 34d. and 383. 1?d. The expenditure, on the other 
hand, shows much greater variation, the extremes 
being 283. 2}d. in 1 and 44s. 7d. in the following 

ear. The total expenditure (3,823,277/.) in the year 
1912 was the highest ever recorded, and the expendi- 
ture per head the highest recorded in any year with 
the exception of 1893 and 1908. 

The variation in expenditure is due almost entirely 
to the fluctuating items of unemployed and dispute 
benefits. Unemployed benefit rose and fell in well- 
marked periods of successive good trade and depres- 
sion, reaching maximum points in 1904 and in 
in 1908-1909, and minimum pointe in 1906 ball be 
1911-1912. The ex iture on this benefit was 
greater in amount in 1912 than in 1911, but the 
proportion to all expenditure was much lower than 
in any previous year in the period 1902 - 1912. 
Dispute benefit shows an even greater variation 
than unemployed benefit, the minimum and the 
maximum being 118,361/. (or 5.8 per cent.) in 1904 and 
1,374,884/. (or 36 per cent.) in 1912. The proportion 
of dispute pay to total expenditure was low in the 
periods 1902-1907 and 1909-1911, which included both 

and bad years ; on the other hand, it was high in 
908, a year of bad employment, and in 1912, a year 
of very good employment. The exceptionally large 
P ion of dispute pay in 1912 was, of course, due 
to the national coal strike, the mining and quarrying 
trade unions having spent over 1, "0000, (three- 
quarters of the total amount) in that year on dispute 
benefit. The expenditure per member on dispute 
benefit has <aiee tetwen ls. 104d. (in 1907) and 
13s. 9d. (in 1912). 

The expenditure per member on each of the prin- 

cipal benefits in 1912 was as follows :— 


s. d. 
Unemployed benefit 5 113 
Dispute benefit ot oe 13 9 
Sick and accident benefits J, on. 
Superannuation benefit... , a 
Funeral benefit ae on a — o 
Other benefits and grants ... -_ 
Working and other expenses’. aa Se 
Total 38 i 


The year 1912 was very exceptional, on account of 
the national coal strike; and an analysis of the 
statistics for the whole of the last 21 years (1892-1912) 
shows that more than 60 sy cent. of the total expen- 
diture is accounted for by various forms of friendly 
benefits, and only 16 per cent by dispute benefit. 





GERMAN IRON AND MACHINERY 
INDUSTRY, 1913. 

Tue German iron and metal industry showed a further 
upward movement during the _— year. In quantity the 
imports decreased from 1,092,834 tons in 1912 to 1,053,007 
tons in 1913, but owing vo a larger im of copper, the 
value rose from 651,600,000 marks in 1912 to 689,400,000 
marks in 1913. The ex on the other hand, show a 
hovros for 1913 sed 1913 aes eee vat "E301 4 

or respectively . 
tons and 1,664,900, and 


industry is demonstrated by the increase in the surplus 
at which were in 1911, 4,778,000 tons; 1912, 
5,368,000 tons ; 1913, 5,879,000 tons. This increase in the 
exports is partly attributed to good orders in hand from 
the preceding year, and partly to increased energy on the 
part of German manufacturers in extending their foreign 
trade, on account of a falling off in the home demand. 


Seng. enna < « ign pig iron 
from 135,722 tons in 1912 to 124,235 tons in 1913. The 
reduction comes upon the exports from Great Britain 


and Austria, whilst the imports from Sweden show a 
slight increase. y's ex of pig iron decreased 
considerably during 1913, the year bei 
782,910 tons, as against 1,016,260 tons for 1912, the value 
being respectively 51,800,000 marks and 65,300,000 marks. 
The demands in this connection on the part 

Holland, France, Russia, and Italy decreased consider- 


ably during last year. Within the iron industry the 
following exports may be noted :— 
1913. 1912. 
tons tons 
Pig iron ... a 782,900 1,016,200 
Raw blooms, &c. 700,700 695, 200 
Shape and bar iron 1,172, 60u 816,800 
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1913. 1912. 
tons tons 
Medium and fine plates 149, 200 125,200 
Wire ts ide val 451,700 438,600 
Pipes 306,200 287,200 
Rails 500,800 523,200 
113,400 111,400 


_ It will be seen from these figures that shape and bar 
iron, wire, coarse plates, and pipes show a marked in- 
—m, Ne nage a has Caen ag Len 
uction princi comes u mar reat 
Sctaln, andbeteaiead Tha euslie ions inketey che 
an increased export in its different branches. 
Of other raw materials for the metal industries, the 
import of lead decreased some 10,000 tons, whilst the 
export rose about 5000 tons, the im 
by 1000 tons, and the ex y 5000 tons. The 
imports of tin receded from 15,000 to 14,000 tons, whilst 
the exports showed no increase in quantity, but increased 
in value. Germany’s requirement of copper also showed 


of zinc increased 


an increase in 1913, the imports amoun to 225,39 
tons, against 200,608 tons in 1912. The United States 
again supplied the bulk of this quantity. was a 


lively demand for ae. of which exports in the manu- 
factured state showed a ing lacrease. 

The position of the German machine industry is stated 
to be one which now commands respect, and the demand 
for German machinery, electric t and motor-cars 
everywhere shows an increase. regate exports 
of rose from 538,778 tons in 1912 
to 594,314 tons in 1913. The engine factories did a very 
satisfactory ex business, the value of ex 
locomotives wi i i 


A 000 
marks in 1912 to 20,300,000 marks £ 1913. At the 
head of the importing countries stood Spain and Argen 
tina. The ex of portable engines, steam-engines 
and ag) f — ee vt bw more 
especially Russia which was in need ese goods. 
Argentina, Brazil and Chili, ae to the opening out of 
these countries to the building of railways and mining 
— were good customers for the German machine 
industry. China, too, again appeared ass buyer and on 
an increasing scale, and German machinery also helped 
the Japanese indus’ 


Most specialities within the electrical branch showed a 
marked increase in exports. The value of the dynamo 
exports rose from 51,100,000 marks to 56,300,000 marke, 
that of cables from 32,000,000 marks to 39,000,000 marks, 
and other plant for transmissivn of electric current from 
42,000,000 marks to 74,000,000 marks. Only metallio- 
filament lamps showed a slight decrease. Important 
electric-power transmission installations were du the 
year yb 4 Lat ng es a ty [un- 
gary, gium, Russia, Switzerland, Spain ee my 
of automobiles also increased in value from 


© ex 

155,900, marks in 1912 to 174,900,000 marks in 1913. 

Of com ial motor-ears alone there were exported 1999, 

— 695 in the ing year, meseety to Austria- 
ungary, Roumania, Russia, and Turkey. 





THE EROSION OF HIGH-SPEED BRONZE 
PROPELLERS. 


To THe Enron oF ENGINEERING. 
Sir,—My attent.on has been called to a pamphlet cir- 
culated by the Manganese Bronze and Brass pany, 


mited, which consists of a reprint from ENGINEERING 
of articles and letters by Dr. Sil and myself on the 


subject of *‘ The Erosion of High-Speed Bronze Pro- 
ers.” 
The publication concludes with a letter of disclaimer 


from Sir Wm. Ramsay, in which he volunteers what is 
agpesently an arm-chair opinion on the controversy, and 
which, appearing without my reply—see ENGINEERING, 
vol. xcvi., page 761—seems tegive an air of finality to th 
i ion in favour of Dr. Si and his principles. 
No one has a higher regard for Sir William 
asa scientist myself, and hi en aes if ad- 
verse, 1 hold in the greatest respect ; in the present 
case I am unable to accept his views, and, as my reply 
was pertinent to the subject, it should, in common fairness, 
have been included in the reprint, if the same was in- 
tended to be an impartial account and not merely a com- 
mercial circular. 


With apologies for occupying your valuable space, 
I am, Sir, yours faithfully, 
mu. Ramsay. 
23, Sycamore-road, Hi Tranmere, Birkenhead, 
April 14, 1914. 





‘*ENERGY FROM THE SUN.” 
To THe Eprror or ENGINEERING. 
Srr,—It is interesting to be told on authority that the 


much-vaunted ‘‘sun-power” engine is no better than a 
windmill ; but what of the which Sir Oliver Lodge 
assures us “‘is stored away in t small region of space” 


—a cubic millimetre? 

b Sieg hd FB RS Gost Seen tow 
arri at, “expressible as eq to a 
million-horse-power station working continnenty for 








forty million years ;” and it ee~ns a pity that we cannot 
utilise it! 
Yours truly, 

April 11, 1914. Somgpric, 

ExursiTion OF Macuing-Toois.—The Machine-Tool 
and , i Limited, of Queen Anne’s 
Chambers, Tothill Westminster, have arranged to 
hold an exhibition at oympis, from Thursday, 
September 28, 1916, to Wednesday, 18, 1916, both 


| days inclusive. 
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SOFT-METAL FURNACE. 


CONSTRUCTED BY THE MONOMETER MANUFACTURING COMPANY, LIMITED, ENGINEERS, BIRMINGHAM. 
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Fig. 1. 


WE illustrate in Figs. 1 to 4 a gas-fired furnace 
for melting the more readily fusible metals, con- 
structed by the Monometer Manufacturing Company, 
Limited, of Whitehouse-street, Aston, Birmingham. 
Furnaces of this type are specially adapted for news- 
paper work, where many tons of type metal have 

aily to be melted and poured. The burners used are 
the result of much experiment. They are of the low- 
oe type, and are operated without the use of 

lowers or compressors, giving, it is claimed, exceed- 
ingly results in practice. In the case of a 6%-ton 
plant installed at the People office the installation of 
these burners ha; resulted, we are informed, in a savin 
of 15 r cent. of the gas previously consumed, 
whilst the time required for melting the metal was 
simultaneously reduced from 34 or 4 hours down to 
24 hours. 

As shown in Fig. 3, the 10-ton furnace has twelve 
burners arran beneath the pan, the position of 
which is best seen in Fig. 2, where it is represented 
by a dotted line. The general construction of the fur- 
nace is, however, perhaps most clearly realisable from 
Fig. 1, which is from a photograph of a complete 
plant. 

A special feature of these furnaces is the provision 
of an automatic temperature-regulator, for which the 
makers have coined the name “Monometer.” This is 
shown in ition on the right-hand top corner of 
Fig. 1, and separately in Fig. 4. It is very important 
in casting type metal, for example, that the tempera- 
ture at which the metal is cast shall be regulated 
with great nicety, or trouble may arise from a differ- 
ence in the contraction on solidification. The Mono- 
meter is intended to obviate all difficulties of this 
kind. If cold metal is thrown into the , the in- 
strument turns on automatically more gas to the jets, 
and as the metal melts and the temperature rises, the 
supply of gas is automatically throttled, thus prevent- 
ing any overheating. In fact, once the steady state is 
attained, the temperature is maintained constant within 
very narrow limits of deviation. Pending the comple- 
tion of certain patents, detaila of its construction are 
for the present reserved, but the pipeshown to the 
left in Fig. 4 dips into the molten metal, and contains 
material which is expanded by the heat, and furnishes 
the motive power for operating a valve controlling the 
gas supply. The gas-inlet pipe is the upper of the two 
shown to the right, whilst the other pipe in the 
same side is the outlet pipe. Both can be seen in 
position on the furnace in Fig. 1. The milled head, 
shown at the top of the monometer in Fig. 4, operates 
an adjusting-screw, by which the desired temperature 
in the furnace may be adjusted from 100 deg. Fahr. 
upwards. A scale on the disc below enables this to 
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Tue T.M.S. “Ita.”—At the shipyard of 
Messrs. Hawthorns Company, Limited, of 
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be done with great nicety. Another feature of the 
furnace is that the D gm of combustion pass u 


around the pan by the double bends shown on eac 

side in Fig. 1. When at work, the space at the top 
of the pan is closed in by means of the sliding doors 
shown, and the metal is therefore melting in a non- 
oxydising atmosphere. Through these doors the 
mixer is visible. This consists of a perforated tray, 
which can be reciprocated up and down through the 
molten metal by the handle shown. The perforations 


the periphery, and any dirt caught collects in the 
parol of the tray, whence it can be removed as 

uired. 

hen melted the metal is drawn off from the 
pan through the pouring-hole shown in the centre 
of Fig. 1, and this vent is provided with a cut- 
off valve, as indicated. The ingot mould imme- 
diately below is water-cooled, and has moulds top 
and bottom, which are used alternately. Owing to 
the ample supply of cooling water, type-metal sets in 
the mould in from 70 to 80 seconds. After this 
interval the mould can be reversed, and ingots cast 
on the other side, giving the moulds previously used 
time to cool. f 





in the tray are confined to the neighbourhood of | from 





* sata Leith, two full-pow motor coasting 
(o_o vessels have been for some time in course of 


construction—namely, the Ila and Ife—both 
of which have been built to the special de- 
igns of Mr. J. B. Wilkie, M.I.N.A., M.I. 
Mech. E., superintendent engineer to 
Messrs. Elder, Dempster and Co., of Liver- 
pool. The Ila and Ife are sister-vessels, 
with length between te ow of 
135 ft.; breadth, aeee a — $ nee 
carrying 300 tons of cargo, 7 ft. e cubic 
capasitins of the holds and hatches of each 
vessel are close on 18,000 cub. ft., the 
hatches being of large size so as to carry 
bulky packages. The derricks are worked 
by two te winches, driven by a 
20 - brake - a - power Bolinder engine, 
special arrangements having been made 
at either or both the winches can be in 
use at the same time or separately. The 
windlass is worked by messenger chain 
from the motor winches. The machinery of 
each vessel consists of two sets of Bolinder 
direct reversible crude-oil marine engines, 
each developing 120 brake horse-power at 
normal load, with a continuous overload of 
10 per cent., supplied by James Pollock 
Sons and Co., Limited, 3, Lloyd’s-avenue, 
London, E.C. The guaranteed consumption 
with these engines is approximately eight 
gallons hour each. See and service pumps are 
aged en each engine. An auxiliary 3 in. centrifugal 
bilge and service pump, direct coupled to a Bolinder 
engine, is installed in the engine-room. The speed trials 
of the Ila were run at Leith, when the satisfactory speed 
of just over 11 statute miles per hour was obtained . The 
method of starting these large Bolinder engines is a 
the same as with a Bolinder engine of smaller power. 
medium-sized wrought-steel cylinder is situated in a con- 
yenient position in the,epgine-room. A pressure of about 
160 lb. is kept in this ttle,” and is generally obtained 
the exhaust gases of the silencer. The engine is re- 
versed by merely pulling over one lever, without any 
timing—similar toa steam-engine. The change of rota- 
tion is arrived at by the automatic cutting-out of the 
fuel-pumps, slowing down of the engines, and at the right 
moment—just before the engine is stopped—a reverse 
charge of fuel is injected, causing the motor to rotate 
in the opposite direction. The time taken in this 
oO tion varies between 14 to 3 seconds, according to 
the size of the engine. 











BrisToL AND AUSTRALIA.—A fortnightly service is to 
be maintained between Bristol and Australian ports by 
the Federal and Shire Line of steamers. This must be 
regarded as an important event in the commercial history 
of Bristol. 
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DESIGN OF ATLANTIC LINERS. 


On the Design of Steamships from the Owner’s Point 
of View.* 
By L. Pesxert, Member. 

Tue purpose of this paper is briefly to analyse the 
teen exerted by shipowners upon the design and 
construction of ships, eget these observations upon 
thirty years’ experience with the Ounard Steamship 
Company, and dealing mainly, therefore, with the de- 
sign of ships suitable for the North Atlantic trade. 
The existence of this trade as a profitable one is mainly 
due to the ever-increasing prosperity of the great nations 
of North America, and their close and enduring connec- 
tion in race and sympathy with the countries of Europe. 
The trade is, on the whole, commercially stable, and, as 
a result of phical configuration, and the commer- 
cial enterprise of those great Powers which have easy 
access to the English Channel, is the subject of very keen 
international competition. als 

Urged by the stress of this competition, the owner has 


this table it will be noted that twenty-one years ago the | 
panses ships of the Cunard Company were peagenes 

y single screws, the engines being of the triple-cylinder 
compound type. 

In 1893 came the twin-screw steamers Campania and 
Lucania with triple-expansion engines. 

In 1905 twin-screw steamer Oaronia, quadruple-expan- | 
sion engines. 

In 1905 triple-screw steamer Oarmania, compound 
turbine-engines. < : 

In 1907 quadruple-screw steamers Lusitania and Maure- 
tania, compound turbine-engines. te ’ 

In 1914 quadruple-screw steamer Aquitania, triple- 
ex ion turbine-engines. : 

n 1914 building, twin-screw steamers Transylvania 
and Aurania, compound-geared turbine-engines. 

There are two prime motives that stimulate the owner 
to build ships—the desire to open new routes, and the 
desire to amplify or improve existing services. In the 
first case he is actuated by a wish to meet some demand 
which has not yet been faced. In the second case he 
probably finds it desirable to repeat former successes, or 





been willing to put to a commercial test by actual experi- 
Fig.l. 






TYPE L. &. 2. 
A" "CAMPANIA" 750' x 76' x 3i' 


“a” “PARIS” 710' X 86-0T' 3/380 
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to court new ones with improved types. In either case, 


Fig. 2. 
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in this respect is that of speed. So far, the problem is 
one of the simplest character, but generally this sim- 
plicity is only superficial. On many stations, the con- 
itions existing at the terminal ports directly control the 
choice of dimensions, and in some cases the climatic con- 
ditions in winter actually close the for some months. 
Again, there are many trades in which the traffic in one 
direction is different in character to that in the return 
direction. The carriage, for example, of emigrants to 
the Colonies is always in great excess of the homeward 
passenger service at the same time of year, while it is a 
common feature on some stations to find a better cargo 
trade homewards than outwards. are 
It is not unusual to find the salient characteristics of a 
trade to be the carriage of outwards and the 
carriage of cargo homewards. Such a feature demands 
|an elasticity in design, and necessitates arranging the 
r accommodation in such a manner that it can 
easily be converted into cargo space, and this in turn 
suggests the fitting of deep t holds to give control of 
| stability. At some seasons of the year the ships may have 
| to be made use of on some other station. Such a possibi- 
| lity involves a fundamental reconsideration of the design. 
Fig3. x 87 
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no 
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TABLE I.—PARTICULARS OF SOME VESSELS OF THE CUNARD COMPANY’S FLEET. 
—- Ome MRP GREY | ecbiaian hens ; 2 ai haa —— 
ls 5 — 3 se % CoRRESPONDING TONNAGE. Waicut. ie Bs é Persons CARRIED. Fi 
og $s. MEANS oF PROPULSION. ‘ica _ a: : é —— | = = sem 3 
' ‘\g38 30° Displace- | | 3s 925)... |! | 
3 place- Machi- o 5 3 
205! L. | B. D. | me § Draught ment, | &7088. Net. | Hull. nery. ee 8 52 | 1st. |2nd.| 8rd. (Crew. war a 
a ie ae — | i A EN OS PR eS AS He 
| | ft. \ft. im.|ft. in. Ft. In. | | 
Britannia ..|Wood| Paddles and sails 207\34 2/22 4, 740 84to — 2,870 1,139 — -- — 640 |115 _ 1000 
} | 10.4 | | 
Hibernia os | Paddles and sails ee 219|35 9 |\24 2) 1,040 89 — 2,950 1422 | —- — _ - 740 |115 - — (1843 
America », | Paddles and sails | 251/88 0 |25 8| 1,040 | 10.1 8,520 1,82 | — _ - — | 840 |140 — — |i 
Arabia ° a Paddles and sails ..| 285)}40 8 127 7 3,000 12.5 4,650 24022 ' — — _ -- 1400 /|140 — - |1852 
Persia. . ... Iron | Paddles and sails --| 376/45 3 |31 6) 3,600 12.9 — 8,166 3,300 _ -—- | = —- 1640 |250 — |1855 
Scotia. . = eo | Paddles and sails $79\47 8 | — | 4,900 144 -- 6,871 3,871 _— 3,205 O44 2,722 | 1800 |800 _ — 1862 
China .. » | Screw and sail | 826/40 54} — | 2,250 | 13 _ 5,180 2,529 — -- _— -— 1100 |160 - — 1862 
Russia ” | Screw and sail a | 358/42 6 _ 2,800 13 — 5,300 2,959 _ 2840 2,460 | 1180 |430 _ — — |1867 
Abyssinia »» | Screw and sail .-| 8331)42 O}| — | 2,480 125 -- 5,600 | 3,253 - —- | — — 1180 |202 | — | 1060| — — {1870 
Bothnia EN | Screw and sail - os .| 420/42 0 — 2,780 | 18 — 6,580 | 4,556 | -- 3898 2,682 | 940 310 | 50 | 1100 | 155 | 1615 |1874 
Gallia . ‘ »» _| Screw and sail compound .. ‘} 43044 0 (36 0 | 4,750 15 24 0 | 8,188 | 4,808 2,897 -- _ — | 1044 880 | 50 | 1100 | 174 | 1704 |1879 
Servia. .| Steel | Screw and sail compound .. .-| 515/62 0 140 9) 9,500 (16.5 | 28 5 | 18,645 7,391 3,971 6,874 1031 5,740 | 1780 462 |160 200 | 2562 | 1074 1881 
Umbria »» | Screw and sail compound .. | 600/57 0 40 0) 16,000 | 19.5 | 28 0 18,071 8,127 | 3,699 6,274 2600 4,297 | 2185 250| — | 720 |” ow — /|1886 
Campania » | Twin-screw triple-expansion .| 600/65 0 \41 6 | 27,650 | 21.75; 29 8 | 21,628 | 12,884 5,526 10,500 4935 6,193 | 3163 [523 (205 | 548 | 450 1816 |1898 
Ultonia 1» | Twin-screw triple-expansion | 600\57 © |37 0 | 4,440 |18.1 | 29 3} | 18,036 | 10,402 | 6,598 5,740 | 1010 11,286 | 801 | mil | 98 | 1940 | 210 | 2248 |1808 
Ivernia » | Twin-screw quadruple-expansion 580/64 3 41 6 | 10,945 16 32 0 | 24,789 | 14,066 } 9,058 9,820 2110 | 12,8659 | 1485 340 |220 | 1228 | 3800 | 2088 1900 
Saxonia +» | Twin-screw quadruple-expansion 580/65 9/41 6) 9,950 15.5 | 8110 | 25,100 | 14,270 9,054 10,250 12,800 | 1460 |360 |220 | 1190 | 810 | 2080 1900 
Carpathia 20 | Twin-screw quadruple-ex ion | 540'64 0 140 6 | 7,385 18.9 31 44 | 28,245 | 18,603 8,660 8,850 1 12,435 | 1046 |200 |180 | 2150 815 | 2796 1908 
Pannonia + | Twin-screw triple-expansion .| 48559 0 36 0) 56,000 | 13.06) 28 17,490 | 9,851 6,210 6,926 1014 0,550 | 899 | 86 88 | 1728 | 285 | 2127 |1004 
aa Triple-screw turbine ‘ ee ..| 650\72 0 |62 0 21,000 185 38 | 80,918 19,524 9,982 14,682 3918 12,318 | 2665 (297 380 | 1830 480 1905 
Caronia »» | Twin-screw quidruple-expansion ..| 660\72 0 (62 0 | 20,644 18.56 33 | 81,156 | 19,687 | 10,306 14,455 4145 | 12,655 | 2665 (368 |290 | 1780 480 2013 1905 
Lusitania »» | Quadruple-screw compoundturbine ..| 760/87 6 |60 0 72,500 (26 | 36 0 41,440 | 30,306 | 12,611 20,145 9986 | 11,359 | 6029 580 |450 1120 850 | 3000 1907 
Mauretania a b= ae ae compound turbine ..| 760/87 6 160 6 | 72,500 | 26 36 24 41,550 | 30,704 12,790 19,758 | 9402 12,390 570 460 | 1120 850 | 3000 1907 
Franco ae 'win-screw quadruple-expansion .| 600/71 O |52 38) 12,349 | 16.58/29 6 | 24,200 | 18,150 | 11,247 11,540 | 2860 9,900 | 2010 (240 630 | 1940 460 | 8260 1911 
Laconia » | Twin-screw quadruple-expansion -| 600/71 0 |52 3 | 11,776 | 15.6 | 29 6 | 24,290 | 18,008 | 11,225 11,800 2850 9,640 | 2509 250 |600 | 1940 | 450 3240 1912 
Andania : » | Twin-screw quadruple-expansion | 620163 9 (46 0} 7,244 14.4 | 28 2 19,400 13,404 8,275 8,444 1750 9,206 | 1665 | nil (522 | 1560 | 840 | 2422 1918 
Transylvania | ,, | Twin-screw geared turbine = ..| 548166 8 145 0} 10,000* 15.5+ | 27 6 19,480 14.500* 9,000* 9,500") 1700* | 9,080*) 2600*,340 |168 | 1960 350 | 2308 | — 
Aqui oe Quadruple. corew triple expansion turing) 86597 0 |64 6 | 56,000*|28t | 34 0 49,430 | 46,150" 17,500* 29,150") 9000" | 11,280*| 6000*}618 614 1908 | 972 | 4202 — 
* Approximate figures. t Designed speeds. 
ments the various improvements which have been made | the owner should be the best judge of his own require-| To work successfull 


by the engineering profession. He is thus bringing about 
that series of developments, with which members of this 
Institution are familiar, developments which have 
become so continuous, and in each successive one of 
which efficiency has been so rapidly attained, that the 
owner, by his very energy, has added other difficulties to 
those previously involved in determining the general 
features of new designs. One of these difficulties is that 
of estimating with accuracy for how long a period a par- 
ticular type of passenger ship will run without becoming 
an economic drag. It must be remembered that a fast 
vessel, primarily built for passenger service, can be made 
of little profitable use if converted as a -carrier. 

Asa matter of interest, Table I. is attached, showing 
the general particulars of interesting vessels which have 
done, or are still doing, service in the Cunard fleet. From 





* Paper read before the Institution of Naval Archi- 
tects, April 3, 1914. 


ments, and he can, therefore, | own a broad scheme 
for the builder to work upon. But the matter has gene- 
rally greater complexity than appears at first sight. 
Business is not constant; trade fluctuates; ice closes 
routes for months at a time; advantageous opportunities 
arise for chartering ships ; there are routes on which pas- 
rs and cargo can obtained in one direction only, 
and the quantities in either case may vary with theseason 
of the year. f 
Experience, or the analysis of trade statistics, will 
indicate the amount of passage money likely to be drawn 
from the patrons of the service that may be under con- 
sideration, and will suggest the class of accommodation 
that will attract patronage. It will guide the owner with 
regard to the probable number of passengers travellin 
a the route, and A oe = cargo available at dif- 
erent seasons, ena aes ee 
mate of receipts. Confointly with this as to be settled 
his estimate of expenses, and s primary consideration 








on another trade route may in- 
volve considerably different characteristics. A greater 
speed may be desirable, and this will involye having a 
reserve of power in the initial design. The 
atrangements may require modification. Accommoda- 
tion in totally different proportions in the various classes 
of passengers may be a feature the facile production of 
which would be advantageous. The effect of the owner’s 
experience on the design and construction of any new 
vessel is mainly felt in this demand for easy and inex- 
pensive flexibility of arrangement and power. 

_ Taking such considerations as the above into account 
in the initial stages will certainly result ina very different 
design being evolved from that which would have been 
had not the owner’s _ and foresight pointed to 
a broader conception. evolution of the design mus 
in fact, be develo from the owner’s experience an 
data, if the fini ship is to prove a successful commer- 
cial asset. A builder may produce a vessel ing e 
virtue as regards perfect matcrial and finisb but 





very 
ma- 








538 


ENGINEERING. 





[AprRIL 17, 1914. 








terial may not be so a as to 


ve a source of profit- | 


In November, 1902, after some preliminaries, general | ments which were 


making more and more evident the 


able revenue on the trade for which the ship is intended. | arrangements, plans, and outline specification of this | necessit for more definite data with regard to the power 


Most 


ship-owners now employ a technical staff who can 


determine the features of new designs, and, this being so, 
they should take upon themselves a considerable burden 


of res 


upon the builder. This will effect a 


bility, and avoid imposi 


for the builder, if he is confronted by heavy 


must protect himself by increasing the cost to the owner. | 


Generally s 


of new di 


strict guarantees | Messrs. Vickers, 
uction in first cost, 


‘ties, 


iminaries | criticise the whole pro 


oon and Co., Messrs. The Fairfield Com: 
| Swan, Hunter and Wigham Richardson, 


posal were sent out to four firms :—Messrs. John 
y, Messrs. 


Sons and Maxim. These 


and the Admiralty. 


ly to both the Cunard | 5 J general 

e vessel was shown | the results which were obtained from, these experiments. 
screw design, and the builders were invited to | It will be seen from the effective horse-power curves that 
1. The views of the builders were | the advantage la: 
Liverpool before the close of the year. It is | between 12 and 


in such an unusual und i 


} ertaking. 

" December, 1902, Mr. Froude—acting under direc- 

jimited, and | tions from Sir Philip Watts—experimented in the tan 

plans were in | at Haslar with two orms, the one an enlarged Campania, 

| considerable detail, and showed a ship with side bunkers, a | the other an enla i 

requirement which ap) 8 

Compan 
peaking, the owner has access to a mass of data | as a trip! 

which will guide him in dealing with the pi | c } 

i Amongst those cases in which this was | received in 


rged Paris. 


1, page 537, shows the particulars of, and 


with the Campania model for s: 
knots. Its ugentive wae. 


not so, and in which the owner was in reality originating | scarcely possible to discuss the details of these replies. | failure at higher speeds than 244 knots is instructive. 
Fy. 4. 





Fig.5. 


_ DIAGRAM ILLU 


STRATING EFFECT OF FLOODING FIVE COHSECUTIVE COMPARTMENTS FOR? 
VIZ:- PEAK AND CARGO HOLDS N%1,283 AND N°i BOILER ROOM. 


GANO'H’ DECKS ASSUMED WATERTIGHT WHERE SO CONSTRUCTED. . 


CORRECT ALLOWANCES MADE 
ORAFT FOR? 57:8" 
- AF! 26'0° 


ENGINES 


ViZ:~FROM ENGINE ROOM AFT INCLUSIVE 
‘G"ANO'H’ DECKS ASSUMED WATERTIGHT WHERE SO CONSTRUCTED 
CORRECT ALLOWANCES MADE 
ORAFT FOR? 25:2" 
ad AFT 55:10" 


DIAGRAM ILLUSTRATING EFFECT OF FLOODING FIVE CONSECUTIVE COMPARTMENTS AFT. 





Fig.6. 





a standard +; was that ‘nvolving the design of 
ype, ’ = 


the Lusitania and Mauretania. 


design 


vessels was the result of the colls.boration of many skilled 
minds, stimulated, directed, and assisted by the deter- 


mination of the owner to have what he 
resource in overcoming every difficulty 


"wen ps 


presented 


and his 


itself. In the early part of 1902, the Cunard Company 


pared plans of a steamer 750 ft. by 76 ft. by 49 ft., intordied 
to steam at 25 knots. The general iculars of this pro- 
posal are of some historic interest. They were as follow : 
Weight, Hull ... 17,500 tons 
+ Machinery 300 ,, 
” Coal ... . ” 
pes Passengers and stores 1,000 ,, 
Total . $2,800 ,, 
Indicated horse-power 65,000 


“G" DECK ASS 
Hw ” 





VIZ'-FROM ENGINE ROOM AFT INCLUSIVE 


” TO BE DAMAGED. 
CORRECT ALLOWANCES MADE 
DRAFT FOR? 22:7" 
” AFT 60'5" 


Speaking generally, the four firms were agreed that the 
problem of pent N was the one which presented the 


=. difficulty of solution. The joint criticisms of 


La cerdigecheged tx Rictarenk Eov:is Guat Gieahaieer 
was bei eveloped in Liverpool, for it ter 
instead of the upper deck as the top of the structural 
girder, and it brought about a redistribution of machinery 
weights with a view to improving trim. 

During January, 1903, the details involved were jointly 
Semeeel. The result of these diseussions marked a 
furtherdevelopment of the design. The collective opinion, 
influenced by the results of some model ex ts 
which were being carried out, and having come into line 
with regard to the question of > that 
59,000 indicated horse-power aj too low, and a 
ship ig i. gd by 59 ft. too small for the end in 
view. Indeed, the strength question being provisionally 


settled, attention became riveted upon the model experi- | 


UMED WATERTIGHT WHERE SO CONSTRUCTED 





DIAGRAM ILLUSTRATING EFFECT OF FLOODING FIVE CONSECUTIVE COMPARTMENTS AFT. 






During January and February, 1903, three further 
models were experimented upon. The lines for these 
were prepared — firms who were tendering for the 
building of the ships. They were the forms used in esti- 
mating the indicated horse-power required for 25 knote, 
and the chief interest in the experiments lay in the con- 
clusion come to that the estimates arrived at by calcula- 
tion had been too low in every case. It will be seen 
from the figures given that these models required a good 
deal more power, say from 10 cent. to 12 per cent., 
than those which were derived the Paris and Cam- 
pania. 

The results of the experiments made on these models 
are given in Fig. 2. ey were forwarded in tabular 
form by the Cunard Company to the various builders who 
were tendering. In forwarding these particulars the 
company informed the builders that they were willing to 
consider new proposals on a draught of 33 ft. 6 in.—an 
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increase of 1 ft.—provided that the official trials should 
be such that the mean s on six consecutive runs 
between Cumbrae and Pladda Lighthouses, loaded down 
to a mean draught of 29 ft. 6 in. even keel, should not be 
less than 254 knots; and that an average speed of 
25 knots should be maintained for at least 1000 miles. 
Numerous experiments were now entered upon, princi- 
pally at Haslar. The results of an interesting series are 
given in a 9 to 12. They illustrate the progressive 
way in which the problem was investigated. tn eidition, 
Messrs. Denny Brothers, of Dumbarton, performed a 
number of experiments on behalf of Messrs. John Brown 
and Co., the results of which are also given in Figs. 13 
to 24, page 541. The data which became available guided 
the Cunard Company to select 760 ft. by 87 ft. 6 in. by 
32 ft. 6 in. mean ~~ as the dimensions to be worked 
to. The model was altered to suit, and the final details 
were agreed upon at a joint meeting at which the builders 
and the Cunard Company discussed the whole question 
with Sir Philip Watts. The E.H.P. curve of the final 
model is given in Fig. 3, page 537. 

Uoncurrently with the above, the turbine committee, 





which was constituted by the Cunard Company in August, 


1903, for the purpose of inquiring into the advisability and ' and 


Fig. 7. 





STORES 
eTCc. 





substantial subsidy, and the company wished to possess | 


division are matters of keen controversy. The Ounard 


in the third vessel one which would make as much per Company are satisfied that for ships of the type of the 


voyage without a subsidy as the express steamers were | modern high-speed | 


making with one. 


iners a combination of longitudinal 


This involved the construction of a| and transverse water-tight bulkhead is the best suited to 


ship which could sail regularly from either cones get their requirements from the point of view of s' 


once every three weeks, and unless an expensive rush is 
to he experienced at the termini, such a vessel should not 
take longer than 54 days on the voyage. A speed of 
23 knots was decided upon as being the most desirable 
for such a purpose. 

The problem thus became to design a vessel which, 
travelling at 23 knots, could earn the greater profit aimed 
at. The alteration in speed meant a reduction in the 
cost of coal, to which had to be added lessened running 
expenses and a gain in cargo deadweight. It was evident 
that to obtain sufficient revenue from passengers to make 
up the remainder of the sum aimed at, the new ship 
would require an additional deck over and above the 
number on the Lusitania and Mauretania. In the pre- 
liminary calculation an effort was made to introduce this 
deck without adding materially to the total depth of the 
ships already constructed. The result was not satis- 
factory ; the deck was added with an increase of depth, 
it was seen that the beam would have to be corre- 





safety, and convenience. The merits of the cellular con- 
struction from the strength point of view are obvious, 
and the increased safety is clearly a matter of propor- 
tioning the distance between the various water-tight 
bulkheads in a scientific manner. As regards conveni- 
ence, the in **front” of coaling ports which occurs 
with the adoption of side bunkers greatly shortens the 
time required for coaling, and the labour of trimming is 
reduced materially. There is also the advantage of coal 
protection for the boilers should the ship be fitved as an 
armed cruiser. When recently question of sub- 
division was brought into on prominence, the whole 
seheme of the subdivision of the Aquitania was reviewed, 
in the light of new experience. ex tive mathe- 
matical investigation was outlined by the Cunard om- 
y, and —— with greet care, on their behalf, by 
essrs. John Brown and Oo., the builders of the ship. 
In view of the general interest at present attaching to 
this subject, particularly as regards the question of trans- 
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STABILITY WITH VARIOUS WING COMPARTMENTS FLOODED. 
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BILGING CALCULATION. 




























































































































































































ESTIMATED 
13 ASSUMED C.G# TO BE SBFT FROM CENTRE LINE. 
ASSUMING G DECK WATERTIGHT SJDE. | CAPACITY FOR WATER MOMENTS ABOUT C* LINE ANGLE OF HEEL 
CONSIDER THE WATER ADMITTED AS AN ADDED WEIGHT, ANO TonsicomparTs| EMPTY |WTH COAL EMPTY _|WITH COAL| EMPTY 
SUPPOSE THAT THE SHIP COMES TO A POS/TIO OF EQUILIBRIUM AT A 390' A+8 710 285 | 27,000 | 800 | s¥ 2 
AN ANGLE @ WITH W TONS OF WATER ADMITTED. THEN THE 8 380 |\A*8*C*+D | 1530 6/0 58000 | 23,200 uh s 
CONDITION FOR EQUILIBRIUM IS THAT GZ = Wx c #40| E+F 780 310 =| 29600 | 11,800 6° * 
Bow r) 380 E*F*G*H*K| 1530 6/0 58,000 | 23.200 | Nk s 
THE C.G.WILL BE LOWERED ALSO BY THE WATER BEING ADMITTED é #40 ALL SIDE BK? 3060 | 1225 | 116,000 | #6500 | 21° 70° 
INTO THE BUNKERS WHICH WILL INCREASE THE 6.M. BUT THIS F 340 
HAS BEEN KNOWINGLY NEGLECTED. 6 260 
4 280 
THE STABILITY OF THE VESSEL HAS BEEN CALCULATED AND K 210 
THE CURVE OF GZs IS AS BELOW 
-— —— --- om 
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practicability of adopting turbine machinery in the pro- 

steamers, were amassing an amount of information 
which ultimately led the company to their decision to 
instal engines of this type. : 

While on the subject of turbines, attention may be 
drawn to the bold experiment made by the Cunard Com- 
pany in building two ships of equal dimensions and dis- 
placements—the Caroniaand Carmania—one fitted with re- 
ciprocating engines and the other with turbines. The boiler 
power in both ships is identical ; the forms are as nearly 
alike as it was possible to make them. The Caronia, 
fitted with quadruple-expansion reciprocating engines, is 
propelled by twin-screws, running at an average of 80 re- 
volutions per minute. The Carmania, fitted with com- 
pound turbine-engines, is driven by triple screws, running 
at an average of 175 revolutions per minute. These shi 
have now been on service for over eight years, and the 
results do not warrant the adopting of direct-acting tur- 
bines to drive a ship of this ie a speed of 18 knots, 
the coal consumption for the mania being consider- 
ably greater than that of the Caronia. 

The mass of data which became available after the 
Lusitania and retanis on service for some 
years made the problem of designing the Aquitania one 
of comparative simplicity. The problem was that of 
designing a third ship, capable of working with the above 
on the mail service to North America. i ship 
had a different financial outlook from that of 
tania and Mauretania, and these latter each receive a 


new 
the Lusi- | the 


spondingly increased to give the necessary stability. 
number of calculations were made by preparing out- 
line general arrangement plans, and estimating from them 
the ee expenditure and receipts, using as a basis 
the figures which were available from the returns of the 
ships already on service. But it must be e in mind 
that this part of the work is purely a determination by a 
process of trial and error of the approximate dimensions 
and proportions of the ship required for a definite financial 
purpose. It is preliminary to all but the broadest con- 
siderations of a technical character, and must only be 
regarded as an empirical means of transition from a 
profit-earner of known capabilities to one of desired 
capabilities. Having in this way arrived at approximate 
dimensions, detailed plans were peut and discussed 
by the Cunard Company with Lloyd’s Register. The 
pains taken by that society’s staff at this early stage of 
the undertaking will be fully appreciated when it is stated 
that the whole question of scantlings was agreed to be- 
tween the Cunard Company and the society before the 
lans were sent out to obtain tenders. Messrs. John 
rown and then constructed a model which was 
tested in their experimental tank in July, 1910, and it 
was the results obtained from this which finally deter- 
mined the dimensions of the ship and which confirmed 
the estimates already made by the Cunard Company. 
In debating the question of water-tight subdivision, 
owner’s governing influence is too often lost sight of. 





The merits and demerits of longitudinal wa:er-tight sub- 








verse stability, some of the actual results of Messrs. John 
Brown and Co.’s investigations, together with plans 
showing the subdivision of the ship, and its estimated 
trim and heel in certain conditions, are, by permission of 
the Ounard ey included in the present paper 
(Figs. 4 to7, and 539). Afterall, the owner does 
not wish his ship to founder, and he does wish it to pay. 
It must be as safe as is possible consistently with its 
being convenient and economical to work. Thus it comes 
about that the argument which points to longitudinal 
subdivision in the case of the express steamers, precludes 
this type of subdivision in the intermediate type of ship. 
The best solution in every case is only to be found when 
the questions of safety and the requirements of the 
service are conjointly considered. 

The intermediate ships do not lend themselves to this 
combination of longitudinal and transverse subdivision. 


They are most conveniently subdivided by transverse 
bu only. With their smaller power and 
itudinal bulk- 


number of cargo-holds, the fitting of 
seats ata anepenine Seaee inboard from the side of 
e ship is practicable in space occupied by the 
boilers. Longvtudinal subdivision in the ood holds 
would mean doubling or trebling the number of hatchways 
in a transverse direction, an altogether inconvenient 
arrangement. It cannot therefore be advocated tha 
even the largest intermediate vessels should be simi- 
larly subdivided to a ship of the Mauretania or Aqui- 
tania type. Again, take the case of the subdivision of 
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cargo ships. This, too, must be considered in connec- 
tion with the requirements of the trade for which they 
are intended. Ships that are utilised for the transporta- 
tion of large pieces of machinery, er adh corer and 
so forth, must necessarily have holds hatchways. 

Subdivision in every case must be controlled not solely 
by the logic of mathematical investigation, but each case 
must be decided on its merits, with due reference to the 
owner’s requi ts—the real controlling factors in all 
designs. ‘Scarcely less important than water-tight sub- 
division is subdivision against the spread of fire. As 
would be expected, the general tendency of fire is to 


additional shaft tunnel reduces the cargo capacity. A | 
further disadvantage of placing the turbine between the 
shafts abaft the reciprocating-engine room is due to the 
ventilating hatch overhead. It is obvious that the advan- 
tages gained by increased economy in machinery may 
not counteract the loss in cargo capacity and in revenue 
that might be obtained from cabins if fitted in those 
a occupied by the machinery casings which 

rough deck after deck. If the same power could be 
put into three or four turbines abreast with only one or 
two hatches over them, the chances of net economy being 
effected would be enhanced. 








spread upwards through such ducts as lift-shafts, stair- 
ways, light and air skids, and so forth. Such shafts 
cannot be avoided in any vessel. The only 
feasible way of restricting fire in a ship is by means of 
vertical fireproof bulkheading. In most cases to attempt 
to arrest its upwards spread would prove useless. These 
questions of fire and watertight subdivision naturally 
group themselves ee to considered conjointly 
with the whole problem of providing a suitable frame- 
work or internal structure on which to support the ship. 

It has become the practice of the Cunard Company 
within recent years to devote tb care to these 
liminary a ae. e transverse water-tight 
bulkheads are continued as diaphragms throughout the 
entire structure from keel to boat-deck, being made to 
fulfil various functions in several Poa of theship. Up 
to the underside of the bulkhead deck their function is to 
provide water-tight subdivision, and, of course, trans- 
verse strength; above this deck the st ih is con- 
tinued by webs and buttresses, but a light bulkhead is 
preserved, and plays the part of a fire-screen, being fitted 
with fire-proof doors. Finally, in the form of webs and 
buttresses, these diaphragms are made to support and 
stiffen the superstructure and upper works. To this con- 
tinuity of transverse members the company have come to 
attach great importance, and the whole subject of the 
design ot framework of the ship is made to take preced- 
ence, if — of the minor conveniences of general 
ar ments. It has been in cases where discontinuity 
was the salient feature that the een pm have experi- 
enced the greatest ex in structural upkeep. 

To illustrate the above-mentioned points, two typical 
sections of the Aquitania are given on this 
and some explanatory notes have been added to the 
drawing. 

When viewed from the owner’s standpoint the problem 
of economical —— is one which assumes a different 
aspect from that which it when subjected to 
the criticism of the purely scientific experimenter. 
Naturally the owner will embrace any economy that can 
be offered to him. But economical propulsion is not 
merely a matter of obtaining an economi ime mover. 
There is a balance-sheet to be considered, and econo- 
mical credits must be balanced against their deriva- 
tive debits. Take, for example, the economy of a 
quadruple - expansion engine over a triple - expansion 
engine of equal power. There will undoubtedly be a 
fuel economy, but there will necessarily a larger 
engine. It would not, however, be wise to adopt a quad- 


There is perhaps no feature of construction in which 
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It is desirable, from the point of view of 
in a seaway, to keep the metacentric height in the loaded 
condition as s as may be compatable with safety. 

The relation between metacentric height and rolli 
period is now receiving more general consideration, an 
is actually taken into primary consideration in the design 
of anti-rolling tanks, the fitting of which has already 
been discussed at the sittings of this Institution. The 
fitting of these tanks is a very marked example of the 
owner’s influence, showing him to be willing to incur 
considerable initial expense, and to accept the burden of 
additional upkeep, costs, and loss of revenue in order to 
provide the maximum of comfort for his passengers. 
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prosandcons. The fitting of the quadruple type would | the influence of the owner is more appreciated in navai 


save coal, but it would involve reducing the cargo architecture than in Sao: It is, of course, 
capacity, for the engine-room would have to be lengthened | highly desirable that passenger ships should be comfort- 
to make room for the extra cylinder and crank, and a and comfort is Yy measured by metacentric 
initial cost, weight, and oo? would all be increased, | height. In Atlantic liners with low freeboards and small 
These might more than absorb amy economy resulting superstructure—of which the Umbria was a typical 
from the machinery, or from saving bunker space no example—the metacentric height in the departure con- 
longer required. It has been found that unless the dis- | dition was erally small. In the case of the Umbria 
tance between the coaling ports exceeds about 2000 | it measu about 1 ft. 3 in. This amount has been 
miles, there is no advantage in fitting quadruple instead | steadily growing in recent years. Of typical ships in 
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of triple-expansion engines, when all the elements of | the Cunard fleet the following examples may be given :— 
cost, weight, consumption of fvel, depreciation, upkeep, : , 
and other incidentals are taken into account. , Approximate Metacentric 

In fitting combination sets of reci tingenginesand| Name of Ship. eight in Departure 
Siicel chibs che oocervusiay sagions ten awed cones ey 

a reciprocating en oss of cargo t. in. 

space cannot be compensated for by the additional Campania ‘.:% 
economy in machinery. In cases where the ship has Carpathia s -. 
sufficient beam to allow of the reciprocating engines and i 2 3 
the low-pressure turbine being abreast, an ultimate Lusitania oo 
economy can often be although here also the Aquitania 4 0(designed) 
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The Cunard Company have experimented with Herr 
Frahm’s tanks on the nia, and it has own 
without question that in that particular instance they 
have resulted in a reduction in the amplitude of rolling 
amounting to an average of 60 per cent. In the case of 
ships of proportions of the Aquitania, rolling is a 
feature to be avoided by every possible means. The 

t beam of such vessels increases the actual amount 

y which passengers berthed near the shell of the ship 
are alternately raised and lowered as ge place. 
The Aquitania is therefore being fitted wi —l 
tanks, and bilge keels have been dis with, an 
there is no doubt this experiment will be watched with 
much interest. 





_ CanapiAN Meratiurcy.—The total production of pig- 
iron in Canada in 1912 was 1,014,587 tons, valued at 
14,550,999 dols. The oa presernes in 1911 
was 917,535 tons, valued at 12,307,125 dols.; and in 1910, 
800,795 tons, valued at 11,245,622 dols. 
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RECORDS OF TANK EXPERIMENTS IN RELATION TO 
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Navat CapeTs.—Parents who have to decide upon a | branches of the Service, receive similar training for the 
career for their boys may find inspiration from a little | first eight years, The first part of this training is given 
book of which we have recently received a copy from the | at the Naval Colleges at Osborne and Dartmouth, which 
Admiralty. In this book, which is published at the | the boys enter at about 13} years of age. The education 

rice of 8d., by Messrs. Wyman and Sons, Limited, | given at these institutions is similar to that obtained at 

, Bream’s Buildings, Fetter-lane, E.C., full information | a good public school, except that more attention is paid 
is given as to the entry and training of naval cadets, and | to scientific subjects and practical mechanics than is 
parents can learn from it what the Royal Navy has to| usually the case. The Naval Colleges are also provided 
offer and what it requires. If pecuniary reward is a | with ry and well-equipped laboratories and workshops, 
primary consideration in the choice of a career, the Navy | in which the cadets are instructed in the principles and 
will probably be passed over ; but it has many advantages | practice of engineering. This part of the training, which 
for those who would be satisfied to lead a life of honour- | occupies four years, is followed by eight months’ sea 
able service, full of interest and variety, which may, of | training in a training cruiser, after which the young 
course, lead to high distinction. It will be remembered | officer joins a ship of the Fleet as a midshipman. In 
that under the scheme introduced in 1903, all future | this capacity he serves for a further —— of two years 
officers, whether intended for the military or engineering ‘and four months, when he has to undergo examinations | 











in seamanship, navigation, and pilotage, on passing 
which heis promoted to the rank of acting sub-lieutenant. 
Within the next six months examinations in gunnery, 
torpedo work and engineering are held, and successful 
candidates then become sub-lieutenants ; they are pro- 
moted to the rank of lieutenant after a further period, the 
duration of which ~~ upon the results of the exami- 
nations. Full details of the scheme roughly outlined 
above will be found in the book, together with iculars 
of fees payable and other expenses involved, medical 
+ pee y method of selecting candidates, routine at 
Os and Dartmouth, promotion and pay of naval 
officers, and a t deal of other interesting and useful 
information. regulations for the “‘ special entry ” 
of elder boys from public schools, dealt with in our issue of 
December 12 last, on page791, are also included in the book. 
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THE MARINE DIESEL ENGINE. 
Present Position of Diesel Engines for Marine Purposes.* 
By Mr. J. T. Mitton, Vice-President. 
(Concluded from page 504.) 

APPENDIX I. 


EXPERIENCE WITH VESSELS FiTTED WITH DrEsEL 
ENGINES. 


Tue following accounts of the services of the different 
vessels referred to have been mainly taken from the pub- 
lished shipping papers. The various v are arran 
to some extent in chronological order, but this has been 
de from when dealing with some vessels which are 
either sisters or have been constructed by the same 
builders. 

The first sea-going vessel, other than small craft, to be 
fitted with Diesel engines was the twin-screw Italian 
vessel Romagna, built in 1910 at Ancona. Her engines 
were made by Messrs. Sulzer Brothers, of Winterthur. 
After running for a short time she was withdrawn from 
service, and was fitted with new or additional air- 
compressors, and then resumed service. She, however, 
was lost at sea in November, 1911. It is believed that 
she is the only Diesel.engined vessel which has been so 
unfortunate. 

The next vessel to be mentioned is the Vulcanus, 
which was fitted with a single-screw six-cylinder four- 
stroke - cycle engine of the Werkspoor type. Her 
cylinders are 159 in. in diameter, with a stroke of 23§ in. 
She commen work in December, 1910, and was 
engaged on short runs in the North Sea until August, 
1911, when she made a voyage to Genoa, returning to 
Amsterdam. She was then again employed in the North 
Sea until September, 1912, when she started on a Black 
Sea veraye. After two such voy: in February, 1913, 
she sailed for Batoum, thence to Colombo, and she has 
since been running regularly between Singapore and the 
Dutch East Indian Islands. She has been frequent! 
surveyed by Lloyd’s Register, and the only troubles wit! 
her have a burst air-receiver and some ordinary 
defects which would occur in steam-engines. Her engines 
have recently been surveyed, and after three years’ work- 
ing her cylinders have been re-bored owing to their having 
worn slightly out of truth. There have been no difficulties 
with her owing to the Diesel principle, and, seeing that 
she was a pioneer, her success is remarkable. 

The Toiler was built by Messrs. Swan and Hunter. 
She is a twin-screw vesse) of 1°59 tons gross, and was 
fitted with single-screw Diesel engines with eight cylin- 
ders in all, 93 in. in diameter, with a 14}-in. stroke, made 
at Stockholm. After a short service in home waters she 
started in August, 1911, from the Tees for Halifax, and 
arrived there in September. She was the first Diesel- 
engined vessel to cross the Atlantic. She was afterwards 
employed on the Canadian Lakes. From the particulars 
stated it will be seen that she has exceptionally small 
power in proportion to her size, and the writer been 
informed by her builders that, owing to her compara- 
tively low speed, her engines will soon be taken out and 
a oy, by steam-engines of larger power. 

he O y is a very similar vessel to the Toiler, 
being approximately of the same tonnage. Her engines 
are of the same type but are more powerful, her cylinders 
being 11 in. in diameter by 16,4,-in. stroke. She was built 
in 1912, and is still trading on the Great Lakes and St. 
Lawrence River. 

The next to be fitted with Diesel engines was the 
twin-screw vessel Selandia, and, as she is a very large 
vessel engaged on long voyages, her performances have 
been watched with great interest. She commenced work 
in February, 1912, and has since traded regularly between 
Copenhagen and gkok, and is now on her sixth 
voyage. She has been regularly under survey by Lloyd’s 
Register, but at no time on account of defects. Un her 
first voyage she had two new pistons and two new 
cylinder liners fitted on account of some da sustained 
through defective lubrication, and all her exhaust valves 
were then replaced by others of improved design. Any 
other work uired to her has been such that steam- 
engines would have needed. Altogether, ially as she 
was the first large Diesel-engined vessel of Messrs. Bur- 
meister and Wain’s, she has remarkably successful. 

The next vessel of Messrs. Burmeister and Wain was 
the Christian X., a duplicate of the Selandia. She is 
owned by the Hamburg-Amerika Line. In July, 1912, 
she sailed for her first voyage to Mexico, then returned to 
Hamburg. She next made a voyage to Philadelphia and 
back without incident, sailed on her third voyage to 
Baltimore, met with a hurricane, and had to return to 
Queenstown. During heavy weather, when she had 
to bs slowed down, the fuel-valves became damaged. 
Owing to the oil used being of an easily-ignitable cha- 
racter, the valve-setting suitable for full-power running 
with slower-burning oil gave too much “lead” when 
running slowly, and caused damage. After a very 
slight delay she resumed her voyage. and has since been 
running regularly between New York and Brazil. In 
January last she met with her first serious trouble, 
outer water-jackets of some of ner cylinders becoming 
cracked. The cause was attributed to scale forming on 
the inner liners, and thus permitting them to become 
over-heated, their expansion ee the outer jackets. 

Other nearby similar vessels built by the same firm are 
the Suecia, Siam, Annam, Pedro Christopherson, Cali- 
fornia, and Fionia. 

The Suecia is similar to, but rather smaller than, the 
Selandia, and has the same arrangement of auxiliaries. 
She commenced work in December, 1912, trading between 
Stockholm and South America. On her second voyage 
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she met with the accident to her air-receiver already 


referred toin the paper. She has since been regularly at | her 


work, and is now on her fourth voyage, and no further 
troubles have been reported. 

The Siam is also a similar vessel, but rather larger 
than the Selandia. She commenced work in April, 1913. 
Her sister-vessel, the Annam, commenced work in June, 
1913. Both have continued steadily in service, and no 
incidents of any kind have reported in either of 


these cases. 

The Pedro Christopherson is sister to the Suecia. She 
commenced work in August, 1913. Like her sister, she 
is engaged in South American trade, and the only 
casualty which has been reported in her case was @ 
oThe California’ wh slightl b 

e California, whose engines are slightly r than 
those of the Selandia, commenced work in Ae last, 
and is in the North Atlantic trade. No casual- 
ties of any kind have been reported in her case. 

_ The Fionia is the vessel with the largest cylinders yet 
in use in any Diesel-engined vessel. She has twin-screw 
engines of a total of 4000 indicated horse-power. There 
are six cylinders to each shaft, the diameter being 29 in. 
and the stroke 43 in. She had a very successful trial in 
mber lust, and on January 13 started on her first 
voyage. She returned to port next day with serious 
trouble to her air-compressors, which were of different 
ype to those previously used by Messrs. Burmeister and 
ain. These have now been replaced by others of 


different design, and the vessel has again started on an/| Hi 


Eastern voyage. 

The Jutlandia is a sister vessel to the Selandia, but 
was built and aes in this country by Messrs. 
Barclay, OCurle and Co. After a delay caused by a 
mishap, which occurred on a trial trip, to a part of the 
mechanism not connected with the Diesel cylinders, she 
started her first Eastern voyage from Copenhagen in 
August, 1912. She is now homeward bound on her 
fourth Eastern voyage. On the outward voyage, it is 
stated in the shipping papers that she collided with a 
floating derelict off Cape Finisterre, and damaged one of 
her shafts. Except for this accident, which has nothing 
to do with the Diesel principle, she has been remarkably 
successful. All the foregoing vessels have four-stroke- 
cycle engines. 

The next vessel to be referred to is the Eavestone, 
which has two-stroke-cycle engines of the Carels type. 
She commenced work in July, 1912, made some short runs 
in the North Sea and Baltic, thence to Spain, and then 
crossed the North Atlantic. On her return she put imto 
Fayal with machinery disabled, in January, 1913, and 
from the shipping papers it appears that new pistons and 
new cylinder-covers had to be sent out to her to enable 
her to es her voyage. She arrived in the Tees in 
March, and remained there, presumably under repair, 
until July 1. During the remainder of last year she was 
regularly engaged between the United Kingdom and 
Baltic porte. Early this year she sailed for the Medi- 
terranean, where she is at present at work. 

In August, 1912, the Monte Penedo commenced work. 
Her engines are two-stroke-cycle, and were made by 
Messrs. Sulzur Brothers. On her first a she arrived 
at Buenos Aires in October, and remained there until the 
following January, when, with new pistons which had 
been sent out to her, she made her return voyage to 
Hamburg. She has since then been regularly at work on 
pt United States and Brazilian coasts without any 

elays. 

In November, 1912, the Rolandseck commenced work. 
Her engines were made by Messrs. Tecklenborg, and are 
of the two-stroke Oarels type. The papers show that 
she has since been sunning sepeeey between Portu- 

ese ports and Hamburg. The only casualties reported 

ing very slight, and to the hull only, no mention being 
made of the engines. In the same month the Juno com- 
menced work. She is an oil-tanker, and is fitted with 
single-screw four-stoke engines of the Werkspoor type. 
after starting she had a cylinder renewed. e 
defect which had occurred was attributed to locally 
deficient water circulation. This was remedied. She 
was first engaged on some short runs, but in January of 
last year she left Rotterdam for the East, where she has 
= one ne cueing lege the _—_ — 
ndies and Singapore with great regularity. ut the 
same time the Emanuel Nobel commenced work. She 
is also a tanker, but is fitted with twin-screw engines, 
each of which was a duplicate of those of the Juno. 
Similar defects to those which had shown themselves in 
the Juno’s cylinders were similarly remedied. Since then 
she has been kept constantly at work, and the only 
casualties reported are slight damages due to collision 
and to heavy weather, and there is one record of her 
having put into port with overheated i 

The ndon is a single-screw vessel fitted with sister 
engines to those in the Juno. She commenced work in 
November of last year, and has since been employed 
= work in the Dutch East Indies. The only 

ty reported in her case was that she anchored at 

a on November 24 at 6.20, and signalled 
“‘defect,” and proceeded at 8.23 the same evening. 

Towards the end of 1912 the Fordonian was completed, 
and had a very successful trial. Her engines were made 
made by the Clyde Shipbuilding and Engineering Com- 
pany, of Port Glasgow, upon the Carels two-stroke 

esign, and were very similar to those of the EKavestone. 
She started on a voyage to the Canadian Lakes, for service 
upon which she was intended. She returned to port 
through trouble with her bilge-pumps and with air- 
compressor. These were remedied, but, owing to the 
lateness of the a me was laid up at Greenock until 
May, 1913. During this time her erlinder-cover, which 
were of cast steel, were renewed with others of cast iron, 
as the result of experience with other engines, not on 





account of developed faults. Nothing else was done to 
engines, and in May she started a non-stop run to 
Quebec. She has since running regularly and satis- 
factorily on the Canadian Lakes until the close of the 


season. 

In May, 1913, the Hagen, built by Messrs. Krupp, of 
Kiel, started on her first voyage. She is a culpanow 
vessel, ha six cylinders to each shaft. They are of 
the two-stroke: type. The two air-com are 
worked by auxiliary oil-engines, each being large enough 
to supply both engines. er first voyage was to New 
York, on her return the air-compressors gave much 
trouble, and she was more than three months under 
repair. One of her compressors was renewed at this time. 
She commenced her second voyage to New York in 
November last, and has now made two more voyages, 
during the last of which some of her pistons, both of the 
main and of the auxiliary engines, cracked. These pistons 
are cooled with fresh water. It was found that the circu- 
lation of the water had been partially obstructed through 
sediment from the water. @ passages have now been 
enlarged, to ensure a better circulation. 

The Loki is a sister vessel to the Hagen. She com- 
menced work on October 30, sailing between Hamburg 
and Philadelphia. She arrived back in December, when 
her engines were opened out for thorough examination, 
and sailed again in January for New York. It is reported 
in the papers that she remained in New York for 16 days 
repairing, and she is now on her homeward run to 


amburg. 

The Wotan is the Diesel-engined vessel with the largest 
power on one shaft _ afloat. She has a single screw, end 
there are six cylinders, each 23 in. in diameter by 4£ a. 
stroke, working on the two-stroke cycle. They were 
made by the Reiherstieg Company, of Hamburg, on the 
Carels two-cycle plan and indicate 2300 horse-power. 
After a successful prolonged trial, she left Hamburg in 
September last for New York, and returned to Hamburg 
after the voya without incident. On arrival, her 
machinery, including the air-compressors, was over- 
hauled, and was all found in order. On attempting to 
start, trouble was experienced with the compressors, and 
the vessel was delayed for several days. She then started 
on a second voyage to New York, during which two 
crank pin brasses gave trouble. As there was only one 
spare one on , this was fitted, and the vessel pro- 
ceeded with five out of her six cylinders in action, and 
arrived at New York only a little late. Her return was 
without incident. On her third voyage outwards she put 
into Plymouth with the air-compressor deranged, and 
was repaired there. After about three weeks’ detention, 
she again sailed on her present voyage. 

The French berque France, fitted with the Carels type 
of engines, has twin screws. Besides being of good 
mechanical power, she is ri as a five-masted barque 
and has full sail power. She started on her first voyage 
in November last, and has reached her destination in 
New Caledonia and no casualties are reported. 

The Arthur von Gwynner is fitted with a four-cylinder 
Junkers engine, not of the tandem type. She started 
service in November last, and so far her work has been 
satisfactory ; nodelays or casualties have been reported. 

The Sebastian is the most recent Diesel-engined vessel 
to be put into service. She is twin-screw, with engines 
made at Stockholm. She has just started on her first 
voyage, and has been reported as being ‘‘all well.” 

ention ought to be madeof the Tynemount. She was 
fitted with two Diesel engines, made by Messrs. Mirrlees, 
Bickerton and Day. Each engine drove an electric alter- 
nator, which was connected to a motor upon the screw- 
shaft. The vessel and her machinery were described in 
& paper read at the summer meetings of this Institution, 
in 1913. So far, the electrical portion of the equipment has 
not answered expectations. e difficulty, however, does 
not lie with the Diesel engines. 





APPENDIX Ii. 
CALCULATIONS OF TEMPERATURE, &c., IN DreszL 
GINES. 

Some particulars of carefully conducted trials of a two- 
cylinder four-stroke Diesel engine are recorded in Enat- 
NEERING, of July and August, 1903. The following are 
some of the data recorded of a full-power trial :— 

Duration of trial ... 60 minutes. 
Total revoiutions ... 9258 
54.5 


Revolutions per minute... 1 
113.4 Ib. -in., left 
— ight 


Mean effective pressure . 
” a hd ” ee - ” ” ” Tl 
Indicated horse-power ... 101.0 left, _ right’ 
- 1 


Total oil used - 
Cooling water per minute 49.6 Ib. 
Change of temperature of 
water... ae cies 52.5 deg. Cent. 
Temperature of exhaust 384 deg. Cent. 
Two cylinders, each diam- 
ja 400 mm. 
Two cylinders, each stroke 600 mm. 
It is stated in the paper that the oil used on one of the 
had a composition :— 
Carbon... re ses = 85 cent. 
Hyd se sal : = 136. 
Incom ble... apd = 15 


Two indicator diagrams are given ; they nena 
identical in the compression and cpention curves, | 
differ but slightly at the admission portion. 

The swept volume of each cylinder is 2.663 cub. ft. 

The clearance = 0.08 of swept volume = 0.213 cub. ft. 

Total cylinder volume = 2.876 cub. ft. 


1 lb. of air at atmospheric pressure (14.7 Ib. ae 
and at 32 deg. Fabr. occupies 12.384 cub. ft. — 
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: . 60 + 461 _ 0.00880 _ 10 deg. of the crank positions. The of connecting- 
AAD Gig Die. ResmglstIs x 32x 461 qe = 0.000489 of H,0. rod is assumed to be four cranks, it — 
13.089 cub. ft. Total... = 0.006745. stroke we have P V = OT (absolute temperature). 


Assume that the pressure of air during the exhaust is 
1 lb. above the atmosphere, and that during the suction 
stroke itis 1 lb. below atmosphere ; also that the indrawn 
air is at 60deg. Fahr. The residual in the clearance 
at the end of the exhaust stroke will be at 15.7 lb. pres- 
sure ; its volume will expand to :— 


0.213 x 25-7 — 0.044 cub. ft. 
13.7 


before the suction commences. This will leave 
2.876 — 0.244 = 2.632 cub. ft. 
to be filled by the indrawn air. This is re 


cycle, and this amount of air might be 
air.” The weight of the cycle air will be:— 


2.682 . 13.7 _ 9.19741b., 


Sod 
13.089 14.7 


of which 77 per cent., = 0.1443 Ib., is nitrogen, 
and 23 per cent., = 0.0431 lb., is oxygen. 


In this particular case the blast air was taken from the 
main cylinder near the end of the compression and further 
com in a separate compressor. The same weight 
of air is, therefore, in the cylinder during the compression 
and the expansion strokes. The weight of oil used per 
impulse stroke is:— 


ted every 
the “‘cycle 





= 0.007237 Ib., of which 85 per cent., 


= 0.006151 1b., is carbon, 
and 13.5 per cent., = 0.000977 lb., is hydrogen. 


The carbon uses 0.006151 x i = 0.01640 Ib. of 


oxygen to burn it to CO,. 5 
The hydrogen uses 0.000977 x *F = 0.00782 Ib. of 
oxygen to burn it to H,O. 
Total oil uses ... 0.02422 lb. of oxygen. 


The final composition of the cycle air will, after com- 
bustion, be :— 


67_ 
9528 


0.1443 lb. of nitrogen. 

0.02255 Ib. of CO,. 

0.00380 Ib. of H,0. 

0.01885 lb. of free oxygen. 

The relative volumes of these when hot will be— 


and 








0.1443 — 9.005154 of N, or 76.4 per cent. 
00 0.000513 of CO, or 7.6 per cent. 
= 0.000489 of H,O, or 7.2 per cent. 
= 0.000590 of O, or 8.8 per cent. 


If the analysis be made cold, and no allowance is made 
for the H,O, which will then be water, the apparent 
volumes will be:— 

N = 82.4 per cent. 
CO, = 8.2 
O= 94 
The analysis quoted in ENGINEERING gives :— 


N = 81.7 per cent. by diff. 
er = 2 per cent. 


Total oxygen —_ 0.02422 _ L78. 
Consumed oxygen 0.0431 ~ “*‘ 

It will be seen when dealing with temperatures that it 
is probable that the oil was not completely burned, as 
there must have been considerable combustion towards 
the end of the stroke, and quite —— it was not abso- 
lutely complete at the end of stroke. 1t must be remem- 
bered that the exhaust may be smokeless, although ext 
of the carbon y~ 3 only burned to CO, not to OO,. 
Next as to the relative volumes of the gas before and 
after combustion. The law holds good that at the same 


temperatures and pressures the molecules of all gases 
have equal volume. 


The molecule of carbonic anhydride is CO, ; 
oxygen 0. 
nitrogen a : 
HUgas * H,O. 

From this it is seen that CO, occupies the same volume 
as the oxygen used in its formation, but that H,O gas 
occupies twice the volume of the oxygen which it contains. 
The relative volumes of the guess Welewe and after com- 
bustion, when reduced to equal temperatures and pres- 
sures, are :— 


Before combustion : = = 0.005154 of N. 


” 


Actual air factor = 





” %” 23 
” 


0.0431 











3 = 0.001347 of O. 
Total... = 0.006501 of air. 
After combustion : $ — = 0.005154 of N. 
0s = 0.000590 of free O. 
0 02256 0.01640 
~ : ~— or 32d = 0.000512 of OO,. 


Hence, after combustion, if the temperatures and pres- 
sures of the gas are reduced to the same standard, the 
volume is increased in the ratio of 


0.006745 , 
0.006501 = 1,038, say, 4 per cent. increase, 


the increase being due to the combustion of the hydrogen 
of the oil. Although the total increase does a take 
place until the whole of the hydrogen has been burnt, it 
1s probable that the hydrogen does burn more promptly 
than all the carbon, so that most of the increase of volume 
will take place comparatively early in the stroke. In the 
calculations the increase of volume of 4 per cent. is 
assumed throughout the whole of the impulse stroke. 

Temperature of Exhaust.—The exhaust opens shortl 
before the end of stroke, and therefore slightly less wor! 
is done ei the gas than would occur if the expansion con- 
tinued till the end of the stroke, and the exhaust will 
accordingly be slightly hotter. It will be assumed, how- 
ever, that the expansion is continued to the end of the 
stroke, in which case the terminal pressure will be 51 Ib. 
per sq. in. On the release the gas must expand to atmo- 
spheric pressure (14.7 lb. per sq. in.). Todo so it must 
displace a certain volume of the atmosphere. Let V be 
the volume in cubic feet to which the gas expands, then 
the volume of atmosphere displaced to make room for it 
is V —2.876 cub. ft. In displacing this atmosphere the 
work done is (V — 2.876) x 14.7 x 144 ft.-Ib. 

This is equivalent to :— 


(V -2.876) x “teen = (V-2.876) x 2.72 B.T.U. 


If the gas expanded into a vacuum so that no work was 
| done by its expansion, its temperature would nob fall, 
but as it does work during its expansion its temperature 
correspondingly falls. ’ 

The weight of gas expanded is :— 

1.08 x (0.1874 + 0.007237) = 0.2102 lb. 

The specific heat at constant pressure is 0.25; hence 
the fall of temperature due to the work done during the 
expansion is :— 

__ 272 _ 

0.2102 x 0.25 

If we assume the temperature of the gas before expan- 
sion is 2000 deg. absolute, since P x V = C x T, we get— 


51 x 2.876 =C x 2000 deg. before expansion, whence 
C = 0.073338. 


x (V —2.876)=(V — 2.876) x 51.76 deg. F. 


After expansion, if T is the final temperature Absoluve — 
14.7 x V=C x T. 
= 0.073338 { (2000 - 51.76 (V — 2.876) } 
= 0.073338 (2148.9 — 51.76 V). 
= 157.6-3.796 V. 
V = 8.521 eub. ft., 
and fall of temperature 


= (8.521 — 2.876) x 51.76 
= 292 deg. Fahr. 


= (2000 —- 292)=1708 deg. absolute= 
1247 deg. Fahr. 

To ascertain the effect which an error in the estima- 
tion of the cylinder gas temperature would make in the 
calculation of the fall of temperature, assume the tem- 

rature to be 2100 deg. instead of 2000 deg., the follow- 
ing would be the calculation :— 


51 x 2.876 = C x 2100. C = 0.069846. 
14.7 V = 0.069846 { (2100 - 51.76(V - 2.876) } 
= 0.069846 x (2248.9 — 51.76 V). 
= 157.0 — 3.614 V. 
V = 8.576 cub. ft. 

and fall of temperature 

= (8.576. — 2.876) x 51.76 = 295 deg. Fahr. 
That is, an increase of 100 deg. in the absolute tem- 
perature increases the fall by 3 deg. only. 

Temperature in the Cylinder.—Before commencing to 
calculate the temperature of the gas at various parts of 
the opel, we want to know what it is at any one definite 
point. most convenient starting point is the com- 
mencement of the compression. At this point we have a 

ure of 13.7 lb. per eq. in. at a total volume of 

876 cub. ft. If T be the temperature of the exhaust when 
the clearance is filled with it at a pressure of 15.7 lb., we 
have the heat in this represen by 0.213 x 15.7 x T. 
This expands to a volume. 


0.213 x 25-7 — 9,044 cub. ft. 
13.7 


| Exhaust temperature 


before the new air begins to enter, and we have then 
(2.876 — 0.244) cub. ft. drawn in at 60 deg. This would 
give a mean temperature of :— 


0.213 x 15.7 x T + 2.632 x 13.7 x 60 
2.876 x 1.37 
= 0.0849 T + 54.9 deg. Fahr. 


To this must be added the temperature which the in- 
drawn air derives from the hot cylinder during the suction 
stroke, which, however, cannot be so much as the heat 
lost —s the exhaust stroke. In making the calcula- 
tion, 100 deg. Fahr. has been taken as the temperature 
at the commencement of compression; the following 
temperatures are obtained at the various piston 

itions. In order to obtain the mean tem tures on a 





is of time, the piston positions are taken for every 


13,7 x 1.08 =O x 561, 
whence 


é = 3.79, and T = pressure x volume x 37.9. 


For the impulse stroke, 
T = pressure x YOlume , 97.9 = pressure 
x volume x 36.4. 
mya these we obtain the values shown in the following 
table :— 























a g8 lue |g . : 4 
: | A | 
A) ae | MEME Weelee |i | 2 
i isk LBL j|@&e |. 
s DQ re | S| 7 sa 
tla geeeel tet tH do 
to ov 2 | 
c \o iso °o 
21812 je“8\s"<\s"*| a8 | BSS | gs 
Ib. | Ib. 
1022 | 490.0 | 1483 | 1022 
944 | 550.0 | 1706 | 1884 
884 | 615.0 | 2635 | 2174 
864 | 502.0 | 2970 | 2509 
704 | 365.0 | 2065 | 2504 
549 | 255.0 | 2745 | 2286 
433 | 185.0 | 2545 | 2084 
846 | 145.0 | 2450 | 1980 
275 | 115.0 | ¥s30 | 1860 
221 | 95.0 | 2225 | 1764 
174| 80.0 | 2195 | 1664 
150 | 70.0 | 2055 | 1504 
188 | 62.5 | 2000 | 1589 
60.0 | 2045 | 1586 


— 
_ 
- 


-6 | 2070 1609 
| 109 ” 
100 


” 








Norsr.—If the expansion had been carried to the end 
of the stroke before exhaust, the pressure would bo 
51 Ib. ed 8q. in. and the temperature 2010 deg. Absolute 
= 1549 deg. Fahr. I will be seen that the temperature 
is rising before the exhaust takes place, notwithstanding 
that work is still being done by the expanding gas. This 
shows that combustion is still guessing, and points to 
the conclusion that it is not entirely completed before 
the exhaust takes place. 





| 
| 














a * ; ; : : 
: j le? lef jeiede & 2 
S| § B29 862 | $62 oe es yee 
6 a | 22 | ERS | $85 $85 
< |e A 2G 268 2s 
e 2 | sha | b22| bee REGGE 
< B | | oes = \3 & <| & 
| Ib. | Ib, 
0 | 0.08 487.0 | 1475 | 1014 | 487.0| 1475 | 1014 
10 | 0.0895 | 460.0 | 1558 | 1007 | 503.0; 1650, 1089 
20 0.1176 | 335.0 | 1490 | 1029 | 614.0/ 2080, 1619 
30 | 0.1627 | 225.0 | 1885 974 | 606.0 | 2830 | 2869 
40 | 0.2280 | 1500 |° 1268 807 | 368.0| 2830 | 2369 
50 | 0.2957 | 98.0 | 1090 629 | 256.0 | 2605 | 2184 
60 0.3774 | 67.0 957 496 (183.0 2380| 1919 
70 | 0.4681 | 47.5 834 873 (182.0 2110) 1649 
80 | 0.6547 | 84.0 716 254 | 101.0 1982) 1471 
90 | 0.6431 25.5 622 161 | 81.0| 1792 1831 
100 0-728 | 20.5 566 105 | 67.6 1600 | 1229 
110 | 0.8051 17.5 585 71 | 680) 1610) 1149 
120 | 0.8776 16.0 533 69 | 61.0| 1540) 1079 
180 6.9885 15.0 583 69 | 46.0) 1485 1024 
140 0.9890 _ _ _ 44.0| 1518 | 1057 
150 | 1.029 _ _ _ 42.5) 1505 | 1044 
160 | 1.057 _ _ _ 40.5 | 1475 1014 
170 | 1.074 -- _ — Exhausting 
180 | 1.080 | 187 561 | 100 | Ditto 
Mean pressure, 6.19 kg. per sq. cm. = 88 Ib. per sg. in. 
Mean impulse temperature = _ deg. F. 
» compression ,, = 41 ” 
” exhaust ” = 735 ” 
» suction - = 100 oe 
664 ,, (mean). 


Mean Temperature in Cylinder.—During compression, 
the mean temperature shown in the table is 403 deg. Fahr. 
If, during the latter portion of the stroke, whilst the gas 
is being exhausted, we take the temperature as a mean 
between 1609 deg. Fahr., which is the temperature just 
before the opening to exhaust, and 1549 deg. Fahbr., which 
would be the temperature if the expansion was carried 
to the end of the stroke, the mean temperature during 
the impulse stroke of the cycle will be 1823 deg. Fahr. 
During the exhaust stroke the piston is expelling the hot 


gas, whose temperature has fallen to 1257 deg. Fabr., by 
a down to atmospheric ure. is may be 
en as the temperature during 


1 is stroke. During the 
suction stroke the temperature may be taken as 100 deg. 
Fabr. The mean of these four cycles is 896 deg. Fabr. 
If we have the same diagram in a two-cycle engine for 
comparison, we have a mean temperature 
= 1823 + 408 
2 ’ 
= 1113 deg. Fabr., 
which is 217 deg. above the mean temperature in the 
four-cycle cylinder. 
In an ordinary Diesel engine as now made, the air used 
for the injection of the fuel is supplie tely, and is, 





not in cylinder during the compression 
part of diagram. As it is in the cylinder during the 
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inte stroke, it must be. py ‘account ¢ in dosti 
with the ex on part o © diagram. — 18 y 
considered that the air used for injection is 6 litres per 
brake horse-power per minute, measured at atmospheric 
pressure ; this is about 6.2 per cent. of the swept volume. 

In ss the temperatures during the impu 
this must be allowed for in addition to the 3.8 per cent. 
of volume due to the combustion of the hyd of the 
oil, so that a total augmentation of 6.2 + 3.8 = 10 a nw 
cent. has to bo allowed for in the calculations. The 
calculations from the diagrams of the Suecia’s engines 


are given on the ing page. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a ae a on eens Fagg wk ~ 
forei ineering jects, en from 0) 
Trade Seareah. Further information neem p | these 
projects can be obtained from the Commercial Intelli- 
gence B Board of Trade, 73, Basinghall-street, 
London, E.C. 


New Zealand: The engineer to the Westport Harbour 
Board has urged the Board to proceed at once with the 
extension of the western breakwater to a length of 
230 ft., at an estimated cost of 40,906/. In addition to 
this work an up-to-date bow-well bucket-dredger and 
steam-hoppers will be required. The Auckland City 
Council io TC eg proposals involving loans aggre- 
gating 111,500/., subject to the approval of the rate- 
mre. Of this amount 80,0001. will be allocated 
or the drainage system. An agreement has been 
reached between the New Zealand Minister of Public 
Works, the Napier Harbour Board, and the Hawke's 
Bay unty Council, relative to the construction 
of an embankment and railway bridge over the inner 
harbour at Gisborne. The cost of the work is estimated 
by the Government at 101,000/., of which the Public 

orks Department is to contribute 44,000. It appears 
that the Government will build the bridge, receiving 
payment from the Hawke’s Bay County Council for its 
share of the cost, whilst the Napier Harbour Board will 
— the embankment, the Government contributing its 
share. 

Austria-Hungary: The Lieferwngs- Anzeiger states 
that the Austrian Railway Administration is considerin 
the advisability of an electric railway, with a gauge o 
1 metre, to run from Mondsee to St. Georgen, via Ober- 
wang. The cost of the projected line, which would be 
32.5 km. (about 14 miles) long, is estimated at 1,748,000 
kronen (about 72,8002. ). 

Spain (Canary Islands).—With reference to the pro- 

loan of 5,000,000 povetes for a water supply at 
nta Cruz de Teneriffe, H.M. Consul at Teneriffe 
reports that the Town Council of Santa -Cruz has 
decided to issue this loan, the chief objects of which 
are as follow:—(1) The construction of an aqueduct, 
about 12 km. (nearly 74 miles) long, for bringing water 
to Santa Cruz and the neighbourhood from the springs 
at Roque Negro and Catalanes. The estima cost 
is 900,000 pesetas, and it is expected that the volume 
of water will be about 30,000 cubic metres per day. 
2) The distribution of this water through the town of 
anta Cruz at an estimated cost of 1,000,000 pesetas. 
(3) The completion of the sewerage system of Santa Cruz 
at an estimated cost of 1,500,000 pesetas. The scheme 
has already been authorised by the Spanish Government, 
but no definite arrangements have yet been made with 
regard to contracts for work and material. (27 pesetas 
equal 17. (poet) at present rate of exchange.) 

Chili : The Diario Oficial, Santiago, contains a copy of 
a Bill, sanctioned by the National Con whereb 
Sefiores Eduardo Valdivieso Valdes and Eduardo Erra- 
zuriz Larrain are authorised to construct and work a 
steam railway from Paniabue, via Santa Cruz, La Lajuela 
and Lolol, to Nilahue. The concession is for 99 years. 
The line, which is to be constructed in four sections, will 
be 53 km. (about 33 miles) in length. Work is to be 
commenced within three months following the date of 
approval of the plans for each section, and is to be 
completed within two years. 

Brazil: The Diario Official contains a decree authoris- 
ing the expenditure of a sum of 185,800 milreis (about 
12,390.) on the construction of a metal viaduct for the first 
section, from Lages to Caico, of the Central Railway of 
Rio Grande do Norte. 





Tue Roap Boarp.—During the months of January, 
February, and March, 1914, the Road Board indicated 
additional advances to highway authorities amounting 
in the aggregate to 684,940/., of which 448,005. was by 
way of grant, and 236,935/. by way of loan. The total 
advances made and indica up to March 31, 1914, 
amount to 5,213,812/.—3,829,105/. by way of grant, and 
1,384,7071. by way of loan. The formal advances by way 
of grant, made with the approval of the Treasury, during 
be last quarter, amounting to 500,499/., were applied as 
‘ollow :— 


£ 
To road-crustimprovements - oe 461,520 
To road widenings and improvement of 
curves and corners... vd iF A 20,178 
To road diversions .. “ - i = 12,620 
To reconstruction and improvement of bridges 6,186 


During the same period advances by way of loan 
amounting to the sum of 101,160/. have been arranged. 
Incladed in the “or kor are advances (56,321/. by 
way of grant, and 31,450/. by way of loan) to a scheme 
submitted by the Oxfordshire County Council for 
ee 63 miles of main roads in the county at an 
esti cost of 95,4652. The work will take three 


years to complete. 





CATALOGUES. 


Water-Coolers.—We have received from Messrs. O. 
Whittaker and Co., Limited, of Dowry Street Iron 
Works, Accrington, a pamphlet relating to their pateut 


Ise, | Water-coolers for use with internal-combustion engines, 


air-com rs, refri ting and condensing at, and 
also for humidifying the air in textile mills. eir con- 
struction is not explained, but from the illustrations in 
the pamphlet we gather that they consist of a cast-iron 
cylindrical vessel, having a fan at one end and containing 
a number of rotors, each of which is composed of rings 
of thin corrugated metal, with intervening strips of 
plain sheet metal, so that a honeycomb structure 
results. The water lifted in the interstices of these 
rotors, as they slowly revolve, is cooled and partially 
evaporated by the current of air from the fan. Particu- 
lars are given of seven sizes, with capacities ranging from 
240 to So00 gallons per hour, but much larger coolers, 
with capacities up to 100,000 gallons per hour, are made 
according to requirements. 

Air-Compressors.—A bulletin to hand from the Chicago 
Pneumatic-Tool Company, of Fisher Building, Chicago, 
Illinois, U.S.A., illustrates and describes the construction 
of their large steam-driven air-compressors. These com- 
pressors are of the cross-compound, two-stage type, and 
are made either condensing or non-condensing for all usual 
steam and air pressures. Steam distribution is controlled 
by Corliss valves, and the inlet-valves of the air-cylinders 
are of this type; the air-delivery valves are of the 
poppet type. The bulletin gives full particulars of com- 
pressors with capacities ranging from 1616 cub. ft. to 
6282 cub. ft. of free air per minute for steam pressures of 
100 Ib. to 150 Ib. oa sq. in. (both condensing and non- 
condensing) and for air preasures of 100 Ib. per sq. in. 
Several installations of these compressors are illustrated, 
and particulars are also given of vertical and horizontal 
air-receivers. We may mention that the Consolidated 
Pneumatic-Tool Company, Limited, 9, Bridge-street, 
Westminster, S.W., deal i 
Company for Great Britain, Italy, Spain, and Portugal. 


Concrete Piles.—From the Société Anonyme des Pieux 
Armés Frankignoul, of 196, Rue Grétry, Liége, Belgium, 
we have received a catalogue relating to the Frankig- 
noul system of rammed-concrete piles for foundations 
in soft earth, water-logged ground, made ground, and in 
mining districts. For particulars of the system we must 
refer our readers to the paper read by Mr. A. Baar before 
the Iron and Steel Institute, and reproduced in our issue 
of October 3 last on . The catalogue, which is 
printed in French, points out the advantages of the 
system, explains the method of Lennon the piles, and 
gives some interesting illustrations and particulars of 
tests carried out on them. It als> illustrates numerous 
examples of buildings, power-stations, chimneys, gas- 
holders, oil-tanks, quay-walls, bridges, and other struc- 
tures, for which the piles have been employed. They 
have also been largely used for the foundations of iron 
and steel works plants, such as blast-furnaces, Cowper 
stoves, coke-ovens, rolling-mills, &c., several examples of 
which are illustrated in the catalogue ; in some cases these 
structures have erected on old slag-heaps. The 
company’s method of well-sinking, and of forming sheet- 
piling, are also dealt with in the catalogue, both pro- 
cesses being illustrated and briefly described. 


Filing Cabinets.—From the Amberg File and Index 


Company, of 27, Little Britain, E.C., we have received | th 


an attractive booklet relating to their vertical filing 
system for letters and other documents. According to 
is system the letters are placed in stout paper folders 
each of whieh has a lettered tab projecting from its upper 
edge, and the folders are separated from each other by 
strong cards having similarly lettered tabs. The folders 
and cards are arranged oe ma ey | and placed ver- 
tically in drawers, the cards being kept in position by rods 
ss through eyeletted heles formed in projections 
tom their lower edges. This prevents the cards from 
tting out of order, but still allows the folders to be 
ifted out if necessary. Filing is thus very simple, and 
letters can be referred to with the minimum of trouble. 
The number of alphabetical divisions, of course, varies 
with the amount of correspondence dealt with, the 
examples in the catalogue ranging from 5 to 3200 divi- 
sions. The —— illustrates and fully explains the 
system, and also illustrates the application of it to 
graphical, numerical, and subject-matter filing. Prices 
are stated for filing cabinets und all accessories, and 
for ordinary card-index cabinets. 


Grinding-Wheels and Materials.—From the United 
Carborundum and Electrite Works, Limited (The Vincit 
Company, Limited), of 70, Queen Victoria-street, E.C., 
we have received a copy of their latest catalogue of pro- 
ductious made from their two artificial abrasives, carbor- 
undum and ‘‘electrite.” The latter, of which the com- 
pany are the sole manufacturers, is not quite so hard as 
carborundum, but is very tough and is Mo ay suitable 
for grinding steel, wrought iron, malleable iron, copper, 
gun-metal, and other tough materials. After referring 
to the properties and uses of carborundum and electrite, 
and giving some gen hints on grinding, the catalogue 
states prices for wheels and other grinding materials 
made from both abrasives. In this way ordinary wheels, 
special wheels for pointing pins and needles, cup-wheels, 
cylinders, and special wheels for tool and cutter-grinding 
machines are dealt with. Full particulars are also given 
of carborundum saws with steel centres for stone-cutting, 
diamond and other wheel-dressing tools, cloth and paper 
discs for dise-grinding machines, files, bricks, rubbing- 
blocks, oil-stones, axe and scythe stones, cloth and paper, 

ins, powder, and other grinding supplies. The cata- 
is well printed and fully illustrated, and is alto- 


18 
gether a useful and creditable production. 








with the business of the —— b 


Pyrometers.—Messrs. Siemens Brothers and Co., Limi- 
ted, of Caxton House, Westminster, S.W., have sent us 
a catalogue giving iculars of their pyrometers for 
superheated. steam locomotives. These pyrometers are 
of the thermo-couple type, and have a copper-constantan 
couple placed in the valve-chest, or superheated-steam 
header, and connected to an indicating voltmeter in the 
cab. The thermo-couple consists of a copper tube % in. 
in outside diameter, closed at one end, and containing 
an insulated wire of constantan, the end of which is 
welded to the closed end of the coppertube. The thermo. 
element is protected by a perforated steel tube about 

in. in external diameter, but the steel tube is insulated 

rom the thermo-element by means of a steatite ring so 

as not to increase its thermal capacity ; the pyrometer 
is thus able to follow the temperature variations of the 
steam with little or no lag. The indicating instrument 
is of the moving-coil type, of very substantial construc- 
tion, and is enclosed }.. a ae yo case. It is, - 
course, gradua’ in degrees of temperature, and the 
scale has a range of from 0 deg. to 750 deg. Fahr.; a red 
line is marked at the normal working temperature of 
660 deg. Fabr. The catalogue states — for the pyro- 
meters, and gives full instructions for fixing them. 


Motor-Cars.—A booklet full of interest to motorists 
and prospective motorists has m issued by Messrs. 
De Dion ton (1907), Limited, 10, Great Marlborough- 
street,W. This let gives some figures ——s 
to the petrol consumption of De Dion Bouton cars, an 
although the cost of petrol is not the only, or even 
the most important, item of expenditure in connection 
with the running of a motor-car, the figures given form a 
very good basis for comparing the engine efficiencies of 
cars of equal weight and cylinder dimensions. The 
results are the more useful in that they have been obtained 
in regular every-day service, and not under trial condi- 
tions with special carburetior adjustments. The figures 
are all given in letters received by the company from 
their customers, and these letters are open to inspection 
y anyone sufficiently interested. They refer to cars 
ranging from the 26 horse-power, eight-cylinder, to the 
8-horse-power single-cylinder car, and include two- 
cylinder cars of 7 and 9 horse-power, and four-cylinder 
cars ranging from 10 to 24 horse-power. There are in all 
52 letters from users in many different parts of this 
country and in a few places abroad. The miles covered 
per gallon, which, together with the power of the car, are 
printed in large type above each letter for convenient 
reference, vary from as much as 52 in the case of the 
single-cylinder car to 17 in the case of the eight-cylinder 
car, while with the 14-horse power, four-cylinder car the 
best record was 34 miles per gallon. Most of the letters 
mention the conditions under which the results were 
obtained, so that other car-owners can easily see what 
they should be getting out of their cars, and prospective 
owners can make a reasonable estimate of what their 
petrol bill will 


Diesel Engines.—Messrs. Mirrlees, Bickerton and Day, 
Limited, of Hazel Grove, near Stockport, have sent us a 
copy of their latest catalogue of Diesel engines. A 
general description of these engines, which the firm now 
make in units ranging from 45 to 750 brake horse-power, 
is given, together with some useful notes on running 
costs. From the latter we learn that the total cost (in- 
cluding wages and repairs) of are a 100-horse-power 
engine on full load for a week of 55 hours is 4/. 5s. 5d. ; 
is is with fuel at 40s. a ton. Several examples of 
engines constructed by the firm are illustrated. Some of 
them are used for driving dynamos on warships and 
steamers, and others are for marine propulsion. The 
catalogue also illustrates an electrical device designed to 
give an audible warning of any stoppage in the supply of 
cooling-water. If the water supply is not restored 
within a certain time, the apparatus will automatically 
shut down the engine, and thus ee damage from 
overheating. A se te circular illustrates and descri 
a Diesel-engine-driven pumping plant at Kinnaber Water 
Works, Montrose, Scotland. The engine, which is of 
50 brake horse-power, drives a triple-ram pump through 
a friction-clutch and reduction gearing, and the fuel cost 
- pump-horse-power hour comes out at 0.17d., with 

uel-oil at 55s. per ton. The firm have recently fitted u 
a special laboratory for testing fuel-oils to determine their 
suitability for use in Diesel engines. In addition to the 
apparatus necessary for physical and chemical tests, the 
lal tory is equipped with a 50-horse-power engine, in 
which a practical test of any particular oil can be made. 
A circular relating to this work points out that only by 
means of an actual trial inan engine, combined with an ex- 
haustive physical and chemical examination, is it possible 
tosay definitely that a particular oil is, or is not, suitable 
for Diesel engines. The circular gives a scale of charges 
for oil-testing, and also for testing water to ascertain its 
suitability for cooling purposes. 





Tue InstrruTe oF Merats: May Lecture. — Pro- 
fessor E. Heyn, of Berlin, is this year to deliver the 
annual May lecture before the Institute of Metals. 
Professor Heyn, who has made a life-long study of the 
subject, has given the title of his discourse as ‘‘ Internal 
Strains in Cold Wrought Metals, and Some Troubles 
Caused Thereby.” fessor Heyn’s discourse will 
given in the ee of the Institution of Mechanical 
Engineers, Storey’s Gate, Westminster, S.W., under the 
chairmanship of Admiral Sir Henry Oram, K.C.B., 
F.R.S., the President of the Institute of Metals, o 
Tuesday, May 12, at 8.30 p.m. The secretary of the 
Institute, Mr. G. Shaw Scott, M.Sc., of Caxton House, 
Westminster, S.W., will be glad to forward tickets te 





any readers who may desire to be present at the May 
| lecture. 
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ABSTRACTS OF RECENT PUBLISHED SPEOIFI- 

OATIONS UNDER THE AOT OF 1907. 
, “ aoenGtine ‘fication D a 
Where inventions are communicated from abroad, the Names, éc., 
of ie Oecifcations may ve obtained at the Patent Oftce, Sales 
nh 25, " ton Buildings, Chancery-lane, W.C., at 

the uniform price 0; 
" Spectteaton 4 each case, oe after abotrect, unless the 
atent has been sealed, when the date of sealing is given. 


person , at 
gay Ane noe om he of a Complete Specification, 
notice at the Patent O, of opposition to the grant of a 
‘atent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 


3829/13. B. C. Barton and P. C. Barton, Birming- 
and R. W. Blackwell and Co., Limited, 
‘or Transmission Lines. (5 Figs.) February 14, 
1913.—This invention comprises certain improvements in or relat- 
ing to masts, poles, towers, columns and the like for wireless tele- 
graphy stations, transmission lines and the like of the type in 
which the mast or columa is constructed of lattice-work. 
According to the mt invention, the mast, column or the 
like, instead of being made up of a series of sections, each of 
which is of transverse section corresponding with the transverse 
section of the finished mast or col , is posed of a series of 
parts, each of which would be equivalent to the one side of one 
of the sections heretofore used, so that three or any suitable 


months from the date of 












































(3829, 


number of such sides may be aggregated together to form a 
section substantially equivalent to one of the complete sections 
hitherto in use. Each side section a,b, c may be composed of 
two side upright members d, each of channel or other suitable 
formation, connected together by obliquely, laterally or other- 
wise suitably-disposed angle-iron, flat-iron or other bracing 

bers, the direction of slant being advantageously reversed 
in alternate angle-members in cases in which angle-members are 
disposed obliquely, and when it is desired to connect two of the 
side sections together, blocks or distance-pieces ¢ may be placed 
between the sides of the channels d opposite to those to which 
the angle-irons are connected, through which blocks ¢ and such 
sides of the channels, bolts or other suitable securing means are 
assembled. (Accepted January 28, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


13. 8S. H. W. Dawson and F. H. Livens, 
Internal -Combustion Engines. [4 Figs.) 

November 8, 1913.—This invention relates to the vaporising or 
busti hambers of engines using liquid hydrocarbon as fuel, 
and is applicable to any kind of chamber where the temperature 
of one part requires to be greater than the temperature of the 


























L 





other part. 
of the more heated to the less-heated part 
found to be different for different loads and for fuel oils of varying | 
quality or density, and by this invention this nm is easily 
and, if desirable, during the working of the engine. 
A to this invention, the outer casing of the water-jacket of 
@ partially-jacketed vaporising or combustion-chamber is formed 


The precise proportion which the volume or surface 
should bear 


is | gun-carriage, and 


as a telescopic gland at the one end, sliding along the outside of 
the chamber, so that a ter or less surface of the same car be 
— to the cooling action of the jacket, and at the other end 
sliding into or over the part round the neck of the va ig or 
combustion-chamber, or the breech end of the cylinder, the 
joints between the moving parts being made water-tight by 
metallic or other packing-rings or other means. The vaporising 
or combustion-chamber A is circular, but it may be of any form 
to suit the telescopic gland B, B, which in this case passes the 
outer end. The neck O connecting the same with the breech end 
of the cylinder may be either central or eccentric. The fuel oil 
is admitted at the point D, and any desired proportion of air may 
or may not be admitted by a valve opening, as shown by dotted 
linesatE. The connection between the jacket of the vaporising 
or combustion-chamber and the jacket of the breech end may be 
as shown, or the jackets may be quite independent. The 
outer and inner ends of the telescopic g B, Bare kept tight 
by india-rubber or metallic rings, placed in grooves, or by any 
other well-known means. In Figs. 1 and 2 is shown a convenient 
method by which the ‘telescopic gland B, B may be drawn in 
or pushed out by means of studs and nute. In Figs. 3 and 4 
are shown variations which are consequent upon forming 
the back end of the vaporising or combustion-chamber with a 
separate cover J for cleaning purposes or to enable a greater 
heat to be obtained in this part by the use of an isolating 
joint. In such case, as the telescop'c gland cannot pass over the 
ange, it is made in two or more pieces, either as shown in Fig. 3 
at F, F fitting outside, or, conversely, fitting inside the end of the 
other part of the water-jacket, as shown in Fig. 4 at GG; either 
of these forms is also used when the part of the vapori or 
combustion-chamber to be water-jacketed is cast in one with the 
breech end of the cylinder. (Sealed April 2, 1914.) 


6237/13. T. H. Gardner and E. Gardner, Patricroft. 
Internal - Combustion es. (2 Figs.) March 13, 
1913.—This invention relates to internal-combustion engines of 
the type in which liquid fuel is supplied under pressure by a 
pump aving a stroke of constant length to a spraying or like 

evice, and in which a relief-valve controlled from the 
governor is provided on the pump delivery side, so #8 to allow of 
the esc: pe cf the pump delivery at any period during the pump 
stroke in order to vary the charge received by engine. The 
invention comprises the combination with an arm rocked by a 
cam or its equivalent and adapted to give strokes of constant 
length to the fuel-supply pump, of a fuel-relief valve actuated 
from the aim through the medium of a curved striking-plate and 
a striker-arm as g engaging the said plate and having ite angular 
position varied by the engine governor. The fuel-pump @ is of 
ordinary construction, and delivers fuel to the engine-spraying 
device, not shown, arelief-valve b being provided upon the passage 
leading between the pump and sprayer for releasing the fuel from 
the passage er the controlling action of the engine governor, 
at any period in the pump stroke, so as to vary the quantity of 
fuel delivered to the engine. The means for operating the pump 
a and the relief-valve b comprises an arm ¢ fulcrumed at d and 
rocked by a cam or eccentric cl. The arm engages the ram ¢ of 
the eon @, 80 a8 to reciprocate the same. The stroke of 
the ram is maintained constant, so that the pump deals with a 





fixed quantity of liquid fuel at each stroke. The arm ¢ has also 
moun thereon a striking-plate f/, having its striking surface 
shaped to an arc of a circle, and with the plate engages the striker- 
arm g connected to a pivoted member A, wh actuates the 
spi ei of the relief-valve b. As, therefore, the arm —— 
e striker-plate / is rocked, the relief-valve b may be actuat 
to release the fuel delivery by the pump, the striker-arm g has ite 
position controlled 1; a engine governor acting th h the 
spindle j, arm k, and link m, the effect being to draw the end of the 
arm g which engages the otriking-plate / away from or towards 
the fulcrum point d of the arm c, so as to vary the timing of and 
also to increase or decrease the duration of the movement imparted 
to the relief-valve b. In one extreme tion of the striker-arm g 
it is eee yy arranged that the whole of the fuel-pump delivery 
is released, so that the engine does not receive any combustible 
ch , whilst in the other extreme position the relief-valve 
remains closed throughout the pump delivery stroke. The 
intermediate positions of the striker-arm provide for an earlier or 
later release, according to the load ———— of the e e. 
A suitable spring retains the relief-valve normally in its closed 
position. The valve is preferably set ly, as shown, or 
vertically, soas to assist in the discharge of any air = the valve 
which may = over with the pump delivery. 'o provide for 
hand actuation of the arm c carrying the wae J and 
rating the fuel-pump a@, so as to work the latter by hand when 
starting the engine, or when testing the pipe circuit, or for 
similar purposes, a hand-lever 0 may be provided which en 
theend ofthearmc. It can be locked by means of a loc ing- 
ee pin a position in which the arm c is free from the cam e’, 
y which it is normally rocked, so as to stop the engine. (Sealed 
April 2, 1914.) 


GUNS AND EXPLOSIVES. 


25,368/13. Fried. Krupp Aktiengeselischaft, 
Essen, Germany. es. (2 y Se May 24, 
1913.—This invention refers to an arrangement of a versatile 
spade on the trail of a gun-carriage, this spade being adapted to be 
put out of action. According to this invention, the joint which 
connects the arms of the je to the trail of the gun-carriage lies 
at a considerable distance in front of the end of the trail of the 
the arms of the ie are constructed in such 
a@ manner that the spade, when in its operative position, lies 
behind the limber-eye. The spade mounted on the trail A of the 
gun-carriage consists, in addition to the spade-shaped blade B of 
the , of a pressure-plate B!, the said pressure-plate being 
inten to prevent the trail of the gun-carriage from entering 





too deeply into soft ground. 
each of which 


the spade B, B!, 
limber-eye a2 mounted on the end of 
carriage, and, when in the |i 

at a considerable distance in 


tage 0, 


engage pro. 
on either side of the limber-eye a2 on the trail of the oes = 
On the stiffening-pieces D, which connect the arms b2 e 


it of 





a 





mee ee late B!, are mounted lugs d!, which can engage with 
ugs fixed on the trail A of the gun To the shaft C is 
rigidly attached a lever E sufficiently resilient to permit it being 
engaged with a lug @° on the trail of the gun-carriage. When the 
spade B is to be put out of action, the lever E is first removed 
out of the lug a5, and turned to the rear. The shaft OC is turned 
by the movement of the lever E, thus, in consequence of the 
eccentric arrangement of the pins cl moving the spade B towards 
the rear, disengaging the lugs b4. The spade is now turned over 
the trail of the gun-carriage, thus bringing the lugs a‘, d! te 
to each other. Finally, the lever E turned back into its 
original tion, and owing to the eccentric arrangement of the 

ns cl spade is moved forward by this movement of the lever 

thus engaging the lugs d! with the lugs on the trail. (Accepted 
January 18, 1914.) 


28,762/12. Sir A. T. Dawson and G. T. Buckham, 

. Gun-Mountings. [8 Figs.) December 13, 1912.— 

This invention relates to gun-mountings, particularly 
or 


mounti of the kind wherein the yes | ning is 
effected by a motor which is supplied with fluid at varying rates 
and in either direction by a 


lay te a control device which 
is adapted to be displaced elevating or training hand- 
wheel to start the pump working, and is also displaceable in the 
reverse direction by a rack, so that the gun is brought to rest in 
the tion predetermined by the extent of movement of the 
hand-wheel. According to this invention, the pump that _ 
ples fluid under pressure to the elevating motor is carried, as 

usual, by the non-elevating part of the mounting, and the afore- 
said rack is connected to a that moves with the gun in 
elevation, and is also conn through suitable gearing to the 
control device of the J mg so that the relative movement that 
takes place between the pump and the gun during the elevation 
of the gun causes the control device to move to its zero position 














(28,76 2) 


and bring the gun to rest. A represents the Gprating or training 
motor, and A! the shaft which is driven thereby and is suitably 
connected to the elevating or training mechanism. B ts 
the pump which supplies fluid under pressure to the motor A and 
which is driven from an electric motor or other prime mover. 
Bir ts the control device of the pump and B? the axially- 
movable control-shaft of the device. C represents the rack which 
in the case of the elevation-control moves with the gun in eleva- 
tion, and in the case of the training-control is stationary rela- 
tively to the training movements of the gun. In the examples 
illustrated, the pump B comprises a cylinder-barrel having a 
number of parallel cylinders contains istons, whose n- 
rods are pivotably connected thereto a plate carri & 
tilting-box B!, which constitutes the aforesaid control-device. 
The inclination of this tilting-box with respect to the cylinder- 
barrel alters the direction and rate of flow of the liquid from the 

mp. The motor A is preferably similar to the pump, except 
That a tilting-box is not usually provided. The pump and motor 
constitute pump-and-motor unit of a variable-speed hydraulic 
transmission gear, mounted on a portion of the carriage that 
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moves in training. The tilting-box B! is connected to the control- | axially ding to the ber of spokes required, next turning | automatically give th isite predetermined amoun 
shaft B?, which is screw-threaded at one part to e e with a| or bending the divided portions at right por to form radial | twist and A of appllostion by cneusing that itis soe ane 


nut b, which is prevented from moving axially by being 
suitably mounted in a bracket a carried by the moto.-unit A. 
This nut is connec to the elevating hand-wheel D. The shaft 
B? is slidably keyed to a sleeve c! carrying a -wheel C! which 
engages with rack ©. This rack, a: as 
shown, of straight formation, is piv: con by a pin c to 
the gun-cradle, and is held in engagement with the -wheel C! 
by means of an osc! bracket C2 mounted on sleeve cl. 
hen the elevating hand-wheel D is actuated, the control-shaft B2 

is moved axially by means of the nut B!, the collar c! preventing 
the shaft from rotating. The tilting-box B! is consequently dis- 
placed, and the pump-unit B commences to p liquid into the 
motor-unit A, thereby causing the shaft A! through Sy y- 





gearing to elevate the gun. As the gun moves, the 
rotated by the spur-wheel C! and the collar cl, and therefore is 
also moved axially owing to ite screw-threaded engagement with 
the nut b, which is operated by the hand-wheel D. This axial 
movement of the shaft is in the reverse direction to that which | 
ace under the influence of the elevating hand-wheel D, 
ing-box B! is therefore moved towards its or 
tion. By the time this condition is reached, the 
will have been brought to rest in the tion predetermined by 
the extent of movement of the -wheel D. The degree of 
responsiveness of the gun to the movements of the elevating 
hand-wheel D depends upon the pitch of the screw-thread on the 
control-shaft B? and the ratio of the gearing between the nut /) | 








and the hand-wheel. These factors may be such that the gun 
moves quickly in response to even a 1 movement of the hand- 
wheel, so that there is only a small t bet the 





0! 
hand-wheel and the gun. (Sealed April 2, 1914.) 
MACHINE AND OTHER TOOLS, SHAFTING, &c. 





1844/13. The Hon. Sir C. A. Parsons and 8. 8S. Coo 


allsend - on - ‘ormation of Gear - Whee. 
Teeth. (3 figs.) January 22, 1913.—This invention relates to a 
method of and means for forming the teeth of gear-wheels, its 
object being to enable such wheels to be constructed with a higher 
degree of accuracy is obtainable with the processes at present 
adopted for forming gear-wheel teeth. The present invention 
in a method of forming the teeth of a gear-wheel in 

which the relative position of the member forming the teeth and 
the wheel on which the teeth are being formed is determined by 
the general or ae configuration of the members of the 
parent driving-gear. In carrying this invention into effect in a 
gear-cutting machine, as shown, the driving-shaft a carries two 
bevel-wheels b, c. A bevel-wheel d engages with the bevel-wheel b, 
and is mounted on a shaft e extending across the bed of the 
machine. This shaft at its further end is provided with a second 
bevel-wheel / en i with a bevel-wheel on a vertical spindle 
which terminates in a worm i. Engaging with this latter is a 
worm-wheel j on a spindle k, which at one part of its length is 
formed with a worm J. A similar arrangement is provided in 


Fig.t 
































































































connection with the second bevel-wheel c on the driving-shaft a. 
The bevel-wheel ¢ en; with a bevel-wheel m on the vertical- 
shaft n, which terminates in a worm o, The latter en 
with a worm-wheel p on a — d 
a k, is provided for a por' of its length 
to the table ¢, on which the work u is mounted. The cutter v 
is mounted on a standard w, and is driven and moved by any 
suitable means. In this arrangement the worms / and r must 
necessarily be of similar pitch, and be rotated at the same 
It will be seen that the rate of movement of the table t 
is controlled by the two worms / and r, and any irregularity 
in the movement of this table arising from an irregularity in 
the teeth in either of the worms, or from an irregularity of the 
worm-wheel ¢ passing in contact with one of the worms, is 
hecked by the eng t of the other worm with the worm- 
wheel. It is desirable that the portion of the circumferential 
length i the between the points of contact of the 
worms ! and r with the worm-wheel # should not be divisible by 
a whole number of teeth-pitches, so that these points of contact 
do not simultaneously correspond to similar parts of the teeth. 
(Accepted January 28, 1914.) 


1542/13. C. Challiner, Manchester. Vehicle Wheels. 
(18 Figs.) January 20, 1913.—This invention relates to wheels for 
vehicles, and has for its object to provide a wheel constructed of 
or from a single piece of wrought iron or steel. A wheel, in 
accordance with this invention, is constructed from a wrought- 
iron or steel tube or pipe by dividing a portion of the tube 





| 
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hich, | applicant regards this p p 
lena’ aS Se | a8 the sole or an important cause of side-swing. To 


ion 
the worms | and r engage with a worm-wheel s attached | the two motors are 





members and a hub, next pressing or shaping the radial members 
into spokes, next dividing the spokes radially to a suit: ble extent 
from their outer ends towards the hub, and turning or bending 
the divided portions of the spokes to form a rim, and welding or 
otherwise connecting them together. Fig. 1 is a weldless 
wrought-iron or steel tube of suitable thickness, length, and 
diameter, according to the size of the wheel and number of spokes 
———_ One end b of the tube is suitably reduced to form the 
hub, and the larger ion of the tube is divided by axial saw- 
cuts c into a number of divided portions, which are then turned 
at right angles to the hub portion } to form radial spoke-members 


Fig.2. 


Fig-1. 3 


Fig.3. Whe 
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d, as shown in Fig. 2. The spoke-members d are next pressed 
or bent into parallel-sided or tapered spokes of (J shape in 
section, as shown in Fig. 3. The spokes are then divided radially 
for a suitable distance from their outer ends towards the hub by 
saw-cuts f or otherwise, and the divided parts g of each spoke 
are turned or bent one to either side, as shown in Fig. 4, so that 
the parts collectively form the rim of the wheel. The abutting 
or adjacent ends of the turned or bent parts g are secured together 
by welding them along their surfaces of contact or otherwise. 
Over or on the rim formed by the parts g it is preferable to con- 
tract, weld, rivet, or otherwise secure an outer rim or metal 
tyre, in which case the abutting or adjacent ends of the parts 
need not be secured together. (Accepted January 28, 1914.) 


RAILWAYS AND TRAMWAYS. 


672/13. I. Bulfin, Bournemouth. Electric Tram- 
cars. (2 Figs.) January 9, 1913.—This invention relates to 
motors of electric tramcars or other rail carriages, its object being 
so to connect the motors of such vehicles when two or more 
motors are employed, that side-swing shall be prevented. Side- 
swing is the name applied to the movements executed, for 
example, by an electric tramcar, wherein rythmic side-to-side 
oscillation in a substantially horizontal plane is set up. The 
invention consists in the combination with the motor unit, as 
means to eliminate transverse movement thereof relatively to the 
vehicle, of a rigid connection, an abutment, or a tie whose line 
of action is oblique or transverse to the vehicle, to operate either 
(a) between the motor unit and the frame whereby such trans- 
verse movement is entirely eliminated while movement of the 
motor in a direction at right angles thereto is permitted, or (b) 
between the motor unit and a second motor unit, whereby such 
transverse movement of either unit simultaneously with, but in 
the opposite direction to, such movement of the other is pre- 
vented. The two motors are shown at A and B, the motor A 
having its gearing to the left-hand side of the vehicle, as shown 
in the drawing, and the motor B having its gearing to the right- 
hand side. hh motor is mounted in the well-known manner 
upon the driving axle, to which it is geared by bearings D, against 

















the flange of one of which a split thrust-collar is pressed by set- 
ins so that the flange of the other bearing is held against the 
m4 K! of the gear-wheel K. If there is any movement of these 
parts transversely to the truck, each motor with its supporting 
axle and road-wheels is thus constrained when all the parts are 
well fitted to move as one whole, but after slight wear has taken 
piace the thrusts set up between a gear-wheel K and pinion L can 
produce slight relative displacement between the motor and its 
supporting axle in the direction to give less engagement betweer. 
the said gears. Such movement is in a direction transverse to 
the vehicle, and will clearly vary with the amount of air or slack 
in the parts involved and with other conditions. Such movement 
of one motor is clearly independent of that of its fellow, and the 
ble ind dent transverse movement 

vent it 
idly coupled together by bars E, of stout 
angle section so securely attached to both motors that the two 
ines with their peyetem bee E become virtually one 
rigid whole. It will be appreciated that when the motors are 
thus connected neither can execute a movement transversely to 
the core without corresponding movement of the other. Again, 
neither motor can move appreciably by a motion of rotation in a 
horizontal plane under the action of the gear-wheels being forced 
away from one another as load is applied. (Sealed April 2, 1914.) 


TEXTILE MACHINERY. 
1 /13. W. E. Duckworth and Howard and 
B Limi +) Machines 


(2 Figs.) May 8, 1913.—This invention relates to us for 
facilitating the automatic strengthening of yarn by the insertion 
of extra twist, which is held in reserve preparatory to restarting 

- nes. In spinning yarns in which there is a 
minimum amount of twist, breakdowns are of frequent occurrence 
on restarting the machine in the stretch of the yarn betwixt the 
bobbin or cop on the spindle and the nip of the front roller. It 
is known in the art of spinning to put extra twist into the yarn at 
the time of the frame, so that for the short period when 


e 
a maximum occurs, which is just at the time of 


the frame after stoppages for any cause, the yarn is juisitel 
ned, and b' downs are obviated. The pen of the 
invention is to provide improved means and apparatus which will 








obtained before the actual stepping of the machine, and so held 
in reserve preparatory to restarting, when the extra twist will be 
available for this critical period. The usual twist-wheel A is 
retained, and the gearing B, C, and D through to the front roller 
E, and the twist-wheel stud F is mounted loosely in the bose 
G of the twist-wheel carrier-wheel B. On the twist-wheel stud F 
is a wheel H carrying a clutch L, whichis positively connected te 
and actuated by the control-handle J of the machine, and which, 
when the clutch L isin mesh with and revolved by a clutch M, 
carried by the wheel K, which is mounted on the boss G of the 
twist-wheel carrier-wheel B, a positive connection is formed 
between the twist-wheel A and the twist-wheel carrier-wheel R, 
which gives the normal speed to the front roller, and thereby the 





normal amount of twist is put into the yarn. The wheels B 
and P are mounted as to be in gear with the aforementioneé 
wheels K and H. The wheel P isa “‘ free wheel.” On stopping 
the machine the movement of the control-handle H automaticaily 
withdraws the elutch L out of mesh, with the clutch M discon 
necting the wheels H and K. The wheel H is now driven from 
the wheel K through the wheels N and P, and the automatic 
free-wheel P now runs as one with the wheel N, owing to the 
wheel N taking up the drive from the wheel K. The ratio of the 
aforementioned train of wheels K, N, P and so arranged 


that a slow is given to the twist-wheel A, and thus gives « 
slower s to the front roller, thereby giving the necessary 
extra twist to the yarn. Any suitable arrangement for con 


necting the bearing mechanism with the control-handle of the 
machine may be made use of. (Accepted January 28, 1914.) 


MISCELLANEOUS. 
28,390/13. Berlin Anhaltische Maschinenbau 
Aktien Gesellschaft, Berlin, Germany. Generation 


of Hydrogen. (2 Figs.) December 11, 1912.—In the manu- 
facture of bydrogen on a large scale by the alternate reduction of 
iron ores by means of reducing gases and oxidation by means of 
steam, iron retorts filled with iron ore and heated from the out- 
side are almost exclusively employed. These retorts last only a 
short time and affect the cost of this process to an extraordinary 
extent. Retorts of refractory material cannot be used as they 
very quickly become leaky and the hydrogen generated therein is 
quenty rendered impure by the entry of the heating gasea, 
or it escapes through the leaky retort walls into the heating 
gases. According to this invention, the apparatus comprises a 
cylinder of refractory material, divided into separate ccmpare- 
ments by partitions also made of refractory material. Any leaks 
formed in the partitions cease to have a damaging effect, as the 
same-gases are always contained in all the adjoining shafts or 
compartments. To avoid losses of gas through any leaks in the 
well of the cylinder, this wall is further surrcunded by a gas-ti 
metal jacket. The Fe nrorrs comprises an outer cylinder wall ¢ 
ofrefractory material,'surrounded by a metal jacket 2, and haa, 
Say, two partitions 3 and 4forming the shafts 5. According te 








the shape of the gtiine 3 and 4 the cross-section of the shafts 
5 will be sector-like or circular. In the cover 6 of the apparatus, 
over each shafc is provided a Morton closing device 7 t 

which iron ores are introduced into the shafts5. In the same way 
the bottom 8 of the reducing and oxidising chamber is provided 
with Morton mouth-pieces 9 in the axis of each shaft 5, intended 
for discharging the iron ores. Round the cylinder or chamber is 
carried a gas-pipe 10, which, by means of a branch 11 for eack 
shaft 5, admitsreducing gases into the upper portion of the eame. 
Each branch 11 is provided with a valve 12, by means of which the 
supply of hot reducing gas can be shut off. From the bottom 
portion of each shaft 5 branches off another pipe 13 controlled by 
valves 14 and connected to a surrounding pipe 15, which disch 

the reducing gases consumed into a chimney or the like. 
steam supply pipes 16 to each shaft 5 open into its bottom portion. 
For instance, the steam-supply pipe 16 can be introduced into the 
discharge-pipe 13 for the reducing gases, and the escape of steam 
from the pipe 16 can be regulated by means of a valve. The 
hydrogen generated during the passage of steam through the 
column of ore in the shaft 5 escapes from this shaft through the 
gas discharge-pipe 18, which opens into the upper portion of the 
shafts 5, for instance, into the supply pipe 11 for the red’ 


gases. The pipes 18 may also be controlled by means of valves if 
desired. (Sealed. April 2, 1914.) 
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THE FRIED. KRUPP GRUSON WORKS, 
MAGDEBURG-BUCKAU. 


In former issues* we gave descriptions of Messrs. 
Krupp’s works at Essen, Annen, Kheinhausen and 
Kiel. Wenow complete the series by a description 
of their Grusonwerk, located at Magdeburg- 
Buckau. These latter works were started on a 
very small scale by Hermann Gruson, on June 1, 
1855. Gruson was born in the year 1821. Whilst 
studying in Berlin, he spent all his holidays and 
oe time as a pupil apprentice at the Borsig 
orks. On completing his studies he entered the 


months later by the purchase of the works by the 
Essen firm. Since this latter date the Gruson 
Works have formed part of Messrs. Krupp’s estab- 
oo They are — in the plan, a 4 
on the present , while the views, Fi to 18, 
on Plates XLIX. to LVL., and Fig. 19, en 548, 
illustrate several of the shops and some of the 
specialities with which they deal. 

Reverting to the history of the works, we may 
state that from the commencement Gruson gave his 
unremitting attention to the manufacture of chilled 
castings, and very shortly after he had started the 
small foundry above referred to, his products 
uired great renown. In the early days, 
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J and for many years after he had first com- 
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menced business on his own account as an 
ironfounder, Gruson used charcoal pig-iron 
exclusively, mixing together in the cupola 
charge various brands in ne propor- 
tions, dependent upon the class of piece to 
be obtained and the depth of the chill. In 























the early ‘nineties of last century Gruson 
instituted a departure in his of 
manufacture, and after a number of trials 
he made up the cupola charges for the pro- 
duction of chilled castings of varying mix- 
tures of charcoal-pig and coke-pig. At the 
present time, the greater part of the 
Grusonwerk chilled castings are made of 
mixtures of German and foreign charcoal 
pig; fora small numbercomparatively, mix- 
tures of white and grey coke-pig are used. 

Gradually, as he gained experience inthe 
various phases of the process of manufac- 
ture of chilled castings and improved his 
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A. Head offices. 
B. Erecting-shop I. 


ll ee 
OF 
K. Fettling-shop. R. Smithy. c. Testing department; ore 
L. Turning-shop for pulleys 8. Roll-turning shop. dressing. 
and ii T. Erecting-shop II. d, Testing d ment ; crush- 


©. Turning-shop. 
D. Planing-shop. 


ng. 
M. Lay-out shed for points 
E. Erecting-shop IV. 


and —- 


F. Men’s dining-room. N. Delivery shi 
G. Co-operative stores. 0. Iron foundry for heavy 
H. Old iron foundry. castings. 
I. Pattern, coke, and P. Armour - plate milling- 
sand-stores. shop. 
Q. Ohill-stores. 


engineering works of the Berlin-Hamburg Railway, 
being employed later in the Wohlert Works, 
Berlin, and ultimately in those of the Hamburg- 
Magdeburg Steamship Company. When with the 
latter company his attention was frequently called 
to the difficulty there then existed of obtaining 

iron castings in the country, and he decided, 
in 1855, to put down on the left bank of the 
River Elbe, at Magdeburg, a small iron foundry 
and a machine-shop which was directly connected 
with a shipping wharf on the river. In 1886 the 
establishment, which had grown considerably, was 
converted into a limited liability company, styled 
the ‘‘ Grusonwerk,” the chief management of which 
remained with Hermann Gruson until his retire- 
mént from active business, in 1891. In December, 
1892, as stated further on, an ent was 
entered into between Messrs. Krupp, of Essen, 
and the Grusonwerk, which was followed six 


* See vol. xciv., pages 179, 215 and 867, and vol. xcvi., 
pages 309, 416 and 619, 





U. Pattern-shop. 
V. Joiners’ shop. 
W. Maehine-shop. 
Y, Ereeting-ebop ¥. 
A -shop V. 
Zz Projectil 4 


ing machinery. 
¢. Wheel foundry. 
f. Vehicle construction shop. 


e-turning shop. \ 
a, Erecting-s lit i, New" iron foundry. 
b. Carpenters’ k. Pattern-stores. 


methods of production, Gruson worked at extending 
the number of specialities which could be made of 
chilled castiron. As early as 1860, in fact—that is to 
say, only five years after he first started his business 
—he recommended the use of chilled cast-iron shells 
for guns, a recommendation which was ridiculed at 
first by the German military authorities, but which 
was accepted shortly afterwards, for we find that 
chilled cast-iron Gruson shells were used in the war 
of 1864 between Germanyand Denmark. These shells 
were resorted to for a number of years in Germany 
for firing against armour. We mention this simply 
as an illustration, to show the degree of perfection 
which Gruson had so rapidly attained in the manu- 
facture of chilled-iron castings, to which he was 
devoting all his energies, and also the great confi- 
dence he placed in the articles manufactured by him. 

In the year 1869 the development of his business 
led him to transfer his factory from the left bank 
of the Elbe to the place where the establishment is 
now situated, at Magdeburg-Buckau. The works he 
then put down have in the course of years been con- 





siderably extended, and now occupy a total area of 
110 acres. Gruson’s attention having been attracted 
to the manufacture of the means of attack in warfare, 
it was quite a natural sequence that it should be 
directed also to that of means of defence, and a 
most important step he took after havi 
his new plant was to undertake the manufacture of 
chilled cast-iron turret-armour. He had first con- 
sidered this manufacture three years previously to 
starting his new plant—in 1866—on the occasion 
of the trial of a Schumann target protected by 
rolled iron, and was fully aware that the form re- 
sorted to for the weld-iron protection of the 
et in question—i.e., a series of flat plates— 
could not be maintained if a protection made of 
chilled castings were adopted. He designed 
turret-bodies and dome-shaped covers, built up 
of curved chilled cast-iron sections of great thick- 
ness, and the first firing trials against these, made 
in 1869 to 1871, demonstrated the adequacy of 
both the design and the material for land and coast 
defence protection The first firing trials, 
and further trials which were carried out subse- 
quently in the German proving-yards, led to an 
ment between Gruson and Major Schumann, 
which enabled the former to manufacture and 
to embody in his turrets the major’s various ty 
of mountings for all calibre guns. Gruson having 
also, in the late 'seventies of last century, con- 
cluded an agreement with the Hotchkiss Com- 
pany, he was able to manufacture a number of 
turrets complete containing guns up to 12 cm. 
(4.7in.) in calibre. The larger guns were built at 
the Krupp Works, Essen. 

The best testimony which can be brought forward 
to show the excellence of the work carried out by 
Gruson in regard to artillery is that he competed 
with Messrs. Krupp from the very commencement 
of his activity in this branch—i.e., from the time 
his chilled cast-iron projectiles were adopted in 
the country. He became a more serious com- 
petitor still when, in 1870, he was given the supply 
of 21 cm. (8.2 in.) coast-defence protected mount- 
ings for Prussia, for which Krupp supplied the guns. 
The steel shells manufactured at Essen by Krupp, 
and the Krupp mountings, it is true, finished by 
superseding Gruson’s shells and mountings ; but 
the latter’s armoured turret work retained ite 
supremacy in its special field. Further, towards 
the end of the eighties, Gruson gained success in 
the manufacture of quick-firing field and naval guns, 
thus competing again with Krupp for the supply 
of guns both to the German army and navy and 
to foreign countries. At the same period also, 
Messrs. put down their first armour-plate 

lant, thus widening the field for competition 
ore A the two firms. In 1892, therefore, Messrs. 
Krupp and the Grusonwerk concluded a workin 
agreement, which, on May 1, 1893, was follow 
by the purchase of the latter by the Essen estab- 
lishment, as above alluded to. 

To revert again to the period when the Gruson 
works existed as an independent concern, we may 
state that their manufacture of chilled cast-iron 
shell, turrets and artillery material, led to the 
impression—an impression which very generall 
prevails to the present day—that they dealt wi 
the production of war material exclusively. Such 
has never be7n the case. Gruson was an eminently 
practical man, and he — his metal, chilled 
cast iron, to numerous industrial purposes. In the 
late ’fifties, for example, he manufactured pointe 
and crossings of chilled cast iron, which lasted 
admirably under the traffic prevailing at the time, 
and were in use for many years, until they were 
su ed by similar pieces made of steel, and, 
later, of special steel alloys. For a short period, 
chilled cast-iron railway wheels were also made by 
him, but these were rapidly superseded by wheel 
centres made on different systems, and fitted with 
a rolled-steel tyre. He retained, however, and for 
many years, the monopoly in Germany for the 
manufacture of chilled cast-iron wheels for rolling- 
stock for industrial and other purposes. e 
started also, at a very early period, the manu- 
facture of chilled rolls for the rolling of iron, 
steel, and metal bars and plates, and for use 
in the paper, rubber, and other industries. At 
the present time this speciality, which has been 
extended to the manufacture of complete rolling- 
mill plant, is one of the important branches of the 
Gruson Works, as also is the manufacture of com- 
plete plant for cement works, for the preparation 
of ores and minerals, and for gold extraction. 





The difficulties which Gruson, in common with 
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all other makers engaged in the manufacture of 
chilled-iron castings, had to contend with in the 
commencement, until manufacture could be brought 
to perfection, may be classified under two general 
headings—i.e., the carrying out of the process in 
the hot state, and the machining of the different 
= when cold. The difficulty under the first 

eading was brought to a solution comparatively 
early. The method of trial and error gave the 
required cast-iron mixtures, the required wall 
thickness for the chill moulds, and the time element 
for chilling and for the complete cooling down of 
the piece. This method of trial and error had to 
be resorted to largely in the early days, since the 
modifications undergone by carbon in iron were 
then but little known. Not that they are under- 
stood fully at the present - as is evidenced by 
the constant discussions still prevailing between 
carbonists and mag mm but theory has now 
placed in the hands of practical men means which 
they have taken advantage of readily, and which 
have enabled them to improve, both directly and 
indirectly, their processes of manufacture. As an 
instance of this it is sufficient to call attention to the 
exactness with which the various phases of the 
heat treatment of modern steel armour are governed. 
The second difficulty lay with the very great 
hardness of the outer skin of chilled castings ; it 
was practically unsurmountable in the early days 
owing to the lack of adequate machine-tools and 
tool steels, and it limited for a comparatively 
long period the manufacture to such pieces as 
required no machining. This difficulty been 
overcome long ago. On the other hand, the 
improvements in machine-tools and tool steels 
having, in a measure, coincided with the improve- 
ment and the development in the manufacture of 
carbon steel and steel alloys, many engine parts 
which the Gruson Works formerly made of chilled 
cast iron have since been made either of carbon steel 
or of the special steel alloys. Thus we find that in 
the year 1888 the Gruson Works put down a steel 
works, which was extended in 1893, when Messrs. 
Krupp acquired the establishment; and it was 
further extended in 1898 and in 1910. In this con- 
nection the final acquisition of the works by Messrs. 
Krupp in 1893 may be said to have been a most 
dencle one ; it naturally put a stop to the competi- 
tion which had formerly existed between the two 
firms, and the vast experience of Messrs. Krupp in 
everything pertaining to steel manufacture in all 
its branches formed an asset of very great value, 
which has largely contributed to the further ulti- 
mate development of the Magdeburg works. 

These works as they now stand are shown in the 
plan, Fig. 1, on page 547. The older portion 
of the works is located in the immediate vicinity of 
the head offices. A glance at the plan shows the 
importance of the cast-iron and steel foundries. 
A new iron foundry was erected at the extreme 
south of the works in the year 1913 for the manu- 
facture of various pieces of machinery. The works 
now ocoupy an area of 110 acres, of which about 
28 acres are covered by workshops and buildings. 
The iron-foundries contain fifteen cupola furnaces, 
having an aggregate daily capacity of 100 tons. 
The steel works consist of three 10-ton, fixed, basic, 
Siemens Martin steel furnaces, one acid converter 
having a 1-ton charge, and twenty-three crucible 
furnaces, with = furnaces for annealing the 
steel castings. e -producers in the steel 
works are four in number, using coal and lignite. 
The output of the steel works consists of steel 
castings mostly, with a comparatively small number 
of ingots fur small forgings. The crucibles are 
mainly used for obtaining special alloys used in the 
manufacture of wearing parts for crushing-machines. 
For the large chilled-iron castings the charges of 
several cupolas are made to run into a trough, 
in which the charges are mixed together, the mixing 
being furthered by rabbling the contents of the 
trough. When the required weight of liquid metal 
in the trough has been reached, a sluice in the 
trough is opened, and the metal flows into the 
mould, which is located in the casting-pit under- 
neath. The large curved segments which formerly 
entered into the construction of turrets, some of 
which segments weighed as much as from 75 to 
100 toas, were cast in this way. Of late years, 
however, this process is not followed to anything 
like the extent which formerly obtained, for prac- 
tically the whole of the armour for land and coast- 
defence turrets has been manufactured for a long 
time past at Essen, of Krupp steel. The construc- 
tion of this class of turrets, however, is still carried 





on at the Gruson Works, which also continue to 
manufacture the few chilled elements that are 
used: but Messrs. Krupp supply from Essen the 
rolled, dished, and heat-treated steel turret-covers, 
the wall-plates, and most of the heavier steel 
castings which are machined and assembled at the 
Gruson Works. 

Figs. 2 and 3, on Plate XLIX , are views in the 
steel foundry and the smithy; Figs. 4 and 5, on 
Plate L., show the erecting-shop for oil-mill 
machinery, and the machining of housing for an 
armour-plate mill ; rubber machinery and linoleum 
machinery in course of erection are shown in Figs. 
6 and 7, on Plate LI. 

Rolls for rolling-mills are now among the largest 
pieces manufactured of chilled cast iron, some of 
them ie be much as 40tons. The annual pro- 
duction of chilled rolls at the Gruson Works reaches 
a total of 4500 tons. In the wearing parts of 
crushing - machines the works use more chilled 
castings than steel castings, excepting the stamps 
and dies of stamp batteries, which are made exclu- 
sively of special steel alloys. The rolls for the finer 
work are turned in the usual way, with tools of 
cruciform section, made with four longitudinal 
cutting-edges. Fig. 8, on Plate LII., shows a num- 
ber of finished rolls for paper-mills in the turning- 
shop ; a viewin the roll-turning shop is reproduced in 
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Fig. 9, on the same plate. The Gruson Works build 
the rolling-mills complete with the housings, the 
balancing device for the lower roll, the regulating- 
screws for the upper roll, the gear as far as the 
coupling to the engine, and their specialities under 
this heading cover practically all classes of manu- 
facture, armour-plate mills, iron, steel and metal 
mills, and mills for the linoleum, india-rubber, 
cloth, paper, and other trades. The iron-foundries 
turn out also a large quantity of chilled pieces that 
enter into the construction of their numerous other 
specialities, which they supply complete; stone, salt, 
and coal-breakers and crushers, disintegrating and 
decorticating - machines, hydraulic presses of all 
types, stamp-mills, oil-mills, metal-presses, and so 
forth ; some of these latter pieces, however, have of 
late years been manufactured of special steel alloys, 
as above stated. Figs. 10 to 13, on Plate LITI., are 
reproductions of views illustrating a stone-breaker 
being tested in the erecting-shop, part of a 14-roller 
ae mill, a fibre-decorticating machine, and 
tube-mills in course of erection. e works also 
make a large number of engine parts cast in loam 
in the ordinary way. Steel castings now form a 
large portion of their output for locomotive and 
shipbuilding work, bridge construction, rolling- 
mills, electricity and general engineering purposes. 

The weight of individual forgings manufactured 
at the Gruson Works does not exceed 3.5 tons; 
the larger forgings, when required, are made by 
the Essen establishment. The diversity in the 
roducts manufactured by the Gruson Works is 
urther illustrated in Figs. 14 to 18, on Plates 
LIV. to LVI., which show their experimental 
metal press, their turret fitting and erecting-shop, 
their bill-mill drum turning-shop, an 80-ton elec- 





tric crane and a 5-ton electric travelling yard- 
crane. 

The works are completed by a well-equipped 
laboratory for chemical, physical, and microscopical 
tests and researches, and with a laboratory specially 
connected to the ore-testing department, and con- 
taining full-size ore-crushing and dressing machinery 
of every description. This latter laboratory enables 
the works to carry out complete experiments as to 
the most suitable treatment of any given ore, with 
a view to ascertain its real value, its contents, and 
the best manner of dealing with it. For gold and 
silver-bearing ores, the plant comprises apparatus 
for amalgamation and treatment by various methods. 
The department which deals with the construction 
of cement-making plant is connected with a labora- 
tory of its own, in which the raw material destined 
for the manufacture of cement is, in every separate 
instance, treated, kilned, and tested complete, pre- 
vious to quoting for a suitable plant. ‘This latter 
laboratory forms in itself quite a factory. Other 
machines, such as stone-breakers, decorticating 
machines, &c., are also tested in actual working con- 
ditions in situ in the erecting-shops béfore delivery. 

The electric crane shown in the view, Fig. 17, 
Plate LVI., was built by the Gruson Works for an 
outside purchaser. Its principal dimensions are 


the following :— 

Radius se . 11 m. (36 ft. Lin.) 
Height of lift 7 + as Ou D 
Height of jib 12 ,, (39,, 43, ) 
Gauge of track... ee ee 
Lifting speed with 80 tons arte ( 4,, ) per minute 
Slewing speed at jib-head 24 ;. (78;, 9im) ;. 
Travelling speed in gradi- 

ents of lin 50 ... > O08, 4 Made 


The crane takes continuous current at a pressure 
of 440 volts. 

The 5-ton electric travelling-crane in one of the 
Gruson yards, shown in the view, Fig. 18, on the 
same plate, has the following dimensions :— 


Span... “a ae . 85 m. (114 ft. 10in.) 
Length of traverse <n 2 a an eee 
— ee ; : a. © 23 24 | 

ifting 8 iva .5,, ( 40,, )per minute 
Traversing speed ... .. 106,, (864,, ! a 
Travelling speed ... ... 126,, (410,, “ 


A large portion of the structural work required 
for their new shops or for shop extensions is built 
by the Gruson Works at their own factories. 

The greater part of the machinery throughout the 
works is now driven electrically, singly or in sets, 
the necessary current being supplied from a power- 
station equipped with four steam-turbines and one 
he wd eveloping together 5750 horse-power. 

hree-phase current for power is distributed ata 
pressure of 500 volts ; that for lighting has a pres- 
sure of 120 volts. 

The institutions for the welfare of the whole 
staff include a co-operative stores ; a canteen and 
restaurant ; a bathing establishment; a convalescent 
home ‘in the Harz Mountains; old-age pension, 
invalidity, widow and orphan funds ; a savings 
bank and libraries. 





NEW WORKS AT PORTSMOUTH 
DOCKYARD. 
(Continued from page 517.) 
THe WHARF AND JeTTy aT THE 32,000-Ton 
Frioatine Dock. 


WE propose now to deal with the provision made 
in connection with the floating dock capable of lifting 
vessels of displacements up to 32,000 tons, which is 
moored to the north of the dockyard in Fountain 
Lake. The plan, Fig. 112, the section, Fig. 113, 
and the elevation, Fig. 114, show that from the 
original wall fronting Fountain Lake at the north- 
east end of the dockyard there has been con- 
structed, first, a ferro-concrete wharf, from which 
there stretches into the lake a viaduct terminating 
in a steel jetty, which forms part of the anchorage 
of the floating dock, and serves for the reception 
of supplies from lighters and for the storage of 
materials used in the overhauling of ships under- 
going outfit on the dock. The brows giving access 
to the dock are also arranged in connection with 
this jetty. Independently of it, there are two 
piers, one at the east end for the end moorings of 
the floating dock, the other at the south-west end 
for additional moorings connected with the side 
of the dock. The dock is secured by booms to 
cylinders supporting the superstructure of the 
jetty and the two mooring piers. The cross-section, 
Fig. 113, shows the general arrangement of the 
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moorings and the relation of the wharf, viaduc 
jetty, and floating dock. 

The ferro-concrete jetty is shown in detail by the 
various views, Figs. 115 to 118, on page 550. 
It is carried on three rows of ferro-concrete piles, 
on which are placed reinforced - concrete trans- 
verse beams, with longitudinal bearers over the 
ae supporting the solid-concrete deck. The 
ongitudinal beams are carried, at one end, into 
the masonry of an existing circular stone tower, 
while at the other end they terminate on heavy 
transverse beams on piles splayed, as shown on the 
plan, Fig. 117. The front piles, facing the Foun- 
tain Lake, are protected by timber fenders, as 
shown in the plan and elevation, Figs. 117 and 118. 
A set of boat-steps has been constructed for the 
convenienc: of lamding parties (Fig. 116). Diagonal 








and cross-bracing has been introduced, and where 


there are bollards for mooring purposes special ties 
have been inserted, as shown on the plan (Fig. 117). 
The viaduct spanning the distance between the 
wharf and the jetty is illustrated in Figs. 119 and 
120. It will be seen that there are two intermediate 
iers, which are formed of cast-iron cylinders sunk 
into the clay in the usual manner, and subsequent 
filled with concrete. The upper portion of eac 
pier, however, is of concrete levelled off to receive 
the bearings for the girders forming the viaduct. 


|The piers are protected by timber dolphins, which 
jencircle all four sides of the piers and have cut- 
| water ends (Fig. 120). The girders for supporting 


the decking are of the plate-type, and the cross- 


are eae on the bottom flange. On 
these cross-girders there are, as shown in the 






section, longitudinal joists, over which is laid the 
decking. A railway track is laid from the wharf 
over the viaduct to the jetty (Fig. 112), 

The jetty is illustrated in Figs. 114 and 121 to 125. 
It also is carried on cast-iron cylinders sunk into the 
clay, the lower portion being of greater diameter 
than the upper, as shown in Fig. 123, in order 
| to increase the bearing area. They wero sunk in 
the usual way with a cutting edge, the material 
_ being grabbed out, while 4 superimposed load was 
added to facilitate sinking. The cylinders were filled 
with _concrete, and, as in the case of the piers for 
the viaduct, the upper portion was formed entirely 
of concrete to the required level in order to carry 
the ers forming the deck of the jetty. In the 
width of the jetty there are, as will be seen, four 
rows of cylinders, and in tds whole of the jetty 
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JETTY AND BROWS FOR FLOATING DOCK AT PORTSMOUTH DOCKYARD. 
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27 piers. Spanning the distance between the piers|are shown in the section, Fig. 113. It will be|dock, and as the length of the mooring-boom was 
are girders carrying transverse joists, the spaces | understood that the booms had to be pivoted at/| fixed, the immersion of the dock at deep draught 
between these latter being filled with concrete jack- | both ends, in order to allow for a very consider-|tended to lateral movement, to accommodate for 
arching, reinforced with herring-braced bars, round | able vertical range of rise and fall for the dock,|the angle to the horizontal of the end mooring- 
which the concrete is laid. The decking is of |to suit the degree of immersion required for the|boom. The side-booms therefore required to have 
creosoted fir blocks. docking and undocking of ships. Moreover, as|lateral as well as vertical pivo movement. 

The booms for mooring the dock to the jetty | moorings had to be arranged at the end of the| Figs. 126 to 129 show the bracket and swivel-pin, 
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the first forming the connection to the mooring- 

iers, and the latter to the mooring-booms. This 
Lentiat is attached to the outer cylinders of the 

iers of the jetty. Where this attachment occurs 

ttice bracing has been inserted between the outer 
and inner piers, as shown in the section, Fig. 121. 
The ends of the lower boom of this latter bracin 
are secured to the cylinders by means of +ttee 
straps which encircle the cylinders, while the upper 
boom of the bracing is anchored to both booms, 
and to the outer end of the anchorage tie is attached 
the pivot for the mooring-boom. 

The two mooring-piers, the one at the end of the 
berth and the other at the side of the berth, for the 
floating dock, are formed of cast-iron piers filled 
with concrete in exactly the same way as those for 
the steel jetty, but in this case there is no decking. 
The bracing and connection for the mooring-booms 
is, however, exactly the same. 

Access to the floating dock is provided by brows, 
which are located on the west and east ends of the 
jetty, as shown on the plan (Fig. 112). These 
were made by Messrs. tae Lysaght, Limited, 
Bristol. Two are 116 ft. 6 in. long is 6 ft. wide, 
and 9 ft. high ; the other is 48 ft. 3 in. long by 4 ft. 
wide, and 4 ft. 3 in. high. The details of these 
brows are illustrated on page 551 (Figs. 130 to 141). 
They are very substantial constructions, consisting 
of two lattice-girders carrying on the bottom 
flange T-bars, from the ends of which are brackets 
for further supporting the side girders. The 
platform is of timber, and side rails are provided 
as shown on the two cross-sections. One half of 
the plan, Fig. 131, shows the decking, the other 
half the form of wind-bracing used at several of the 
bays of the girders. The details, Figs. 134 and 
135, show plans of the girder-work at the end of 
the brow. In order to make allowance for the 
vertical and lateral movement of the dock, due not 
only to tidal conditions, but to the immersion of 
the dock for the floating in or out of a ship, these 
brows have had to be secured on swivelling as well 
as pivoting joints. Figs. 136 and 137 show the 
pivoted bearing on the brow, and Figs. 138 and 139 
the pivoted bearing on the jetty. Figs. 139 to 141 
show the attachment of the brow to the floating- 
dock, Fig. 140 being an end elevation of the attach- 
ment on the dock, and Fig. 141 a plan of the 
bearing on the dock. The ramp, or platform, on 
which the men walk on to the dock is seen in 
Fig. 139. 

A separate contract was made with Sir John 
Jackson, Limited, for carrying out the construc- 
tion of the wharf, viaduct, steel jetty, and mooring- 
piers ; and this work, which was urgently required, 
was completed in just under sixteen months. 

In our next article we shall describe the floating 
dock itself. 

(To be continued.) 
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Jahrbuch der Schiffbautechnischen Gesclischaft. Vol. XV. 
Berlin : Julius Springer. 

Tue fifteenth year-book of the Schiffbautechnische 
Gesellschaft contains the report on the year 1913, 
and on the proceedings of the fifteenth annual 
meeting, held at Charlottenburg, on November 20 
to 22, 1913, under the presidency of Professor C. 
Busley, Dr.-Ing. The Society conferred its gold 
medal on Professor Busley at this meeting, a ste 
which, it is not uninteresting to mention, requi 
the sanction not only of the Honorary President, 
the Grand Duke Friedrich August of Oldenburg, 
who was this year prevented from taking the chair, 
but also of the Patron of the Society, the German 
Emperor, The usual summer meeting had been 
abandoned in 1913 for economical reasons; this 
— summer meeting is to be held in May at 

tuttgart and on the Bodensee, provided that faci- 
lities can be secured for mem to visit the 
Zeppelin airship wharfs at Friedrichshafen ; if not, 
the meeting will be held at Malmé, in Sweden. 





Although the number of members of all classes} been 


had risen before the autumn meeting to 1667, 
the Society resolved to forego the entrance fee 
for a short period, in order to attract young 
men interested in naval architecture and te 
branches, and by the ee of 1914 the number 
of actual members on the rolls was 1842. Twenty- 
three members had died during the year, and 
heart troubles had cut short several promising 
active lives. Rudolf Diesel’s last months, we 


PORTSMOUTH DOOKYARD ; DETAILS OF BROW PIVOTS. 














Ko offo 0 © 0 o Of GI 


ot 4 Oyo, 
E 

1 
er 


mw) 








see from the obituary nvtices, were distressed by 
heart disease, and Johannes Miiller, of the Stettin 
‘** Vulcan,” Friedrich Rothers, an expert on pumps, 
and Professor Adulf Slaby also died of heart disease. 
Admiral F. von Hollmann was Secretary of State 
of the German Navy in the years 1890 to 1897; 
Reinhold Holtz, of Harburg, was known as the 
Nestor of German small-ship building; Felix 
Pietzker, of the Imperial Naval Construction 
Department, author of the ** Festigkeit der Schiffe,” 

rished in the catastrophe of the airship Zeppelin 
Ee, near Berlin, in October last ; with Bernhard 
Schuchardt, founder of the renowned machine-tool 
works of Schuchardt and Schiitte, had passed away 
a man of a kindly and noble character ; and the name 
of Otto Schlick, whose portrait faces the title page, 
is known all over the world. 

The first of the nine papers read before the meet- 
ing was by Dr. G Bauer, of the ‘‘ Vulcan,” at Ham- 
burg, on ‘‘ Recent Experience and Aims in Marine 
Turbine Construction.” Pointing to the rapid 
development of marine turbines, which in Germany 
aggregated 97,000 horse-power by the end of 1906, 
and 3,800,000 horse-power by the end of 1913, 
Dr. Bauer dealt chiefly with the causes of blade 
troubles and with turbine gear. High-grade nickel 
steel, 25 per cent., he said, had not answered as 
blade material ; bronzes containing 67, 70 or 72 per 
cent. of copper, zinc, and only a little lead, were 
— also to aluminium bronzes. Injury to 

lades might arise from tangential vibrations of 
the blades, partly caused by rhythmic changes in 
the forces, from insufficient strength and securing 
of the blades, from insufficient clearance, and from 
water collecting in the turbine. The water was 
particularly dangerous when the turbine was being 
started and when the ship was leaving or entering 
port. Yet, as long as the turbine was run in the 
same direction, water would do little damage; but 
all the defects in the blades became of graver im- 
portance on reversing. Dr. Bauer gave some 
characteristic examples of these various troubles. 

As the gearing, he argued in favour of 
the Fottinger transformer, in spite of its low trans- 
mission efficiency and the limited adaptability of the 
transformer ratio. The superior manoeuvring 
on of turbo-transformer boats had been estab- 
ished by the comparative tests of the steamers 
Kaiser and Kénigin Luise, of the Hamburg- 
Amerika line, to which Dr. Bauer referred, while 
he discussed the general advantages of the trans- 
former gearing, or of geared turbines at any rate, 
with reference to recently installed and to pro- 
jected turbine 2 The design for the 
transformation plant of the Imperator had partly 
based upon continuous trial runs of a trans- 
former of 10,000 horse-power, lasting 14 days ; the 
limited boiler capacity of the yard at Hamburg had 
alone prevented them from experimenting with 
larger powers. Dr. Bauer concluded by advocating 
the abolition of the astern turbine and of directly 
driving turbines in general ; the future development 
of the marine turbine depended upen gearing and 





superheating. 
e long discussion of this communication re- 



































vealed decided differences of opinion, especially as 
regards the Fottinger transformer. Mr. C. Roth, 
of the Schichau Works at Elbing, claimed for 
his own firm a share in the main development of 
the turbine, and doubted—as Mr. Boveri also did 
subsequently—that little blade trouble need be 
feared provided the turbine were always run in the 
same direction. The comparison of the manceuvring 
capacities of the Kaiser and the Kénigin Luise was 
not convincing to Mr. Roth, because the former 
vessel left much to be desired in this respect. The 
next speaker, Captain Frommann, late of the 
German Navy, certainly stood up for the trans- 
former and the value of those trials, whilst Mr. W. 
Boveri, of Baden, Switzerland, was as emphatically 
for toothed gearing, for which he calculated, in an 
able speech, an efficiency superiority of 18 per cent. 
Dr. Julius Eggers, of the Schmidt Heissdampf- 
Gesellschaft, Cassel, was again a pronounced trans- 
former advocate. During the fourteen days’ trials, 
mentioned by Dr Bauer, he had finally made up 
his mind either to smash the transformer or to 
demonstrate that it could not be killed by the 
most daring mancguvres, and the transformer had 
stood those tests. Mr. Regenbogen, of Kiel, on 
the other hand, objected to the complexity of the 
transformer construction. Dr. Bauer could point 
out in his reply that none of the pronounced critics 
of the transformer had had any practical experi- 
ence with it ; the parts which really transmitted 
the power never came into actual contact, and the 
construction was thoroughly well designed and 
eminently safe. At what particular speed the 
ship propeller worked with the best etliciency for 
particular types of ships was not yet known ; that 
a general reduction of the propeller speed by 
10 per cent., which Mr. Boveri had stated could 
be secured by toothed gearing, was not necessarily 
an advantage of any importance, had been shown 
by torpedo-boat trials ; the propeller efficiency had 
not changed by more than 3 per cent. when the 
speed hall been increased from 300 to 600 revolu- 
tions per minute. He did not insist upon trans- 
formers, however ; sometimes toothed gearing, also 
in combination with a transformer, might be pre- 
ferable, and, moreover, the piston engine with 
superheated steam was certainly not played out yet. 

e paper by Dr. F. Weidert, Director of the 
Goerz A.-G. at Wilmersdorf, near Berlin, on ‘‘ The 
Development and Construction of Submarine Sight- 
Tubes,” explained the optical problems involved 
and their solutions by various inventors of peri- 
scopes in a very clear manner, and constituted a 
monograph on this subject ; he said little of direct 
interest to the naval architect, of course. 

Mr. Felix Pietzker, to whose lamentable death we 
have referred already, had been compiling a paper 
on ‘‘The Relations between Airship Construction 
and Ship Construction.” Mr. Schlichting, a col- 
1 e of his, read the communication, which the 
author had not been able to quite finish. 

The paper by Mr. M. H. Bauer, of Berlin, on 
‘*Harmony of Ships’ Forms,” is an attempt to 
carry the work of Taylor and others further on the 


ground of new observations and calculations, in 
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order to anive at the geometrical connection 
between ship lines and properties of the ao 

. Mr. Bauer is guided by the view that the 
same laws should govern the volume curves and 
the external shape, because the properties of the 
ship depended essentially upon the longitudinal 
and vertical distribut‘on of the displacement. In 
the discussion by Mr. Schlichting and Mr. Krieger 
and others, Mr. Goecke drew attention to experi- 
ments on the shape of ships’ bottoms, which he 
had first descri in the Marine Rundschau of 
1909. By cutting curved steps into the bottom he 
had reduced the ship’s resistance by 35 per cent., 
but the steps had to be in certain special places, 
and the speed had to exceed 20 knots; otherwise 
little was gained by this means. Fast-swimming 
fishes, he agreed with Mr. Bauer, had fine stern 
lines and vertical tail fins; but big whales, all 
rapid swimmers, had all horizontal tail fins. 

The next paper, by Dr.-Ing. W. Thele, of Ham- 
burg, on ‘‘ Dredging at Hamburg,” was an excel- 
lent monograph, compiled with conspicuous ability 
and care, on early and modern dredgers, their 
machinery, and the transport of the spoil—the 
most important actual problem—which was highly 
appreciated by the meeting. 

In his r on ‘‘Telefunken on Board the 
Imperator,’ Mr. H. Bredow, of the Gesellschaft 
fiir Drahtlose Telegraphie, dealt with a special 
subject ; but he also supplemented the general 
information on radiotelegraphy on board ship 
which he had given in 1911. According to the 
statistics of the International Bureau at Berne, 
there were at work by June, 1913, 428 coastal 
radiotelegraphy stations and 2918 ship-stations, a 
total of 3500 stations. Of these, 138 coastal and 
1062 ship’s stations were entered as Marconi 
installations, and 110 and 522 respectively as Tele- 
funken installations, the United States, with 59 
and 514 stations, being third in order. The figures 
for the first two systems in icular were cer- 
tainly too small, however, Mr. Bredow pointed 
out, because a good many of the 883 stations which 
had not given any particulars as to their systems 
might safely be assumed to make use of either of 
these systems. The special features of the Imperator 
installation comprise three antennze and trans- 
mitters (two for the emergency service, in case a 
mast should bresk down), two independent re- 
ceivers, and a special intermediate receiver which 
takes signals—distress signals, e.g.—while the 
transmitter is communicating with other stations. 
The main antenna consists of four wires, each 
170 metres in length, stretched between the two 
masts and joined by a T to the apparatus in the 
station nearly amidship on the A deck; this 
antenna works with a wave-length of 1800 metres. 
The two other antenne go from the apparatus- 
room, the one to the fore funnel and the other to 
the two rear funnels, or rather to brackets attached 
to the funnels; the smaller stations work with 
waves of about 600 metres. It will be remembered 
that the wave-length range 600 to 1600 metres 
has been reserved for the navy; waves of 1000 
metres would otherwise probably have been pre- 
ferred for the big antenna. The power is supplied 
by rotary converters, the largest of which gives 
10 kw. at 500 (480 to 650) periods per second and 
220 volts, raised up to 10,000 volts; the emer- 
gency plant relies on accumulators. The inter- 
mediate receiver does away with the necessity of 
switching over from transmission to reception and 
returning after interruptions, and enables the 
operator to receive in the short periods of rest 
between the transmissions of signals. The addition 
is particularly valuable during the time that the ship 
is in a region of lively radiotelegraphic exchange, 
and it enabled the Imperator, with the aid of the 
three regular operators, to exchange 172,000 words 
on the first five journeys of the ship. The signals 
from Norddeich, near Emden, were distinguishable 
on board at a distance of 4000 km., within 1000 km. 
from Cape Race, Newfoundland. During the dis- 
cussion, Admiral Emsmann expressed the desire 
that a passenger on the Imperator should be in a 

ition to call up any telephone number in Berlin ; 

ut Mr. Bredow did not encourage such sugges- 

tions, which would further complicate the radio- 
telegraphic service in an unnecessary way. 

‘*The Problem of the Screw Propeller” and the 
‘* Stability of Ships” were discussed in the last 
three papers printed in the volume. The first 
subject was dealt with in a long memoir, largely 
mathematical and tabular, covering more than a 
hundred payes, by. Dr.-Inz. Giimbel, of Char- 





lottenburg. Dr. Giimbel regards the propeller as 
an inverted water-turbine, which deflects and 
accelerates the water on the convex side of the 
blade ; he spoke of a nozzle effect of the propeller, 
in the sense of an effect arising whenever a 
liquid current is retarded, ¢4., by the widening 
of the cross-section, and recommended experi- 
ments with propellers in air-channels rather than 
in water-tanks, because they admitted of direct 
measurements. The paper was critically discussed 
by Professors Krainer, Reissner, Bendemann, and 
Flamm, Messrs. Beyerhaus, R. Wagner, and 
others. Mr. Schaffran outlined the systematic 


free propeller tests (without ship’s body) now|F 


being conducted at the Royal Versuchsanstalt fiir 
Waserbau und Schiffbau, at Berlin, at consider- 
able length; and Professor Lorenz, of Danzig, 
referred to the tank tests made by Mr. Wurl, of 
Newcastle, for the Mauretania. While not all 
agreeing with Dr. Giimbel, the speakers unani- 
mously acknowledged that Dr. Giimbel’s memoir 
formed a very important contribution to the litera- 
ture on the subject. 

The paper on ‘*The Measure of the Ship’s 
Stability,” by Mr. L. Benjamin, of Hamburg, con- 
cerned an attempt made to find an expression for 
the minimum stability to be demanded for a ship 
of a particular type. Mr. Benjamin wishes to 
replace the curves of moments and of leverages by 
the ‘‘dynamic path curve,” which expresses in 
millimetres the sum of the two paths by which the 
mass centre is raised, and the displacement mass 
centre is lowered, when the ship is inclined, and he 
suggested that this minimum (50 mm. for an incli- 
nation of 30 deg., and 200 mm. for an inclination 
of 60 deg.), could be fixed without regard to the 
type of ship, its dimensions, freeboard, &c. For 
this reason and because these suggestions were 
based upon studies of small fishing steamers, the 
proposals were rather severely criticised by Mr. 
Wrobbel, of Hamburg, Mr. Waldmann, of Danzig, 
Dr. Probst, of Hamburg, and Mr. Krieger, of 
Berlin; whilst Mr. Liddell, of Charlottenburg, 
welcomed this further simplification of stability 
measurements which the Institution owed to Mr. 
Benjamin ; Mr. Benjamin, however, protested that 
he had not particularly aimed at simplification. In 
the last paper, on ‘* Signification and Measurement 
of the Stability of Sea-Going Vessels,” Dr.-Ing. 
Carl Commentz, of Hamburg, described some 
hydraulic gauges which, thanks to damping, indi- 
cated the average inclination of a ship in a rough 
sea. 





The Principles of Applied Electrochemistry. By A. J. 
ALLMAND, D.Sc. London, 1912: Edward Arnold. 
[Price 18s. net. } 

THE reader, who glances through this large octavo 

volume of 550 pages and finds that Part I., General 

and Theoretical, takes up 192 pages, and that 

Part 11., Special and Technical, goes up to 

page 527, and who notices, in addition, that 

references to German and to American publications 
predominate, might feel inclined to put the book 
aside, because it seemed to contain too much 
principle and too little application, and, moreover, 

did not look sufficiently international or British. 

But he would be wrong. The plan which Dr. 

Allmand, of the Liverpool Technical College, has 

adopted is probably the best he could have decided 

upon. He intends to enable the technical man and 
the student to understand the ‘oeage les of the 
applied processes, and to give them the available 
ixdomnation on technical practice. But as that 
latter information is scarce, and often unreliable, 
he accentuates the leading features and such details 
as may be relied upon, and as the scientific and 
technical electrochemical literature is essentially 
German and American, references to such publica- 
tions naturally predominate. Secrecy is still the 
rule in electrochemistry, as it is in chemistry, though 
no longer so—at least not to the same extent—in 
electricity. When technical details are offered to 
the Press, the respective process has, as a rule, 
either been abandoned or modified, or it has 
attained so firm a footing that rivalry need no 
longer be feared. A good deal of information, how- 
ever, leaks out during the discussion of papers, 
especially when broad claims are being challenged. 

Such discussions of both the successes and the 

failures are instructive, and Dr. Allmand notices 

them while excluding mere ‘‘ paper” processes. 
That a book of the indicated compass cannot 

exhaust the subject, even under the mentioned 

restrictions, need not be pointed out. We did nct 





expect to find photographs of works nor detailed 
diagrams of apparatus. But there are some un- 
expected omissions. The absence of the name of 
Smith in the name index suggested the omission of 
a section on electrochemical analysis, which is indeed 
not discussed at all; nor is there any section on 
organic electrochemical reactions, and very little 
is said on a few organic processes. That dry 
cells are only allowed one page would not call for 
comment, if iron-nickel cells had not been granted 
ten pages. We are not sure that Dr. Allmand has 
not too high an opinion of these secondary cells, 
and of the adequacy of their theory saatiiog to 

. Foerster ; there are obscure points left in this 
theory, we think, and we should not so exclusively 
speak of Edison cells as Dr. Allmand does. The 
sections on secondary cells are followed by chapters 
on the theory and practice of the electrometallurgy 
of copper, silver and gold, further of zinc, tin, 
nickel, iron and lead. Then come electroplating 
and electrotyping in the order zinc, nickel, copper, 
brass, silver, gold, platinum, electrotyping and the 
Elmore copper process, The author goes on to 
deal with hypochlorites and chlorates and with 
alkali chlorine cells. This arrangement appears 
hardly recommendable. The processes descri 
being all wet—dry fusion and furnace processes are 
discussed later on—the author might have begun 
with electroplating ; the electrolytic refining of iron 
certainly is rather a plating than a metallurgical 
process, and we do not see why he afterwards 
separates ordinary copper galvanising from the 
Elmore process 14 a chapter on electrotyping. 
It does not much matter; but 
been saved, and the treatment 
general. 

The indexes, though carefully compiled, might 
have been improved in one respect. The author 
does not give any initials, except in a very few in- 
stances. There are several — of the names 
Brown and Schoop and Thompson, and that the 
one Thompson frequently quoted is M. de Kay 
Thompson might not occur to many readers. It is 
true that the author distinguishes between E. and 
R. Miiller ; but anybody wishing to look up about 
Brown in literature lists might feel annoyed at the 
omission of the initials. e book is so carefully 
written and revised—we have not noticed more than 
one misprint—that this omission could hardly be 
an oversight. Critical remarks, made by the author, 
will be found fair and sound. The reader gains 
an insight into the essence and the practical diffi- 
culties of the processes; and as type and paper 
are excellent, the perusal of this first general 
English treatise on applied electrochemistry can 
certainly be recommended. 


might have 
ve been more 
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THE PRAT SYSTEM OF INDUCED DRAUGHT. 
CONSTRUCTED BY M. LOUIS PRAT, ENGINEER, PARIS. 
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ALTHOUGH the system of mechanical draught bearing 
his name was devised by M. Louis Prat as long ago as 
1895, and although the system has come into very 
extensive use on the Continent, it none the less seems 
to be but little known in this country, and to be 
employed here to a comparatively small extent. In 
these circumstances a description of the essentials of 
the system should be of interest, particularly at the 
present time, since, as we have reason to Latiewe, 
considerable progress may shortly be expected to take 
place in this country. mt months have seen the 
initiation of a number of important installations 
which are likely in the future to come prominently 
before the notice of British engineers. Before 
going on to a description of the apparatus, we 
should, perhaps, say that the Prat system is applic- 
able to all cases in which a draught is required in con- 
junction with the combustion of fuel. The obvious 
and most important case of such combustion is 
in connection with steam-boilers, and it is to that 
application that we shall confine ourselves in our 
description. We wish, however, to point out that the 
system can be, and has been, applied in many other 
connections, as, for instance, to melting and reheating 
furnaces, lime and cement-kilns, and pottery-ovens. 

The essential features of the Prat induced-draught 
system may be said to be the use of a tapered chimney 
and a fan which is not placed in the main circuit 
from the flue to the chimney. Various — 
tions of the system are shown in Figs. 1 to 3, above. 
Confining our attention for the moment to Fig. 1, 
it will be seen that the chimney, which is of steel 
throughout, is formed with a parallel part at the 
lower end where it joins the flue. Above this parallel 
part, the chimney tapers for a short distance to a con- 
striction, and then tapers in the opposite direction, 
gradually increasing in diameter to a maximum at the 
top. Oa the centre line of the chimney, and just 
- the constriction, a nozzle is fitted, which is 
connected up to the fan as shown. The fan drawing 
air from the atmosphere, discharges it through the 
nozzle, and causes a suction ia the lower part of the 
chimney, the apparatus working like an ordinary in- 
jector. The object of tapering the chimney is to 
obtain an increasing section for the outgoing gases, 
and so a decrease in their speed ae they approach the 
top of the chimney. The arrangement augments the 
useful draught by reducing the pressure due to the 
speed at which the gases are discharged into the 
atmosphere. 

The arrangement shown in Fig. 1 represents a some- 
what early form of the Prat system. More recent 
arrangements are shown in Figs. 2and 3. The differ- 
ence between these two latter figures lies in the fact 
that in Fig. 2 the fan draws its air from the outer 
atmosphere, as in Fig. 1, but that in Fig. 3 the fan is 
placed as a shunt to the flue and draws in and dis- 
charges a portion of the flue gases. The two arrange- 
ments are respectively known as the ‘‘ out-of-cirouit” 
and ‘‘in-cirouit” systems. A clear advantage of 
placing the fan in circuit is that as the chimney 
gases are not diluted by external air, there is less total 
volume to handle, and a smaller chimney will suffice 
than is necessary if an out-of-cirouit fan is used. A 
disadvantage of the ‘‘in-cirouit ” arrangement is that 
the fan has to handle hot fiue-gases. This disadvantage 
is, however, shared by all mechanical draught systems 

















Fie. 7. InsTaLuatTion oF Prat Inpucep Dravent at SAMPIERDARENA. 


in which the whole of the fiue- are passed through 
a fan, and, as is well known, the disadvantages of the 

ure do not prevent its success. In the Prat 
system the mechanical difficulties of handling hot 
gases by a fan have been overcome very simply, 
as will appear later. It may be said that the relative 
advantages of the “ out-of-circuit ” and “ in-circuit ” 
systems depend on local conditions, and that both 
arrangements are largely used. In modern plants, 
however, the ‘‘out-of-circuit” system is mainly 
employed for small installations in which there would 
be little power-saving by the use of an ‘‘in-circuit” 
fan. For larger plants the ‘‘in-circuit” is mainly 
— For similar Be of operation, the 
* out-of-cirouit ” es cent. more power 
for the fan drive than the *in-aivoult.” 





Referring now to the nozzle in Figs. 2 and 3, it will 
be seen that in each case an internal concentric dif- 
fuser is fitted, instead of a simple nozzle, as in Fig. 1, 
pone | used. The arrangement employed in Figs. 2 
and 3 is shown to a larger scale in Fig. 5. The object 
of this internal diffuser is threefold. In the first 
place attention may be directed to the pipe with a 
right-angle bend, which enters the chimney on the oppo- 
site side from the fan duct. This pipe is connaetel u 
to a steam supply which affords an alternative an 
efficient method of creating an artificial draught in 
the chimney, in case the fan or its motor should break 
down. This steam jet is only a stand-by and is 
normally not used, although in some cases it might 
serveas an auxiliary to assist the fan in cases of hea 
overload on the vor hon The steam jet may be fi 
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FAN FOR THE PRAT SYSTEM OF INDUCED DRAUGHT. 
CONSTRUCTED BY M. LOUIS PRAT, ENGINEER, PARIS. 








Fig.8. 
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Fie. 10. 


11-Fr. 6-In. Fan ror Prat 
System. 


to the simple nozzle, as is shown in Fig. 4, but by 
fitting the internal diffuser as in Figs. 2, 3 and 5 the 
effectiveness of the jet is tly increased. 

The second purpose of the internal diffuser is to 
increase the efficiency of the air-jet from the fan. 
Returning for a moment to Fig. 1, it may be said 
that the efficiency of the arrangement as an injector 
depends upon the intimacy of contact between the 
flue- and the jet of air issuing from the nozzle. 
By fitting the internal diffuser as in Fig. 5, the pro- 
portion of the air supplied by the fan which comes into 
effective contact with the flue-gas is increased, so that 
either a better draught is produced by a fan of the 
same a, or an equal draught may be produced 
bya smaller fan. This consideration applies equally, 
of course, to an “ in-circuit” as to an “ out-of-cir- 
cuit” arrangement. The third advantage of the 
internal diffuser lies in the t reduction in the size 
and weight of the damper which it allows of. The 
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Fie, 11. ARRANGEMENT OF Ducts FoR 


**In-Cracurt” Pant. 








Fie. 12. 


INSTALLATION aT SOUTHAMPTON 
K8. 


damper adopted is not a door, as usual, but a valve or | down the motor speed, and so save power, when itis 
plug, which can be lowered to reduce the size of the | desired to reduce the draught. The same thing is not, 


orifice ——_ which the air, or gases, from the fan ' however, usually convenient with a three- 


enters the chimney. The relative sizes of damper 
necessary with the simple nozzle and the diffuser 
are shown in Figs. 4 and 5. As will be seen, the 
damper in Fig. 5 is very much smaller, and con- 
sequently lighter, than that in Fig. 4. The smaller 
damper is not only cheaper, but, what is more im- 
portant, is so much more easy to manipulate that 
@ boiler attendant is likely to employ it to ite best 
effect at all times, while with the heavier damper 
the extra work required to move it is apt to cause 
workmen to use it as infrequently as possible. It 
should be made clear here that the damper, as shown 
in Figs. 4 and 5, is only used when it is necessary to 
employ a fan with a constant- drive, as from & 
belt or a three-phase motor. ith a fan driven by o 
shunt-motor it is obviously more economical to cut 


motor, 
and a damper must be employed.. Speed regulation 
on # three-phase motor is usually clumsy and at best 
uneconomical. 

Before leaving the illustrations on page 554 we 
should direct attention to the shape of the dampers 
shown in Figs. 4 and 5. These, as will be seen, are 
formed so as to present the least resistance possible to 
the flow of the flue-gases past them, being so curved 
and tapered as to prevent the formation of eddies, and 
to allow of an approximation to stream-line motion in 
the gas. This formation of the dampers is only one 
indication of an aim which underlies the whole of the 
Prat method. This aim is to present a for 
the flue-gas which shall be as straightforward and 
free from resistance as possible. The tapering chimney 
is, of course, a feature of this aim; but, apart from 
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this, it is obvious that the whole arrangement of the 
flue and nozzle is such as to present very little resist- 
ance to the flow of the gases. The effect of this 
simplicity and absence of resistance is that the system 
has a remarkably high efficiency. 

The saving in chimney size which is effected by the 
‘*‘in-circuit” system as com with the “‘ out-of- 
circuit” system is well illustrated in Figs. 6 and 7 on 
page 554, which show the Prat installation at the 
electricity-station of Sampierdarena, Italy. It will 
be clear from Fig. 6 that the boilers on the right- 
hand side have ‘‘ out-of-circuit” fans, while those on 
the left have ‘‘in-cirouit” ones. The right-hand 
installation is the older, and when an extension was 
made, the ‘‘ in-circuit” system was adopted in place 
of the ‘‘ont-of-circuit” one previously used. The 
effect in reducing the size, and uently the 
weight and cost, of the stacks in the extension is 
very strikingly shown by the figures. The capacity of 
the boiler-ranges on each side of the station is the 
same. 

Later in this description we give some figures 
desling with efficiency and the results of various 
installations, but before entering on that phase of the 
matter we should say something about the fan. This 
is illustrated in Figs. 8 to 11, on page 555. The fan, 
as will be clear, is of relatively small capacity. It 
works in an orifice about one-Afth or one-sixth the 
section of that which would be necessary for a fan 
dealing with the whole of the flue gases, as in & pure 
suction-draught system. This allows a fan of moderate 
dimensions, and at the same time of high efficiency, to 
be used. The efficiency in practice is from 60 to 75 per 
cent. The details of the fan iteelf are shown in Figs. 
8 and 9. As the fan in many cases has to deal 
with hot flue gases, a very robust construction has 
been adopted. The blades are of heavy material, and 
are easily replaced, and no difficulty is found in 
securing a satisfactory life. The method adopted 
for cooling the inner bearing is of t interest. 
Like all else in the Prat system, it is of great 
simplicity. Instead of fitting a water-cooling arran; 
ment, as is commonly done for bearings in simi 
situations, a series of small blades are fitted on the 
back of the fan. These blades are so formed as to 
induce a continual flow of cool air over the outer 
surface of the bearing. The blades are shown in Fig. 8, 
while the direction of the air current is indicated in 
the same figure by means of arrows, The simplicity 
of the system as compared with water-cooled i 
is obvious, and it is said to operate perfectly. A 
view of a Prat fan 11 ft. 6 in. in diameter is given in 
Fig. 10, while the arrangement of the fan-ducts for an 
‘**in circuit” arrangement are shown in Fig. 11. 

Turning to some of the results obtained from the 
Prat system in practice, we may say that owing to the 
very low resistance of the chimney it has many times 
been demonstrated that on chimney draught alone 
the same rate of combustion can be obtained with a 
short chimney of the Prat type as compared with high 
chimneys of ordinary form. The tetuand - deonght 
features of the tus, as has already been pointed 
out, add very little to the total tance of the 
circuit, with the result that a Prat installation de- 
mands for its operation only from 0.3 to 1 per cent. 
of the power of the boiler plant. These figures are 
very low for a mechanical draught system. The actual 
value in any case, of course, depends on the details of 
the grates and flues of the plant to which the system 
is applied. As an example of a case in which 
a Prat installation rep a natural-draught brick 
chimney, we may refer to the ‘‘ La Foudre ” ,¥ - 
mill at Rouen. The brick chimney was 148 ft. high, 
and was replaced by a Prat chimney 49 ft. high. With 
the same boilers, the same stokers, and the same 
quality of coal, a seven days’ trial gave an ave 


of 8.164 Ib. of water evaporated per pound of coal, 
against a previous figure of 7.385 Ib. or the natural- 
is corresponds to an increaso in 


draught chimney. 
efticiency of 9.54 per cent. 

The systemis very flexible, and the draught is capable 
of automatic variation up to about three times its 
normal value, depending on the resistance of the 
grates, flues, &c. This is an important feature of 
the system, si:co when fires are newly charged the 
resistance of the fuel-bed may be greatly i 
and the volume of air passed tends to diminish. If 
at the same time the draught is not indreased, there is 
likely to be incomplete combustion and smoke pro- 
duction, It is thus necessary that the draught should 
vary in accordance with the resistance of the fuel- 
bed. This result is achieved with the Prat system, 
inasmuch that, within limits, the product of the 
draught by the volume of air is a constant and equal 
to the work of aspiration. The draught thus varies 
inversely as the volume. Theoretically this relation 
would require the ——— to approach infinity as the 
quantity of air approached zero, and vice versd. In 
nae ge of course, no such relation obtains in the 
imits, and when the quantity of air is nil the draught 
has 8 maximum value of about four times the pressure 
of the medium ejected, and when the medium is dis- 
charged directly into the atmosphere (i.e., when there 





is no draught at the outlet of the apparatus) the | 


quantity of air has a definite value, which varies 
with the dimensions of each apparatus and with the 
pressure of the propelling medium. This automatic 
variation in the draught is an important feature of 


the apparatus, and is especially of value in cases | York 


where the reserve of boiler-power is small or nil. 

The table given below records some tests made on 
@ boiler fitted with a Prat system having a chimney 
21 ft. 6 in. high, and compares them with other tests 
made on the same boiler with anaturaldraught chimne 
65 ft. 6 in. high. It will be seen that the boiler wi 
its mechanical draught system was able to produce 
nearly double the amount of steam as when it was 
fitted with natural draught, and that at the same time 
there was an increase of about 14 per cent. in 
efficiency. It should, perhaps, be said that the 
it crease in economy shown in this table is not unusual, 
and that economies of 20 and 30 per cent. have many 
times been realised by employing the improved draught 
to burn cheaper classes of fuel. 





{ } | 
| Natural | Natural | Induced 
| Draught. | Draught. Draught. 





Duration of test 5 


n | 








' 
.. hours! | 
Boiler prersure . a oq.in.| 71 | 71 
Fuel consumption, total.. b.| 850 990 1,650 
perhour ,,| 2125 | 198 330 
Fuel consumption per square foot | | 
of grate per hour Ib.) 19.6 | 18.4 30.6 
Water evaporated, total .. ee 6150 7650 | 14,100 
Pa perhour ,, | 1537.5 1530 2,820 
. perlb.coal;,| 7. 7.70 | 853 
Temperature a’ smoke-box | 
eg. Fahr.| 542 | «598 540 
Draught at smoke-box, in. water! - 0.38 0.8 
Ashandcinders .. .. Ib. 50 95 103 
Soot collected ‘a wa - 7.3 15.4 | 13.5 
Moisture in fuel —— x | = “ : 
ee 85. | e 
Analysis of fuel { H .| 6 | 466 | 456 
(20 5 7 10 
Analysis of flue gas oe nN = us 06 
| N .. 79.7 80 80.5 











In conclusion, we should point out that the apparatus 
comprising the Prat system is light and inexpensive. 
The chimney is self-supporting, and requires no guy- 
ro It is so com tively light that in some cases 
it has been mounted directly above the boiler. A ve 
large number of installations for boiler plants of all 
classes have been carried out, one, perhaps, of the 
most interesting to English readers being that of the 
large electricity generating stations of the Victoria 
Falls aod Transvaal Power Company. Among instal- 
lations now being erected or recently put into service 
in this country, we may mention those at the electric 
nerating stations of the Corporations of Sheffield, 
irmingham, and Stepney, as also those at the Hert- 
ford station of the North Metropolitan Electric Power 
Supp'y Company, and at the Southampton Dock 
wer station (Fig. 12) of the London and South- 
estern Railway. The apparatus is designed by M. 
Louis Prat, of 29, ay te de Fagg age rm ” re 
British representative being Mr. 8. Utting, of 4, St. 
Mary Axe, London, E.C. 





INDUSTRIAL NOTES. 
A FORMER fireman on the South-Eastern and 
Chatham Railway, now in the United States, writes 
in the April issue of the Locomotive Firemen and 
Enginemen’s Magazine complaining that one of the 
American railroads has instituted a comparison 
between the daily rate of wages paid British railway 
employees and the 1912 average earnings driver, 
fireman, conductor, and trainman in United 
States. The comparison on this basis, he says, is 
most unfair, as no allowance is made for overtime 
or earnings brought about by conditions liar to 
British employment, which accrue to the British em- 
ployee in addition to his daily wage. The American 
railwaymen, he adds, certainly receive higher wa 
than the British railwaymen, but the cost of livin 
in the United States is greater, and the Britis 
drivers and firemen have conditions of employment 
which in a great measuce compensate for their lower 
The writer then describes the conditions under 
which he worked when employed as a fireman between 
London and Dover, and concludes his contribution 
to the Magazine in question by the following state- 
ment : «Phe engines were well equipped and were 
maintained in good condition, as they are now, 
for my father and brother are running there yet. 
The boilers are washed out once a week, enginemen 
are supplied with plenty of oil, and the steaming 
uality of those engines would be a revelation to 
preven leg firemen ; I believe that our firemen honestl 
earn twice as much as the firemen of Great Britain.” 





Another aspect of the conditions prevailing on some 
of the United States railways is afforded by the follow- 
ing note, which is issued by the three railway systems 
mentioned below :—‘‘The railroads petitioning for a 
5 per cent. increase in freight rates have filed with the 


Interstate Commerce Commission figures showing the 
results of operations for the seven months ending 
January 31, 1914, of the fiscal year beginning July 1, 
1913. For the three principal systems—namely, the 
Pennsylvania, the Baltimore and Ohio, and the New 

ork Central—returns show operating revenues of 
458,472,676 dols., a decrease against last year of 
1,294,375 dols., or 0.3 per cent. Operating expenses 
increased 25,157,945 dols., and operating income 
decreased 29,513,161 dols., or 24 8 per cent. The forty 
railroads in Central Freight Association territory 
showed revenues of 316,584,427 dole., a decrease since 
last rene of 4,850,029 dols., or 1.5 per cent. By reason 
of the great increases in operating expenses, the 
ees Seen of these roads showed a decrease of 
25,195,598 dols., or 30.7 per cent. The Pennsylvania 
Railroad system, with operating revenues of 223,693, 157 
dols., increased over last year 1,231,796 dols., while by 
reason of ino expenses the operating income 
decreased 8,434,640 dols., or 15.9 per cent. The 
Baltimore and Ohio system, with operating revenues 
of 59,950,125 dols., showed a decrease of 903,217 dols. 
in gross, and a decrease of 2,227,429 dols. in operating 
income, or 13.9 per cent. Operating revenues of the 
New York Central system were 174,829,394 dols., a 
decrease of 1,622,954 dols., and there was a decrease 
in operating income of 18,851,092 dols., or 37.8 per 
cent. The Erie system gross operating revenues 
decreased 612,732 dols., to a total of 37,630,081 dols., 
and operating income decreased 2,643,970 dols., or 
24.8 per cent. The figures for the forty-nine roads 
in the entire official classification territory showed 
operating revenues of 821,426,031 dols.—a decrease 
of 6,995,529 dols.--and such increases in expenses 
that the operating income was reduced 51,026,935 dols., 
or 22.5 per cent.” 





The Saturday half-holiday is certainly an admirable 
institution which mary Frenchmen would like to see 
established in their own country. A Committee of the 
French Parliament have been for some time past con- 
sidering the subject, and have issued a report which is 
reproduced in the printed matter published by the 
Comité des Forges de France. This report opens with 
the following remarks :—‘‘ The suspension of work on 
Saturday afternoon in industrial establishments is a 
reform which may be expected to give important 
results. Owing to the decrease in the birth-rate, the 
very high figure of the infantile death-rate, the 
frightful prevalence of tuberculosis, the terrible ex- 
tension of alcoholism, our country now finds itself in 
@ critical period. . .” The report then recommends 
the adoption of the ‘‘ Englich week,” as it is called in 
France. The ulation would, no doubt, derive much 
benefit from such an institution, but thie, we believe, 
can hardly be considered in the light of a 
likely to cure all the evils enumerated above. The 
bill provides that two years after it became law the 
French industrial establishments would close at 4 p.m. 
on Saturday ; six years after the same date they would 
close at noon. 





An interesting case was heard at Newcastle on Satur- 
day, the 18th inst., when the Burradon and Coxlodge 
Company .claimed damages from 297 miners for 
laying the pit idle. 
r. R. S. Holmes, for the prosecution, said the case 
fell into two groups: twenty-two men affected by a 
dispute under the Minimum Wage Act, and the 
remainder, men who had been engaged in a sy 
thetic strike. He ted that they should take the 
case of a man named Wright, and let that govern 
the remainder of the twenty-two. On February 23 
twenty-two men, including Wright, who worked in a 
particular section of the pit, and received the mini- 
mum w were considered by the manager not to be 
working as they should be, and notice was therefore 
iven of the discontinuance of the minimum. On 
arch 17 and 18 the men laid the pit idle on account 


8° | of this withdrawal of the minimum, but resumed on 


the 19th, pending an inquiry. Nothing had been 
done, said Mir, Holmes, to break the existing contract 
of service, and so justify the men in striking without 
notice. Wright, in his own defence, said he only 
| heard casually that the minimum was to cease. Mr. 
.| Cuthbertson, for the defence, urged that the owners 

had given no valid reason for ceasing to pay the 
| minimum. They ggested, to con- 





were bound, he su 
tinue paying it until excused by an umpire’s certificate. 
Mr. Silken. on the —_ question, quoted cases, 
|and pointed out that the men had agreed to an 
| umpire, thereby indicating that they did not consider 
the contract was terminated. 

The Bench found that there had been a breach of 





7 | contract on the part of Wright, and awarded 5e. 


for each day of absence from work. The 

' other 21 cages followed, and Mr. Cuthbertson said he 

would not proceed further with the defence of the 
ro. greed by th to aek only f 

t was a @ prosecution aek only for 

: : damages in instal- 


| 


_half the coste, and to accept the 


‘ments. The Bench fixed recognisances for the men 
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in view of the possibility of their asking for a case 
to be stated. 

The miners of the South Yorkshire district have 
shown great rness to return to work. The 
announcement which was made to them reads as 
follows :—‘“‘ The collieries where, after Sir Edward 
Clarke’s award of January 30, 1914, the men were paid 
from 7s. 3d. to 7s. 1ld., and immediately prior to such 
award those collieries where the men were paid 7s. 5d. 
or less, such collieries, —, final settlement, 
will pay not less than 7s. 5d. Upon the completion 
of the ascertainment necessary for purpose 
of grouping the mines for the payment of the higher 
or lower minimum, any arrears of wages found to be 
due at any collieries shall date from and be paid as 
from the date of Sir Edward Clarke’s award of 
January 30, 1914.” 

Following this, it was agreed that the men should 
return to work at the earliest ible date in the 
week we last Monday, the 20th inst., and, as 
far as possible, men were to return to the employ- 
ment in which they were engaged at the date when the 
strike began. 





A movement, which has been organised by the 
National Transport Workers’ Federation, has been 
started with a view to protest against the employment 
of Chinese and other Asiatic labour in the British 
Mercantile Marine. In the course of a meeting 
recently held at South Shields it was stated that there 
were 56,000 Chinese at work in British ships. 





In the course of the budget speech he recently 
delivered in the Canadian Parliament, Mr. White, the 
Minister of Finance, pointed out, among other 
matters, the course which the Canadian Government 
proposed to take for furthering the development of 
the Dominion’s iron and steel industry. He announced 
several modifications in the iron and steel schedule, 
the most important being the increase of 100 per cent. 
in the duties on the heavier sections of structural 
steel. These new duties will not be applicable until 
mills are built in Canada for rolling these heavier sec- 
tions. Then the duties will be at the rate of 4.25 Jols. 
a ton under the British preference, and 7 dols. a 
ton under the general tariff. In this matter, we are 
informed, the Borden Government is following the pre- 
cedent set by the Laurier Government in the ques- 
tion of steel rails. In 1903, when duties of 4.66 dols. 
and 7 dols. a ton were enacted to foster the steel rail 
industry, there were no rail-mills in Canada. But one 
at Sydney and one at Sault Ste. Marie were in course 
of construction, and when they were completed, in 
the summer of 1904, an Order in Council was passed 
putting into operation the Act of the previous year, 
placing duties on rails imported from Great Britain 
and the United States. It is expected that mills for 
the rolling of the heavier sections of structural steel 
will be put down in the course of a few years at Sault 
Ste. Marie, Sydney, and Ojibway, on the Detroit 
River, Ontario, where the United Btates Steel Corpo- 
ration has now in course of construction a 20,000,000- 
dollar plaut to deal with the large business in rails and 
structural steel that the Corporation has built up in 
Canada since 1908. 

The Canadian Budget above referred to also provides 
for a preferential duty of 2.25 dols per ton, a duty 
of 3.50 dols. per ton under the general tariff on wire 
rods. Protests were raised against this measure by 
the Canadian wire and nail-makers. Mr. White, how- 
ever, assured these makers that the Canada Steel 
Corporation and the Dominion Iron and Steel Com- 
pany, who own the only wire-rod mills in the country, 
would not take advantage of the monopoly they would 
hold uent upon the new duties. He added that 
if they did, and oppressed the purchasers of wire-rods, 
these would find relief under the Anti-Combine Clause 
contained in the Tariff Act of 1907. A clause in the 
Budget oy mm farmers inst higher prices for 
fencing-wire by providing a 99 per cent. drawback of 
the duties on rods used in the manufacture of fencing- 
wire. Duties on mowing-machines, harvesterr, binders, 
reapers, &c., are reduced from 174 to 124 per cent. 
ad valorem. 





At the annual meeting of the National Chamber of 
Trade, which opened at Blackpool on Saturday, the 
18th inst., Mr. R. C. Walshaw, the president for the 
year, delivered an address, in the course of which he 
stated that much progress had been made in the trade 
and commerce of the country, but profite had not 
increased in the same rtion. Declining shipping 
freights and deemncnl rai ae unfortunately, 
pointed to a lull in trade. e question of increasing 
our home food supplies would have to en the 
serious attention of the Government before long. 
With more intensive farming much more food could 
froseoed in this country, and incidentally more 

bour employed upon the land. He thought that in 
the growth of motor traction lay one h or cheaper 

. Labour disputes caused a quent deal of anxiety 





to retail distributors, because of the serious stoppage 
of business, and one could not help thinking that 
some sort of arrangement, such as they had in 
Canada, of preventing strikes until the dispute 
was inquired into, was better than the system 
nearly always adopted here of striking first and 
then making inquiries afterwards. The question of 
the cheaper transport of in this country was 
another important matter to traders. Road 
by motor vehicles was on the increase, and it could be 
made much more use of. The State, he thought, 
should take this matter of the roads in hand at once. 
The question of canals and waterways was of national 
importance. The Chamber, in common with most 
traders’ o7 isations, was opposed to the nationalisa- 
tion of railways, and, in his opinion, rightly so. He 
thought the principal objection to nationalisation was 
that, as in the case of the Post Office, in the long run 
the railways would be run by the Government for 
revenue, and the question of revenue would always be 
the determining factor when any demand was made 
by the trader for an increase of facilities. In con- 
clusion, he stated that co-operative trading was not 
the real boon to the genuine working man that it 
— to be, and was not a true method of promoting 
rift. 





In a former issue, see 421 ante, we refuted a 
few statements contained in an article published in a 
recent issue of Technik und Wirtschaft. To deal in 
detail with the whole of the statements made in the 
article in question would carry us beyond the scope of 
these notes. The following remarks contained in the 
article in question will, however, be read with in- 
terest :— 

‘The British workman spends only 15 per cent. of 
his wages in house rent, as against 20 per cent. in 
Germany, and for about the same rent he has a much 
more roomy dwelling than the German, the rule being 
a self - contained one-family house, having three 
rooms and a kitchen. The most that can be said in 
this respect is that the small dwellings, of two rooms, 
are somewhat cheaper in Germany in England. 
It should be noted that the English account for rent 
includes rates and taxes. The average number of 
inhabitante per house was in 1901: in England 5.2 per- 
sons, and in Germany 8.9. Taking ten large industrial 
towns, the figures were :—England 4.9, and Germany 
26.5; in Lo the number was 7.9, as against 46.6 
in Berlin. Only 8 per cent. of the British population 
live more than two persons in one room ; figures 
under this heading are not obtainable for Germany, 
but the percen for isolated instances is much 
higher than the English one. In contrast with the 
above may be stated the fact that the German dwell- 
ings are much better than the English ones, a fact 
which fits in with the preciseness of our labour popu- 
lation and with their greater need for cleanliness. 
Clothing must be somewhat more expensive tw the 
British workman than is the case to the German 
workman, but the charge upon the former’s house- 
keeping for this item does not work out higher than in 
Germany, since he does not attach so much import- 
ance as the German workman to clean and good 
clothing. . .” 

Such a comparison as the one given by our contem- 

rary is an idle one, since it is most easy to compare 

’, misapprehension two units which are not compar- 
able at all, as, for example, a skilled mechanic of one 
nationality with an unskilled one of another. The 
German workman has a wash and brush-up before 
leaving the factory; means are provided for him to 
this end, and he probably avails himself of them for 
the simple reason that he has more facilities and elbow- 
room at the factory than in his home. Our workmen 
leave their work as they are, and wash in their houses. 
This also obtains in Continental mining districte, when 
the miner’s grown-up children have to leave the tene- 
ment whilst their father performs his evening ablu- 
tions ; they go to the next-door tenement, there 
they see the neighbour performing his ablutions! ‘This 
does not obtain in this country, there being a room— 
a parlour very frequently—in which the children can 
stay. It has always been a puzzle to us to know where 
thos? German families who live in large numbers in 
basements or small flats and who take in mangling, As 
evidenced by the notices in their windows to the effect 
that ‘“‘ Hier mangelt man Zeug,” could lodge the 
mangle. Our information as to the cost of clothing in 
this country and in Germany does not agree with the 
remarks in this connection which we have reproduced 
above, and our experience is to the effect that the 
British mechanic in his Sunday clothes is at least quite 
as clean and as respectable as the German one. 


The National Conciliation Board formed for con- 
sidering the London building trades’ dispute issued last 
Tuesday, the 2lst inst., the followirg statement :— 

** The Conciliation Board —— that the London 
Master Builders’ Association shall waive their ae ae 
for 8 monetary guarantee of 20s. by each workman to 
secure the keeping of agreements, which, it will be 
remembered, led to the lock-out, but at the same time 








all ay me of dispute are to be referred immediately 
to the Conciliation Board, which shall be summoned 
within three days, and give its decision within the 
next three working 7 The members of the London 
Building Industries Federation are to agree to work 
peaceably with non-unionists. Where an employer 
objects to a ‘ticket’ inspection, such inspection shall 
not take place. There is to be no boycotting or ‘ black- 


t | listing’ of any member of the London Master Builders’ 


Federation or of any affiliated association. The London 
employers are to agree to reinstate at the earliest prac- 
tical moment those workmen who have been 
in the present dispute, and there shall be no victimi- 
sation on either side. No dispute arising with members 
of the builders’ labourers’ union, but employed in other 
industries than the building trade, shall be allowed to 
affect the due observance of the ent, The rules, 
as amended, are to remain in force until May 1, 1916.” 
The above proposal was gone into by the men’s 
leaders on Wednesday, who decided to refer it in ite 
entirety to a ballot of all the members of the unions. 





Moror-Car Wueeis. — Messrs. Rudge-Whitworth, 
Limited, Coventry, inform us that in the Tourist Trophy 
Race, as in the Grand Prix of the Automobile Club of 


France, to be run on July 4, all the competitors, with one 
exception, are using Rudge-Whitworth detachable wire 
wheels. 





Tue Painting Exursrrion.—The Printing and Allied 
Trades Exhibition, to be opened at the Royal icultural 
Hall by the Lord Mayor of May 15, referred 
to on 478 ante, can to be of exceptional interest. 
It will be, we are informed, the largest and most repre- 
sentative exhibition of its kind ever held in ry part 
the world, every available space in the Great Hall, the 
Gilbey Hall, King Edward’s Hall, and the 
being occupied with exhibits strictly appertaining to the 

hic arts. New machi appliances will be 
, alike interesting to the expert and the 
public, in addition toa very fine display of specimens 
printing by all processes, including photogravures. 


a 





Messrs. ARMSTRONG, WHITWORTH AND Co. — The 
annual meeting of Sir W. G. Armstrong, Whitworth 
and Co., Limited, was held at Newoastlc.on-Tyne 
Saturday, Sir Andrew Noble in the chair. The accounts 
for the past year showed a balance of 1,024,897/. available 
for distribution, and a dividend of 15 per cent. was 
declared, making 124 per cent. for the whole of 1913, an 
interim dividend of 10 per cent. having been paid in 
September, 1913. Sir A. a in addressing the 
meeting, said last year the compan ing 
statistics of the shipbuilding y of the world, and it 
bad now 19 vessels in hand, the total including six battle- 
ships, four being super-Dreadnoughte, and two Dread- 
none of smaller size. The directors hoped to launch 
the Malaya from the company’s new yard at Walker before 
the close of this year. The Walker yard had involved 

t, but necessary, expenditure, in consequence of the 
increasing size of battles spoons the limitations of breadth 
imposed by the High Level Bridge. The yard would enable 
the company to tender for the Atlantic liners, a 
class of work from which it had hitherto been debarred. 
Extensions at w were nearly completed, and 
would largely increase the company’s output of armour- 


J wees ; ® new building at wood would also 
louble its output of shell. The company was building four 
submarines for the British Admiralty, and aviation works 


were proceeding ae, on an estate which had 
been acquired at Selby. At this latter place the company 
would have to build a shed to house aeroplanes, this 
shed would be twice as wide and nearly twice as high as 
Durham Oathedral. High-grade steel-tool works at 
Montreal were approaching completion. 





Tue Corren Market.—In their report, dated the 
16th inst., Messrs. James Lewis and Son state that on 
the 1st inst. standard copper advanced 17s. lp 
under the influence of an unexpected decrease of 576 tons 
in the European stocks during the oy 4 fortnight, 
selling up to 65/. 12s. 6d. for and to 66/. 1s. 3d. on the 
6th inst., of which 10s. was subsequently lost, the Améri- 
can producers’ returns not proving as satisfactory as had 
been —- In sympathy with the con- 
dition of New York 8 Exe values fell 
27e. 6d. when the market after holidays to 
641. 5s. for cash . for three months 
A further fall 
15th inst. was followed by a sharp reaction to 64/ 17s. 6d. 

6d. On the 16th inst. closin 


in refined copper ha 
American electrolytic was nominal at 67/. per ton 


nd—a fall of 4 cent. Su 
. 23, 6d. per ton for delivery this month. It was 
announced that the strike at i 


was at last settled. The American refiners for 


,942 tons 


three months it was on y, 73,838 a AR 
were 


in 1913, a falling-off of 16,104 tons. 
6144 tons during the month, 
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THE CRAWFORD STOKER FOR LOCOMOTIVES. 
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referred to. On the carrier moving forwards, any coal 
trough. On the return stroke the paddles swing up, 


plungers M, 10 in. in diameter, which feed a couple : 
of troughs arranged longitudinally under. the grate projects can, be obtained from 


agitators K, K, K, driven off the main rocker, which 


continually work to and fro and force coal in the| Trade ato page a0 ante), relative to the pro 
trough forward and up to the fire-level. The coal is| struction at i 


in Fig. 5. The grate is provided with rockers of wide South 4, 
fingers, the rocking-bars being arranged longitudinally 
ins of transversely, as is usual in American prac- 


tice, this modification being, of course, necessary with | contemplates raising a loan of 
the longitudinal wntesteal 


the quantity passed through the crusher, this adjust- 


The cost of the scheme is put at 457,000/. 
the hopper, the position of which may be regulated) Zot: The Egyptian Journal 0, 
to suit requirements by links and rods and the handle ok 


some account of the service obtained with this form of| will cost E.£10,000, including the pure 


than full loads when fired by hand. 








Dust ExpLosion By Frictional ELectaicrry.—Under | Public Works, including E.£1,014,909 for —_— 
i i . £139,028 for Government offi . 


the title of ‘*A Possible Cause of Explosions in Coal-| drainage, E ces, 


in Nature of February 12, that coal-dust might be igni struction of bridges and roads, &c. The ex 


ductor. Laboratory experiments ‘with Various kinds 


Walking in the Ludlow Pit at Radstock 


train of wagons, when ing a Wulf electrometer pro-| construction of new Army barracks and other new works 
vided with a radium-ti collector, he observed poten-| of lesser importance for the War Department. (E.£1 = 


tials of 280 volts and more, but did not notice any sparks. | 1/. 0s. 64d.) 





in front of the paddles is pushed forward in the| OLONIAL AND FOREIGN ENGINEERING 


and ride back over the coal. At the locomotive end 4 We give below gh Fag M4 ° gt ng ~~ as re) 
the conveyor-trough bifurcates, supply ing wo man Trade. Journal. "frther information con ing these | the side of the hill from which the oil exuded. 
Branch, Board of Trad Basing: pat — 
in the fire-box. In each of these troughs are three ee Ae E.C. " adie - 


New Zealand: In a former notice from the Board of 


posed con- 
ellington of a central wharf 850 ft. in 
worked up into two long piles, and drops over side-| length, at an estimated cost of 160,000/., the name 
ways on to sloping grates. The compound link-| Wellington was given in error for Auckland. 
gear of the agitators gives them a nearly horizontal — Beond easter te one gaopeed b oo Saas 
motion. The cross-section of the grates is shown | “®r0our Doal » a. ieee 4 South 
Africa reports that, according to information received 
from the Commissioner of Customs and Excise at Pre- 
toria, the Town Council of oy Free State, 


The 


for the purpose of | be 
troughs. The grate-bars| erecting a weir across the Vet River, in order to suppl 


slope away from the coal-troughs. the town with water. The plans are already comple 
he stoker-engine works at about five or six strokes | and ——— Sue woe mageoe | — Fae | _—_ 
per minute, and it is found. that its steam consump- | Mssioner tc peerccaree precy te ve yw 
tion is about 1 per cent. of the total generated by the ge ~ he, Fe vores — 7 onened betoien 
boiler. The amount of coal delivered is regulated by which water is to be obtained from the Breede and Hex 
ment being ssoured by _ ol aaunaiidiie tines Rivers, and distributed to farmers through a new canal. 
iel contains a sum- 
I ( mary of the Egyptian Budget for the year endi 
L. The conveyor-trough is provided with a steam-| March 31, 1915, which provides for an expenditure o 
pipe radiator. Elsewhere in this issue we have given | E.£18,162,000. New works for the coastguard — 
of new 
stoker, which seems to have solved, on the Pennsy]- | launches for the port of ria, E.£57,925 is allotted 
vania Railroad, the problem of firing the larger power | for tee ona ean irhere is an docrease of 
ie = has — r thie por lan ae ter erly E.£131,491 in the vote for the Department of Public 
p to full capacity, instead of being worked at less| Hosith due partly to proposed construction of general 
and ophthalmic hospitals and to the establishment of an 
e-inspection service for the national schools. A sum 
of E.£2,880,112 is pores for the Department of 
i ion and 
? ' £174,552 
Mines,” W. A. Douglas Rudge, of Cambridge, suggested, for sani works at Cairo, and E.£99,708 = con- 
iture on 
by being projected in a cloud against an insulated con-| the State Railways is estimated at E.£2,992,994, of 
of| which E:£443,000 is for new lines and bridges, the recon- 
dust showed him that the potentials might rise so high] struction of Alexandria railway station, buildings for 
that sparks several centimetres in length were — the staff, &c. E.£17,760 is provided for new telephone 




























Tangier, whose name may be obtained by United King- 
dom manufacturers of ferro-concrete material on applica- 
tion to the Commercial In Branch. 

France : With reference to the call for tenders for the 


execution of preliminary work in connection with the re- 
construction of the Pirmil Bridgeat Nantes, H.M. Consul 
at that place that the contract has awarded 


to a French subject, whose name and address may be 

obtained by United Kingdom manufacturers and con- 

eee on application to the Commercial Intelligence 
ranch. 

Mexico: The Diario Oficial contains a of a contract 
entered into between the Secretaries of State and of 
Public Works and Sefior Manuel Macotela, whereby the 
latter is authorised to construct and work, for a period 
of ninety-nine years, a railway line from Ixtlahuaca to 
Xuchitepec, in the State of Mexico; 10km. (about 6 miles) 
of the line have to be completed a November 27, 1914, 
and the rest by the same date of 1915. 





Civic Exutsition, IngLanp, 1914.—We have received 
in connection with the Civic Exhibition, to be held in 
Dublin during the summer of this year, a statement con- 
taining the conditions and particulars of the competition 
for a ium of 500/., which has been offered by H.E. 
The Lieutenant of Ireland, for the best design of a 
plan for the improvement and extension of Dublin. The 
conditions have been compiled by the Technical and 
Advisory Committee of the Housing and Town-Plannin 
Association of Ireland, with the expert advice 
Professor Patrick Geddes, Edin h, and Mr. John 
Nolen, M.A., 8c.D., Cambrid These two 
gentlemen will also, by request of the Lord Lieutenant, 
act as adjudicators, and they will have as a colleague 
Mr. Charles McCarthy, Fellow of the Royal Institute of 
the Architects of Ireland, City Architect, Dublin. 
qeeeen should ~ ——> to Mr. Eric 

ye-Parry, Seocre , Lown - ning Competition, 
Civic Exhibition, Dublin. 





Ou Inpustry or Mexico.—Some interesting parti- 
culars of the Mexican oil img og J were given in a 
lecture recently delivered by Mr. R. P. Brousson. Deal. 
ing first with historical features, the lecturer mentioned 
that some oil-springs near Papantla were discovered in 
1868 by Dr. Autray, who tapped them by ss into 

© set 
up astill, and for some time supplied the local demand for 
illuminating oil, but the enterprise did not prove profit- 
able, and was eventually abandoned. y more or 
less productive wells were drilled by different concerns 
between 1880 and 1904, but production ona really 
scale did not commence until 1907, when Mexico first 
figured in the world’s production statistics with 1 million 
barrels. At the present time the whole production of 
the country, which last year amounted to 23 million 
comes from twelve fields, six of which, controlled 
by the Pearson interests, account for about half the 
total output. Mexican oil is of an asphaltic nature, and 
that obtained oe = — igh bm amy a high 
specific gravity, is of su viscosity that it t 
poms om tin +4 pumped through pipe-lines. The quality 
of the oil, however, seems to improve more more 
towards the south ; at the southern end of the northern belt, 
for instance, an oil is found with a specific gravity of 0.894, 
and a viscosity of 143 seconds (Redwood) at 100 deg. Fabr. 
In the Isthmus of Tehuantepec, or southern belt, repre- 
sentative oils have specific gravities of 0.881, 0.852, and 
0.816, with viscosities of 108, 50, and 80 seconds respec- 
tively. These oils contain large quantities of motor 
spirit and illuminating oil, and#some of them are Fe 
tically free from asphalt, a feature which greatly facili- 
tates the manufacture of high-class lubricants. The 
Pearson interests, now represented by the Mexican 
Oil Company, have chiefly devo themselves to ti 





southern regions, and have control of a very large quan- 
tity of sadiioguede crude oil, ther with pally 
all the fields producing the lighter oils. eir large 


—— at Minatitlan is capable of dealing with 1400 tons 
of le petroleum a day, producing from it motor spirit, 
burning oils, lubricants, fuel oil, paraffin wax, and 
asphalt. Another refinery is under construction at 
Tampico, and will be in partial operation by June of this 
year ; when completed, its copectty will be 4000 tons a 
day. The oil is transported by the Eagle Oil Transport 
Company, which company has twenty large tank steamers, 
either in service or un construction. Ten of these 
vessels, among which is the San F; have dead- 
weight capacities of over 15,500 tons. he lecturer 
referred to the very interesting method of loading these 
vessels at Tuxpan, where the water is too shallow for them 
to come in close to the shore. Pipe-lines have accord- 


14 miles out, and these pipes are connected by flexible 
hose to the steamers lying at ocean moorings. By this 


a| lines and pneumatic tubes, &c., and E.£15,785 for the | ingly been laid on the bed of the sea for a length of about 


: r means three or four v: can be loaded at once from 
But he rightly pointed out that the coal-dust on mine| Morocco: H.M. Consul-General at Tangier reports that | the tanks and pumping-station on the shore. 
roads is rarely and that coal-dust contaminated with | tenders are invited by the Moroccan Adjudications Com- | During 1913 more than 200 steamers were loaded in this 
stone-dust did not, in the laboratory, give rise to a high| mission for the construétion of a section, 16 km. (about | way in an average time of 24 days each. The lecturer 
charge. He scattered dust from er-flues over 10 miles) long, of the road from Salé to Kenitra. The | concluded his interesting discourse by pointing out that 
coal-dust, and as the sign of the c depends upon the | estimated value of the contract is 319,990 francs (about | the re the oil resources of Mexico 
dust material, and as coal-dust and this dust imparted anaes nO Sane ES Sees (about 200/.) is | that has place, up to the present, has been confined 
opposite charges to a conductor, the mixture was rela-| requi to qualify any tender. Tenders, accompanied | to the State of Vera . He therefore thought that, 
tively harmless. The observation would supply an addi- by fer ery of competency, will be received as other States are known to be iferous, it was safe 


tional argument in favour of the use of 


coal-mines, ” 








M. le 
tde la Cnet Ganérale deo Adjadieations to assert that the oil industry of Mexico is now only at 
et des Marchés, Dar-En-Niaba, Tangier, up to 11 a.m. on 


the beginning of ite ultimate prosperity. 
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THE RANSOME-VER-MEHR PILE- 
EXTRACTOR. 

In the construction of a great many engineering 
works, Pow nem 5 for instanve, in harbour, bridge, 
dock, other works, a great deal of tem 
piling is necessary, which subsequently has to be 
removed, often at considerable expense. removal 
of this piling is frequently so troublesome that the 
work is abandoned, and the pile simply cut off as low 
down ss possible. Sometimes it is necessary to with- 
draw piling originally intended to be permanent, as, 
for instance, in the rebuilding of old works ; but the 
removal of piling has always proved difficult, as there 
has been no satisfactory and economical machinery by 
which the task could be performed. 

With the object of removing this drawback, the 
Ransome-ver-Mehr Machinery a od Limited, 
Brunswick House, Westminster, 8.W., have carried 
out a number of experiments in order to devise an 
economical and rapid pile-extractor. Their experi- 
mente proved eminently successful, and machines, de- 
vised them, have been constructed of a serviceable 
size and character, which, it is claimed, bid fair to 
revolutionise both the method and the cost of extract- 
ing any form of timber, steel, or reinforced-concrete 

ile. bes of these extractors we are now able to 
illustrate in Figs. 1 to 8, on page 562. 

aot np ens practice the extraction of old piles was 
usually done by means of blocks and tackle or 
floating cranes, and sometimes by a long lever handled 
by many men. 

We need scarcely point out that all such methods 
are slow and oe For instance, a case is re- 
corded where a 12-in. by 12-in. timber pile, trat- 
ing 30 ft. into mixed strata of sand ballast boulder 
clay, took a direct pull of 150 tons through blocks 

tackle to withdraw it, and we have known cases 
where 10-in. by 10-in. piles have given occupation to 
@ gang of men for several days before they were 
successfully extracted. 

These old and costly methods, it is claimed, have now 
become quite unnecessary with the extractor which we 
have under notice, for in the place of heavy blocks and 
tackle, floating cranes, levers, and jacks, the Ransome- 
ver-Mehr Company’s appliance is su on an ordi- 
nary crane or pile-engine, and is held in position by a 
3-ton winch. 

The extractor is attached at its base directly. to 
the head of the pile which has to be withdrawn, 
and works on a similar principle to the steam or 
pneumatic hammer as for pile-driving, except 
that the monkey, instead of giving a downward blow, 
delivers an upward one, the cylinder bein —- 
so that the blow is received by an anvil block which is 
coupled by two connecting links to the head of the 
pile. The standard extractor is arranged to work 
with steam at from 801b. to 100 lb. pressure per sq. in., 
the steam being led to the qlater through flexible 
pipes, as if for oe 

The working will be clearly understood by refer- 
ence to Figs. 1 to 3, which illustrate diagrammatically 
the standard machine. When the extractor is in use, 





the monkey A, which also forms the piston, is forced 
by steam pressure vertically upwards in the cylinder | 
B, subsequently descending again by gravity, ready 
for making the next upward stroke. hen nearing | 
its lowest position the monkey A strikes the valve- | 
tappet K, thereby opening the steam-valve M and 
admitting live steam to the cylinder B. When the 
monkey has nearly reached its upward limit it strikes 
the valve-tappet J, thereby closing the steam-valve M 
and o ne | the exhaust-valve N. The monkey is 
thus allon to fall. 

In working, the monkey A strikes against the anvil- 
block C, and the effect of the blows is transmitted 
from the anvil-block through the connecting links D | 
to the grip-box E. The latter is fitted with the | 
wedges F in such a way that the pile G is tightly 
gripped, so that any upward movement of the pile- 
extractor causes & CO ing upward movement 
of the pile. 

When in use, the complete machine is ed by 
the ring H from the pile-frame, or crane ; the ring H 


actually carries the extractor by means of the rod | and 


P, which runs through the centre of the cylinder B, 
me meneyes to take the whole weight of the 
cylinder. 

“The fam. en admitted vo (aap capes ey 
orces the monkey upwards agsinst the anvi > 
the monkey a stroke 7 the valve 
gear so as to open the exhaust from the cylinder, and 
thereby cause the return stroke, as 'y described. 


| educational factor. 11. The steam - 





This hammer blow is repeated a t number of | 
times = minute, the rapidity of the blows increasing 
with resistance offered by the pile which is being 
pulledout. The result of this action is that the 
whole pile is set in vibration. is causes the oes 
surrounding yw to vibrate also, and the skin frio- 
tion between the pile and the is thereby 





lessened eo great extent. effect is so con- 
siderable, i » that soon after the extractor 
starts working on a particular pile, the pile begins to | 


lift. As is well known, the great difficulty in with- 
drawing piles is to get them to start, and this is 
where the Ransome extractor proves so effective. As 
an instance, it may be stated that a timber pile 
penetrating 30 ft. into mixed strata of sand, gravel, 


porary | and boulder clay, can be withdrawn in about two 
minutes, while during the operation the load on the | close the 


supporting crane or pile-frame does not exceed the 
weight of the extractor plus that of the pile itself. 

Figs. 4 to7 give diagrammatic views of the valve 
which controls the movement of the monkey or piston, 
while Fig. 8 shows the complete apparatus. 





Summer Scuoo. or Town-Piannine, 1914. —The 
Summer School of Town-Planning will be held in 1914 
in the new buildings of the University of London School 
of Architecture (University Co! ), from A t 1 to 


15 next. Since the session will last for one fortnight, | jang 


and as practically the whole time will be given to the 
work of the school, it will be ble to provide as com- 
te a series of lectures as is often given in a much 
onger course. It is intended that on each morning of 
the session there shall be given three lectures, or demon- 
strations on the site, and that, in addition, visits shall be 
to various places hav @ special interest in 


connection with town-p! or housing. A tions | Cle 


for further information should be addressed to Mr. J. S. 
Rathbone, joint Hon. Secretary, Fitzalan House, Church 
End, Finchley, London, N. 


INTERNATIONAL ELEOTROTECHNICAL OOMMISSION.—At 
the Berlin meeting of the International Electrotechnical 
Commission, held in September, 1913, it was agreed that 
age of the International Special Committees should 
be held in Madrid towards the close of the present 
month. These ial committees deal with symbols, 
standardisation rules for electrical machinery, nomencla- 
ture and prime movers for electrical plant. It has, 
however, been found impracticable to hold these meet- 
ings at the present time, and they have, therefore, 

nm postponed until the autumn. It is probable that 
they will take place in London. This extension of 
time will enable the National Committees to consider 
in detail the various proposals which will be discussed by 
the special committees, and it should have the additional 
advantage of thus simplifying the work of the delegates. 
Publication 28 of the International Electrotechnical Com- 
mission on the International Standard of Resistance for 
Copper. has recently been issued and should prove of con- 
siderable interest to the electrical industry. Itcan be 
obtained from the General Secretary of the International 
Electrotechnical Commission, 28, Victoria-street, West- 
minster, 8.W., by sending a P.O. for 2s. 1d. 





INTERNATIONAL ENGINEERING CoNnGRESsS, 1915.—We 
are requested to state that the list of topics to be 
treated in the Section on Mechanical Engineering at 
this Congress is as follows :—1. t progress and 
present status of foundry practice, and casting metals. 
2. Recent progress and present status of the art of 
forging. 3. Equipment processes and methods for the 
Salles chen. 4. Machine- shop equipment, methods, 
and processes. 5. Automatics. 6. —— processes for 
shaping and ~r— 3 metals. 7. High - temperature 
flames in metal-working. 8. Industrial management. 
9. Safety engineering. 10. Industrial museums = - 

e oO e 


engin 
year 1915. 12. The steam-turbine of the year 1915. | gootch 


13, The internal-combustion engine of the year 1915. 
14. Motors of the Diesel type 15. The Humphreys 

pum 16. The steam boiler of the year 1915. 
tr Refrigeration. 18. Pneumatics. 19. Lubrication 
and lubricants. 20. Water-wheels of pressure type. 
21. Water-wheels of impulse type. 22. Hydraulic-power 
developments and use. 23. Power - plant design. 
24. Motor vehicles, ger type. 25. Motor vehicles, 
utility type. 26. Motor tractors. Many of these topics 
will be treated as symposiums, with contributions repre- 
senting the practice in more than one country. 





ImRIGATICN AND NAVIGATION IN AvusTRALIA.—The 
effect of the new water works proposed on the Murray 
River system, as announced by cable a few days 
will be to open up much more country for irrigation 
farmers, and at the same time to provide them soon with 
a cheaper means of marketing their produce. The pro- 

1s to construct conservation locks and weirs up the 
urray from the mouth to Echuca, about 1000 miles, 
to some extent on the Murrumbidgee and 
Darling, tributary rivers. This will enable the b 
periodic Murray navigation to be continued all year 
round, and the river’s main stream will then be a useful 
waterway from the sea coast into the heart of producing 
Australia. The —_ wool produce of the famous 
Darling region will probably come down to the ships in 
aad choeebens of torentiare irrigation settle 
uce of the rapidly-growing irrigation settle- 
ments da the Murray and he tributaries. The South 
Australian Goverumens has already secured the services 
of a leading United States engineer to devise a scheme 
-. —, and wh ape oe | the as 
Murray mouth into a -equipped seaport for 
esccnnnnstietlen of the river traffic. If this scheme is 
carried out, there should be founded a new and important 
i whi trade will 


. The proposed 
er 2 eae. aan S of this new scheme, 
will be bigger than t 
Murrumbidgee. 


present injuck Dam on the 





NOTES FROM THE NORTH. 


Glasgow Pig-Iron Market. Lat Th Shetee: 
As. -Tron Market.— a ing the 
-iron market opened with a rather dal tone, and 
Cotinem was content te 2008 suns of Cleveland warrants 
at 503. 10d. cash and 51s. 2d. three months. At the 
re were sellers over at 503. 10d. cash, 51s. one 
month, and 51s. . three months. In the afternoon the 
market was d idle, and Cleveland warrants were 
easier with sellers at 50s. 94d. cash, 50s. 114d. one month, 
and 51s. 3d. three months. On Friday morning there was 
little change in Cleveland warrants, and no dealing of 
any kind was recorded. Sellers’ prices were 50s. 94d. 
cash, 50s. 114d. one month, and 51s. 1d. three months. 
The afternoon session was again idle, and the tone was 
easier, with sellers of Oleveland warrants quoti 
503. 8hd. cash, 50s. 104d. one month, and 5ls. 
three months. Oa Monday morning the market opened 
quietly, and the total business was 1000 tons of Cleve-.. 
warrants at 50s. 8d. cash and twenty-five days. 
At the close sellers quoted 50s. 84d. cash, 503. 104d. 
one month, and 51s. 1d. three months. In the after- 
noon Cleveland warrants were steady, and only one lot 
changed hands at 5is. three months, with closing 
sellers’ prices unchanged from the morning. On Tuesday 
morning the market continued rather dale and with little 
to 1000 tons of 
veland warrants at 50s. 9d. fourteen days, with 
sellers over at 50s. 9d. cash, 50s. 1ld. one month, and 
5ls 1}d. three months. In the afternoon the tone was 
easier, and 1000 tons of Cleveland warrants were put 
through at 50s. 7d. cash and 50s. 74d. three days, and 
closing quotations were 14d. down, with sellers naming 
50s. 74d. cash, 50s. 94d. one month, and 51s. three 
months. When the murket opened to-day (Wednesday) 
the tone was firmer, but dealing was again of the most 
meagre description, and only one lot of Cleveland war- 
rants changed wed at 50s. 7d. cash. At the close sellers 
named 50s. 8}d. cash, 50s. 104d. one month, and 51s. 1d. 
three months. The afternoon session was dull, but 
prices of Cleveland warrants were steady. No business 
was transacted, and closing sellers were unchanged from 
the morning. 


movement. The turnover amounted 


Sulphate of Ammonia.—A dull and slightly easier tone 
prevails in the sulphate of ammonia market, and there is 
ittle movement. The price for prompt lots is 12/. 5s. per 

ton, Glasgow or Leith. 


Scotch Steel Trade.—The condition of things in the 
Scotch steel trade shows no change since last report, and 
producers are not receiving a sufficient number of specifi- 
cations to keep their plant in full action. Inquiries are far 
from encouraging, from local sources at any rate, and their 
general poorness is such that unless an early improve- 
ment takes place, some of the makers will be f with 
the ——- of having to close their works down tem- 

y. The demand for —— is very flat, owing 
to the quietness of the shipbuilding industry, but for 
sections there is a moderate request. The makers of 
black sheets are at present hard-up for orders, and are 
only existing from one day to another, so poor is the 
demand. For structural material there is a healthy 
outlet, and this is perhaps one of the brightest sections 
of the trade at the moment. The export market is fair, 
and although inquiries from Canada show an improve- 
ment, these are mostly for light stuff; but South 
Africa, India, and Australia are each sending home some 
moderately good lines. Prices are practically unchanged, 
and wherever fresh business offers the competition is 
very keen. The a meeting of English and 

steel-makers, to be held in London, may end this 
state of affairs; but meantime there is much specula- 
tion as to the probable outcome of the gathering. 


Malleable-Iron Trade.—There is little fresh to report 
in connection with the malleable-iron trade of the West 
of Scotland, as the state of affairs is as bad as ever. 
Business is very difficult to secure, and a number of the 
works are only on six or seven shifts this week. Prices 
have been reduced by 5s. a ton, and are now based on 
61. 12s. 6d. per ton, less 5 per cent., for ‘“‘crown” bars ; 
but so far nothing much in the way of new business has 

ing, and it is doubtful if this new quotation 
will induce more orders. 


Shipbuilding.—The Bombay Port Trust, through their 


&g0, | consulting engineers and agents, Messrs. Sir J. Wolfe 
Barry aon 


Partners, have placed an order with Messrs. 
Wm. Simons and Co., Renfrew, for a —_ bucket- 
hopper dredger for the improvement o eye This 
new dredger is to be built on the lines of the U.S. 
Corozal, which was constructed for the Panama Canal by 
Messrs. Simons.—The Fairfield Engineering and Ship- 
building Company, Limited, Govan, have secured an 
order for a high-class passenger steamer for the 
Chirket-i-Haire, of Constantinople. 


Scotch Pig-Iron Trude.—During the past few weeks 
there has not been any very distinctive demand for the 
ordinary qualities of Scotch pig-iron, with the result that 
the present reduced number of furnaces in action are 
fully able to supply all that is actually wanted. Orders 
are somewhat scarce and small, and only immediate and 
near date requirements are being fixed up, but some 
expansion of trade is looked for when a more settled 
state of affairs shows itself in some of the export markets. 
Prices are unchanged, and the following are the current 
market ee ey ie See 68s. ; 

Langloan, 


nak = = 68s. 6d. 
at ; 

71s. ; Sheen (os Leith) ub Gt 

mouth), 69s. . Hematite iron shows little variation in any 

direction, and is very stow of sale. 
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NOTES FROM SOUTH YORKSHIRE. | NOTES FROM CLEVELAND AND THE NOTES FROM THE SOUTH-WEST. 
HEFFIELD, Wednesday. THERN COUNTIES. Cardif.—The steam-coal trade has remained in a som 
South Yorkshire Coal Trade.—The market is slowly Mrppessnoven, Wednesday. | what irregular condition. Tonnage bas, however, arrived 


vering from the effects of the county coal 
en 


a The Cleveland Iron Trade.—There is not much new to 
By 


d of the week, or the beginning of next, full | report concerning the iron and allied trades. Most de- 
supplies should be available, and price-lists should be in | partments are well comeret, and many firms have con- 
operation. Owing, however, to the fact that many of the | tracts running that will keep them busy for some mon 
pits did not resume work until to-day, the output) but orders are scarce, though there are fairly substanti 
is still well below ite usual magnitude, and, having | inquiries in the market. The output o' pig-iron is 
to the decreased amount coming from Derby- | insufficient fully to meet requirements, but producers 
shire and Nottinghamshire, and the complete cessa-| intimate that they have no intention of increasing the 
tion of emergency supplies from Warwickshire and make, as current quotations are unremunerative. The | been 
Lancashire, the gross tonnage at the market's disposal is | general uncertainty caused by the disturbing political 
considerably less than it was three days ago. Prices | situation is not wi t its detrimental influence on the 
have made an all-round advanee of from 6d. to 1s. | Cleveland market, but this is almost counteracted by the 
Manufacturing fuels are in much larger request ; but the | excellent and increasingly strong statistical position, 
export trade, which was badly hit by the county stop- | together with the highly satisfactory shipments. One or 
oan, to 0 lang wey Ot sasneiy. same cause has| two more sales of pig-iron to Russia are reported, but 
fous responsible for the postponement of several impor-| they are said to conditional upon the Duma con- 
tant contract renewals which now fall due. Gas fuels| firming the removal of the import duty. The inquiry 
are a bright market, but in house coal the demand has|on Russian account has soy the 
diminished with the continuance of warm weather. Both | hematite branch of the staple industry. No. 3 g-m.b. 
slacks and coking smalls are a fairly good market. | Cleveland Pig is 51s. 14d. f.0.b.; No. 1, which is rather 
Quotations :—Best house, 15s. to 16s.; seconds, 14s. | scarce, 53s. to 54s.; No. 4 foundry, 50s. 74d.; No. 4 
to 14s. 6d.; unscreened, 12s. to 13s. ; hards, 133, 6d. to 50s. 44d. ; mottled and white iron, each 50s. 14d. ; 
14s. ; best slacks, 9s. to 10s.; common slacks, 8s. to 9s. mixed numbers of East Coast hematite pig, 61s. 61. 
Iron and Steel.—The local iron market has not yet | 6is. 9d.—all for either early or forw gy 
regained its composure. Some of the unsettling effects of There is little or nothing passing in foreign ore. = 
the coal strike are still evident, and several weeks may | US€TS Sre carrying large stocks, yy = va er 
elapse before they are entirely eliminated. Spot buying | be#vy deliveries against contracts, so that there is _— 
is of a scrappy, hand-to-mouth character, and of ee disposition to do new business. Sellers quote on 
business there is tically none. As a consequence | basis of 17s. 6d. ex-ship Tees for Rubio of 50 per cent. 
stocks are accumulating, but the output is of such »| Wuality, but consumers consider that the rate should not 
restricted character that the weakness of the position is be above 17s. Freights, Bilbao-Middlesbrough, stand at 
not nearly 80 pronounced as it would be with « moderately | 4. Coke is steady, but local customers have good on, 
full production, Users of steel-making irons have in | ‘acts running, an they are not buying to any extent 
many cases suspended deliveries. Despite the advanced | Just now. are sellers of medium blastfurnace 
value of coke, however, prices are mostly in favour of — at 17s, delivered at Tees-side works, and possibly 
buyers. The brightest spot of the market is the * price could be shaded. Middlesbrough warrants 
for foundry sorts, consequent upon the activity in the stand at 50s. 7}d. cash buyers, 50s. 8}d. cash sellers, the 
4 engineering trades. Furnaces are quoting East Coast at former showing a drop of 1}d., and the latter » fall of 
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ition, prices being low, while — 

ns of expansion. The s o 

200 mills during the holiday week is, et. 4+ 
anised shee 


8 vi ts have 
no change ; trade at the has been generally 


d 
The “Cordelia.” — Messrs. R. and W. Hawthorn, 
Leslie and OCo., Limited, the machinery contractors 
for the Cordelia, have completed boring operations in 
the ship, and have forwarded the boring plant to Devon- 
port. work was more extensive than usual, in 
consequence of the propelling machinery being a — 
ts 


are to be fitted. The propellers will not t in place 
until the other machinery of tho chip bee been ped on 


68s., West Coast at 72s. 6d., foundry at 55s. 6d., and 2d. as compared with a ago. 
forge at 5ls. and 5ls. 6d., delivered at local stations.| Stocks and Shipments.—The stock of Cleveland pig-iron 
Little profit accrues from forge iron at ite present value, | in the public warrant stores now stands at 108,038 tons, 
and makers are not pressing sales. Bar iron is a slightly | all of which but 43 tons of standard iron is No. 3 quality. 
better market. Prosperity in the armament departments | Since the beginning of the month the stock has been 
is stable. The heavy-steel industries have again got into | reduced by 11,629 tons. Shipments of pig-iron from the 
their regular stride. With greatly-improved facilities | Tees are on a satisfactory scale. To date this month 
for production at their command they have been able | they ae 4097 tons per working day, the total 
rapidly to dispense with orders delayed by the county- | despatches being returned at 69,650 tons, 62,213 tons of 
coal stoppage. New business noumning ewes’ at a much | which have gone from Middlesbrough and 7437 tons from 
more satisfactory rate than just before the Easter set-down. | Skinni i 
Both in railway steel and mining machinery the outlook | were given at 80,560 tons, or a ar | average of 4240 tons, 
has appreciably improved, and in these departments as and for the corresponding part i 
well as in the lighter industries the extent of unemploy- | clearances reached 73,696 tons, or an average 3926 
ment is small as compared with preceding periods of normal | tons per working day. 
activity. Special qualities of billets meet with a ready| jyanufactured Iron and Steel.—There are no new 
demand, and an increasing business is being done in| features of moment in the manufactured iron and steel 
high-speed and top-grade steels. Orders for tool and | trades. Market quotations stand :—Common iron 
spring steel have been booked by Mesers. J. H. Andrew | 7). best qa. 6d.; best beat bars, 71. 16s.; best bent 
and Co., and for wheels and axles by Messrs. Owen and | pect ba . Stee & : : 
Dyson, of Rotherham, through the Crown Agents for | g7, : 
the Colonies. For India, Messrs. Vickers, Limited, are | iron girder-plates, 7 61. 
making axles, and Messrs. Steel, Peach, and Tozer, and tos lemene, 61. 15s. ; steel ship-plates, 62. 10s. ; 
Messrs. Watson, Saville and Co., fiat steel. Tramway | ahi 6l. 2s. 6d. ; steel boiler 1 
departments have good prospects. Two Sheffield firms joista, rit ‘lds. 6d. ; steel strip, 61. 15s. ; steel hoops, 7/.— 
have just booked orders for springs and files for the | 41) jess the customary 24 per cent. discount ; cast-iron 
Belfast Tramway Committee. lton has come into the | golumns, 71. 7s. 6d. i i irs, 41. 5a. ; 
Sheffield market for points and crossings, Gloucester for light iron rails, 7 
tyres, and Walthamstow and Manchester for car acces- | railwa: 


sories. There are indications of an improvement in the aeaihe ; ~ 
general export trade, | Considerable. interest has been | erueeee 34 gauge, in bundles, 112 fob 

roused t urchase of the 1 tar steamer id 
Majestic by ee, T. W. Ward, Limited, of Sheffield. | _Jron-Trade Statistics.—The quarterly returns of the 


Welsh Railway Trafic.—The revenue of 
Western Railway Uompany to April 11 this hal 
amounted to 3,970,000/., showing an increase of 26, 
the London and South-Western Railway re a de- 
crease of 12,406/.; the Barry Railway, a decrease of 
26581. ; the Brecon and Merthyr Railway, an increase of fi 
14671. ; the Rhondda and Swansea Bay Railway, a de- 
crease of 3857/.; the bay wed Railway, a decrease of 
3796/.; and the Taff Vale Railway, a decrease of 5719/. 


the Great 
f-year 





TrarrorD PaRk.—A booklet calling attention to the 
exceptional advantages offered by Trafford Park, Man- 
chester, for sites for cngineeeng, sat other works, has 
recently been issued by urd Park Estates, Limited, 





: ‘ : Middlesbrough Chamber of Co just issued, show are also available. Water can be ined f: 
The ship is to be broken up. ‘The purchase price has | 1.1455 the end of March there were in the port of Middles. hieg's sapins or ftom walle sunk tote 
52 blast-furnaces in operation, as com the red sandstone. Engineering firms and other manu 


Tue Encingentnc Inpex ANNUAL, 1913.—We have/| show that during the first quarter of the the 
received a copy of this index, which is issued by the| production of pig in Middlesbrough was 630,000 | tons, 
Engineering ine Company, New York, at the | of which 330,000 tons was Cleveland pig and 300,000 tons 
price of 2dols. It contains over 500 pages of classified | hematite, spiegel, basic, or other special irons. For the 
references to articles in the world’s technical press deal-| previous quarter the output was 610,000 tons, ag 
ing with civil, electrical, naval, and mechanical engi- tons being Clovelend pig and 260,000 tons hematite, &c. ; 
neering subjects, and enumerates articles on industrial | and for the first three months of last year the make was 


economy, mining, and metallurgy. railway engineering, | 709,000 tons, 394,000 tons of which was Cleveland, and 
electric railways. Reference is facilitated | 315,000 tons hematite, &c. Imports of foreign ore to 





* Tue INVENTOR’s AND PaTExTER’s YEAR-Book, 1914.” 
—This year-book, edited by Mr. William H. Taylor, 
and pu y{ 7--TA STA Ly 


and street and Press, Limited, 3, Brown-street, Market-street, M 





by detailed indices. Middlesb: last quarter reached 519,045 tons, as com. | *t ®2d London, contains a very large amount of interest. 
et ea 302 A during the previous quarter, and aw hy + a ~YK “Y me my -y inventors and 

Dinzctony or Parun-Maxxns.—This directo of paper. want Sous mgr by first quarter of 1913. The eotel gathered oe . ; en on = oe 

makers the Uni i or », y- - goods, ot than co : *Patent-Selling Sharks.” is reads wed 

7 eighth annual edition, is published at the of 1s. net | foreign and colonial destinations from Sisdloobeough * _ ‘panel epeciination . 2,5 gs 


by Mesars. Marchant, Singer and Co., 47, St. Mary Axe, | during the quarter was 2,478,5111., or 131,001/. less than 
| i wm E.O. It contains lists of British paper-makers, | for the first three months of last year. 

stating their machinery and their products, lists of mills 

under various classifications, of trade designations, &c.,/ Paossian Stats Muvgs.—The Prussian State mining 
ont eutins care Se eee all (persons | iron works, and kindred industries have published their 
md | interested in paper, printing, and 0 accounts for the last financial year, at the end of which 
like industries. the balance-sheet reached the te of 496,399,980 


‘“NewoastLe AND GATESHEAD YxaRr- Boox.”—The | 10.8 per cent. on the booked cost and ene or as 
Newcastle and Gateshead I Chamber of | against 5.9 per cent. for the previous year. » ab 
Commerce has issued its ‘‘ Year- and Commercial | profits, 32,200,000 marks, or 7.5 per cent., were paid into 
Review” for the present year. It includes a section on the exchequer in cash, whilst the balance was applied to 
Sunderland, and is edited by Mr. Herbert Shaw, B.A., | various extensions, reduction of debt, &c. This favourable 
F.R.G.S. It is sold at the price of 2s. 6d., and contains | result is principally attributable to an active demand for 
interesting information on Newcastle, Gateshead, and | coal and cokes, which enabled the State mines to increase 
i distriots, on the various industries and | their ou # from 20,700,000 tons in the preceding year 

. es of theseveral localities reviewed, fishing, shipping, | 23,400,000 tons. The number of hands cmon 

facilities for trade and industrial und i &c. It| above State concerns amounted to 105,562; of these 
to abestenity Siasteaten ty Weweennaaan ends with 92,436 were engaged at the coal mines, of which 23 were 
a classified list of manufacturers and es. _ being worked. 
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THE RANSOME-VER-MEHR PILE-EXTRACTOR. 


BUILT BY THE RANSOME-VER-MEHR MACHINERY COMPANY, 


LONDON. 


LIMITED, 


(For Description, see Page 560.) 
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Seale for Pigs.1.2£3 


N 


NSS 


Nes 


yY 





1 Foot 


rd 


3 


2 


ins22 














Fie. 8. 

















WZ 
> Wa 










> 
YY 







; Ap a 

Wh // fx} = 
aN << A 
0 


CMM | 


--~¢>> 





LI Wy 
Y 















ENGINEERING, Apait 24, 1914. PLATE XLIX. 


THE FRIED. KRUPP GRUSONWERK, MAGDEBURG-BUCKAU. 


(For Description, see Puge 547.) 





























Fic, 3. View in the Smrruy. 


(To Face Page 548.) 
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PLATE L. 





MAGDEBURG- BUCKAU. 


THE FRIED. KRUPP GRUSONWERK, 


(For Description, see Page 547.) 


























Ort-Mitt Macutnery Erectinc-SHop. 


Fie, 4. 














Fie. 5. Macuryinc tHe Hovusine ror an ArRMouR-PLate MILL. 
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THE FRIED. KRUPP GRUSONWERK, MAGDEBURG- BUCKAU. 


(For Description, see Page 547.) 























Fic. 7. Lanoteum CaLenpEeR IN THE Erectine-SnHop. 
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THE FRIED. KRUPP GRUSONWERK, MAGDEBURG-BUCKAU, 


(For Description, see Page 547.) 
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Fie. 8. Rotts ror Paper-Mitts In tHE Roit-Turnixe SuHopr. 














Fic. 9. View in tHe Roii-Turnine Snor. 
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THE FRIED. KRUPP GRUSONWERK, MAGDEBURG-BUCKAU. 


(For Description, see Page 547.) 


Fic. 14. ExperrmmentaL Metat Press. 
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THE FRIED. KRUPP GRUSONWERK, MAGDEBURG-BUCKAU. 


(For Description, see Page 547.) 
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Fie, 17. 80-Ton Exvectrric CRaAnr. 
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‘A Graphic Treatment: of the Rainbow and 





» MECHANICAL FIRING ON 
LOCOMOTIVES. 


Ir is needless to remind anyone of the great 
development of the steam locomotive in late years, 
since evidence of the changes wrought is palpable 
to all. Not everyone realises, however, that abroad 
the development has been on an even more impres- 
sive scale than here. This has been especially the 
case in America, because there questions of the first 
importance have had to be faced owing to the bearing 
which the subject had on labour and other matters. 
We do not propose toembark upon a discussion of the 
way labour has been affected, except to make one or 
two comments on arbitration awards recently given 
in America. Both the drivers and the firemen have 
claimed material increase of pay on the plea that, 
inter alia, the larger engines now common entail 
greater labour on their part than formerly. The 
arbitration award in the case of the firemon, while 
leaving undefined the important question as to 
when a second fireman became necessary, has also 
made it possible for a fireman whose labours are 
light to be paid more than one whose work is heavy. 

The scale of pay adopted in the award delivered 
in the firemen’s case was based on a classification of 
locomotives according to the weight on the coupled 
or driving-wheels. Though a workable system, this 
cannot claim to be very scientific, or be said to result 
in pay in proportion to effort. With us such a 
system would be more reasonable than in America, 
since here the range of work demanded of firemen 
as a class is smaller than there, owing to well-known 
limitations having a much greater restrictive influ- 
ence here on practice and design. We have not 
reached, nor are we likely to reach, the limit of 
human ability in locomotive firing, but in America 
the locomotive boilers and grate areas attain some- 


566 | times to such dimensions that, on sustained runs, it 


is beyond the power of one man to keep up steam 


An extra 


man then becomes necessary, and as a third man 


568] in the cab is objectionable from the point of view 
se9| Of discipline and economy, this question “of extra 


help is of more than ordinary importance. When, 
as often is the case, the very large engines are used 
for comparatively short runs at maximum power, 
the work, though arduous while it lasts, is not 


79 | Severe taken over the hours of duty, and one man 


may suffice. This is the casein much ‘‘ pusher” 
or banking work, but there are many ‘‘ road” 


o|}engines which undoubtedly tax the fireman’s 
, | Powers heavily. 


A man may shovel about 5000 Ib. of coal, or 
something more, into a fire-box per hour, but he 
Many American 
engines have grate areas of between 30 sq. ft. and 
60 sq. ft., ignoring special types, which are out- 
side the present discussion. A rate of coal con- 
sumption of 100 Ib. ft. of grate per hour 
is o exceeded, and if “the work be continuous 
the fireman will be taxed to the utmost of his 





563 
ability to keep a full jiead of steam. The award we 
have referred to endeavoured to take account of 


this demand on the men, but could only rovide 
one general schedule by ignoring special cases. 
This has resulted in the a to make any allow- 
ances for advances, t or tive, in what 
Americans are pl to Pry e “the a rt.” 
<. modern lessenetive; though much heavier than 
predecessors, and taking heavier loads, may 
ental far less labour on the part of the fireman, for 
many reasons. The engine may be more — 
mical in itself, or it may be fitted with a 
which relieve the fireman of practically Poff effort. 
Of this the award takes no account. The large 
engine is taxed with high wages just because it is 
ao. Nowadays,.many engines are fitted with 
theaters, others are arranged for oil-firing, and 
ers again with mechanical stokers. These and 
Siker improvements influence materially the work 
of the fireman. The majority of the arbitration 
court deciding the firemen’s case, like Gallio, cared 
for none of those things. The basis of rating 
adopted, of weight on the driving-wheels, treats 
hem with indifference. 

In view of the fireman problem in connection 
with large units of power, mechanical stoking 
would be expected to become a possibility in the 
United States earlier than’ here, where no such 
questions have arisen. What may happen in the 
future it is difficult to say. It may be that 
mechanical firing on some hitherto unthought-of 
line may be adopted here for reasons of economy ; 
there certainly is not any urgent need for it here 
yet, unless some very strong claims in this direc- 
tion can be advanced in its favour. In America 
the matter has been approached from two or three 

ints of view, and can now fairly be said to have 
Cen. brought into the practical region of develop- 
ment. It has been attacked with a view to — 
more economical firing than is usual for firin ng gre 
too large to be fired ‘by hand, and also for firing st 
arate above that possible by hand on grates ordi- 
narily within the fireman’s power. Nothing very 
definite has been proved so far with regard to the 
economy of stoker-firing. In some instancés 
figures are advanced showing stoker-fired boilers 
to consume less fuel than hand-fired ; in others the 
balance has just been turned the other way. In 
some cases an inferior and cheap coal unsuited to 
hand - firing has proved ee with the 
machine, thus introducing a saving. here coal is 
small and friable, the firehole-door bein kept 
closed, as in the stoker-fired engine, the loss in 
unburnt coal is probably less, while the firebox 
temperatures are better maintained, two points 
conducive to economy. 

The stoker will have an important bearing in the 
future on the handling of very large road-engines, 
since it will abolish the need for an extra fireman. 
An equally, if not more important, direction in 
which it will prove of value is that of enabling 
heavier loads .to be handled by forcing engines to 
higher rates of firing than -4 possible by hand. 
The Pennsylvania Railroad has gone into this 
aspect of the case very thoroughly, not only on ite 
testing-plant at Altoona, but also in service. At 
Altoona one of the largest locomotives in the United 
States of the 4-6-2 type was tested some time since, 
fired with a mechanical stoker. The rate of coal 
fired in these tests ranged from 2074 lb. per hour 
to 9600 Ib. oo hour on an effective grate area e 
58 sq. ft. The higher rate is far beyond the ca 
bilities of any fireman for continuous duty. e 
evaporation was well maintained, though naturally 
at some loss of efficiency. At‘normal’ rates the 
stoker gave about as good results as the most 
skilful hand-firing, but by rendering feasible rates of 
firing not otherwise possible, it increases the range 
of ser of which this class of engine is capable. 

In various dynamometer runs over a section 
114 miles in length this company has found stoker- 
fired — to give a draw-bar pull from 8 to 10 
per ne her ae hand-fired ay aced a to the 
ability e stoker to handle a uantity 
of ful ro still burn it economi pe act, the 
equivalent evaporation per pound of "sombustible i is 
reported as 5 per cent. greater in favour of the 
stoker. On low-grade divisions the stoker engines 
take 15 per cent. more tonnage than other engines. 
In view of these facts it is not surprising that the 
Pennyslvania Railroad is ado opting the mechanical 
stoker for its units. er roads with dif- 
ferent stokers report similarly. The 
Baltimore and Ohio Railroad state that on one 
division their stoker-fired loc »motives are hauline 
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5300 (short) tons, com with 5000 tons for the 
hand-fired engines, while in fast freight service they 
are going over the division with increased tonnage 
at a speed not dreamtof before. Dr. Angus Sinclair 
quoted two experiences at the last American Rail- 
way Master Mechanics’ Convention. On one fast 
freight trip, hauled by a stoker-fired engine, with a 
train of 3500 tons, they had run at 50 miles an hour 
for close upon 100 miles ; on another trip a stoker 
engine had handled a freight train of tons. 
Facts like these point to the stoker being a practical 
appliance. This is confirmed by the number now in 
use. In July last the Pennsylvania Railroad had 
some 300 in service and others on order. The loco- 
motives fitted on other roads include at least an 
equal number of one other type, in addition to 
smaller numbers of patterns recently introduced. 
Development has followed two lines, apparently, 
if judged from the number of applications, with 
about equal success On the one hand, there is 
the underfeed stoker which has been taken up on 
the Pennsylvania Railroad; on the other hand, 
the so-called ‘‘ scatter” type has been applied 
extensively on the Baltimore and Ohio, the Norfolk 
and Western, the Chesapeake and Ohio, and other 
systems. A description of the Crawford underfeed 
stoker used on the Pennsylvania Railroad is given 
elsewhere in this issue. 

Freedom from breakdown is an essential of any 
appliance adopted in railway work, though the 
standard of immunity varies with different coun- 
tries. Early stokers, like children, had their 
troubles ; and as some patterns interfered with 
hand-firing, in the event of a breakdown they 
became a positive nuisance. In some types, at 
least, this stage is past. A statement made by the 
Pennsylvania Railroad shows that of sixty con- 
secutive trips some little while ago, on a 4-6-2 class 
of engine, fifty-nine trips were stoker-fired the 
whole time, while the remaining one was 90 per cent. 
stoker-fired. In freight work the percentage has 
been 97.3in pooled service. In another connection 
the statement was made that in heavy freight service 
on fifty consecutive trips no hand-firing at all was 
done after leaving the terminal. Some prepara- 
tion by hand is necessary when lighting up, but 
beyond that the stoker seems to do its work with 
about the degree of reliability commonly attained 
with other locomotive appliances in America. 

Such a degree of success will doubtless induce 
inventors to bring forward new types which, in 
turn, will have to pass a the probationary 
stage. Some have already fallen out, and the two 
most extensively “ee are both the outcome of 
long experiment and careful study. The situation 
to-day is interesting. Only two years ago the stoker 
was disoussed asa possibility ; it is now accepted 
as a probable, and almost certain, development for 
certain work. This rapid change has not been 
due purely to the advance of mechanical eee? 
which, with only the ordinary incentives, might 
have proceeded at a more leisurely . Other 
factors have borne upon the matter. The demand 
for unite of large gene. in conjunction with the 
fireman question, rendered activity in this 
particular direction well-nigh imperative. That 
there is a debit side to the account goes without 
saying, but the stoker is already regarded as a 
paying machine in some cases, and in others as 
one of the unavoidables rendered necessary by other 
circumstances. If the railways were in a position 
to pay the firemen for work done instead of accord- 
ing to the weight on the coupled wheels of an 
engine, the advantage of the stoker would, of 
course, be much more clearly defined. 





PUBLIC MANAGEMENT OF 
ELECTRICITY SUPPLY. 

CommentiNG last week on Messrs. Mtrz and 
McLellan’s report on London’s electricity supply, 
we suggested that the whole question might 
raised again in an acute form very shortly. The 
remark was dictated by the idea that some move 
might be made by the London County Council, or 
even by the Government. We doubt if any 
unifying scheme is likely to be brought forward by 
private enterprise. The reception accorded in the 
past to that form of activity has not been suffi- 
ciently encouraging. At first sight the attitude of 
Parliament in this matter appears somewhat incon- 
sistent.. Rights of su over much areas 
than the Metropolitan mecz gg, Mca eas 
iven to many power companies. — oy 
clice area anit: 693 square miles, while the 





operating area of the North Wales Power Com- 

y is over 2000 square miles, and those of the 

rbyshire, Lancashire, Kent, Yorkshire and 
South Wales Companies are each over 1000 square 
miles. On a basis of arithmetic then there would 
ap to be no reason why Parliament should have 
forbidden the advantages of a unified supply in 
private hands over Greater London. 

We helieve the different treatments accorded to 
London and other parts of the country in this 
matter have been due to faith in a false analogy. 
Parliament in the past decided that electricity 
supply was a public service best carried out by 
local governments. Acting on this belief, it placed 
powers in the hands of any town@ouncil that liked 
to ask for them. In large towns the policy was 
reasonably successful, in smaller towns less so ; and 
it was gradually realised that in many areas scat- 
—— geo small —— — es 
su could only adequately evelo y a 
ps 4 citar As a result the Bills of the 
various power companies were . _Consider- 
ing the electric power unification problem in London, 
Parliament appears to have looked upon its case as 
analogous to that of one of the large provincial 
towns in which municipal ownership had proved 
reasonably successful, and to have taken it as a 
matter of course that public operation would be the 
most satisfactory procedure. This analogy is un- 


sound, S, 

The delimitation of a o¥pply area by artificial 
political boundaries is probably in no case justified 
in so far as technical efficiency is concerned. 
Moderate success has followed the experiment in 
our large provincial towns ; but it is due néith 
to the overriding of technical considerations by 
a ones, nor to municipal operation. It is 

ue to supply over a fairly large and self-contained 
area having been in the hands of a single authority. 
Whether in such cases the authority should be 
public or private is nowadays hardly worth arguing, 
and we are not now dealing with it. The point is, 
that the success of public ownership in Manchester 
is no evidence that a unified scheme for Greater 
London should also be in public hands. As far as 
this question is concerned, Greater London does 
not resemble Manchester. It resembles rather 
Lancashire south of the Ribble, over which the 
Lancashire Electric Power Company has been given 
speiing rights. London is not a single town in 
the sense that Manchester is. It is a collection of 
towns, and any uments which determined 
Parliament that South Lancashire was a suitable 
sphere for private enterprise in electric power 
supply apply equally to Greater London. 
ese considerations do not alter the fact that 
the bringing forward of a new scheme for public 
ownership and operation in London is very prob- 
able. Such a scheme might take many forms. The 
apparently obvious arrangement would lie in the 
constitution of an entirely new body having 
members representing all the localities concerned. 
One has the Metropolitan Water Board as an 
example to work from. That somewhat portentous 
committee consists of sixty-six members, repre- 
senting some eighty public authorities. Its opera- 
tions cover an area of 620 square miles, which is 
not tly different from the 693 square miles of 
the Metropolitan Police district, which we have 
taken as the Greater London to be covered by a 
unified electric-power scheme. Apart from the 
fact that London seems to have quite enough 
independent governing bodies as things are, 
an electricity board of sixty-six members is 
not an attractive proposal. The carrying - out 
of such a broad and large-sighted policy as that 
sketched by Messrs. Merz and Mc would 
demand a unanimity of interest such as is not 
likely to be found in any collection of sixty-six 
men. Many members would of necessity stand for 
local and petty interests. Re mting small 
areas and small interests, it Bas be their duty 
to do so. As a consequence, unless the work of 
the board fell into a few hands, it would be practi- 
cally impossible for it to justify its existence. 
What one is asking for is not a body that will run 
the electricity supply of London on reasonably 
efficient lines. ver large areas the supply is 
reasonably efficient already. What is required is 
a body with the far-sightedness, energy, and 
capacity to recreate the supply system of the 
largest town in the world in terms of the best 


If one were pre ; 
body as distinct from an elected or indirectly- 


elected one, the constitution of a new Board would 
present nd great yo but the adoption of any 
such solution is unlikely. The alternative of a 
combined nominated and elected body, on the lines 
of the Port of London Authority, would be prac- 
tically impossible, not because of the nomi L 
but because of the elected members. The eléctors 
for the Port of London authority are the repre- 
sentatives of the trading interests of the port. 
The electors for an Electricity Board would have 
to be the whole present electorate of Greater 
London. An ap to such an inchoate body on 
the question of membership of an Electricity Board 
would be a most unsatisfactory proceeding, and 
the results would certainly not be worth the money 
it would cost. Rather than mock elective pro- 
cedure of this kind, or a twin brother to the 
Metropolitan Water Board, we would vote for the 
handling of the matter by the London County 
Council. 

Were that Councilable to exercise the self-denial 
necessary to the placing of affairs in the hands of a 
small committee with large powers, it is possible 
that the question might be handled in a quite able 
way. It would be necessary thatthe committee should 
contain a few members representing outeide dis- 
tricts, but that would not be a difficulty. The same 
sort of thing is already done elsewhere. For 
instance, Bootle has 4 representative on the Water 
Committee of the 2 Corporation. As the 
extra members could only be few, each would have 
to represent several districts, but this also has 

y been done elsewhere. There are members 
of the Metropolitan Water Board who represent 
eight or nine borough or district councils. A com- 
mittee appointed in this way should have quite a 
fair chance of containing a proportion of able men, 
and if the Electricity Board is to depend on popular 
election at all, we doubt if any other form of consti- 
tution would offer greater advantages. 





COMPETITIVE TRIALS OF MOTOR 
FIRE-ENGINES. 

In view of the increasing popularity of motor 
fire-engines and the difficulty in deciding as to the 
advantages of different forms of equipment, a report 
just published of tests carried out for the Edin- 

h Corporation is of some little interest. This 
report compares the performance of a motor-engine 
fitted with a reciprocating pump with that of one 
with a centrifugal pump. It is drawn up by Pro- 
fessor T. Hudson fom. M. Inst. C.E., but is not 
likely to settle for all time the relative merits of 


these two systems, because Professor Beare’s con- 


clusion merely is that, for the conditions obtaining 
in Edinburgh, the centrifugal pump offers no advan- 
tage over the reciprocating, while he insists that 
nothing in the report is to be taken as implying that 
the centrifugal pumping engine was unsatisfactory. 
In many resi indeed there seems to have been 
little to choose between the performance of the 
two, but when normal conditions of working in 

inburgh are considered, the balance is apparently 
in favour of the reciprocating pump. It seems 
that in 70 per cent. of the cases in. which this 
engine in Edinburgh is brought into use it draws 
water from an open supply, and not from the mains, 
while the length of hose used is over 500 ft. 
These, therefore, are the conditions on which Pro- 
fessor Beare has decided that the centrifugal pump 
offers no advantage. 

The engines compared were motors belonging to 
Edinburgh and Leith. The Edinburgh engine was 
a Merryweather machine weighing 5} tons and 
fitted with a four-cylinder ‘‘ Aster” engine and 
three-plunger Hatfield pump. The engine speed 
during pumping was 1000 revolutions per minute, 
the pump being chain-driven at 224 revolutions 

minute. e Leith machine was one con- 
structed by Messrs. Halley's Industrial Motor 
Company and weighed 4 tons 13} cwt. It was 
fi with a six-cylinder engine and a Mather and 
Platt centrifugal pump, both running at 1000 revo- 
lutions per minute. Numerous tests were con- 
ducted, including road tests, deep-lift and other 
pumping tests, to determine the maximum quantity 
of water delivered, the height of jet, pressure at 
nozzle, promptness of starting, and so on. 

Both machines gave satisfactory performances on 
the road, running on the level at over forty miles 
per hour, and both. proved good on hills, though 
the Leith machine was slightly the better in this 

This machine, however, not only had a 





more powerful engine than the Edinburgh machine, 
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but was 1 ton lighter, which would give it an ad- 
vantage in this test. The pumpin were of 
a varied nature. Some were carried out at the 
Leith docks, and showed that the reciprocating 
pump started rather quicker, and gave rather higher 
fe ressures than the centrifugal when drawing 
ter from about 25 ft. below the pump-level. In 
height of jet in this case the Edinburgh engine 
had a slight advantage, but when the suction depth 
was increased to 27 ft., both jets appeared to be of 
the same height, though the Leith engine again took 
slightly longer to commence delivery. The height 
of the jet was subsequently gone into again at the 
Leith Links, and also at the Leith Electric Power 
Station, when pressures on the delivery side of 
the engine of 203 lb. and 187 lb. were recorded in 
the case of the Edinburgh maghine, and 197 lb. 
and 183 Ib. in the case of the Leith machine. In 
the tests at the power-station water was drawn 
from a dam, and the Edinburgh machine gave a 
slightly higher jet, the Leith machine being the 
better on the mains. The petrol consumption of 
the two machines was nearly identical during the 
tests. The R.A.C. rating of, the Edinburgh motor 
was 52.9, and the pump horse-power of this 
machine when supplied from a dam was 34.3, 
giving an efficiency of 64.8 per cent. The Halley 
(Leith) engine was rated at 60, while the pump 
horse-power under similar conditions was 31.7, giving 
an efficiency of 52.8 percent. When the two pumps 
were supplied in subsequent tests from the mains 
the efficiency of the Edinburgh machine fell to 
50 per cent., while the Leith machine efficiency 
remained at 53 per cent. The comparison in this 
instance is not complete unless account be taken 
of the fact that in the test on the Edinburgh 
machine the pressure in the mains was 30 lb, 
whereas the Leith machine had the advantage of a 
ressure of 80 lb. in the mains. In view of the 
act that the Edinburgh machine showed the higher 
efficiency when drawing from a dam, and one only 
slightly lower than the Leith machine when work- 
ing under relatively unfavourable conditions off 
the mains, the tests seem to indicate that the 
Edinburgh engine gave the better all-round results. 
A point of some interest is made in the report 
that the Edinburgh engine worked at lower revolu- 
tions, and therefore offers in service less chance of 
breakdown. On the other hand, it may be pointed 
out, though the fact is not adverted to in the 
report, that in the Edinburgh machine there are 
two reciprocating mechanisms at moderately high 
speed, compared with one at high speed in the 
Leith machine. However perfectly a reciprocating 
pump may work, it cannot be doubted that it offers, 
if only in a small degree, greater chance of mecha- 
nical failure than a centrifugal. There is not much, 
therefore, between the combinations on this score. 
The tests showed that the output of the reciprocating 
pump could be varied over a considerable range 
without the jet failing, and that on the whole it 
was the better of the two when delivering through 
long lines of hose. All things considered, ‘the 
tests will hardly be taken as conclusive with 
to the superiority of either machine ; and though 
Professor Beare has evidently endeavoured to 
obtain a clear indication as to their relative merit, 
the report is to a certain extent rather negative 
than positive. Municipal authorities will there- 
fore probably continue, as hitherto, to be faced by 
disputed claims to the leading rank. 
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Government laboratories and rectification plant at | magnesia hardness. A rough estimate suffices, 
Moscow by A. Bahrdt.* however. 

We must first recapitulate the broad features of| When the filter was used for too long a period 
the permutit process. The introduction of the| before being regenerated, theneieen, ths fitered 
artificial zeolite called ‘‘ permutit” is due to R.| water contained magnesia, which would render it 
Gans, of the Berlin Geological Institute. Zeolites| hard. This magnesia proved, however, harmless 
are comp!ex silicates which owe their name (boiling | so far as scale formation was concerned. It made 
stones) to the fact that they fuse with intumes-|the water turbid ; but the alkaline water cleared 
cence while giving off their water of crystallisation. | by —. and the mud deposited was soft and 
They are decomposition products of feldspar, | could easily be removed from the boiler by a jet of 
occur in beautiful transparent crystals, and some of | water after six weeks’ working ; most of the mud 
them have the peculiar property that they readily | came out by itself when the boiler was drained in 
exchange their bases. Gans obtained his artificial | fact, and no hard incrustation was found when 
zeolite of the formula 2 SiO,. Al,O, . Na,O, 6 H,O,|the experiments were finally interrupted after 
by fusing féidSpar, clay, and soda, and by lixiviating | two years of working. Thus it would « that 
the soluble constituents with hot water ; the re-| magnesium oxide (or rather hydroxide) does not 
maining product forms a granular porous mass| create boiler scale, and that the control of the 
which absorbs water and may have the mother-of- | process is much more simple than might have been 
pearl lustre of the natural zeolites. When hard a after these remarks. Qur readers may 
water is slowly filtered through a layer — possibly think of another undesirable feature 
the lime and magnesia rep the a in the| charged to magnesium salts; that is, that magne- 
substance ; the passes into solution, so that an|sium chloride is said to dissociate in super- 
alkaline water flows off, whilst the lime and mag- | heated water and to yield hydrochloric acid ; that, 
nesia are retained by the permutit. Whon the| however, is quite a different matter. An obser- 

rmutit has become exhausted, it is regenerated | vation made during the first inspection of one of 

y letting a solution of common salt enter through | the boilers at first seemed to be incompatible with 
the layer from below; this time the chlorides of | the conclusion just stated. A slight skin of scale 
calcium and esium pass into solution, and the | was noticed in some spots. A comparison of this 
soda is retained by the permutit, which is thus| scale and the old scale, which had deposited 
regenerajed. The-questions are: Can this ex-| before the permutit treatment had been adopted, 
change go on indefinitely, and can the filtration be | seemed to show that the last cleaning of the boiler 
entrusted to a labourer, or does it require constant | had been defective, and that some old scale had 
control by a chemist ? locally been left and had been modified by the 

In the Moscow experiments to which we pass, | action of the softened water. 
tW¥o tubular boilers, of 366 sq. ft. heating surface,| The records ef the boiler performance demon- 
had in 1908 and 1909 been fed with water from an/| strated that the evaporation figure had been 
artesian well, the water not being treated in any | improved by 4 per cent. by the permutit treatment, 
way. A litre of water left 465 milligrammes | although a poorer coal was being burnt in 1911 than 
(mg.) of residuc (88 mg. being CaO, 58 MgO, | before, evidently because the boiler-plates were now 
131 SO,, 7.4 Cl, and 0.4 mg. Fe); the total hard-| free of scale. Thesaving thereby effected was suffli- 
ness was 16.9, and the temporary hardness 5. So | cient to justify the estimate that the softening plant 
much scale was deposited in the boiler that two} would pay for itself in five years, provided that the 

rmutit filters of cast iron, each charged with | permutit continued to do its duty. Various sources 

30 kg. of permutit, were installed in January, | of trouble and loss had to be reckoned with in this 
1910; they were used on alternate days, each/| consideration. In the first instance some permutit 
for filtration one day and for regeneration the| might be lost during the washing process or the 
next day. The permutit supplied was of coarse | regeneration; then nearly everything is soluble 
grain, the lumps being from 2 mm. to 5 mm. in dia-|in water in the long run, and there was further 
meter, and of the high water percentage 55. Finer|a possibility that long-continued hydrolysis might 
grained material (0.5 mm. to 2 mm.) is often pre-| modify the permutit and render it inactive. ut 
ferred now as being more active, but the coarse | careful observations showed that after two years the 
ins are more easily washed, and this washing | permutit operated as well as on starting. On weighing” 
involves less loss of material. The modern water | and ee the material a loss of 3 per cent. was 
reentage is generally smaller, about 25 per cent., | found, whilst the manufacturers had guaranteed that 
ut the product is equally active, it is claimed ; | the loss should not exceed 5 per cent. per year, and 
the water percentage affects the weight, of course, | the final analysis revealed no notewcrthy changes. 
and the cost of transport. The exchangeability | The permutit had, indeed, turned yellowish brown 
ercentage of the Moscow permutit was also low, | with rust, and this iron oxide, constituting nearly 
.35, as compared with the 2 per cent. now attained ;|2 per cent. of the total mass, depressed the other 
this figure indicates the weight of CaO, expressed | analytical percentages slightly, of course. But this 
in per cent. of the total weight of the permutit, | contamination with rust was merely superficial ; 
which is taken up from calcium-sulphate solution | most of it could be removed by shaking the permutit 
of 100 deg. of hardness. The rate of filtering was — with water, and the core was as white as 
very slow, 1.5 m. (about 5 ft.) per hour. After| before. Thus permutit might be used also for 
filtering 8.6 cub. m. (1900 gallons) of water the filter | purifying water containing iron, and such water was, 
was regenerated with a solution of salt containing | in fact, treated at Glogau in the first installation, 
2.5 kg. of salt per cub. m. of soft water. about which particu were given in 1909. 
It already been noticed in the preliminary | Whether or not manganiferous water can profitably 
experiments that the filtered water had certain | be treated is further to be investigated at Moscow. 
liarities, and when the filtering was prolonged | The sodium content had remained unchanged ; that 
Cound the exhaustion of the permutit, the filtered | would prove that the reactions are really of the 
water was found to contain increasing amounts of | nature ofa kationic exchange, and not of the nature 
magnesia, while remaining free of lime. Only | of a precipitation. 
when 62 mg. of MgO were found, did lime begin to| There remained the question whether permutit 
= yl in the filtered water. The investigation of | water attacked the boiler or ite fittings. e brass 
is point brought out the fact that equivalent | fittings did not suffer in the Moscow boilers, pro- 
amounts of bases did not replace the same amount | vided the boilers were blown off every day to pre- 
of soda in the permutit, but that the amount | vent concentration of the soda in the water, in which 
replaced was increased (and the amount of soda| steam was raised at a pressure of 4 atmospheres 
still left in the permutit was therefore decreased) | (57 1b. per sq. in.); nor did Bahrdt observe any 
the more, the higher the atomic weight of the base. | corrosion of the brass fittings in a boiler which had 
Thus the bases of the metals of the alkaline earths | for three months been worked at 8 atmospheres. 
replaced more soda in the following order :—Mg, | This does not prove that really high pressures and 
Ca, Sr, Ba. The permutit hence me sooner high ak might not to corrosion in 
exhausted with regard to magnesia than with| boilers fed with permutit-filtered water; but 
respect to lime, and as the water in question was | special iron fittings are already in use, and they 
comparatively rich in magnesia, considerable quan- | are not attacked ty alkaline water, which, it is 
tities of magnesia appeared in the filtrate before | well known, rather prevents than favours rusting. 
4 calcium oxide passed through the filter. In| The already-mentioned blowing-off of the boiler is 
culating the amount of permutit required for | desirable to ensure quiet boiling, which might 
80 water of a certain hardness, the lime} be endangered by the accumulation of soda in the 
hardness should hence be distinguished from the| boiler water. Some of the soda will, however, be 
in the state of bicarbonate, which is decomposed by 
boiling -water with the liberation of carbon dioxide, 
and gas generation favours quiet boiling. On the 










































































































WATER-SOFTENING BY PERMUTIT. 

Tue use of an artificial zeolite, known as permutit, 
for the softening of water was first mentioned in 
our columns on the occasion of the London Inter- 
national Congress of Applied Chemistry of 1911, 
and was then new te this country. Permutit 
has since then successfully been tried over here. 
It was not to be expected that the old-established 
lime-soda process should rapidly be replaced by a 
peculiar double decomposition process, involving 
an exchange of bases which, the engineer might 
naturally fear, might answer for a short period, but 
would soon fail. On the other hand, there was the 
advantage that the new process did not mean more 
than one filtering operation. At present permutit 
is favourably regarded on the whole, perhaps, 
though it is recognised that its use is not always 
advisable. But the engineer wants definite in- 
formation based on experience, and as there is not 
— id such information available, we wish to 

w attention to two years’ trials of the processand| + Chemi ‘ pages 
experiments conducted in the boiler-house of the | te Aw ee ee mr 
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other hand, the presence of much sodium sulphate 
might lead to the formation of a hard incrustation ; 
cases in point have been described, though they 
have not well been substantiated y —- 
analyses. With less than 3 per cent. of Na,SO, no 
incrustation need probably be feared, however, and 
the blowing-off would prevent that possibility. 

Concluding, Bahrdt, substantially in accord with 
other investigators, points out that he would not 
always recommend permutit —s Sometimes 
the old soda-lime treatment would be preferable. 
Water, for instance, which runs turbid through a 
sand filter and is slimy is better treated with lime ; 
so are waters of very great hardness, or merely of 
high temporary hardness (rich in bicarbonates), for 
which the old softening will be cheaper. Where the 
price of salt is very high, moreover, the regeneration 
of the permutit may become too expensive. Asa 
rule, however, the permutit treatment will be 
advisable, and little will be gained by the some- 
times advocated combination of the two processes, 
which would require expensive plants and call for 
constant supervision by a competent. chemist. 
Adequate tests should, of course, conducted in 
every case before deciding upon the method of 
softening to be adopted. 





NOTES. 
Tue Konospere Sitver Works, Norway. 

Tue venerable Kongsberg silver works in Norway, 
which boasts an honourable history extending 
over some three hundred years, has lately been 
modernised in almost every respect.. The old slow 
smelting methods for the poorer ore, whereby much 
silver was lost, have been abandoned, and rational 
new methods ado ; new boring-machines have 
supplanted the old hand-boring, electric power has 
superseded water power, and locomotives have dis- 
placed horses in the mines, &. The mines are 
situated at two levels ; the 30 to 40 mines of the lower 
level are connected by a tunnel, which some 1350 
metres into the mountain divides into two branches, 
one in the southern direction, about 2 km. long, and 
one in the northern direction, about 1.14 km. long. 
Another tunnel, 4.12 km. lopg and about 30 metres 
higher than the former, brings about the connection 
with the upper mines. The lower mines were not 
worked for the greater part of the last century, 
but prospects there are now very favourable, and 
this part of the mines is ex to yield at least 
5000 kg. of silver annually for the next ten years. 
A new shaft will be sunk there. Other extensive 
work is going on at the lower level for the purpose 
of getting under the old mines, further to inves- 
tigate some of them. The upper-level mines have 
been worked with varying results, the King’s mine 
having been the mainstay for the last century ; it 
is now 912 metres deep, of which 370 metres are 
below the level of the sea. After a disappointing 
section towards the bottom, some rich ore now 
been come upon, which is expected to bring about 
remunerative working of the Kongsberg silver works 
for some time to come. The output of silver has 
been increased of late years, and during the financial 
year 1911-12 it amounted to 10,460 kg., a figure 
which is likely to be materially exceeded, with the 
aid of good new findings and the improved plant. 


Tae ImperiaL Wiretess ScHEME. 


The Imperial wireless scheme, which is designed 
to maintain the communications of the Empire if 
the submarine cables should be destroyed in war, 
will comprise six great stations, erected respec- 
tively in Egypt, East Africa, South Africa, Banga- 
lore and Sin re. The wave-lengths will be as 
great as possible within the limits of 15,000 ft. and 
50,000 ft., and stations required to communicate in 
more than one direction, as most of them will 
be, will have a separate transmitting aerial and 
a separate receiving aerial for each direction. The 
total power, including spares an auxiliaries, at the 
terminal stations will be approximately 1300 horse- 

wer, and at the intermediate stations between 

900 and 2500 horse-power. The power will be 
developed by steam-turbines coupled to alternate- 
current generators and revolving-disc dischargers. 
The transmitting aerials, we learn from a most 
comprehensive and in ing paper on wireless 
telegrephy. read yesterday before the North-East 
Coast Institution of Engineers and Shipbuilders 
by Mr. H. Fothergill, will be of the multiwire 
ee type, - will consist of a number of 

orizontal parallel wires, supported at one end, 
300 ft. high. by ten masts, and brought down at 





the other end to the transmitting station. The 
centre line through the horizontal portion of the 
aerial will coincide with the line of direction of the 
station with which it is desired to communicate, the 
free or elevated end of the aerial pointing directly 
away from the communication station. The receiving 
and operating stations will not be less than 10 miles 
distant from the transmitting stations, and will be 
provided with balancing aerials, so as to prevent 
interference by the waves radiated from an adjoin- 
ing transmitting station. The operating-room will 
be connected by means of wires to the transmitting 
station, which will be operated from the receiving 
station. The wave-lengths transmitted from any 
station will be, in all cases, at least 25 per cent. 
different from those transmitted from other stations 
within its normal range. 
be a difference of 5 per cent. between the wave- 
em emitted from any one station, in order that 

corresponding station with which this station 
has to communieate may be able to tune out the 
waves which are not designed for it to receive. In 
compacing the results of various systems of wireless 
telegraphy, Mr. Fothergill explained that messages 
could be sent at night by the Sisson system from 
Clifden, in Ireland, to Buenos Aires, 5849 miles. 
The Telefunken system is being experimented with 
between Nauen and Togo, a distance of 4000 miles. 
The Poulsen system has been tried between San 
Francisco and Honolulu, a distance of 2100 miles, 
and long-distance transmission by the Goldschmidt 
system is to be attempted at an early date. 


OpticaL DETERMINATIONS OF STREss. 


In a recent issue of the Annales des Ponts @et 
Chaussées M. Mesnager describes the application 
of optical methods of stress determination to the 
analysis of the stresses in an arch bridge of 95 
metres span, to be erected over the Rhone, near 
Balme. The design of the structure involved com- 
plications, which made difficult the accurate deter- 
mination of the stresses by the usual methods of 
computation, and the attempt to measure the 
stresses in a small metal model of the structure 
failed. It was finally decided to make a model in 
glass, and with this model the whole of the stresses 
were determined by optical measurements within 
less than twenty days. Much more time would, 
M. Mesnager states, have been required to obtain 
equally complete results by computation, and these 
computed results would have been substantially less 
reliable. The optical method, which in this country 
has been developed by Professor Coker, is based on 
the fact that if polarised light be passed through 
a transparent body under strain, the light is split 
up into components, one of which travels through 
the strained body with a higher velocity than ‘the 
other. Hence when the two em the one ray 
has gained on the other. Interference effects 
would, accordingly, ensue were it not that the 
two components produced, as above described, are 

larised in different planes. The two rays can, 

wever, be made to interfere by twisting round 
their two planes of polarisation into one, by passing 
them through a’ Nicol prism, and colour bands 
are then observed. Each colour represents a 
definite difference between the principal stresses 
at the ae ge part of the strained body. 
In the case of an ordinary bridge member one of 
these principal stresses is sensibly zero, so that 
the colour bands give directly the value of the 
ga stress in the member under examination. 

. Mesnager states that in every plate of constant 
thickness, cut into any form, the mean stresses 
parallel to the plane of the plate are wholly inde- 
pendent of the elastic constants of the material, and 
it is therefore possible to determine the stresses 
in a steel structure by observations on glass. In 
all solid parallel-sided bars the stresses parallel to 
the are, he says, distributed in ce 
with the straight-line law. The local. concentra- 
tions of stress produced at joints are, he continues, 
all smoothed out in a distance comparable with the 
depth of the member, and in all compound struc- 
tures the stresses are independent of the nature of 
the material, save in the immediate neighbourhood 
of joints. His observations confirm the result that 
in pieces under tension the maximum stress around 
a rivet-hole is about three times the mean stress in 
the member. He finds, moreover, that by some 
very simple modifications in the. usual calculations 
it is possible to allow for the effect of the floor in 
augmenting the strength of an arched bridge, and 
states that very considerable economies may be 
realised in this way. 


In all cases there will | §' 





CRITICAL LOADS FOR IDEAL LONG 
COLUMNS. 


By ArtHur Morey. 


Introductory.—The usual process of obtaini 
Euler’s value of the critical load for the ideal 
of a long, straight, axially-loaded column of uniform 
cross-section is well-known. It consists: (1) In 
writing from the simple theory of flexure the dif- 
ferential equation to the curve of bending in terms 
of the load, dimensions, modulus of elasticity of 
the material, and an arbitrary deflection at some 
selected cross-section of the column. (2) In solv- 
ing the equation in conformity with the assigned 
end conditions of the column, thus deriving a 
eneral expression for the deflection. (3) In equat- 
ing the appropriate value of this general expression 
to the arbitrary value previously assumed at the 
selected cross-section and solving for the value of 
the load. 

For the third atep we may, of course, substitute 
the method of equating the elastic strain energy of 
the column to thé work done by the load in produc- 
ing the deflection. If we use the correct form of 
curve, the result will be identical with that obtained 
from an equation‘of lateral displacements, but the 
work involved would be greater, and this latter 
alternative therefore offers no advantages to the 
designer. 

Now if we assume a general form of deflection 
and represent it by an algebraic expression, and 
use this in an equation of displacements or in the 
equation of work, we shall obtain a value of the 
critical load. Whether the value so obtained is, or 
is not, a good approximation to the true critical 
load depends mainly on whether the assumed form 
of deflection is, or is not, a good approximation to 
the true curve. For example, taking the funda- 
mental case of a column of length I, fixed in direc- 
tion at one end and quite free at the other, the 
deflection at a distance x from the free end bears 


to that at the free end a ratio l — sin 4 ; this 


curve lies fairly close to that taken up by a corre- 
sponding cantilever transversely loaded at its free 

‘ ; . (l-— af (214+2) 
end, which gives a deflection ~———3j3-—-— 
of that at its free end, and if this latter form be 
assumed for the column deflection, a good approxi- 
mation to the critical load will result. But in the 
case of a column which tapers from the fixed end 
to a very much smaller section at the free end, the 
corresponding assumption is not a safe one, and 
will lead in some cases to an enormous over- 
estimate of the critical load. The assumption of 
a curve flatter than the true form leads to over- 
estimates of the load, and that of a form of 
exaggerated general curvature* leads to under- 
estimates. 

Method of Successive Approximation.—The fol- 
lowing method may be applied to struts of any 
kind, whether uniform, in cross-section, or other- 
wise ; for the purpose of explanation, the case of 
a column fixed at one end and free at the other will 
suftice, but there is no limitation to the type of end 
condition in the application of the method. 

As a first approximation, assume any deflection 
of the free end, and any simple form of flexural 
curve connecting the free and the fixed ends—even 
a straight line, however impossible as a final 
result—will serve in the first instance as a good 
starting-point. 

Secondly, use the assumed form of deflection in 
place of the unknown form in the differential equa- 
tion to the curve of bending. Thirdly, by two 
integrations, with due regard to the end conditions 
for the determination of the constants of integra- 
tion, obtain a general expression for the deflection 
at any cross-section of the column. Fourthly, 
equate the resulting deflection at the free end to 
that previously assumed, and solve for the load. 
This is the approximate solution previously de- 
scribed, and may be called a first approximation. 
Next write the general expression for deflection in 
terms of the derived value at the free end ; this is 
a second approximation to the true form, and if 
treated in the same way as the first approximation 
will yield a third approximation, and so on indefi- 
nitely, each step yielding in general a new flexural 





* By assuming 
constant section, Goodman, chan 
Applied to Engineering,” obtains a good approximation 
on the safe side. 
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form and a new value of the critical load. Succes- 
sive values, after a few repetitions, tend noticeably 
towards a fixed limit, and this is the true critical 
value. It is quite easy to obtain a good approxi- 
mation from a straight line as a first approxima- 
tién ; this gives a linear distribution of bending 
moment co nding to a cantilever with a trans- 
verse end = ger that the second ee 
starts with a curve corresponding to the cantilever 
curve. Particularly with such a simple initial 
assumption, it will generally be noticed that the 
successive coefficients in the critical loads are falling 
into an ordered uence, and that after a few 
integrations the coefficients for further approxima- 
tions may be picked out by inspection from the 
sum of a series. By ae to the limiting 
value for an indefinitely great number of repeti- 
tions, which may be quite easy to determine, we 
may be able to write down an exact, instead of an 
approximate, value for the critical load. 

or a strut, the cross-section of which changes 
from point to point along its axis by any but a 
simple continuous law, the determination may con- 
veniently be carried out graphically. Any deflee- 
tion curve initially assumed constitutes on a base- 
line through the free end parallel to the original 
direction a curve of bending moments (M = P 
(y»—y) Fig. 1) for the strut under the action of the 
thrust, and well-known graphical processes give 
the resulting deflections. An equation of dis- 
placements then gives the first approximation to the 
critical load. The resulting curve of deflections 
may in turn be similarly treated to give a second 
curve, and so on until reasonable constancy is 
attained. Whether the treatment be graphical or 
algebraic, if the arbitrary choice of a first deflec- 
tion curve should happen to correspond to the true 
form, the second form will exactly correspond to the 
first, and exact repetition will follow as often as 
the process is carried out. 

e following examples illustrating this method 
are worked out for the case of a column fixed at 
one end and quite free at the other ; from this case 
other important ones can be simply deduced by well- 
known relations. The first example is worked in 
some detail. 

Notation.—Let 0, Fig. 1, be the origin at the 
undisturbed position of the free end of the strut, 
x be the distance along the strut, and y the deflec- 
tion. Let the suffix 1 refer to the fixed end, and 
the suffix o to the free end. Let! be the length 
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of the column, I the moment of inertia of its cross- 

section about a central axis in its plane, and E be 

Young’s modulus of elasticity for the material, and 
P be the axial thrust at the free end. 

Then in all cases the equation of simple bending 

13 S— 
Py 
ee in 


Exampte I. :— 

Let the column be of uniform section—+.e., 
I = constant. 

First Approximation.— Assume the deflection to 
be along a straight line 1 A (Fig. 1)—.e. :— 


= P(y-y). » (I) 


l-z 


Y = Ym OF Yo — == « Yo- (2) 
Then equation (1) becomes :— 
Dy _ x 
EI a2 Py T (3) 





Integrating twice under the condition st =0, and 
x 
y = Oat the fixed end—i.ec., when x = l. 
=P ¥ (1 23 _ 3 
Ely="¥ (F2 Pa +2) 
and at x = 0, 


(4) 
Ely, = F-¥0? (5) 
from which the first approximation is :— 
_ 3EI 

P= R - (6) 

Second Approximation.—Dividing (4) by (5), 
a 12 382 

y=" (55 a +1) » (7) 
which is the form for a cantilever with a transverse 
end load, as might be foreseen from (3), in which the 
bending moment is proportional to x; when known 
it might be chosen as a starting point instead of 
the simpler form (3), which does not comply with 


the condition — = 0 for « = l. Using the 
x 
dx 2 


form (7) in (1), 
x 
=) 
whence, proceeding as before, 


E1?y =P» (34 (8) 
Py x 
El y= 7_%( 1023 - 7 - 
y 7( 10 _ HP x + 16”) (9) 


=: 
2 


and 


Ely => Pe . (10) 
= EI 
P=25 - (11) 
Third Approximation.—Dividing (9) by (10), 
ay(5% -1¢%_ Be 
y=n(3 5 16 B iit?) ” 
And again substituting in (1), 
@y_1 1 2 2. D2 
I = < - §=— Ss ow 
wie 3 Pm(s pets r) (18) 
from which, 
1 12’. #£ , B22 61 272 
EIly=—P (> - ie *) 
temas ets ss tt?) 
oa) a 272 
Ely = 5 Pn x eR, - (15) 
p = 42 EI _ 9.4795 E! (18) 
17 B R 
The successive approximations are E I + 7 


multiplied by 3, 2.5, 2.4706, 2.4677 &e., 
where the true coefficient is well known to be 
F n? = 2.4674 

Each successive approximation for y approaches 
more nearly the true value—viz., y) ie 


l 
Thus the true value at « = $1 is y (1 _ =) = 


0.293 yo, whereas (2), (7), (12) give respectively 
0.5 yo, 0.3125 yo, 0.295 yo. @ successive curves 
are each flatter than the true curve, and give a 
value of P in excess of the true value. 

An alternative to the form (2) would have been 
to assume a parabolic curve :— 


re be 


1— sin 


fe - . - (17) 
dy =. 


dx 

In this case the successive approximations are = 
multiplied by the factors 2.4, 2.4590. These are 
below the true value } 7’; correspondingly the 
values of y indicate more curvature than in the 
true sine form. For x = $1, (17) gives y = 0.25 y, 
and the second approximation gives y=0.2875 y, 
as against the above true value 0.293 yp. 

e form (17) is the curve taken by the column 
under the action of a couple at its freeend. This 
will, with any type of column, give a curve of 
exaggerated curvature and an approximation on 
the safe side, to the critical | It will also 
provide a starting - point for approaching the 
true limit from the safe side. By ing from 
both sides it is more easy to judge the value of the 
limit from a very few trials when the limit is 
approached slowly. 


Exampte II. :-— 


_ Let I vary as the distance x from the free end— 
1.€.:— 


which satisfies both y = 0 and = 0 forx 
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I= ch . (18) 
First A imation.—Assuming the form (2) 
equation ct becomes :— 
rr ve 
Elana = Pm . (19) 
which gives :— 
=P ¥ (¢- = Pm? 
y aE,” 1%, and % 2EI, * (20) 
Hence 
_2ETI, 
P= np (21) 
Second Approximation :— 
y= yp @—!? (22) 


2 
which substituted with (18) in equation (1) gives :— 
By _ 2l--2 

ELT TP a; . . (23) 


Two integrations then give :— 





y aah hated pe2+ae.} (24) 
—- PH? 
Yo El, x # (25) 
EI 
P= 1 ° 
3 rp (26) 


The successive factors of =" in the values of P 


are 2, 3, or 1.5, }$ or 1.46, $25 or 1.4516 . . . 
The assumption (17) is identical with (22), and leads 
to the same series of approximations. 

The limit is in this case approached so rapidly 


that P = 1.45 = may be taken as a good ap- 
proximation. 
Exampte III. :— 


Let 1 vary as the square of the distance from the 
free end—i.e. :— 


1-4 . (2) 


Following the method of the  sgusenxs examples, 
E 


the successive coefficients of z in the values of 


P arel, 4, ts ty }, #5, oa 

Here the limit is approached much more slowly, 
and evidently the first two approximations are very 
bad and yield very incorrect values,of P on the 
unsafe side. From the way in which the coeffi- 
cients develop in the integrations (which would 
take too much space to reproduce in full) it becomes 
evident that successive values may be written from 
the numbers in Table I., overleaf. These numbers 
are interesting and very simply related ; the consti- 
tution of the first two lines is obvious, and the 
lowest number in each column is a repetition of 
the one above it. All rows after the first may 
be written by making each number the sum of that 
above and that to the left of it. 

Successive approximations to the coefficient of 
a are obtained by dividing the sum of any column 
by the sum of the succeeding column ; for the word 
‘*sum ” ‘* last number ” may be substituted, since 
the last term in any column is equal to the sum of 
the previous column. To reach any degree of 
approximation is now only a question of simple 
arithmetic, but we may algebraically proceed to the 
limiting value of the coefficient. the successive 
numbers in the (n +1)th column are :— 
a(n + 1)_, nin + 1) (n+ 9) _ 

1.2 7 1.2.3 

n(n +1)(n+2)(n +3) n(n +1) 

~—et40°0° ee 

The nth number is 

m (n+) (m+)... « (2n—3) (2n-2)_ 
n-1 
n(n+1)(m+2).... (2n-4) _o n(n+1)(n+2).,.. (2n—5) 
n-3 i cr cee 
_g n(n+1) (n+2)....(2n-6) go 
— Q= 5 . ’ , 
_(n=5) (n+2) (n+) m__n(w—4) (n+) n 
1.2.3 1.2 
— (n-3) n—(n—2) 

Taking the ratio of the nth number of the 
(n+1)th column to the (n+1)th number of the 
(n+2)th column, and proceeding to the limit in 
which n is indefinitely great, we find the limiting 
value of the coefficient to be t 
_ If we assume the form (17) as a starting point, 


1, n, 2, 
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TABLE I. lthe third vanishing when ot, = 0 for all values 
3 1 | 2 1 Te Se 1 1 1 1 1 |of x. If the coefficients A, B, C, &c,, are made 
1 | ee $ : 3 Ye oe 2 to comply with as many ¢ the known end condi- 
tions as possible, the resulting approximations for 
: “| & wo it | as , ‘s the se — for the criti ieod we we closer 
fa. ’ than those m a curve complying with fewer of 
- 4 = Hy these conditions. 
1430 _- Thus, in Example I., for « = 0, y = y; there- 
| — ~ |__| ——_— 1 @y — 0; é 
AOR Rae aes : - | . = — ~ — a0 | nee a708 foreA = 1. Also dat 0; hence C=0. And 
:; a dy 
. EI 1 2 5 u | 2 132 420 «| «(1480 4,862 -=l, y=, =; h B= — 3, 
Omir) t | eg |g | | | ie | ee | te | oe | ce [OS ee Gg, SRP tale 
Coefficlentsasdecimals = 1 | Ob 0.4 | 0.3571 | 0.9333 | 0.3182 | 0.908 | 0.900 | 0.2941 ase - Re Bon pio iar Pag eg Py on > 


the successive approximations to the coefficient of 
7 are 4, sy. #2. kat, &c., for which a table may 


be constructed to give further approximations by 
arithmetic; the table is not quite so simple as 
Table I., but gives, of course, the same limiting 
value, and the alternative offers no aivantages. 
By modifying a numerical coefficient in, say, the 
second approximation for y, we may bring the re- 
sulting value of the coefficient of = near or 
exactly to }, but the succeeding values wil) go 
away from the true coefficient, and then gradually 
approach it again, so that the simplest assumption 
(2) appears to be as good as any other. This 
example scarcely represents a type of practical 
column, but it illustrates well the method of 
successive emp and the entire unre- 
liability of the early approximations in certain 
cases of columns of variable section. Its exact 
solution may be obtained from the differential 
equation (1), which, with (27), becomes— 


dy _ PP PP 

a ys —_— 28 

* de* £1,°"" 5,” od 

The solution under the assigned conditions is— 
P=} and 


y=m (1-2 +4 9/E tog 2) - (29) 


a value which will, of course, repeat itself after a 
succession of integrations of equation (1). How 
greatly the second value of y, which is— 


+1) 


corresponding to the end loaded cantilever curve, 
differs from (29) is evident by comparing the values 
of y for, say, x=} 1; the form (29) gives y=0.105 yp, 
while (30) gives y = 0.301 y. 

The weakness of this column lies in the flexibility 
of its free end, which would also reach the elastic 
limit before the critical load, unless modified in 
shape. 

Examp.e IV. :— 

As a nearer cperitnntie to a practical shape, 
take a column of uniform type of section, but the 
linear cross-sectional dimensions varying uniformly 
from the fixed to the free end at which they are 
half those at the fixed end—e g., a conical pillar— 

__ +a) 
=h 160 - @) 

Assuming the curve (2) the successive approxi- 

mations to P are a multiplied by 3, 34. 143 


&c., or 1.5, 1.071, 1.035, &c., respectively. 
If we assume as a starting point 


y=M . . . 


vo(jloe t= 7 . (30) 


. (32) 
which, as a second approximation, yields the curve 
taken under the action of the couple (P y,) at the 
free end of the corresponding ci. ntilever—viz.— 


:). 
; —_ EI, ; 
the successive approximations for P are ~~ multi- 


plied by }, 3%, 34, &c., or 0.75, 0.96774, 0.96875, 
&c. The limit is evidently approached very quickly, 
E 


and it may be taken as very near to 0.97 oe In 
any case it has been reduced to the range between 
1,035 and 0.97 times =. 


Economy of Material.—If A, is the cross-sectio' 


x 


fe} 
v= (aay apt ar = 


area at the fixed end, the volume of the column 














Pi. Mabe 7 

is 4 x gAi x 21 = 49 °A, |. A 
column of uniform cross-section and the same 
volume has a moment of inertia of cross-section 


equal to (7) x I, and its critical load is 


in Example IV. 


a= 2 

4k *E x (5) I, = 0.84 oh, or some 13 per cent. 
less than that of the tapered column. On the 
other hand, considering the more tapered column 
of Example ITI., its volume is 4 A,/. A uniform 
column of equal volume would have a critical load 


I 
of apE x 1, = 0.616 Fs or nearly 2} times 


EI 
that of the tapered column (which is } 7). 


Curve Approximations.—The statement has been 
made that the exact shape of the curve is not 
important. But it has been shown in the foregoing 
that while the difference in end-loaded cantilever 
and column curves is not so great in columns of 
constant moment of inertia as to give a bad approxi- 
mation, the case may be very different with tapering 
columns. It may be worth stating the point from 
simple principles as follows :— 


1. It is clear from the bending moment diagrams, | 88° 


say Al Band A C B, Fig. 2, which for equal values 
of y, must have equal moments about 0, that the 
curvature will be greater for the column than for 
the cantilever, for the bending moments are in- 
creased in greater proportion where their values are 
smaller—i.e., towards the free end. 

2. This is particularly the case with tapering 
columns, for here I decreases :— 


(7 = _M ) 
d# EIS 
3. For the displacement method— 
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For any curve flatter than the true one 
l 
| (»— dx 
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is underestimated, and therefore P is overestimated. 

4. By the method by energy, for a curve flatter 
than the true one (see Fig. 3), the strain ene 
is underestimated, but the axial component of the 
movement of P is underestimated in a greater pro- 
portion; hence, from the equation P = (strain 
energy) + (axial movement of P), P is over- 
estimated. 

Note on the Initial Choice of a Curve.—By choos- 
ing a straight line or the second approximation to 
which it leads —viz., the curve of an end loaded 
cantilever—a curve flatter than the true curve is 
ensured and the true critical load is approached 
from above. By starting from a constant deflec- 
tion or the curve of a cantilever acted on bya 
couple at its free end to which it leads, a curve of 
exaggerated curvature is secured and the true 
critical load is approached from below. If the 
limit is a hed slowly, the use of both alter- 
natives, when possible, may be recommended. 

An alternative method of obtaining a starting 
point corresponding to the second approximation is 
to assume that the curve is of the form 


r x? x 
= jae » La = ° . (34 
y y(A+B2+04+D4 ) (34) 


mal | the number of constants being equal to the number 


of known conditions and powers of x higher than 


~|the true value, although not safer, than if we 


vy . 


neglect the condition 0, which from the 


general form : 
at x x 
y= (A+ BS +02) 
yields the form (17) and a coefficient 2:4. Similarly, 
in Example III., in which pa is not necessarily 
x 
zero, the form (2), which corresponds to A = 1, 
B= —1, C= 0 im (35) gives coefficients 1, 3, io 


5, &c., while the nearer form A = 1, a 
$ = 4, resulting from the three conditions y = y, 


(35) 


dy 
f =0Qand _~ 
or x an d 


= 0=y for « =1 gives the 
nearer coefficients %, ;°,, 2, 42+, which, however, 
approach the same limit, but in a manner some- 


what less simple to compute arithmetically. 





THE LATE DR.-ING. AUGUST WOHLER. 
THE news of the death of August Wohler will be 
received with widespread regret, ard in some parts 
probably also with a little astonishment, that this 
veteran pioneer of material-testing and railway engi- 
neering should still have been with us a few weeks 
. Wiohler died at Hanover on March 21; on 
ee 22 he would have completed his ninety-fifth year 
of age. 
ana st Wohler was born in 1819, in the small town 
of Soltau, situated in the Liineburger Heide—the 
picturesque heath covering a considerable portion of 
what was then the Kingdom of Hanover. Wohler, the 
son of a schoolmaster, obtained a scholarship for the 
trade school of Hanover, where he studied for four 
years under Karmarsch. During the latter half of this 
riod he worked also at the lathe, and he continued 
is workshop practice for another year. Having had 
some experience in railway-construction work on the 
new Hanover-Harburg line, he went in 1840 to the 
works of A. Borsig, at Berlin, where he was occupied in 
the drawing-office, chiefly with the projects for the 
Berlin- Anhalt, the Berlin-Stettin, and the Upper Sile- 
sian railways then under construction. The Hanoverian 
railway department afterwards sent him to Brussels to 
be trained as an engine-driver, and he was afterwards, 
for some time, engine-driver in his native country. 
Bat he entered into the Prussian railway service in 
1847, where he soon found recognition of his ability. 
In 1852 he was nominated member of a commission 
appointed to inquire into the causes of the frequent 
engine derailments and to advise on the construction 
of locomotives. In connection with this research, he 
also investigated the causes of axle fractures, and on 
his suggestion measurements were made of the bending 


Tgy | and torsion of car axles and on the effects of concus- 


sion on car wheels. In 1859 Wéhler was able to estab- 
lish in Berlin an experimental station for the testing 
of iron and steel ender repeated stress. This institu- 
tion was joined with the Gewerbeakademie ; a depart- 
ment for testing building materials and cement was 
added in 1870, and when the Banakademie and the 
Gewerbeakademie were uvited in 1880 to the Tech- 
nical High School, the testing station became attached 
to this college, with which it remained connected until 
the new Kéinigliche Materialpriifungsamt was created 
an independent institution at Gross L‘chterfelde, about 
ten years ago. 

present generation is not likely to forget that 
Wihler did much for making material - testing a 
science. The Wohler testing-machine is still used ; 
the original machine is now in the German Museum 
at Munich. He originated one alternating 
stress, and his name survives in Wéhler’s law, the 
first law for calculating the strength of iron bridges 
and of parts of machinery, and o lar lattice 
girders in particular. Testing always attracted his 
special interest, though his duties were varied. His 
name is also coupled with the invention of a brake, of 
an hydraulic crane, and of a flange packirg by means 
of lens-shaped pieces of ground metal; this he de- 
signed for the joint between the stati and 
the revolving parts of his hydraulic crane. ving 
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been a practical railway engineer for more than 
twenty Nave, Wohler became manager of the Berlin 
Railway Car Works in 1869. In 1874 he was ap- 

inted one of the general directors of the Alsatian State 

ailways, and he remained in the Imperial Railway 
Department until the year 1889, when he retired, a man 
of seventy years of age. During those late years he con- 
tinued to conduct valuable researches. He advocated 
impact tests of rails, axles, and tyres, showed how to 
determine the engine-pull from the consumption of 
boiler water, and wrote on testing institutions and 
also on the construction and working of tramways 
and rack railways. It is owing to his initiative that 
the Prussian Government issued in 1876 an official 
classification of iron and steel. His most valued honours 
came when he was living quietly in Hanover. In 1896 
the Verein Deutscher Ingenieure awarded him the 
Grashof Medal, the highest honour this institution 
can bestow, and the Technical High School at Berlin- 
Charlottenburg conferred the honorary degree of 
Doctor-Ingenieur on him in 1901. 





THE PHYSICAL SOCIETY OF LONDON. 

At the meeting of the Physical Society of London, 
held on Friday, March 27, at the Imperial College of 
Science, yy Pw > a SOIT _ 5 ~ 
President, in the chair, a paper on “ ew vy) 
Thermo-Galvanometer ’ was read by Mr. F. W. Seales. 

The puff of air from an orifice in an air-chamber when 
the air within is suddenly heated is utilised in this instru- 
ment to deflect a small suspended vane. The current to 
be measured is made or broken through a heater of 
small thermal capacity in the air-chamber, and the out- 
rush or inrush of air through the orifice delivers an 
impulse to the vane. The disturbing effects of extraneous 
heat and pulsations of external pressure are eliminated 
by a compensation method. In one instrument of this 
type the sensibility was 4 mm. per microwatt, and the 
extremity of the throw of the vane was attained in 
2 seconds. 

In the discussion Dr. W. H. Eccles said a good deal of 
work had been done with convection galvanometers, but 
Mr. Jordan was the first to measure the pulses produced 
by suddenly-heated filaments. About nine years ago he 
had made some small instruments consisting of a fine 
filament connected to heavier leads and mounted in a 
small glass tube suitable for insertion in the ear. If an 
interrup current through the filament the 
observer could hear every pulse produced. The instru- 
ments varied in sensitiveness. One which had a platinum 
filament of 12 ohms resistance could detect 0.6025 ampere, 
while another, with a platinised quartz filament of 
900 ohms, could detect 0.50003 ampere. 

Mr. W. Duddell thought the instrument was very 
ingenious. He asked if the sensitiveness could be 
increased to measure quantities of energy of the order of 
a microwatt. 

Mr. Jordan, in reply, stated that the fibre was already 
extremely fine as the inertia was small. He thought the 
vane could be reduced considerably, and the sensitiveness 
thereby increased, without a serious increase in the time 
of swing. 

A paper describing ‘‘An Instrument for Recording 
Pressure Variations due to Explosions in Tubes” was also 
read by Mr. J. D. Morgan. The object of this was 
to describe a mechanical oscillograph for recording the 
pressure variations which accompany a or other 
explosign in an open tube. In this a light steel vane 
of rectangular form is employed, mounted lel 
the explosion-tube in a cell presenting a lateral opening 
to the tube interior.- Along three edges the vane 1s free, 
and along the fourth edge it is attached to a torsion 
wire. The vane is made to fit the cell as closely as pos- 
sible around its edges without touching the sides of the 
cell. The diagram is produced by a style on a smoked 
paper strip wrapped around a clock-driven drum, and on 
the same strip 1s described a time-curve hy an electric- 
ally-driven tuning-fork of known frequency. To make 
the instrument dead-beat a dash-pot is mounted on the 
front of the vane-cell and attached to the style. 

In opening the discussion the Chairman asked if the 
author thought all the phenomena shown in some of his 
curves were features of tho original explosion, or if some 
of them were due to reflected disturbances from the walls 
and ends of the tube. 

Mr. R. Appleyard said the different types of curve 
shown by the author seemed analogous to the oscillatory 
and aperiodic types of electric discharge. He asked if 
& author had tried damping with a megnet and copper 
plate. 

Dr. W. Watson expressed his interest in the instru- 
ment. He mentioned with reference to the statement 
that a diaphragm cannot be made to give a uniform 
scale, that with a corrugated diaphragm a quite uniform 
scale of displacement against pressure could be obtained. 
He believed the author found it advantageous to have 
considerable inertia in the moving system, and he thought 
the inertia would play an even more important réle in 
defining the extent of the vane’s motion under the influ- 
ence of a sudden expansion than the torsional control. 
He thought that the effect on the resultant curves of 
varying the inertia ought to be investigated. He sup- 
posed that in the curves shown the disturbance was com- 
pounded of what he might call the organ-pipe effect, and 
another effect due to the time taken by the combustion 
wave to pass along the tube. 

The author, in y, said he had considered electro- 
magnetic damping, but rejected 1t on account of relative 
cost. There were, however, en o' jections to the use 
of the dasbpot, which undou ly modified the shape 


to | cylinder all have a similar knock. 
- 80 far as 





of the curves. There was no doubt that the resultant 
disturbances were compounded of a pressure-wave along 
the tube and a surging of the as a whole. It was 
difficult to separate the effects. In most cases—probably 
ee ee as long as the needle was 
vibrating. 

A paper entitled “‘The Direct Measwrement of the 
Napierian Base” was next read by Mr. R. Appleyard. 
In this the author described a aoe apparatus intended 
to convey to students an idea of the way in which the 
base ¢ of the Napierian logarithms enters into physical 
problems in a ific case of wide application. A 
small length of chain is allowed to hang from a loop of 
thread, and the remaining part of the chain is then 

aside until the thread is at 45 deg. to the vertical. 

he curved portion becomes a true catenary when the 
angle between the vertical and curved portions of chain 
atthe attachment of the loop is 90 deg. To ensure that 
this condition is reached, the circle of curvature of the 
catenary at that point is drawn, and this is found to have 
a radius equal to the vertical portion. In these circum- 
stances, if the vertical length is taken as unity, and if its 
lower end is taken as origin, it is shown that ¢ is the sum 
of the y ordinate at x = 1, and the length of curved 
chain between the point where that y ordinate cuts the 
curve and the top of the vertical portion. The coon 
of this result to a simple representation of the relationship 
and meaning of hyperbolic functions was also shown, and 
it was urged that such functions should be studied from 
—— of the catenary rather than from the 
Chairman, in inviting discussion, said he supposed 

the object of the paper was to familiarise students with 
the properties of the catenary rather than the determina- 
tion of ¢, as this was so easily obtained from the formula. 

Dr. W. * ~— drew ——s to a agree 
m ing ¢ from the properties of the catenary, whi 
the tote Pusieonr Mibchin used to set as a practical 
problem in the London University examinations, 





THE MARINE DIESEL ENGINE AND 
ELECTRIC DRIVE. 

Srn,—The last paragraph of Mr J.T. Mil 

1R,—The last paragraph o k Os a ton’s paper 
on ‘Marine Diesel Engvnes,” reproduced on page Bas 
in your issue of April 17, contains a statement with 
reference to the Tynemount which we find it necessary 
to contradict. 

Mr. Milton states that ‘‘so far, the electrical portion 
of the equipment has not answered expectations.” This 
is di y contrary to fact. The electrical equipment 
worked with perfect smoothness and without hitch, and 
never occasioned a moment’s trouble or anxiety. 

We trust you will find space for this correction. 

Yours faithfully. 
Mavor anp Covuison, Limirep. 
Sam Mavor, Managing Director 


47, Broad-street, Mile-End, Glasgow, April 20, 1914. 





PISTON-KNOCK IN INTERNAL-COM- 
BUSTION ENGINES. 
To THe Eprror or ENGINEERING. 

Srr,—I am keenly interested in these letters, and having 
had much experience in the maintenance and repair of & 
and petrol-engines, particularly car-engines, perhaps this 
communication may help towards the settlement of this, 
to me, difficult problem. It -would be oe to know, for 
certain, the cause of the “‘ignition knock” particularly. 

Clean, dirty, long and short-stroke, single and multi- 

i ulti-cylinder 
engines, I have been able to observe, do not knock 
in several Se The piston-slap theory seems sound, 
excepting that the noise is scarcely one we should expect 


from a cast-iron member of such form and weight slapping | be 


the cylinder walls, and I should prefer the theory that the 
noise is due to the sudden reversal of the load on con- 
necting-rod bearings. Before mentioning other sources of 
noise, let us consider this latter. Confining our thoughts 
to the knock at lower ine speeds, the piston inertia 
imposes a load on the crank for about the first half of the 
com pression-stroke, after which the velocity of the crank- 
pin towards the cylinder diminishes, the piston and con- 
necting-rod momentarily gain on the pin and normally 
quietly reimpose a thrust on the pin as the compression 
ure increases. In the case of too early ignition, 
think it is clear that the relatively sudden increase of 
pressure to about 
pressure momentarily thins the oil-films, and is chief 
cause of the knock or “ ping,” not dissimilar to that on 
suddenly magnetising an iron bar. 

It may be argued against this that the momentum of 
the —_ and rod are ter at quicker revolutions ; 
clearly it is, but against this must be set the more or less 
constant time for inflammation of the charge. Again, 
the inertia of the reciprocating is greater at the 
quicker revolutions, so that the effect of the rise of pres- 
sure on inflammation does not get through, as it were. 

I do not believe the knock is due to detonating effect, 
and think the sharper ping of the detonations may be due 
to the sudden straining of the metal itself and the micro- 
scopic movement of plugs, caps and parte under the 
abnormal pressure and its suddenness. It is common 
with engines given to detonating to find that otherwise 
tight valve-caps, &c., let by. 

n addition to those mentioned by your epee oo eee 
the following are some other sources of noise :— Lifting of 
the crank-shaft; spring of the crank-shaft, which latter 
appears to cause connecting rods to rattle sideways 
on the pins, to hit the cheeks; the connecting-rod brass 
projecting further on one side of the rod on the 
other, causing the rod to rock sideways. Want of align- 


three and a-half times the com ion | Go 





> 


Penge-lane, Penge, S.E., April 20, 1914. 





= alae yy OF SOLAR ENERGY.” 


page 495 of your issue of the 10th inst., and knowing 
your usual for scientific 

will be glad to publish this letter in 
or three errors or misleading statements which ocour in 


me a carefull ted that the 
mn my paper it is most poin out 
engine-end of the Meadi t (whioh has nothing to do 
ep Soe © Buneey o 99 wae Se wg 
state ; t, consequently, the pump horse-power 
not been given in the official and that in order to 
make a fair and scientific estimate of the brake horse- 
wer per acre, the results of the Meadi absorber had 
n combined with those of the Erith engine. This 
being done, it is shown that the best hour’s run on 
August 22, 1913, gave 55.5 brake horse-power for an area 
of 0.88 acre occupied by the absorber = 63 brake horse- 
wer per acre, while the av wer for the five- 
ours run on that day was 59.4 horse-power per 
acre. This same method of combining two sets of results 
had to be adopted in the case of the Tacony trials of 
1911, and for the same reason. The writer of your article 
has quoted the figure (18.54 brake horse-power = 45.2 
brake horse-power per acre) thus obtained for the 
Tacony absorber, but has not compared it with the corre- 
ging Seure (59.4 brake horse-power per acre) for the 
i absorber, and consequently arrives at the erroneous 
conclusion that ‘‘somewhat better results were obtained 
in some vious trials near Philadelphia” —i.¢., at 
Tacony. This, it will be seen, is far from being the 
case, even on the basis of the area of land occupied by 
the absorbers, though in my opinion it is the steam pro- 
duced - square foot of radiation collected that is the 
scientific basis of comparison, and on this the Meadi 
results are shown on page 28 of my paper to be 33 per 
cent. better than the Tacony ones. 

Your article also refers to *' the great variability in the 
rates of power produced.” Taking the five-hour run on 
August 1913, the maximum brake horse-power was 
55.5, and the minimum 46.2, or a total decrease of 16.8 
per cent. This was far less than (67.9 per cent.) in the 
case of the Tacony abeorber, and far less than was antici- 
pated, but when the power is used for irrigation purposes 
it matters extremely little that more water is pumped 
during the mid-day hours than in the morning and after- 
noon. Yours truly, 

: . 8. E. Ackermann. 

25, Victoria-street, Westminster, London, S.W 

April 18, 1914. 





Strate Moror-Omnisvs Service 1x Saxony.—Durin 
the course of 1913 the Government of the Kingdom 
Saxony started motor-omnibus services having an aggre- 
gate route length of 188 km. (116 miles). These vehicles 
take passengers and luggage; the c is 0.06 mark 
= passenger per kilometre, and 0.01 mark per kilometre 
or up to 40 kg. of | , with a luggage minimum 
ch cof 0.20 mark (24d.). The enger rate would 

e almost exactly equivalent to ld. per mile. As the 
different cars—seventeen in number at t, weighing 
5 tons each—were put into service ually, and ae 
principal’ on routes having im t holiday traffic 

uring the summer months, no definite information as 
to the economy of the new service can yet be given ; 
but the income for the year 1913 certainly exceeded the 
expenditure, and the Government has je arrangements 
for extending the service during this year. 





Om in AvusTRALIA.—In view of the great value an 
oil-field would be to Australia, the South Australian 
vernment offered a bonus of 6000/. to the person 
or bod nee Se Se from a bore or well 
situated in th Australia 100,000 gallons of crude 
a containing not less than 90 per cent. of pro- 

ucts obtainable by distillation. No application for a 
bonus will be idered unless the following conditions 
have been strictly complied with :—'‘1. The applicant 
Be on — have — to the Minister of 

uring the progress ling o tions:—(a) A 
monthly record of work Te ntol log of all ! 
and sunk, whether su ul or ansuccessful ; (c) 
samples of materials passed through by the bores to 
taken at every 50 ft. sunk, and also at every change of 
strata encountered; (d) a declaration of the exact 
locality of each bore or well. 2. The oil must have been 
stored at the bore or well from which it has been obtained 
until the whole 100,000 gallons has accumulated. 3. The 
applicant must furnish with a ot The cer- 
tificate of a licensed surveyor nominated Minister 
of Mines as to the quantity of oil so ; (b) the cer- 
tificate of the Government analyst of the result of his 


obtained from the bore or well where it is stored.” 
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\ NOTES FROM THE UNITED STATES. 
PHILADELPHIA, April 8. 
Tux present is a waiting market. The general 
belief is that, with the coming of the long-withheld 
demand, prices will slightly advance, i for 
early delivery orders, of which there will be a large 
number. All manner of enterprises are checking buying 
of material until general conditions are decidedly 
improved. Cast-iron-pipe makers continue to buy 
large quantities of low-grade foundry. Considerable 
business will soon go to Australia and Mediterranean 
ports. The foundry, forge and basic prices are not 
as firm as early in the year. New orders for rails have 
fallen off. ‘All lines of mill products are duller than 
for months, but there is not a corresponding weakness 
in prices. The Pennsylvania Railroad placed orders 
for 20,000 tons for test-rolling, as on a result of the 
test-rolling depends the disposition of 175,000 tons of 
rails. Last week carriers 715 cars, 104 loco- 
motives, 51 coaches, and ordered 34,000 tons of steel 
rails. This week’s orders were for 11 locomotives and 
40 coaches. The Southern Railroad orders for 
9000 tons of plates, shapes and bars. For the third 
tracking of the New York City Elevated roads 
50,000 tons were distributed. Orders were placed 
for 25,000 tons of steel ties, and steel-pipe was ordered 
for 175 miles of oil-line. The inquiries before the 
market are for large lots of pig-iron, in the belief 
that the freight-rate decision will precipitate a large 
volume of business very soon after its announcement. 
The tin-plate market is only moderately active, and 
mills man to run closely to full time, The coal- 
miners’ dispute is still undecided, and prcduction is 
continued during the discussion. 
April 15. 
Notwithstanding the unsatisfactory buying of iron 
and steel, the concensus of opinion in all steel 
centres is that a period of compensating activity is 
close at hand. Consumers, big and little, are buying 
the least possible. The Steel Corporation’s recent 
report gives orders on hand March 31, 4,653,825 tons 
—a decrease of 372,615 tons since February 28. New 
business for March averaged 14,500 tons a day below 
shipmente, which ave 28,500 tons a day. Can 
and oil companies have been ordering tin-plate freely, 
but mainly for immediate use. Steel works are 
working to about 74 per cent. of their capacity. Crude 
iron has been quite weak for some time. The pact 
week has shown an improvement in the Atlantic sea- 
board, where stocks in have run rather low. 
Four 50-ft. oil-tanks have been ordered, for delivery at 
Tampico, Mexico. Numerous small orders for steel 
tanks have been placed. Orders for 16,000 tons of 
structural steel are now pending in New York City for 
subways. Much of the dulness in the steel trade is due 
to the fact that the railroads are cutting expenses to 
the very lowest limit, but good authorities insist 
that prospects for a large and steady volume of 
business were never better. The drop in demand 
represents a five-fold loss in tonnage, mainly in coal 
and coke. The a 5 per cent. increase in 
freight rates is claimed. any mills are contemplat- 
ing wages reductions, and if the present depression 
continues, which shows the steel and iron industry, 
as a whole, running at 65 per cent., there will 
doubtless come wage decline. The outlook is not clear 
at this date. The strongest feature is the enormous 
volume of uncovered requirements. 





Tue CaNnapiIAN Pic-Inon INpustry.—The production 


of pig in Canada has increased very greatly during the 

last ten years, the output, year by year, having m at 

follows :— 
Year. Tons. Year. Tons. 
1904. . 270,042 1909 .. 77,0980 
1905 008 1910 749,210 
1906. 541,957 1911 824,368 
1907 . 581,146 1912 .. 912,878 
1908 563,672 1913 .. 1,015,118 


The bulk of the pig-iron produced in Canada is coke- 
made. In 1904 this Ce pene applied to 251,671 tons; 
in 1913 it comprised 986, tons. 


Tue ImpeaiaL InstrruTe.—The first quarterly issue of 
vol. xii. (1914) of the ‘‘ Bulletin of the Imperial Institute,” 

blished by Mr. John Murray, of Albemarle-street, 
W.c., at the price of 2s. 6d. net, contains, among the 
reports of recent investigatiors at the Institute, an 
article on the economic producss of Somaliland, and a 
repent qn ha cempeeiien Sf meena A ial article, 
by the Director- eral of Agriculture, onial Office, 
Srusesia, deals with the advances made in developing 
the agricultural resources of the Belgian Congo. An 
illustrated article describes an important rubber-testing 
t which has been set up at Imperial Institute 
the purpose of carrying out a systematic scientific 

igation of samples of plantation Para rubber 
i in Ceylon, in different  Y in order 
to secure accurate data for comparison. It contains 
other interesting articles and notes. A note on “ Agri- 
culture in the Gold Coast” states that the cocoa crop in 
1913 amounted to the record quantity of 113,239,980 Ib., 
valued at 2,484,2187. It is not slly known 
over one-third of _world’s production of cocos is 
produced under the British flag. 
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Weillustrate in the accompanying figure a new form 
of chain-pipe wrench, introduced into this country from 
America by Messrs. Horace Buttin and Co., 4, New 
Union-street, London, E.C. This wrench is exceed- 
ingly simple, and at the same time very effective. It 
consists of three only—the body, chain, and 
spring. The body is of steel, rectangular in section, 
but with the edges rounded well off. It is hollow 
throughout its length, and, as shown in our figure, 
contains a long spiral spring. At the ‘‘ business end” 
of the bar there are two stout hooked lugs solid with 
the body. The chain, one end of which is attached to 
the spring, is drawn out of the body, loo round the 
pipe, large or small, and the last link p between 
the lugs, a cross-pin or T-head engaging with the 
hooks. The chain is composed of multiple links, each 
link being provided with teeth on the gripping side. 
In the various sizes chains are provi having a 
breaking strength ranging from 8470 lb. in the smallest 
to 22,810 lb. in the largest size. The wrench we have 
inspected has a chain with a breaking strength of 
— Ib., each link being composed of four small 
plates. 

The spring serves to take up or pay out the chain. 
The grip obtained is altogether independent of it. 
It provides an instantaneous adjustment for any sized 
work, and while the wrench is not in use draws the 
chain into the body, thus protecting it effectively 
from ill-usage. At the same time it will be noticed 
that, whatever the size of the work gripped, there is 
no inconvenient slack, or loose end of chain hangin 
about. The grip is obtained by the heel of the wrenc 
pressing one t of the chain hard against the pipe 
while the hook-lugs draw in the other end. To release, 
the handle is turned in the reverse direction, when the 
chain is easily disengaged from the lugs. 

The wrench has the advantage of being usable in 
we in which other patterns may be difficult to 

andle. It can be used on pipes within 4 in. of a 
wall, and the spring-chain arrangement provides a 
perfect ratchet action. It is made in five sizes, 
ranging in length from 16 in. to 66 in. for pipes of 
from 24 in. to 12 in. in diameter, and, we understand, 
_ met with a great deal of favour in the United 

tates. 





ROYAL METEOROLOGICAL SOCIETY. 

THE monthly meeting of this Society was held on 
Wednesday evening, the 22nd inst., at the Institution of 
Civil Engineers, Great George - street, Westminster. 
Mr. J. E. Clark and Mr. R. H. Hooker presented their 
joint report on the phenological observations from 
Soon 1912, to November, 1913. This dealt with the 
dates of the flowering of plants, the song and migration 
of birds, the appearance of insects, and the character 
of farm crops. 

Considering England as a whole, the main feature of 
the weather, so far as it affected crops, was the cold, 
wet summer of 1912, the abundant ae pepe duri 
the spring, which resulted in a bountifu may crop, an 
the subsequent st summer. October and November, 
1912, were both fairly dry, so that theautumn was, on the 
whole, favourable for wheat-sowing; but this operation 
was very behindhand, owing to the 1912 harvest having 
been very late, so that large areas of wheat remained to be 
sown at the end of November, when the rain set in. 
The later periods of the cereal year were probably not 
unsuitable to the wheat, and in the result crop was 
just under average. Barley  & England, was not 
much below average. Oats, whic uire plenty of rain 
in the early summer, were very cient in land, 
but satisfactory in the moister Scotland and Ireland. 
Potatoes were a heavy crop everywhere. Roots were 
deficient in England, especially in the drier Midlands ; 


the unusual difficult 
hops were picked. e hay crop was a 
interesting feature is that, in the South and Midlands, 
the hay from clovers and rotation grasses was, relatively, 
much better than that from . tengo land. 
Harvestin began in at about average 
time—a shade earlier in the case of wheat ; a little later 
in the case of oats. In Wales it was a little later. There 
was a tendency for the dates to be rather earlier on the 


of estimating the yield until the 
\bundant, and an 


tion of the and rather 


harvest ap leo qhees on enennge, 8 . 
it was dis- 





tinotly shorter on the east than on the west. The expla- 
nation is that in the moister and somewhat later western 





eastern side of the country than in the west. The dura- | he 


west and north the broken weather set in in September 
before operations were completed, whereas in the south 
the corn had mostly been got in before the conditions 


became unfavourable. 
The quality of the crops was good in the case of wheat 
and barley, but that of oats was less satisfactory. The 


natural weight of a bushel was high, in striking contrast 
tothe very poor weights of 1912. t, on the av; 
of England and Wales, weighed about 62.3 lb. to the 
bushel; barley, 54.4 lb.; and oats, 39.4 Ib. Potatoes 
were very littlediseased. Hops were of excellent quality. 
These results may fairly be regarded as due to the dry 
weer of the yp ey 1913. f 
per on “‘ Anemometer for Tropical Use,” 
Py Mr. A. J. Bamford, of the Colombo Observatory, 
ylon, was also read. 





PERsonaL.—Messrs. Mawdsley’s, Limited, Zone Works, 
Dursley, Glos., inform us that they have appointed Mr. 
F. J. Lyons-Davis, 23, Victoria-avenue, Cardiff, their 
sole agent in South Wales for the sale of their patent 
“Zone ” dynamos and motors.—Messrs. Chambers, Scott 
and Co., of Dalziel Engineering Works, Motherwell, 
have now been formed into a limited company, having Mr. 
Chambers and Mr. Scott as managing-directors. 


Tue InsTiITUTION oF WaTER ENGINEERS.—We have 
been requested to state that the annual summer meeting 
of the Institution of Water Engineers will be held this 
year on June 11, 12, and 13, at Stockport (headquarters 
at Midland Hotel, Manchester). Candidates for election 
at the Council meeting to be held on June 11 should see 
that their proposal forms (duly filled in and signed) are 
received by the secretary not later than June 1. Address, 
20, Victoria-street, Westminster, S.W. 


ExrecrricaL Trapgs’ Directory anD Hanp-Boox.— 
This directory for 1914 now enters upon its thirty-second 
year. Ibis issued by the Electrician at the price of 15s. 
net. In its earlier pages it contains useful data and tables 
on electrical subjects, and gives the electric lighting, 
power and traction orders. decisions are then sum- 

, and a list given of British companies, with name 
and address, names of directors, financial data and finan- 
cial status. There follows an alphabetical list of directors 
and engineers, a trade directory, general information on 
foreign electrical companies, biographies of well-known 
electrical engineers throughout the world. As an ap- 
pendix, tables are provided of electric lighting, power 
and traction undertakings of the United Kingdom, with 
similar information on the ts colonial and foreign 
undertakings of the same class. Like previous editions, 
the present one will be found most useful for reference 
purposes. 





Contracts.—Messrs. Vickers, Limited, of Montreal, 
have placed a contract with the Westinghouse Cooper 
Hewitt Company, Limited, for the ey of silica 
lamps for the lighting of their shipbuilding yard at 
Maisonneuve.—The Bombay Port Trust, re? their 
consulting engineers and ts, Messrs. Sir J. Wolfe 
Barry and Partners, have p an order with Messrs. 
William Simons and Co., Limited, Renfrew, for a very 
powerful bucket hopper-dredger for the ae of 
the port and the approaches thereto. Owing to the 
Suez Canal Commission deciding to increase the prevail- 
ing depth of water in the canal, port authorities further 
east than Suez have had forced on their attention the 
increasing depth of water .— by the mercantile 
marine. The Bombay Port tees, by placing the 
order for this large new dredger, which is capable of 
dredging to a depth of 50 ft., have shown that they are 
alive to the is of the shipping industry. The new 
Bombay dredger is to be built on the lines of the 
U.S. Corozal, which was constructed by Messrs. William 
Simons and Co. for the Panama Canal. 





Tue Curer Rattway ENGINEER OF THE AUSTRALIAN 
CoMMONWEALTH.—Mr. N. G. Bell, who has been ap- 
pointed Chief Commonwealth Railway Engineer, is a 
native of Forfarshire. He has been connected with the 
Queensland railways for many years, and held the posi- 
tion of chief engineer. The attached to his new 


position is 1800/. ee areee. Mr. Bell took the engineer- 
in and Ireland roots were very good. Hops | ing course at the Edinburgh University. He was engaged 
were & poor crop, and a special feature of the season was|for four years on an important suburban line near 


pone oe and then came to London under omgenent 
toa consul engineer to certain infor- 
mation for the Board of Trade. He went t to d 


in 1886, and obtained immediate ee as resident 
wa 


engineer in charge of the Cooktown In 1891 he 
was appointed officer in charge of the Normanton rail- 
way. In 1894 he was transferred to Brisbane, where he 


held first a position of relieving district engineer, then 

that of engineer in charge of pee mene age 
became principal assistant engineer, in b 

i =o chief engineer. On the pro- 

ty commis- 


as chief 


he was 
motion 





. P to the position of d 
sioner in June, 1911, Mr, Bell succeeded i 
engineer, 
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RECORDING 


DENSIMETER. 


CONSTRUCTED BY THE CAMBRIDGE SCIENTIFIC INSTRUMENT CO., LTD., CAMBRIDGE. 




















Fie. 1. 


In certain industries it is often essential to have an 
exact knowledge of the percentage composition of the 
solutions employed. Often the success of the work is 
dependent upon the maintenance of the strength of a 
solution within certain limits. This uniformity may 
be required over long periods, and a means of checking 
the operation by a recording instrument has evident 
advantages therefore. The instrument described below 
has been designed to give a continuous record of the 
density of a solution, and may be employed to record 
the strength of acide, alkalies, and so on. It is 
manufactured by the Cambridge Scientific Instrument 
Company, Limited, Cambridge, and is illustrated in 
Figs. 1 and 2 herewith. 

As will be seen in Figs. 1 and 2, the essential < 
of this densimeter is a weighted float in a tank T 
lined with fused lead, through which is passed a con- 
tinuous stream of the solution of which a record is 
required. The rise and fall of the float, corresponding 
to variations in the density of the solution, are trans- 
mitted to a small bell-crank M, and thence to the 
swinging boom I. The boom I is suspended on a 
vertical steel wire J, held between the points B and C, 
and is provided with a counterweight. This boom 
acts as the pointer for the recorder. Its movement is 
controlled by the’ resistance to torsion of the steel 
wire, and also by the helical spring K. Tension is put 
on the spring by means of the lever L and the screw E. 
The pointer swings above the drum D, which is driven 
by a clock at a speed of one revolution in 25 hours, 
or one in 2 hours 5 minutes, according to which speed 
is required. Between the pointer and the paper on 
the drum is an inked thread J N, drawn slowly along in 


a direction parallel with the axis of thedrum. A cam | th 


G, driven by a slave-clock, allows H to fall, and thus 
the presser-bar A depresses the pointer I at intervals 
of 4 or 1 minute. The depression of the pointer 
causes a dot on the chart at a point where I presses 
the thread N down on to the drum. In the intervals 
between the depressions the pointer is quite free to 
take up anew position. 

The instrument is graduated to give a full-scale 




















$903.6. 


| deflection of 80 mm. for a 24 per cent. change in density, 
but the range can be adjusted between any required 
limits. An inspection-scale is engraved on the bar A, 
and may be divided into any required units, allowing 
the density to be read off at any time. The rect- 
angular ordinates of the record-sheets are —— 
divided into twenty-five divisions, or, if required, 
are calibrated directly in terms of specific gravity. 
Fig. 3 is a reproduction of a record taken with 
one of these instruments at the Sulphite Pulp and 
Paper Mills of Messrs. Thomas Owen and Co., Hjerpen, 
Sweden. It shows the variation during a day in 
the percentage density of the ‘‘acid” used in boiling 
the sulphite wood pulp. At these works a fan draws 
SO, gas from sulphur burners and delivers it to the 
‘‘acid” towers. Occasionally the fan is stopped and 
the SO, supply interrupted, but the water supply is 
not stopped. The strength of the acid then falls, 
as shown by the peaks A, A, A in Fig. 3. The in- 
strument is very sensitive and accurate, and it is quite 
automatic, requiring no attention save the winding of 
the clockwork gear and the renewal of the chart. 





THE TRANSPORTATION PROBLEM IN 
CANADA, AND MONTREAL HARBOUR.* 
By Freperick Wii.1aM Cowir, B.A.Sc., M. Inst. C.E. 
INTRODUCTION. 


THE population of the Dominion of Canada is about 
8,000,000, and the foreign trade per capita is 125 dols. The 
population of Montreal, including the connecting muni- 
cipalities, is about 600,000, and the foreign trade of Mon- 
treal per inhabitant is over 600 dols. As a comparison, 
“England (United Kingdom) has a foreign trade per 
capita of 125 dols. ; Germany, 67 dols. ; and the United 
States, 41 dols.” The total land area of Canada is 5,600,000 
square miles, so that the density of population is less than 
two per ee mile, as compared, for instance, with 31 per 
square mile in the United States. It has been stated by 
trade experts that the difference between the average 
price received by the producer of Western Canada and 
the price piid by the consumer of the food products 
is 33 per cent. For wheat for which the consumer pays 
1 dol. the farmer therefore receives 67 cents ; 33 cents 
are paid for transportation and handling and to the 
selling organisations. It is equally vital, therefore, to 
the producers in Western Canada and to the consumers 
in Great Britain that this latter percentage should be 
reduced to the lowest ible figure, so that the farmer 
may receive the full due for his toil, and the cost of 
living in Great Britain may not uaduly enhaneed. 
Another consideration which is of vital interest to Canada 
is the absolute necessity of collecting by her own people 
the transportation and selling tolls. As an illustration, 
it may be stated that, although in Montreal Harbour 
60,000,000 bushels of grain were handled in 1913, nearly 
100,000,000 bushels of Canadian in were ship in 
e same year through Buffalo, in the United States. 
The cost of transportation per bushel, from the av 
point of divergence to the United Kingdom, may 
stated, for the various stages, as approximately 18 cents. 
For every bushel of grain shipped through Buffalo there 
is therefore a loss to Canadian transportation and selling 








* Abstract of paper read at a meeting of the Institution 
of Ciyil Engineers, on Tuesday, April 7. 


organisations of about 18 cents, or for 100,000,000 bushels 
18,000,000 dols. 


TRANSPORTATION 1n CANADA. 
Even with these striking illustrations, it is not a" 
as 


— — what rr in A a4 
‘problem of transportation.” A comprehensive view 

ny ~- en ay = to Euro hy shown in 
t per by an original map drawn to ercator’s 
Projection), showing and the northern half of the 
United States, with the trade-routes to Europe. 

main routes are naturally ‘‘ east and west,” and the vast 
area tributary to the River St. Lawrence is geographically 
shown. The “north and south” routes through the 
United States are principally by rail, or by the Erie 
Canal from Buffalo to American Atlantic ports. The 
Erie Canal was created by the United States to offset the 
advantages of the St. Lawrence route. The magnificent 
railway systems between New York and Buffalo are the 
most powerful rivals of the ‘‘all-Canadian ” routes. 

The opening-up of the vast uctive areas of Western 
Canada, where it has been found that with one-tenth of 
the cultivable land under crop 200,000,000 bushels of 
wheat, and double that quantity of other grains, may be 
grown, has established within the last few years entirely 
new transportation conditions. With the tremendous 
tide of emigration from both Europe and the United 
States to the new provinces, this uction will neces- 
sarily increase greatly, and the ‘‘ problem” is how to 
provide the required ion facilities. A table 
of tion routes from the Canadian West to the 
United Kingdom is given. is interesting table is 
worthy of study, as not ~ are present routes shown, 
but important projected and commenced lines of trade 
ar olicated. Great efforts are being put forth by the 
Cana »n Government and the transportation and other 
corpo: .\10ns to improve facilities, so as to cheapen and 
render available jan routes; but at the same time 
similar and extraordinary efforts are being made to im- 
prove Buffalo Harbour, the Erie Canal, the rail routes, 
and the harbours of Boston and New York. 

In the opinion of the author, who advances striking 
illustrations and argument with equal effort, the advan- 
tages for future transportation should lie with the St. 

wrence route. 


MonTREAL’s PostTion ON THE Ling or Rovrs. 


From the West to Montreal.—The transportation routes 
in Canada almost all lead to Montreal. Upto the present 
the only real rival to the Montreal-St. Lawrence route is 
the United States route via Buffalo and New York. The 
western trunk lines of the United States have been im- 
proving their ‘‘ north and south ” connections so as to tap 
the three great western provinces of Canada. These 
railways provide excellent services to Duluth and Chicago. 
A further diversion is made to the United States route at 
Port Arthur and Fort William. From this twin port at the 
head of the Great Lakes the cheapest commercial navi- 

tion in the world enables grain and other products to 
be shipped to Buffalo. Between Buffalo and New York 
there are several splendid railway systems and the Erie 
Canal. The new Erie Canal, a modern barge-canal 
through the State of New York, giving a draught of 
12 ft., will soon be completed at a cost, including bar- 
bours and damages, which is expected to reach 150,000,000 
dols. The New York and Boston port authorities are at 
the same time making every effort to improve their har- 
bours, and to provide such attractive facilities as will cap- 
ture at least a large share of this growing Canadian trade. 

By the Canadian routes everything goes by rail direct 
from the west to Port Arthur. From the twin cities, 
Port Arthur and Fort William, there are, with modifica- 
tions, two distinct routes—namely, the ‘‘ All-Water” 
route, direct to Montreal, and the ‘“‘Lake and Rail” 
route, through Georgian Bay to Montreal. 

By the *‘ All-Water” route to Montreal, a distance of 
about 1400 miles, vessels are limited by the t 
Welland and St. Lawrence Canals to a draught of 14 ft., 
or 2500 tons. An excellent type of vessel has been 
developed for this service, and the trip from Montreal to 
Port Arthur and back is made in 14 days. 

By the ‘*‘ Lake and Rail” route veasels of 10,000 tons 

ly between Port Arthur and ports on the Georgian Bay. 
The Canadian railway companies have established mag- 
nificent elevators at Port Arthur and Fort William, and 
also at several Georgian Bay ports, so that on 9 | and 
discharging may be carried on with unsurpassed facili- 
ties. From the Georgian Bay ports splendid railways 
are being built to Montreal, and existing lines are being 


~~ 

ontreal.—At Montreal Harbour the St. Lawrence 
Canal system and all the great Canadian trans-con- 
tinental lines centralice. The great Canadian railways 
—the Canadian Pacific, the Grand Trunk, the Grand 
Trunk Pacific, and the Canadian Northern —are all 
feverishly improving their terminals at Port Arthur 
and Fort William, at i Bay ports, and at 
Montreal. The Canadian Government has commenced 
the construction of the new Welland Ship Canal be- 
tween Lakes Ontario and Erie. This canal, with 
800-ft. locks and with a possible ultimate draught of 
30 ft. to 35 ft., will accommodate the large Lake 
carriers, 80 as to continue to Kingston or Prescott with- 
out breaking bulk. This will add greatly to the shippi 
in Montreal, and will, it is confidently expected, bold 
the greater part of the Canadian trade to the St. Lawrence 
route. Montreal, however, under existing conditions of 
traffic and accommodation, is almost at the limit of 
its capacity. With double the present traffic assured 
within the next few years, it will require a great deal 
more and better harbour accommodation to meet the 
demands upon it. 





Montreal to the Sea,— With the possible exception of the 
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development of Glasgow there is no more romantic episode 
in the annals of harbour engineering than the making of 
Montreal an ocean port. Largely by the faith and energy 
of Scotch Canadians, following the successful improve- 
ments on the Clyde, the River St Lawrence between 
Montreal and the sea has been deepened from less than 
10 ft. to its present depth of 30 ft. at the low stages of 
the river level. During the early summer months the 
depth is greater, and reaches as much as 38 ft. The 
mivimum width is 450 ft. ? 

Although the author is not now connected with the 
staff of the River St. Lawrence Ship Channel, he was 
continuously engaged upon that great work for twenty- 
two years, commencing as an assistant and being in 
charge as superintending engineer for ten years up to 
1909. For many years this work has been looked upon 
as being one of the great successful public works of 
Canada, and under the Hon. J. D. Hizen, Minister of 
Marine, the work is now in charge of Mr. V. W. 
Forneret, B.A.Sc., superintending engineer, who for 
i | years was the author’s chief assistant. The work 
is all carried on departmentally. The + pao is owned by 
the Government, and for its own special work is probably 
the most complete dredging plant and excavating machi- 
nery for submarine rock which is in existence at the 
present time. At the present time, with magnificent 

lights for each course, with a splendid system of 
gas buoys and a telephone-si service, navigation is 
considered very easy and safe by night as well as by day. 
The deepening of the channel from 30 ft. to 35 fb. at 
extreme low water was commenced two years and 
about one-fifth of the work to tidal water is al: y com- 
pleted. The natural fall in the river-level between 
Montreal and Quebec, a distance of 160 English miles, is 
29 ft. The maximum discharge of the river during the 
season of navigation is about 600,000 cub. ft. per second, 
while at the lowest stages of water the minimum is 
slightly less than 200,000 cub. ft. per second. With the 
present average slope and velocity of current and average 
cross-section, the low-water river-level and discharge 
are balanced, with an average current of about 3 miles 
per hour. This being theoretically correct, it may be 
considered assured, that if the water-supply of the St. 
Lawrence remains unchanged and the natural cross- 
section of the river is not enlarged, the present river- 
levels will be constant. The permanence of the ship- 
channel and the St. Lawrence route would therefore 
apnear to be well assured. 

From Montreal via the St. Lawrence to the open sea 
the distance is nearly 1000 miles, and, besides the attrac- 
tion to passengers of three days’ sailing in smooth water, 
with beautiful scenery, the strong commercial considera- 
tion for water freights into the interior is the incentive to 
keep pace with increasing trade on the North Atlantic. 
During the season of seven months the commerce passing 
through Montreal is nearly 40 per cent. of the total com- 
merce of Canada, and this percentage is increasing. In 
thirty years only two ships have been totally lost between 
Quebec and Montreal, and the occasional undings, 
which are well advertised, are not frequent. None of the 
accidents whatever in recent years has been due in any 
measure to the ship-channel. 


Montreal Harsour. 


The First Improvements.—In 1830 the first Harbour 
Commission was appointed under the authority of the 
Governor of the Province of C+nada, for the purpose of 
carrying into effect ‘‘ An Act to Provide for the Improve- 
ment and Enlargement of the Harbour of Montreal.” 

In their first annual report the Commissioners recorded 
that they confidently anticipated that the wharves under- 
taken would be, when completed, superior to any works 
of the kind in the province, and would enable the city of 
Montreal to be advantageously contrasted with any other 
in North America for beauty, solidity, and convenience 
of approach by water. This was the first attempt made to 
improve the harbour of Montreal by a Commission. The 
Commissioners had the same faith in the future of the 
harbour, and courage in undertaking works, which has 
characterised the administration from 1830 to the sent 
time. The present harbour of Montreal justifies the 
modest boast of the Commissioners of eighty years ago. 


Sonrme or Harsour Extensions or 1910. 


In 1910 the author prepared for the Harbour Com- 
missioners a comprehensive scheme of improvements, 
according to which it was proposed to develop the valu- 
able water-front and shores of the river, owned exclu- 
sively by the Dominion Government, and held in trust 
by the Harbour Commissioners. so as to result in the 
following revenue-producing features :—(a) Sites for in- 
dustries. by making land and improving connections with 
inaccessible properties; (b) the extension, enlargement, 
and improvement of railway termini, giving equal faci- 
lities to all Canadian lines for connecting with harbour 
and industrial points ; (c) facilities for encouraging and 
developing industries along the valuable water-front. 
The river usually freezes up late in December, the ice 
forming 50 miles below Montreal, and backing up ten 
days later. This winter condition is a surprise to those 
who are accustomed to ports open all the year round; 
but as the Great Lakes and their navigation, amounting 
to 75,000.000 tons annually, and their 6 ports are 
also all closed at the same time and by same cause, 
Montreal Harbour does not suffer unduly. The shippin 
of the St. Lawrence in the autumn is at once umn | 
to the excellent Canadian ports of Halifax and St. John. 
and commerce is carried on all the winter as usual, with 
only the disadvantage of the extra rail haulage. 

A very full dee-ription is given of the phvsical features 
of the River St. Lawrence and Montreal Harbour. Con- 
struction conditions and = of construction are de- 
scribed and illustrated. y show that although the 





cost of labour is very high in Canada, this is counter- 
balanced to a large extent hy the useof machinery. The 
original ‘* make-shifts” for harbour construction are now 
being followed by modern design. The use of timber 
and concrete, and the designs to overcome the danger and 
damege from frost action, are described fully. 


Fioatixe Dock: ‘*‘ Dukk or CONNAUGHT,” AND 
SHIPBUILDING AND Reparrine YARD. 


For many years the Harbour Commissioners of Montreal, 
urged on by the shipping and business interests, have en- 
deavoured at various times to solve the problem of the 
establishment of a dry dook in Montreal Harbour. Nego- 
tiations in 1909 with a shipbuilding firm and the final 
incorporation of the Canadian Vickers, Limited, solved the 
problem. The Harbour Commissioners agreed to furnish 
the site, situated on harbour property, in such a position 
that nothing would be done to hamper future extension 
of the harbour. The Commissioners undertook to a 
the deep basin and to furnish a site of 30 acres of de 
land. The rental from the land and the increase in 
harbour traffic is expected to pay the Harbour Commis- 
sioners the interest on the outlay. As a result, Montreal 

bour has now a floating dock capable of docking the 
largest vessel trading to the St. Lawrence, at practically 
no burden on the harbour finances, and there are being 
established naval construction works capable, in a year 
or two, of building, in Canada, any vessel from a Dread- 
nought to a full-sized merchant ship. This dock was 
constructed complete at Barrow-in-Furness, and towed 
across the Atlantic by two powerful tugs, reaching 
Montreal on November 18, 1912. The length of the dock 
over platform is 600 ft., the width over all 135 ft., and the 
lifting capacity 25,000 tons. On November 18, 1912, 
H.R. the | uke of Connaught, Governor-General o 
Canada, formally dedicated the new floating dock to the 
service of commerce and shipping. 


Tue Storace AND HANDLING or GRAIN. 


As grain shipments in Montreal Harbour constitute 
about one-fifth of the total annual freight handled, and as 
every effort is being made to meet competition, so that 
the greater part of the Canadian grain exported shall be 
shipped through Canadian ports, special attention is 

iven in this paper to the facilities for the storage and 

andling of grain. It isacknowledged that the Montreal 
equipment is the latest and most successful, as compared 
with the facilities for the storage and handling of grain 
at any of thegreat ocean ports of the world. Asthe most 
characteristic unit of this plant has just been completed, 
the author, who has had to do not only with designing, but 
also with operating, gives a detailed description of the 
grain-handling trade, as well as of the design and con- 
struction of the plant in Montreal Harbour. There is 
probably no lesson in port management to be learned that 
will better illustrate how failure may be turned into suc- 
cess by arranging varied operations under one manage- 
mentand yet so centralised as to cover every requirement 
of a special trade without disturbing other departments 
of port business. Elevator No. 1 was constructed in 1904. 
Tt was of the latest design and was placed in the most 
valuab’e site on the harbour. It could receive grain by 
railway wagons or by Lake vessels at the rate of 16,000 
bushels (400 tons) per hour. steamships, by 
moving to the elevator berth, could be loaded at double 
that rate. The ocean vessels, however, declined to 
move to the grain berth to receive grain. It involved 
tug service, pilotage, &c., and interrupted other opera- 
tions of loading and unloading, and they desired to 
ship grain at certain and convenient pericds of un- 
loading and loading. Tramp vessels were satisfied, 
but the proportion of tramps was small. In 1907 the 
working of this elevator devolved upon the author. 
The capital cost then amounted to about 1,000,000 dols., 
the interest account to over 25,000 dols., the opera- 
ting and maintenance charges to an equal sum. The 
total revenue for 1907 was about 8000 dols.. and the 
loss was over 40,000 dols. This system can store 
3,690,000 bushels of grain, can receive about 800,000 
bushels (20,000 tons) per day, and can deliver an equal 
quantity to any of fifteen ocean steamships at their 
regular berths, and to nine vesselsat one time. With it, 
and with a fleet of six floating elevators for direct trans- 
fer, the Harbour Commissioners received, stored, and 
delivered in 1913 nearly 44,000,000 bushels. The capital 
expenditure had now reached 4,500,000 dols.; but during 
this season, the first covering the operation of the com. 
plete installation, the system paid interest, main- 
tenance, operation, and depreciation. This very com- 
_ and costly installation is the result of competition. 
ts _— is to keep the trade in Canadian channels, 
and reduce the cost of transportation. While the 
Canadian Government and the Harbour Commissioners 
of Montreal are encouraging and cheapening trans- 
portation, there are those who, rightly or wrongly, 
are of opinion that improvements for the storage 
and handling of grain in the ports of the United 
Kingdom are not advancing in equal measure, so as to 
result in lower cost to the consumer and better encourage- 
ment tothe producer. The importation of grain is one 
of the largest items of the “pes at several of the ports 
of the United Kingdom. e facilities for the econo- 
mical handling of Y 
to the manufacturing mills, are, however, far behind the 
modern successful American and Canadian practice, and 
even of the growing ae North Sea pc There 
is also a decided lack of such storage facilities as would 
tee food supply, and at the same time regulate 
ipments and, consequently, prices. In several of the 
magnificent new dock schemes, where such methods could 
be installed to apparent advan these features, which 
hava heen so successful in reducing costs in Canad, are 
apparently overlooked, although it is feit that, fur so 


f | berths, will cost a 


in, and the cheap forwarding of it | tak 





extensive a trade, they should receive exceptional atten- 
tion. Otherwise, further encouragment will be given to 
the United States millers to manufacture jan 
wheat, and ship the flour in convenient packages direct 
to the bakers, nese Sow loss not only to Canadian 
trans tion systems, but also to British manufacturers, 
and further curtailment of the home food-supply, to 
which public attention has been drawn. 

The questions of storage and ventilation, and also the 
cost of modern elevators, are dealt with, and the remark- 
able reduction in insurance rates in modern elevators is 
referred to. The floating pneumatic elevator, dischargin 
on to conveyor-belts in culverts leading to a centra 
storage elevator, should be practicable at most of the new 
British docks. Construction work, labour, machinery, 
and power being cheaper than in Canada, the tariff 
charges, allowing for profit, should not be higher than in 
Montreal for a similar operation. The cost of insurance 
on grain in mcdern elevators is exceedingly low ; the 
rate on grain in the Montreal Harbour elevators is 
20 cents per annum per 100 dols., as compared with 
3.20 dols. per 100 dols. in wooden elevators. With such 
storage facilities owners could store in a quantities 
and hold for favourable markets, and the economic 
results on even a portion of the total imports into the 
United Kingdom, amounting to about 009, 
bushels per annum, would pay in a year for probably one 
such installation. 

Cost of Elevators.—The cost of modern elevators has 
ran from 40 cents to 1 dol. per bushel of capacity, 
so that a million-bushel house costs from 400,000 dols. to 
1,000,000 dols. The Harbour Commissioners’ system, 
with a storage capacity of 5,000,000 bushels, and with its 
extensive conveyor = providing galleries to nineteen 

ut 5,000,000 dols., or 1 dol. per 
bushel. Elevators of similar type and working capacity 
can be built without the conveyor facilities for about 60 
to 70 cents per bushel. A detailed description of the 
construction of the latest elevator is given in an appen- 
dix. _Of importance to engineers and architects and 
builders is a section of the paper on ‘‘ Vibration Tests of 
Reinforced Concrete.” Considering the —— as 
a whole, it would appear that the effect of the vibration 
was to increase the tensile and crushing strengths of the 
concrete, rather than to reduce them. This is probably 
due to the fact that the vibration had the effect of com- 
pacting the concrete, —s the voids more completely, 
and driving out any air-bubbles. 





GENERAL ORGANISATION. 


The banks and river bed making up the area included in 
the limits of Montreal Harbour are owned by the Federal 
Government of Canada, represented by the Minister of 
the Department of Marine and Fisheries. Within the 
limits of the harbour is included the two banks and the 
bed of the River St, Lawrence for. a distance of about 
17 miles. The area of Jand, improved and unimproved, is 
approximately 360 acres. 

y statute the administration and control of this pro- 
aw are entrusted to the Harbour Commissioners of 
ontreal. a corporate body having exclusive powers by 
Act of Parliament for the improvement and manage- 
ment of the harbour, subject to approval by Order in 
Council. Except for police and fire jurisdiction, the har- 
bour is quite separate from and independent of the city. 
The Commissioners build and maintain all roads on their 
territory, do the electric lighting, and have absolute 
control of traffic. From absolutely unimproved shores in 
1830 the harbour has been developed until now the value 
of the land, without including the extensive improve- 
ments, is much in excess of the bonded debt, of about 
20,000,000 dols. 

The present Harbour Commissioners are :—Mr. W. G. 
Ross (President), Mr. Farquhar Robertson, and Lieut.- 
Colonel A. E. Labelle ; Mr. David Seath is the secretary. 

Ocean Tonnage. — The number of sea-going vessels 
which arrived during 19!3 was 820, with a total net ton- 
nage of 4,690,535 tons. An equal number of vessels 
with the same net tonnage departed. 








PREVENTION OF ExpLosions IN Mungs.—On the 
strength of the experience gained and experiments made 
in Europe and in the United States, the: Bureau of 
Standards has issued, in Technical Paper 56, advisory 
**Notes on the Prevention of Dust and Gas Explosions 
in Coal Mines.” From these notes it would appear that 
the use of naked lights and of mixed lights (safety-lamps 
and naked lamps) is by no means rarein scme coal districts 
of the United States. The use of long-flame explosives is 
he'd responsible for many accicents; black blasting 
aw and dynamite are sometimes placed in the same 

ole. Coal-dust has also been ignited by electric arcs 
incident to electric trolley haulage. Much dust is pro- 
duced, it is pointed out, by coal falling from the trucks 
and striking the timber and roof; ‘tight cars, if possible 
without gates, and provided with a revolving tipple,” 
should be used, as in Europe, and automatic sprinklers 
be introduced which drench the coal as the car passes. 
Vacuum dust-collectors should be installed overthe screens 
and chutes. and the screening plant should not be located 
within 100 ft. or 200 ft. from downcast shaft. The in- 
e air should in some cases be preheated by being 
——_ heating-coils, lest the changes in the temperature 
shoul oon the roofs and walls to expansion and con- 
traction, favouring falls of roof ; this preheating is almost 
indispensable, when the humidifying system is employed, 
to avoid foggin of the air. Sprinkling by water-cars and 
calcium chloride is in use in some mines with satisfac- 
tory results. Stone-dust scattering is recommended. The 
notes emphasise rightly that explosions occur chiefly in 
stightly gaseous or so-called non-gaseous mines, because 
the necessary precautions are not observed there. 
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" the solution of man blems affecting the single-acting | subject to pressure and to temperature make it possible 
THE DEVELOPMENT OF HIGH-POWER engine, since dou in few farther difficultics cine economically to run the oil-engine at a relatively high 
MARINE DIESEL ENGINES.* double-acti cage. more —_ ~ne Ge ometas: — ~~ of —— daa aisiake 
s Ban , ing is carried out by means of ports. On the Continent iston Speed.— question of piston spéed is not one 
By Janse Ricuasneen, B.Se., Assoc. M. Inst.C.E. | gificulties in connection with large double-acting of primary im and, with two-stroke sing’ 
Introduction.—The present time would appear to be | engines, and also with large double-acting Diesel engines | engines, it is desirable sometimes that this speed shoul 
opportune for a review of the | ow achievements of the | for land work (500 brake horse-power per cylinder end— | be such as to cause a certain inertia to permit of easier 
macine Diesel engine, so that a due consideration of thcse | s.¢., 1000 brake horse-power per cylinder), would seem to | lubrication. Without this high inertia, of course, the 








performances and a full realisation of the failures may | have been successfully surmounted. | pressure is always in the one direction upon all main 
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throw light along the lines of development in the future  ?°"49-4n- 
towards increase of power per unit, and the standardisa- | 
tion of a type more suitable to meet marine conditions. | 
The force of such discussion at the present moment | 
cannot be questioned, since there is no doubt that the | Atmos. 
marine oil-engine, in its progress, has passed through the M.E.P- 90 Lbs. per Sq.In. for both Cards. 
first phase of its evolution, and is at present at a com- (3967.N) 
parative standstill, awaiting the application of the lessons 
of experience. So far, it is true that the Diesel engine 
has not justified the glowing and glorious anticipations 
of the oo —— who were — by this ones 
mover. Early prophecies were much too sanguine, an 
the main reasons for the non-fulfilment of the expectations | DIA = A -5_..., 
may be briefly summarised as follow :— 500 BH.P WITH INERTIA OF 

1. Theoretical considerations, which ignored the diffi- 90 LBS. PER SQ.IN , 
culties of foundry work, were given, as is frequently the ee 








case with Continental engineers, pre-eminence in com- Fig.3. 
parison with those practical factors which must be of the Scale a 
most vital importance where marine work is concerned. ' 

On account of the economic conditions abroad, the VW, 
oil-engine was largely developed for land purposes, and, 
due to the aforesaid optimism and without reference to 
the opinions of marine engineers, land engines were 
applied to marine work without the necessary modi- 
fications. 

3. Over ambition led to the increase of the sizes of the a 
units without sufficient knowledge of the many difficulties 
pe pa are itensified out of all proportion to the increase 
of power per unit. - 

4. The Gebee of constructors to realise fully the im- Fig. 5. 
portance of, and to apply practically, scientific experi- 
mental work and research. | 

Generally stated, these may be said to be the main <= 
causes of the retardation of the progress of the Diesel tt 
engine for marine propulsion. It might be inferred that a = 
success has not been achieved, but such a conclusion V Bhi 
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would be entirely erroneous. There are firms who, in 
the application of the marine Diesel engine, have so far 




















been entirely successful. The question may well be 
asked why such firms have done so well. The reason is / 
f 








not far to seek. Primarily, they have been marine engi- 
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neering firms. Secondarily, they have been careful and / ; {Loan —— 
conservative. To particularise, the cycle of operation to y, Hovering Harts f et » so » op ‘oF 





which they have rigidly adhered has been the four-stroke / 


oe 
cycle. Increases of power have generally been attained y 

















by adding to the number of separate units rather than by 
risking the disproportionate augmentation of difficulties STEAM E 
consequent upon an increase in size of unit. Price has | 
not been cut, weight bas not been sacrificed, simplicity 
has not been forced, and the result has been success. | R , 

The well-known advantages of the oil-engine for war- | 
ship propulsion—the saving in weight, space, fuel, and | 
ae personnel, facilitating increase in fighting | 
efficiency (t.¢c., gun-power, radius of action, ko), the| » 
possibility of getting under ag in a very short time, | 
and the decrease of danger to explosives from the radiated 
heat of the propelhing unit—have led authorities on many 
occasions to voice the opinion that the oil-engine must 
be developed for higher powers. It requires only suffi- 
cient stimulus to be given for the engineer to attack with OIL ENGINE :- Aol 
vigour whatever obstacles stand in the way of a successful | per Degree <So4 Lbs : H wb is aeree 
issue. : | | 1 | i.! 

The Cycle of Opcration.—In considering future possi- STEAM :- Rate of Change of Load, from C toD, OR STEAM & 
bilities only the two-stroke cycle will be dealt with, as per Degree” H0 Lbs: during 20: 
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the power of the four-stroke-cycle engine is limited by 
the difficulties of dealing with the exhaust, unless auxiliary | Fi 
exhaust ports be introducec, in which cace the reason for 

retaining the four-stroke cycle would seem to disappear. | 
These auxiliary ports have been applied to a fast-running | 
four-cycle engine, in order to permit of the escape of the | 
high-cemperature gases before the exhaust-valve in the | 
cylinder head opens. This method of exhaust—both with 
ports and a valve—will decrease the mean effective pres- | 
sure of the expansion stroke, and may tend towards | 
inefficiency of suction, since at the end of that stroke | 
these ports are again uncovered, and the quality of the | = 
suction charge may be affected. The gain in weight and N NI \ 
space occupied with the two cycle engine is not great, as | — — 

will be explained later, especially when the extra fuel | 

consumption, some 10 per cent, is considered ; but not- | (3957 m) TURNING MOMENT DIAGRAM. 
withstanding this, to obtain the maximum actua] mean SCALE /"=80000 FT LBS. ’ 

ee | aM per revolution the two-stroke engine MAX. PRESS. 490 LBS. PER SIN. AL TM, -2-15 


The relative merits of the two systems will not be _ Speed of Revolution.—Apart from naval considerations, bearings, as shown in Fig. 5. The stroke-bore ratio is 
further discussed in the present paper, nor will the the sp2ed of revolution of Diesel engines will always be determined by considerations of :—(1) Ratio of combus- 
double-acting system be compared with the single-acting. relatively higher than that of steam-engines, since the tion volume to cooling surface. (2) Method of scavenging 
Whereas the double-acting engine will no doubt be an’ principle of the engine demands this to give flexibility as adopted. (3) Limits of height of engine. (4) Type of 
ultimate success, its future depends almost entirely upon cefined by the ratio of normal running speed to minimum | crank-shaft, whether solid-forged or built-u Regard- 
running speed for a continuous period under suitable | ing No. 2, it may be briefly stated that valve-scaveng- 
working conditions. Again, the accuracy of workmansbip | ing permits of a large stroke-bore ratio, wheress port- 
and the excellence of materials requiied Ly tho-e parte scavengiug requires that this be kept relatively low, so 
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* Paper read at the Junior Institution of Engineers, 
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that the air introduced through the cylinder-wall ports 
may efficiently sweep out the products of combustion 
the combustion space. Oompare Nos. 1, 2, 3, 6, 7, 8, and 
9 with vearo-ster tans with Nos. 13, 14, 15, and 16 with | 
port-esncenging in Table I, below. For naval work, of | 
course, the height of the engine is limited, and for a given | 
power a small stroke-bore ratio would be necessary. To 
permit of « built-up crank-shaft, making for # low first, 
cost, a stroke-bore ratio would be adopted. The 
question of the ratio of combustion volume to cooling | 
surface should alwye carefully considered. 


| | Steam Engine 
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DIAGRAM OF BENDING STRESSES IN COLUMNS. 


Tasur I. — Particulars of Slow-Running, High-Power 
Tw Cycle Diesel Engines. 
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r=} P sa iSt\ <8 ef 28\e R).-0 
£|* is \aGl ea)\ «a Oat 
Sin Ss ieig8 BE 32 8345) 
3 og 2858) Ege g6 s- 5% 
i Rll Rl jal (Re A pn be 1 
1/1900} 100) 6 [23.6 (433 {1.83) 722/62.7 re 
2 |1500| 130] 6 |20.0 (36.2 ° |1.80) 782/67.0 ae 
3 | 800 115] 4 [0.0 [36.2 1.80) 695/60.5 pa 
4 |1500| 150) 4 ee 27.0 |1.69) 675)80.5) Trial pertorm- 
| | ance. 
5 |1800| 200 4 |17.7 22.0 1.26] 735/825 Ditto 
6 | 750| 120; 4 |18125/3225 |1.78| 645|74.5 Ditto 
7 |2800| 180 6 |17.3 (31.4 —1.81| 680|79.0|No — compres- 
| | sions on main 
| | engines. 
8 |3400| 125] 6 [22.45 [80.4 1.75 | 820/57 = 
9 |2000| 90) 6 [24.65 [47.8 1.92 | 710/65.0 8 
10 '2000| 125, 8/189 (25.6  (1.85| 534|73.6| Double - acting. 
hee Trial perform- 
| | ance. 
11 | 856| 120) 3 {189 [25.6 — 1.85| 510\45.0| Double-acting. 
12 | 750i 200; 6 \14.5 (24.0 (1.6 | 800/624 oa 
18 |1600| 165] 6 |t7.7 [21.25 1.2 | 586/41.0 a 
14 1700] 160} 4 |18.75 [27.0 1.44) 855/70.5 a 
16 |1600} 110/ 4 |27.0 380 1.41| 695/66.0 a 
16 \4000| 132! 6 29.6 (39.4 1,83) 865/74 0| Land engine 
17 180.| 180 8 |15.4 |17.7x2 1.15) 582\72.0|/Double piston 
| } } engine 
18 |2200| 150| 4 |17.8 |20.6x2 1.18| 613/75.0 itto 
19 | 800) 120} 8 |15.75 |15.75x2\1.0 | 315|72.0| Ditto 
20 [2500 170) 6 |19.68 [27.56 4 | 780/58.0 ~ 
21 10Y0| 140 4 [21.665 81.6 1.45 | 788/610 - 
22 11500) 150 4 |19.68 (27.66 1.4 | 690/59.0 _ 
23 | 500| 160 4 |16.9 [24.0 L42) 600/612 _ 
24 | 450 200 4/118 (16.9 (1.43) 564)40.2 " 
25 |2200| 180, 6 [24.8 [85.4 1.42 | 540/655) _ 
26 |2600| 150| 6 (20.0 |80.0 1.6 | 760/685 _ 
27 |1000! 150, 4 [21.75 '31.5 [1.46 | 790/56 5 
28 |16u0| 160 4/200 30.0 (1.5 | 760/526 
29 | 600) 150) 4 (17.6 26.0 1.48 650/52.7 
30 450 200 4 /11.75 180 1.88) 600/87.0 - 








Nore.—The brake horse-powers of engines with reference num- 
bered 5, 7, 8, 10, 13, 14, 17, 18, 20, 22, 24, 26, 28, and 30 correspond 
to two engines for twin-screw ships, each engine having the number 
of cylinders given in the table. 


Mean Effective Presswres.—The mean effective pressure 
to be expected at present with two-cycle engines is shown 
in Table I. san Gesentaes ant Sip Rates Seseene, onb ase 
seen to average some 65 Ib. per sq. in. on a horse- 

basis, where all the auxiliaries to the engine are 
Sivew by the engine. Trial performances give higher 
results, and land « can be worked at a higher 
output, due to their i 
and their 


Junkers owing to the rapid compression, 


in pressure in the future may be au 






penn 


temperature, and the means by which the mean effective 
1. A. higher over-all i he post, by the 
_ A hi over- ciency oO t, by t 
injection of the fuel more economically with reference to 
the amount of high-pressure fuel-injection air required. 

2. Greater turbulence of the combustion air into which 
the fuel is injected, giving more spontaneous combustion. 

3. Artificial raising of the exhaust pressure against 
which the engine must exhaust, so automatically raising 
the scavenging air pressure and all others of the cycle. 

4. An increase in mechanical efficiency by accomplishing 


1g. 19. 
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TasLE II.—Calculated Bending Moments in Engine 
Columns (see Figs. 18 to 21). 


| 





amount of heat to be transmitted from the air to the 
cooling water through the cylinder walls on the com- 
pression stroke. 

6. Incr in the volumetric efficiency of the charge 
by means of the double-port method of scavenging, 

itting the upper ports to charge the cylinder ata 

ure. 
; erssdestion of high-pressure air on the expansion 
stroke to give an overload. 

In order to accomplish Nos. 1 and 4 of the above, the 
author proposes the arrangement of fuel-valves shown in 
Fig. 1, 573. By the adoption of one or more valves the 
centre valve only requires the use of highly-compressed 
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Tasie III.—Effect of Through-Bolts on Bending Moment 
in Bed-Piate (see Figs. 22 and 23). 
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1| 10 | 0,285] 16.785 = al 0.0384 P P: | 0.00293 P; 2 

ti) 
2| 20 | 0.975| 17.475 = __ 0.0761 P| 1.015 Pi | 0.00608 ,, 
8} 30 | 2.16 | 18.65 "cn 0.1116 P| 0.94 Pi | 0.00902 _,, 
4} 40 | 3.64 | 20.14 =i 0.1441 P| 0.71 Pi | 0.00895 ,, 
5| 50| 5.5 | 220 -iS 0.1724P | 0.515 Pi | 0.003818 ,, 
6} 60 | 7.6 | 24.1 = on 0.1956 P| 0.372 Ps | 0.00715 _,, 
7| 70 | 9.85 | 26.35 5h 0.2182 P| 0.305 P; | 0.0067 _,, 
8] 80 |12.222] 98 72 _ 0.2238 P| 0.967 Pi | 0.00647, 
o| 90 |14.4 |sa9 = + 0.2281 P| 0.961 P: | 0.00675 ,, 
10]100 |16.7 | s32 = on 0.2238 P| 0.261 P; | 0.0068 ,, 

‘ 
uiju0 |18.7 | g52 = is 0.2132 P| 0.267 P; | 0.00678 ,, 
12|120 |20.6 | 37.1 "sa 0.1956 P| 0.270P; | 0.00642 ,, 
13|130 22.2 | 88.7 55 0.174 P| 09 PB [000 ,, 
1liso j23.5 | 400 = = 0.1441 P| o23s Pp; | 0.00423 ,, 
15|150 |24.7 | 41.2 ah O.1116P | o.232P; |a0  ,, 
16|160 |25.3 | 41.8 = _ 0.0761 P| 0.232 PR; | 0.00219 ,, 
17|170 |25.8 | 423 = a 0.0384 P| aseP; [a0  ,, 
is\is0 28.0 | ans =! | 9 0 0.0 : 
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load 
more work in the cylinder at an advantageous part of the 
stroke, although this would inevitably be accompanied 
olen of thermal eileen. . 7 





high mean ve pressure. The limits are those of 


5. Rapid compression permitting of the minimum 











| From Curve. 
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a, SE 3 |g hiaire ® | Ti ale 
aes} g ie | | a | 
a Zz a | n , «a | -) 
in. | in. | in. | in. in. | wl. wi. 

500 4/17.0 | 24.0 48.0/28.8) .6 9.6 ..2 |.045 |.105 
225 4/11.8 | 17.3 |87.0/19.6|.525 | 8&8 .236 |.085 |.0972 
1000, 4 | 21.65/ 31.5 62.6(31.3).50 15.7 | .25 |.03125|.09375 
225 4/11.75/18.0 36.0/19.5|.54 | 8.25 .23 |.0365 |.0986 
850 4 | 18.75 / 27.0 47.0/28.4| .605 | 9.3 | .1975 .0455 |.1055 
1100 6 | 22.04 39.37 89.0/31.2|.85 28.9 | .825 .0155 |.072 











air for the injection of the fuel, and delivers fuel for suffi- 
cient power for the slowest 5 desired, whilst the 
remaining valve or valves deliver the fuel against the 
lower pressure into the flame of the burning fuel delivered 
by the first valve. In this way the compressor capacity 
may be reduced, and, whilst retaining the Diesel cycle 
for the one valve, the main fuel is separately ignited, and 
thus the work, consequent upon the expansive burning of 
the main charge, is done at a later part of the stroke, and 
more advantageous conditions as regards mechanical 
efficiency areestablished. Turbulence of the combustion 
air (2) is effected either by means of spiral spraying, such 
as is adopted with oil-fuel burners for Colina or by setting 
the fuel-valves tangential to an imaginary circle in the com- 
bustion space. To effect the artificial raising of the exhaust 
pressure (3), a throttle-valve in the exhaust main is all 
that is required. Rapid compression (5) is attained with 
the engines of the Junkers o double-piston type. 
oad on Engine Parts.—The cycle upon which Dissel 
engines work necessitates that the compression of air in 
the main cylinder shall generate sufficient heat for the 
immediate ignition of the liquid fuel as it is sprayed into 
the cylinder at, or near, the top dead centre of the engine. 
This compression pressure varies slightly with different 
sizes of engines, types of fuel, means of fuel injection, 
and forms of combustion space, but ranges from Ib. to 
530 Ib. per 3 in., and is the cause of certain distinct 
phenomena which may be investigated. 
The diagrams, Figs. 2 to 6, 573, have been pre- 
ed for an oil-engine and a high-pressure steam ine 
cylinder to develop at the same revolutions—about 150 per 
minute—125 power per cylinder. Indicator 
for a steam and an oil-engine are shown superim- 


engine. 

inert of $0 Ib. per sq. in. as shown in Fig. 8, and an 
average steam-engine card with inertia, as in Fig. 4, 
diagram, Wig. 6, gives the running Iced on the 
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bearings atany point throughout one complete revolution; 
whereas with the oil-engine the maximum load is seen to 
be 46,500 lb., with the steam-engine it is only 9500 lb. 
With the oil-engine the rate of change of load shown 
from A to B is 920 lb. per deg. during 42 deg.; whereas, 
with the steam engine, from C to D, the maximum change 
is 90 lb. per deg. during 55 deg., or roughly one-tenth 
that of the oil-engine throughout practically the same 
fraction of the revolution. The reversal of load with 
the steam-engine is well shown. The significance of this 
diagram has reference to crank-shafts and the general 
framing of the engine, as well as, of course, to the ques- 
tion of cylinder strength, as not only must the actual 
amount of the load be considered, but also the rate at | 
which that load is applied—+.e., the rate of change of | 
load which represents what is commonly known as shock. | 
The reversal of load with the steam-engine is of consider- | 
able importance when considering the question of main 
bearing lubrication as that reversal permits of the inflush | 
of the lubricant. With a four-stroke oil-engine, and even | 
with high-speed two-cycle engines, the ool tions at suit- | 
able speeds of revolution would also show a reversal due | 
to the inertia of the reciprocating parts. 
A similar diagram, Fig. 6, has been preps to show 
the forces on the guide taking the same cylinders as pre- 
viously, and, in this case, the total oil-engine load is 
10,500 lb., as compared with 3400 lb. in the case of the 
steam-engine. The rate of increase affecting the rigidit 
and the materials of the framing is shown for the oil- 
engine by the rapidly rising line A B, giving an increase 
per degree of 304 lb. for a total of 50 deg. of revolution. 





Fig. 24. 
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With the steam-engine, the corresponding figures are 
90 lb. per degree acting throughout 20 deg. of revolution, 
as shown by the line CD. With the oil-engine it will be 
seen that in this case the load is reversed, but with the 
steam-engine it remains constant. This means that with 
the oil-engine the shoes of the crosshead must be very 
carefully oe constructed, and adjusted, so that at 
the reversal of load there is no shake from the one guide 
to the other. With steam-engines this reversal may 
experienced at low revolutions, when inertia effects are 
negligible. 

If the engine be not of the crosshead type, the piston 
clearances must be cirefully watched to obviate the 
piston “slogging” from one side of the cylinder to the 
other, and the material must be such that the wear is not 
excessive. In certain cases, with large trunk piston 
engines, provision has been made for taking up side wear 
on the piston ; but, where such is necessary, a crosshead 
should be provided if at all possible. 

The two last diagrams, Figs. 5 and 6, have particular 
reference to the type of framing, which, in the future, 
will be regarded as the stan for the high-power oil- 





engine, as they indicate not only the large amount of the 
piston load and the rate at which it is applied, but also 
the exact proportion of that load which must be taken up 
by the framing through the guides and by the crank-shaft. 

A turning-moment diagram for a four-cylinder two- 
stroke oil-engine is given in Fig. 7, and this shows, taken 
in conjunction with Fig. 3, the method of construction of 
this diagram for four cylinders and the ratio of maximum 
to mean turning moment for all the cylinders. 

_ Engine Framing.—The engine framing takes the ten- 
sion load due to the piston load and also the side-thrust 
of the crosshead, and must be designed also to give to 
the engine the requisite degree of stiffness. In considering 
the latter, the question of balance of the engine must be 
taken into account. The following leading types of 
framing are suggestive of the lines upon which the high- 
power engine will be developed :— 

1. The mercantile steam-engine framing of cast-iron 
columns at the back and the front of the engine (Figs. 8 
to 10, page 574). A combination of cast-iron columns 
th turned -steel columns at the front, frequently 
adopted with steam-engines, is shown in Fig. 11. 

2. The cylinders supported on a cast-iron framework 
for rigidity, whilst the piston load is taken by means of 
through-bolts relieving the cast-iron framing of tension 
stress (Figs. 12 to 14). 

8. The engine carried entirely on a system of through- 
bolts and _turned-steel columns suitably reinforced by 

} In Fig. 15 the cast-iron columns are introduced 
simply to carry the guides. In Fig. 16 the turned-steel 
columms are reinforced by steel castings. 

4. Steel plate and angle structure (Fig. 17). 

In this all-important question of type of framing, steam- 
engine experience is, of course, invaluable, but lessons 
therefrom are in no way conclusive unless the pressure 
and load differences are thoroughly investigated and 
appreciated. mapner in which the author has 


attempted to show this is given in Figs. 18and21. Fig. 18 


shows the guide loads for steam and oil-engines having | crank 
similar inittal piston loads. 


stated calculated values of the bending moments from | values for the web scantli: 


In IL., page 576, are 


these loads for a standard engine column ; from these 


data, the bending moment has been drawn for any position 


| acourately the actual stress ~ ae, of a a 
engine is exceedingly di t. lowing 
formula for web thickness . 8 tive and gives limiting 
2 if a stress of 9000 Ib. per 
sq. in. be taken for good-quality steel :— 


of the working stroke and for any point on the column | = DR + 196 D® + Twas. — (Tmax a/8) 
(Fig. 19). By obtaining the moduli of the sections, as|. : be? bt wt 
shown in Fig. 20, the stress in any section can be obtained, | 12 which 


as seen in Fig. 21, both for the steam and the oil-engine, | 


for the same ini load and tension stres-. hereas 
with the steam-engine the stress due to bending varies 
from plus 800 to minus 600 Ib. per sq. in., with the 
oil-engine the variation is from plus 370 to minus 340 lb. 

rsq. in. for the same tension load. The ratio of the 

ding to the tension load with steam-engines is 0.15, 
com with 0.082 with oil-engines, showing that rela- 
tively the tension load is of greater importance in the case 
of the oil-engine, and that, in consequence, the steam- 
engine framing cannot be advocated for the oil-engine 
witb the same force as for the steam-engine. 

Partly in view of the foregoing, a system of taking the 
tension direct from the cylinder to the bed-plate would 
seem to be essential for large engines, not only from the 
point of view of the framing, but also from that of the 
bed-plate (Fig. 22). With cast-iron columns takin 
the tension load, the bed-plate requires to be cor respond- 
ingly stiffer, because the tension load must be traasmitted 
from the columns to the bed-plate, and through the latter 
to the crank-shaft by way of the main bearings With 
through-bolts, however, the tension load is taken from the 


Fig. 25. 
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cylinder direct to the bed-plate close to the main bearings, 
so relieving the bed-plate proper of considerable stress 
and reducing the bending moment in the cross-girders to 
about two-fifths of that without through bolts. 

When the design of cylinder head its, the spacing 
of the through-bolts should be such as to reduce to a 
minimum the bending moment (a) between the seating 
and the through-bolts, and (b) between the two through- 
bolts given in the curves, Fig. 23. Whereas it is con- 
venient to make the bed-plate of deep and strong 
section underneath the crank-shaft, its strength rapidly 
diminishes to accommodate the seating tow: the point 
of fixing at theseating. Table ITI. gives value in practice 
and the approximate values of the bending moment for 
different ratios of a/1. The advantages of through-bolts 
in reducing the bending moment are obvious. 

The construction of the future would seem to require 
th h - bolts, either from the cylinder head or the 
ofiaiee itself, from above the exhaust and scavenging 
ports to the bed-plate in way of the crank-shaft. Another 
very im nt advantage with through-bolts to the 
cylinder is the fact that the cyliader is relieved of 
tension stresses. This forged-steel structure may 
require to be reinforced by some form of cast structure 
for stiffness and to carry the guides, but to what extent 
and of what nature it is difficult to foresee, as the ques- 
tion of vibration due to lack of balance is one best settled 
by experience. In view of the number and variety of the 
types of framing at present advocated and built, as illus- 
trated in Fig-. 8 to 17, it may be inferred that the detailed 
design of the fature is an entirely open question. 

Crank-Shafts.—The strength of the crank-shaft is tosome 
considerable extent i 











proportional to the strength of the 
crank-webs, as failures with multiple crank-shafts have 
most frequently ovcurred in this section. To estimate 


= stress lb. per sq. in., 
= diameter of cyinder in inches, * 
R = length of crank-pin in inches, 
b = breadth of web in inches, 
t = thickness of web in in 
d = diameter of crank-shaft i 
S = stroke of crank-shaft in i 
Tmax. = Maximum turning moment, 63,030 b.b.p. x K/N, 
N = revolutions minute, 
K = ratio Tmax./T mean. 


This formula gives the summation of the three types 
of stresses in this part. The first term represents the 
stress due to the piston load acting through the crank- 
pin. The second is merely that of crushing, and the 
third is that due to the transmission of the torque. 
For crank-shafts of four or less cranks the first term is 
by far the most important, so that, roughly, the strength of 
the crank-web may be stated as being proporti to b?. 

Crank-webs may be calculated upon the basis of the 
twisting of square shafts, but the data on this subject 
are very meagre. strength of the crank-web should, 














nt ae SS. 
Dia. of Gylinder D Inches. 
of course, be equal to the strength of the crank-shaft, 
and if it can be stated that in usual Diesel-engine practice 
the thickness ¢ is proportional to the breadth b, then b @ 
should be portional to d*, where d is the diameter of 
the crank-shaft, and ¢ proportiona! tod. In Fig. 24 it is 
shown that ¢ is, roughly, proportional to b, the law being 
. t = 0.434 b, or b = 2.34. 

The curves shown in Figs. 24 to 27 are made up from a 
number of engines representing current practice. The 
figure above the points in this and a curves 
dealing with crank-shafts refers to the number of cylin- 
ders, and a star refers to high tensile steel. These are not 
informative, but the hollow points, as opposed to the 
full points, give indication that, with four-cycle prac- 
tice, the of the web is a greater multiple of 
the thickness than with two-cycle engines due to the 
spreading out of the cylinder centres with two-cycle 
engines in order to accommodate the exhaust-belt. The 
next curve, Fig. 25, shows, as would be expected, that 
the thickness of the web is proportional to the diameter cf 
the +, and the law, as seen from tho cum ve, is: ¢ = 
0.545 d for two-cycle engines, and ¢ = 0.482 d for four- 
cycle engines. If it be assumed that the stroke of the 
engine is proportional to the diameter of the oylinder, 
then the power devel by the engine, or the forces 
acting upon the crank-shaft, are proportional to the 
diameter of the cylinder cubed—i.e., D’—in which caee 
the diameter of the shaft should be proportional to the 
diameter of the cylinder, and the curve (Fig. 26) shows 
that this is approximately true for two and four-cycle 
engines of four, six, and eight cylinders, in which d=0 58D. 

In the foregoing, so nearly do the curves approximate 
to a straight line that it would seem that the theoretical 
supports for the crank-shaft at the bearing centres must 
be spaced veg, | proportion to the cylinder diameter, 
and the curve, Fig. 27, shows this to be approximately 
the case where D = 0.472 L (length between bearing 
centres), or L = 2.12 D. For working out crank-shafts to 
a first approximation, without taking into account the 
question of balance, method of drive of scavenging- pumps, 
or whether the compressor is driven from the engine— 
consideration which can hardly be legislated for by a 
single formula—the crank-shaft rule of the British Cor- 
poration for the Survey and Registry of Shipping works 
out very well for the great majority of cases. 

At present this rule is, with other oil-engine recom- 
mendations, before the Technical Committee of this 
Society for consideration and possible amendment. 


_ 8 (Dix P (8 +L) 
For crank-shafte, d = a/ ex FGrt 


when :— 
d = diameter of shaft in inches. 
D = diameter of cylinder in inches. 


S = stroke of piston in inches. 

L = length between edges of bearings in inches. 
P = maximum initial pressure, lb. per eq. in. 

C = constant. 
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For Four-Cycle Engines, For Two-Cycle Engines, 
. Single” Acting. Single- Acting. 
No. of Cylinders. No. of Cylinders. 

» 2, 3, 4 » 2,3 
8500 6 
8000 8 os 
7500 12 6 
7000 _ ay 
6000 - 6* 
4500 “= 8* 


* These apply to cases where the cranks are so arranged 
that two impulses occur simultaneously. 


(To be continued.) 


A LOGUES. 


Press Work.—Messrs. Kapella, Limited, of 97, Guth- 
laxton-street, Leicester, have sent usa circular illustrating 
a few examples of press work carried out by them. The 
firm undertake the manufacture of drawn shells and tubes 
in brass, aluminium, and other metals up to 1} in. in 
diameter and 6 in. long. 7 also manufacture pressed- 
metal parts for optical, scientific, and surgical instruments, 
and claim to do only high-class, accurate work. 


Valves.—From the Lunkenheimer Company, of Cin- 
cinnati, Ohio, U.S.A., whose London address is 
Great Dover-street, S.E., we have received a little book- 
let giving full particulars, with prices, of their 
as valves. The particulars given refer to stop- 
valves of the globe, angle, and cross patterns, and to 
horizontal, vertical, angle, and swing-type check-valves. 
Prices are also stated for spare parts for these valves. 


_ Ball-Bearinys for Line-Shafting.—We have received 
Man i eS ae Fa: Bane lee 
chester, a ca e of “* _ - i ‘or 
line-shafting. — Those becsings are manufactured by the 
Berlin-Anhaltische Maschinenbau A.-G., of Dessau, 
Germany, for which firm Mr. Matthews is the re - 
tative for the North of England and Scotland. The 
catalogue gives particulars of pedestals for radial and 
axial loads, hangers, bracket- wall-brackets, 
pillar-brackets, and also of sev different types of 
ae a pe for fixing either to the wall or ceiling. 
eights and dimensions of all these fittings are given in 
metric units, and prices are stated in marks. 


Inbricant for Gears.—The Stern Sonneborn Oil Com- 
pany: Limited, Royal London House, Finsbury-square, 

.C., have sent us a booklet relating to ‘‘ Ambroleum” 
lubricant for motor-car The consistency of this 
material is such that it clings to the gear-wheels and 
completely covers them, thus reducing friction and wear 
to @ minimum, and at the same time greatly reducing 
both the noise of working and of changing gear. The 
booklet explains the action of the lubricant and gives some 
hints on using it. Several illustrations reproduced from 
pho phs, of Dn yttge oe running with the covers re- 
moved, are included to show how the gears are completely 
embedded in the lubricant when in metion. A large 
number of testimonials from users are also printed. 





Electric Heating and Cooking Appliances.—A catalogue 
to hand from the General tric Company, Limited, 
67, Queen Victoria-street, E.C., gives full particulars of 


their ‘‘Magnet” heating and cooking appliances for 
domestic and industrial use. The catalogue, which is 
very fully illustrated, first deals with electric fires of the 
rod and panel patterns, and afterwards with electric-lamp 
radiators, sho some pleasing designs in all types. 
Particulars are given of electric convectors, plate- 
wyPe heaters, and quartz heaters on the Bastian system. 

king appliances are dealt with next, and among them 
we notice kettles, sauce urns, grillers, toasters, hot- 
plates, ovens, and se other utensils. Following these 
will be found particulars of electrically-heated flat-irons, 
soldering-irons, glue-pots, sealing-wax heaters, cigar- 
lighters, and other appliances; prices are stated in all 
oases. 

Electric Generators. — The latest bulletin from the 
Phenix Dynamo Manufacturing Company, Limited, 
fae + coy | Works, Bradford, tes to a new type of 
machine for generating heavy continuous currents at 
low voltages, such as are required for electrolytic work, 
and also for boosting. These machines are provided 
with the new half-turn winding 
a paper read before the Institution of Electrical Engi- 
neers by Dr. Pohl (see Journal of the Institution of 
Electrical Engineers, 1908, vol. xl.). An important 
feature of this winding is that it leads to the use of twice 
as many commutator segments as are used with an ordi- 
nary winding, and thus the reactance, or sparking voltage, 
as well as the potential difference between two segments, 
is halved. It is claimed for these machines that spark- 
ing and flashing over are practically impossible, that 
unequal current distribution is avoided, that efficient 
ventilation is obtained withot mechanical complications, 
and that these properties are combined with the advan- 
tages of high efficiency and great overload ¥-~“¢ The 
principle of the winding and the general design of the 
machines are dealt with in the first part of the bul- 
letin, and the latter part consists of illustrations of 
large machines for electrolytic work and boosting; one 
of the machines illustrated generates currents 7000 
amperes. 

Ae Compreners. — We have received from Mesars, 
Charles Churchill and Co., Limited, St. Simon-street, 
Salford, Manchester, a catalogue of Koester type air- 


compressors, which, they claim, require 10 . | col 
makes, and ee Aen hee 


power than other have a volumetric efficiency 
of 92 to 99 per cent. These compressors, which have 
piston-valves operated by eccentrics, are made for single- 


te, | double-truck 


which was dealt with in | all 





stage compression in twelve sizes, with capacities ranging 
from 39 to 885 cub. ft. of free air per minute ; single- 
stage com rs are used for pressures up to 60 lb. per 


sq. in. For pressures up to 150 lb. per sq. in. two-stage 


og pre! compressors are listed, with the same | deals 
range 


capacities as the single-stage compressors ; both 
types are arranged for belt-driving or for direct driving 
by steam cylinders in tandem with the air-cylinders. 
Particulars are also given of two-stage single-cylinder 
compressors suitable for pressures up to 350 Ib. per sq. in., 
and with capacities up to 390 cub. ft. per minute. These 
machines are suitable for charging air-receivers used for 
starting i and for similar intermittent work. 
For continuous work at pressures over about 215 lb. 
per sq. in. three-s compressors are recommended, and 
these machines are listed with capacities up to 440 cub. ft. 
per minute. The catalogue gives particulars of 
small portable electrically-driven compressors suitable 
for operating boiler-cleaning tools, blowing dust from 
electrical machinery, and such work. Illustrations of 
larger portable compressors are also included in the 
catalogue. We also noticed illustrations of turbo-com- 
pressors, one of which is capable of raising the pressure 
of 21,000 cub. ft. of wir per minute from 12 to 140 lb. 
per sq. in. The set runs at a speed of 3000 revolutions 
per minute, and the horse-power required is 4000. 


Tramway-Cars and Trucks.—From the J. G. Brill 


35, Company, of Philadelphia, Pa., U.S.A., we have received 


two catalogues dealing respectively with tramway-cars 
and trucks. The car catalogue consists of a selection of 
examples of city and inter-urban cars constructed by the 
company since their previous catalogue was issued, in 
August, 1910. The examples chosen, which are illus- 
trated by exterior and interior views and floor 
include el and pre-payment cars of the single and 
wp. central-entrance cars, convertible 
cars, double-deck cars, open cars, storage-battery cars, 
ectrie cars, and funeral-cars. The latter, which are 
quite common in the States, will probably strike British 
readers as being rather remarkable, as they are practically 
unknown in this country, Other cars for special pur- 
poses include freight-cars, repair-cars, sprinkling-cars, 
and snow-ploughs and sweepers. A large number of the 
cars shown in this catalogue have steel underframes, and 
in several cases steel has been partly or entirely used in 
the construction of the upper structure. With a few 
exceptions all the cars are mounted on Brill trucke, and 
in most cases the seats and fittings were also manufac- 
tured by the company. The other catalogue illustrates, 
by means of half-tone and line engravings, the standard 
types of Brill motor-trucks. Each type is og de- 
scribed, and its special features are pointed out. Num 
bered lists of for each truck are also given, together 
with tables of dimensions for different load capacities. 
Both catalogues are highly creditable publications, being 
oe A + song 4 conveniently 
arranged. e London address of the company, we may 
mention, is 110, Cannon-street, E.C. 


Surveying and Drawing Instruments, dc.—A useful 
catalogue of surveying instruments, drawing instruments 
and materials, photo-printing materials and appliances, 
office furniture, &c., has been issued by Messrs. A. West 
and Partners, 91 to 98, York-street, Westminster, S.W. 
The book contains 200 measuring about 54 in. by 
84 in., and is bound in imitation leather covers. It is 
divided into six sections, the first of which deals princi- 
y with surveying instruments, and includes theodo- 
tes, tacheometers, levels and staves, clinometers, pris- 
matic compasses, mining-dials, optical squares, B men 
tables, measuring - tapes and chains, meteorological 
instruments, field-glasses, telescopes, and other optical 
instruments. The next two sections include all kinds of 
drawing instruments and also drawing-office stationery 
and furniture. In these sections we noticed scales, 
measuring-instruments, drawing-tables, cabinets for filing 
drawings, slide-rules and calculators, and various mate- 
rials, such as inks and colours, drawing and tracing-papers, 
and sectional papers ; samples of papers are included to 
show their substance. The remaining sections of the 
catalogue are devoted to photo-printing materials and 
apparatus, Peas work, mounting, ge and 
tracing-work, and office furniture, such as desks, chairs, 
filing-cabinets, book-cases, &c. The firm manufacture all 
their own photo-printing papers, and sell them under 
the trade mark Fis wy 3 = 8 age of work by 

processes are included in the catalogue. In preparing 
this catalogue everything seems to have been done to 
render it as useful as possible to engineers, architects, 
surveyors, and others interested in the class of work it 
deals with. Prices are stated in all cases, and a very 
complete eral index is given; it is also very fully 
illustrated. 

Structural Steelwork.—We have to thank Messrs. Red- 

th, Brown and Co., Limited, of Riverside Works, 
st Greenwich, S.E., for a copy of the new edition of 

nd-book on constructional engineering. The 
book, which is bound in green ~ leather covers, con- 
tains 572 pages, measuring 5 in. by 64 in., gives, in a 
very convenient form, the data necessary for the 
design of structural amgpee and —_—~ “ il to be _< 
great service to engineers, architects, draughtsmen, 
others e in such work. The first part of the book 
deals with girders, giving tables of safe loads, properties 
of sections, and other data for joists, compound 
pat wr ate and box-girders, angles, tees, and joists 
embed in concrete ; while part two, which is parti- 
cularly complete and up-to-date, gives similar data for 
stanchions composed of joists, compound sections, braced 
umns, channels, a and solid circular sections. 
The Moncrieff form ave been used throughout for 
caloulating the strengths of these columns, which are 
designed to comply with the London Building Acts of 





1894 to 1908, and with provincial requirements. In a 
later section similar information is given, but compiled 
in accordance with the London County Council (General 
Powers) Act of 1909. The third section of the book 

with roofs, and gives stresses, -pressures, 
ope he cippean dan bor oelhgeman Wend 

An ali t oc or -pressures, 

on the Duchemin formula, is also included in this 
section, and in other places in the book we are 
glad to see that this simple and convenient graphical 
method has been made use of. Part four deals with the 
general principles of structural design, and really con- 
stitutes a concise text-book on the subject. Among the 
vast amount of tables and data included in this section 
we noticed formulz for lattice columns based on the work 
of Professor Spofford and Mr. C. T. Morris. The one 
remaining section gives dimensions of sections, and in- 
cludes a large number of reproductions of perspective 
drawings mo photographs of various structural details, 
such as column eaps and bases, splices and connections, 
stiffeners, roof details, &c.; it is followed by a good 
_ index. In conclusion, we wish to congratulate 
e firm on this production, which appears to be most 


conveniently for every-day use in practical 

work. 
Grinding-Machines.—A very attractive catalogue of 
from Messrs. les 


inding-machines has reached us 
Ghurchill and Co., Limited, 9 to 15, Leonard-street, 
E.C. The catalogue, which contains 120 pages bound 
in strong cloth-covered boards, is well printed and fully 
and clearly illustrated, so that it es a handsome 
book, which is not at all likely to be destroyed im- 
mediately on receipt, as some forms of trade litera- 
ture are. Plain grinding- machines are first dealt 
with, their construction, which has many special 
features, being illustrated and fully described. General 
dimensions and other particulars are given of a very 
large range of sizes, varying from 4 im. by 24 in. to 
22 in. by 168 in. Crank-shaft grinding-machines are 
next described. They are made with 12-in., 14-in., 
16-in. and 20-in. swings, and in various lengths; it is 
specially mentioned that the crank-shaft grinding equip- 
ment does not in any way interfere with the use of 
the machines for general grinding work. We then come 
to cam-grinding attachments for plain grinding-machines, 
and to special cam-grinding machines, after which we 
find particulars of unive machines in sizes ranging 
from 10 in. by 24 in. to 20 in. by 84in. These machines 
can be provided with additional opens for grind- 
ing snitling - cutters and cutting-tools of all kinds, 
and, if desired, surface-grinding and radial grinding 


- | attachments can also be supplied. The next machine 


dealt with is of special interest. It was designed for the 
firm’s own use, and is known as the manufacturing 
universal and chucking grinding machine. From the 
illustrations and descriptive matter we gather that 
this machina is one of the firm’s 12-in. by 36-in. universal 
machines, fitted with a special wheel slide in the form of 
a turret. This turret carries three wheels: a disc wheel 
for cylindrical work, a cup wheel for the face-grin of 
&c., and a small wheel for internal work. Any 
of these wheels can be brought into operation by turning 
the turret, so that the time usually wasted in changing 
from internal to external grinding is saved. The machine, 
in fact, much the same relation to an ordinary 
plain or universal grinding machine as a turret lathe does 
to an engine lathe. The a. also deals with in- 
grinding machines, inte grinding spindles, ring 
and surface-griding machines, and wet tool grinding 
machines. All the machines listed are designed and 
a ye at -¥ —_ Manchester works, and ~ 
except the wet tool grinders, are precision m or 
finishing work within fine limits; nevertheless, much 
work can be profitably ground on them from the rough. 
Tables of powers required and sizes of wheels suitable for 
all machines are included in the catalogue ; in fact, every- 
thing seems to have been done to make the publication as 
useful and interesting as possible. 





DgMAGNETISING CUTTING ee grippers 
and chucks were first adopted for _ ing machinery, 
and found adoption afterwards on lathes. Their use, how- 
ever, involves the difficulty that the cutting tool itself 
becomes magnetic, and that the turnings and chips stick 
to the tool, especially when the speed of working is not 
high. The neatness of the work suffers under this draw- 
back. The Magnetwerk, of Eisenach, in Thuringia, is 
therefore introducing a demagnetising coil which is pushed 
over the upper part of the cutting tool and fed with 
alternating currents. 





“Tue Supping WorLD” YeEaR-Boox.—We have re- 
ceived a copy of this annual for the present year. It is 
edited by Major Jones, and is published at the price of 
10s. net by the Shipping World, Effingham House, Arundel- 
street, Strand, London, W.C. The book contains general 
information concerning shipping, data on freeboard, a 
digest of the Merchant Shipping Acts, a port directory of 
all’ the ports in the United Kingdom, and a similar 
directory of colonial and foreign ports. The directories 
give the location of the ports, population of the towns, 

authorities, trade accommodation, prevailing winds, 
bour dues, fees, charges, &c. A ion of the 


book is i up hd the ees iffs of British 
colonies an lependencies, and of foreign countries. 
Three new colonial tariffs have been i ted in the 


present edition, those of Northern Rhodesia, British 
+ eeagen naw St. Vincent, the two a being of aro 
than ordinary significance, in view of their proximity 
the new trade routes which will be adopted by shipping 
after the Panama Canal is opened. 
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‘*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
ABSTRAOTS OF RECENT PUBLISHED 
OATIONS UNDER THE ACT OF 1907. 
Tig “tack cask; chord moms & cummins the Upectindlion ts wet 
Where inventions are communicated from abroad, the Names, &c., 


of the Communicators are given in italics. 


SPEOIFI- 


Specifications ma obtained at the Patent Office, Sales 
nA 25, Southam: 4 Buildings, Chancery-lane, W.C., at 
the uniform price of 


The date of Gteertioonent of the csmntanse of @ Cunaie 
Specification is, in each case, given after abstract, unless the 
Patent has been sealed, when the date of sealing ie given. 

ay oy ithin two months from the date of 

advertisement of a Complete Specification, 
ive notice at the Patent Office of opposition to the grant of a 
‘atent on any of the grounds mentioned in the Act. 


ELECTRICAL APPARATUS. 


time 


2918/13. G. Marconi, London. Wireless Trans- 
amitting Apparatus. (2 Figs.) February 4, 1913.—This in- 


vention relates to improvements in transmitting a) tus for use 
in wireless telegraphy and telephony, whereby continuous oscilla- 
tions or groups of continuous oscillations may be generated. 
Specification No. 4593, of 1907, describes a transmitter in which a 
working d $ ted to the middle of a split condenser 
or of a pair of condensers, is charged alternately in opposite direc- 
tions by means of a rapidly-rotating toothed disc or pair of discs. 
According to the present invention, a series of working con- 
densers are employed, one plate of each being connected to the 
middle of a split condenser, which is itse’f connected in series 
with a source of current, preferably continuous, a key, and an 
inductive resis‘ance, while its two outer plates are connected to 
two toothed discs preferably mounted on the same shaft. The 
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drawing shows an arrangement of three circuits. O©', C2, and C® 
are condensers, which are all connected to the middle of the 
split condenser K!, K2, which is charged in series from a gene- 
rator G through an inductive resistance I. The circuits through 
Cl, C2, and O% are completed through inductive resistances P!, P2, 
and P%, and alternately through disc dischargers D! and D2, which 
are rigidly coupled together. P2 being wound in the opposite 
direction to Pl and P®. Pi, P?, and are coupled to portions 
$1, S82, and 8S? of a secondary, which form part of the aerial. 
Discharges take place at regular intervals, three on the disc D!, 
and then three on the disc D2, and soon. The number of studs 
and the speed of the discs are adjusted so that the interval 
between successive discharges is equal to, or an odd multiple of, 
half = natural time period of the aerial. (Accepted February 4, 
1914. 


2919/13. G. Marconi, London. Wireless Transmitting 
Apparatus. [1 Fig.) February 4, 1913.—This invention relates 
to improvements in transmitting apparatus for use in wireless 
telegraphy and telephony, whereby ti oscillations or 
groups of continuous oscillations may be generated. According 
to this invention, a series of condensers are employed and are 
discharged in succession in the same direction in such a way that 
as one is discharged the next is charged, the final discharge being 
effected from the last of the series. h d is includ 
in two oircuits. e first circuit contains a source of current, 
preferably continuous, a key and an inductive resistance, while 
each of the remaining circuits comprises an inductive resistance 














G 


and a gap which can be almost bridged by suitable means at 
regular intervals. The inductive resistances of all the circuits, 
except the first, act as primaries to a secondary in the aerial, or 
in an oscillating circuit coupled to the aerial, all such circuits 
acting on the aerial or intermediate circuit being in resonance | 


with the aerial. The drawing is a diagram illustrating the inven- 
tion ; Cl, C2 and C3 are a series of condensers so arranged that 
C! discharges through inductive resistance P! and discharger D! 
into condenser C2, C2? discharges thro P2 and D2 into OC ; C3, 
which is the last of the series, finally es through P? and 
D8, The condenser C! is cha‘ by a generator G through an 
inductive resistance I. The dischargers D1, D2 and D® are 


preferabiy all on the same shaft and insulated from one another and 
are so adjusted that circuitsC! P! O02, C2 P2 0%, O3 P3, Cl P! C2, 
&ec., are a and broken in the above order and at equal 
intervals. e inductive resistances P!, P2? and P* act upon the 
common secondary S, which may form part of an aerial A or part 
of an intermediate circuit which is coupled to the arial. (Ac- 
cepted February 4, 1914.) 


11,960/13. A. P. Lundberg, G. C. Lundberg, P. A. 
| Lundberg. and G. Pegg, London. Pil t 
Connectors. [3 Figs.) May 22, 1913.—This inventicn has 
| ference to electrical connectors of the plug and socket type, in 
| which the plug part of the connector has three or more pins, one 
| of which is used fr earthing purposes. The invention relates to 
| the earthing-pin. In carrying this invention into effect, the 
; metallic sheathing cf the cable, and, it may be, the earthing wire 
contained in such cable, or the earthing wire alone of a cable 
u~provided with a metallic sheathing, is clamped to the earthing- 
pin, and the clamping terminal is in two parts, one part of whic 
forms part of the earthing-pin. 1 is the earthirg-pin, havinga 
plate 2 at one end ; 3 is the insulating carrier-plate of the plug 


7. 





(n,960) 


art of the connector. The earthing-pin 1 is passed through a 
, hole in the carrier-plate 8, so that the one face of the plate 2 con- 
, tacts with the upper face of the carrier-plate 3; 4 is a second 
ena or bridge. The earthing-pin is secured to the carrier-plate 
means of screws which pass through the carrier-plate 3, the 
plate 2, and the bridge or plate 4. The screws thus also serve to 
| secure the plates 2 and 4 together. The cable 6 is shown as of the 
| type having a metallic sheathing and an earthing wire 7, and 8, 8 
are the leads to the current-carrying pins 9 of the plug. The 
| earthing-wire 7 is turned back upon the cable 6, so as to be in 
contact with the outer covering thereof, and the cable 6 and 
earthing-wire 7 are Ee and securely clamped between the 
plates 2, 4. (Sealed April 16, 1914.) 


MACHINE ANDZOTHER TOOLS,”“SHAFTING, &c. 


13,981/13. The Hon. Sir C. A. Parsons and 8. 8. Cook, 
Wi d-on-Tyne. Gear-Cutters, (3 Figs.) Jan. 22, 1913. 
—Thise invention relates to methods of, and means for, eliminating 
| residual errors in the teeth of gear-wheels. The present invention 

ists in eliminating residual errors in the teeth of a gear- 
wheel by grinding the same with a lap extending a considerable 
length over several teeth, so as to be guided by the average con- 
figuration of such teeth. In ons the invention into effect 
according to one form as applied to the elimination of small 
residual errors left in the teeth of a gear-wheel after being cut or 
otherwise formed in a gear-forming machine, a lap of suitable 








— y extending over a considerable length of the teeth and over 
such a number of them as to be guided by the average con- 
figuration of the same, is provided. Such a lap is illustrated in 


Fig.1. 


Fig.2. 
_ 5 





the figures, in which the gear-wheel is indicated by the reference 
numeral 4, and the lap by the reference numeral 5. The latter, 
it will be noticed, is provded with two handles 6,6. It will be 
seen from Fig. 1 that the lap extends over a considerable length 
of the teeth of the gear-wheel 4, and also over a considerable 
number of them. To effect the grinding, the lap 5 is moved to and 
fro in the direction of the length of the teeth of the gear-wheel 4, 
while exerting a suitable side pressure of the lap upon the sides 
ofthe teeth. The surfaces in convact are fed with a mixture of 
oil or other fluid and an abrasive material, such as fine car- 
borundum, emery, or glass-powder. It is preferable that the lap 
be formed of an alloy which will cast without contraction on 
cooling, such, for instance, as an alloy wen 13 per cent. of 
antimony and 87 per cent. of lead. (Accepted February 29, 1914.) 


MINING, METALLURGY, & METAL-WORKING. 


17,955/13. F. K. Siemens, London. Continuous 
Ingot-Heating Furnaces. (2 Figs.) August 6, 1913.—This 


invention relates to furnaces for heating ingots, billets, blooms, 
or the like, of the kind which are sometimes known as pushing- 
furnaces, and in which the ingots or the like to be heated are 
delivered to the furnace at one end, and are fed forwards by suit- 
able means through a — of the furnace having a comparatively 
low temperature toa high temperature portion or finishing hearth, 
usually heated by a horse-shoe flame or a flame extending across 
it, where the billets are raised to a temperature suitable for rolling, 
forging, or other treatment, and from which they are withdrawn 
for the purpose, usually by doors in the side walls of the furnace 
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structure. The object of the invention is to provide a furnace of 
this type, whether f-as-fired or coal-fired, which can be readily 
maintained in an efficient condition, and this without necesearily 
ss —_ discharge-door areas, even in the case of pushing- 
| furnaces of large capacity and high working temperatures on 
| the finishing hearth, which are becoming common. This object 
is achieved, according to the present invention, by making that 
part of the furnace which is most liable to wear and tear—namely, 

| the finishing hearth, ther with its roof and side-walls—remov- 
| able and interchangeable. The furnace shown in the drawings is 
a regenerative furnace, with the brick-work omitted from the 
tive chambers. The whole of the finishing hearth a, 








including the roof or arch and s'de walls, is mounted on a carriage 
b of any suitable construction, which runs on rails ¢ laid upon 
the foundry floor or other suitable support. Should the fin! 

a FB A~ Cast, require — wal or repair, an -_ = 
access to or any other purpose, su as t 
removal of billets which Lowe become welded , it is run 
out on the rails c, and replaced by a similar . thereby 
enabling the furnace to be used practically without interrupti 
(Accepted February 4, 1914.) 


MOTOR ROAD VEHICLES. 

25,515/13. R. D. Spinney, London, and Rolls- 
Royee, Limited, Derby. Motor Road Vehicles. 
(2 Figs.) November 7, 1913.—This invention relates to the bodies 
of road vehicles of the type in which the parts are insulated from 
one another by elastic cushions, and it consists of an amapered 
method of and means for attachi: roofs to the jes of 
road vehicles propelled by m the oy being to 

revent the vibration set up in or arising from or 

rame of such vehicles being transmit to the roofs of the 





es Y + of this invention is attained b:; - 
sulating the roof from can or o parts of the y 
su the roof by the interposition of suitable elastic 


material and by holding the roof in position on said cantrails or 
other parte of the ly by independent connections made of 





material which is elastic, non-vibrative, and preferably also non- 
resonant. Inter, between the roof a and the cantrail } or 
its equivalent is an insulating strip c of felt, rubber, or any other 
suitable elastic material that will not readily transmit vibration. 
The oe g ¢ may be either continuous or intermittent ; the spaces 
ae by the latter arrangement form convenient apertures 
‘or ventilation. The roof a is held in place on the cantrails by 
means of strips d of leather or other suitable flexible material 
that will not readily transmit vibration. These ps are fi 

to the roof a and the cantrail or the like } tively by means 
of screws ¢, suitable washers or metallic aes as preferably 
interposed between the heads of the screws ¢ ard the strips d. 
The upper strip f on the exterior of the vehicle can conveniently 


one as shown, to throw off the rain. (Accepted February 11, 


RAILWAYS AND TRAMWAYS. 


10,148/13. H. E. Gresham, Salford. Vacuum Brakes. 
(14 8.) April 30, 1913.—This invention relates to vacuum- 
brake apparatus for vont by like vehicles, and particularly to 
the piston-rods employed in the brake cylinders, and comprises 
the provision of means which shall allow of the piston-rod packing- 
ri being readily removed without dismantling the brake 
cylinder, and without it being necessary to detach the -rod 
from tion in the piston or to unscrew the head from off the 
rod. piston-rod @ is secured to the piston (not shown) by 
suitable means, which prevent its detachment from the piston, 
except from the inner or vacuum side of the piston. The 
piston-rod head or eye-piece b is made detachable from the - 
rod proper by being made in two “—T~ ry land 2), adapted 
to be clamped upon the end of the a which is formed with a 
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reduced portion at the part adjacent to the point where the 
screwed stud or the like c pass through the two portions of the 
eye-piece to secure same together, and with a collar d thereon. 
With this arrangement it is only necessary to release the studs c, 
holding the two parts of the eye-piece ther, when the eye- 
piece can be removed, and the rubber or like packing-ring held 
upon the cylinder in the ordinary mawner can be elid along the 
rod and a new ring be placed in position.. Instead of making the 
eye-piece b in two parte, to be bolted together around the collar 
on the piston-rod end as aforesaid,a gap ¢ may be in the eye- 
piece to embrace the collar d, the eye-piece being slid over the 
collar in a direction at right angles to the piston-rod axis. A 
locking-pin f prevents accidental detachment of the eye-piece 
(see Figs. 3and 4). (Sealed April 9, 1914.) 


19,980/13. A. G. Wild, Sheffield. Railway Vehicles. 
{2 8.) September 4, 1918.—This invention relates to improve- 
ments in and relating to steam heaters for railway vehicles. 
and it refers to heaters of the kind com: ng & drum or cylinder 


to one end of which steam is admi . the being ted 
at the opposite end, and in which a thermostatic control is pro- 
vided for the lation of the admission of the steam. In - 
ratus to which this invention relates, a valve di ed to 


the admission of the high-pressure steam to the heater is em- 
ployed, and is connected to a rod or tube running longitudinally 
of the heater, and for which rod suitable guides are provided at 
suitable points in the length of the heater. At the exhaust end 
of the heater, in order to actuate the valve, and in accordan 
with this invention, there is provided a le of more or less 
ordinary form, and against one side of wi bears one end of the 
rod. a indicates the body of the heater, which at one end is pro- 
vided with a screw-cap a}, to which is connected, by means of the 
extension b, the steam-inlet valve c. Running longitudinally of 
the body a isa tube d, and which tube at one end is provided 
with a valve d!, for which a seating is formed upon the extension 


ice 





b. The tube d at its opposite end is provided with a screw-thread 
engaging a thread formed in the hollow extension of the disc ¢ 
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which bears against one side of the capsule e}. A lock-nut serves 
to lock the parts against accidental movement. Bearing against 
the inner face of the diec ¢ is one end of a spring /, the opposite 
end of which bears the outer surface of one of the bodies 
g which are secured to rods g! at one end against the inner face of 
the cap a!, The bodies g are perforated to permit the free 

of the tube d. A indicates a cap scre into the annular y 
A) screwed on to the end of the body a of the heater, and into 
which member A! the pipe i for the escape of the condensed 
water is screwed. The operation of the valve is as follows :— 
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Steam is admitted through the high-pressure valve c, and, pass- 
ing through extension ), enters the heater, from whence it 
reaches the capsule ¢!, causing the faces to expand, and 8o effect- 
ing the longitudinal movement of the tube d, thereby more or 
less closing the aie ae @, After the steam has 
been shut off by the ex ion of the capsule operating the tube 
dand the valve d!, the capsule will con as the vapour con- 
denses, and will thus allow the tube to open the valve d! for 
the admission of further steam. This automatic Dg ae con- 
—~ so long as the heater is in use. (Accepted February 4, 
1914.) 


STEAM-ENGINES, BOILERS, EVAPORATORS, &c. 


216, 539/18, Societa Anonima Italiana Gio. Ansaldo 
Co., Genoa, Italy. Water-Tube Marine Steam- 
tors. (2 Figs.) June 26, 1912.—This invention has 
for ite object to provide an oe water-tube marine steam- 
generator of the type comp’ g three transverse upper steam 
and water-drums connected to one another and also to three 
transverse lower water-drums by means of ups of tubes 
located over the busti hambers of the boiler-furnace. The 
invention consiste in the combination of connecting water-tubes 
exposed to the hot furnace and connecting the water space 
of the central bs gl steam and water-drum to the water space of 
the two upper side steam and water drums, two chambers in the 
water of the central upper steam and water drum enclosing 
the orifices of the said connecting water tubes, and a feed-water 
pipe or pi for delivering feed-water into the said chambers, 
whereby the said eae | water tubes are caused to act as 
economisers for heating the feed-water before it passes into the 
two upper side steam and water-drums. As shown, 1 is a trans- 
verse central upper steam and water-drum, and 2, 2 are two 
transverse upper side steam and water-drums connected to the 
central upper drum 1 by water-tubes 6 and steam-pipes 10. 3 is 
a transverse central lower water-drum, and 4, 4 are two trans- 
verse lower side water-drums connected to the central lower 
drum 8 by pipes 9. The central upper drum 1 is connected by 
water-tubes 5 to the lower side drums 4, 4 and by water-tubes 8 
to the central lowerdrum 3. The two upper side drums 2, 2 are 
connected by water-tubes 7 to the two lower side drums 4, 4. 
The boiler is encased in‘a casing of steel tes lined with 
asbestos, provided at top with two symmetrically located outlets 
15 for the smoke gases. The central upper drum 1 has fixed 
within it plates 17,17 such that partially enclosed chambers are 
formed below the water-level. The plates 17, 17 are not closed at 
their ends, but are open so as to allow the water contained in 


1 








the drum 1 to enter underneath them and to pass along the water- 
tubes 6, 6 into the drums 2,2. When the generator works, a 
current will be established in the tubes 6, 6 in combination with 
the natural circulation developed in the side water-tubes 7, 7 and 
in the water-tubes 5,5. The plates 17,17 cause the water-tubes 
6, 6 placed across and under the chimneys 15, 15 to operate as 
economisers when the cold feed-water is injected under them b 
means of oo ae 20, 20. If,on the other hand, the cold feed- 
water is injec outside of the plates 17, 17, oris nded for 
reasons of service, then the water through the water- 
tubes 6, 6 will be that of the generators in natural circulation, 
because, as already seen, the ends of the plates 17, 17 are open. 
When the feed-water is injected inside the plates 17, the tubes 6 
will operat iser tubes for heating the feed-water. The 
circulation of the water in the generator is as follows :—The 
circulation commences with the rising of the water from the 
lower side drums 4 to the central upper drum 1 through 
the water-tubes 5, owing to these latter receiving the direct 
heat of the fuel on the furnace grates 16. The steam e- 
rated in the tubes 5 collects in the steam space 18 of the 
central upper drum 1. The water continues to rise from the 
central upper drum 1 underneath the plates 17, and thence 
through the tubes 6 into the upper side drums 2, The cycle of 
the circulation is completed by the water flowing from the upper 
side drums 2 down through the side water-tubes 7 (which are ex- 
posed less to the action of the hot furnace gases) into the lower 
side drums 4, With the described cycle of water circulation, 
and assuming that the feed-water is first injected into the gene- 
rator outside the plates 17 in the central upper drum 1, the tubes 
6 will operate as steam-generating tubes, and the generator will 
rate as an ordinary generator without an economiser, because 
the water oa ae the tubes 6 will have a temperature 
equal to that of water in the other parts of the generator ; the 











steam generated in the tubes 6 collects in the steam 19 of 
the upper side drums 2, which communicate through pipes 10 
with the steam space 18 of the central u drum. If, however, 
the feed-water is injected by means of pipes 20 underneath the 
plates 17 in the central upper drum 1, the tubes 6 will act as 
economiser tubes, because the feed-water only mixes with part of 
the hot water in the central upper drum 1, and the mixture will 
certainly be carried through the tubes 6 by the current produced 


by the general circulation of the generator. This mixture in the | 


tubes 6 will have a lower temperature than that of the water in 
the body of the generator, and will therefore reduce the tempera- 
ture of the tubes 6. © quently the surf; of these tubes 6 
will be rendered more efficient as heat-exchangers 





in contact with 


invention belonging to the type in which the tube or mandrel ic 
_ provided with expanding devices, which act under the effect of 
centrifugal force, and so engage with the interior of the bobbin. 
The object of the present invention is attained by arranging 
springs which lie along the sides of the tubes, and which are 
secured at their upper ends thereto, which springs a: their lower 
ends are of sufficient weight or are provided with weights te 
cause the springs to fly out under centrifugal force, the free ends 
of the springs and the weights being located in a chamber whick 
is formed in the wharle or in any other part which be 
| arranged immediately above the wharle, such as msy be provided 
for catching loose ends or for other pu . As shown in the 
drawings, the springs @ are arianged lying along the sides 





towards the chimneys 15, -—_~ to the in- | 
u 


the hot passing 
creased Gitterence between the tem 
the temperature of the hot gases. 


13,314113. Societa Italiana 
ana Co., Genoa, I . Water-Tube Steam-Gene- 
rators. (2 Figs.) June 26, 1912.—This invention has for its 
object to provide an improved water-tube marine steam-generator 
of the type wherein two transversely-arranged upper steam and 
water-drums are connected to each other, and also to two trans- 
versely-arranged lower water-drums by means cf groups or bundk s 
of tubes located above the combustion-chamber. e invention 
consists in the combination of tubes exposed to the furnace 
connecting the water-space of the rear steam and water m 
with the water of the front steam and water-drum, a 
chamber enclosing the orifices of the tubes in the rear steam and 
water-drum, anda feed-pipe delivering the feed. water inside the 
chamber, whereby the tubes are caused to operate as economiser- 
tubes forheating the feed-water before it enters the front upper 
and water-drum. As shown, 2 is an upper steam and 
water-drum located transversely at the front of the generator, 
and 3 is an upper transverse steam and water-drum located at 
the back of the generator. These two drums are connected to 


ture of the tubes 6 and 
Sealed April 9, 1914.) 
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each other by a group of tubes 5, and also by two pipes1l. 1 and 
17 are lower water-drums located transversely a tively 
at the front and back of the generator. The upper drum 2 is 


connected to the lower drum 1 by tubes 6. The upper drum 
8 is connected to the lower drum 1 by diagonally arranged 
tubes 4, and to the lower drum 17 by tubes 14. The two 
lower drums 1 and 17 are connected to each other by two 
any 15. The generator is encased in a steel casing 16, covered 
with asbestos, in the upper part of which is an outlet 13 for the 
smoke gases. The upper drum 3 has fixed within it a plate 8 euch 
that a partially-enclosed chamber is formed below the water-level. 
The plate 8 is not closed at ite ends, but they are open so as to 
allow the water contained in drum 3 to enter underneath it, to 
pass along the water-tubes 5 into the drum2. When the generator 
works, a current will be established in the tubes 5 in combination 
with the natural circulation develo in the tubes 6 and in the 
water-tubes 4. The plate 8 causes the water-tubes 5, placed across 
and under the chimney 13, to operate as economisers when the 
cold feed-water is injected under it by means of the pipe 7. If, 
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on the other hand, the cold feed-water is injected outside the plate 
8, or is ded for of service, then the water passing 





through the water-tubes 5 will be that of the generators in natural 
circulation, because, as already seen, the ends of the plate 8 are 

n. — of tubes 5 may be worked as an economiser 
when the feed-water is injected co 


—— outside the plate 8. The circulation of the water in 


improved generator is as follows:—The circulation com- | 


mences by the water rising from the lower drum 1 to the 
upper drum 3 through the tubes 4, owing to these tubes 
receiving the direct heat from the fuel on the grate 12. 
The steam generated in the tubes 4 collects in the space 10 in the 
upper drum 3. The water passes from this drum 3 underneath 
the hy ty oy = the tubes 5 into the upper drum 2. From 
this r drum the water descends ——— the tubes 6 (which 
are least exposed to the heat of the furnace) into the lower drum 1. 
With this course of circulation, and when the feed-water is in- 
jected into the generator outside the plate 8, the tubes 5 will 

po et ere | tubes, and the generator will work 
like any other generator without an economiser, because in such 
a case the temperature of the water flowing through the tubes 5 
will be the same as that of the body of the water in the genera- 
tor. The steam ted in the tubes 5 will collect in the 
space 9 in the upper drum 2, which is in communication by 
means of the pipes 11 with the 10 of the upper drum 3. 


If, however, the feed-water be first injected into the upper drum 3 
wy means of the pipe 7, which leads it directly under the plate 8, 
en the tubes 5 will operate as economiser-tubes, se the 


feed-water, in mingling with the hot water which is carried by 
the natural current of the generator-water through the tubes 5, 
will form a mixture of water of lower temperature than that con- 
tained in the other parts of the generator. temperature of the 
tubes 6 will therefore be lowered and the surfaces of these tubes 
will become more effective by their contact with the hot gases 
passing to the chimney 13, owing to the increased difference 

t the t ture of the said surfaces and that of the hot 
gases, which could not occur in the first-mentioned arrangement. 
(Sealed April 9, 1914.) 


TEXTILE MACHINERY. 





11,387/13. J. M. Tankard and H. C. Speigh 
Bradford. Tabes for Cap-Spinning. (3 Figs.) May 15, 
1918.—This invention relates to improvements in tu for ca) 


perme | and twisting and like frames, and is more icularly 
applicable for use in connection with self-doffing frames, the 


under the plate 8 ; and they , 
may be worked as a steam-generating group when the feed-water 





of the tube b, being secured at their upper ends c to the tube 
and preferably lying in recesses in, or along flats formed on the 
tube. The ends e of the springs project down into a chamber 
formed in the wi g, or a8 shown at / in the drawing, in s 
part h, which is arranged immediately above the wharle for catch- 
ing loose ends. This chamber / is suitably closed at the top, 
— for radial grooves j, through which the springs a parr, 
which grooves support the springs to a certain extent against 
circumferential movement. On the ends of the springs whick 
project into the chamber /,there are preferably arranged weights k. 
so that the centrifugal force pulling the springs outward against 
the interior of the bobbins is greatly increased, and is, in fact, 
increased to such an extent that the ibility of slipping iz 
practically wholly eliminated. (Accepted January 28, 1914.) 


9193/13. J. Gillespie, Belfast. Hackling-Machines. 
(6 Figs.) April 19, 1913.—This invention relates to hackling- 
machines in which pieces or stricks of flax or other like fabrics 
are held by clamps or holders, and hackled first at one end in 
one machine and at the other end in another machine, the flax 
being re-adjusted in the holders, either by hand or automatically, 
preparatory to the second end of the flax being hackled ; and it 
relates particularly to means used in such hackling-machines for 
breaking the end or ends of the flax pieces after they have beex 
hackled for the purpose of squaring the pieces and removing 
neps or other impurities which have accumulated in the ends of 
the pieces during the hackling process. It is designed princi- 
pally to simplify the operation of breaking for the attendant, 

, and to simplify construction ; and consists essentially in break- 
ne I the flax or other pieces by mesnsof the movement of the 
holders along the cross-channel or channels of coupled machines, 
or along the rising and falling channels, or by the movement 
of a member moving at the same time and speed, and in the same 
direction as the holders. Ais the well-known cross-channel for 

ting pled hines, along which the holders B are 
, and is a well-known catch-bar for conveying the holders 

y means of the catches.c. Attached to the catch-bar C is s 

suitable attachment D into which is bolted or otherwise fastened 

































































(993) 
a stud d, which at the back position of the catch-bar is about 


central with one cf the holders b. Fixed to a suitable part of 
| the framework, preferably in an adjustable way, is a touch-pix 
E of well-known design, such as is usd by hand-hacklers for 
breaking the flax. In the position drawn—i ¢., just before the 
commencement of the movement of the holders B along the 
channel A—the flax hanging from the holder 0; ite the stud d 
is wrapped round the stud d and the touch-pin E. When the 
holders are traversed along the channel by means of the catch- 
| bar C and catches c, the stud d moves with the holder, and the 
| flax is broken between the stud d and the touch-pin E. The catch- 
| bar is actuated by the well-known lever c! and the spring latch 
| e2, and in this case the thickness of the piece to be broken is 
| limited by the strength of the spring latch c®. The method of 
| actuating the lever c! is not shown, being well-known. Refer- 
| ring to Fig. 3, the stud d may be attached to a special sliding- 
| bar F, actuated without the intervention of the latch c* by means 
of the connecting link G attached to a well-known catch-bar 
| actuating-cam motion, not shown, bell-crank lever g, connecting- 
rod g!, and lever g?. As before, the touch-pin Emay G attached te 
the machine framework, and the flax is broken by being wrapped 
round the stud d and the touch-pin E. The bar F moves in the 
same direction, and at the same time and 5) as the holders, 
and as it is driven positively, the thickness of the piece to be broken 
= = limited by the strength of the parts. (Sealed April 9 
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NEW WORKS AT PORTSMOUTH 
DOCKYARD. 
(Concluded from page 552.) 
Tue 32,000-Ton Fioatine Doox. 

WE conclude our series of illustrations of recent 
extensions to Portsmouth Dockyard by publishing 
on Plate LVIIL., on the present page, and on pages 
582 and 598, illustrations of the floating dock built 
by Messrs. Cammel] Laird and Co., Limited, Birken- 
head, and designed to take the largest and heaviest 
ship in the service. It is moored in Fountain Lake, 
at the north end of the yard, as described and illus- 
trated in our immediately preceding article, and is, 
it may be added, of the same design and censtruc- 
tion as the dock in use now at Chatham Dockyard. 
Both docks have been constructed to the designs of 
Messrs. Clark and Standfield, to meetiall the 


02468 


The dock is of the double-sided type known as 
| the **box dock.” This consists of a pontoon or 
lifting portion of the dock, and two parallel side 
walls, built on to and forming part of the pontoon. 
The dock is capable, when floating at its moorings 
in sea-water, of lifting and carrying a vessel of 
32,000 tons displacement, with draughts up to 
36 ft., the weight of the shores and berthing-gear 
being taken as part of the weight of the — 

The pontoon consists of an approximately rect- 
angular structure, plated in all round, with the 
exception of that portion of the deck which comes 
directly under the walls. This latter is only partly 
plated in and stiffened internally by longitudinal 
and transverse girders. The outer extremities are 
built in the form of a point or bow, terminating in 
a working platform, carried on plate and braced 








girders. An idea of the great size of the floating 
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grouped under four separate headings :—(1) The 
stresses caused by the a ay neciig the 
subm . (2) The stresses due to the 
local weight of the ship above the keel-blocks. 
(3) The stresses due to transverse bending when 
the dock is raised and supporting a ship. "{s) The 
stresses due to longitudinal hending while lifting 
a ship. In general these effects are quite separate 
and distinct. For example, when the dock is fully 
submerged, the stresses under condition (1) are at 
their maximum, while those under the other condi- 
tions do not exist. When, on the other hand, the 
dock is raised and supporting a ship, the stresses 
due to conditions (2), (3), and (4) are at their 
maximum ; but those due to condition (1) have 
reached a minimum, and in many cases disappear 
entirely. Such few combinations as may occur are 
considered specially. 
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uirements of the Admiralty. On Plate LVII. 
will be found a view of the exterior of the port 
wall, Fig. 142 ; an elevation of the interior side of 
the star wall, Fig. 143; a plan on the pon- 
toon-deck of the dock and of the top decks, the 
starboard being the upper and the port the lower, 
Fig. 144; and the engine-deck on the starboard 
wall, Fig. 145, the upper part being the half of the 
dock abaft the centre line, and the lower part the 
half forward of the centre line. On the present page 
there is an end elevation, looking aft, Fig. 146; a 
section through the starboard wall at frame 74, 
Fig. 147, and a section through the port wall, 
looking aft, at frame 60, Fig. 148. The pump- 
ing arrangements are illustrated on e 582, 
Fig. 149 being a half longitudinal section of the 
starboard wall, Fig. 150 a part plan of the same on 
the engine-deck, and Fig. 151 a part plan on the 
pontoon-deck. The other half of the wall is prac- 
tically symmetrical so far as the puinping arrange- 
ments are concerned. The two engravings on 
page 598, Figs. 152 and 153, made from photo- 
graphs by — Cribb, Southsea, give a good 
idea of the dock and its moorings, the brow, jetty, 
and viaduct to the wharf, described in the previous 
article, being seen to the left of Fig. 152, and, 
although less distinctly, to the right of Fig. 153. 
The battleship in the dock is the Monarch. 


dock may be gained when it is known that it covers 
an area of 2} acres. The over-all dimensions are 
680 ft. long and 144 ft. wide. The clear width 
between the rubbing timbers at the top deck is 
107 ft. 6in. The side walls are 654 ft. high on 
the outside of the dock, and rise 464 ft. above the 
pontoon. In length they are 520 ft. along the 
pontoon-deck and 440 ft. at the top. The depth 
of the pontoon is about 20 ft. The centre keel- 
blocks, of English oak, are — over a length of 
640 ft., and the two lines of bilge-keel blocks at 
each side cover a length of 280 ft. 

At one end of the dock are two flying gangways 
of lattice construction (Figs. 143, 144, and 146). 
The gangways are swung on pivots, and when 
closed give access from one wall to the other. The 
mooring attachments have been made exception- 
ally large and strong, so as effectively to hold the 
dock in a tideway. At the end of each wall a 
very strong roller-fender is fitted to help to guide 
vessels when being berthed. Each of the side 
walls has a water-tight deck anne the whole 
length, and the bottom pontoon is divided both 
longitudinally and transversely » = number of 
water-tight Yulicheads. These lkheads and 
decks divide the pontoon and walls into about 

ighty water-tight com ents. 

he stresses produced in the structure may be 





Moreover, it must be pointed out that each of 
these conditions is set up very gradually indeed. 
Nothing in the nature of a live load or sudden 
reversal of stress can occur in the structure of a 
floating dock; in fact, it would be difficult to 
imagine a more ually applied load than that 
due to a slowly changing head of water, or to the 
slow growth of pressure between the dock and the 
ship, as ship and dock rise from the water. Also 
the stresses are, generally speaking, quite deter- 
minate, for the structure of the dock is so arranged 
that each separate part has a single definite func- 
tion, and can be accurately designed to fulfil it, 
Under these circumstances a working stress for the 
material of 7 tons per em for tension or com- 

ession was adopted. Members which could only 
Es: stocmnedl: tn e case of accident, such as the 
puncturing of com ents when the dock is sub- 
merged, &c., and which normally would not be thus 
loaded, were taken out at/10 tons per sq. in. in 
direct tension or . 

The displacement of the dock up to within 6 in. 
of the pontoon deck at the centre is 47,400 tons ; 
the total weight of the dock, including 3 in. of 
— pa nee Pe Tega and thus the net 
ifting ca ity is 32, tons, giving tons 
inch Leaeaden in the way of the toon. the 


= 





minimum metacentric height of 5 ft. 6 in. occurs 
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mtoon, and a ship of the size that can be 
ifted is on the blocks. This increases to 47 ft. 6in. 
when the pontoon deck rises from the water. 

The pumping installation, shown in Fig. 145, 
consists of eight water-tube boilers of the Babcock 
and Wilcox type, constructed by Messrs. Cammell 
Laird and Co., Limited, at their Tranmere Works, 
together with eight sets of centrifugal pumps of 
the a e type, <= set driven by a com- 
pound condensing e. e pumps an es 
were supplied by ‘Tn. Gwynnes, Limited, - of 
London. The pumping arrangement of the dock is 
divided into four groups, each Groep being entirely 
independent of the others. e of these groups 
with its pipe connections is shown in Figs. 149 to 
151. The boilers are placed two at each corner of 
the dock, those on the starboard are seen in Fi 
145. There are two feed-pumps and a ventilating 


when the water is about 4 ft. above the top an be| 








Fig. | supplied by Messrs. Babcock and Wilcox, are fitted, 


water-tight compartment in the pontoon is fitted 
with a means of indicating in the valve-house the 
height of water in that particular compartment, 
gauges being connected in such a manner that at 
any time the head of water can be observed. 

e electrical equipment consists of four direct- 
coupled generators supplied by Messrs. W. H. 
Allen, Son and Co., the engines being of the en- 
closed type driving six-pole shunt-wound dynamos, 
each having an output of 900 amperes and 225 volts. 
Two sets are fitted in each wall, and cross-dock 
cables are fitted to enable the four sets to be run 
in parallel or the load on either wall to be taken 
by any generator. A Westinghouse motor-gene- 
rator is fitted in each wall, having an output of 
1000 amperes, for the purpose of supplying current 
to aship in dock. Two electric scondiian- semme, 





one on each wall; they have a working load of 











q = , 
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rooms, lavatories, &c., for the dock-master, petty 
officers, and dock crew. Landing-stages are pro- 
vided on each side of the dock-walls, with stair- 
ways leading to the top of the dock, so that the 
dock can be boarded at any time, no matter how far 
it may be submerged. rs 

Before the dock left the builders’ works the 
various systems were tested throughout to ensure 
that the dock was in a seaworthy condition. The 
official sinking and lifting trial was carried out at 
Portsmouth on October 31, 1912, when the con- 
tract conditions were fully complied with. Since 
that date the dock has m in constant use, a 
number of first-class battleships having been dry- 
docked and undergone various repairs. 

In concluding our series of articles we wish to 
thank the Admiralty for granting permission for 
the reproduction of the illustrations of works of 
such national importance and engineering interest, 
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fan in each stokehold. The pumping-engine rooms 3 tons at 60 ft. radius. The track runs the whole| and the various officials who have assisted the 


are separated from the boiler-rooms by water-tight | 
bulkheads. In the compartments immediately 
below the pumping-engine rooms are arranged the 
condensers, air and circulating pumps, and also 
powerful fire and wash-deck pumps, Fig. 149. 

The centrifugal pumps are bolted directly on the 
top of the main drain, which runs along the bottom 
of the dock, two pumps being fitted to each of the 
four groups, Figs. 149 to 161.  Branch-pipes are 
led from the main drain to each water-tight com- 
prong of the pontoon, each being governed by a 

ull-way valve of the direct-lifting type. These 
water-tight compartments are further grouped 
into sections, each section having its own set of 
lift-valves, which permits of any particular section 
being flooded or emptied independently of the 
others. The valve-house, situated at the forward 
end —! the —— we. 149, contains the 
controlling mechanism for umping and flooding 
system of the dock. For hin pumenn tee Westing- 
house electro-pneumatic system is installed, the | 
principle of which is the working of presses by 
compressed air, actuated by valves controlled from 
the valve-house by electro- ts. Each valve 
can also be worked by hand independently of the 
other gear should the air pressure fail. Each 








length of the wall, the boiler funnels being ee | 
to allow the cranes to over. The whole of the 
electrical installation is controlled by two main 
switchboards supplied by the British Westinghouse 
Company, and et one in each dynamo-room. 
A complete system of navyphones is installed, 
giving communication between the valve-house and 
various parts of the dock. 

Workshops are arranged in the starboard wall 
(Fig. 145) consisting of turning shop, coppersmiths’ 
shop, machine-shop and smithy, each Poing fully 
equipped with the latest t; of machines, includ- 
ing high-speed lathes, horizontal boring-machines, 
ere agp sey punching and shearing-machines, 

ydraulic pipe-benders, pneumatic hammer, elec- 
trically-blown fires, and various portable tools. A 
electrically-driven air-compressor, oe 

by Messrs. Brotherhood, is arranged in each wall 
with a complete outfit of portable tools for working 
on board vessels in dock ; these gpa also 
supply the necessary air for operating the presses 
of the distributing valves. Right powerful steam- 
driven capstans, supplied by Messrs. Harfield, for 
ing ships in position, are fitted on the top 
oan, tor on each side. There is provided in the 
port wall living accommodation, including mess- 





writer in pre g descriptions of the works, 
notably Sir James B. Marshall, K.C.B., the 
Director of Dockyards ; Mr. T. Sims, O.B., M. Inst. 
C.E., the Director of Works; Mr. F. W. Kite, 
M. Inst. C.E., Assistant Director of Works, and 
various members of the staff; Mr. J. B. Hunt, 
M. Inst. C.E., the Superintending Civil Engineer 
of Portsmouth Dockyard, and members of his staff. 





Exxcrric Dieset-Motor RatLway Encine.—Extensive 
trials of a — rie or nay 2 a — is 
equipped with a Di engine, dynamo, tric 
motor, were made in Southern Sweden in January last, in 
the presence of Swedish and Danish officials. The engine 
was built in Sweden, and 3550 km. (2200 miles) were 
covered during the runs, which, according to the Zeitung 
pt Ssfactory. The “+4 neo falty vole 
were quite sati ° engine weig ly equi > 
33 tons, and was run ata speed of 55 km. (S4 mules} per 
hour on level track, and at 33 km. on gradients of 
10: 1000. The average consumption of oil amounted to 
2.64 kg. per km. (about 9 1b. per mile). The oil used was 
a me 2 hy from as =. yoaee -car itself 
carri passengers ; when a trailer-car for 60 passengers 
was attached, the 112 were 7 at speeds of 
50 km. and 22 km. (inst of the 55 km. and 33 km. 


mentioned above) ; the whole train weighed 51 tons. The 


trial runs have excited interest in Sweden owing to the 
dearth of coal in the country. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN ordinary general meeting of the Institution 
of Mechanical Engineers—the last of the session— 
was held on Friday last, the 24th ult., at Storey’s 
Gate, Westminster, the President, Sir H. Frederick 
Donaldson, K.C.B., occupying the chair. 


Exectricat Drivinc or Roiune-MILL1s. 


After the preliminary business, a paper entitled 
‘** Application of Electrical Driving to Existing 
Rolling-Mills” was read in abstract by Mr. L. 
Rothera, B.Sc., of London. This paper we repro- 
duce on page 605 of the present issue. 

The President, in proposing « vote of thanks to 

the author, rene ot that the paper was divided 
into two important sections. transferring old 
machinery from one type of drive to another, most 
careful investigation was necessary before it was 
possible to say whether any ultimate advantage 
would accrue from the change. In many towns 
the matter of space was of paramount importance. 
Ordinarily the boundaries were so narrowly set 
that there was no room for expansion so far as 
increased area was concerned. If, therefore, more 
area was required, it had to be got by crowding up, 
or by using some means which would occupy less 
space for a given purpose. That appeared to be a 
feature of the application of electricity to mill- 
driving which would appeal to many. When it 
was stated that the change from steam to elec- 
tric driving was made in six hours, it might be 
wondered whether the old appliances would meet 
the new stresses which were going to be brought 
upon them, and which he thought would prove to 
be somewhat different from the old. It was a 
question whether the gears would work as sweetly 
with the constant torque as they did with the 
irregular torque, andso on. Of course, the author 
might know quite well what was likely to happen 
when a new piece of cloth was used with an old 
garment. 
Mr. Frank Anslow opened the discussion. On 
one or two points he was not in agreement with 
the author, who had, he area. allen into the 
error—very common with whole-hearted advocates 
of electric driving—of underrating the advantages 
of the patesnncar steam-engine. That tended to 
weaken rather than strengthen the position of 
electric driving. He was closely interested in elec- 
tric driving, and was a strong advocate of it ; but 
experience had forced him to the conclusion that 
to apply it successfully in the best—i e., the purely 
commercial—sense, the ition of the steam- 
engine had to be considered very carefully. It was 
desirable to sift very minutely the existing condi- 
tions before attempting extensive alterations. At 
iron works there was a large quantity of waste 
heat, and this was not utilised to the best 
advantage in generating steam, nor was the 
steam so generated utilised to the best advan- 
tage. The remedy, however, was not quite 
so clear as the author seemed to suggest. Mr. 
Rothera cited a typical example of an iron works, 
and arrived at two conclusions from conversion to 
electric drivmg—namely, that he could save 270 
tons of coal per month at present used in hand- 
firing, and that he would get increased power to 
the amount of 400 kw. He regarded the first as 
impossible. Hand-fired boilers must be used to 
some extent in iron works, and the utmost that 
would be saved would be 200 or 210 tons. That, 
at the average price of coal, weuld represent 
15001. To effect that saving ‘would mean a 
very large capital outlay. It seemed to him that 
the maximum saving would be ‘about 5001. per 
annum, which was altogether inadequate for the 
capital expenditure advocated. 

With to the 400 kw., if useful employ- 
ment could be found for that, the case would be 
good. But in many iron works the aim was to 
make the supply of steam meet the demand for 
rolling, and in a large number of cases there was 
no necessity for the increased power. In small 
installations arrangements could not be made to 
run in conjunction with supply companies— 
although that had been done in certain of the I por 
works—the capital expenditure being altogether 
outside the possibilities of small works. He did not 
say it was impossible to do it, but the figures given 
by the author were open to criticism, and to do it 
in the manner ip msg would mean a high capital 
expenditure. He knew of a case in which, by an 
expenditure of one-third of the amount involved 





in the author’s case, 1500]. per annum was’ saved, 
the plant having paid for itself in three years. 
Even ordinary iron works were in a position to 
spend a limited sum like that. There were, how- 
ever, other and simpler means of doing the same 
thing. For instance, surplus of steam could be 
used in turbines for driving high-efficiency gear, 
and could also be used in high-speed engines for 
direct coupling to the mills. He knew of two 


j cases in which this had been successfully done. He 


also knew of cases in which a reversing cogging- 
mill supplied steam to the turbine driving the 
finishing-mill direct, so doing away with the con- 
version losses. 

He thought that the author compared ineffi- 
cient steam drives with the most efficient electric 
drives. He illustrated his point by a diagram 
reproduced in Fig. 1 havent, pounds of steam 
‘aad brake horse-power being plotted inst the 
oad. An ordinary simple — would show a 
steam consumption something like that indicated 
by the curve A, which was high, and went up ina 


Fig.1 
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comparatively straight line at the higher loads. 
With a compound engine of the latest type, fitted 
with the best valve-gear, the diagram was very much 
straighter, like that shown bythecurve B. Hewould 
also like to point out that it was quite as possible 
to have an inefficient electric drive as it was to have 
an inefficient steam drive. A number of electric 
drives were very badly arranged and very inefficient. 
This point he illustrated by some lantern-slides, 
the first of which showed a diagram illustrating 
a curve of load fluctuations taken from an elec- 
trically- driven mill, in which the drive was 
very badly arranged. The motor was wrongly 
designed and the fly-wheel was wrong. It was a 
belt drive, and the belt had proved the salvation of 
the whole thing. The k loads went right off 
the paper, and also the fall length of the diagram 
was taken up with the rolling period. The drive 
was altered and a new motor put down, with 
the result that, rolling exactly the same section, 
a much better diagram was obtained. The peak 
loads were more than halved, and, what was still 
more important, the output from the mill was 
doubled. The rolling time from the first to 
the last pass was just half the total under the first 
conditions. In conclusion, Mr. Anslow showed a 
few slides illustrative of the plants to which he had 
referred earlier in the course of his remarks. 

Dr. B. Wiesengrund, who spoke next, exhibited 
several slides. One of these showed a steam-engine 
drive for a cold-rolling installation in South Wales, 
there being two drives of four ropes each. A con- 
version had been made to electric drive, with one 
motor for each drive of four ropes, the change- 
over being made within a few hours. Room was 
available at the far end of the mill, and all that 
remained to be done when the mill was ope 
was to connect up the coupling. The plant had an 
interesting starting- gear, which was generally 
required in connection with cold - roll drives, 
because, for some reason or other, cold rolls were 
generally started up with the rolls tight eee 
The ratio of the principal reduction was high— 
namely, from 500 to 45 revolutions. There were 
two small trains of single helical gears, merely for 
the pu of starting up and for roll-turning. 
When the rolls were started the clutch was out of 
engagement ; but when the motor was brought up 
to normal speed the clutch was thrown in, and the 
starting-gear was automatically disengaged by the 
sliding of its shaft. Before restarting, it was, of 
course, necessary to put the gear back. 

In another case, a 10 : 1 reduction gear had been 

vided for a copper-rolling mill drive in the 
irmingham district. The motor had to be raised 
high above the floor-level, and therefore an idle 
wheel had been inserted between the pinion and 
the wheel. In the case of a 300 and 600-horse- 
power rolling-mill gear for aluminium rolling. the 
reduction adopted had been from 375 to 36 revolu- 
tions, the fly-wheel being placed between the 
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motor and the pinion. The whole fly-wheel effect 
was taken through the reduction gear. The drive 
had been in use for years with no apparent ill-effect 
on the gear. The application of a cast-steel fly- 
wheel, running at about 12,000 ft. velocity, had in 
this case made it possible to drive two trains of 
rolls, formerly served by engines of 300 and 600 
horse-power, by means of a 475-horse-power motor, 
without experiencing any trouble. 

The author had arranged his alternative methods 
of application in the following order :— 

1. A direct-coupled motor. 

2. A motor driving through gearing. 

3. A motor driving through a belt. 

4. A motor driving through ropes. 

He would like to know whether this was intended 
to be one of merit. Direct-coupled motors obviously 
offered great advantages in cases of very large mills ; 
but he felt safe in saying that in most medium and 
small-power mills very considerable advantages were 

by gear drives. The author had also put 
the gearing losses at 5 per cent. of the power trans- 
mitted at any one moment. That re was too 
high ; it was nearer 3 than 5 cent. If with those 
losses the difference in efficiency, and also the 
difference in power factor of low-speed and high- 
speed motors, were taken into account, in many 
cases a distinct advantage could be shown for gear 
drives. Towards the close of the paper, the author 
had stated that the fly-wheel on the mill-shaft was 
generally a er wy arrangement. His experi- 
ence differed from that, both with regard to efficiency 
and to cost. In many cases it was possible to replace 
a 100-ton fly-wheel on the mill-shaft by something 
like a 10-ton high-velocity fly-wheel on a motor- 
shaft driven through gear, provided the reduction 
were taken high enough. ere would then be a 
considerable saving in friction losses on the bearings, 
owing to the very heavy 100-ton fly-wheel bein 
dispensed with. ere would also be a substantia 
saving in first cost, and there would be some saving 
in efficiency, both by reduction of friction losses 
and by the better efficiency of the high-speed motor. 

There was no n limitation to small gear 
ratios for motor drives. The ratio for mills running 
at 45 revolutions might be taken as high as 10:1. 
Mechanical engineers would not agree that mecha- 
nical transmission was, more or less, looked upon 
as an evil. In a large number of electric motor 
installations the gear had proved at least equally 
as reliable as the electric motors ; in some cases 
more so. The author had mentioned the applica- 
tion of worm-gears to rolling-mills. He thought 
that application was a great mistake. Why use 
worm-gears? They were of a type which, for 
efficient working, depended largely on the main- 
tenance of an unbroken oil-film, because the fric- 
tion was principally a sliding friction. In cases 
of much load variation, it would be difficult always 
to maintain the oil-film, and trouble would be 
unavoidable. All worm-gears had considerable 
thrust, both in the direction of the driving-shaft 
and in the direction of the mill-shaft. ~~ means 
had to be provided for taking this up. When it was 
conside that with double helical gears it was 
quite easy to carry out reductions of 10 : 1, 12: 1, 
and even 15 : 1, with an efficiency of 97 per cent., 
the question would always arise: Why resort to 
a type of gear which, ever! at very heavy capital 
expense, could not show an efficiency of more than 
88 to 90 per cent., and could not, in many cases, 
carry out the desired reduction without recourse 
being had to an additional spur-gear reduction ? 

The author had madea strong point of the fact 
that the overload capacity of the electric motor 
was considerably greater than that of the steam- 
engine, and yet he had compared the floor space 
occupied by # 60-horse-power engine with that 
required for an 80-horse-power electric - motor 
drive. . Again, although the motor was said to 
have an overlead capacity of 100 per cent., Fig. 1, 
in the paper, showed a sheet-mill driven by a 600- 
horse-power motor, although the mean load was 
onl 200 horse-power. Although, according to the 
author’s statement, the difference in efficiency 
between the normal load on the motor and the 
mean load on the mill was only 4 per cent., he 
would have thought a distinct saving should have 
been obtained by using a motor of 450 horse-power 
only, making full use of its overload capacity. 
Further, he believed that a still smaller motor 
could have been used by the introduction of a speed- 


reducing , and by coupling with the motor the 
high-speed flywheel 
. Arthur Holman was the nextspeaker. About 
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ten years ago his principals were almost pioneers 
in adopting electric drive for mills in India. They 
had had a fot of trouble at first. He had gone to 
India without experience of electric driving. Prob- 
ably, however, inexperience of such driving was 
common at that time. He had had to work every 
air of rolls with his own hands for some time, 
cause the majority of his men hardly knew their 
right hand fromtheir left. The author had referred to 
the ease of determining the power required for every 
ss. He considered that a tremendous advantage. 
n India he had troubles with brass. After the 
of rolling in regular use at that time, he had had 
tensile and elongation tests made, and had found 
very great irregularity in the physical properties 
of the metal. Asa result, he wanted to carry out 
some alterations. No changes, however, of a 
hurried nature were permitted—and, he thought, 
rightly—in the Government service ; ao it 
took years even to get the required permission. One 
of the first discoveries which the use of electric 
driving effected was that, as had been shown by 
the tensile tests, undue stresses were put upon the 
metal in some of the The electric mills 
showed it at once ; there were high peaks, smashed 
gears, and other troubles. Electric driving showed 
exactly at what point these tremendous stresses 
were being put upon the metal with resulting ruin 
of the mill. The extra expense and trouble entailed 
by conversion was justified by securing the perfect 
control of the work done on the metal, so that in 
cold rolling annealing might be regulated. The elec- 
tric drive made it clear in his case at what stages too 
much work was being done on the metal, corroborat- 
ing his tensile and other tests which all indicated 
the existence of excessive stress on the metal. 

Captain G. H. Willis, who had also had experi- 
ence of cold rolling-mill work in India, followed. 
In part, he could answer the President’s point 
relating to the new cloth in an old garment. The 
new motors, in the case of a rolling-mill he was 
connected with, were connected directly to the old 
cast-iron shafts, 8 and 10 in. sq., used before con- 
version in the steam-drive, and so far there had 
been no breakages of old parts, the trouble arising 
only from the new parts. The mills were small, a 
150-horse-power (nominal) motor being the largest 
employed on any one train of rolls. But even with 
these difficulties had arisen, though great benefits 
had undoubtedly resulted from the conversion. It 
had to be remembered, however, that most of the 
engines formerly used were beam-engines, working 
with only 10 lb. or 20 lb. pressure, ‘so that 
the tuteatuction of the modern electric generat- 
ing-station with high-speed engines, combined with 
electric drive, was necessarily economical. 

He had described the motors as 150-horse-power 
nominal, because there were many momentary 
overloads exceeding 100 per cent., and practically 
continuous overloading at 25 percent. The diffi- 
culties alluded to were connected, he thought, with 
the adoption of the wrong type of winding for the 
motors and dynamos in the power-house. The 
supply was continuous current at 460 volts, and both 
generators and motors were shunt-wound. The 
recording-meters in the power-house showed a load 
the fluctuations of which approximated very 
closely to those obtained on a tramway, in spite of 
the fact that there were twelve or thirteen lines of 
rolls, so the fluctuations should damp out. He 
was at present investigating matters with a view of 
converting another mill with fewer trains of rolls 
from steam to electric driving, and he was rather 
concerned about these fluctuations. Could the 
author have given some indication as to the correct 
winding to adoptin such cases? He presumed it must 
be compound. The fly-wheels on the mills he had to 
deal with were on the motor-shaft. He agreed with 
the author that they would be better on the last 
driving-shaft. In his case the benefit of the fly- 
wheel was not secured, because of- the shuat- 
winding. His other difficulty was connected with 
the gearing. In cold rolling he had found it neces- 
sary that the rolls should be run at nearly constant 
speed. The motors ran at about 360 revolutions 
per minute, and the rolls at 33 revolutions. The 
reduction, rather over 10:1, was carried out by 
double helical gear, which had not proved alto- 
gether satisfactory ; it did not seem to resist shocks 
due to fluctuation of the load. Probably, how- 
ever, that defect was due to the gears having been 
cut some time ago. Possibly now the same type, 
of different design and, perhaps, slightly improved 
cutting, would prove satisfactory. Rope driving 
in his case was, owing to climatic conditions— 





a of heat and humidity—imprac- 
ticable. 

Mr. F. W. Monks stated that his firm had con- 
verted two rolling-mills from steam to electric 
drive. One had started some twelve months ago, 
and the other three months ago. There had been 
no hitch, the results being even more satisfactory 
than was anticipated. There was economy of floor 
space, although that was not a matter of much con- 
cern to his firm. The electric drive occupied less 
than half the space taken up by the steam-engines 


stages | There was a better control of the pewer consumed 


and of work done. In iron and steel works not 
infrequently it happened that an engine could not 
start at all because the screws in the housings 
were fixed down so tight, and they had to 
be eased before the steam-engine would start. 
The introduction of the ammeter made it possible 
to tell what power was being taken, and whether 
the work was being carried out properly. His 
firm had obtained an increased output of anything 
between 15 and 40 per cent. as a result of this motor 
drive. That was partly due to the fact that two of 
the motors were of greater power than the steam- 
engine. In the second case the steam-engine was 
indicated at about 325 horse-power. They had a 
motor rated at 250 to 300 Soothe horse-power, and 
it was decided to apply this small motor to the mill; 
but as it was less powerful there was a little risk, 
and the change was made so that the old steam- 
engine could be coupled up should the motor prove 
unsatisfactory. However, it was found that even 
from the small motor a 20 per cent. increase of 
output was obtained, partly due to the ter 
regularity with which the train was now driven ; 
the fluctuations were much lessthan formerly. The 
product was better, because greater regularity in 
the speed gave more regular size in the bars rolled. 
There was also considerable economy in labour and 
a { saving in lubricating materials. 
ose responsible for iron and steel works would 
make the change more readily if more engineers in 
this country had given the matter attention. Ina 
certain case, some thirteen or fourteen years ago, a 
man had had to go to Berlin for advice, with the 
result that all the plant came from Germany. The 
conditions might be different to day ; but still, as 
compared with Germany, there were nothing like 
the number of engineers here competent to give 
advice on these matters. He, as doubtless others 
had, had found great difficulty in determining the 
power which their mill was actually taking from the 
old steam-engine. From indications, tests, and esti- 
mates, his firm had decided, for the first alteration, 
to put in a 400-horse-power motor to drive bolting- 
rolls, and one of 550 femenentete drive finishing- 
rolls. It was found that the bolting-rolls scarcely 
ever took more than 200 horse-power, while every 
iece going through the finishing-rolls took 800 
orse-power. The 550-horse-power motor gave the 
800 horse-power required. The mill was a wire- 
rod mill, in which 2-in. steel billets were rolled 
down direct into No. 6 (,%-in.) wire. The old 
engine had never developed more than 550 
horse-power, and it was a revelation to them 
that the work would take 800 horse-power. The 
engine was worn out, and colla ten days 
eles it had been decided to make the change. 
The whole plant was ready, but foundations had to 
be interfered with, and it took five weeks to carry 
out the work. On the last occasion, however, the 
matter was not so complicated, and the change had 
been made in seven days. 

Mr. H. Brown, of Rugby, observed that the 
author, referring to Fig. 1 in the paper, had given 
the average horse-power or input of the motor as 
200 horse-power, the normal rating as 600 horse- 
power, and the maximum overload as 900 horse- 
power. He gathered that the drive referred toa 
sheet-mill, consisting of four stands, two rough- 
ing and two finishing, and that it included a 
heavy fly-wheel. The curve did not give any 
actual demand for power on the main shaft, 
a demand which was, he thought, much greater 
than was ordinarily realised, although the bulk 
of it was undoubtedly due to friction in the 
necks. The large overloads might be considerably 
increased by excessive screwing down. In order 
to keep the fly-wheel within commercial limits it 
was necessary that the prime mover should be 
arranged for a drop in speed to equalise overloads. 
This was an inherent characteristic of the steam- 
engine and the direct-current compound-wound 
motor, but with the three-phase or — 
motors it was necessary to obtain this result by 





inserting resistances in the rotor circuit—a very 
wasteful method. That had been recognised some 
ag ago, and in — to eae > increased efficiency 
in this respect, several types of automatic regulator 
had been tried, mostly of the liquid type. The 
inherent sluggishness of the liquid regulator, how- 
ever, rendered them useless for the purpose, and 
the mill-owners were given to understand that auto- 
matic regulators could not be used for sheet-mills. 

His firm had developed an automatic contactor re- 
gulator, a number of which were now in service, and 
which had shown that they could deal satisfactorily 
with the conditions of this work. The regulator con- 
sisted essentially of a very sensitive relay with a 
series of contactors which cut the resistances in and 
out of the rotor circuit as required. Oscillograph 
records taken in tests of a regulator which had 
been in service for some months showed that the 
regulator would act in th of a second. The 
regulator could also be arranged to limit positively 
the input to the motor, so that shut-downs due to 
the tripping of the switch were avoided. With 

to the new drive mentioned by the author 
at the close of the paper, he assumed that a 
worm and spur-gear combination was referred to. 
The object was to obtain a drive which would 
be eo in first cost and more efficient “- a 
rope drive, occupying a minimum space. ith 
the fly-wheel on Mihe motor shaft, which generally 
ran at 720 revolutions per minute, a wheel of, say, 
7 ft. 6 in. in diameter and weighing about 7 tons 
was really equivalent to one of 32 ft. in diameter 
and 180 tons total weight, on the mill shaft. The 
higher-speed motor had better constants than the 
lower-speed motor necessary for a rope drive, while 
the author had shown that gearing was more 
efficient for transmitting intermittent load than 
ropes, so that the desired results were obtained. 
He saw no reason to doubt that properly-designed 
and made gearing could maintain a useful and 
economical life for a great many years. There 
had lately appeared in the Continental Press an 
account of a worm-drive for a reversing-mill with 
a normal rating of 500 horse-power and a maxi- 
mum rating of 1000 horse-power. Some years ago 
it had been necessary to convert a steam-driven re- 
versing-mill ; this had been done by putting in a 
worm-gear, which had given absolute catisfaction in 
service, and on recent inspection the gear had not 
shown the slightest deterioration. A worm-gear 
was preferable to a double helical gear because of 
its low inertia ; where there was a number of re- 
versals, this readily mounted up. Worm-gears were 
satisfactory when properly designed. With double- 
helical gears he had had some trouble due to shock, 
where gears had been insufficiently protected from 
the side-thrust of the mill. 

Mr. A. H. Hall desired to illustrate a useful 
method in cold-rolling mills, with brass and similar 
metals, which indicated more simply than the 
tensile test when annealing should be carried out. 
In the cold rolling of brass a start was usually 
made with a big reduction, and smaller reductions 
followed. In the case of, say, 1l-in. bars, if the 
reduction were plotted against the amperes per 
yo-in. reduction, a curve such as that indicated 
in Fig. 2 was obtained. It would probably 
be found that on reaching a certain point, say 
X, the curve would go up suddenly, and that was a 
most useful point, as it showed almost exactly 
when annealing should start. The author had 
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made no reference to the use of the kilowatt-hour 
meter giving the cost per ton of metal rolled, 
which was of great importance. In cold-rolling 
brass or similar alloys it was easy to take the ingots 
and push them th h one after another, with 
gen no interval between the passes. If too 
ig a reduction were made, the circuit-breaker and 
control-gear came out. A man would probably con- 
tinue to put stuff through without knowing this, and 
on putting another piece of metal in, the fly-wheel 
might take it through; a third would probably stick 
in the rolls. It could easily be arranged to let the 
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man know when the circuit-breaker came out, 
by means of a si light coming on over the rolls. 
Another point that caused some trouble with rope 
drives arose when the material had been worked 
through, and the motor was switched off. It was 
usual to drive with the tight side of the rope 
underneath, and the slack above. When switched 
off, the fly-wheel would do the driving. Then the 
tight side would come on top and the slack side 
would be underneath. If the rope should be the 
least bit too slack, with not enough clearance in the 
rope-race, the ropes would be liable to be damaged. 
With regard to the ratings of motors mentioned in 
the paper, he would like to ask whether they were 
continuous rated, or one-hour rated, or what? He 
had not observed in the author’s cost estimates 
any statement of the capital cost of the motor, 
which, of course, should be taken into account. 

Mr. H. H. Thorne had been icularly im- 
pressed by noticing in the author’s illustrations the 
much greater space occupied by the rope drives than 
by the gear drives. His experience did not 
with that of the author with regard to fly-wheels, 
which, he thought, were better on the mill-shaft, 
but he did not see that it mattered very greatly 
where the fly-wheel was placed if the full benefit 
were not derived from it. He considered that there 
was a decided advantage in having a fly-wheel on 
the high-speed side, if only on the score of the size. 
It had been said repeatedly that with electric drive 
the power consumption was much more easy to 
determine. He wished that the author had given 
some such figures. It was an extremely difficult 
matter to get reliable data from the users of the 
mills. He could quite conceive that trouble might 
arise from the gear engineer receiving insufficient 
data upon which to base his figures. The double 
helical gears now being installed, and installed 
during the last few years, were in every way 
satisfactory. He could endorse Dr. Wiesengrund’s 
opinion of worm-gearing, of which the efficiency 
was comparatively low. In the case given in the 
paper he believed that there was not only worm- 
gearing, but also on the worm shaft two straight- 
cut pinions, driving two further wheels. All 
things considered, he could not see how such a 
drive could be as eflicient as was desirable. 

Mr. Rothera then replied to the discussion. In 
a great many cases, when mill managers put in an 
electrical drive they were ne pre to run 
their existing wheels as long as they could, 
and to put in fresh ones when they would run no 
longer. In very many cases the old wheels had 
lasted very well, due partly to the fact that in the 
old days, when competition was not quite so keen, 
plenty of metal was ‘‘ knocking round.” Of course 
there had been a good many cases in which thegearing 
had failed, but new and stronger gears had been put 
in. Hedid not consider that he had said muchagainst 
the steam-engine, except to point out that, in his 
opinion, the electrical drive was better. The steam- 
engine on a steady load was efficient, but it was 
only in one case out of fifteen or twenty that a 
steady drive was obtained with a rolling-mill. 
Even in such cases he believed it could be defi- 
nitely shown that the electric motor had a distinct 
advantage. It was certainly a mistake to state, as 
had been done in the paper, that 270 tons of coal 
per month could be saved. A small proportion 
could not possibly be saved in the case of an iron 
works, as some hand-firing was necessary ; but if 
this amount was no more than 210 tons, it was 
worth considering. 

The only real necessity was to match the power 
with the amount of material to be rolled. But the 
rolling of steel was being taken up in a great many 
iron works now, and, of course, the amount of heat 
available when steel was rolled was not increased, 
owing to the only heat available being from the 
puddling furnaces ; in such a case it was of the 
greatest importance that all the steam there was 
should be most beneficially utilised. He had 
had no intention of making a point of the fact 
that the whole of the works dealt with under his 
heading ‘‘ Increased Power” had been electrified ; 
it was simply pointed out that by electrify- 
ing the whole of the works, additional power 
hey pre available; there was nothing to 

sail inst electrifyi a portion of the 
works, as would py  atieiie the 
whole of the hand-firing, and, of course, the capital 
cost would be very much reduced. Mr. Anslow 
had referred to direct-coupled engines or turbines. 
Everyone knew that such high-speed engines and 
turbines had been used. It would be much more 
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teresting to know how the cost of running such 
lant came out. A proper comparison could not 
made until such figures were available. 

It was a misfortune that there were bad electrical 
drives as well as bad steam drives, not as a neces- 
sity. From the first curve shown by Mr. Anslow 
in his comparison of good and bad electric drives, 
it might be judged that the fly-wheel did nothing, 
but was simply running round absorbing power. 
The peaks were so tremendous that evidently they 
were going straight back on to the motor. There 
was no reduction by having the fly-wheel there. 
That was wrong. The use of a fly-wheel was well 
known. The interesting point about the curve was 
that the output was doubled with the improved 
arrangement. He would like to know how that 
occurred. If no fly-wheel was in use, the motor 
would run at practically constant speed, whereas, 
if the fly-wheel was in use, there would be 
a fall in speed to bring it into use, and 
slightly slower rolling would have been anticipated. 
Double helical gears were, of course, in use in a 
great many cases. now-a-days, giving on the whole 
very good results. With regard to the fly-wheel on 
the high-speed shaft the general opinion appeared 
to be that if the fly-wheel could be put on the 
running speed of the mill—on the slow-speed 
shaft — the advantages rather outweighed the 
possible extra capital cost, and he had known cases 
in which placing the fly-wheel on the high-speed 
shaft had proved more expensive. Mr. Wiesengrund 
had made a point of the gain in efficiency by 
a the smaller wheel on the high-speed shaft, 

ut had not really gone into the question as to 
the extent to which the loss in the gearing 
was increased by having a gearing which was, 
perhaps, five, ten, or fifteen times as large, to 
transmit the full power of fly-wheel and motor 
instead of only transmitting the motor power. 

He had also criticised the 80-horse-power motor 
used to replace the 60-horse-power engine. Of 
course, there the intention had been to increase 
the output from the mill considerably. It had 
also been suggested that in the case of the drive, 
illustrated in Fig. 1 of the paper, the motor was 
somewhat larger than it need have been. That 
was so; 500 horse-power would have satisfactoril 
dealt with that particular drive ; but rolling-mi 
managers preferred, as a rule, to have their motors 
on the high rather than on the small side, and he 
considered that in that they showed wisdom. Mr. A. 
Holman’s experiences occurred some ten years ago, 
though he gathered that the motor was not at fault, 
and that any driving mechanism would have failed 
in the same case. The troubles a to be due to 
too heavy driving in the rolls. hen gears, motor, 
and rolls broke, something was wrong with the 
method of rolling. He believed that there was really 
considerable damping-out of the peaks when there 
were several trains of rolls. He knew of a case 
of a aes running in which there were rolls taking 
600 horse-power, 450 horse-power, and 250 horse- 
power, or 1300 horse-power, of large motors in 
use, and about 300 horse-power of small motors, 
representing 1600 horse-power of motors, worked 
together quite satisfactorily from a 750-kw. gene- 
rator, the generator not being fully loaded yet. 
That conclusively proved that the damping-out 
of a peak load did occur when a number of mills 
were driven ther. He thought that in Captain 
Willis’s installation the fly-wheel was not being 
satisfactorily used. From its nature, the shunt 
machine did not, to any appreciable extent, 
fall in speed when the Toad came on, so that 
the fly-wheel was not giving up ite stored energy 
when it was required. With a suitable compound 
winding there might have been a big reduction in 
the peaks going back on the station. 

e regre that Mr. Monks found difficulty in 
obtaining satisfactory advice in this country, but 
thought that any of the large firms would have 
considered themselves capable of advising on almost 
any point raised in this connection. e difficult; 
of obtaining reliable steam data had been emphasised, 
and anyone who had putacontinuoussteam-indicator 
and a continuous steam-recorder on to a mill, run 
it for half an hour, and then worked out the 
results, would The reason that the 550- 
horse-power engine had carried out work requiring 
a peak of 800 horse-power was probably due to the 
engine nearly “i, when doing the work. 
Consequently the fly-wheel practically pulled the 
material through at considerably reduced speed. 
Hence the considerably reduced output com 
with the motor drive, where the peak of such a motor 


would be 1100 horse-power if necessary. Mr. Brown 
had been quite correct in assuming that the mill 
he had referred to was a sheet-mill, but there were 
four sets of rolls, not two; four roughing and 
four finishing. Naturally, the losses in such a mill 
were very tly due to the neck friction. In 
finishing of a thin size of plate the rolls had 
necessarily to be screwed down very tight, in order 
to get the desired thickness. In designing a motor 
drive for ordinary mill-driving the rating of the 
motors was continuous—that was to say, they had 
a normal power which they would give for a con- 
tinuous period. That did not re mt the peak 
load that the mill demanded. Whil e regretting that 
his r did not furnish the fi asked for by 
Mr. Thorne, such figures were obtainable. 

The President then concluded the proceedings 
with the announcement that the Conversazione 
would be held at the Institution on May 21 next. 





THE NEW WATER SUPPLY FOR THE 
CITY OF NEW YORK. 
By Cuartes Prevint, C.E. 
(Continued from 408. ) 

THE various works requised for the new aqueduct 
were entrusted to a considerable number of con- 
tractors. As it would be monotonous to give a 
detailed account of the seventy odd contracts into 
which the construction of the aqueduct was divided, 
only a general description will be given of the 
methods employed in the different types of work, 
such as grade and pressure tunnel, stool: pipe 
siphons, and cut-and-cover aqueducts. For the 
purpose of superintending the entire construction, 
the Board of Water Supply established three 
departments, called res ively the Northern, 
Southern, and City Aqueduct De ents. 

The Northern Department, with head-quarters at 
Cornwall, was given control from the head-works of 
the Ashokan oir dam to a point near Peeks- 
kill, a distance of 60.26 miles (see Fig. 1, page 337 
ante). This department was responsible for five 
field-divisions, located at High Falls, New Paltz, 
Walden, Cornwall-on-Hudson, and Peekskill, as 
well as for an executive division with offices at 
Cornwall, in —_ of the administration and 
general work of the department. The work on 
this length involved the construction of 36.22 miles 
of cut-and-cover, 6.66 miles of grade tunnel, 13.56 
miles of pressure tunnel, and 3.82 miles of steel- 
pipe siphons. . 

e cut-and-cover work did not present any 
engineering problem of importance, though some 
interesting features are worthy of notice. Though 
the contractors employed different methods for 
trench excavation, these differed, however, mainly 
in details imposed by geological or topographical 
conditions. Only two methods were employed with 
success, and these may be called the low and 
the deep-trench method. 

For low trenches the steam-shovel gave very 
satisfactory results. While digging its way ahead 
the machine travelled on temporary tracks laid on 
the bottom of the trench,and dumped the débris into 
cars which ran along the sides of the excavation. 
The excavated material was used for the embank- 
ment, which protects the — and the work 
has been so designed that the excavated mate- 
~— obtained has “= utilised > ee way, . for 

ing-in pu . e steam-shovel was always 
opt oellin tavenes of the concrete-work, so that 
there might not be any interruption in case of a 


breakdown of the machine. Another advantage of 
this ment was found when rock was 
encounte In this case the 


bs of rock or 
large boulders were blasted, the drilling-machines, 
operated by steam power, being placed in advance 
of the shovel. When the weather or occurrences 
of any kind necessitated a s sion of the con- 
crete work, the construction of the embankments 
was stopped at the same time. The contractors 
then found it convenient to dump the débris far 
ahead of the shovel along the line of the trench. 
It is true that this method of procedure necessi- 
tated handling this material twice, but experience 
showed it to be chea to do this than to sus- 
pend the work entirely. The latter would have 
entailed great loss of time without any diminution 
in the amount of general expenses. It was also 
found more convenient to deposit the earth along 
the trench line, to be dug up again by the steam- 
shovel, rather than to dump it at some tem 


pared | spoil-bank, to be picked up when needed for the 





construction of the embankment. Had the latter 
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method been adupted, another track would have| When the excavation had been carried down to | 
been required as well as another expensive machine, the proper level, the concrete work was begun by 
which would have remained idle most of the time, | building the key-blocks. These were strips of the | 
for loading the earth into the cars. invert Taid across the trench, 15 ft. apart between 

When the shovel had removed the great bulk of | centres. The key-blocks, 16 in. wide, were built | 
the earth in the trench, the work of reducing the | by means of steel forms in the shape of channel | 
bottom to the uired level was carried out by | beams, made up of ,3,-in. steel plates riveted to 
labourers using pick and shovel. The materials angle irons, the concrete being laid by hand. 
were removed from the trench by means of a| Fig. 25, annexed, shows the eonstruction of the key- 
travelling derrick, having a long jib and moving blocks, which were built ahead of the other con- 
on the tracks by means of its own steam-power. | crete-work. When the concrete had set, the invert 
The derrick travelled ahead of the labourers, who was built in alternate sections of 15 ft., the filling’ 
had to make the necessary preparations for the being done as indicated in Fig. 26. Some contrac- 
foundation of the concrete aqueduct. tors preferred to build the invert well in advance of 








oaae “fh E " “| 


rout ea, a eae a 





steel plates riveted to angle irons on the inside 
surface, and reinforced by means of steel plates at 
the end of each segment. These segments were 
made up of four pieces hinged at the springing. 
line and also at the crown. These inside shells 
are shown in Fig. 27. They were set up on timbers 
laid longitudinally on the invert and braced trans- 
versely to the longitudinal timbers placed near the 
centre of the invert parallel to the axis. These 
central timbers carried rails, upon which ran the 
carriage used in the erection and removal of the 
steel forms (Fig. 28). 

The exterior shells, shown in Fig. 29, were built 
in segments 74 ft. long. The exterior segments 











Fic. 27. Iwstps Sustt Forms 1 Position. 
As the steam-shovel is an up-digging machine, | the arch, so as to give the concrete ample time to| 
and the reach of the dipper is comparatively |set before erecting the forms for the arch ; others 
small, it can hardly dump débris into cars standing | kept the different sections close together, and only 
on the edge of a trench, Its efficiency is greatly |a few feet in advance of the arch. Both the arch | 
reduced as the depth of the trench increases, and|and the side-walls were constructed at the same | 
therefore for the deeper eections a down-digging | time by pouring concrete into forms erected for the | 
machine was hee The machine commonly } pu ’ 
used in the deep trenches of the cut-and-cover type early all contractors used steel forms specially 
of the Catskill aqueduct was the Page drag-bucket | designed for this work, built by the Blaw Collap- 
excavator, described and illustrated in Enorveer- | sible Steel Centring Company of Pittsburg. These 
ing, vol. xc., page 326. The bucket of this|forms were built in segments 5 ft. long, three 
machine is mounted on a locomotive crane pro-|sections being bolted ther to form a united | 
vided with a long movable jib, the crane running | section 15 ft. in length. is standard was adopted 
along a track laid by the side of the trench. In|as expansion joints are placed either 15 ft., ora 
the works now being described the material was un- | multiple of 15 ft., apart. The forms consisted of 
loaded into cars on the same track as the machine, | three parts : an inner shell, an outer shell, and the 
the latter being, as a rule, ahead of the cars. ‘bulkhead. The inner shell was made up of ,,-in. 








Fic. 28. Macuiwe Usep in Erectine anp Removine Insipe SHELLS. 


were braced by means of wooden struts to the side 


| Of the trench, being kept at the required distance 


from the inside shell by means of steel tapered 
rods bolted on the exterior surface of the outside 
shell and on the inner surface of the inside part of 
the form. These rods were easily removed while 
the concrete was still plastic, after which, by ram- 
ming the concrete, a solid mass of masonry was 
obtained. The exterior segments did not extend 
up to the crown, as being left for dumping 
the concrete. A bulkhead built up of plates and 
angles was placed at the forward end of the form 
and was bolted to the inside as well as to the out- 
side of the shell. 

The erection of the interior shell of the form and 
its removal were effected, as already stated, by 
means of a special carriage shown in Fig. 28. This 
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carriage supported the whole section in the required 
position ; it consisted of a revolving-platform car 
mounted on atruck. This platform carried three 
A steel frames braced rena each supporting a 
vertical steel rod, and of two horizontal rods 
actuated by screw-jacks. The vertical rod was 
provided with a T-bar, which supported the under- 
side of the arched form at the crown. In remov- 
ing the inside shell of the form, the vertical and 
horizontal jacks were extended, the lower section 
of the form bent at the hinged portion and the 
lower longitudinal timber removed. The jacks 





per day, and involving the placing of nearly 120 
cubic yards of concrete. 

Little need be said about the concrete plant 
employed by the contractors, except that notice 
may be taken of that used by the Stewart 
Kerbaugh Shanley Company, which employed a 
special type of plant, illustrated in Fig. 30, con- 
sisting of a three-deck structural steel traveller, 
110 ft. by 24 ft., which moved forward on the 
finished invert. This traveller supported a pillar 
derrick, stone-crushers, sand-rolls, bins, and a 





mixer, all operated by electricity. The 110-ft. 








Fic. 29. Ovutsrpz Forms ror Construction oF ARCH. 


Fig. 31. 


were then turned out, and the shell detached from 
the concrete. The exterior segments of the steel 
form were set upand removed by means of a loco- 
motive crane running on the tracks laid alongside 
the trench. 

When the steel forms had been set up—an 
operation which required nearly 3 hours per section 
of 15 ft.—the concrete was poured in at the crown 
in the space left open by the exterior shell. Part 
of the concrete from the dumping-buckets fell on 
either side of the form. Two met on each side, 
working between the two shells, rammed the con- 
crete into place. To concrete the side-walls and 
the arch occupied nearly half-a-day, the progress 
of this part of the work being estimated at 30 ft. 


CoLLaPsIBLE Forms IN Position on InveRT oF PREssuRE TUNNELS. 


the Moodna, 4.8 miles, under the valley of the 
Moodna Creek, near Cornwall-on-Hudson ; and the 
Hudson River pressure tunnel, built under and 
across the Hudson between the Breakneck and 
Stormking Mountains. This last may be properly 
conside’ a subaqueous tunnel, built at a great 
depth beneath the bed of the river. In its con- 
struction two shafts have been used, one on each 
shore ; all the other tunnels have been driven by 
means of several shafts sunk along the line of work. 

The pressure tunnels have been constructed by 
shafts of different shapes and dimensions, according 








Fic, 32. CoLLapsiBLe 


bridge extended from the traveller and rested on 
the finished arch, spanning the forms in which 
concrete was to be placed. Concrete was carried 
out on the bridge from the mixer in buckets of 
1 cubic yard capacity. The moving of forms was 
accomplished by means of a hoist on the bridge. 

A considerable part of the aqueduct on the 
Northern Department consists of pressure tunnels 
aggregating over 14 miles in length, and built 
under rivers and creeks encountered along the 
line of work. These tunnels are the Rondout 
tunnel, 4.5 miles long, built under and across the 
valley of the Rondout Creek, near High Falls ; the 





Wallkill, 4.5 miles long, under and alo the 
valley of the Walkill Creek, near New Paltz; 














Forms ror Upper Hatr or Pressure Tonnes. 


as to whether they were to be permanent or onl 

temporary. The former are circular in section, wi 

an interior diameter of about 14 ft., and lined 
with concrete masonry of variable thickness, de- 
pending upon the nature of the material encoun- 
tered in the excavation. The two end shafte—the 
downtake and the uptake—have a funnel-shaped 
section for a depth of 20 ft., so.as to facilitate the 
admission and exit of water. Such a cross-section 
forms a kind of transition between the standard 
sections of the grade tunnels and the circular sec- 
tions. They are 20.5 ft. in diameter at the tegband 
| 14.5 ft. in diameter at a depth of 20 ft., at which 
the funnel section ends. e permanent eiftular 
shafts, when excavated through rock, were sunk in 
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lifts of 6 ft. each. The of excavation was 
as follows :—A series of Sain usually eight, was 
drilled in a circle, the holes being inclined and con- 
verging towards the centre. On firing these a cone- 
sha sump was excavated at the bottom of the 
shaft. While the labourers removed the débris the 
drillers bored holes in the bench left, which was 
cut in two and each blasted in turn. When 
the débris was removed and one lift of 7 shaft 
cleared, o tions for drilling the sump of the next 
lift were Vemmped. a teal all the permanent 
shafts ordinary air-drilling machines, mounted on 
tripods, were in general use. In some tunnels, 
however, as in the shafts for the Croton pressure 
tunnel (in the Southern Aqueduct Department), 
the air-drills were mounted on a circular frame of 
new design. It was constructed in the form of a 
ring made up of two heavy channel irons and 
riveted together. The ring 
and was strongly fixed against the sides of the 
shaft by means of four screw-jacks provided with 
claws. The drills were mounted and moved along 
the channel beams, and all the holes, both for the 
sump and benches, were drilled from the same 
mounting. 

When working in loose soil the sides of the 
permanent circular shaft required timbering. This 
was done by means of an octagonal frame. Light 
vertical posts, 8 in. by 8 in., were erected and held 
in place by rangers 10 in. by 10 in., placed 5 ft. 
apart, oreven less, according to the kind of soil, 
and strongly wedged against the sides of the exca- 
vation. e walls of the timbering were formed 
of lagging 2 in. thick, placed vertically behind the 
rangers. The cages of the double elevator for 
lifting workmen and materials, as also the compart- 
ments for pipes, were strongly secured to the tim- 
bering. One contractor tried excavating shafts in 
loose soil by means of caissons made of concrete 
with an inside diameter of 21 ft., reinforced with 
a small number of steel rods. With the exception 
of very loose soil, concrete caissons proved un- 
necessary. The dimensions of the permanent 
shaft were fixed at about 14 ft. in diameter clear- 
way. The excavation was paid for a cross-section, 
18 ft. 4 in. diameter. Where ered strength in 
the lining Se the thickness of the con- 
crete was inc . 

The temporary shafts, sunk at convenient dis- 
anves along the tunnel line, were made recta 
10 ft. by 22 ft., with the smaller side along the axis 
of the tunnel. When the shaft had to pass through 
rock, the sump-and-bench method was employed, 
using, on the average, twenty-eight holes to each 
lift. The work was begun by driving eight sump- 
holes, converging towards the centre so as to be 
able to remove a central w of material. The 
base of the wedge was one-third the area of the 
cross-section of the shaft. When the holes were 
completed, they were charged and fired together. 
While the resulting débris was being removed at 
one end, drilling for the excavation was carried on 
at the other, and the holes fired in different rounds. 

When the bench on one side of the sump was 
blasted, drilling was begun on the other bench. 
Ten holes were usually drilled per bench, and fired 
in two or in three rounds. It took nearly a day 
and a-half on the av for each lift of 6 ft., 
employing two drills, two helpers, and ten labourers, 
working in three shifts of eight hours each. In 
one of the temporary shafts of the Rondout pres- 
sure tunnel, a troublesome formation was en- 
countered saturated with water and hydrogen sul- 
phide. The flow was about 900 gallons per minute, 
increasing to 2000. This shaft was flooded six 
times, the water rising to within 40 ft. of the sur- 
face. To deal with this influx a regular pumping- 
house had to be installed. This was built within 
the shaft 300 ft. from the surface, its dimensions 
being 17 ft. by 24 ft. by 10 ft, It was equipped 
with three no 80 ebliene ron having an 
aggregate capacity of 1 ons per minute, A 
ventilating Bae was also added to get rid of the 
hydrogen sulphide gas. 


Other troubles were experienced from water | gorg 


rushing in from the drill-holes, These were dealt 
with in the shaft by collecting-rings, which took 
charge of the water at higher levels, The only 
really effective meana of dealing with this was by 

uting the rock, using for the purpose diamond 

ill holes driven in advance of the shaft. 

The tunnels have been excavated by the usual 
method of heading and bench, following each other 
atclose distance. The line separating the heading 
from the bench was kept near the horizontal dia- 


was 8 ft. in diameter, | p 


meter of the circular cross-section of the tunnel. 
The heading was excavated by means of the centre 
cut, in which holes were driven from both sides 
of the axis and made to converge towards the 
centre. These holes were driven from 10 ft. to 
12 ft. deep, while all the others in the heading 
were from 8 ft. to 10 ft. The air-drills were 
mounted on two columns with two drills each. 
From 22 to 24 holes were required for the heading, 
which advanced some 6 ft. at each blast of three 
or four rounds. The bench was excavated by drills 
mounted on tripods, six holes only being required 
for an advance of a little less than 6 ft. at a time. 
On the average, 150 lb. of dynamite were used for 
the heading and 35 1b. for the bench. The work 
was carried on in two shifts of 8 hours each, alter- 
nating every 4 hours. The hours of the drillers 
were not the same as for the labourers, the work 
ing as follows :—As soon as the drillers left 
the work, the man in charge of the blasting made 
all necessary connections and fired the rounds in 
the benches and in the heading. Two hours later, 
the labourers set to work clearing the faces, so that 
the drilling-machines might be set in position. 

As the pressure tunnels were excavated at great 
depth from the surface, they were generally driven 
through solid rock, and therefore the roof required 
but little support. But in places where the rock 
was loose or fissured, the roof was supported by 
steel work. 

The tunnels are lined with concrete with an 
av thickness of 17 in. The concrete was a 
1:2:4 mixture. It was laid in three stages. The 
invert was first built by means of lateral boards 
and mould ends, and when sufficiently hardened, 
semi-circular collapsible steel forms were erected 
upon it, as shown in Fig. 31. These forms were of 
steel plates and angles. By means of them the 
concrete was carried up to the springing line of the 
arch. The arch iteelf was built on another semi- 
circular steel frame, erected on posts supported by 
longitudinal beams and laid on the invert, as in 
Fig. 32. The keying of the arch was done in short 
sections, working back from the forward end, and 
inserting the form for the key as the work pro- 

. ‘Pipes for grouting purposes were inserted 
in the concrete lining some distance apart. Three 
months after the concrete of the lining had har- 
dened, the grouting was done at pressure so as to 
fill “7 the voids left between the concrete and the 
rock. 

Compressed air, furnished by steam - driven 
plants, was used for motive power in most of the 
pressure tunnels. In the Wallkill tunnel, however, 
the compressors were operated - 4 electricity, 
sutra being furnished by the Newburgh Light, 

eat, and Power Company. Electric power was 
also supplied at each shaft for hoisting, pumping, 
ventilating, and lighting purposes. The cost of 
excavating and lining the end shafts has been 
estimated at 285 dols. per linear foot when driven 
through solid rock and at 350 dols. through 
earth. The cost of the pressure tunnels has been, 
on the average, 180 dols. per linear foot of com- 
pleted tunnel. These prices are based on the cost 
of the work alone, and therefore do not include 
the engineering, real estate, or administrative 
expenses, which would increase the figures given 
above 15 or 20 per cent. 

The Board of Water Supply has followed the 

lan of locating the pressure tunnels at no less a 
Be th than 150 ft. below surface rock, which, as a 
rule, is encountered 50 ft. below the surface- 

und, thus giving a depth of 200 ft. This 
depth was selected for the purpose of obtaining a 
thick solid ledge of rock above the tunnel well 
able to resist the attendant hydrostatic pressure, 
some of the tunnels having 800ft. head of water. 
Accordingly many borings were made to locate a 
suitable place at which to cross the Hudson River ; 
some of these were 10 and 15 miles above New- 
burgh. They showed that, in the-middle of the 
river, rock was found at a depth of not less than 
800 ft. As many as fourteen cross-sections of the 
e were made, requiring 300 borings. As a 
result it was decided to cross the Hudson at Storm- 
king, where the river runs between two mountains, 
Breakneck on the western and Stormking on the 
eastern shore. It was concluded that at this point 
the gorge was formed by a solid ledge of rock lying 
at a comparatively shallow depth below the bed of 
the river. The substrata were examined by fifteen 

i of which only six reached the rock, the 
others being abandoned either because of the inter- 





ference by passing boats or for other reasons. As 


one hole near the middle of the river had reached 
a depth of 768 ft. without encountering rock, it 
was decided to abandon these expensive operations 
and to explore the gorge by boring inclined holes 
from the shores. For this purpose the end-shafts 
were used. When a depth of 250 ft. below the level 
of the river was reached, a chamber was excavated, 
and in this rotary drilling-machines were mounted, 
the holes being bored at an angle of 67 deg. to 
the vertical. e holes, continued for a distance 
of 1651 ft. on each side, met at a depth of 955 ft. 
below theriver. Another set was driven at an angle 
of 47 deg. to the vertical, and met 1500 ft. below the 
surface. While driving these holes, the depths were 
recorded by means of a specially-designed instru- 
ment based on the principle involved in measuring 
elevations by means of a barometer. A column 
of mercury contained in an iron cylinder was 
enclosed within another cylinder. The air pressure 
forced mercury out of the former into the surround- 
ing cylinder, and from the amount of mercury thus 
displaced the depth was inferred. 

rom the fact that rock was not found at a depth 
of 768 ft., but was met with at 955 ft., and again 
at 1500 ft., it was concluded that a ledge of solid 
rock extended between these two points. Follow- 
ing the plan of going down 150 ft. below rock sur- 
face, it was decided to build the Stormking pres- 
sure tunnel at a depth of 1100 ft. below the surface 
of the river. The hydraulic pressure at that depth 
was 750 lb. per sq. in. 

In driving the holes to ascertain the nature of 
the substrata of the gorge, water was encountered, 
especially on the east side of the river, where the 
quantity varied from 90 to 180 gallons per minute, 
indicating that trouble might be expected in 
driving the tunnel. The shafts on both sides 
were excavated to the required depth, and work 
on the tunnel carried on by the usual method of 
heading and bench. On April 21, 1911, the head- 
ing of the eastern tunnel Tiles 268 ft. from the 
shaft, a stream of water flowed down from the 
apex of the wedge while blasting the first round for 
the centre cut. The water was due to a stream 
yielding from 180 gallons per minute at the start 
to 286 a later, remaining constant at the latter 
figure forseveral months. At that time the larger 
pumps had not been installed at the bottom of the 
shaft, so that the water flooded the tunnel and rose 
to the top. As soon asthe tunnel could be reached 
again a 4-in. pipe was placed in the apex and a 
concrete bulkhead built on the heading. The water 
- pumped to one of the pump-chambers 300 ft. 
above. 

The shaft has two pumping chambers, one at a 
—_ of 800 ft. and a second at a depth of 400 ft. 
below the river surface. Each chamber was 
equipped with three similar pumps, and the water 
was successfully relayed to the top. The installa- 
tion also included two electrically-driven centri- 
fugal pumps, capable of handling 500 gallons per 
minute with a lift of 1200 ft., one of these pumps 
being always ready for service, while the second was 
held in reserve. As a precaution against a sudden 
inrush of water, each section of the tunnel had a 
concrete bulkhead, 14 ft. thick, which was closed 
by a heavy cast-steel door. 


(To be continued.) 
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Government Ownership of Railways. 
Dunn. New York and London: D. 
(Price 6s. net. ] 
THe appointment of a Royal Commission to in- 
quire into the regulation and management of our 
railways has naturally had the effect of directing 
the attention of the public to the possibility of 
urchase. At such a moment, a critical discussion 
an eminent American expert of this large and 
complicated question of State ownership, as opposed 
to private enterprise and control, is particularly 
opportune and welcome. To be able to form a 
sound judgment of the relative advantages and 
disadvantages of public and private ownership, 
a@ comprehensive knowledge of the methods of 
management and organisation of railway traffic 
throughout the world is imperatively needed. The 
circumstances that have led to the adoption of a 
particular railway policy have also to be taken into 
account. The extent of the country, the density 
of the traffic, the tem ent of the people, are 
all factors in the pro! . The information, how- 





By Samusg. 0. 
Appleton and Co. 





ever carefully compiled, can easily mislead an 
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honest inquirer, and without wrong intention may 
be mishandled so as to invite an erroneous con- 
clusion. It is possible to quote statistics that 
will show that State ownership has proved a t 
economic success, and by equally reliable statistics 
it is just as to show that the experiment 
has entailed loss and disaster. The result depends 
upon so many factors, each of which appeals with 
varying force, that a correct estimate is well-nigh 
impossible, and in the end the conclusion more 
often depends on personal temperament and sym- 
layd than on the logical interpretation of facts. 
t is the merit of Mr. Dunn’s k, whether we 
agree with the conclusions or not, that in con- 
sidering the causes that make for or against success 
in State ownership, he weighs with judicious 
balance many contributing circumstances that 
partisans on either side leave out of sight, either 
from interest or ignorance. It is so easy and 
apparently so decisive to point out, that under 
rivate management the profits of the railways 

nefit only private capitalists, while under public 
ownership they would belong to the public, and 
be used for the public advantage, that it is to 
be feared many do not care to probe below this 
inviting, but delusive, surface. 

Moreover, the sceptic can be triumphantly 
silenced by appealing to the case of Prussia. The 
Prussian-Hesse Railway operates nearly 24,000 
miles of track, and not only have the net earnings 
been sufficient to pay the interest on the railway 
debt and the cost of extensions and improvements, 
but large surpluses have been used for public 
purposes. The aggregate amount paid into the 
public treasury since the nationalisation of these 
railways has exceeded 140,000,000/., and in one year, 
1910, the amount devoted to public purposes was 
about 10,000,0001. It is easy to demonstrate by 
tigures—indeed they were placed before the Prime 
Minister the other day—that some 6,000,0002. a 
year could be gleaned by the Chancellor of the 
Exchequer by the simple process of nationalisation, 
—that is, by substituting Government security for 
1ailway stock. Why then is this course not 
pursued? Mainly for the reason that to get German 
results you must adopt German methods, and any 
attempt to introduce an autocratic system, where 
democratic principles have prevailed, would be 
impossible and intolerable. It must not be sup- 
posed that the German system, though financially 
successful, gives universal satisfaction to either 
freighters or passengers. There are complaints, 
but the Government can afford to exhibit an 
indifference that English ministers may envy, but 
cannot imitate. On one occasion, when a more 
efficient service was urgently demanded, the res- 
ponsible Minister replied in these terms :—‘‘ This 
one will have cheaper fares; another will have 
better carriages and more room ; a third will have 
new lines, even though they should be unre- 
munerative. This one, again, wants improvement 
of the road, another lower rates. In all this 
lies a danger to the State—at least there would 
be, if the Government were not strong enough 
to oppose the desires of those interested. I assume 
that the Prussians will always have a strong 
administration.” Such language contrasts vividly 
with the apologetic tone an English Minister would 
adept if confronted with a similar position. Again, 
the efficiency, the obedience, the discipline of the 
staff is little comprehended in this country. No 
combination of operatives is permitted, lest it 
foster a healthy discontent with existing con- 
ditions; no strikes are allowed to dislocate the 
traffic or occasion delays. Unrest is dealt with 
very peremptorily. ‘‘If a strike were threatened,” 
said a railway official, ‘‘the men would be ordered 
to their colours. They would then be directed to 
return to their work. If they refused, they would 
be shot for mutiny.” Clearly such methods, so 
opposed to our notions of the liberty of the subject, 
could not be imported here. Again, in Japan, the 
only other country where State management is 
profitably exercised, the rule is autocratic, and 
the military system that prevails is assisted by 
feudal traditions ensuring loyalty and obedience 
to authority. State ownership in these countries 
can teach us nothing, because it would be eminently 
unsafe to introduce the methods without the dis- 
cipline that gives them force. In more democratic 
countries where State ownership prevails, as in 
France, Italy, Belgium, Australia, &c., the rail- 
ways show either a loss or an inadequate return 
on the capital invested. The conclusion one is 
tempted to draw is, that while democracy may be 





the best form of government to secure to the 
citizen just rights and liberty, it is not adapted to 
the management of commercial enterprises. A 
popular ag ape oe is swayed by too many in- 
terests, has to adapt itself to the prevailing, if 
ignorant, whim of the moment, and the mavipula- 
tion of coalitions can always threaten a discontinuity 
of policy that would be fatal to successful conduct. 
If a government is to run a commercial enterprise 
ss it must adopt the methods of organisa- 
tion and administration that are found necessary in 
private business. These methods demand the 
exercise of authority on the part of the managers, 
and loyal and ready obedience on the part of the 
workers. These qualities are not characteristic of 
democratic rule. 

State railway administration, however, is not 
equally successful throughout Germany, and there 
are grounds for questioning the apparently favour- 
able results secured in even the single instance of 
the Prussian-Hesse Railway. No deduction is 
made from the earnings of the company on account 
of local rates, but the subsidy paid to the public ex- 
chequer would be considerably smaller if the revenue 
were depleted to the extent of some 4 per cent. of 
the capital to meet the demands of local taxation, as 
is the case in the United Kingdom. On the 
other hand, it might be urged that the rates 
charged per passenger-mile, and per ton-mile for 

, are slightly below the tariff on our railways. 

e precise difference in amount is not easily 
determined, because the nature and extent of 
service rendered are not the same in the two cases. 
The English companies practically do not charge 
for passengers’ luggage ; the Germans make a good 
revenue from this source. We have no fourth- 
class, and more attention is paid to passengers’ 
comfort. In the carriage of —— our railways 
provide greater facilities for collection and delivery 
at the terminus than the German, and, moreover, 
the terminal charges are relatively heavy, per mile, 
because the average distance that a consignment is 
carried is short. ese are details that Mr. Dunn 
and such experts discuss at considerable length. 
They are referred to here simply to show that the 
issue is one that cannot be settled by a simple com- 
parison of the rate of interest at which Govern- 
ment can command capital with the amount of 
dividends paid to holders of railway stock. 

A claim frequently put forward in favour of 
railway nationalisation is founded on the belief 
that under State supervision a greater degree of 
safety would be secured to the passengers and 
working staff. The argument here suggested is, 
that railway management as at present consti- 
tuted, finds it more economical to pay compensation 
for injuries to officials and the public than to 
adopt some costly system of automatic control 
that would diminish, or remove, risks. In this 
country there are no grounds for entertaining this 
suspicion. The active spirit of competition between 


railway companies has made them more eager pa 


to adopt safety devices and to maintain a keen 
supervision over all rolling-stock and railway plant 
than on State-managed railways, where rivalry is not 
so pronounced. It would be easy to show that the 
most distinctive safety appliances in use have been 
introduced by private companies, and the testimony 
of Mr. Dunn will prove the efficiency of their 
working. ‘On the basis of the number of em- 
ployees for one killed, as well as on the basis of 
the number of train-miles run for one employee 
killed, the railways of the United Kingdom make 
a better showing for safety than the German State 
railways; and on the latter basis they make a 
better showing than any State railway system.” 
With regard to passengers, it is sufficient to say 
that only one nger is killed for every twelve 
millions carried. In 1908 no passenger was killed 
in a railway accident, and in 1909 only one. 

The advocates of purchase insist, with some show 
of reason, on the economies that would result from 
consolidation by the curtailment of wasteful and 
competitive expenditure. This argument sounds 
plausible, but it must be remembered that consoli- 
dation does not, and would not, of itself effect 
economies. It would merely afford opportunity for 
effecting a saving of expenditure, and whether such 
opportunities would be turned to account depends 
on the o isation and incentive of the manage- 
ment. ose who press the point have to show 
that Government officials would better appreciate 
these economies and have greater inducement to 
exercise frugality than private owners. Experience 
does not favour this view. Where nationalisation has 





been effected, there has been a tendency to increase 
the number of employees unduly, and the working 
expenses have risen with startling rapidity, without 
any improvement in the service. is increase is 
usually more marked in those countries where 
agree leaders are influenced by the popular vote. 

r. Acworth, our most competent railway critic, 
has asserted that the further a government departs 
from autocracy and develops in the direction of 
democracy, the less su ul it is likely to be in 


the direct ment of railroads. Several 
instances might quoted in support of this 
shrewd observation. France supplies a melan- 


choly instance. In 1908 the Republic took over 
the Western Railway. In three years the 
number of employees was increased 10 per cent. 
and the working expenses rose 50 cent. The 
wages bill increased 68 per cent. By 1913 the 
total working expenses had increased 70 per cent., 
while the freight and passenger revenue expanded 
only 12 per cent. So generally has increased 
expenditure followed the suppression of private 
interests in Italy, in Australia, in the State- 
managed lines of Canada and elsewhere, that it is 
hard to resist the feeling that those who, in spite of 
experience, urge State purchase are influenced by 
interested motives. Mr. Asquith, though he may 
not be able to resist the pressure which advanced 
Socialism can bring to bear, saw clearly enough that 
no relief would be provided to the public revenue. 
To a deputation who urged nationalisation he said : 
—‘*T am quite sure that any operation of a finan- 
cial character would be followed by very large 
demands from two entirely opposite quarters—on 
the one hand, from traders for lower rates ; then, 
on the other hand, from the railway workers for 
better wages and conditions, All that prospective 
improvement in net ——_ which has been fore- 
casted, and which very likely may come under 
existing conditions, would be more than swallowed 
up before the railways had been in the possession 
of the State a twelvemonth.” 





Gemeinfassliche Darstellung des Eisenhiittenwesens. 
Herausgegeben vom Verein Deutecher Hisenhiitten- 
leute in Diisseldorf. Eighth Edition. Diisseldorf : 
Verlag Stableisen. [Price 5 marks. ] 

Tue German title of this book is not easily trans- 

lated. Literally rendered, it means: ‘‘ Plainly- 

Intelligible Exposition of the Metallurgy of Iron,” 

and it may be characterised as a treatise on the 

metallurgy of iron adapted to the knowledge of 
the educated man. It is edited by the Union of 

German Iron Metallurgists of Diisseldorf. The 

first edition of this publication appeared in 1889. 

The actual yg edition has undergone a thorough 

revision in all ite parts, and is in several respects a 

new book ; the number of illustrations has inoreased 

from twenty-seven in the seventh edition of 1910 

to sixty-three in this edition. The book is 

divided into a technical part and an economical 
rt. The latter brings statistics and general 
information about iron ores, production and 
iron trade, labour conditions, duties, canals and 
railways, organisation of the industry, &c., con- 
cerning all the countries of the globe; Germany 
predominates, of course, but there is much of 
general interest. The appendix of 70 pages—out 
of a total of 404 pages—is merely a list of the various 
descriptions of iron works in geographical order ; 
this part is confined to the German Zollverein—i.e., 
Germany and Luxemburg. The style of the book 
reminds us of that of our caper Stahl und 
e 


Eisen ; the illustrations are excellent. The rapid 
succession of the eight editions su ts that there 


is a demand for this publication, and we can compre- 
hend that. Everybody understands, of course, 
that what is written about trade, protection, wages, 
cartels, &c., represents the standpoint of the 
masters. 





Plans of Grain- Elevators: A Book in the Interests o 
the Construction of Better Grain- Elevators. Thi 
ye Chicago: The Grain-Dealers’ Journal. [Price 
5 

THERE e been vast numbers of grain-elevators 

erected in America—some good, some bad, and 

many indifferent. It is the object of the editor of 
this volume to disseminate a knowledge of the 
conditions to be observed by builders of elevators, 
so that in future bad, and even indifferent, struc- 
tures may not be erected. The volume, which 
extends to nearly 400 begins with terminal 
elevators, and then deals in succession with transfer 
and cleaning elevators, and country elevators, It 
plunges right into the subject of actual construc- 
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tion, and, indeed, gives the impression that it 
consists of reprints of articles that have alread 

appeared in the Grain - Dealers’ Journal. Suc 

being the case, the chapters are of very unequal 
merit. In some cases the descriptions are full 
and comprehensive, while in others they are some- 
what scanty. The main objection, however, that 
can be raised against the volume is that the draw- 
ings are often far too small in scale to be really 
useful to the engineer. This, no doubt, results 
from the large size of the elevators themselves, 
for if the drawings are to be kept within the dimen- 
sions of a page, they have necessarily to be greatly 
reduced. In some cases, however, folding plates 
are adopted, and then the scale of the drawings is 
satisfactory. 

We do not know how many elevators are de- 
scribed in this volume, but there must be some 
hundreds. The materials of which they are built 
are steel, brick, stone, concrete, ferro-concrete, 
timber, &c., and there are also examples of eleva- 
tors that have failed from structural weakness and 
from the insufficiency of the foundations. Probably 
everything that a designer of elevators would desire 
to know is to be found somewhere in this volume, 
but it is by no means easy to find any particular 
subject. The index has only 27 entries, which is, 
to say the least, somewhat inadequate for a volume 
of this size, and there is naturally a good deal of 
duplication of information when elevators of similar 
construction are described. It is a pity that the 
editor did not add a really good index, for then he 
would have converted a vast collection of miscel- 
laneous articles itto a book which everyone who 
has an elevator to design would have consulted 
with pleasure. 
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Fie, 1. 


Tue work of building up the new navy for Spain is 
proceeding satisfactorily. Of three battleships one is 
ready for commission, another is nearly ready for trial, 
and the third will soon be launched. Correspondingly 
satisfactory progress has been made with the ceonelle- 
boats, of which twenty-four were embraced in the pro- 

ramme. The principal condition attaching to the 
uilding up of this new fleet was that all the vessels 
should be constructed in Spain, by a Spanish com- 
any with the cn-operation of foreign shipbuilders. 
e Sociedesd Espaiiola de Construccion Naval 
was formed to undertake the carrying out of the 
programme, and they secured the assistance of 
three important British firms—Messrs. Sir W. G. 
Armstrong, Whitworth and Co., Limited, Messrs. 
John Brown and Co., Limited, and Messrs. 
Vickers, Limited. In the case of the torpedo-boats, 
however, it was considered desirable that the designs 
should be prepared by the Société des Chantiers et 
Ateliers Augustin Normand, of Havre, and these 
plans, after examination by the British firms, were 
approved by the Spanish Government, and working 
drawings were subsequently supplied by Messrs. 
Normand. 

We publish above a reproduction of a photograph 
of one of the to o-boats steaming 28 knots, while 
on pages 591, 592, and 593 are given a longitudinal 
elevation and deck plans of the boat, with plans, eleva- 
tions and sections showing the general arrangement 
of the machinery in the earlier boats. In this case, 
as shown, the turbines are arranged on the triple- 
series system, there being one high-pressure turbine 
on the starboard shaft, exhausting into the interme- 


Co, | diate-pressure turbine on the port shaft, which, in 


turn, passes steam to the low-pressure turbine driving 
the centre shaft. This shaft also hasa cruising turbine. 
All the turbines are of the Parsons type. After ten 
of these vessels had been laid down, it was decided 
that the subsequent fourteen vessels should have a 
different system of propelling machinery, arranged to 
drive two shafts instead of three, the high-pressure 
turbine being fitted on the port shaft, with an im- 
pulse-wheel at the forward end to deal with the high- 
wy steam, while the remainder of the rotor is 
laded on the reaction system. The low-pressure 
turbine, which drives the starboard shaft, is entirely 
of the reaction type. There are astern turbines on 
both shafts, and both of these are of the combined 
impulse-reaction type. As the vessel and the boiler 
installation are exactly the same, irrespective of the 
type of machinery adopted, there is afforded a very 
interesting comparison of the twosystems, one a recent 
development as a result of experience of turbine 
driving generally. We hope in a subsequent issue to 
illustrate the twin-screw machinery fitted in the later 
vessels, because in it there have been adopted many 
interesting features. We shall then have something 
to say about the comparative dimensions, weights, 
and results on trial, so that in the present article we 
may confine ourselves to a description of the ten earlier 
vessels and a general statement of the triple-screw 
machinery, leaving details to be given later. 
The particulars of all the boate are as follow :— 











Length between perpendiculars 50 m. (164 ft.) 

» on load water-line oni, Mae ee > 

» overall ... a ...52.55 m. (172 ft. 5 in.) 
Breadth, extreme... ee: eek OS Me 
Mean draught a be ot 26.500 a) 
Displacement 186 tons (metric) 


The armament, as shown in Figs. 2 and 3, on 
page 591, includes three torpedo-tubes firing 18-in. tor- 
pedoes ; two of these are twin mounted and the other 
single mounted on the upper deck, and arranged to 
fire on either broadside. There are also three 3-pounder 

ns, arranged at convenient positions on the upper 

eck, as shown in Fig. 3. This armament, considering 
the small displacement of the boats, is of real military 
value in view of recent developments in torpedoes. 
There are two boilers of the Normand type, burnin 
coal 4? laced in the same compartment (Figs. 
and 4). boiler has a grate surface of 5.7 sq. m. (61.4 
sq. ft.) and heating surface of 250 sq. m. (2691 sq. ft.), 
and a working pressure of 18 kg. (256 lb. per eq. in.). 

The turbines fitted in the first ten weed ple already 
stated, are arranged on three shafts (see Figs. 5 to 7, 
pages 592 and 593). The turbines are of the Parsons 
reaction design, and were built by the Sociedad 
Espafiola de Construccion Naval at their works in 
Spain. The starboard shaft is driven by a high-pres- 
sure turbine, which exhausts into an intermediate- 
pressure turbine arranged on the port shaft, and from 
thence the steam passes into a low-pressure turbine, 
driving the centre shaft. 

Forward of the low-pressure turbine, and rigidly 
coupled to it, is a cruising turbine. At cruising speeds 
steam is admitted directly to the cruising turbine, and 
passes through the high-pressure, the intermediate- 

ressure, and the low-pressure turbines, exhausting 
into the two condensers, which are arranged one on 
each side of the low-pressure turbine. The turbines 
are designed so that at full power the centre shaft 
driven by the low-pressure turbine develops 50 per 
cent. of the normal power, the wing shafts each con- 
tributing 25 per cent. An astern turbine is built in the 
same casing as the low-pressure turbine, and steam can 
be admitted to this turbine from the mance-uvring-gear. 
In the event of accident to either of the wing shafts, 
both these can be cut out of the steam circuit and 
steam admitted straight to the cruising turbine and 
thence directly into the low-pressure turbine. 

The diameters of the turbine drums are as follow :— 


Cruising turbine 510 mm. (1 ft. 8 in.) 


High-pressure turbine a GF wn * ie 
Intermediate - pressure bur- 
ine ... ere i ae o ia’ ® ) 
Low-pressure turbine oo ae «x aw Aad 
Astern turbi aie ... 680 9 (1 ” 1 ” ) 
The — of the centre (3 ) 
propeller is ... vt sso SEED «56 on 2 
That of the two wing pro- : 
rs, each... eee ... 780 ” (2 ” 62 ” ) 


The shafting is of forged steel, with liners of gun- 
metal. The stern-tube bearings and outer bracket 
bearings are of lignum vite. The condensing arrange- 
ment is on the system, well known in connec- 
tion with French torpedo-craft, with a small circulat- 


~ 
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MACHINERY OF TORPEDO-BOAT FOR THE SPANISH 


CONSTRUCTED 


(For Description, see Page 590.) 





29 
(usa) 


( 


Vacancy In THE Army Service Corrs.—The Secre- 


vary of the War Office announces that a vacancy now 
quitting in the establishment of Ins of Mechenieal | 

deed te eked ee ae 
filled li 


Civil Gusvies particulars 
ditions of service wi we Titan on pevlieation to the 
Secretary, War Office, Whitehall, S. 


Tue InstirvtTion or Crvi. ENGIngrRs : AWARDS FOR 
Council of the Institution a of Civil —_- 
neers have made the awards f. 


mited competitive eheaelietion held b 
em = es Full Ponds fn con- 


Henry Fowler = ; 


Professor E.G 
Mr. W. A. Scobie (leaden) Mr. Willis Wilkes Wilog (London), | Ti 


and Mr. 8. P. W. D’Alte Sellon (London). The a 





oe 3 published m the Proceedings without discus- 
sa end for stodente’ papers, will be announced later. 





Tue Scutmowskxy Biorcte Moror- — 1910— 
four years ago to within a week—we gave in the columns 
of ENGINEERING (vol. Ixxxix., page 577) a description of 
the Schilowsky single-gyroscope mono-rail system, of 
which a demonstration was then given with the aid of a 

small model train. More recently we described (page 127 
ante) a model ne Se © this system now deposited in 
the South A tion 


read | lately been given of ‘ho ageten fitted to a two-wheeled | I 


motor-car. It was first planned for Friday last, but 

= we understand to have been the failure of a driving- 

chain prevented the car put in an appearance at the 

appointed. On Sie t, however, it was to 

seen in use, ing at a speed usually below walk- 
ing pace, round Portman-square and in P. 

cular car has been made by the Wolsel 

hs -Car Oompany, Limited. It is very 





NAVY. 


BY THE SOCIEDAD ESPANOLA DE CONSTRUCCION NAVAL, FERROL AND CARTAGENA. 








weighing over 3 tons. But little technical information was 
procurable, the demonstration being planned apparently 
more with a view to capturing the ‘popular imagination. 
We found, however, that one main engine is used of 
about 20 horse-power, which drives on to the back wheel 
through clutch, gear-box, and worm. The same ty 4 
runs a dynamo transmitting power toa motor, the t 
= which is direct coupled to the vertical spindle of the 

meredith The weight of the latter is stated to be about 
> h of the waghs of the loaded car (anything more 
defiriite than this was not to be obtained), while it runs 
ata speed of from 1200 to 1500 revolutions minute. 
t is carried in ball-bearings, but not enclosed in & 
vacuum or casing. It was stated that the gyroscope takes 
about 1.25 horse-power, and that it can got up to 
running speed in 13 minutes, while it will maintain a 


sufficiently high to the car for 20 minutes 
afver engine is cut off. The front wheel of the car 
swivels for steering. essentia] features of the gyro- 


a pendulum control have been adequately de- 
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MANGANESE-STEEL CROSSING FOR THE BUENOS AYRES ELECTRIC SUBWAY. 


CONSTRUCTED BY MESSRS. HADFIELD’S, LIMITED, ENGINEERS, SHEFFIELD. 





WE illustrate in the figures on this and the opposite 
page a very large crossing lay-out recently constructed 
y Messrs. Hadfield’s, Limited, Sheffield, for the 
Primera Junta Station of the Electric Subway lines in 
Buenos Ayres. This crossing contains a large amount 
of manganese steel of Messrs. Hadfield’s well-known 
‘* Era” brand, which they commenced manufacturing 
in the form of rails in 1904. After many experiments 
a large number of rails were rolled and supplied to the 
Metropolitan Electric Railway of Paris in 1907, and | 
since then to the Central London Railway, the South 
African Railways, and the New South Wales Govern- 
ment Railways. 

In the crossing we illustrate there are 160 tons of 
material, including approximately 90 tons of rolled 
‘* Era” steel rails. The total length of the lay-out, 
made up chiefly of rails of 30 ft. length, is 520 ft. 
Fig. 1 gives a general view of the lay-out at the 
works ; Fig. 2 shows principal dimensions, &c. It is 
cunstwastell of British standard bull-head section 
rails, weighing 90 lb. per yurd, secured in cast-iron 
chairs with oak keys. The lay-out, which is the 
largest piece of manganese-steel permanent-way in the 
world, contains sixteen single crossings, four special 
single crossings, and eight compound crossings. The 


Fig. 1. 


INDUSTRIAL NOTES. 

On Thursday, April 23, a meeting took place in 
London of sixty-one delegates representing 300,000 
railwaymen, 800,000 miners, and 250,000 transport 
workers, when it was decided to arrange a working 
agreement between the three bodies. The meeting 
resulted in the voting of the three following resolu- 
tions :— 

1. That in the opinion of this conference a working 
agreement or scheme between the three bodies repre- 
sented here is desirable. 

2. That a sub-committee equally representative of 
the three bodies be appointed for the purpose of draw- 
ing up and submitting a scheme to a future conference 
for consideration. 

3. That joint secretaries be appointed and be in- 
structed to secure from all societies represented all 
information necessary to enable this committee to 
draft a scheme. 

The meeting then appointed as joint secretaries 
Mr. T. Ashton, representative of the miners; Mr. 
J. E. Williams, representative of the railwaymen ; 
and Mr. Robert Williams, representative of the trans- 
port workers. These are to form the sub-committee, 





crossings are made throughout of ‘‘ Era” steel, rein- 
forced — a@ cast centre-piece, to which the rails 
are firmly secured. Fig. 3, on the opposite Page, 
shows the type of construction adopted for this 
work. 

The castings are finished to templates, and secure 
accurate alignment. There are no bolts or rivets 
through the nose-piece to work loose and require 
constant attention. 


together with Messrs. Smilie, Bellamy, and Gosling, 
the presidents of the three bodies. A further meeting 
was announced to take place on Tuesday, the 26th 


inst., when it was intended to put forward the scheme 
| for co-operation referred to in the above resolutions. 
We understand that the Associated Society of 
Locomotive Engineers and Firemen, having a mem- 
bership of over 30,000, was not admitted to the 
in question; also that Mr. G. Moore, the 
secretary of this Society, is reported to have 


meetin 
gene! 








stated that, owing to its exclusion, the scheme in 
question will be a complete failure. He added 
that the members of the National Union of Railway- 
men could not come out in the case of a general 
strike unless his society did. He did not blame the 
transport workers, or the miners, for excluding repre- 
sentatives of the locomotive engineers and firemen, 
but he blamed the National Union of Railwaymen, 
who were jealous of the growing power of the Loco- 
motive Society. If the amalgamation was made com- 
plete, it would have far-reaching possibilities, but 
with locomotive men out it was not complete, and 
was unworkable in the case of a strike. The matter 
resolved itself purely and simply into one of jealousy 
on the part of the National Union of Railwaymen. 
There was 8 possibility now that the Locomotive 
Engineers and Firemen would not take part in the 
subsequent conferences, even if invited. 

Will the proposed movement, involving as it does 
—on paper—a total number of 1,350,000 workers, come 
to nought owing to the exclusion, by reason of 
jealousy, of just over 30,000 workers of a kindred 
society? It looks very much like it, for the skilled 
men of the railway systems have been wounded in 
their susceptibilities, and may not be appeasable. 





This question was also considered at a meeting of 
railwaymen held at Preston last Sunday afternoon. 
At that gathering Mr. J. H. Thomas, M.P., said he 
wanted to make it perfectly clear that the London 
meeting, referred to above, representing a million 
and a half of workers, who virtually included the 
most important industries in this country and pos- 
sessed the power to paralyse at any given moment 
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MANGANESE-STEEL CROSSING FOR THE BUENOS AYRES ELECTRIC SUBWAY. 
CONSTRUCTED BY MESSRS. HADFIELD’S, LIMITED, ENGINEERS, SHEFFIELD. 


(For Description, see opposite Page.) 





----Overall Length 158299 
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the whole of the trans 


rt in the count 
be considered as a challenge to the employers of the 


» was not to 


United Kingdom. at was not the intention of 
those responsible for the conference, which was the 
inevitable step in the national development of co- 
operation and labour. A few months ago they heard 
of a great combine of 50 millions of money against 
trade unionism. How much of that sum been 
raised he did not know, but the very fact of such a 
challenge being issued necessitated the workers recog- 
nising that there was a need for concentrated united 
action and a common understanding. 

Mr. Thomas asked whether it would not be better 
to have some agreement by which railwaymen would 
be prevented from sending goods during a miners’ dis- 
pute, and by which miners would be placed in a similar 
position during a railwaymen’s dispute. Such an 
arrangement would mean that it would be a force 
to be used by one society when necessary for the 
benefit of the other. This great movement had 
gigantic possibilities, and, while there were many 
difficulties to be met, he thought if they would approach 
the problem in a single-minded manner those diffi- 
culties would be overcome. He did not believe it 
was in the best interests of the workers to be con- 
tinually on strike, but it was vital that the working 
classes should retain the power to strike, though 
only as a last resort to defend their rights. Therefore 
he felt that this combination, instead of being a power 
for use to increase disputes and lock-outs, would be 
one having a contrary effect. 

A resolution was adopted by the meeting urging that 
there should be included in the national programme, 
shortly to be submitted, full and complete recognition 
of the unions, an eight-hour day, 30s. weekly minimum 
wage for adult workers, and a pro rata advance for 
those in receipt of that wage or over. 





The eight-hour day may eventually become general 
for all workers, and possibly ‘‘ scientific management ” 
may enable them to give a greater output during the 
shorter hours than they do at present. But it is not 
desirable that the ‘‘squeezed-orange” theory, which 
is stated to be in vogue in certain modern newspaper 
offices, and by which members of the staff are stimu- 

ated to exhaust themselves completely in a very short 
time, after which they are discharged, should be 
applied to all producers, especially by aid of scientific 
&ppliances. This remark is evoked by a communication 
we received a few days ago from the Westinghouse 
Cooper Hewitt Company, Limited, advertising the 
Cooper Hewitt silica lamps ‘‘as a stimulant to egg- 
laying.” The information the communication contains 
18 to the effect that by placing one of these lamps in & 
hen-roost, the dimensions of which are stated, the eggs 
laid in the month of February were never less than 
fifteen to twenty per day. Previously to the fitting of 
the lamp, from about forty birds, the in a corre- 
sponding period numbered only one or two every other 
day. If the scheme here outlined be carried out 
extensively, the composite noun ‘‘ hen-roost,” would 
be a misnomer, for to roost is to rest, to sleep, and 
the noun would become synonymous with “hard 











labour for life.” The hen may perhaps, however, be 
dispensed with altogether in some future time, for the 
horse itself, which Buffon called “the finest conquest 
which man ever made,” is being replaced by mechanical 
traction, and eggs, we believe, have already been pro- 
duced, to some extent, by a synthetical article hail- 
ing from the United States. Private owners of hen- 
roosts, who now find the eggs they obtain to cost each 
about 5d., will, of course, have to consider the cost of 
current for the lamp in question in estimating their 
prospective profits. 


The following figures, taken from the Revista 
Minera, Metalirgica y de Ingenieria, dealing with 
Spanish mines and metallurgical works, will be found 
of interest. In the year 1912 there were 117,889 
employees at work in the Spanish mines. This figure 
includes 32,715 in iron-mines, 26,270 in coal and 
anthracite mines, 21,278 in c»pper-mines, 15,989 in 
lead-mines, 10,620 in argentiferous lead-mines, and 
2681 in zinc-mines. In the same year the total 
number of employees in metallurgical works was 
28,820, in which iron and steel works accounted for 
12,667 employees, copper works for 3245, lead works 
for 2061, zinc works for 583, and quicksilver extrac- 
tion for 584. 





We are informed that, on Sunday last, the engi- 
neers employed on the Grimsby steam fishing-boats 
met together, and decided to come out on strike on 
some later date. It is stated that in February the 
men demanded an all-round increase of 3s. weekly 
for engineers engaged in the Iceland and Faroe fish- 
ings, and ls. 6d. for those in the North Sea boats, 
and several conferences have been held upon the 
wages question between the owners and the men’s 
representatives. The men base their claim upon the 
fact that there have been no increases of pay since 
steam was applied to fishing, though the boats have 
doubled in size, and now possess many mechanical 
features which were not contemplated in the early 
vessels. The owners, on the other hand, contend that 
the increased price of coal and the increased consump- 
tion necessitated by longer voyages, preclude any 
advance. 

This decision on the part of the owners was con- 
sidered by the men at their last meeting, and it was 
decided to strike upon a given signal. No date for 
the stoppage wae fixed, it being agreed that the 
— should be given by the executive at the most 
effective moment. It is stated that 95 per cent. of the 
engineers of the port have agreed to the decision. 





A conference convened by the Durham Miners 
‘* Forward Movement” was held at the Miners’ 
Hall, Howden, on Saturday, April 25, when forty- 
four of the largest lodges were represented. A reso- 
lution was passed to the effect t the movement 
should be continued, especially in view of the amend- 
ing of the Minimum Wage Act next year. The fol- 
lowing resolution was drafted at the conference and 





put to the men’s meeting which was held subsequently : 





—‘* That, in view of the fact that the Miners’ Mini- 
mum Wage Act is to be amended next year, this mass 
meeting of lodges of the Durham Miners’ Association 
registers its opinion that this Act needs to be drasti- 
cally amended before it can meet the object in view 
for which the miners set out in 1912 ; to that end it 
suggests that the minimum rates paid to the various 
classes should be definitely stated in the Act. This 
conference believes that the surface -workers also 
should be included in the Act as amended, and further 
calls upon the miners of Durham to refuse to vote for 
any Parliamentary candidate at the next General 
Election who refuses to support these objects.” 

The resolution was carried. In the course of the 
8 hes which followed it was stated that in Durham 
the countv average wage was 7s. 2d., and the minimum 
wage 5s. 6d. 





The movement inst the employment of Chinese 
and other Asiatic labour in British ships, referred 
to in our last issue (see page 557 ante), is being con- 
tinued. A meeting of seamen was held in Liver- 
pool last Monday, to protest against the employ- 
ment of Asiatics, and a resolution condemning the 
practice, and calling for action to be taken in the 
matter, was unanimously ay sag Mr. R. Williams, 
the general secretary of the Transport Workers’ 
Federation, who presided, said they were takin 
national steps to have Chinese removed from Britis 
ships. They intended seeking the assistance of Par- 
liament, and unless shipowners were prepared to listen 
to reason, they were prepared to resort to force. The 
employment of Chinese on ships was a far more serious 
menace than the employment of Chinese on the Rand. 





According to the Reichsarbeitsblatt, the German 
Free Labour Bureaus received in February last 
218 offers from workmen per 100 vacancies, as against 
190 in February of last year, and 236 in the precedin 
month of January. The production of pig-iron ont 
steel is being restricted ; the pace in general engineer- 
ing works cannot be considered satisfactory, and 
there are signs of weakening in the activity of the 
locomotive-engine and motor-car industries. Occupa- 
tion is below normal in electrical works; activity 
remains good in the chemical industries, but it is 
at a low figure in the textile trades, particularly in 
cotton spinning and weaving. 





Weare informed that the Tyne tug-men, particu- 
lars yey whose dispute we gave in several 
former issues, have now agreed upon a basis of per- 
manent settlement in respect of overtime. Two weeks 
ago the arbitrator’s award was completely set aside, 
and the owners, at the request of the men, had a new 
set of rulesdrawn up. These have been — by 
both masters and men, thus putting an end to all 
friction. The first new rule provides that when a 
crew goes on board a vessel to get her ready at six 
o’clock in the morning, which necessitates the men 
starting before that hour, each man is to receive 1s. 
Another concession is that if a crew is ordered to wait 
upon a steamer, and she does not proceed to sea, or is 
otherwise not moved, the crew shall nevertheless 
receive overtime pay. 





On Thursday, April 23, the Council of the London 
Master Builders’ Association met to consider the 
recommendations of the National Conciliation Board 
for the proposed settlement of the building dispute. 
We gave these recommendations on page 557 of our 
last issue. No statement was made as 4 result of the 
master builders’ discussions. Meetings of the men 
were held at the same time to consider the recommen- 
dations, which are being received with a growing dis- 
inclination. One meeting was called to consider a 
ay ey to start a co-operative building business 
y the workers. 

Mr. A. G. White, the employers’ secretary of the 
Board, has issued a list of those who took part in the 





meeting of that body at which the recommendations 
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were unanimously upon. There were fourteen 
provincial and why poo te building employers, and 
eighteen representatives of building trade unions, 
with a secretary for each side, the workmen’s secre- 
tary being Mr. F. Chandler, of the Amalgamated 
Society of Carpenters and Joiners. 

The electricians on strike have decided that no 
further attempt shall be made to settle their dispute 
as long as the building dispute continues. 





The following is an excerpt from a letter received 
by the writer from a friend who has been for some 
time past in one of the British Dominions :—‘“‘ I 
remember, some years ago, , of , telling 
me, «@ propos of technical schools, that no engi- 
neer had been produced in England for ten years, 
technical education having killed the aged training 
of youngsters. He was absolutely right, and now we 
are suffering for it. The Old Country firms send out 
‘thoroughly capable engineers’ who cannot use a 
hammer and chisel, are afraid of getting their hands 
dirty, and who, in short, are absolute deadheads at 
practical work. Our ordinary labourers are better 
men than the ‘ well-trained engineers’; these latter 
do more harm to their firm’s interests than most 

ple dream of. The thing is getting notorious. 
Firms are judged far more by the — of their 
erectors than by the prettiness of their catalogue 
covers. Ido not mind an erector being occasionally 
the worse for drink, or being unable to write his own 
name, but I do expect him to have a rudimentary idea 
of handling heavy machinery and to be able to use his 
tools. Technical education has done more harm to 
England than « foreign invasion would do. I have 
had so much trouble with those that suffer from tech- 
nical education that on no account will I risk giving 
a job to any University or Technical School rok ey 
nor will I recommend such a creature to any of my 
friends. I remember how the technical professors 
used to upbraid employers for not encouraging educa- 
tion by giving preference to the emasculated products 
of the colleges. The employers knew what they were 
doing all right, and we cannot be expected to take on 
hydrocephalous drones, who have neither the sense nor 
the muscles to do a simple job, so long as a dago or 8 
doukhobor is obtainable. No one ever expects an 
electrical man to be able to handle machinery or put 
it ther, and I have never yet seen one who could, 
but these qualifications are not too much to expect 
from a * egg ge | trained engineer.’ If you hear of 
any society for the suppression of technical educa- 
tion, you can put me down for a subscription, in the 
interests of employers.” 

The writer of the letter is in charge of a rapidly 

rowing works, in which new machinery is being put 
, sen very extensively and in which the old machines 
are overloaded. Naturally, he sees most of the prac- 
tical side of engineering, and places a high value on 
the practical engineer. He, himself, can hold his own 
in theoretical knowledge with the ave college 
graduate, although he has no academic suffixes to his 
name; but in the particular circumstances in which 
he is placed he is probably the only person in the 
works to whom theoretical knowledge is useful. 
There are very few openings in -1Y | in which 
practical knowledge is not useful, and in the Colonies 
it is often the only kind of knowledge that is wanted 
in the rank and file. Its absence is apt to cause the 
** boss” to relieve himself by rhetorical outbursts, the 
exuberance of which is evidence of the reality of 
the trouble which he experiences. 








AN APPARATUS FOR EXPERIMENTS ON 
THE IMPACT OF JETS. 

A piece of apparatus for experiments on the impact 
of water-jets, which is simple, delicate, easy to set 
up and operate, has recently been designed by Mr. 
F. J. Broadbent, Lecturer in Civil Engineering, and 
has been made for the Hydraulics Laboratory of the 
University of Bristol. It is thought that a descrip- 
tion may be valuable for other laboratories. 

Referring to the drawing, which is a vertical 
sectional elevation, it will be seen that the apparatus 
is for experiments on jets projected vertically. J is 
the jet impinging on the gt oy P, which is 
serewed to the vertical spindle 8. The spindle carries 
at its upper end a weight-plate W, and in order that 
weights nity be bes gene wuite centrally, a central 
spindle C of redu diameter and co-axial with the 
spindle S projects upwards above the weight-plate. 

he weights are circular, with a central hole, which 
is just an easy fit over this reduced spindle. 

The vertical spindle S can slide up and down or 
rotate in the sleeve A, which is slightly larger in 
diameter than the spindle ; but at the ends, by means 
of the cylindrical pieces B B screwed to it, just makes 
a sliding fit on the spindle. 

Thus the central spindle can rotate in a horizontal 
plane or move vertically in the line of action of the 
impinging jet. The limits of vertical’ motion are 
determined by the lower or = plates strikin 
against the ends of the sleeve. e sleeve is attached 





rigidly by two nuts to the cross-piece D, which, in 
turn, is attached to the sides the experimental 
tank. Resting on the cross-piece, and concentric 
with the spindle and sleeve, is a light metal cylinder 
E, which is surrounded by a light helical spring F, 
resting with its lower end on the cross-plate D, and 
supporting the whole weight of spindle and plates. 

Also attached to the cross-piece is a light vertical 
rod G, on which slides a pointer H, whose position 
ean be fixed by the si milled-head screw which 
attaches it to the rod. The pointer can be brought 
close to the plate W. 

The apparatus is used as follows :— Being accurately 
centred over the jet, which is done by temporarily 
unscrewing the impact and wei eg and using 
the spindle as a centring , the whole is set 
up and -— @ slight rotation to get rid of the 
effects of friction. This rotation gives a slight 
vibrating motion, and always brings the spindle to 
the same vertical position. The pointer is now 











brought exactly to the level of the top of the weight- 
plate. Any given weight is now placed on the 
weight-plate, and the jet turned on and adjusted so 
that the weight-plate exactly comes to the pointer 
- Heace the weight is just equal to the force 
of impact of the jet, the apparatus itself being 


exactly carried by the spring. The velocity of | old 


the jet is measured in the usual way from weigh- 


ing or measuring the water collected in a given|4 


time and the size of the jet itself, of course, making 
a correction for the height the jet has to rise 
from the point of discharge. Clearly different kinds 
of impact-plates can be screwed on. In this parti- 
cular piece of apparatus the spindle is 4-in. in diameter 
and about 8 in. long, and the sensitiveness of the 
spring is such that 0.05 lb. produces 0.J8 in. vertical 
movement, and as 0 02 in. can be readily detected, the 
forces can be measured to 0.006 lb., a sensitiveness 
which is independent of the total load. Moreover, 
there is no danger of an overload on the spring, as 
its range of action is limited by the small vertical 
movement of the spindle. 





ContTracts.—Messrs. Doust’s Patent Expansion-Joint 
Company, 21, Great St. Helen’s, London, E.C., inform 
us that they have received an order from Messrs. Har- 
land and Wolff, Limited for five 134 in., three 94 in., and 
six 74-in. Doust ex ion-joints for a Red Star liner. 
The largest composite joints they had hitherto supplied 
were 1} in. 





Cuapwick Pusiic Lecrurgs, Lonpon, 1914.— A 
lecture on “ Water Supply : Sources, voirs, and 
Distribution,” was delivered by Mr. E. P. Hill, M.Inst. 
C.E., on Wednesday, at the Royal Sanitary Institute, 90, 
Buckingham Palace-road, 8.W. One on ** Milk Supply : 
A Public Health Criticism,” will be delivered 
fessor — Richard Kenwood, M.B., C.M. ‘ 
D.P.H., on Wednesday, the 27th inst., at 8.15 p.m., also 
at the Royal Sanitary Institute. A course of three 


lectures on ‘‘ Altitude and Health.” 1. ‘The Influence | f 
General 


of Climate upon, and the Life and Health 
Conditions of, Permanent Dwellers at an Altitude.” 
he, — A, Winter rs and Moss : 

ygienic Conditions Effects ‘emporary 
Residence at an Altitude.” 3. “‘ The Mountain Air 
Cure of Disease,” will be delivered by Professor F. F. 
Roget, from the University of Geneva, on Wednesday 
the 6th, 13th, and 20th inst., at 5.15 p.m., at the Royal 
Society x Medicine, 1, Wimpole-street, Oavendish- 
square, W. 


Philosoph: 
:| Cocoa Works, and the Model Vi' 





NOTES FROM THE NORTH. 

Griascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a firm tone, but dealing 
was small, and consisted of one lot of Cleveland warrants 
at 51s. 3d. three months. At the close sellers named 
50s. 11d. cash, 51s. 1d. one month, and 5ls. . three 
months. In the af no business of any kind was 
transacted, and sellers of Cleveland warrants quoted 
50s. 11d. cash, 51s. 1d. one month, and 5ls. 3d. three 
months. On Friday morning the tone of the market was 
somewhat easier, and 1500 tons of Cleveland warrants were 
done at 50s. cash, with closing sellers at 50s. 10d. cash, 
51s. one month, and 51s. 3d. three months__In the after- 
noon prices of Cleveland warrants were again weaker, and 
the turnover only amounted to 1000 tons at 50s. 11d. and 
50s. 114d. one month, with sellers over at 50s. . cash, 
50s. 11 one month, and 51s. 2d. three mon On 
Monday morning there was no improvement in the state 
of the market, and business continued on very limited 
lines, with Cleveland warrants a fraction easier. The 
dealing was confined to 1500 tons at 50s. 9d. cash, with 
sellers over at that figure, and at 50s. 11d. one month, 
and 51s. 14d. three months. The afternoon session was 
dead idle, and — of — ——— quoted the 

same prices as in the morning. On lay mornin 
the market developed some and Cleveland 
warrants advanced from 3d. to 4d. per ton. The busi- 
ness consisted of 2500 tons at 51s. cash, and from 50s. 114d. 
to 5ls. eight days, with closing sellers at 51s. 1d. 
cash, 51s. 3d. one month, and 51s. 44d. three months. In 
the afternoon the firm tone was maintained, but no trans- 
actions were recorded, and the session closed with sellers 
of Cleveland warrants yi 5ls. 1d. cash, 5ls. 3d. 
one month, and 5ls. 5d. three months. When the 
market opened aoe | (Wednesday) a strong tone pre- 
warrants were done at 5ls. 6d. 
twenty-seven days, 51s. 64d. and 51s. 7d. fourteen days, 
and at 51s. 1ld. three months. The turnover was 2000 
tons, and the closing prices showed a rise of 54d. at 
5ls. cash, 51s. 84d. one month, and 51s. 104d. three 
months sellers. In the afternoon the strength was not 


maintained, and 1000 tons of Cleveland warrants were 
ut through at 51s. 44d. cash, with sellers over at that 
ieee, and at 5ls. 


fe ae, oe ee three 
months. Buyers offered respectively 51s. $d., 51s. 5d., 
and 5ls. 74d. 


Sulphate of Ammonia.—Weakness has again seb in in 
the sulphate of ammonia market, and prices mark a fall 
= from 2s. pe 5s. per me The — es 

or prompt delivery are now . per ton, Glasgow, an 
121. 2s. per ton, Leith, and these prices are the lowest 
for the year to date, the highest having been 12/. 17s. 6d. 
per ton. 


Scotch Steel Trade.—The Scotch steel trade does not 
show any signs of improvement over the week, and 
specifications are as scarce as ever. Much talk is 
taking place over the forthcoming meeting of the 
English and Scotch makers, when the trade position 
will be thoroughly discussed, and although a strong 
claim may be le for an advance in pri and some 
think it not improbable that these will raised, 
the buying here continnes on very small lines. The 
_causes, so often referred to—shipbuilding and 
foreign competition—have ry the industry in a very 
uiet condition recently, and the cloud shows no sign of 
lifting yet. The demand from abroad is somewhat 
limited, and Canada, which is usually a large buyer of 
our lighter material, is at —— —s favour to the 
cheaper Continental stuff. Sections arein fairish request, 
but makers of black sheets report rather a poor demand 
both from home and foreign consumers. Prices are 
nominally unchanged. 


The Malleable-Iron Trade.—The conditions in the malle- 
able-iron trade of the West of Scotland are no better, 
and practically no —— can be noted. Business is still 
exceedingly scarce and the recent reduction has not even 

et ¢ forth anything of importance. ‘‘ Crown” 
rs are 6/. 12s. 6d. per ton 5 per cent. 


Scotch Pig-Iron Trade.—Little c has taken place 
in the state of the Scotch pig-iron e during the past 
week, and the demand is of an intermittent character. 
The home consumption is r, and although English 
buyers have been — on fair lots, the export markets 
generally are not ing forward anything decent in 
the way of new orders. e furnaces in blast number 
seventy-two, which is eighteen fewer than at this time 
last year. Prices are steady, but with an easier tendency, 
and the following are the market quotations for makers’ 
ag 1) iron : de, 68s.; Calder, yar ome g Summer- 
ee, and Langloan, 68s. $d. (all — at Glasgow) ; 

k (at A ot 


Gl rdrossan), 71s.; ts (at Leith), 
68s, 6d.; and } AE. (at Sees 69s. - : 





Tue Surveyors’ InstrrvTion : CouNTRY MEETING AT 
Yorx.—The Council of. the Surveyors’ Institution have 
an invitation to hold the next country meetin 
at York on May 22nd 23. Visits have been 
lor the afternoon of the 22nd to (a) York Minster, the 
Museum Gardens, St. Mary’s <4 and the Yorkshire 
ical Society’s Museum ; (6) Messrs. Rountree’s 
: of Earswick ; (c) 
the Olym Oil and Cake Mills, Selby, and Selby 
Abbey. following excursions have been arranged for 
the following day :—A. Excursion by motor to Jervaulx 
Abbey, Fountains Abbey, and B. Sinsuenion 


oe > 
illage, and the Brodsworth 8 
ment. 


. 
- 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—The South Yorkshire 
coal market has now completely recovered its equilibrium. 
Price-lists are again in operation, and values have been 
taken up pretty much at the same level as they were 
left before the county stoppage. Shipments, which 
were so greatly reduced that much of the trade of 
this district was driven North, are resuming average 
am oe ys Now that the wae ——, — s have 
Teo} or navigation, a increase ying in 
this connection should follow. On industrial account 
the demand is large. Manufacturers, who have been 
working largely on stocks during the recent unsettle- 
. ment, are coming for i The 
house-coal trade lacks animation. Big stocks are in 
evidence at local depdts. Owing to the delay in contract 
deliveries the gas-fuel market is very active. Slacks 
are the subject of a decreased inquiry, 
e 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.— Less unfavourable reports 
are to hand from Germany, and there are fairly 

inquiries for Cleveland iron for North Germany which 
are expected to result in business. Amongst visitors on 
*Change here this week was Mr. Elkane, a prominent 
Hamburg merchant, who was inclined to take a more 
hopeful view of German trade. Further negotiations 
with Russia are re} and more sales of hematite and 
Cleveland iron to that country are reported. Some appre- 
hension is expressed that warrants may be “cornered.” 
The long steadiness of the market has induced some three 
months’ = the —< ey ooutanee. so thata 
* rig” might be arranged. No. 3 g.m. eveland pig is 
5ls. 9d. f.o.b.; No. 1, which is sul scarce, is Bde. 6d. $ 

No. 4 foundry, 51s. 6d. ; No. 4 forge, 51s. ; and mottl 
° j ; reserve stocks | and white iron, each 50s. 9d.—all for either early or 
being plentiful. There is a steady demand for coke. | forward delivery. Quietness continues to characterise 
Quotations: Best branch hand-picked, 16s. to 17s. ;|the hematite branch of the staple industry. Though 
Barnsley best Silkstone, 14s. to 15s. ; Derbyshire best} there is not a great deal of iron available, sellers 
hts, 12s. 6d. to 13s. 6d. ; Derbyshire house, 11s. 6d. | offer Nos. 1, 2, and 3 rather freely at 61s. 9d. for 
to 12s. 6d. ; best nuts, lis. 6d. to 12s. 6d. ; small | practically any delivery. Buyers, however. consider this 
nuts, 9s. 6d. to 10s. 6d. ; Yorkshire hards, 11s. to 12s. ;| rather too high a price, and are not disposed to pay more 
ay a hards, 10s. to lls. ; best slacks, 7s. 6d. to i i 

8s. 6d. ; seconds, 5s. 6d. to 63. 6d. ; smalls, 4s. to 5s. 


Iron and Steel —The local iron market is dull and 
unreeponsive. Deliveries have chiefly been from stocks 
left over from the strike period, the furnaces not yet 
having been put into full wor! order. Large supplies, 
however, are now coming from Lincolnshire, and by- 
shire ep mw rengd had “ — L = — 
premium p upon their output. Forw: ying o 
a mae is only on a small scale. Hematite is « firm and 
airly active market. The best qualities are — freely 
The inquiry for basic iron has revived. The 











































than 61s. 6d. There is nothing at all passing in foreign 
ore. Sellers opine that as consumers are carrying heavy 
stocks, and are receiving rather large —— against con- 
tracts, reduction in price would not induce buying, and 
they adhere to quotations based nominally on 17s. 6d. ex- 
ship Tees for Rubio of 50 per cent. quality. Coke is very 
firm and none too plentiful. Manufacturers are making 
no more than is needed to satisfy their customers, 
declaring that it pays them better to sell the coal than to 
convert it into coke. Average blast-furnace coke is full 
17s. 3d. delivered at Tees-side works. Middles 


bought. a ge gw this = touched the ~—y ce of the 
current quotations are :—West Coast hematites, 73s. 6d.;|™onth of April, and they now stand at Sis. 3d. cash 

. Ea : :| buyers and 51s. 444. cash sellers, which quotations show 
East Coast, 680. 3d; Lincolnshire foundry, 54s. 8d J bey 18d. sel a i 


forge, 53s. 8d.; Derbyshire foundry, 55s.; forge, 5is. 
Since the reduction of the South Yorkshire basis 
price to 7/. 5s. local bar-iron makers have done better 
against outside competitors. The depression in the 
building trade, however, is acutely felt. Given a con- 
tinuance of immunity from labour troubles, steel manu- 
facturers anticipate fair returns on the half year’s 
work. Though they are not as well filled as in the 
corresponding period of a year ago, order books reflect 
an average state of activity. In some cases sufficient 
new business has come forward to guarantee regular 
working until the end of August. I» is now virtually 
certain that the pronounced depression forecasted at the 
beginning of the year will not result. The busiest sections 
in the heavy je are the armament, gun, and projectile 
departments. Shipbuilding centres continue to send in a 
big volume of ak the recent tapering off in this con- 
— no wd being ——e Rann ane os 

rms are regular! yengaged. e lighter es have expe- 
rienced a revival, there having been quite a rush of orders 
for agricultural and engineering tools, saws, files, &c. 
Fortunately, the railway material departments are not 
dependent upon home orders; if they were, most of them 
would be set down. But with a steadily developing 
export trade they are in a more or less flourishing condi- 
tion. Tramway material departments are not less active. 
Good orders have just been ked for wheels, 
axles for Manchester, steel-work and springs 
London County Council, tyres and sprin 
India Railway, and axles for Calcutta and South Africa. 
There is not much movement in billets. 


—Speweens 74d. 
with figures ruling a week ago. 
Stocks and Shipments.—Stocks of Cleveland pig-iron in 
the public warrant stores continue to be heavily drawn 
upon, and for the first time since November 21, 1908, 
stocks are below 100,000 tons. The quantity of iron in 
store now stands at 99,649 vons, all of which, with the 
ay of 43 tons of iron deliverable as standard, is 
wo quality. Since the beginning of the month the 
8 


“ has been reduced by 20,018 tons. Shipments of 
pig-iron from the Tees are on a very satisfactory scale. 
Co date this month those of pig-iron average 4303 tons 
per working dey. the total despatches being returned at 
98,974 tons, 89,310 tons of which have gone from Middles- 

h and 9664 tons from Skinningrove. To the same 
date last month the loadings were given at 103,445 tons, 
or a daily average of 4137 tons, and for the correspondi: 
part of April a year the clearances 91,14 
tons, or an average of tons per working day. 


Manufactured Iron and Steel.— Business is quiet in the 
manufactured iron and steel trades, but the outlook for 
the summer months is satisfactory. Works are busily em- 
ployed on contracts made some time ago. Principal market 

uotations stand :—Common en teen, 71. ; t bars, 
1. 7s. 6d. ; best best bars, 7/. 15s. ; best best best bars, 
81. 23. 6d. ; packing iron, 6/.; iron ship-plates, 6/. 15s. ; 


iron ship-angles, 7/. ; iron ship rivets, 7/. 5s. ; iron girder 
ates, 7/. 5s.; steel bars (basic), 6. 15s. ; stuck tann 
Siemens), 6/. 15s. ; steel ship-plates, 62. 10s. ; steel ship- 
les, 61, 2s. 6d.; steel Loller- lates, 7/. 10s.; steel 
joists, 67. 12s. 6d. ; steel strip, 6/. 15s. ; steel h 7l.— 
all less the customary 24 per cent. discount. 0-iron 
columns, 7/. 7s. 6d.; cast-iron railway chairs, 4/. 5s. ; 
light iron rails, 7/.; heavy steel rails, 62. 10s. ; rai 
way slee 7l. 5s.—all net at works; galvanised 
corrugated sheets, 24 gauge, in bundles, 11/. 5s. f.o.b.— 
less 4 per cent. 
Cleveland Miners’ Wages.—The question of wages to be 
= to the miners was again considered at a ae 
eld at Middlesbrough this week between the Clev 
Tronstone Mine-Owners’ and representatives of the Cleve- 
land Miners’ Association. An arrangement was effected 
by which wages will be reduced 4.75 per cent. 





Cutrtery.—The shipments of cutlery from the United 
Kingdom are well maintained. They re ted in 
March a value of 67,996/., as com with 58,996/. in 
March, 1913. and 62,0697. in March, 1912. The aggregate 
value for the three months ended March 31, this year, 
was 192,524/., as com with 185,252/. and 184,2371. 
in the corresponding periods of 1913 and 1912. 


Tue Batrie Practice or THE Fieet.—The Admiralty 
have just issued for general information the results of 
battle practice in the Fleet during 1913, and the only 
official commentary on the results is that they ‘‘are con- 
— yy details are es as to 
gun-firing, ei in to size of target, ~ 
of ship during firing, or the num of rounds or hits ; 
the comparative figures being — as points. There is 
some justification for this withholding of precise data, 
and the public should be satisfied that the Admiralty 

laid down conditions which tend to bring out 


ships. In 








Atuminium Manvuracrure in Norway.—The Nor- 
wegian Nitride Company, which has recently increasec 
its capital to 10,000,000 kr., has erected a factory for the 
acture of aluminium at Eydehavn, 10,000 horse- 
wer being available. It is, however, to 
ouble the output, and to take up the manufacture of 

es, and perhaps one or two other specialities. 





of the Dreadnought era, three of the shi with 

13.5-in. are at the head of the list, King| H.M.S. “‘Unpavuntrep.”—The Fairfield Shipbuildi 
George V. taking first place with 974 points, the | and i ing Company, Govan, launched, on the 28: 
Princess second with 786 points, the | ult., the light armoured cruiser Undaunted, the first of 
Monarch third with 766 points, while the Dreadnought | the Aurora class of cruisers under construction in private 
is fourth with 651 points. As in the case of the torpedo The vessel, which was 


yards to be put into the water. 
named and launched by Lady Alice Shaw-Stewart, is one 
of eight sister ships laid down under the naval 

Bane. gg — he. — " 
page pro; ling. machinery in this case consists 
of four independent turbi 


craft, the gun-firing of which we referred to 
there is great disparity between vessels of the same class. 
Thus in the fifteen tships the range is from 


= 


i in. 
Amphion with 817 points, the next is 597, and 
is down to 289 points. 


NOTES FROM THE SOUTH-WEST. 


Cardif.—Tonnage having arrived freely over the week- 
end, there has again been considerable loading pressure. 
In view of expected stoppages in May for labour demon- 
strations, some colliery-owners consider that there will be 
a shortage in that month also. Fresh business has been 
restricted, ——~ 3 in semen of wages See 
pa prices demand y sellers, 

Ad TI waiting. House-coal 
i dmiralty large steam- 
. to 19s. 3d.; best 


descripti 18s. to 18s. 6d.; other 
173. 6d. to 178. 9d.; best bu: 


¥ 


iron, and 

Cardiff or Newport. 
Welsh Coal for Hamburg.—The Hamburg- Amerika Line 

has invited tenders for 10,000 tons of "tow i 

] steam coal, to be delivered at Hamburg over May 

June, deliveries to be made in three cargoes. 

Cowes.—Mesars. J. 8. White and Co., of Cowes, have 

delivered to the Admiralty a large navy sea-plane, fitted 
i ton Aune engine, wireless 


a , sufficient petrol accommodation for a four 
hours’ flight. The sea- is to be employed from 
the t Naval Air-Station. 


Rhondda and Swansea Bay Railway.—The Rhondda 
and Swansea Bay Railway Company has an omnibus 
Bill pending in the present session of Parliament. Mr. 
Pollock, K.O., who ap for the company, intimated 
to a Committee of House of Commons that the 
directors felt that with an increase of traffic the time had 
arrived for doubling the line in many places and for carry- 
ing out various other improvements at an estimated cost 
of 170,0007, The Committee declared the preamble of 
the Bill proved, subject to the insertion of clauses pro- 
viding for the construction of certain foot-bridges. 


Dowlais.—The blast-furnaces have turned outa ton- 
nage of pig and molten iron for the Bessemer and Siemens 
——— be sy “ry: the slee Cy ig amy 
actively emplo an e m been iy. 
The Big Mil has been enanenl ein gutter iron, colliery 
arches, tram-rails, fish-plates, sole-plates, &c. 





Tue Mercantite YraR-Boox, 1914.—The full title of 
this publication is ‘The Mercantile Year- and 
Directory of Exporters in London, Manchester, Liver- 

>» — G w, Bristol, and Many Other 
ritish and Forei tres.” It is edited by Mr. 
Walter Lindley-Jones, F.R.G.S., editor of the Mercantile 
Guardian, and is published by Messrs. ee 
and Brother, 16, St. Helen’s- ishopsgate, London, 
E.C., at the price of 10s. present edition is the 
twenty-eighth. The names and addresses of the firms 
are given, pies with the indication of the principal 
geeks they shi 


p and of the foreign ports with which they 
are mainly connected. The will be found useful by 
all British and foreign traders. 





Swepish Expioration.—The Swedish Spitzbergen 
concern, the Isefjorden-Bellsund Coneene. has entered 
upon an agreement with the English Northern Explora- 
tion Company about a division of work within their 
respeetive areas, which adjoin each other, and the 
boundaries of which will be regulated. The English 
company will work the marble deposits, whereas the 
Swedish company will exploit the coal deposits, and not 
only export coal, but also produce for export paraffin and 

. The Swedish company has increased its capital 
with 5000/., which new will be transferred 
Northern Exploration Company, which, in return, hands 
over a like amount of its own shares to the Swedish 
company. 


Rancoon.—A very intensstiog paper on the develop. 
ment of Ran; was sand betes the Colonial Gestion 
,5t iedeegs comevinn Gaels Tes Guan oes 

cape occupying ir. paper was 
Mr. G. C. Buchanan, O.LE, M. Inst. O.E., who A 
chairman and chief engineer of the Rangoon Port Com- 
missioners. The paper dealt with the early history of 
the port, with the munici Kh 
and water, roads pd poe i ings and parks, 
and di the a Oy ae Je 80 on, bee} 
modern port was su uently t with, ite princi 
traffic being noted and its administration described, 
after which an account was given of the works recently 


neh for pam Ly 


of properly training the river, 
f omy hey ny Bs fmt en 
These im 
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32,000-TON FLOATING DOCK AT PORTSMOUTH DOCKYARD. 
DESIGNED BY MESSRS. CLARK AND STANDFIELD, WESTMINSTER; CONSTRUCTED BY MESSRS. CAMMELL LAIRD AND CO., LTD. 
(For Description, see Page 581.) 
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Tue New Fioatine Dock anp THE SupeR-DrREaADNOUGHT **‘ Monarcu.” 

















Fie. 153. Tae New Fioatine Dock, showrmse H.M.S. ‘‘ Monarca,” Stern View. 
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PLATE LVII. 
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. AT PORTSMOUTH DOCKYARD. 


ONSTRUCTED BY MESSRS. CAMMELL LAIRD AND ©CO., LIMITED, BIRKENHEAD. 
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NOTICES OF MEETINGS. 


Tue Surveyors’ InstrrvTion.—Monday, May 4, at 8 p.m. The 
discussion on Mr. Dawbarn Young’s paper, entitled ‘‘ ments 
on the Land Enquiry Committee’s (Urban) Conclusions,” will be 
resum 

Tus Roya InstrruTion or Great Brirarin.—Monday, May 4, at 
5 p.m. General meeting. Friday, May 8, at 9 o'clock, a die- 
course will be delivered by Professor Karl Pearson, F. RS, on 
“ Albinism in Men and Dogs.” Afternoon a? next week 





at 3 o'clock. Tuesday, May 6. P A., 
D.Se., F.R.S., Fullerian Professor a! Ph iheas a on (i) 
“Double Flowers.” Thursday, e Very Ww. R. 
Inge, D.D., on ‘* The Last Chater el ~ | Greek Philosophy "Plotinus 
as Phil ~ Xe -— Ly a, and Mystic.” (Lecture IL) 
pore yee Professor ©. J. Patten, M.A., M.D., Sc.D., on 
“Bird An ad ” (Lecture I. ) 


Tas Roya. Soctrry or Arts.—Monday, May 4, at p.m. 
Cantor Lecture. ‘Some Recent Developments in the Goebeaks 
py (Lecture II.), by Mr. W. Burton, M. A., F.C.8. Wednes- 

y, May 6, at 8p.m. “Inexpensive Motoring,” by Mr. A. Ludlow 
pay Thursday May 7, at 4.30 p.m. Indian Section. ‘The 
Punjab Canal Colonies,” by Sir James M. Douie, K.0.8.L 

Tux ARRONAUTICAL Society or Great BRITAIN. —Wednesday, 
May 6, at 8.30 p.m., at ithe Royal, United Service Institution, 
Whitehall. Lecture (f b ): “The Measure- 
ment of Air Speed,” by Dr. A. P. Thurston, D.Se., F.R. Met. 8., 
A.F. Aé. 8. Mr. Horace Darwin F.R.S., F. Aé. 8., will preside. 

Tas [Ron AND Steeu INstrrors. —Thursday, May 7, at 10.30 a.m., 
general ting of bers, in the hall of the “Institution of 








Civil Engineers. The Council will present their report, and the | 


hon. treasurer will present the statement of accounte for 1913. 
Scrutineers will be a oe for the examination of voting 
~ aged for election of new members. The retiring President 
Mr. Arthur Cooper) will induct into the chair the President-elect 
|(Mr. Adolphe Greiner). The Bessemer Gold Medal for 1914 will 
be presen to Mr. Edward Riley, F.LO. The President will 
deliver his inaugural address. A selection of papers will be read 
and discussed (Nos. 16, 10, and 8). At 1 p.m. the meeting will 
be adjourned to 2.30 p.m., when papers Nos. 5, 12, and 15 will be 
read and discussed as far as time permits. At 7 p.m., annual 
dinner of the ae at the Connaught Rooms, Great Queen- 
street, W.O. Friday, my 8, at 10.30 a.m., general meeting of 
members, hog J Andrew larnegie Gold Medal for 1913 will be 
Mr. Thomas Swinden, D. Met., and the award of 
Ricocarch Sot Scholarships for the current year will be announced. 
Papers Nos. 14, 9, and 11 will be read and discussed. Those 
papers for which time cannot be found will be taken as read, and 
discussed by correspondence. The following is the list of papers 
that are expected to be submitted for reading and discussion :— 
(1) “The Forms in which Sulphides may Exist in Steel Ingots,” 
by Mr. J. O. Arnold, D. Met., F R.S., and Mr. G. R. Bolsover. 
(2) “Experiments on Allotropy of Iron (Behaviour of Ferro- 
Magnetic Mixtures; Dilatation of Pure Iron),” by Mr. O. Bene- 
dicks, Ph.D. (3) “ Recent Developments of the Iron and Steel 
Industry in India,” by Mr. A. Bose. (4) “‘The Recrystallisation 
of Deformed Iron,” by Mr. ©. Chappell. (5) “ The 2 ioodening of 
— with Special Reference to Iron and its A'loys,” by Mr. 
O. ‘Edwards, D.8c., and Mr. H. C. H. Carpenter, Ph.D. 4 
= ieee of Molybdenum upon the Corrodibility of Steel,” 
Mr. J. N. Friend, D.Sc., and Mr. ©. W. Marshall. (7) ‘‘ Note 4 
a Curious Case of Decarburisation during the Hardening of Steel 
Dies,” by Mr. H. C. Greenwood, D.Sc. (8) ‘‘ The Magnetic and 
Mechanical By wel of Manganese Steels,” Aad Robert A 
Hadfield, and Mr. B. Hopkinson, 8. (9) “Some 
Improvements in Oase- “Hardening Practice,” by Mr. H. L, Heath- 
cote, B.Sc. (10) “‘ Failures of Heavy Boiler Shell-Plates,” by Mr. 
8. A. Houghton. (11) ‘‘ Production of Steel direct from the 
Ore,” by Mr. E. Humbert and Mr. A. Hethey, B.Sc. (12) “* Theo: 
of Hardening, ” by Mr. A. McCance, B.Sc. (18) “The Colo 
metric Estimation of Sulphur in Pig Iron and Steels by Means of 
Paper Impregnated with a Solution of Arsenious Anhydride in 
Hydrochloric Acid,” by Mr. M. Misson. (14) *‘ The Develo = 
of Dry Cleaning in Blast-Furnace Gas Purification,” by 
Miller. (15) ‘‘A New Reagent for Ktching Mild Steel,” b 
W. Rosenhain, D.Sc., F.R.S., and Mr. J. L. Haughton, ue: 
(16) “ Results of Talbot Process at Witkowitz,” by Mr. 
Schuster, D.-Ing. 
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THE CONTROLLING FACTOR. 


Tue so-called ‘‘ efficiency engineer ” or expert is 
commonly regarded as the product of our own day. 
It is not a little remarkable, therefore, that neal 
two hundred years ago the public was introduced, 
in the travels among remote nations of the world 
of Mr. Lemuel Gulliver, surgeon and captain, to a 
race of professors who contrived new rules and 
methods, new instruments and tools, for all trades 
and manufactures, whereby one man should be 
enabled to do the work of ten. However, success 
did not attend their efforts. We are told that none 
of their projects was brought to perfection, possibly | a 
because they had to struggle along without the 
assistance of the cinematograph, motion tracing 
diagrams, and all the other 


‘os paraphernalia with which the modern enthusiast 


delights to elaborate his theories. 

This is an age of ence gd in engineering and 

scientific work generally, and it is not surprising 
that success in the development of machines and 
apparatus should tempt ingenuity to set itself to 
work on the improvement of methods. In the one 
case, however, the material worked upon is purely 
passive ; in the other, subtle influences are at play, 
to the utter confusion sometimes of the idealist. 
It is the aim of the efficiency expert, just as it was 
of the professors of Balnzbarbi, to secure the 
greatest possible output froin each individual, and, 
similarly, it is the wish of every economist to derive 
the highest return for the least cost and with the 





least possible capital investment. Unfortunately 
for the application of their theories, both classes 
of individuals are confronted with factors which 
refuse to submit to logical reasoning. So-called 
scientific management been mostly spoken of 
in connection with production. In theory its 
er is unlimited. In the United States it 
been dragged into the hearing of railway-rate 
cases, lawyers asserting that only slight reforms 
would bring the railways far greater returns than 
would accrue from the increase in rates demanded. 
The self-appointed railway expert is with us on 
this side of the Atlantic, as elsewhere. We have 
heard much lately, for instance, of the unprofit- 
= capital locked up in idle rolling-stock, 
jally with regard to the use of wagons. 
e purpose of the railway-wagon is admittedly 
to transport goods from point to point, and the 
ter revenue-producing work it can orm the 
tter. The willingness, or ability, of the trader to 
load or unload expeditiously interferes conttdvahhy 
with plans to secure good mileage. This ineffective 
time 7 for long been a trouble to the railways, 
whence, of course, the demurrage and other regu- 
lations. But any attempt to alter these in the 


direction of greater strictness is quickly objected 


to by the traders, as was proved not long since in 
Scotland. From the practical railway point of view 
the service of a wagon has to cover more than trans- 

rtation between two points, and an important 
factor i in the case is the pleasure or the habit of 
the traders. 

It is this point of habit or custom which reduces 
scientific management and economic theories from 
exact to approximate sciences, and, all things con- 
sidered, we may be thankful that there is some such 
influence at work. We should soon find ourselves 
in a fearful world if subjected to the unchecked 
control of idealists in these matters. Their efforts 
would be felt not only in industrial life, but also 
in the home, where, as a matter of fact, the 
economist intent on the greatest return on capital 
investment would find plenty of reforms to make. 
He might think it necessary to turn his attention 
to the furniture question. A drawing-room or 


: dining-room chair, as a rule, is in actual em- 


ployment for a very limited fraction of the year. 
Clearly we might reduce their number, and by 
a thorough system of standardisation, make a very 
small number of chairs serve a house, ensuring 
reasonable use. The massive dining-room table is 
used for its primary en for little more than, 
say, three hours a day. r the rest of the time it 
does nothing, or merely supports the housewife’s 
work-basket. Beds are probably among the best 
investments in a house. Throughout the year they 
are probably in actual employment for a greater 
percentage of the total time than any other articles 
of furniture. Even so, their idle-time percentage 
is about 66, and they might clearly be made to 
do more work ; but to do this our ways of life 
would have to be materially altered. No rational 
being of the present day would propose as a regular 
thing that each bed should be occupied in turn by 
two or three persons, although this was recently 
stated in the House of Commons as the practice at 
the new Government dockyard works at Rosyth 
(to the great inconvenience, by the way, of the 
occupants on holidays). 

The influence of human predilection or habit is 
felt in everything. If it affects goods traffic and the 
wagon question as we have seen it does, it is not 
to be wondered at that it controls passenger traftic. 
In goods working the railways have sole control 
for some considerable portion of the total time. In 

ge work they have practically no control at 
he passengers come and go as they please, 
1 have to be served with what they want when 
they want it. It is true that they may be encour- 
aged to act along certain lines if sufficient induce- 
ment be held out to them; but there can be no 
driving, except ae away, which is hardly what 
the railways desire o obtain their desired end 
and to make the economic best out of a job only 
partly amenable to logical treatment, the com- 
panies have to encumber themselves with a vast 
variety of services each with ite own engineering 
and commercial characteristics. These have oon- 
fronted the companies almost from the time that 
railroading was instituted, but facts have been less 
well appreciated in outside circles. 

It is not long since that electric railway traction 
was discussed purel 7 from the relatively simple 
engineering points of cost of current, acceleration, 
andsoon. As knowledge has increased, and elec- 
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trical engineers have come into closer touch with 
railway operations, the claims for electric working 
have shrunk. Though somewhat tardy perhaps in 
their appearance, the Institution of Electrical 
Engineers is to be congratulated on having recently 
had read at its meetings a series of railway papers, 
which ought to have a very salutary effect on the par- 
ticular branch of the profession with which it is con- 
cerned, clearly pointing out as they do that railway 
pvp does not merely consist of the application 
of some sort of power to vehicles or trains. The 
last, but not the least notable, read on the 23rd ult., 
by Mr. H. W. Firth, directed attention to the 
extraordinary complication of operation brought 
about by the multiplicity of services which have to 
be rendered in i nger traffic, in which 
scarcely an alteration can be made without necessi- 
tating numerous others. 

It is one thing to keep a frequent service of 
trains of similar weight and speed running on a 
double-track urban route without many junctions ; 
it is quite another to work frequent trains of various 
len weights, speeds, and services, out of or into 
a congested terminal where extensions would involve 
heavy capital outlay. Mr. Firth points out that the 
urban lines of London have conditions to meet 
which, though severe, are not nearly so complex as 
those on the suburban systems running into our 
large terminals. To meet the requirements of 
passengers the trains are first of various make-ups, 
of different weight and length, and are timed 
differently. Their acceleration and stopping dis- 


tance vary. Stock has to be employed suitable to} be 


the traffic, and the pag of corridor coaches, 
dining-car trains, and so on, to meet the wishes of 
the public, is ever increasing the congestion of 
London terminal stations, because these trains have 
restricted use and can only be employed in certain 
traffic and at certain times. The attractions of elec- 
tric working have to hold good when all these 
points are taken into account. Itis not just a case 
of obtaining increased acceleration. e benefit 
must be proved in operation. This involves getting 
trains into and out of crowded stations more 
frequently and without greater delay at crossings ; 
it involves working long-distance trains of various 
lengths, weights, and speeds, intermixed with 
non-stop suburban traffic, stopping suburban traffic, 
and stopping long-distance trattic, all over lines 
which can be coi y signalled, for maximum 
capacity, for one class of train only, though the 
public demand so many. The situation nas to be 
accepted, though at the cost of idle time and we 
mileage for the stock. Again, the public rushes 
to London in the morning, and in the eveni 
there is a stampede for the suburbs, ol 
what happens to the trains between whiles. What 
does happen is that there is more idle time and 
empty mileage for the suburban stock, all im- 
upon the companies as a result of the 
conventional way of living, and impossible of 
prevention by any expert in scientific management 
or economy. 

There is no system of avoiding the morning and 
evening peak loads, any more than there is of pre- 
venting empty mileage. To be successful in the 
latter direction would mean dividing the population 
into shifts, and a ing for one shift to leave 
work between 7 and 10 a.m. and return at 5 to 
8 p.m. To overcome the idle-time difficulty would 
require still further arrangement, so as to secure 
heavy inward and outward traffic both at about 
lto2 p.m. and1to2..m. Instead of huge peaks 
twice a day the traffic would then be reduced to 


one-quarter of its maximum intensity with a 
load-curve throughout the twenty-four hours. 
stock would be required, and it would be worked 
full, evidently excellent conditions, but—impos- 
sible. What can’t be cured must be endured, of 
course. As thi stand, it is possible to do little 
else to even up the load than to encourage traffic 
in and out between 10 a.w. and 5p.m. Some- 
thing in this line is — done. It is manifestly 
impossible to increase indefinitely the number of 
greengrocers and others whose business bri 
them to Covent Garden, Billingsgate, &., in the 
small hours. 

Conditions perforce are bad, and the margin to 

y with is small. It may be that the charges on 

e extra plant to take the peak loads, or on the 
extra stock, idle for part of the rest of the work- 
ing day, will turn the balance against electrifica- 
tion. In both these matters electric working 
cannot compete with steam, and to show an over- 
all improvement this loss must be overbalanced 





by greater profit, either as a result of increased 
yg d or increased traffic in slack hours. = 

irth brings out some interesting points in this 
connection, showing that an ieee aaevide does 
not imply increased capacity, and that for maxi- 
mum train-loading steam working is excellent. 
He concludes, therefore, that in the electrifica- 
tion of surburban lines, the inter-peak periods 
should form the basis of the scheme, and not 
the peak periods. In this way, the hea 
capital cost for stationary t and rolling- 

to deal with the demand of about 

six hours a day, with costly idle time, would be 
avoided, and steam-trains, with their great capa- 
city, could be requisitioned to help over the posks 
Thus the electric trains would run a quick and 
frequent train service all day, and would not be 
called upon, at the peak periods, to handle services 
for which they would not be so well suited—i.c., 
the faster non-stop outer suburban traffic, these 
— handled by steam. The — is 
w considering, though it involves the un- 
desirable mixture of different classes of trains ; but 
trouble from this might be minimised by the use of 
different tracks, or the judicious adjustment of 
stopping and ing times. It certainly seems a 
scheme which much to commend it from the 
point of view of capital cost and permanent charges, 
while it also offers some operating advantages, in 
that it would be ible to retain in service sub- 
urban stock suited for em excursion traffic, 
for which purpose electrified suburban stock would 
inappropriate. 





RECORDING PYROMETERS. 

yoomstges” on Age Th, ho sageed ses peste 

meters ” on April 22, the regret was repeatedly 
ex that a> Vale little had been written on 
this subject. The neglect is hardly so general as 
ap to be thought. We have ourselves des- 
cri pyrometers, including recording apparatus, 
on several occasions. But substantial progress has 
been made of late, especially in commercial 
and the paper on ‘‘ Recording Pyrometers,” whi 
Mr. ©. R. Darling, of the Finsb Technical 
College, presented to the Faraday iety will 
generally & welcomed. Thanks to the courtesy of 
various manufacturers, he was able to illustrate it 
by an excellent collection of novelties. 

Mr. Darling pointed out that Le Chatelier had in 
1887 made the first successful attempt to secure an 
automatic record of high temperatures ; a ray of 
light falling on the mirror of the galvanometer of his 
thermoelectric pyrometer had been directed upon 
a sensitised — Le Chatelier, Dr. Harker sub- 
sequently added during the discussion, had been 
interested in high-temperature measurements by 
the great physicist Regnault, most of whose best 
work had been done while he (Regnault, who died 
in 1878) had been director of the Sévres porcelain 
works, and Le Chatelier had at first being fairly 
satisfied with high-temperature measurements accu- 
rate within something like 50 deg. or 100 deg. Cent. 
The pyrometer with which Roberts-Austen had 
conducted his alloys research work, Mr. Darling 
continued, was also a pho hic recorder, in 
the improvement of which Colonel Holden, of 
Woolwich, had had a main share. To Colonel 
Holden he also attributed credit for having supplied 
homogeneous _ alloys for thermo-couples 
which could relied upon. Holden had cast 
— ingots of those or and had tested 

e wires drawn from them by taking pieces of 
wire from opposite ends of a reel, and seeing 
whether there was any electromotive force be- 
tween them. Of late these expensive platinum 
alloys were being su ed by base - metal 
alloys, couples of nickel and carbon, iron-nickel 
and nickel-chrome. The base-metal alloys gave 
several times the electromotive force of 2 tinum 
series, so that more power became available in the 
instruments. For temperatures not exceeding 1000 
deg. Cent., and for accurate measurements, the 


brings | resistance thermometer was undoubtedly the best 


instrument ; for commercial purposes, in which the 


precision of the resistance pyrometer was of little | secured 


value, thermoelectric appliances were preferable. 
Above 1200 deg. Cent. radiation pyrometers were 
to be recommended ; in those of Féry, Foster, 
and Thwing the thermoelectric principle was again 
utilised, and for ical purposes only instruments 
of this type and the resistance pyrometers came into 
question. Workshop instruments should be accurate 
within the limite desired, and be capable of taking 





ony | seem someneny on the same chart ; 

ey ust-proof an strong, not serious 
affected by vibrations, and require the mininum of 
supervision and upkeep. The progress involved in 
the transition from photographic recorders to inking 
instruments was chiefly connected with Callendar’s 
resistance-recorder, described before the British 
Association meeting of 1898, and with the inter- 
mittent contact recorder for thermo-couples of 
Siemens and Halske of 1900. 

Passing to i Mr. Darling explained that 
in most thermoelectric recorders a hes was periodi- 
cally depressed on the galvanometer needle, caus- 
ing it to make a mark on the chart which was 
moved at a definite rate. Owing to the small 
force available for moving the geen continuous 
contact with the paper, which would introduce 
friction, had to be avoided ; the presser-bar had to 
descend, and then to leave the pointer free again 
for a sufficient time to let it attain a steady posi- 
tion ; thus a dotted record was produced. In the 
Siemens-Halske device, which had been adopted 
in many of these instruments, both the presser-bar 
and the paper were moved by clockwork ; the chart 
was of trai nt paper and was moved over a 
typewriter ribbon ; the dot was thus made below, 
but visible above. The temperature divisions 
were arcs of circles, the radius being equal to the 
distance between the galvanometer pivot or sus- 
pension and the style. With the aid of an auto- 
matic switch several records could simultaneously 
be taken on the same chart. Lest the several 
curves should become confused, the style was, in 
the instruments now being introduced, in each case 
— by a wooden wheel, the circumference of 
which was set with different marks (small circles, 
triangles, &c.), the mark bei 
pyrometer ; the wheel rota 
the switch. Special contacts could also be added, 
so that the pointer gave alarm signals. 

The Leskole recorder, made in the Palace 
Works, Enfield, differed in several respects from 
the Siemens-Halske device, especially as to the 
inking. The presser-bar was operated by an 
electromagnet and a battery, which at definite 
intervals was switched into the “age ered circuit ; 
the bar, descending, pressed the pointer, which 
was bent at _ angles, on to an inked pad, and 
released it; the bar again descended, and trans- 
ferred the drop of ink adhering to the pointer to 
the chart. e device answered well, but there 
would be difficulties with multiple recorders. In 
the Foster recorder the base-metal couple con- 
sisted of Hoskin’s (nickel-chromium) alloy, which 
yielded five times the electromotive force of 
platinum-rhodium couples, so that the galvano- 
meter coil could be pivoted in a horizontal posi- 
tion, the pointer being vertical; the chart was 
mounted on a rotating plate in a vertical plane, 
and the time ordinates were concentric circles, 
which were cut at angles by the curved tempera- 
ture ordinates. The pointer ended in a small 
i which was fitted with an inked 
wick. @ presser-bar was curved to the same 
radius as the J my ge and carried a pad wetted 
with ink, in order to replenish the ink supply to 
the wick. The relays joined to the alarm contacts 
lighted a red or a green lamp, whilst a white lamp 
remained in circuit as long as the temperature kept 
normal. 

The Thread Recorder of the Cambridge Scientific 
Instrument Company was provided with rect- 
angular co-ordinates, which were preferred to 
circular co-ordinates, and a suspended coil gavano- 
meter was used. The pointer was depressed by a 
horizontal bar on to an inked thread placed parallel 
to the axis of the ae drum, the thread touching 
the paper at each depression ; thus the tangential, 
and not the radial, movements of the pointer were 
recorded, and the temperature lines were hori- 
zontal. This very sensitive instrument, which could 
stand vibrations, could be duplicated or fitted for 
giving multiple records. It was also, like other 
modern pyrometers, combined with a scale-control. 
When the full scale deflection was obtained with, 
say, 400 deg. Cent., a closer ing could be 
between 500 deg. and 900 deg. if the start- 
ing point of the scale were 500 deg. instead of 


distinctive for each 
synchronously with 


0 deg. To —— this the pyrometer was 
made part of an adjustable potentiometer circuit, 
such that its electromotive force was opposed 


to the potential difference between two points ; 
this latter potential was so regulated that at the 
desirable temperature of 500 deg. e.g., the pointer 
was at balance on the zero of scale ; then the 
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whole of the scale was utilised for the temperature 
interval to be measured. 

All these instruments, Mr. Darling continued, 
relied on clocks or on battery power. Mr. R. W. 
Paul had quite recently succeeded in putting motor- 
driven recorders on the market. The small motor 
was provided with a special governor and was con- 
nected by a change-gear to the mechanism — 
the chart—which was pulled over two rolls, fix 
one above another, at a distance of 1 ft. or more, 
so that a large vertical sheet was displayed—the 
presser-bar and the inker. The galvanometer was 
of the unipivot pattern, and the pointer was 
depressed at intervals on to a typewriter ribbon 
which was lying above the chart; immediatel, 
underneath the ribbon was a thin metal rod whic 
produced the dot. The co-ordinates were rect- 
angular. For obtaining two simultaneous records 
the ribbon was made of two strips, moistened, the 
one with black ink, the other with red ink, and 
the records appeared in different colours. To 
keep out all dust the covers were fitted with faced- 
metal joints ; wood warped, and did not keep tight. 
All the parts of these instruments were interchange- 
able. . Paul afterwards disclaimed originality 
for his motor drive ; but with his motor, of 0.25 
ampere, the paper feed kept constant within 1 mm. 
for three days. One promising application of his 
instruments, Mr. Paul thought, concerned chemical 
works where the temperatures of tanks had to be 
taken at intervals ; this might be done on the tell- 
tale system. The new instruments, of the Leeds 
and Northrup Company, of Philadelphia—not yet 
obtainable in England, Mr. Darling mentioned— 
were also motor-driven. Instead of measuring the 
deflection of the pointer, however, a zero deflection 
method was used with the aid of a potentiometer 
arrangement, which Mr. Darling described in his 


per. 

Photographic recorders were still used, Mr. 
Darling proceeded; the White Instrument Com- 
pany had adapted them to workshop purposes. A 
peculiar novelty was the semi-automatic recorder 
of Brearley, manufactured by the oe 
Scientific Instrument Company. The spot of light 
from the mirror was thrown on a sheet of ground 
glass, and the observer watched this spot and kept 
a moving pointer at the centre of the spot by turn- 
ing a handle; the end of the pointer carried a in 
contact with the rotating chart, to which the move- 
ments and deflections were thus transferred. 

The lecturer then to resistance-recorders 
and to Professor Callendar’s recorder, which has 
been illustrated in our columns. A new robust modi- 
fication of this recorder, which had the advantage 
that the whole width of the chart might be utilised 
for an interval of 5 deg. or of 1000 deg., had been 
brought out in 1909 by the Leeds and Northrup 
Company. The automatic adjustment of the Wheat- 
stone bridge was not effected with the aid of relay 
circuits, as in the original Callendar recorder ; but 
the mechanism operated a resistance in one arm 
of the bridge until the resistance of the pyrometer 
was balanced and the galvanometer boom was at 
zero. 

Various modern recorders could be combined both 
with resistance and with thermoelectric apparatus ; 
this was a great convenience in laboratories and 
works where instruments of both were in 
use. In the Paul recorder, already mentioned, the 
galvanometer could be replaced by a Harris indi- 
cator—a special form of ohmmeter which gave direct 
temperature readings—and a chart prepared for 
resistance pyrometers could be inserted. Other 
makers supplied a Wheatstone bridge arrangement 
in which the pyrometer was balanced at 0 deg. ; on 
heating the pyrometer the balance was lost, and 
the pointer moved over the scale by an amount 
depending upon the increase in the resistance. 
Concluding, Mr. Darling remarked that there was 
a prospect of controlling the heat supply through 
the agency of these recorders, and in this 
it was important that recent improvements 
increased the power available in such instruments. 
The recorders might thus be used as temperature 
controllers and thermostats in works as well as in 
laboratories, for gas and coal-fed furnaces and 
for rotary cement kilns. Mr. Darling finally 
wished to pay a tribute to the National Physical 
Laboratory for maintaining a high standard of accu- 
racy in high-temperature measurements. We have 
already alluded to several remarks that fell during 
the discussion. Mr. Darling wanted to have 
the recorder in the workshop, not in the office or 
laboratory only, and Mr. R. 8S. Whipple agreed 


jthe d 





with him. Five hundred Callendar recorders, some 
modified, Mr. Whipple added, were in use, a great 
py | in workshops. In the Cape Observatory 
a Callendar recorder 9° the temperature constant 
within 0.01 deg. Cent. for the spectroscope, and in 
some iron works in Wales such a recorder ted 
the hot-air blast, by shutting off the cold-air supply 
as the temperature of the hot air fell ; that regula- 
tion was effected by means of 10-ft. valves. 





THE LATE MR. ALFRED NOBLE. 

We regret to have to record the death, which 
occurred on Sunday, the 19th ult., at St. Luke’s 
Hospital, New York, of Mr. Alfred Noble, the 
well-known American civil engineer. 

Mr. Noble was born on August 7, 1844, at 
Livania, ae County, Michigan, where his 
parents resided on a farm. is grandfather 
served in the war of 1812, and his ancestors took 
part in the revolutionary war. He received his 
early education in the district school of his native 
place, and worked on his father’s farm during his 
spare time. In 1862, when only eighteen years of 

Mr. Noble enlisted in the 26th Michigan 
olunteer Infantry Regiment, and took part in 
the Civil War. From that date, until the year 
1865, he served in the Army of the Potomac 
through the whole of the Civil War, fortunately 
without being wounded ; he was mustered out of 
the service in June, 1865, with the rank of 
sergeant. 
Immediately on leaving the army, Mr. Noble 
om peg to enter the University of Michigan ; in 
1867 he became a sophomore, graduating in 1870 
with the degree of Civil Engineer. 
He commenced his life as an engineer in 1868, 


and from that year to 1870 he acted as an assistant | th 


engineer on river and harbour works on the Great 
Lakes. From 1870 to 1872 he had ¢ of 
improvements on the St. Mary’s Falls Canal and 
St. Mary’s River, during which time the first great 
masonry lock at the Sault, then by far the largest 
canal lock in the world, was built. When this 
work was completed, Mr. Noble became resident 
engineer on the construction of an important 
bridge over the Red River at Threveport, La. 
From 1883 to 1886 he was general assistant-engi- 
neer to the Northern Pacific Railroad. In the year 
1886 to 1887 he was resident engineer on the 
construction of the Washington Bridge over the 
Harlem River, which at the time was the largest 
arch bri in existence. For the seven years 
following Mr. Noble was resident engineer on the 
construction of several very large and important 
bridges over the Mississippi at Memphis and Alton; 
over the Missouri, at Bellfonten, Leavenworth; 
and over the Ohio, at Cairo. In 1895 he was 
appointed by President Cleveland a member of the 
icaragua Canal Board, which visited Central 
America and examined the route proposed for a 
Nicaraguan canal and also the Panama Canal ; the 
Board completed its work on November 1, 1895. 

In that same year—1895—Mr. Noble received 
of LL.D. from his Alma Mater ; he 
received a similar degree from the University of 
Wisconsin in 1904. 

Mr. Noble was appointed by President McKinley 
in June, 1899, a member of the Isthmian Canal 
Commission. This Commission had c of the 
selection of the best canal route across the mus; 
the Panama Canal has been constructed substan- 
tially on the lines given in the report issued by it. 
While on this Commission, Mr. Noble, together 
with his colleagues, visited Europe to examine the 
existing canals there, and to look into the data 
which the French Panama Canal Company had in 
Paris; they also made several. trips to Central 
America to consider more fully the various Central 
American canal routes. 

In 1905 Mr. Noble was appointed by President 
Roosevelt a member of the Totenanthonal Board of 
Engineers to recommend whether the Panama Canal 
should be constructed as a sea-level or as a lock 
canal. This Board consisted of thirteen members, 
of whom five were nominated by foreign governors, 
and Mr. Noble was one of the minority of five 
Americans who recommended a lock canal. The 
views of the latter were adopted by the Govern- 
ment and the canal has been built in accordance 
with their recommendations. 

In March, 1907, Mr. Noble was one of three 
appointed by President Roosevelt to visit the 

‘anama Canal, with the object of investigating 
the conditions regarding the foundations of some 
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of the principal structures. This duty was com- 
pleted in a few weeks. He was obliged to decline 


@ similar appointment two years later. From the 
very inception of the plan by the United States 
to build an Isthmian canal, and from the com- 
mencement of the preliminary investigations and 
surveys to the adoption of the final plan, and the 
commencing of the actual construction of the canal, 
Mr. Noble was continuously identified with the 
project, and deserves as much credit for the solu- 
tion of the ery | agence gs as anyone who has 
been connected with great work. 

To revert to earlier work of his in other 
ee. we may state that in July, 1897, Mr. 

oble was appointed by President McKinley a 
member of the United States Board of Engineers 
on Deep Waterways, which carried out surveys and 
drew up estimates for a ship canal to be built from 
the Great Lakes to deep water in the Hudson 
River. In November, 1961, the city authorities of 
Galveston, Texas, appointed him, in conjunction 
with Mr. Henry C. Ripley and General Robert, 
the three forming a board of engineers, to devise a 
plan for protecting the city and suburbs from 
inundation. They recommended the building of a 
solid concrete wall over 3 miles long and 17 ft. in 
height above mean low water, the raising of the 
city grade, and the making of an embankment 
adjacent to the wall. The whole of this work was 
estimated to cost about three and a-half million 
dollars, and the plan recommended by the Board 
has since been carried into effect. From 1902 to 
1909 Mr. Noble was chief engineer of the East 
River Division of the New York extension of the 
Pennsylvania Railroad, and had entire charge of 
this most difficult piece of work, involving, as it 
did, a very accurate survey across Manhattan, and 
e construction of the foundations of the Penv- 
sylvania Station, of land tunnels, and of the East 
River tunnels, all of which included difficult and 
™ ince 1900 Mr. "Noble had engaged 

ince 1 . Noble had e in general 
consulting engineering practice, his firm’s name 
being Noble and Woodard. Probably the most 
important work he dealt with in this ca ty was 
in relation to the dry docks built for the. nited 
States Government near Honolulu. He was also 
for a time consulting engineer to the Quebec Bridge 
Board, consulting ye for the Board of Water 
Supply, New York City, and for the Public Ser- 
vice Commission of the First District of the State 
of New York. 

Mr. Noble was a past-president of the Western 
ree | of Engineers, of the American Society of 
Civil Engineers, and of the American Institute of 
Consulting Engineers. In 1910 he was awarded 
the John Fritz Medal for ‘‘ Notable Achievemente 
as a Civil Engineer.” In 1911 he was elected an 
honorary member of our own Institution of Civil 
Engineers, a distinction which he most thoroughly 
merited. In 1912 he received the Elliott-Cresson 
Medal of the Franklin Institute ‘‘ In ition of 
his distinguished achievements in the field of Civil 

neering.” 


“i Noble married, on May 31, 1871, Miss 
Georgia yoga, gg Ann Arbor, Michigan. They 
have one son, . Frederic Charles Noble, a 
graduate in engineering of Ann Arbor University, 
1894, who is now following his engineering pro- 
fession in New York City. 
The subject of our memoir was deeply interested 
in all questions which concerned the engineering 
fession, and during the last few years of his 
ife he took a most active part in the organisation 
and upbuilding of the American [nstitute of Con- 
sulting Engineers. He rarely missed a meeting 
of the Institute or of its Council. His unfailing 
good humour, his kindliness and sweetness of dis- 
position, his sound common-sense and good judg- 
ment, his youthful mentality, his quick and sure 
reeption, and his modesty, invariably impressed 
colleagues with whom he worked on many 
eS \ 

e possessed a combination of strength, tle- 
ness, tact, and discernment rarely met ~” He 
was universally respected by all who had any business 
with him. The plain workman, the man 


wre e pick and Bowes the a the tech- 
nical engineer, or ident of a - 
tion, all a ted the nobility, nplicity” and 


honesty of his character. His personality was such 
as to evoke the faithful and enthusiastic loyalty of 
his subordinates, and the deep, strong, i 
affection of all those who were honoured with his 
friendship. His loss will be deeply felt, not only 
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by the enginee ing profession, of which he was a 
most distinguished member, but by everyone who 
had the good fortune to know him. 





IMPREGNATION OF MINE TIMBER. 

An extensive series of experiments on the advan- 
tages of various impregnation processes for mine 
timber was started last December by the Verein 
fiir die bergbaulichen Interessen in the Dortmund 
district, which practically covers the Ruhr coal 
basin. The use of ferro-concrete is spreading in 
mines—impregnation is not much resorted to 
in this country—and although the amount of 
impregnated timber which has been put up in 
those mines is not considerable, the association 
named decided to charge a special commission with 
a thorough investigation of the advantages and dis- 
advantages of the diverse processes. Inquiries 
made in 1911 had elicited the fact that impregnated 
timber was actually in use in 82 out a the 250 
collieries of the district, and that the bulk of the 
impregnated timber installed represented 2? per 
cent, of the total timber. This was not a large 
proportion ; but as it was estimated by the 
various collieries that proper impregnation would 

rolong the life ofthe mine timber by periods ranging 
mesa half-a-year up to five and seven years, compara- 
tive tests seemed advisable. What has so far ook 
done is that a large amount of timber has been 
impregnated by sixteen different methods or such 


modifications of the same process as the adoption of |’ 


various concentrations of the solutions necessitated ; 
this treated timber has been distributed in four 
collieries, and observations and tests are to be con- 
tinued for five years, the strength-tests to be made 
by the Materialpriifungsamt. Thus a good deal of 
impartial material will be collected, which, together 
with experience gained elsewhere, ought to enable 
mining engineers to make their selection. The 
whole inquiry testifies to the public spirit of the 
Westphalian miners; we explained some years ago, 
when the International Mining Congress met at 
Diisseldorf in 1910,* that all the mine-owners have 
to contribute a certain sum per ton of output 
towards the common funds for schooling and train- 
ing, experimenting, safety appliances, Xc. 

The experiments in question, we see from Glick 
Auf of April 18, were made at the experimental 
impregnation plant of the Riitgerswerke A.-G., at 
Stendal, under the superintendence of Messrs. 
O. Dobbelstein, of Essen, and Weber, of Dort- 
mund. Pine-wood logs, 1.90 m. and 1.50 m. in 
length, 15 cm. or 16 cm. in diameter, were alone 
used, all being sound timber deprived of its bark. 
Having been stacked for some time, specimens for 
treatment by the various processes were selected 
by lot, and samples of the specimens kept for 
future reference. The impregnation was effected 
either by a vacuum process or simply by a dipping 
process. We will first deal with the vacuum 
process. 

The impregnation cylinder had a length of about 
11 ft. and a diameter of 3 ft. This cylinder was 
charged with timber and then evacuated as recom- 
winied by the manufacturers of the impregnation 
material under examination ; on an average a vacuum 
of about 650 mm. was maintained for an hour. The 
solution, preheated in a boiler up to 70 deg. and 
even 85 deg. Cent. (in the case of a tar oil), was then 
admitted into the cylinder and exposed in it to con- 
siderable pressure, sometimes amounting to more 
than seven atmospheres, for a period of one or two 
hours, or for only a fraction of an hour. The mate- 
rials tried were: Basilit (sodium fluoride and dinitro- 
phenolaniline); Bayer salt (sodium oxymercuri- 
chlorophenol and sodium sulphate); mercury silicate 
(sublimate, sodium silicate, ammonia); Gliickauf 
salt (nitrated phenols); Viczsal salt (copper and zinc 
salts, ammonia, phenol, creosote); Riiping tar oil of 
the Riitgerswerke. Although the prices of the 
diverse materials are very unecual, the total 
estimated costs of the treatments, including labour, 
steam, &c., did not differ so very much, the esti- 
mates ranging from 3.50 to 9.30 marks per cub. 
metre of wood impregnated ; the tar oil, by far the 
cheapest material tried, could be applied at the 
average price of 5 marks; the Bayer salt and 
Gliickauf salt appeared to be the least expensive 
in certain concentrations. 

In the second series of experiments the timber 
was merely di into the dissolved and sometimes 
heated material. Most of there processes were 


* See ENGINEERING, vol. xc., pages 11, 43, 711. 


far less expensive than the vacuum impregnation. 
Yet the cost of the kyanising process (named after 
the inventor, Howard Kyan), treatment with sub- 
limate, was estimated at 6.40 marks per cub. metre 
of wood—that is, higher than the average cost of 
the former processes. Another mercury salt treat- 
ment, making use of the already-mentioned mercury 
silicate, could be applied at about half that expense, 
3.86 marks. Direct impregnation with hot tar oil 
(the tar oil is that used by the Prussian State 
Railways) and cruscophenol (tar oil with 10 per 
cent. of cresol soluble in water) cost 1.22 and 2.22 
marks ; whilst the cost of applying mykantin 
(sodium dinitrophenol and sodium sulphite), sodium 
silicate, and a mixture of sodium silicate and lime, 
was calculated at 0.83, 0.88, and 0.77 mark per 
cubic metre respectively. 

The latter processes were thus very much more 
economical than the soaking in mercury salts, 
which, moreover, required five days instead of a 
few hours. But the estimates are, of course, very 
uncertain, for the additional reason that the exact 
mode of procedure recommended by the respective 
firms could not always be observed. To arrive at 
comparative figures of merit we shall have to wait 
for the results of the periodical examinations which 
are to follow. Yet the particulars now offered have 
itheir interest. 





WAGES ON THE PRUSSIAN-HESSIAN 
| RAILWAYS. 

Tue Prussian-Hessian Railway Combine is the 
largest employer of labour in Germany, inasmuch 
as its employees number about 350,000 men, and 
the wages paid during a year amount to some 
22,500,000. A new wage system for all these men 
came into operation on A ri 1 of the present year. 
The system in question had been under contem- 
plation for several years past, the object being to 
secure greater simplification. Hitherto all the 
different railway boards, including the central rail- 
way office, had their own separate wage arrange- 
ment for their respective districts, there being 
22 different wages arrangements, and a number 
of separate rules, which often caused inconvenience. 
The new regulations do not fix the actual amount 
of wages to be paid. This is left to the individual 
railway boards, which are to publish the different 
rates of wages in their respective district in a 
special table, but they lay down the general rules 
to govern the fixing of the rates of wages. 

A sliding-scale of wages has been drawn up 
according to the age of the man seeking employ- 
ment, commencing with the completion of his 
eighteenth year. When an employee is engaged, on 
entering upon his nineteenth year he will receive the 
first wage fixed for everydistrict. The wage increases 
by degrees according to the time of employment, a 
fixed maximum being reached after twenty years 
for the artisan, after 15 years for the skilled work- 
men employed in the main and auxiliary work- 
shops, and after 12 years of employment for all 
other workmen. The higher limit fixed for the 
first two classes of employees is accounted for by 
the fact that their skill and efficiency continues 
increasing after the twelfth year. e increase 
in wages takes place automatically, but excep- 
tionally able employees can be promoted into a 
higher class prior to the year fixed by the 
regulations, and, on the other hand, the rise in 
wages can be withheld from idle or careless 
hands. Employees who enter the railway service 
before having done their military service have 
the advantage of the time spent as soldiers 
being reckoned as service under the railway when 
they apply for re-employment in due course. Suit- 
able employment outside the railway service—i.e., 
in work which perfects and trains the man in the 
desired direction—can also benefit the employee on 
entering the railway service by raising him to a 
higher scale of wage. 

“Duldes the regular wage paid for the work of a 
fully able man, additional remuneration can be 
earned for special work. Such additional remunera- 
tion is fixed irrespective of employment, age, and 
locality. Further special rewards in money can be 

id in numerous cases, when an employee has 
distinguished himself in some way or other. 

Although the daily-wage system is mostly in 
force on the railway, piece-work prevails for certain 
classes of labour, such as the loadi 
of coal, cleaning of engines and Ke 
also for work carried out in the main and auxiliary 
| workshops. Asa result of manifold complaints, a 


and unloading 








piece-work payment scale was introduced in the 
workshops about a year ago, and this has now been 
applied to all work done by piece. Piece-time rates 
have been tabulated to this end. These piece-time 
rates have been arrived at by tests, in which the 
capacity of several workmen has been av: . The 
man employed on piece-work obtains the basis 
wage susatiliog to the wage-scale, and if he com- 
pletes the work in a shorter time than that 
allotted, he receives additional pay for the time 
gained. Without excessive exertion a diligent 
man is able to obtain extra pay, since a fifth of the 
time generally taken had been added to form the 
time-rate. e new regulations also contain a 
number of additional rules for Sunday and over- 
time, &c. 

The daily wages paid to the men in the employ- 
ment of the railway system in question averaged 
for all classes per day :— 


1908 ia ie 3.24 marks, or about 3s. 3d. 
1909 a 2 3.27 * he 3s. 3d. 
1910 sis ws 3.39 ‘ “i 3s. 4d. 
eae bed 3.51 ie oo 3s. 6d. 
1912 il ‘ 3.72 i é 3s. 8d. 


Since 1895 the average daily wage has risen 
1.33 marks, or about 1s. 4d. The wages for a 
day’s work during the year 1912 averaged as under: 


Helpers in lower workshop ser- 4.44 marks, or 
vice and their foremen about 4s. 5d. 
Artisan in workshop— 
Time wage ne 4.87 marks, or 
} about 4s. 9d. 
Piece wage 5.48 marks, or 
about 5s. 6d. 
Artisan-trained workshop workmen— 
Time wage a ne fa 4.34 marks, or 
i about 4s. 4d. 
Piece wage i 5.05 marks, or 
about 5s. 1d. 
Other workshop hands, includ- 
ing the store workmen en- 
gaged in workshops — 
Time wage 3.73 marks, or 
: about 3s. 8d. 
Piece wage 4.49 marks, or 
about 4s. 6d. 
Workshop apprentices... 1.14 marks, or 
about 1s. 2d. 





THE LATE MR. ROBERT KAYE GRAY. 

Tue news of the death of Mr. Robert Kaye Gray 
will spread profound regret among a wide circle of 
friends and acquaintances. One could not come 
in contact with this striking personality without 
being impressed with his genial, dignified bearing, 
and closer acquaintance only intensified the im- 
pression of his kindliness, refinement, ability and 
genuine modesty. The Institution of Electrical 
Engineers never had a more thoroughly respected 
President, and could not have more worthily 
been represented at the Gilbert Centenary cele- 
brated at Colchester, the International Tele- 
graph Conference of London, the St. Louis 
International Exhibition and Electrical Con- 
gress, and other events which fell in his term of 
office, in the years 1903 and 1904. The electrical 
profession knew him as an able telegraph engineer 
who had done a great deal. of early work on cable 
steamers, and a conscientious and successful busi- 
ness manager ; he was widely interested in every- 
— directly or indirectly connected with elec- 
tri engineering and with technical education 
in general ; he was a generous donor to scientific 
institutions and researches, and many hospitals 
and many sufferers will lament the passing away, 
from heart failure, of a man whose heart was so 
easily moved by all distress. 

Robert Kaye Gray was born in Scotland on 
June 11, 1851; June was a momentous month 
in the Gray family, two of his brothers being 
born in the same month, the one on the 9th the 
other on the 13th. He had his first schooling at 
Greenock ; in 1865 he entered University College 
School, London, and then poe into University 
College, where so many electricians of the older 
generation were trained. When he became assistant 
to Charles Bright, in 1870, he had already worked 
in Paris, and his knowledge of the French language 
and French practice was useful when the submarine 
cable from Gravelines to Bordeaux was laid during 
the time of the Franco-German War of 1870-71. 
This cable was laid by the India-Rubber, Gutta- 
Percha, and Tel h Works Company, of Silver- 
town, under his father, Mr. Mathew Gray, whom 


he later followed as managing director. Meanwhile 
| he had seen service in many foreign countries. In 
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1872 he was electrician-in-chief when the Direct 
Spanish Company’s cable was laid from the Lizard 
to Bilbao, and when the French Company joined 
Marseilles to Algiers by a cable. In 1874 he was 
engaged in similar work on the coast of South 
America, when Valparaiso, in Chili, and Callao, the 
port of Lima, in Peru, were connected by a cable. 
He superintended the laying of other cables for 
South American, Mexican, and Spanish companies 
in the years 1882 to 1884, after the French Govern- 
ment had called for two further cables between 
Marseilles and Algiers in the years 1879 and 
1880. 

The Institution of Electrical Engineers was natu- 
rally anxious to elect as President a man of such 
wide experience, and so popular, in spite of his 
retiring disposition; but it was much more easy 
to induce Robert Gray to give and to help than to 
accept honours. His duties as President were all 
the more arduous, because Mr. McMillan, the 
secretary of the Institution, died suddenly during 
his presidency. Yet he was a member of the 
Engineering Standards Committee and chairman 
of the Section of that body on the Conductivity 
of Copper; he was a member of the General 
Board of the National Physical Laboratory, and 
for some time on the executive of this Institu- 
tion. Two years ago the Executive Committee of 
Imperial Science and Technology elected him its 
chairman. Under his leadership the famous Silver- 
town Works expanded more and more, and the 
company continues to occupy a commanding posi- 
tion in this industry, although formidable rivals 
have arisen both here and abroad. His business 
relations made him also a director of several of the 
other cable companies mentioned, in whose service 
he had done work in his younger days, the 
Spanish National Telegraph Company, the Cuba 
Submarine, the South American, and the West 
African Cable Companies. In 1913 failing health 
forced him to resign his~ position as managing 
director in the Silvertown Company. He was 
appointed an extraordinary director, and his two 
brothers, Messrs. C. H. and W. E. Gray, succeeded 
him as managing directors. Early this year he 
retired altogether from business, in the hope of 
recruiting his health. He left Lessness Park, 
Abbey Wood, Kent, where he had been residing, 
together with a sister and a brother, and took up 
his abode in Brighton. But rest: came too late ; 
his strenuous life had enfeebled him. It had for 
some time been recognised that he was sinking, 
when he died at Brighton on April 28. He was a 
man of noble character, ill to be spared. 





NOTES. 
Extensive Worktne or THE Grove MINEs, 
Norway. 

NEGOTIATIONS are at present going on between 
Mr. 8. Kyde, on behalf of the Groug Mines, and 
the Norwegian State concerning an acceleration in 
the construction of the Namsos-Fosmoen section 
of the great Nordland railway to provide for an ex- 
tensive transport of ore from these mines. It is pro- 

ed to carry ore of a minimum value of 5,500,0001. 
in the course of twenty-five years over this section, 
a distance of some 67 miles. For this purpose, the 
railway scheme of 1908 will have to be deviated 
from, as was the case with the Telemark line, the 
building of which was decided upon last year. The 
Groug Mines will guarantee a traffic which will not 
only cover all working expenses, but also part 
interest on cost. The Groug Mines, the magnitude 
of which is only beginning to be realised, com- 
prise three main deposits, the Gjersviken, the 
loma, and the Skorovas deposits. The latter of 
these is the least well known, and further surveys 
are to take place, but from the two former the 
export can be guaranteed to comprise large quanti- 
ties of different kinds of ore. Over 200 analyses 
have been undertaken of ore from Gjersviken, and 
they have shown an ave of 42 per cent. of 
sulphur, 2.2 per cent. of copper, and 0.4 cent. 
of zinc, besides arsenic and selenium, which two 
latter a. however, are of no commercial 
value. e Ioma deposits cover a very 
area, and are pronounced by experts to be 
beyond comparison the largest area of sulphur ore 
known. Above a depth of 100 metres there are 
6,000,000 tons, and below this depth presumably a 
much larger quantity. The Ioma deposits contain 
40 to 50 per cent. sulphur, but only 7, to 4 per 
cent. of copper, which means that the copper in 
this case is of no commercial value ; portions, how- 





ever, contain as much as 2 per cent. copper, and 
even more. The ore has been valued at 25s. 6d. per 
ton for the former, and 14s. 6d. per ton for the latter 
in Norwegian ports. The expenses are calculated 
at 9s. per ton at Gjersviken and 5s. 6d. per ton 
at Ioma, including amortisation, 220,0001. being 
calculated for the entire installation and plant 
The freight to a Norwegian port will be about 
4s. 6d. per ton, and the net profits may be 
put at 1,000,000/., or, perhaps, as much as 
2,000,000/. in the course of twenty years. Several 
alternatives as regards the transport have been 
under consideration. The company has already 
secured a concession for a rope railway to the 
Bindalen, the concession to remain in force until 
five years after the Nordland Railway has been 
ready over the section, a period which would 
be of importance in this connection, and not 
terminate in any case before 1928. This plan 
has the drawback that it limits the transport 
capacity, whilst a railway offers unlimited scope, 
so to speak, and a ter reliability in work- 
ing. Secondly, a railway from Namsos to the 
Gréndal river, with a branch line to the mines. 
This line will cost some 1,100,0001., and will suit 
the mines very well, but not prove so advantageous 
for the State. The main line will be about 55 
miles, the branch line a mile or two shorter ; and 
this long branch line is likely to prove disadvan- 
tageous. Finally, there is the Namsos-Fosmoen 
railway scheme, with a rope-line to the mines. 
This project, which is being ably advocated, will 
entail an outlay of barely 1,000,000/. as far as the 
railway goes, and later on, when the Ioma deposits 
have been further examined, a branch line can be 
constructed to this locality. This latter plan may 
be brought before the Legislature during the 
present session. 


INTERNATIONAL STANDARD OF RESISTANCE 
FOR CopPER. 


The need of a resistance standard for copper, 
the chief conductor of the electrician, was felt as 
soon as the question of standards was seriously 
discussed. When the British Association Electrical 
Standards Committee took up the question early in 
the ’sixties, Matthiessen’s work, done on behalf of 
the Committee, on the resistances and the tem- 
perature coefficients of copper and other metals 
and alloys, was the most thorough available, and 
his standard for annealed copper was adopted by 
the British Association. There was, however, 
some uncertainty as to the interpretation of 
Matthiessen’s work ; other investigators arrived at 
slightly different values, and hence there wasa lack 
of uniformity as to the standards accepted by diffe- 
rent countries. In course of time it was found, 
moreover, that more thoroughly purified copper than 
Matthiessen had had at his disposal had a conduc- 
tivity of more than 100 per cent. on the Matthiessen 
scale, and no international agreement as to a copper 
standard was therefore arrived at, although the 
International Electrical Congress at Chicago dis- 
cussed a proposal to this effect. In the year 1911, 
however, the Bureau of Standards at Washing- 
ton, on the initiative of the American Institute 
of Electrical Engineers, resumed the investigation 
of the conductivity of copper, the work being in 
the hands of J. H. Dellinger and F. A. Wolff, 
and the other national testing institutions engaged 
in similar researches. A special committee of the 
International Electrotechnical Commission con- 
sidered the matter in 1912, at Paris, and the plenary 
meeting of this body, held in Berlin, in September, 
at which twenty-four nations were represented, 
finally ratified the recommendations as presented 
by Dr. E. Warburg, President of the Reichsan- 
stalt. These recommendations for standard an- 
nealed and for commercial annealed copper are 

rinted in Publication 28 of the International 
lectrotechnical Commission, just issued from the 
office of the Secretary-General of this body at 28, 
Victoria-street, Westminster. This paper proposes 
that the following shall be taken as norma! values. 
I. For standard annealed copper :—(1) At a tem- 
perature of 20 deg. Cent. (which is also the 
temperature stipulated for the other rules) the 
resistance of a wire of standard annealed copper, 
1 metre in length, 1 sq. mm. uniform section, is 
1/58 ohm 0.01741 .. . ohm; (2) the density 
of this copper is 8.89 grammes _— cubic centi- 
metre ; (3) the temperature coefficient of resist- 
ance of this copper, at constant mass, measured 
between two potential points rigidly fixed to the 
wire, is 0.00393 = 1/254.45 per deg. Cent.; (4) 





from (1) and (2) it follows that the resistance of a 
wire of uniform section, 1 metre in length and 
weighing 1 gramme, is (1/58) x 8.89=0.1528 ohm. 
Il. As regards commercial copper :—(1) The conduc- 
tivity is to be expressed as a percentage at 20 deg. 
Cent. of that of standard annealed copper, and is 
to be given to approximately 0.1 per cent. ; (2) the 
conductivity is to be calculated on the followin 

assumptions :—(a) The bse pari at which 
measurements are made not differ by more 
than + 10 deg. Cent. from 20 deg.; (b) the resistance 
of a wire of commercial copper, 1 metre in length 
and 1 sq. mm. in section, increases by 0. 

ohm per deg. Cent.; (c) the resistance of a wire of 
the same copper, 1 metre in length and 1 gramme 
in mass, increases by 0.00060 ohm per deg. Cent.; 
(d) the density of commercial annealed copper is 
8.89 grammes per cubic centimetre. The paper indi- 
cates how calculations are to be performed to find 
the resistance (R) of a wire of mass(m) in grammes 
having a length of ! metres. The density of com- 
mercial copper of standard conductivity might, it 
is pointed out, differ by 0.5 per cent., and the 
temperature coefficient by 1 per cent. from that of 
the standard, but within the limits indicated in 
(II.) those differences would not affect the re- 
sistance as long as the calculations were only 
carried to four significant figures. The values for 
standard annealed copper, it is added, would be 
consistent with the following physical constants, 
all at 0 deg. Cent. in this instance :—Density, 8.90; 
coefficient of linear expansion per deg. Cent., 
0.000017 ;_ resistivity in michrom - centimetres, 
1.5881 ; coefficient of variation of volume resistivity 
per deg. Cent., 0.004282 ; coefficient of variation of 
resistance at constant mass, 0.004265 = 1/234.45. 





INTERNATIONAL WRATHER - CHARTS.—In accordance 
with the resolutions approved by the International 
Meteorological Committee in Rome last year some 
important changes will be made in the meteorological 
telegraphic code from May 1—that is to say, trom 
to-day. The most striking change will be that the 
barometer readings will be given in ‘ bars,” instead of 
in inches or in centimetres. In the c.g.s. system the 
dyne is the unit of force or of preesure per square centi- 
metre. The dyne unit is very small ; if force is measured 


by weight, 1 dyne is only | of « gramme, or about ,}, 


mme. The megadyne or “ bar” has hence been in use 
or certain calculations; this unit is too large for air- 
pressure measurements, however, and the weather-charts 
will record ——— pues in centibars and milli- 
bars, expressing the hundredth and the thousandth part 
of a bar. The innovation will facilitate calculations made 
in connection with observations at great heights and 
observations concerning aircraft. Rainfalls are hence- 
forth to be given in millimetres, and wind forces on the 
Beaufort scale. 





“*Tue ARCHITECT AND STRUCTURAL ENGINEERING.” — 
A paper having the above title was read at the forty- 
ninth ordinary general meeting of the Concrete Institute, 
on Thursday, April 23. In the course of his remarks the 
author said that an architect was necessarily a structural 
engineer, with the addition of the artistic sense and skill 
to clothe the structural forms with beauty of line and 
contour, and to arrange mass and void into one harmonious 
whole. Structural engineering included not only steel- 
work used in buildings, but also all forms of construction, 
whether in brick, stone, timber, or concrete ; in designin 
buildings and other structures the architect was call 
upon, not only to exercise his artistic ability, but also to 
plan and arrange the various materials to carry safely, in 
addition to their own weight, all superimpored loads and 
external forces. It was, he added, the architect and the 
architect alone who should determine the position of all 
main girders, stanchions, and supports. Much stress had 
been laid, he stated, upon the question of whether the 
steel-work should be designed and quantities taken out by 
the consulting engineer before being sent to the construc- 
tional firms for estimatee, or whether these firms should 
be allowed to do the calculations themselves. For contracts 
involving a large amount of steel-work of a complicated 
character, the author agreed that a consulting engineer 
should be appointed by the architect, but there were many 
smaller works where this was not necessary, nor would 
the outlay on the building work warrant the expense 
incurred. It was quite meme 4 iven certain condi- 
tions, for the architect to send Saute to several 
firms of engineers and let them make their own calcula- 
tions and quantities. After detailing the information to 
be given to engineers when obtaining estimates, and 
dealing at length with floor loads, the checking of esti- 
mates, and designs, &c., the author uttered a warning 
against using breeze for floors. There wasa great danger 
of expansion ; he knew of several cases where this o 
occurred, resulting in the pushing back of walls several 
inches out of the upright. There was also a corrosive 
action between concrete and steel, which in time might 
endanger the stability of the floor. The modern architect 
had to be a man of many parts, a jack-of-all-trades—a 
bricklayer, mason, carpenter, joiner, plumber, and painter, 
always an artist, often a lawyer, and last, but not least, 
a structural engineer, 
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THE LATE MR. WALTHER FELD. 


WALTHER FELD, one of the most original and able 
chemists of his time, to whom cal chemistry 
owes the theoretical and solutions of many 


practical 
important problems, died at the of fifty-two years, 
at Linz, = ihe 15th ult., ieee & dea i, Linz 
is situated on the right bank of the Rhine, between 
Coblenz and Bonn. Neuwied, his native place, lies a 
little higher up the Rhine than Linz. The whole 
district is volcanic ; the Maare, or lakes of the Eifel 
Mountains, are ancient craters ; the Brohltal supplies 
® famous tuffa, and the waters from the many hot and 
cold springs are ch with carbon dioxide. Thus 


Nature attracted young Feld more than school ; the | Pos! 


boy of fifteen ran away from home—hijs father was a 
physician of standing—and roamed about the world for 
two years. When he returned he worked hard to pre- 
pare himself for the university. He studied chemistry 
at Ziirich, Miinchen, Leipzig, and Berlin, and soon 
made a name as a writer and worker. Having 
patented a successful process for manufacturing 
silicon bronze, he turned his attention to the 
utilisation of the deposits of weed 


amen and of the carbon dioxide springs near his 


ome. Barium compounds, the carbonate and hydrate Mr 


in particular, were then hardly more than pharma- 
ceutical preparations, and to start his works at 
Hénningen, on the Rhine, Feld had to overcome the 
opposition of the wine-growers, who ran objected 
to smoke and fumes of acid and of sulphuretted 
hy . In 1894 the manufacture of barium oxide 
and of peroxide, now so important, was taken - 
The conversion of sulphuretted hy into sul- 
phurous and sulphuric acids led him to investigate the 
recovery of Laming’s mass, the mixture of iron sul- 
phate, lime and sawdust, used for binding the sulphur- 
etted hydrogen and cyan in oe gas. He 
finally solved the difficult problem of simultaneously 
extracting both the ammonia and the sulphur from 
illuminating gas and coke-oven gas, without having to 
buy sulphur bape for making the sulphuric acid 
requi to bind the ammonia. He washed the gases 
with solution of ammonium es at first he 
tried iron polythionate as absorbent, but the adop- 
tion of the ammonium polythionate simplified the 
process materially. In these researches he was, of 
course, troubled by the gas-tar, and it 

to him to absorb the different constituents of tar by 
the aid of several solvents (oils), acting at gradually- 
lowered temperatures, instead of condensing the whole 
tar by cooling and separating it into its constituents 
by subsequent heating. This systematic a 
condensation di with the expensive stills, 

as the condensations take place at temperatures above 
the dew point of the water vapour, little water, and 
thus also little ammonia, is condensed ther with 
the tar. This process was worked out in the coke 
works of the Gute-Hoffnungs-Hiitte at Sterkrade ; the 
final new plant was to be started in a few weeks, 
when Feld died, generally respected as a man and as 
@ scientist. 





‘**COMPETITIVE TRIALS OF MOTOR FIRE- 
ENGINES.” 


To THe Epitor or ENGINEERING. 

Srr,— Please allow us to refer to your criticisms of this 
report, in which you state that the Edinburgh Ln has 
high walk enuckaa ‘high oes i he Least 

igh s com with one at high s) in 
agen We think we may be allowed to call attention to 
the fact that all centrifugal pumps at present fitted on 
motor fire-engines rely on a reciproca air - pump 
running at a high speed to charge the centri mp. 

Our experience is that this is the most delicate part of 


the pumping mechanism of any and we do 
not consider that a centrifugal —_— ona 
reciprocating pump can properly credi with the 
virtues sometimes claimed for a pump with a rotary 
motion. 

We are, yours faithfully, 


MEERYWEATHER AND Sons, LimiTep. 
Greenwich-road, London, S.E., April 28, 1914. 





Tue Norweoian State anp Its Warer-Powser.— 
Some dissatisfaction exists in Norway with the lack of 
enterprise on the of the State in the matter of ex- 
ploiting its wa! Since 1894 the Norwegian State 

s bought waterfalls for 2,200,000 kr., and owns now 
thirty-one waterfalls, with an te of 150,000 natural 
horse-power, and 750,000 horse-power. None 
of wever, has been exploited, not a single 
railway has yet been electrified. The matter came up 
discussion in the Storthing the other day, when the 
Minister for Public Works had to listen to a fair amount 
of unfavourable criticism. The opinion was expressed 
that the State not only ought to accelerate its work of 
exploitation of waterfalls generally, but that it ought to 
act as a pioneer for private initiative. It is more espe- 
cially the large Nore Falls which ought to be exploited, 
and the Government is or the 


spar (barium sul- | H 





THE NOMENCLATURE OF ALLOYS. 
First Report of the a the Nomenclature of 


ider the question of the 
ture of alloys, as raised in a paper, ‘‘ A Note on 
the Nomenclature of Alloys,” <— => 3. 
at the annual general meeting of the tute of Metals, 
in on January 17, 1912, was appointed by 
resolution of the Council of the Institute of Metals on 
April 24, 1912. It was decided that the Committee should 
consist of eight members inted by the Council as 
representing the Institute of 


of allied societies and institutions should be invited to 
nominate tatives on the Committee. The com- 
ition of Committee, as finally appointed, is con- 
stituted as follows 

Institute of Metals: Dr. W. Rosenhain, F.R.S. (Chair- 
man); Mr. G. A. Boeddicker, Dr. C. H. , Engineer 
Rear-Admiral G. G. Goodwin, R.N., Mr. G. Hughes, 
Sir Gerard Muntz, Bart., Mr. A. E. Seaton, and 

i eee Ot Rise cal Engineers: Mr. W. M 

nstitution tri i : Mr. W. Murray 
Morrison. 


Institution of Mechanical Engineers: Mr. George 


ughes. 

Institution of Naval Architects: Sir W. E. Smith, C.B. 
Institution of Engi and Shipbuilders in Scotland : 
. Alexander Cleg aa : . 
North-East Coast Institution of Engineers and Ship- 

builders: The Hon. Sir C. A. Parsons, K.O.B., F.R.S. 


Society of Chemical Industry: Professor W. R. 
Hodgkinson, Ph.D., M.A., F.R.S.E. 

Some considerable time elapsed before the ta- 
tion of allied societies on the Committee could be com- 


pleted, and the fully-constituted Committee were not 
able to hold their first peaeins until May 21,1913. Since 
ghen the Committee have held four meetings, and have 
also carried on their work by correspondence. Asa result 
of these labours the Committee are now in a position to 
present a first re; embodying ir first series of 


that the counoils | allo: 


[May 1, 1914. 
names. In order to accomplish this in a satisf 
ag ay eye gegen ee nd it desirable to establi 
in 


place a rational or systematic nomenclature 
based upon some com general principle. Such a 
system of nomenclature would probably be too cumber- 

use, and depart too widely from 
usage to be satisfactorily employed for industrial 
purposes. Its main object, apart from pos- 
by scientific writers, is to serve as a basis for 
the definition of what may be called hay names.” 
The Committee have, in aimed at defining practical 
terms as simple abbreviations of the systematic names of 


ys. 

After much discussion the Committee arrived at the 
decision that the only principle of sufficiently wide 
applicability upon which they could base a rational or 
systematic nomenclature, was that of naming alloys 
according to their chemical composition by weight. 
Although there are cases of some difficulty even under 
this principle, the fact remains that every alloy 


ies of alloys are more universally dependent upon 
their chemical composition than upon any other single 
factor of general Hey 
The principle which the Committee have adopted for the 
construction of a system of nomenclature on the basis just 
indicated, is that of denoting any alloy by the names, in 
English, of = emaeee metals, placed in the order of 
increasing numerical importance from the point of view of 
chemical composition by weight. In adopting this order 
for the names of the component metals, the Committee 
have endeavoured to follow existing as closely as 
possible, although existing practice in this respect is not 
uniform. Thus “ -copper” follows the order 
adopted by the Committee, w **cupro-nickel” does 
not. As examples of what is implied by the —- 
adopted for the construction of systematic names for 
alloys, a few instances may be useful, in which the 
approximate composition of some typical alloys is stated, 
together with the corresponding ‘‘ systematic ” name :— 


Seeneeatetens on subject of the nomenclature of Composition of Alloy. Syst tia 
ake Cae, ot fe, tet tlly nage the | Mesa? Pr Sent OO, TP, coop 
wedadty, of seers soar So tke macng of shoge |e, per onk sna par cooks 

The Committee wish srticularly to emphasise that they Fes arid 70 re ie ie Tin-zinc-copper 
have not approached this matter in any academic 6, im, 5 per cent.; copper, 


but have endeavoured to bear in mind, in the first 

the needs of industry and commerce. Had they merely 
wished to draw up a system of nomenclature for the use 
of scientific men their task would have been much easier, 
sinoe tical and commercial considerations are respon- 
sible for the more serious difficulties to be overcome in 
this matter. 

manne aly poserel eubatten Gt em af Concent 
possess any power orciag the use system 
nomenclature which they desire to eon wg 
other existing practice is so confusing t 
majority of alloy names as now used possess no rational 
meaning whatever, and the resulting confusion has led to 
disputes, and even to litigation. In these circumstances 
the Committee feel that a rational system of naming 
alloys will naturally commend itself both to practical men 
and to and investigators, so that ultimately such 
& system will find wide adoption, and may, as a matter of 
usage, by the formal support of the representa- 
tives of the leading technical societies of Great Britain, 
attain even to legal status. The Committee are thus 
—— not only to the difficulty of their task, but also 
to responsibility which attaches to their work. 

The Committee have from time to time received a very 
large number of suggestions, both from their own 
members and from outside, as to the method to be pursued 
in arrivi Los ae of —_ for alloys. It 
would u y lengthen this report eit’ to enumerate 
or to discuss these ul consideration of 
= such engyetene Rape al a the oe to 

t certain ng in conduct of their 
wok, These es be Eriefly stated as follow :— 

1, So far as names intended for use in industrial and 
commercial practice are concerned, it is desirable to 
adhere to existing names sanctioned by long usage as far 
as possible, provided that all such names can be so defined 
as to avoid all risk of confusion or ambiguity. 

2 coining of new names or the adoption of recently 
—— in general use should be avoided as far 


as 
onal ge able Rae | pe om names 
ou onning use 0 tin or foreign names, 
“"These iotee ~ 9 little explanati bu 
princi ure li ex tion, t in 
sagend to (1) tee Committes denise te int out that, in 
view of the admitted existence of usion ambi- 
guity in the case of many names in current use, the 
ultimate abandonment or modification of some existing 
terms is unavoidable if the present state of affairs is to 
So Sapeaven. Obich wight teen 
change which might ve 
cial relations should ya ny 


however, that any 
isturbing to commer- 


avoided. 
From the —— down above it follows that the 
task before the ittee resolved itself into that of 
framing rational definitions of the more widely used alloy 


* Report submitted to the Institute of Metals at the 
meeting held on March 18, 1914. 








Aluminium-copper 


Copper, 3 per cent.; aluminium, 97 
Tin, 32 per cent.; lead, 68 per cent. 

It will be seen that although this system is perfectly 
simple and rational, this simplicity is puennemed by a 
considerable degree of cumbrousness when 8 of more 
than three metals are to be described. A difficulty also 
arises with to the question of impurities present in 
notable amount, and another obstacle is found in the case 
of — in — two or mye —_ are _—- in 
prac’ equal proportions. mmittee have con- 
sidered hon difficulties, and propose the following 
metheds of dealing with them :— 

1. Where an alloy consists of more than three metals, 
its systematic name shal] not, as a rule, contain more 
than the names of three metals present in the largest 
proportion by weight, but the presence of additional 
metals or elements shall be denoted by the prefix 
“‘comp.” or *‘complex.” If, however, an alloy of this 
kind contains an intentionally added element which, 
although present in small quantity, gives the alloy a 
distinctive character, that ent may be named first. 
To take an i inary example, if an alloy containing 
aluminium 75 per cent., tin 15 per cent., arsenic 4 per 
cent., cobalt 3 per cent., iron 2.75 per cent., and (say) 
indium 0.25 per cent., owed its (su ) special qualities 
to the ce of the last-named element, it would be 
—— as “indium — tin-aluminium.” This | 
obviously an imaginary case of a very extreme type, an 
is given merely to illustrate the principle. The resulting 
name is still decidedly cumbersome, but not too much so 
for the pu of a systematic nomenclature which is 
not intended for general practical use. 

2. As regards impurities tin notable quantities, 
the ——— the ae -_ since the 
question wing up specifications for prope 
composition of alloys lies outside their province, and ia, 
moreover, gov by entirely different considerations 
and itions, the present mittee cannot lay down 
apy rules as to the quantities of “impurities” which may 
be admitted without reference in the name of the alloy. 

standard specifications are available this point will 
be automatically decided. Meanwhile the Committee 
recommend that in the systematic names as here defined 
reference should be made to all elements whose presence 


Co -aluminium 
Tin lead 


which contain two or more 

y equal, quanti the Com- 
the principle should followed 
that where no numerical preponderance is established 
the metals should pede | in alphabetical order. 
_ Having thue establi what they believe to be as 
simple and rational a system of names as any that could 
be de in the circumstances, the Committee have 
i i te- 
I ordinary names of 8 
intended for everyday usage. The principle which 
Committee have adopted is that of defining a few of the 
best-known and most widely-used terms simply as definite 
abbreviations or contractions for certain names or groups 
of names in the systematic nomenclature. 

The Committee re the first instance, confined 
their attention to the ys of copper, the terms first 
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defined on this basis are ‘‘ brass” and ‘‘bronze.” The 
definitions recommended and adopted by the Committee 
are as follow :— 

Brass.—The term ‘‘ brass” is to be used as an abbrevia- 
tion of the words ‘‘zinc-copper,” as employed in the 
systematic nomenclature. us when the word *‘ brass” 

one is employed it shall denote an alloy of zinc and 
copper only, containing more copper than zinc—‘.¢., con- 
taining over 50 
containing a thi 
the name of the additional element shall be used as a 
prefix, precisely as in the systematic nomenclature. Thus 
an alloy containing tin 1 per cent., zinc 29 per cent., and 
copper 70 per cent., would be called ‘‘tin-brass.” If 
additional metals are present, their names may also be 
prefixed, or the general prefix ‘‘comp.” or “complex” 
may be used if it is not essential to mention the other 
elements specifically. 

Bronze.—The term “bronze” is to be used as an 
abbreviation of the words ‘tin-copper” as employed in 
the systematic nomenclature. Thus, when the word 
“bronze” alone is employed, it shall denote an alloy of 
tin and copper only, containing more cop — 
i.e., containing more than 50 per cent. of copper. The 
presence of one or more additional metals shall be denoted 
in the same manner as has been indicated above in the 


case of « » 

Tne Committee are not ve at the present stage of 
their work to recommend definitions of any further prac- 
tical terms, as further consideration is required for the 
framing of definitions relating to smaller and more 
strictly limited classes of alloys. But although the 
Committee thus only put forward definitions for two 
practical alloy names, yet those two represent by far the 
most widely used alloys, and the general adoption of 
the terms as thus defined would in itself do much to 
remedy the state of confusion which exists at the present 
time. The Committee therefore ex the that 
all those interested in the progress of the industries and 
sciences connected with metals will use their best endea- 
vours to support the work of the Committee. sdf 

Having laid down in the present report the principles 
upon which a systematic nomenclature of alloys can be 
established, and the method by which practical names 
can be defined in terms of that systematic nomenclature, 
the Committee hope that in their next report — one 
be in a position to put forward a considerable number of 
“* practical” names. 

Wa ter Roseyruain, Chairman. 

G. A. BorppIcKEr, ) 
ALEX. CLEGHORN, 
Crom H. Descu. 

G. G. Goopwin, 

W. R. E. Hopexrinson, 
Guorce Hueues, 

W. Mupray Morrison, 
Gerarp A. Mountz, 
Cuaries A. Parsons, 
A. E. SEaTon, 

W. E. Sirs, 

Tuomas TURNER, 








Cement In Germany.—In South Germany 

syndicate has been longed till 1925, and a syndicate 
has also been brought about for Central Germany. In 
Hanover negotiations about a closer combine promise a 
satisfactory result, and the syndicate in Silesia has also 
been prolonged. In Stettin, where there is no actual 
syndicate, the cement factories work in conjunction on 
the basis of a friendly arrangement. In Berlin the 
syndicate still holds a | for three years ; whether it can 
be prolonged until 1925 is still uncertain. The export 
business promises exceedingly well and may even be 
larger than last year. 





“Tue Manirosa Encinger ”—We have received a 
specimen copy of the Manitoba Engineer, a magazine 
issued by the Engineering Society of the University of 
Manitoba. The contents include, in addition to co! 
news, a very interesting series of articles, mainly by 
former students, — with constructional and other 
engineering work of kinds in a ye | still in 
the process of being broken to the needs of civilised 
man. It is interesting to note, from an article by 
Mr. McGillivray, Provincial Highway Commissioner, 
that there, as here, there is a road problem, but 
whilst in this country the difficulty lies mainly in 
the improvement of existing roads, in Manitoba there 
has to be added to this the problem of financing the 
construction of much new mileage. It that 
hitherto the work has mainly been qosemngiieked tyr the 
municipalities, but assistance is now procurable on certain 
terms from the Government of the province, under a 
recent Act passed with a view to establishing a system 
of through highways from east to west and from 
south of the province. Grants may also be made to 
municipalities for the construction of main and market 
roads, The administration is in the hands of a highways 
department, consisting of three commissioners, appointed 
by the Lieutenant-Governor in Council. The assistance 
given from the provincial treasury is two-thirds the cost 
in the case of roads forming part of a main highway, 
one-half the cost of roads within a municipality if of a 
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APPLICATION OF ELECTRICAL DRIVING 
TO EXISTING ROLLING-MILLS.* 
By Mr. L. Rorugra, B.Sc., of London. 

THE question of the application of electrical driving 
to existing rolling-mills is one which is of the greatest 
importance to a country such as this, where, toa very 
large extent, steel, iron, and other metal works have 
in existence for a considerable number of year, and 
where the question is, not the best method of putting up 
new works, but the best method of making an old works 
80 economical that it can compete successfully with those 
in other countries, which have only within a later period 
entered this field, and have, consequently, been able to 
SS eae — ns au 

su 0! can haps t 
with y aeidi it <e labe tue ute pod 
(I. The conditions which render the application of 
the electrical drive desirable. 
(II.) The method of application of the drive. 

Taking first the considerations which render the appli- 
cation desirable, there are a number of conditions, any 
one of which may prove the deciding factor in the em- 





mixture of the to drive gas-engines for ti 
shattele powss, smd ing the power thus obtained for 
driving the steel works t by electric motors. 


When 
it is realised that between two and three times the power 
is available from the so employed to that obtainable 
if the gas is burnt u boilers for the purpose of raising 
steam, the economy of this method is self-evident. 

The cost for power between this and the upper limit 
will vary very widely in accordance with the method of 
generating power, and in steel and iron works particularly 
the question must often be considered as to whether a 
central station in the works themselves, driven either by 
gas, live steam raised by hand-firing, steam raised 
wae peat. Fd er dere is not the most economical 
me’ obtain necessary electric power. 

The charges le by supply companies vary, natu- 
rally, within wide limite, depending largely on the size 
of the station. cost of coal, &c., and also on the nature of 
the demand for power—that is, whether ni ph 
on the 
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uantity of power required 
re for power in a steel works which has come to the 
author’s knowledge is about 0.33d. per unit, and the 


Fig.l. POWER~-DEMAND OF A SHEET MILL ORIVEN BY A GOO- H.R MOTOR. 
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Fig.2. RELATIVE FLOOR SPACE TAKEN UP BYA 
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ployment of electricity. Perhaps four such considerations 
are the most important—n y:— 

.1. Economy of running. 

2. Improved drive. 

3. Considerations of 

4. Greater use of outing ~~ 

Whilst it is quite possible that any one of the above 
considerations may in itself prove sufficient to warrant a 
change-over from a steam to an electrical drive, yet it is 
more often a combination of the four, together with other 
considerations not mentioned, which make the em 
— an electrical drive the only one to be consi 
when « change is necessary. 

1. Economy of Running.—Dealing first with the 
economy of running—that is, cost of power per ton 


statement to the effect that in every case the electrical 
drive will prove more economical than the steam drive, 
as this depends entirely on local conditions, which differ 
to such an extent that it is only possible in a paper such 
as this to indicate a few of the more important ones. 
Instancing some of these— ; 

The first main factor is the cost of electrical energy. 
This cost may vary within extremely wide limits, in some 
being as low as 0.1d. per Board of Trade unit, and 
in other cases rising up to 0.7d., or even more. The 
figure first mentioned, namely 0.1d. per unit, has been, 
and is being, obtained under certain conditions, which 
represent the most economical method at present known 
of using available facilities. The method referred to is the 


* Paper read before the Institution of Mechanical 
Engineers, April 24. 
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highest is in the neighbourhood of 1d. per unit. It is, of 
course, manifest that with the lower cost there is little, 
if any, advantage in putting down a central station in the 
neconery ~p og htt ER 
m is ava rom waste- i 
even w modern conditions of steam-turbine drive 
large central-station capacity, say, of 1000 kw. upwards, 
it is not possible to generate at a much lower figure than 
0.3d. per unit, this figure covering all charges, in- 
cluding interest and de iation, wages, oil, stores, &c., 
and no mill manager will want to be troubled with his 
own station when he can purchase power at practically 
the same cost from an outside source. When waste heat 
is available for raising steam, or exhaust steam can be 
ee the conditions are quite altered, as when the 
cost, which represents usually over one-half of the 
total cost of power generation, can be ignored, the cost 
of generation is so low that any works would be well 
advised to install their own generating t. 
_ The cost of driving by steam varies fairly considerably 
in different = of the country, depending on the cost 
of coal available, cost of water, labour, and other charges, 
but the fact that motors have been put down, even in 
cases where power has to be purchased at the highest 
price mentioned above, goes far to prove that either the 
cost of driving by steam is equal to, or greater than, the 
cost of driving by electricity, or that some of the con- 
ditions mentioned later have proved so weighty that the 
electrical drive has been judged the most satisfactory to 
employ. 
second factor on which the economy largely 
depends is the lay-out of the works. Let us consider 
the case of a works which originally started in a 
fairly small way, but which has ex very ly, 
in which the boiler plant has remained centralised. 
at natural effect ¢ this Bg T, number 
ong steam-pipe lines, acting of 
condensers, ond y a number of them iiesee 
considerably, this condensation and leakage taking — 
continuously, wh the i which the pipe li 
supply are working or not. conditions will, to a 
large extent. hold even in the case of a works where there 
are several boiler a, and = —— < coal used 
per year in making up for pipe-line was' is 
Oveey Saeey Dasa tS Be pase ous Sis. yes 
As inst this wasteful condition must be taken the 
economical method of electric-power transmission, which 
is carried out by small cables, which can be put up any- 
where quite out of the way, and in which no loss takes 
place the machines to which they convey er 
are not running, and in which only a small fraction of 
loss takes place when the i are running. an 








606 


ENGINEERING. 





[May 1, 1914. 








old works, moreover, there will be a large number of 
auxiliary machines driving shears, saws, punching- 
machines, &c., which are working under most un- 
economical conditions, being nearly in “7 case non- 
condensing, and often almost indistinguis able when 
ae due to the steam leakage taking place round 
them. 

Contrasting the case of a small motor-drive, where the 
efficiency is practically 88 per cent. and where power is 
being generated under the most economical conditions, 
the gain in economy is enormous, and it is now an 





Fig. 3. 


Fries. 3 anp 4. 150-Horse-Powrer Moror, WEIGHING 
44 Tons, Mountep UNDER Roor, anp Driving Down 


THROUGH Roprgs To THE Mut Betow. 


acknowledged fact that, under anything like reasonable 
conditions of electric-power cost, the auxiliary plant in a 
mill is much better driven by means of electric motors. 

A third factor is the class of work done. As is well 
known, the steam-engine, whilst efficient on steady con- 
tinuous load, becomes very inefficient on a widely fluc- 
tuating load. This is a condition which is not nearly so 
pronounced in the case of an electric-motor drive, due to 
the fact that the efficiency over a very wide range, say 
from half-load up to 100 per cent. overload, varies only 
to the extent of 2 or 3 per cent., whilst the steam con- 
sumption of an engine may vary as much as 7 to 9 per 
cent. When there is a considerable length of piping in 
conjunction with the engine the inefficiency in the latter 
case is more pronounced, as continual radiation losses are 
taking place from the pipe-line whether the engine is 
working or standing still. The amount of steam con- 
sumed per useful horse-power will be very materially 
increased through this source of loss. It may thus be 
generally stated that the greater the fluctuations in the 
load, the more advantageous the electrical drive appears. 
As the load on a rolling-mill is, in most cases, a very 
variable one, varying possibly from practically no-load te 
nearly 100 per cent. overload, the economy of the efficient 
electrical drive is apparent. 

As an instance of this, let us take the case of a sheet- 
mill where the average power demand, as is shown from 
Fig. 1, page 605, represents approximately one-third 
of the normal power of the motor, whilst the peak load 
represents practically 50 per cent. overload on the motor. 
This curve is an experimental one taken on a mill driven 
by a 600-horse-power motor when working under normal 
working conditions. Assuming the maximum overload 
which the engine would take to be 25 per cent., the 
normal horse- power of the engine would have to be 
chosen at 720 horse-power to deal with the peak loads, 
so that one-third load on the motor, namely, 200-horse- 
power, would represent only about 28 per cent. of the 
normal engine-power. The efficiency of the motor at 
one-third load would be approximately 4 per cent. less than 
at full load, whilst the steam consumption of the engine 
would be increased at least 12 per cent., not taking into 
account the losses in the pipe-line, which are consider- 
able, due to the fact that the steam-piping has to be 
designed of sufficient capacity to take the full rush of 
sveam to meet the overload condition on the engine. 

Under the question of economy must also be taken the 
cost of supervision of the running plant. In a large 
works where there are a number of engines the running 
and oiling of them becomes the task of a considerable 
number of men. This number can be very materially 
reduced where motor drives are employed, owing to the 
fact that, if properly designed, the motors will run for 
long periods without any attention whatever, and inspec- 
tion once a day is all that is necessary. One electrician 
to start up the plant in the morning, and to pay a perio- 
dical visit to the motors throughout the day, can deal 
with almost any number of machines. Contrast this 
with the necessity of one driver for each large engine, 
and a number of greasers for the small engines, and the 
saving to be effected per is very considerable. 

2. Improved Drive.—With regard to the question of 
improved drive, it is an undisputed fact that a steady 
uniform turning moment produces a better class of rolled 
material than is the case with a pulsating drive. Even 








under the best conditions of engine practice a consider- 


able variation in the turning moment is bound to occur, 
and in this respect the electric motor with its uniform 


noticeable with the motor drive is the faster working 


moment, there is not the same tendency for the rolls to 
fail to grip the metal._ Also, due to the overload capacity 
of the motor being in excess of that of an engine, the 
drop in speed whilst the metal is ing through the 
rolls is much less with the electric drive than with the 
steam drive, and, in fact, the amount of the drop can be 








constant torque is far superior. Another feature very | 


consequent on the fact that, with the even turning | 


maximum turning moment conditions which the motor 
would give. 

The effect of this increase in the size of the engine is 
to raise the normal horse-power as com with the 
average horse-power required, with resulting worse steam 
consumptions, as is clearly shown above. In addition 
larger steam-piping would be necessary to enable the full 
overload to be carried, which again would prove an in- 
creased source of loss. Another point in favour of the 
electrical drive is the ease of starting and stopping the 
plant, so that in many cases it is found practicable when 


Fic. 4. 





Fie. 5. View or tHe Four Mitts 


regulated at will in the former case; this results in a 
higher average speed of rolling and consequent increased 
output from the mill. Again, in rolling-mill work, 
one of the essentials of the drive is that of a good 
overload capacity. The modern electric motor will 
take a momentary k load up to 100 per cent. in 
excess of its normal load without any risk of injury, 
and is thus enabled to pull a piece of metal through 
the rolls when an engine of the same normal power 
would fail to do so, with consequent delay and loss on 
the mill. The effect of this property of the electric 
motor is that when making a comparison between the 
cost of an electrical, as compared with a steam drive, it 
is not fair to take into account the same size of the steam- 
engine and of motor. A larger normal horse-power of 





the steam-engine would be necessary to give the same 





Driven BY THE Motor sHowN IN Fic. 3. 


the mill is idle for short periods to shut the motor down, 
whereas it would not considered in the case of a 
steam-engine on account of the labour involved. A 
further feature, which is also in favour of the electrical 
drive, and the importance of which is perhaps only appre- 
ciated by those who are acquainted with the electrical 
drive, is the ease of determining the power demanded 
for every pass. Electrical instruments will show with 
great exactitude he demand for power at any moment, 
and it is possible by perhaps somewhat varying the 
draughting of the rolls, in accordance with these readings, 
materially to reduce the energy consumption per ton 
rolled. Such readings it is not possible to take in the 
case of a steam-engine drive without a great deal of 
trouble, with the result that serious losses may remain 
undetected. There is, moreover, the advantage that any 
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increase in the power taken to drive the mill light can be 
immediately detected with the electrical drive, and 
measures taken to remedy the defect producing such an 
increase. 

3. Consideration of Space.—This condition is, of course, 
of particular weight in the case of works situated in the 
centre of the town where it may be desired either to 
put down new mills, or to modify existing mills, to 
allow of larger operations being carried out. This con- 
dition is of such importance that, in many cases, it has 
been able to overcome the drawback of a heavy charge 
for power. When the size of a motor of moderate speed 
is taken and compared with the size of the engine of the 
same power, this advantage is very c'early seen. The 
illustration, Fig. 2, 605, shows the floor space taken 
up by an engine which gives a maximum horse. power of 
60, and superimposed to the same scale is shown the 
80-horse- power motor which is replacing the engine. 

Fig. 3, page 606, shows an arrangement which has been 
carried out in ths Birmingham district, where the 150- 
horse-power motor, weighing 44 tons, is mounted right 
up under the roof, driving down through ropes on to the 
mill below. Fig. 4 shows the drive on to the mills, and 
Fig. 5 a view of the four mills driven from this motor. 
This last view shows very clearly how full the works are, 


boilers. Taking steam evaporation from the furnaces at 
three times the weight of coal consumed, the steam 
raised from the furnaces would be 13,300,000 Ib. per 
month, and from the coal under the boilers, assum 
seven times evaporation, 4,240,000 lb.—that is, the tota 
quantity of steam per hour would be 30,000 lb. The 
whole of this steam is at present being employed in 
driving the above two engines, steam-hammers, and a 
few small auxiliary engines. 

Suppose it was proposed to replace the ines by an 
electrical drive, the problem is to find ou Chutes any 
economy would result. Under the above conditions of 
output, it can be taken that the total number of units 
to roll the tonnage mentioned would be approximately 
400 kw. per hour. In order to deal with this, and also 
the auxiliary plant, which would perhaps take 70 kw., a 
500-kw. turbine would be installed. The steam pressure 
raised in boilers above puddling furnaces is usually very 
low, about 40 Ib. per sq. in., and under these conditions 
a steam consumption of approximately 20.11b. perkilowatt- 
hour would be necessary—that is, the total quantity of 
steam required would be 10,500 Ib. per hour. The amount 
of steam produced from the waste-heat boilers alone is 





23,000 Ib., and taking the steam required for the hammers 





at 4000 Ib. per hour, there is left available no less than 


enough power to drive the roughing-mil! electrically. 
Whilst by oo the output of the mill may 
practically doubled, yet the drive will not be so econo- 
mical as it would be if the whole plant was driven elec- 
trically, due to the better steam consumption of a turbine 
driving a generating set, as com with that of a 
reversing steam-engine working under rolling-mill con- 
ditions, this better economy more than counterbalancing 
the losses due to the conversion of electrical ° 
The above conditions are, Ps, icularly ea 
able for the installation of electrical drive, but there are 
a very large number of considerations which come into 
p nee ae which must be very ae weighed before 
eciding that the electrical drive will not pay, even 
if the actual cost of electricity consumed per ton rolled 
is in excess of the corresponding steam cost ; for instance, 
the cost of maintenance on an electric motor is very much 
less than that of a steam-engine. The cost of supervision 
is also very much less. The reduction in the oil con- 
sumed annum is another item which must not be lost 
sight of, and in one particular case where electrical plant 
replaced steam drives, the reduction in the oil consumed 
was 80 per cent. When, in addition to the above advan- 
the absence of steam-pipes, with their cost of 
io wn UN and the cleanliness of the electric drive, are 
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and how important it is to save every square foot of 
space available. In this particular instance the doing 
away of the old beam-engine, and the replacing of it 
by the motor, saved a floor area of over 40 square yards, 
and this space has been fully utilised by the installation 
of additional machinery. 

Fig. 6, above, shows another drive in the Birmingham 
district, where a motor has been put down vo replace 
an engine-drive, and Fig. 7 shows another view, which 
gives a very clear idea as to the method of driving the 
eleven pairs of rolls which are worked from this motor. 
Fig. 8 shows the site of the old engine, the crank-shaft 
being where the coupling-box is seen in the engraving, 
and in this case an area of no less than 76 square yards 
was saved by the change-over. The motor is of 250-horse- 
power, running at 300 revolutions p2r minute. 

Figs. 9 and 10, page 608, show another arr ent 
which has been adopted in the Birmingham district, 
where two motors of 275 and 100 horse-power respectively 
have been installed for driving some sheet-mills. There 
was no space available on the ground level, and the 
result has been that the motors have been put in a pit 
below the floor and boarded over. The space is so re- 
stricted between the mills that the men actually work on 
the boards above the motors. A suitable gear-drive has 
been arranged, as can be seen by the illustration, between 
the motor and the mill. 

4. Power.—A case very often arises where a 
mill manager is anxious to enlarge the power of his 
driving-engines, and the question then arises as to how 
this is to be done. Ina great many cases the amount of 
steam available would not be sufficient to allow of the 
installation of larger engines without expensive altera- 
tions to boiler plant, | it is in such a case that the 
installation of electrical plant can show ve 
Given below is an example based on actual figures illus- 
trating this point. The case is one of an ironworks 
where a proportion of the steam used is raised from 
waste-heat boilers over puddling furnaces, and the re- 
mainder of the steam required is raised by hand-firing. 
The _— may arise as to how— 

1. The hand-firing can be dispensed with, and 

2. An increased power obtained. : 

Let us assume that the works has four rolling-mills, 
consisting of a forge train, two merchant mills, and a 
sheet-mill. the mills being driven by two engines, one 
driving the forge and one merchant mill, the other 
driving the sheet-mill and the other merchant mill. 
Let us take an output of 30 tons of puddled bars from 
the forge train, 18 tons of flats, rounds, &c.. per turn 
from the merchant mill attached to this engine, 8 tons 
per turn from the sheet-mill, and 12 tons of rounds 
from this merchant mill. In order to obtain the above 
output, a toval quantity of coal of approximately 1980 
tons per month would be us<d in the furnaces, and in addi- 
tion approximate'y 270 tons of coal under hand-fired 


favourably. 





sufficient steam to raise a further 400 kw., and at the same 
time to give a saving in hand-firing of 270 tons of coal per 
month. 

The above figures, which speak for themselves, and 
which are in no way enaggeeatet show conclusively how 
under such conditions by the installation of electrical 
plant an extremely large saving per annum can be made, 
and at the same time a very largely increased power ren- 
dered available from steam already existing. An actual 
instance of this is the case of an iron works where three 
of the main engines and all the auxiliaries were rep! 
by motors of very considerably increased power, and a 
central station was put down for supplying them. Since 
the electrification no fewer than eight hand-fired boilers 
have been permanently knocked off. 

Another interesting case to consider is that of a revers- 
ing-mill plant, in which the roughing and finishing-mills 
are driven from the same engine. Suppose it is desired 
to increase the output of the mill, a method of doing so 
is to divide the mill up, driving the finishing-mill and 
roughing-mill separately. Assuming that the question 
of capital cost renders the complete electrification of the 








mill impossible, then the existing engine can be retained 
‘for driving the finishing-mill, and under the usual con- 
ditions of merchant-mill work, the exhaust steam from | 
| the reversing-mill engine will be sufficient to generate 
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remembered, there are many cases where these advan- 
tages alone outweigh, perhaps, a slightly increased capital 
cost, or & power-consumption cost which would appear 
to be more than that of a steam-engine when taking into 
consideration alone the steam consumption of the engine. 
A point which should always be borne in mind is, that 
although an engine may be designed to be very econo- 
mical indeed on full load, yet the conditions of a rolling- 
mill are such that these conditions are tically never 
obtained, and the only fair method of comparing the 
electrical with the steam drive is to take, in the latter 
case, the cost of coal per annum and not the steam con- 
sumption of the engine, and contrast this with the power 
cost of the motor. 

The a is so wide that the above instances can be 
multiplied indefinitely, but perhaps sufficient has been 
said to show that in a vast number of cases, when every- 
thing is tsken into consideration, the electrical drive can 
more than hold its own in economy, certainty, and 
adaptability ; and when it is considered that in last 
five or six years more than two hundred mills have been 
driven electrically in this country, such drives covering 
every type of mill in use, the future appears to hold out 
~ O eaemae of the electrical drive displacing every 
other. 

Before passing on to the method of applying the drive, 





608 


ENGINEERING. 





[May I, 1914. 








it would wee be well to make a few remarks with 
regard to the advisability of using continuous current or 
three-phase current as source of power. This is a 
question which is fairly often settled by the conditions of 
supply prevailing in the district, but if it is a question of 
generating power in the works themselves, very careful 
cousideration must be given on account of a number of 
reasons. When looking into this question, the following 
factors must be considered :— 

1. The most suitable type and cost of the central. 
station plant. 

2. The cost of transmitting the power to the various 
points where it is —- 

3. The most suitable types of motors for the main 
drives ; the most suitable types of motors for the auxiliary 
drives. 

In the ease of a works lying closely around the central! 
station the capital cost involved by installing a three 
phase plant, or a cont current plant, would be 
apprommately the same, but should there be long dis 
tances to which considerable amounts of power have to 
be transmitted, then the extra cost of cable involved in 
the transmission of direct-current power will very 
much in excess of that of a high tension three- 
scheme, since in the former case a voltage higher than 
550 volts cannot be considered. The cost of the cables is 
thus very frequently the deciding factor as to whether 
three-phase or continuous current shall be employed 
throughout the works. As against this cost must be set 
the, perhaps, more satisfactory working of continuous- 
current machines for driving auxiliaries, such as live rolls, 
saws, or shears; but it must be pointed out that there 
are very many works equipped to-day with three-phase 
motors for these purposes which are giving every satis- 
faction. 

In the case of the main mil] drives the chief question 
in deciding the type of motor is as to whether a variable 
speed is required or not. If a variable speed is required, 
as in the case of merchant mills, then a continuous- 
current motor, which can have its s varied by means 
of shunt regulation of the field, is the simplest and best 
proposition for the purpose. If a constxnt speed only is 
required, as in the case of a sheet-mill, the disadvantages 
of the three-phase motor are not so great, although, even 
in such cases, it is very often a question as to whether 
the saving in efficiency, by putting in the continuous- 
current motor, does not outweigh the greater cheapness 
of the three-phase motor. This saving in efficiency ir 
due to a number of causes, which it is perhaps of interest 
to enter into. 

Take the case of a large sheet-mill which requires a 
motor of, say, 1000 or 1500 horse-power and a speed on 
the mill of 30 to 32 revolutions per minute. With a mil) 
of this sort a heavy fly-wheel of 100 to 150 tons would he 
necessary, running at the mill speed, in order to equalise 
the very heavy peak loads attendant on this class of 
work, and a fall in speed of at least 10 per cent. from 
no-load to full-load would be necessary, so that proper 
use can be made of the stored energy. 

Take now the case of a three-phase motor, it is almost 
impossible to build such a machine running at a speed of 
$2 revolutions per minute, on account of the very large 
number of poles which would necessarily be entailed, and 
even if such a machine were built, the power factor would 
be so bad that very few power companies would permit 
it to be connected to their mains. It would thus be 
necessary to put in a higher speed motor with some 
form of reduction transmission between the motor and 
the mill. 

In the case of a continuous-current motor, there is no 
difficulty attached to the building of a machine to run 
at this speed, so that in this case there is—firstly, a 
saving in the transmission losses, and secondly, a saving 
in slip-resistance losses. These latter losses occur in the 
case of the three phase motor due to the fact that the only 
method of reducing the speed of a plain induction motor 
is by inserting resistances in the rotor circuit, and th+ 
loss in these resistances is proportional to the fall in 
speed. To reduce the speed 10 aa! cent. on full-load, as 
is necessary to utilise beneficially the fly-wheel energy, a 
loss of 10 per cent. would occur in the resistances. On 
some tests which were taken on a sheet-mill it was found 
that the average loss due to the slip-resistance losses 
represented between 13 and 15 per cent. of the total 
energy consumed, and when to this loss is added the 
transmission loss, which may equal another 5 or 10 pe: 
cent., the advisability cf installing a direct-coupled 
continuous-current motor to such a mill must be very 
carefully weighed. 

This question of providing a variable speed on the 
drive is one which has led to the evolution of a large 
number of alternative methods of enabling a three-phase 
motor to work ata variable s without the serious loss 
in efficiency which occurs in the case of an ordinary three- 
phase induction motor. This, as mentioned above, can 
only have its speed varied by the insertion of resistances 
into the rotor circuit, which method involves a loss of 
power proportional to the fall in speed, that is, taking 
the case of a motor running witn & normal speed of say 
300 revolutions rE minute, there will be a lossin power 
and efficiency of 50 per cent. if the speed is reduced to 
150 revolutions per minute. The method employed has 
usually been the addition of an auxiliary piece of appa- 
ratus which modifies the existing three-phase motor and 
causes it to act more on the lines of a conti 
shunt-wound motor. 

The first method that may be mentioned is the addition 
of a frequency c r, a8 1t is called, which consists ofa 
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small machine, driven either mechanically from the main | th: 


motor, or electrically through a separate small motor. 
This small machine is supplied with power from the slip- 
rings of the three-phase motor, and transforms this power 
into the correct pressure and frequency to enable it to be 





returned to the line. By this means, when the speed of 
the induction motor is reduced, the power, which nor- 
mally would be lost in slip resistances, is returned to the 
line, thus making a great saving in efficiency. 

A second method is to have a three-p! motor and a 
small auxiliary continuous-current motor coupled together, 
and an electrical connection between the rotor of the 
three-phase motor and the commutator of the continuous- 
current motor taking place by means of a separate small 
rotary converter. In this case the powor, which would 








conti current machine, and the efficiency throughout 
the range of s' remains very high. 

An alternative method of getting over the difficulty of 
the fixed-speed attendant on the employment of three- 
phase power is to provide eowies on the motor, and 
to drive yy - ropes on to the mi By this means a 
maximum of three or four s 8 at most can be given 
efficiently, and | intermediate value has to be obtained 

the insertion of rotor resistances, which, as explained 


above, is a wasteful method. The method of changing 





Fie. 10. 


100-Horse-Powrr Moror. 


Figs. 9 anp 10. Two Mortors (275 Horse-Power anp 100-Horsze-Powrr) WorkKING IN 
4 Pir Betow rue Fioor wirh Gear-Drive To SHeet-MiLt. 


normally be wasted in slip resistances, is transmitted 
through the rotary converter to the auxiliary continuous- 
current motor, which thus adds its power to the power of 
the main motor. 

A third method combines the rotary converter and the 
auxiliary cont current motor, mentioned above, into 
ree-phase commutator motor, thus two machines only are 
employed —— ~ a three. m 

_ Any one o! above methods enables a speed regula- 
tion to be obtained in practically as simple a manner as 
it is obtained in the case of an ordinary shunt-wound 








|over from one 8) So another is also cumbersome, due 
to the fact that the motor has to be capable of movement 
| both axially and in a direction at right angles thereto in 
order to allow the same set of ropes to be used. In order 
| to expedite this change-over, there have been cases w 
smal]l motors have been put down for moving the beds. 
This type of drive, although somewhat cheaper than the 
— mentioned above, has a further disadvantage in 
| that it is — toobtain any desired speed between 
| the upper the lower limit, and experience has shown 
| that in merchant-mill work the difference of a few revo- 
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One of the first questions which arises when the con- 
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year, the losses in the case of a gear drive would be 5 per 
cent. of 200 horse-power—namely, 10 horse-power for 
5500 hours ; whilst in the case of a rope drive the losses 
would be 5 cent. pe og ean eR pS ge 8 
power for the same number of Taking the cost 
of power at $d. per unit, the loss in these two methods 
of drive, as compared with a direct-coupled drive, would 
be, roughly, 100/. in the case of the gear drive, and 300/ 


of time for which the mill will have to be shut down in 
order to make the over; and it is imperative in 
most cases that this time should be reduced to a minimum. 

i i tion is one which, in a number of cases, 
@ rope drive, as the 
foundations of the motor and the motor itself can be put 
t interfering with the working of the mill, 


considera’ 
lends itself to the introduction of 
down withou 


side remote from the steam-engine, and this was done on 
the second electrically driven reversing-mill which was 
installed. This — has been working now for 54 years, 
and no trouble whatever has been experienced 

its having been found necessary to transmit the drive 
through the bottom spindle to the pinions—a view of the 
plant is shown in Fig. 13, below, taken from Stahl und 


and the mounting of the rope-pulley for coupling to the | Zisen. When thie p es was put down, the engine 
2720 19635 





Fic. 13. Reversine-Mitt; Convertrep rrom Steam To EtecrricaL Drive, THe SteaM-Enome Berne Retarnep For Use rr Necessary. 


in the case of the rope drive, papeeenting, with a 10 

cent. interest on the capital outlay, . 1 and 40000, 
respectively of extra plant. Where the question of 
converting an existing mill has to be considered, the 
method of drive ado must be dependent, to a very 
large extent, on the lay-out of the works, as there may 
be other mills, roof-columns, or other reasons which ma 
render any one of the drives mentioned above impractio- 





version of an existing mill is contemplated is the length 


mill is very often a matter of quite » seve Hine, ant 
sometimes not much more than a long week-end. In the 
case of a direct-cou drive, a method of avoiding 


=e Bg caren ay Fgh yh hy plan 


intermediate spindle is introduced the pinions 
and the motor, this spindle spanning the space taken 
up by the existing engine. Thec ver in this case 
from the steam to the electric drive not involve any 
stoppage of the mill. Fig. 12 shows the continuous- 
current motor coupled to this mill. 

It is sometimes possible to put down the motor on the 





was poonines, = it could be tg Aa i _ 
in event of anything going wrong with the electri 
drive, but it has never been used since the electrical 
+ has been set to work. In some cases it is possible, 
by the introduction of another gear-wheel, to put the 
motor in position without — the plant, and 
in Fig. 6, page 607, is shown a horse-power motor 
driving through gearing on to a sheet-mill where this 
retin Ben was ted. 

When applying a motor drive to a mill, an important 
consideration is the weight of fly-wheel to be adopted, and 
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this is a matter which can only be satisfactorily decided | favour of the fly-wheel connected to the mill, and this 
through experience. It is not a safe method to assume | would appear to be the correct solution of the matter, as, 
that the fly-wheel. as fitted to the existing engine, will be | in this — the fly-wheel absorbs the peak loads of 


satisfactory in the case of a motor drive, since, when an | the mi 


ine is overloaded, it will slow down until finally it 
ill stall. A motor, of course, does not act in the same 
way, but has a pre-determined drop in speed from no-load 
up to the maximum load which it can safely stand, and 
if this maximum ~~ is ——_ the eo x 4 or 
switch tecting the motor will operate, shutting down 
the a In the former case, that is, of the engine, the 
whole of the stored en in the fly-wheel is available 
to pull the metal oe the rolls, in conjunction with 
the engine ; whilst in the latter case, assuming a 20 per 
cent. fall in 
overload, only 


between no-load and 100 per cent. 
per cent. of the stored energy is avail- 








| before they come back on to the transmitting 
_ xO) f havi large sl peed fiy-wheel 

cost 0! ving & Ow-8 -w is 
usually somewhat in excess of having a Lash epeed 
smaller fly-wheel, but the difference is not, in many cases, 
very great, on account of the fact that the full loads 
of the mill in the latter case have to be transmitted from 
the motor and fiy-wheel through the gearing or ropes as 
the case may be. The size of the gearing, the 
number of ropes, will have to be very materially increased 
to withstand this extra strain. As the ropes and gearing 
are usually admitted to be evils, the volastion of them 
to their smallest dimensions is advisable, and this can be 





Fic. 16.§§Diezct-Current Motor Drivine Taree Miris, One Mitt sernc Driven FRom 
Eacu*Enp or tHe, Moron, THE Tuirp By Ropsgs. 








Fie. 17. Tue Rope-Driven Mitt. 


able, after which the motor ceases to drive, leaving only |done by designing them to transmit only the normal 


the fly-wheel stored energy. This is, to some extent, 
couriteracted wv the fact that the permissible overload on 
the motor will be 100 per cent. in excess of the normal 
power ; whilst in the case of an engine, the overload will 
not be much more than 25 cent. But it can generally 
be stated that the fly-wheel will require to be heavier in 
the case of the motor drive than in the case of the engine. 
The heavier the wheel, of course, the steadier the power 
demanded from the motor ; but here, again, the question 
of cost is the deciding factor, and a fluctuating load will 
not prove harmful to a motor, vided that the maxi- 
mum peaks are not excessive, is is clearly shown 
the success of the motors yy for reversing-mi 
work, where they are coupled + to the pinions and 
develop the full power demanded by the mill. 

Another question, which arises if there is some form of 


transmission between the motor and the mill, is as to 


whether the fiy-wheel be placed on the high-speed motor- 
shaft, or be direct - counted to the slower-speed mill. 


Modern practice in this respect has usually decided in 











‘ 


wer of the motor and allowing excessive mill peaks to 
Be taken up by the fiy-wheel directly coupled to it. 

A form of drive which has been su ed and employed 
in one or two cases is to mount the ly-wheel on the 
motor-shaft and to drive through a worm reduction gear 
on to the mill. This is a very interesting new departure, 
and time will show whether it possesses advantages over 
the better-known drives. It would appear to bé a a 
satisfactory method if a steady power 1s demanded, suc 
as, for instance, in a wire-mill or cold-roll drive in a tin- 


| plate mill, where there are no heavy peak loads to be 


taken up by the fly-wheel. But where the full power of 
the motor and fly-wheel has to be transmitted through 
such @ gear, it is to be seen whether it can be made of 
sufficiently strong design to give an efficient working life 
commensurate to the initial cost of the plant. 

The various types of drives mentioned above have been 
mostly shown by the preceding illustrations, and Figs. 14 
and 1, 608, show a typical rope drive on to a lange 
sheet-mill, the motor-power being 1060 herse-power, with 


peak loads up to double this amount. The heavy fiy- 
See, gens, fe Oe eee Gore, © dase very 
clearly in Big. 5, the weight embodied in the rim being 


approximately 100 tons, with a diameter of 30 ft. 
16 and 17, annexed, show a rather interesting 
drive which has been installed in an iron works where a 


motor has been put down for driving three mills, all of 
which require ically a 2 to 1 speed variation for 
dealing with various classes of work. A direct- 
current motor is employed for the drive, as shown in 
Fig. 16, one mill beg driven from each end of the 
motor, and the third by means of ropes. Fig. 17 shows 
the rope-driven mill. 

Figs. 18 and 19, page 612, show a rail-mill driven by 
means of ropes from a varia’ motor of 600 brake 
horse-power, the s of the motor being variable 
between 300 and revolutions per minute. In both 
the cases mentioned above fiy-wheels are fitted to the 
mills to equalise the loads whieh the motors have to take. 

In usion, the author wishes to express his best 
thanks to Messrs. Siemens Brothere Dynamo Works, 
Limited, for the assistance which they have given him 
in the p ion of the , and for their ission 


to pu the pho’ shown, and to wl 
his indébtedness to the various firms who have allowed 
the photographs to be taken. 





THE UTILISATION OF EXHAUST STEAM. 

Some valuable data as to the advantages realisable by 
utilising, in steam-turbines, the steam now wasted at 
many collieries and iron works were included in a paper 
read before the Nottingham ery, of Engineers on 
Wednesday, March 11, by Mr. W. ©. Mountain, M.I. 
Mech. E. steam consumption in the case of a 750-kw. 
ay =<3 working under different conditions was said to be 
as follows :— 


With Dry Saturated Steam Supplied at 70 Lb. Gauge 





Pressure. 
 _.. oe ae ae ee al 2% | 27 | 28 
Consumption at fullload 1b. per kw.-hour| 80.5 | 26.8 | 25.0 
Consumption at three-quarter load 
Ib. per kw.-hour| 29.5 | 27.8 | 26.0 
Oonsumption at half load am eo 82.2 | 30.3 | 28.3 
' 
With Exhaust Steam at 16 Lb. Absolute. 
Vacuum es ee oe os ee --| % 27 28 


| | 


Consumption at full load Ib. per kw.-hour) 39.3 | 86.6 | 31.7 
Consumption at three-quarter load | 

Ib. per kw.-hour| 41.0 | 87.1 | 88.1 
Consumption at half load »» ” “4.2 40.0 86.7 


As illustrating the amount of exhaust steam available 
at collieries, Mr. Mountain gave the following figures of 
the consumption of non-condensing winding-engines in 
different cases. 











| Size ot | Consumption 
Boiler 
Colliery. Winding per Shaft 

| Engine. | Horse-Power. Pressure. 

| in. | 
Bolsover oe ee --| 82x72 | 129 oa 
Denaby and Cadeby .. 45x84 | 83 80 
Tredegar Coal Company 18& 28 x 48 177 140 
A Lancashire colliery ..| 864x78 114 60 
Richard Evans oe .-| 86x78 95 180 
Silkstone es oe --| 88x78 70 | 120 
Rotherham... 40x78 48 | 106 
Hulton .. ee | 82x72 102 | 80 
Hulton .. ee 36x72 129 } 80 
Atterton os 22 x 62 58 100 
Hichleton Main 40x78 88 | 100 
Sherwood = “a --| 26x54 43 | 197 
Cowper.. .. ..  ..| 60x86 178 | 20 





The cost of a mixed-pressure turbo-generator plant with 
condenser and all accessories was stated to be about 6000/. 
for a 500-kw. installation ; 7000/. for a 750-kw. plant; and 
85001. for 1000kw. Theannual po for oil, stores, 
repairs, wages, and incidentals w , he said, amount 
to 5001. for the 500-kw. machine ; 550i. for the 750-kw. 
machine ; and 625/. for the 1000-kw. unit. Taking interest 
at 5 per cent., and depreciation at 10 per cent., the total 
annual costs would be 1400/., 1600/,, and 1900/. per annum 

ively. In this estimate no allowance is made for 
the value of the waste steam. The cost per unit with a 
load factor of 100 per cent. would be 0.076d., 0.058d., and 
0.052d. for the three plants respectively, which, if a stand- 
by plant were also provided, would be increased by about 

per cent. 





Tue Benepicr Cain Wrenon — Enratum. — We 
regret that a slip occurred in the notice of the Benedict 
chain wrench, published on 570 of our last issue. 
The name of the firm introduc it over here was given 
as Messrs. Horace Buttin and It should have 
Messrs. Horace Battin and Co., 4, New Union-street, 
Moorfields, E.C. 





“*Fgeropo.”—Messrs. The Herbert Frood Company, 
Limited, Chapel-en-le-Frith, have sent us a copy of 
records of teste made at the National Physical Labora- 
tory during 1913, of their ‘*Ferodo” e and clutch 
lining. @ tests cover “‘ Ferodo” bonded asbestos and 
“‘Ferodo” fibre; the figures obtained showed that the 
material in question is well suited to the provision 
of friction surfaces for modern heavy loads at high 
speeds, in any kind of brake or clutch for transmitting 
power or for retarding motion. 
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(For Description, see Page 605.) 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few particulars concerning several 
colonial and foreign engineering projects, taken from the 
Board of Trade Journal. Further information concernin 
these projects can be obtained from the Commercia 
Intelligence Branch, Board of Trade, 73, Basinghall- 
street, London, E.C. 

Newfoundland : According to a despatch tc the Colonial 
Office from the Governor of Newfoundland, the New- 
foundland House of Assembly on February 24 adopted a 
resolution autorising the Governor-in-Council to raise a 
loan of 400,000/., at the rate of 34 per cent., for the 
completion of che five branch lines of railway now under 
construction and designed to connect with the Newfound- 
land Railway between St. John’s and Port-aux-Basques. 

New Zealand : Proposals have been adopted by the 
ratepayers of Masterton to raise loans of 16,500/. for the 
extension of the water supply system, and 10,0900. for 
municipal buildings, The borough council of Petone (a 
suburb of Wellington) has decided to ask permission to 
raise & loan of 40001, of which 30007. is to be spent on 
the purchase of motor-omnibuses, and 1000/. for the 
erection and equipment of a garage for repairs, &c. 

France: H.M. Consul-General at Havre reports that 
tenders are invited for dredging work in connection with 
the extensions being carried out at the t of Caen. 
The estimated cost of the works is 122,500 es (49002. ). 
Further particulars may be obtained from M. I’Ingénieur 
en Chef des Ponts et Chaussées, Caen, to whom sealed 
tenders should be sent, by registerea post, not later than 
2.30 p.m. on May 8. deposit of 2000 francs (80/.) 
must accompany each tender. Ir the case of foreign— 
i.e, non-French—firme, certificates of capacity, good 
faith, and solvency are also eae ee. 

Portuguese East Africa : H.M. Consul-General reports 
the publication, in the Mozambique Boletin Official, of an 
official notice authorising a call for tenders for the supply 
of 60 km. (374 miles) of 1.067 m. (3 ft. 6 in.) gauge rails 
for the Quilimane Railway. The date for the opening of 
the tenders has not yet been announced. 

Mexico: H.M. Consul-General at Mexico City reports 
the publication in the Diario Oficial of a contract entered 
into between the Mexican Minister of Communications 
and Public Works and the Vera Cruz Local Traction 
Company, Limited, for the construction of a railway line 
of 1. m. (4 ft. 84 in.) gauge, from El Higo, in the State 
of Vera Oruz, to Tampico, or to a point on the National 
Railway between Vera Cruz and Tampico, a distance of 
104 km. (about 65 miles). At least 40 km. (25 miles) of 
the line are to be completed by July 1, 1915, and the 
rest by September 19, 1916. 

Argentina: The Boletin Oficial, Buenos Aires, states 
that tenders will be received at the offices of the Direc- 
oy Ny Obras —~ - ¥~ enemas on up ~ 

ay 26, for the provision of two suction- to 
| by the Lower Paran4 Commission. Oopies of the 
specifications may purchased at a cost 10 pesos 
national currency (about 17s. 6d.) at the Ins ion 
General de Maquinas y Materiales, Casa de Gobierno, 
Buenos Aires. It will be observed that the time for the 
receipt of tenders is limited, and owing to specificatiens 
having to be obtained from Argentina, this intimation 
therefore will be of use only to firms having agents in 
Argentina who can be instructed by cable. The Boletin 
contains a notice authorising the oy | of & conces- 
sion by the Director-General de Obras 
Sefiores Carlos Paquet and Co., for the construction of a 
quay on the north k of the Riachuelo. quay is 
to be built of reinforced concrete in a similar manner 
to those already constructed in the district by the 


Government. 


idraulicas to | th 





THE ELECTRICAL DRIVING OF ROLLING-MILLS. 
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Fies. 18 anp 19. Variaste-Spzep Motor, 600-Brake Horse-Power, 300 ro 450 
Revoivutions PER Minute, Drivine Rait-Mim1. 


Granp Trunk Economics.—The gross revenue of the 
Grand Trunk Railway Company of Canada for the 
second half of last year was 4,768,917/.—viz., passengers, 
1,433,840/.; mails and express, 217,385/.; freight and live 
stock, 2,938,507/.; and other receipts, 179,185/. These 
totals, when compared with those for the corresponding 
period of 1912, showed an increase of 156,158. The 
working expenses, excluding taxes, amounted in the last 
half-year to 3,455,392/., or poe od cent. of the receipts, as 
compared with 3,246, 987/., or 70. r cent. of the receipts. 
The outgoings for the second half of 1913 showed the 
following changes :—Maintenance of way and. works, 
69,1027. increase; maintenance of equipment, 30,551/. 
decrease ; traffic ae. 12,0327. increase ; conducting 
transportation, 139,547/. increase; and general expenses, 
18,275/. increase. The total distance run by trains in the 
second half of last year was 10,957,841 miles, as compared 
with 11,128,367 miles in the corresponding period of 1912. 
The distance run by nger trains increased 85,302 
miles, and that run by mixed trains, 1012 miles; on 

e other hand, the distance run 4 freight trains 
decreased by 256,840 miles. The total charge to capital 
for the t half year was 2,293,605/.; in this total new 


works figured for 166,342/., new rolling - stock for 
1,911,6997., new machinery and tools for 3844/., and land 
for 10,9302. The additions to rolling-stock comprised 





75 engines, 809 coal cars, 5125 box cars, and 825 refrige- 
rator cars. During the past half year six engines were 
scrapped and one official car was built in the company’s 
shops at the cost of revenue. The main line of the 
Grand Trunk Pacific, which has been for many years 
under construction, eastward from Prince Rupert and 
westward from hf p= 2 was joined up, April 7, at 
Nechako Crossing, 375 miles east of Prince Rupert, and 
1371 miles west o rege At the close of last year the 
Grand Trunk system, including the Cincinnati, Saginaw, 
and Mackinaw line, comprised 5644 miles of track and 
sidings—laid throughout with steel rails. The — 
engineer (Mr. H. R. Safford) reports that the expen- 
diture for sleepers last year was 224,7291., as com- 
pared with 144,041/. in 1912, and he claims that a mate- 
rial improvement has been effected in the condition of 
the system upon which he states that only restricted 
renewals have been made for many years. The expen- 
diture for signals and interlocking last year was 9319., 
or 49287. more than she corresponding outlay for 1912. 
New steel rails were laid in the track last year to 
the extent of 4297 tons, and partially worn steel rails 
were laid on branches and sidings to the extent of 
15,434 tons. Seventy-five new engines brought into 
— last year were freight jlocomotives of the Mikado 
ype. 
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THE DEVELUPMENT OF HIGH-POWER 3. —— and head and liner, two pieces (Figs. 30 | application to cylinders of diameter is impracticable 











nd 31). ‘ on account of obvious difficulties with dis- 
MARINE DIESEL ENGINES.* 4. Cynder. head, and liner, three pieces (Figs. 32 to oo , i i aon casting, s = os cost phadey mac 
‘ in , have 

By James Ricnarpson, B.Sc., Assoc. M. Inst.C.E. 5. Cylinder and liner in one, two or three pieces— oivantons, Det, rf with in Group 4 and the normal 

(Concluded from page 578.) Junkers (Figs. 36 and 37). design , the cooling of the combustion is 

Cylinders and Cast Iron.—Those parts which are “ _ |notwell provided for. With large cylinders, the difference 

subject to both temperature and pressure stresses—| Under each of these headings great variations are again | of expansion between the inner and outer walls in 
namel cylinder, cylinder-head, and piston—form | to be found. Before considering the relative merits of | Group 2 might cause trouble. 


om the heart of the problem associated with the| these systems it is well to discuss the stresses to be 

evelopment of high-powered Diesel engines. Not only | withstood by the parts. tena | might be cited the | bustion space, some designers have adopted 
is it a question of design, but more largely one of a suit- | casting stresses ; secondly, those due to the temperature | construction shown in p 3, Figs. 
able choice of materials, depending upon foundry prac- | differences in the various parts—.e., that of the combus- | has few other merits. 


To overcome this one difficulty of cooling the com- 


type of 
and 31, which 
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tice and metallurgical research. An inspection of the tion in the cylinder, the exhaust gases in their passages,| The construction shown in Group £ Fim. 32 to 36, 
various methods of attack of the problem of the design | and the cooling water in its spaces ; thirdly, the re | with a suitable design of head, will probably be that of 
of these parts suggests at once to the observer that the | stresses bearing throughout the cycle ; and, y. apy | the future, and to this further reference will be made 
solution is. still distant, since nearly every maker of | tension stresses due to the piston load being carried presently. : 
repute adopts an entirely different means to overcome | through the cylinder, where through-bolts to thecylinder-| Regarding Group 5, Figs. 36 and 37, many advan 
these difficulties. Figs. 28 to 38 show that the methods | head are not provided. These, taken collectively, make are . Construction of this type relieves 
for the construction of the cylinder and head may be|a formidable group. Of these, the second stress—i.c., | cylinder structure of all tension stresses, as, of course, 
classified in the following manner :— that of temperature difference—is by far the most impor- | may be the case with all the other groups by adopting 
1. Cylinder and head in one piece. teat, and pea cg w the designs may be considered with | —— Minas rt MR ib . 
. : “reed . erence one. ' ° shows views ing inder, 
2. Cylinder and head in two pieces (Figs. 28 and 29). |" Pret. Clags 1, which is suitable for small engines, and indicates the further difficulties of design to be anti- 
gives immunity from trouble caused by leakage at joints, cipated with engines of this type when valve-scavenging 
* Paper read at the Junior Institution of Engineers, | unequal expansions, and provides for the of | is . 4 
April 20. the heat of combustion into the cooling water. is In order to realise the advantages of the construction in 
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Group 4, the question of the type of head must be 
examined, and that shown in Fig. 39 is y 
author. In this design a steel plate takes the piston 


esign 
load, and either a dished-out forged-steel or 


a 
element accommodates the valves—preferably of mini- | lished. 


mum number, such as is possible with port seavenging— 
and serves to enclose the cooling water. By this means 
the head is tly simplified, head ng space is 
easily accessible for cleaning or for the insertion of coils 
or o' cooling apparatus, and the form serves to give a 
lower engine the maximum efficiency in the cooling 
of the combustion space. With this t of head it is 
also seen that the objection which may be raised to the 
clump of metal where the liner is pressed into the 
cylinder is not valid. Suitable provision is made to 
accommodate the valves and to preclude the bility 
of leakage of the cylinder contents into the cooling-water 
space. An advan of, this group (4) is that to each 
= can be assi the material most suitable for the 
unctions to be performed, and the liner can be of the 
very best liner iron, harder than would be possible with 
an —— casting of =, and liner in one piece. _ 

The Hopkinson method of internal iy ye ae is 
worthy of consideration, effecting, as it does, simplicity 
of cylinder, cylinder-head, and piston-castings. So far 
this method has been — only to horizontal gas- 
engines, and, briefly stated, consists of cooling the walls 
of the combustion space—in lieu of external water-jackets 
and their complications—by the impii end of jets of 
water, this water being evaporated on the surfaces to be 
cooled, and so preventing the heat from passing through 





Fie. 40. Unetcnep. Maa., 33. Fic. 41. 


those walls. The supply of water is arranged so that all 
of it is evaporated into steam on reaching the surfaces. 

© steam so generated will form a source of power 
usually given to the cooling water in raising its tempera- 
ture, and on this account the efficiency should be in- 
ra On the other hand, the water may take some 
heat from the flame, retarding combustion and lowering 
the efficiency. Actual test results show that the efficiency 
remains the same as with water-jackets, or, in other 
words, the expected gain in efficiency due to the water 
evaporation in cooling the surfaces is counterbalanced by 
the drop in maximum pressure. In horizontal engi 
where the exhaust-valves are at the bottom of the cylin- 
der, no difficulty arises from deposited salts, because they 
readily find an outlet through this valve. The amount 
water consumed is about 2.4 lb. per brake-horse-power 

our. 

In considering the application of the ee 
method of cooling to vertical two-stroke high-power 
marine engines, the following difficulties may : 
to arise, and may be exgioiael with reference to Fig. 39a:— 

(1) Distilled water wou!d be used, and the production 
of a sufficient quantity is costly, requiring also cumber- 
some apparatus. Use would be made, no doubt, of an 
exhaust boiler. (2) With the Diesel engine the high 
compression necessitates a small clearance or compression 
volume, so that the form of the combustion-space does not 
lend itself to jet cooling. Several jets would probably be 
necessary. (3) As the heat of combustion is relied upon 
entirely to ignite the fuel, iv might not be advisable to 
inject the water into the com ion-space until the fuel 
had been ignited, although higher temperatures all 
over at which the engine would run might tive this 
condition. (4). In any case tue of the engine 
must be water-cooled, owing to the difficulty of causing 
the water-jet to on that surface, and because of 


difficulty of ng the fuel-injection valve without a 
water-jacket. (5) In any case the port bars 
would require to be water-cooled. The arrangement to 


be tried would probably take the form as shown in 
with two or more water-sprayers for better 


distribution. The apemae the rubbing surfaces | ticular this 


would be kept as far as possible from the cylinder-head 
to increase the cooling effect. Further, cylinder 
might be ribbed to facilitate radiation, and the piston 
crown centrally supported to minimise thickness and 
increase conduction to the crank-case. 


= Ag = yg of the Institution of Mechanical Engi- 
neers, July, 1913. Enomvkgmrinoe, Auguet 1, 191 








Cylinder-Head and Liner Materials.—The question of 
the most suitable material for the head, cylinder, or 
cylinder-liner and piston is a point ing which no 
information so far as the author knows, been pub- 
i Cast iron is now almost universally adopted ; 
cast steel has proved unsuccessful for cylinder-h 
pistons, and liners, due to its coefficients of expansion 
and modulus of elasticity differing from those of cast iron. 

The conditions to be satisfied are, primarily (1) resist- 
ance to growth ; (2) high tensile strength ; (3) hardness ; 
4) shock-resisting properties; (5) machining qualities. 

y growth is meant the deterioration of the structure of 
the metal, due to the rapid and fluctuations of tem- 
perature to which it is exposed. e greater the tensile 
strength the thinner the wall required, and so the greater 


Fig.39. 





Ercuep. Mac., 165. Fie. 42. Ercuep. Maca., 33. 





Fic, 44, Ercuep. Maa., 33. 


the transmission of heat frém the combustion space to 
the cooling water. The greater the hardness compatible 
with machining the less the wear, and the sm the 
allowance required therefor; combined with these the 
iron will have a high transverse figure and good shock- 

ting properties. Research regarding growth of iron 


resis' 
the | of the qualities demanded by this work is so far inconclu- 
Tes stated, 


sive; but it can as a result of experiments 
carried out by authoritiesand by the author, that the iron 
bea grey iron, of which the combined and graphitic 
carbons together exceed 3 per cent., roughly in the pro- 
portion of 0.5 combined to 2.5 — carbon. In par- 
graphitic carbon p om be of a close, small, 
and even structure (shown in Fig. 40), which makes, as 
— later, for a reduction of growth. +~ 
wth proper is increased by an open graphitic struc- 
ture, permitting of the ingress of the high-temperature 
gases into the inner meshwork of the iron, and attacking 
probably the silicon, forming some combination of oxides 


of silicon. The groundwork should be lite, as shown 
in Fig. 41, tad the phosphiden choull net in any way 











segregate, but should be evenly distributed, as shown in 
Fig. 42. As already stated, the silicon is to some extent 
contributory to the growth, whilst a certain percentage 
is necessary to ensure good machining. This should 

balanced by a suitable proportion of manganese, the ratio 


ads, | of manganese to silicon being not less than 1 to 1.4; in 


some cases 1 to 0.66 is attained. The effect of the man- 


ganese would seem to be to close the grain of the metal - 


and so prevent the gases attacking the silicon. The 
To Water Byepass 
operated by Thermosta 
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phosphorus should be kept as low as is compatible with a 

running iron, and the sulphur to a fair minimum. 
The effect of growth, as shown by eae 
is illustrated in Fig. 43, where the effect of the 
graphitic carbon, in permitting of the ingress of the 
and the widening out and splitting of the graphitic 
carbon, is well shown. 

Taste IV.—“ Growth” in Tron. 















Increase in Increase in Increase in 
Ratio of Weight per | Weight per | Volume per 
Iron,| Manganese | Cent. after 24 |Cent. after 43/Cent. after 43 
‘| Silicon | Heatings of | Heatings of | Heatings of 
| 4 Hours at 4 Hours at 4 Hours at 
\900 deg. Cent.|900 deg. Cent. |900 deg. Cent. 
A | 1988 | 1.790 2822 | 1238 
B 1.468 2.185 3.068 16.8 
Cc | 1.530 0.888 1.830 9.2 
D 1.19 | 2.321 3.682 16.4 
E 1.393 i 0.770 1.887 9.3 
F | Special iron | 0.245 0.460 L7 





The composition of the irons above, A—E, is as follows :—Com- 
bined carbon, 0.6 to 0.68 per cent. ; graphitic carbon, 2.4 to 3 per 
— ; sulphur, 0.05 to 0.07 per cent. ; phosphorus, 0.8 to 1.0 per 
cen 

The actual volumetric and weight increase of several 
irons, and of an iron prescribed by the author, are shown 
in Table IV. The structure of the last-mentioned iron 
(F) is illustrated in Fig. 44, and is, as far as is known, 
unique, showing a much closer meshwork than hitherto. 
The tensile strength is above 20 tons per sq. in., the hard- 
ness and the shock-resisting ig ee are ample, whilst, 
as will be seen, the growth has been reduced to a mini- 
mum. The running properties are exce , and by 
means of all these qualities many of the difficulties asso- 
ciated with cylinders of the largest dimensions may, it is 
hoped, be solved, in that not only is the iron icularly 
immune from growth, but, on account.of its high tensile 
and a preueie the thickness for any = 
pressure is reduced, especially in large engines, and the 
transference of heat from the combustion space to the 
cooling water greatly facilitated. 

—S fom pend and well the Eons of the iron 
may be speci as regards chemical composition great 
care is required in the buying of the pig, in order to give 
the desired results, and it is absolutely necessary that a 
cu - set aside when required to — one — 

. Foundry methods generally in this country do not 
lend theunsdivas to anvennc) sequintion of the foun: 
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om .—One of th questions at the | single, ae Sheseme the four wives te Gece. | LS The newness of this last method accounts, prob- 
fine best method ve be adopted forooveng | oubtedly make for an undesirable com- | abl pir ee EN ae Os SRS SNL 

ing the cylinder, and in Table V. particulars are given | plication, not only in the cylinder-head casting, but with to ies will probably be ‘ound ample. 
of engines in which the scavenging is effected a) By | the driving- r the valves, so that the two valves, Compressors and pel Injection — — There is no doubt 
means of one valve in the cylinder-head ; (b) two valves | and the dou Seat scavenging systems would seem the | that with the Diesel oil the compreseor required 
in the cylinder-head ; (e) our valves in the Wy most suitable. for the su oupely of ~ aight ly-compressed air necessary 
one valve and the si ngle-port method ; (e) th already mentioned, the double-port system of for the injection of th has been a source of very 
dagio-pext method ; (f) the double-port method. The {ME lends itself to the augmentation of mean considerable trouble, due to oy by: conditions of continuous 








TABLE V.—CAPACITIES OF SCAVENGING PUMPS. 


MAIN ENGINES. SCAVENGING PUMP. 

















Veileme of Single Volume of! ois Beets $ 
Method of | No. Revolutions Diameter eac Number 0 : ne ; 
Scavenging. |  TYpe of Engine. REP. | oe per of | Stroke.| Cylinder per |p Uhie.| Diameter. | Stroke. Pump in | Pump Vol. | Stroke| Type of Valves. 
: Minute. | Cylinder. in Oubie | Engine. | acting. Cubic | Oyir. Vol. | Pump | 
| Feet. Feet. Stroke. 
in. in in. in. | 
Stepped piston 300 6 = _— _ 0.5026 ratio 6 8. — _ 0.6846 R 1.36 1.0 Automatic valves. 
‘ a”. Se 6 500 6.9 8.66 0.187 6 8. 10.82-6.9 86 | 0.272 1.45 1.0 - “a 
One valve 9° se - 900 6 260 14.0 23.0 2.05 6 8. 22-14 23.0 3.0 1.46 1.0 a eo 
| - oe ee 850 8 450 11.81 13.39 0.85 8 8. 18.51-11.82, 13.39 1,235 1.45 1.0 | Automatic. 
j »» 100 4 350 7.19 11.82 0.268 4 8. 11.08-7.09 11.82 0,381 1,42 1.0 ” 
100 4 600 6.89 7.88 0.169 4 8. 10.83-6.89 7. 0.247 © 1.47 1.0 oe 
{\Crosshead slow running 225 4 200 11.8 16.9 1.06 2 D. 17.7 1.8 3.37 1.59 1.43 | Piston-valve. 
ia 600 4 150 16.9 24.0 3.12 2 D. 24.4 | 17.7 } 477 1.58 1.355 | of 
9 750 4 150 19.65 27.6 4.85 2 D. 27.6 } 212 | 14.54 1.5 1.3 on 
* 1250 6 170 19.65 27.6 4.85 3 D. 27.6 21.2 } 14.54 L6 1.3 v 
| . 1000 4 140 21.65 31.5 6.7 2 D. 31.5 23.2 10.4 1.55 La | 0° 
Two valves < je 500 4 150 17.5 26.0 3.62 2 D. 28.25 15.0 6.42 1.6 1.78 ” 
ee --| 1250 6 150 20.0 30.0 5.45 2 oo <7 36.0 21.0 12.35 1.61 1.48 o 
|Stepped piston .. 100 — - - — 1.6771 ratio — 8. _ -- 2.7568 R 1.55 1.0 | Automatic valves. 
Crosshead slow running 1250 6 140 = — 6.12 R. _ — -- = 9.74R 1.26 1.375 | o oe 
\frunk piston ee ° 900 6 450 13.6 15.5 1.18 2 D. 21.5 15.5 6.52 1.84 10 | 
\\Crosshead.. =<. ..| 500 4 170 15.75 | 25.6 2.88 2 D. 26.5 18.5 | 6.55 1.92 1.39 | 
|Crosshead. . ee --| 1000 4 180 20.07 25.98 4.76 1 D. 26.0 24.0 “| 28.2 1.48 1.08 | Piston-valve, 
| 1600 6 130 20.0 36.2 6.55 2 D. | 34.2 |} 30.0 16.0 1.63 12 | Automatic. 
| (Ty slow running) | 
Four valves Set eons head. . 750 4 120 18.125 | 32.25 4.82 2 D. | . 27.25 | 235 | 7.94 1.65 | 1.87 | Piston-vaives. 
|Care jarels .e ..| 1500 6 130 20.0 36.1 6.55 2 dD | 34.26 30.0 | 16.0 1.63 12 Automatic. 
Trunk piston as A 900 4 234 17.7 22.0 3.13 1 D. 28.5 |} 220 | 8&1 1.30 1.0 0 
One valve ) | 
and } jreuok piston 500 6 310 12} 15.9 1.05 1 D. 24.6 15.1 | 4.165 1.31 1.02 
single port } | 
| Trunk piston 260 4 250 11.4 16.9 0.99 2 D. 16.7-8.47 13.0 1.22 1,22 13 Piston-vaives. 
Sinate port |Ste iston . --| 800 6 165 17.76 21.25 3.0 6 8. 22.8-5.6 17,7 4.7 1.56 1.0 | With piston-valves. 
Single po! | Double piston... oof 3 180 15.35 17.7 3.76 1 D. 40.5-16.5 19.0 11.8 2.1 0.985 | Automatic. 
| 5, tandem .. --| 800 6 120 15.75 15.75 3.55 4 D. 29.5 15.75 | 6.24 2.34 1.0 i 
Ste; piston .. oe 250 4 800 1L.8 12.2 0.772 4 8. 19,68-11.8 122 1.875 1.78 1.0 Piston-valve. 
Trunk piston ad 3380 4 250 12.2 18.11 1.22 1 D. 26.5 18.77 4.4 18 1.31 Au 
Double port |Crosshead slow running | 2000 4 150 25.99 315 19.4 2 D. 43.31 19.69 33.5 1.74 1.59 Piston-valve. 
|Truak piston. 310 4 220 12.21 18.12 4.92 1 D. 24.61 13.78 7.6 156 1.375 Automatic. 
- + 2B 100 4 380 7.09 9.85 0.997 1 D. 14.38 7.88 1.49 1.65 1.25 a 
| | | | 
TABLE VI.—MARINE ENGINE COMPRESSORS. 
| GeaeSeas. COMPRESSORS. 
Z| MAIN ENGINES. -_ REMARKS. 
= H.-P. Sracn. L.-P. Stags, L.-P. Stags, Oubic (Unless otherwise 
2 =a EaRent GRRE: ‘Sen ; | —— Feet Per stated, the com 
£ e | Stroke Stroke | Stroke Halt Volume sors are driven 
2 T of No. of — Diameter Half N Diameter i Diameter in Diameter in in Swept by hour. che end of the engine 
2 Eugine B.H.P. Oylin- one, . ct, Stroke. Volume, Rages. in Inches 1, ches Inches and | inches Inches and Inches uP. Piston crank-shaft.) 
- | ders. . 7 er. Swept = and Mm, m. m. al = V per 
| y P and Mm and Mm. Mm. ania 
| ' 
Four-Cycle. | 
1 Crosshead .. 600 4 150 635 mm. 770 mm. 6.06 1 3.5 11.0 9.0 -3.5 11 in, 18.9 11.0 182 18.2 (Driven by links from 
21 in, 30.3 in. } e crosshead 
¢,Trunk piston 600 4 810 450mm. 510 mm. 2.86 — 90 mm. 11.4 - _ 290-90mm. 114 188 18.8 Links “trom es 
17.7 in. |20,07 in. 8.54 11.4 -3.54 connecting-rod 
4'Trunk piston) 350 6 | 600 = |—s«dL4 11.8 0.33 4 stage 1.94 8.6 jst. P.5.4-2.8) 6.45 9.4-1.94 8.6 165 28.2 wom crank- 
jubm. | 1 2nd LP. = 2.8 | shaft; two stages 
} | | from levers from 
| | | } } | @onnecting-rod of 
| | | | compressor 
5\Trunk piston| 200 6 330 | 240mm, |360mm.| 0.675 2 55mm. 7.09 — | 180-55 mm. | 7.00 48.5 | 29.1 | Reavell Compressor 
| 9.449 in. =? in. 2.16 | 7,00-2.16 } 
6 ” » 100 4 | 7.87 9.05 0.254 1 22 4.64 _ — | 7.76 - 2.2 4.64 | 62 | 87.2 
7 o o0 300 3 175 440 mm. leo mm. 3.48 2 65mm. 270mm | — 220 - 65mm. 270 mm. 58 84.8 
17.82 in. |26.19 in.| 2.56 10.63 8.66 — 2.55 10.63 | 
Two-Cycle | - 
22 Crosshead 1600 6 130 20 36.2 6.55 1 7 in. 10 in. 14 in. 10 in. 19.5 10 in. 438 16.4 | Reavell quadruplex 
23 ae ..| 1250 6 150 20 30 5.45 _ — - — -- _ _ 550 26.4 “i 
24 os --| 1000 4 140 550 mm. | 31.5in 6.7 2 $0 300mm.; 430 - 380 (300mm.; 430-90 300mm. 408 24.48 a re 
| 21.65 in. 3.54 1L8 16.9 — 14.96 11.8 16.9 — 3.54 11.8 
25\Trunk piston | 1000 a 150 550 mm. 300 mm | 7 1 160 mm. 500 mm. - _ 470mm. 500mm.) 406 24.4 - iin 
| | 21.65 in. | 31.5 in. 6.299 19.68 18.5 — 6.299 19.68 | | 
26 | Step; % 900 6 260 14 in. 28 in. 2.06 2 4.5 17 _ _ 11.5 - 4.5 17.0 225 30.0 
27|Trun -~ 900 4 234 450 mm. 560 mm. 3.13 1 80mm. 460 mm.|410 — 372 — 360 mm. 410 - 800 mm. 360 mm.) 376 | 25.0 ” 0 
17.7 in. | 22 in. 3.15 14.17 16.1 — 14.6% 14.7 16.1- 3.156 | 14.17 | 
29 Orosshead .. 850 4 140 470 mm. |680 mm 4.15 1 100 mm. + 0 mm. 260 - 100 =m. 14.7 420 - 69 mm. 600 mm. 405 28.6 Balanced lever ar- 
18.5 in. (26.77 in. 3. 15.74 10.23 — 3.93 16.58- 2.7 | 23.62 rangement 
31 - ..| 780 4 150 500mm. 700mm. 4.85 e me - _ — - 320 25.6 _ 
19.68 in. |27.56 in. 
32 Double piston! 650 3 180 aa | 450 mm. 3.76 1 4.75 19.0 — — 16.5 - 4.75 19.0 383 36.0 = 
15.35 in. | 17.7 in. 
33 Orosshead .. 500 4 170 a 650 mm 2.88 2 3.0 11.5 _ — 22.5 - 3.0 11.5 130 81.2 Driven by links. 
15.75 in. | 25.6 in. 
34 > i 500 4 150 439mm. 610mm.) 2.8 2 70 mm. 225 340-800mm.; 225 3840-70mm. 225 mm. 206 24.8 —_ 
16.9 in. 24.02 in. 2.71 8.86 13.39 - 11.8 8.86 13.39 — 2.76 88.6 
36 Trunk piston 500 6 310 12.25 15. 37f 1.05 1 4.4 12.6 — _ 13.2 -4.4 12.6 275 83.0 (Driven by links. 
% eo ” | 440 4 215 13.78 19.7 1.7 2 2.34 15.8 _ 7.2 — 1.98 16.8 148 2.2 | a= 
oe wae 380 4 250 310mm. 160mm 1.22 1 2.75 9.85 | 7.08:- 275 | 9.85 11.8 13.77 218 34.0 (Bal lever arrang 
12.2 in. 18.11 in. ment. 
38 Stepped piston, 325 6 500 260mm. 270mm.; 0.46 1 75mm. 18) mm _ _ 250 - 75 mm. 180 mm. 140 25.8 Ditto. 
py in. | 10.6 in. 2.95 7.09 9.8 -— =, 09 9s | 
40 Trunk piston 260 4 250 mm. 430 mm. 1.0 1 65 330 = _ mm. 22.2 (Scavenging pumps and 
28 | 1L4¢ in. |16.98 in. 2.56 13.0 8.46 13.0 | compoensee gveuped. 
42 Steppedpiston| 150 6 500 es a 1 24 9 in. — - 7.5-24 | 9in. 103 41.2 | _ 
} 





ty ener of the engine and the type of valves adopted | effective pressure, to the simplification of the cylinder ranning im by marine service. These difficulties 
7 Sous venging-pump are stated, so that in comparing | head, and eee of the Bdge As to the capacity of have been fy by the ag pe of i... 
tive sizes o! 


pumps an idea may be formed of the | the pump, great latitude, naturally, is possible, since for two-s compressors, and in by the 
pepe: Boh ocd pumps. For lange enginnnct the future | the variables are as follow :—(a) Area of scavenging-sir ——_ two com) for ~F engine ne te supply 
the likel prove most advantageous are those inlet to main cylinder. (b) Time of opening for scavenging wey pe! air. greatest care is essential in 
of: (b) two vives, ‘) oo valves, or (f) thedouble-port air to main cylinders. (c) Pressure of scavenging air design of valves. The minimum amount of tehsdecsies 
system. The one-valve method does not lend itself to the desired. d) Size of exhaust-ports and back of must be supplied, and Soe of the air during and 
most efficient scavenging and to the attainment of the| exhaust. It will be seen that for two valves ratio of | after compression must be all-efficient. difficulties 
highest mean effective pressures ; 


These 
similarly with the’ about 1.5 is the mean, and for double-port poder n have led some designers to develop and apply to four- 
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egete engines a system whereby the fuel is delivered toa 
main cylinder in a sufficiently —_ divided state, with- 
out the aid of compressed air, and this is system goes by 
the somewhat erroneous name of ‘‘solid-fuel injection.” | 





“ Fig.45. Pd 
Z Pa 4 


wales shih tt migetzten the fuel for the combustion 
eed penbm | cannot be contemplated, and 
valves id be adopted. (See Fig. 1, page 573 


stroke of enormous 
multiple 


ante.) Safety-valves, generally fitted to combustion spaces, 


Stop Fig 46. 
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method of fuel-injection, and margin 
reservoirs. 


Valve-Gears.— design of valve-gears does not pre- 

sent any grave difficulty, and although to the uninitiated 
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Calculation shows that little gain in economy with two- 
cycle engines is to be anticipated, and, added to this, the 
ne may be stated :— 

Owing to the more rapid oieeten uired 
with the two-stroke-qycle engine during ay -— 
working stroke, as compared with four-cycle—.¢., 
combustion must be complete before the ny 
open, whereas with the oan Seesnepete the 
bustion may go on even 47% after the bottom dead 
centre without causing & exhaust—this system is 
more applicable to four-cycle engines than to two-c o 
engines. 2. The injection of the fuel must be 
take place much more accurately at the desired point &S 
is no with compressed. air for fuel injection. 
3. es aston for dow runping is difficult to effect with- 
out ela’ tates and vari lift devices on the fuel- 
injection valve. The complications of the com 
are only slininated at the expense of a considerable 
———-. ©. _ fuel-injection pump with its valves, 

re at which the fuel must be 

Salivenct-some 0 Ib. per AF aly dn in.—gives rise to further 
difficulties. 5. In one fuel to another 
troubles may be A —F in adjusting the delicate 
injection devices to accommodate the different pro 
of the new fuel. 6. The starting medium 00 fer opted 
for Diesel oil-engines, other than some types for sub- 
marines, is compressed -, and a for tas compressor at 
any rate, is Bip warming to a con- 
siderable extent is — th the densest fuels, at 
the present time easily utilisable with compressed-air 
injection. 

For cylinders, eaaeeliy the ibility of 
* sticking,” damage, or breakdown of the fuel-injestion 


more 
Table 





cubic feet per 
ection | engines, and shows how 
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on BH.P Basis and Constant 
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tion valve, the fuel-injection pump is proportionately put 
into action. e disadvantage of this method Y,! of 
course, when it is desired to cut out two and three cylin- 
ders for the purpose of running at reduced speeds. is 
cannot be done with the valve- , but requires a 
separate gear. To cut out individual cylinders, to cut 
out groups of cylinders, and to vary the lifts of indi- 
vidual fuel-injection valves and the fuel-injection valves 
for groups of cylinders—to satisfy all these conditions 
undoubtedly calls for the greatest a but is not 
by any means an insuperable difficulty. 
Starting.—The means universally odepted of starti 

marine Diesel oil-engines of large power is com 
air, primarily, because this medium is thé most con- 
venient. So far, except with solid fuel-injection engines, 
@ compressor is a necessary part of the main engine 
(although, of course, it can be separately driven) to supply 
the compressed air necessary for the injectionof the fuel 
into the working cylinder in that finely-divided stata 

uired for suitably quick ignition and combustion. By 
assigning to this compressor a capacity slightly greater 
than that required for the full-power injection of the 
main engine (see Table VI.), a in is always available 
for recharging the storage of air to be used for subsequent 


starts. In considering merely the storage of that air, the | three, 











twenty to thirty starts specified for high -pressure starting, 
and about 0.25 cub. ft. to 0.35 cub. ft. for low- re 
systems. Per unit weight of air, the low-pressure system 
gives a greater number of starte, due to the smaller 
cooling effect of the expansion from the lower pressure. 

The advantage of the low-pressure system is the sim- 
aes of the reservoirs, which may be made of ordinary 

iler form and construction, making thus for cheapness 
oy ay a. ee & ~ compressor must 

Vii or this low-pressure air, or arrangements 
mode te take it from the main com r, which, without 
adopting some system of regulation entailing complica- 
tion, means that number of compressions, as sub- 
divided between the various stages, is upset. 

In future, the starting-air storage, whether high or low- 
pressure, will undoubtedly be reduced when— 

1. The confidence of experience is established. 2. The 
regulation of the fuel is so made that the chances of an 
engine failing to pick up on fuel immediately, due to any 
derangement of the fuel-injection pump-valves or to any 
air in the fuel-pump passages or pipes, 1s minimised. 3. 
a system of preliminary warming up of the engine 

©) > 
This last clause is by far the most im tof the 
as, due to the slow compression at a low number of 





TABLE VII.—Wetcuts or Diese, Encines (Ser Fics. 49 anp 50). 





é a y + Werent or Encines. 
s| 5 \8 | 8s Sm 
9 s ioe] 2s “ Ty f Engi Remarks. 
& _ .| 58 8 ‘ype of Engine Peunés 
$| 5 3 Ele s oa| aig eructure. Pounds. | Tons. t SELF 
S\S iz se ick, 3 | B BHP. | Per ton 
| 6 lz=| a™ | a A a 
in. in. 
3} 2 4 750 150 | 19.68 | 27.55 -- 182.200 81.5 | 244 9.2 
4) 2) @| 500) 150 | 16,92 | 24.0 — 90.000, 40.0 180 12.5 Equipment =3 to 4 tons extra 
5} 2) 4 | 1000 | 140 } 21.65 | 31.5 Crank-case and 220.000 98.5 220 10.3 » «7.55 a 
— s2.000| 14.72 6 | 34.0 
» pn f ‘ . 
9) 4) 6) 500 | 400 | 13.78 | 18.78 | 224.000! 100° 118" $00 7.5  |*Withshafting and propeller 
vd in 
10| 4| 4. 760. 120| 18}! 32} | Cast-iron columns { ym _ = 2 
11) 4 6 | 2000 _— — _ Ditto Ditto ye 500t 560 3.58 ho ote aces 
5 P f 403.000 180 268 8.35 $ ith aux an aft- 
12) 4| 6/1500, 115! 20 | 36.2 | Ditto Ditto | 785.000 350! 526 429 ing and propeller 
{ Cast - iron Y-)\ 143.000 64" 168.5 133 | Engine + 8-ton fly-wheel 
13} 4) 4, 850 140 | 18.5 | 26.77 |{ columns and ; 196.000! 87 bt 230 9.7 | Auxiliaries with 94-ton fly- 
\through-bolts / : a. eN whee 
14, 4, 8 1260 140 | 20.86 | 28.75 | Jast-iron crank-cas- 318.000; 142.5 254 8.80 Auxiliaries = 88 tons for two 
and through-bolts engines 
15} 2| 4) 440 216 | 18.78| 19.7 | Srank-caseandcylir 94.000 42t 214 10.5 + With auxiliaries. 
der jacket integral 
16; 2 4 | 1600 110 | 27.0 | 38. = 461.000 2.06 288 7.76 
17, 2| 6) 500 | 810 12} 158 Crank-case and 33.000| 14.72 66 34.0 
through-bolts } 
Water, 
18 4, 4 100 580| 7.87| 9.05 Crank-case .. 6.200, 2.15 62 das | {8 Statee watery 5 
44 Ib. 
28 2 6 1150 130 17.3 | 31.4 |Cast-iron columns..| 280.000 125 | 246 9.2 Separately - driven com 
pressor 
Auxiliaries = 163 tons. Pro- 
peller and shafting = 157 
tons (for two engines) 
29) 4 8 | 1200, 125  19.68/31.5 |Orank - case 482.000/ 215 355 5.6 Auxiliaries = 150 tons (for 
| through-bolts two engines) 
80; 4 4 200 250 153 | 20.0 |Turned steel braced 58.200 26 290 7.7 Auxiliaries = $2.5 tons (for 
| structure | two engines) 
81, 4 6 | 1100 115 | 22.09 | 39.4 Ditto Ditto 262.000 117 263 9.4 Auxi es = 146 tons (for 
| | two engines). 
32; 4 6 | 1100 | 115 | 22.00 | 39.4 Ditto Ditto 262.000 117 263 _ Auxiliaries = 162.6 tons (for 
\ | 





questions of capacity and pressure must be decided. The 
limits of pressure are between the lowest pressure at 
which the engine will start with a sufficient degree of 
certainty, and the pressure at which the safety-valve on 
the high-pressure side of the compressor is set (as deter- 
mined by the injection ure). In practice, these are 
roughly between 300 Ib. and 1000 lb. per sq. in. The 
great majority of systems of starting two-cycle engines 
work with the air at the higher pressure, as this necessi- 
tates considerably lower storage capacity and less com- 
plication to the engine valve gear by way of relieving 
compression. Throttling the suction in the main engine 
is applied to four-cycle engines. 

It may be stated that, with the exception of starting 
by means of low-pressure air in the scavenging-pum 

e low-pressure system is applied only to four-stroke- 
cycle engines. The disadvantages of compressed air as a 
starting medium are considerable, in view of the high 

ressure and the consequent difficulties of safe storage. 
Bhitable subdivision and duplication give immunity from 
complete loss due to any misadventure, but the cost is 
somewhat excessive. To this end it is desirable, whilst 
remembering all the afore-mentioned conditions of safety, 
to reduce the starting-air storage to a suitable minimum. 

The curve shown in Fig. 48 shows the starting-air 
storage for a number of cases, chiefly, as will be seen, 
fur two-stroke-cycle engines, as indicated by the full 
dots, as against the others fur four-stroke-cycle engines. 
Against all the points is indicated whether they are 
fur a high-pressure or a low-pressure system, and, in 
the case of low-pressure systems, the pressure of the 
system. Further, the number of starts specified or 
attained is also added above many of the points. 
It might be contended that the sturting-air storage should 
not be equated against a brake-horse-power basis, but 
rather against a main engine cylinder-volume basis; but 
the author’s experience is that the normal speed of revolu- 
tion of the engine is a factor of importance, and must be 
included by equating storage against brake horse-power. 
Further justification for the method adopted is found in 
the manner in which, generally, the points seem to follew 
a definite line, and the starting-air storage works out at 
from 0.1 cub. ft. to 0.02cub. ft. per brake horse-power for 


two engines). 


revolutions, a considerably greater amount of heat passes 
from the cylinder walls from the air being com in 
the main cylinder than will normally be the case, so that 
from this cause the compression temperature does not 
reach the normal. Further, the expansion of thestarting 
air into the i. —_ en the 
starting-air pressure throttled to the exhaust or 
that of the atmosphere, cools down the whole cylinder, 
and so r aggravates this starting difficulty. e 
heating up of the starting air prior to its introduction 
into the cylinders is not exactly practicable, but the 
ensurance that the cylinders are hot before starting 
requires but a short time, is beneficial in preventing them 
from being subjected to unreasonable heat treatment, is 
easy of attainment, costs little, and would go far to reduce 
the starting-air st to a minimum. 

The ency in the future will, undoubtedly, be to 
adopt low-pressure starting-air systems for two-cycle 
engines on account of the aforementioned advan 


engines, by using the scavenging-air pumps as the 
starting-cylinders. This necessitates greater strength of 
these parts, especially with large engines, than would 
otherwise be required, and entails also the pumps being 
connected to the main engines in a suitable manner for 
transmitting the starting torque. A probable method 
will be by relieving the compression pressure in the main 
cylinder and so permitting of the required starting effort 
being given by air of considerably lower pressure than 
is at present adopted. 

eight.—The question of the weight of large ines 
is exemplified in Table VII., which gives the weight of 
various ins tions with without the — 
machinery. As this question is bound up primarily wit 
those of speed of revolution and power per unit volume 
of cylinder, the weights have been plotted (Fig. 49) oh a 
Seale hanes wor tela, as constructed, and also in 
Fig. 60, on the same basis, corrected for a constant mean 
effective pressure and speed of revolution. These curves 
show the influence of the type of framing u the 
weight. For curve A for engines of the mercantile steam- 
engine framing, the weight works out at 280 lb. per brake 
horse-po wer. Curve B, for the through-bolts and cast- 





tages. 
These systems will not be applied, as hitherto with such | F 
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column t of framing, 224 Ib. brake horse-power. 
rve C. through bolts only, 180 lb. per heake home. 


wer—all for a mean effective pressure u a brake- 
power basis of 601b., and a speed of Covelution of 
150 revolutions per minute. 

Means be adopted in the future to increase the 
mean effective when suitable material is found 
to. withstand the increased tem tures, and, with 
on my experience, not only will a higher of revo- 
ution and a — +> piston speed be probable, but confi- 
dence will result in a reduction of the scantlings and the 
weight per unit power from those given in these curves, 
although in general the the power the greater the 
weight per unit power. circles indicate four-cycle 
engines, and show that the gain in weight for the two- 
cycle en wv bodyn! gr my ia small. This is partly 
due to the fact that with the four-cycle ine ter 
experience has given increased confidence, anit the Sesired 
margin of safety is smaller and permits of advantage 
= — of the a — of framing. 

nterchangeability ‘achining Operations. — Man 
schemes for the application of Diesel engines , 


as at 
present devel: have been su; ted for the propulsion 
of ships of the highest power, ont indleate that there will 


be a multiplicity of units each exactly like the other 
with installations of high power in the near future. It 
is not proposed to deal with or compare the relative 
ey of any of these cqgnenee No great loss in 
efficiency, no great increase in weight, space occupied, or 
cost is to be anticipated ames of this multepliclt " 
but its effect upon the methods of dealing with the pro 
lem of the construction of higher power installations is 
instructive. Not only then to give intere ility 
with this multiplicity of units, but on account of the 
great pressures and their high rates of application, is 
tke necessity for extreme accuracy in the machining and 
fitting of the various parts obvious. To this end, 
machining must be carried out absolutely to 
making use of the most modern machine-tools tool- 
room and control methods. The multiplicity of parts 
adds further to the necessity for using jigs and fixtures 
for almost all operations, and tends towards the applica- 
tion of bonus, piece-work systems, card systems, sub 
division of work, and sectioning. 

Under the headings dealing with cylinders and other 
main parts, the necessity for the highest class of materials 
to resist the combined temperature and pressure effects 
has been di , whilst the power-pressure question 
requires, as already dealt with under “ Pressuré Parts,” 
the careful selection of that material most suited for the 
particular work uired of it. In spite of this, with 
such plant — and laid down, such organisation 
inaugurated and systematised, the work should be 
carried out, relatively, at a considerably lower 
than one based on the methods so far applied in this 
country to the construction of marine D.ssel engines. 

f economic or naval considerations be such that the 


. | engineer is called upon to develop the oil-engine for 


high 
powers, and naval authorities seem agreed as to the 
necessity for this, it has been attempted, without defining 
what constitutes ‘‘ high power,” to indicate in this paper 
the lines along which that development should proceed. 





German Locomotive ConstTrucTion.—We have re- 
ceived from the Hannoversche Maschinenbau A.-G., 
Hannover-Linden, « leaflet giving an illustrated descrip- 
’ mk apy oe which left - works.on 
anuary t. This is a 10-coupled, su eated steam 
goods engine for the Prussian State Railwa. The 
cylinders are 247 in. in diameter for a 26-in. stroke. The 
wheels are 4 ft. 74 in. in diameter. It weighs empty 
63 tons, and in working order 69 tons 9 owt. 


Zino.—The uction of zinc in Europe last year 
amounted to 671,160 tons, showing an increase of 20,490 
tons, as compared with the output for 1912. Production 
fell off last year 2455 tons in Belgium, 1120 tons in France 

Spain, and 1135 tons in Poland; but it increased 
1015 tons in Silesia, 10,845 tons in Rhenish Prussia, 1885 
tons in Great Britain, 385 tons in Holland, 2070 tons in 
Austria and Italy, and 9000 tons in Norway. pro- 
duction of zinc throughout the world last year was 
estimated at 990,065 tons. 





Tue InstTiruTion OF Me&cHaNnicaL EnGingers.—The 
annual dinner of the Institution of Mechanical Engineers 
was held at the Connaught Rooms, Great Queen-street, 
on Thursday, the ult. The President, Sir H. 

rederick , was in the chair, and over 
two hundred members and guests were present. The 
function was in every way successful, and there were 
some interesting hes in which the affairs of the 
Institution were referred to more than once. The forth- 
coming summer meeting in Paris was mentioned by 
M. A. Moutier, Mem of Council of the Société 
des Ingénieurs Civils de France, who referred with 
French felicity to the pleasure the visit would give him 
and his éres. The President, also dealing with the 
affairs of Institution, announced that the 
aurnal, which would bring the records of the meeti 

ore the mem with less delay than at present, wou 
be undertaken from June next. He also stated that 
—- were to y hy to increase ort breadth of = 
iscussions on papers presented, arrangi or 
meetings elsewhere than in London. Other. “1 
were made by Lord Charles Seemed His Honour 


Judge Parry, and Major- . Von Donop. 
J Parry caused much amusement by the employment 
of the déclassé ex ion with which engineers are 


pression 

familiar enough in the fitting-shop and smoke-room, but 
which during the last few weeks seems on the way to 
establish a position in the drawing-room, 
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CATALOGUES. 
Electric-Light Fitti s—We have received from the 


Wardle y, Limited, of 196, Deans- 
te, Manc , a usefu aeaes, Eee peat oat 
fall particulars of lanterns and fittings for street, shop, 


and works lighting with metallic-filament lamps. 


Centri Pumps.—Messrs. Ruston, Proctor and Co., 
Limited, Sheaf Iron Works, Lincoln, have sent us a copy 
of a four-page ny a giving particulars of their helical 
centrifugal pumps for low lifts. These pumps are made 
in two sizes only, with 8-in. and 12-in. deliveries, and 
they are suitable for use where the head, including 
pipe-friction, &c., does not exceed 20 ft. The pamphlet 

ives weights, dimensions, and capacities of both sizes in 
nglish and metric units. 

Switch-Gear.—We have received from Mr. George 
Ellison, Victoria Works, Warstone-lane, Birmingham, a 
circular relating to his improved crane- is, on which 
circuit-breakers and overload relays, with adjustable time- 

are used in place of the old arrangement of switches 
and fuses. The relays are adjustable for overloads of 
from 20 to 100 per cent., and have eleven different time- 
settings ranging from three seconds to five minutes, 
They are made for direct and polyphase currents, and 
are especially suitable for use with heavy steel works 
cranes, &c. 

Machine-Tools.—A useful catalogue of machine-tools 
has been issued by Messrs. Walter Newbold and Co., of 
Pearl Buildings and Old Shades Wharf, London Bridge, 
E.C. This catalogue gives full particulars of turret 
lathes, capstan lathes, screw-cutting lathes for belt and 
foot power, milling-machines, planing-machines, punch- 
ing and shearing - machines, screwing and tapping- 
machines, Leaps © machines, grinding : 
wood-working machines. The catalogue is ee 4 fully illus- 
trated, and prices are stated in each case. Each tool is also 
assigned a code word to facilitate telegraphic inquiries. 


Drilling and Tapping-Machines, &c.—We have received 
from the Judson - Jackson Comeany, Limited, 50, 
Marsham-street, Westminster, S.W., a catalogue of 
drilling and mevingaacnes manufactured by Messrs. 
A. H. Schiitte, of Cologne and Berlin, for which firm 
they are the sole agents. The catalogue includes single- 
spindle and multiple-epindle sensitive drilling-machines, 
bench and vertical tapping-machines, a two-spindle 
centring-machine, and a milling-machine of the Lincoln 
type ; particulars are given of all these tools, and each is 
ifinetreted by a half-tone engraving. The catalogue also 
states prices for drill-chucks and arbors. 


Electric-Light Fittings.—A new catalogue of electric- 
light fittings hae recently been issued by the Edison and 
Swan United Electric — Company, I.imited, of 
Ponder’s End, Middlesex. This catalogue givesa splendid 
selection of wall-brackets, ceiling-fittings, drop-pendant-, 
table and floor standards, hall and vestibule lanterns, 
bedroom-pendants, electroliers, shade-lights, and fittings 
for semi-indirect » map Aer many very pleasing 
designs in the Adam, rgian, is X V., Sheraton, 
and other styles. The descriptive matter of the catalogue, 
which is, of course, very fully illustrated, is printed in 
English and French, and prices are stated in shillings 
and fomen. The illustrations, we may mention, a 

all to have been reproduced from good _—— 8 0 

the actual fittings, and are therefore much more realistic 
in appearance than the reproductions of somewhat 
i native drawings often used to illustrate catalogues 
of this class. 


-machines, and 


is of 


Acetylene Generators.—We have received from the 
Sirius Au ous Works Company, 85and 87, High-street, 
Stratford, E., a catalogue giving particulars of acetylene 


tors for use in connection with oxy-acetylene weld- 
ing and cutting ts. The catalogue firat points out the 
vantages of carbide-to-water —_ of generator, 
which is the type manufactured by the firm. It is claimed 
that the gas generated is cooler and purer, and that more 
is produced for a given quantity of carbide than is 
the case with the water-to-carbide type of rator. 
Prices and particulars are then given of portable gene- 
rators with capacities of 45 cub. ft. and 70 cub. ft. per 
hour, and of standard stationary erators, which are 
made in six sizes, capable of supplying from 55 cub. ft. 
to 500 cub. ft. per hour. For larger capacities the firm 
recommend their ‘' ander-floor ” generators, so-called from 
the fact that the gas is generated in large water-tanks 
below the floor-level. Generators of this type are made 
in eight sizes, the largest of which takes 30 cwt. of carbide 
ata ingle charge. 

Wood- Working Machinery.—We have to acknowledge 
the receipt from Messrs. A. Ransome and Oo., Limited, 
eae J athe ap ha ermege gira me of a —, of = 
atest general ca’ ie of saw- ~wor! 
machinery. This catal which .s r than any 
previously issued by the firm, is probably most com- 

leve and up-to-date publication of its kind in existence. 
t contains 330 pages, very — illustrated, and is 
bound in paper-covered boards with cloth back. Merely 
oe aah: vat ta losis taseeat Os toot oe oamtak 
great a tas t in we no! 
steam tree-felling machines, horizontal and vertical band- 
saws for logs, vertical log and deal frames, circular saws 
for all purposes, universal joiners, band-saws, planing and 
moulding-machines, mortising and boring-machines, tenon- 
ing- ines, lathes and rounding-maot ‘ines, sand - - 
i i and many 
yards and railway 
coctinn blinds, is incleded in the eatloges, 
is in 
dust-collecting 


68, 
are also dealt with. Gockcusioes ont talon Ga ant mach 





oil-engines, and traction engines are supplied by the firm, 
ae 6 iene SS oe a A good 
general in to its contents is given in the catalogue, 
and another useful and uncommon feature is a classified 
index by means of which the machinery suitable for any 
i class of work can easily be found. The firm, 
in fact, seem to have spared neither trouble nor expense 
to make the book as complete and useful as ble, and 
we must congratulate them on the result of their efforts. 


Removing Dust from Machinery.—A phlet dealing 
with their system of por pes J dust from wood-work- 
ing, textile, _ Srinding, and ishing machinery has been 
issued by the James Keith and Blackman Company, 
Limited, 27, ten eae age E.C. According to this 
system the dust-laden air is drawn by a centrifugal fan 
through a system of air-trunking, fitted with suitably. 
shay collecting-hoods near the machines, and delivered 
tangentially into a conical settling-chamber t 
side the building. The air escapes from the top of this 
chamber while the dust falls into a receptacle placed 
beneath the apex of the cone. Dust-collectors of this 
type are, however, unsuitable for dealing with light float- 
ing dust, and for materials of this nature water is some- 
times in settling-tanks and wet filters, or, if the use 
of water is not feasible, -filters, and chambers in which 
the air velocity is redu sufficiently to allow the dust 
to se may be employed. The pamphlet illustrates a 
few typical installations of Keith dust-removing appa- 
ratus, and also shows steam and electrically-driven fans 
for this work. 


Reinforced - Concrete Construction. — Messrs. Richard 
Johnson, Cla and Morris, Limited, 24 and 26, 
Lever-street, chester, have issued a hand-book re- 
lating to their system of reinforced-concrete construction. 
For reinforcing beams the firm use their ‘‘Keedon” system, 
in which the inclined shear-stirrups are attached to the 
tension-bars by means of steel wedges; the same prin- 
ciple is used for the reinforcement of columns and piles. 
Two important advantages mentioned in connection with 
this system are that the spacing of the shear members 
can be varied as desired for any icular case, and that 
only ordinary merchant bars, obtainable anywhere, are 
used for the main reinforcement. For reinforcing floors, 
walle, culverts, tanks, and similar structures, the firm 
use their steel-wire lattice, which is made in continuous 
lengths up to 200 ft. ; full particulars of standard sizes 
are given in the book. The greater part of the book is, 
however, occupied with useful tables giving the safe 
loads for floors, roofs, decks, &c., reinforced with steel- 
wire lattice, and for T beams, rectangular beams, columns, 
and column bases, reinforced with ‘‘ Keedon” bars 
These tables should prove of considerable assistance to 
engineers and architects in fixing sizes for prelimi 
designs ; detailed drawings and fuller particulars will, 
however, be supplied by the firm for all prospective 
work. Illustrations and particulars of comparative tests, 
made at the Manchester School of Technology, on beams 
reinforced with ‘* Keedon” stirrups and the usual U stir- 
rups, are included in the book to show the See 
of the former. Several examples of work carried out are 
also illustrated. 


Engine - Indicators. — Messrs. R. S. Price, Limited, 
Amberley House, Norfolk-street, Strand, W.C., have 
sent us a catalogue of engine-indicators made by Messrs. 
H. Maihak, A.-G., of Hamburg. These indicators sare 
of the ateunees type, and are made in three 

tterns, suitable for speeds up to 300, 600, and 1500 revo- 
utions per minute respectively. The catalogue illustrates 
and describes the construction of the indicators, and also 
states prices. It also deals with drums for continuous 
diagrams, and accessories such as cocks, extension- 
pieces, adaptors, stroke-reducing gears, planimeters, 
speed-counters, tachometers, — -testing apparatus, 
and & measuring microscope for diagrams. Another 
interesting piece of apparatus, which is briefly dealt with 
in the cata! and more fully described in a separate 
circular, is called Béttcher’s power-counter. Its object is 
to give the mean power of the engine over the whole 
period the indicator is in use. The descriptive matter 
1s none too clear, but with the aid of the illustrations 
we gather that the apparatus consists of an indicator 
provided with a small dial-counter, the wheel of which 
1s pressed on to the upper end of the paper-drum by 
means of a spring. The counter is connected to the 
indicator piston-rod by means of a bell-crank lever, so 
that it travels in a ial direction over the end of the 


drum as the piston rises and falls. With the indicator- | the 


cock closed, the counter-wheel rests on the axis of the 
drum, so that it remains stationary, even if the drum is 
rotating. When the indicator is working, however, the 
counter is moved away from the axis by the rise of the 
indicator piston, and the wheel is rotated by an amount 
which is proportional to the area of the indicator dia- 
gram. Successive diagrams are added together in this 
way, so that the final reading of the counter is propor- 
tional to the total work done during the period the 
apparatus has been in use, and the average mean effec- 
tive pressure, or mean indicated power, can be 
obtained by multiplying the reading by a suitable con- 
stant. instrument is said to give reliable results 
at speeds up to 400 revolutions per minute, and to be 
particularly useful in the testing of rolling-mill i 


winding-engi locomotives, and gas-engi 

with very variable loads. The y tm men peg peony 
the latter does not prevent ordi diagrams " from being 
taken to check So ce obtained. 

Gonaine and Transporting Machinery.—We have 
recei from Messrs. cota IF Chalmers, Limited, of 
3, London Wall Buildings, E.C., a pamphlet relating to 

inery for conveying and transporting matesials of 


placed out- | shi 





all kinds. Belt conveyors are first dealt with, their 
advantages inted out, and their construction 
illustrated and y described. Much useful and in- 
teresting information on these appliances is included in 
this section. For instance, particulars are given of a 
sand-blast abrasion test made on a number of sample 
strips of bay sagan belting ey = with Fy and cast- 
iron strips for comparison. photograph is re uced 
to show that the wear of the firm’s patent sabbes’ belts 
was even less than that of the iron and steel strips, and 
vastly less than that of the other belting materials. The 
pamphlet also illustrates and briefly describes a number 
of belt-conveyor plants for shipping ore, phosphates, 
coal, and other materials, as well as plants for handling 
materials at mines and works, euitteniiie belts for 
collieries and power-stations, and picking belts for col- 
lieries. Examples of bucket and tray conveyors, loco- 
ws mngpens ge ae wy a, Boating Ay ne for P| 

ps, e y-driven grab transporters for 
handling, are also illustrated and described. One other 
interesting device dealt with in the pamphlet is Barling’s 
cunatiies for driving conveyors with articulated 

ts. Such conveyors, being of necessity driven by 
poly, tumblers, which usually run at a uniform 
angular velocity, the linear velocity of the belt varies 
considerably while the tumbler is_ turning ——— 
the angle subtended by one of its sides; in 
case of a pentagonal tumbler this cyclical speed 
variation is as much as 25 per cent. In the Barli 
gear the velocity of the tumbler is vari 
to keep the linear velocity of the belt constant. To 
describe the gear fully an illustration would be mrt 
but we may indicate its a oy by stating that the idle 
wheel of an epicyclic gear on the pinion-shaft driving the 
tumbler is carried by a lever which bears on a cam keyed 
to the shaft. The shape of the cam is such that 
the idle wheel is caused to oscillate about the axis of the 
pinion-shaft, and thus the angular velocity of the pinion 
is made to vary so as to compensate for the irregular 
shape of the tumbler. A belt driven in this way may, we 
understand, be driven at about twice the velocity which 
would be permissible in the case of an ordinary drive, and 
thus a conveyor with a given capacity can be installed at 
a greatly reduced cost. 


Theodolite. — Messrs. A. G. Thornton, Limited, of 
Paragon Works, King-street West, Manchester, have 
sent us a small illustrated catalogue relating to the 
“* Eagle” theodolite. This instrument, which has 5-in. 
circles, has been specially designed to meet the require- 
ments of mining engineers, but it is quite equally well 
adapted for Colonial use, or for any other work requiring 
a light, compact, easily-portable instrument of very << 
construction. One of the most important features of the 
instrument is that no auxiliary telescope is required, its 
use having been avoided by cutting a gap in the hori- 
zontal plate from the hollow centre to the circumference 
except, of course, through the graduated circle and cone 
faces. By this means it is ible to read vertical 
angles from the zenith on y round to the nadir with 
the main telescope only. © graduated circle and cone 
faces, of course, come in the line of sight for some angles 
near the nadir, but those obstructions are so near the 
tel objective that they are quite invisible, their 
only effect being to cut off some of the light. This has, 
however, been allowed for by making the object glass 
—— @ telescope itself has some 
notable features which largely contribute to the com- 
pactness and efficiency of the instrument. The 
objective, for instance, consists of a positive and 

egative element placed a suitable distance apart, 
with the result that the length of the telescope is 
greatly reduced ; a combination of 9-in. equivalent focus 
requires a tube only 5} in. long. Another important 
point is that, by altering the distance between the positive 
and negative lenses, the focal length of the telescope can 
be accurately adjusted by the makers to suit stadia lines 
engraved on a thin glass diaphragm ; this adjustment is 
obviously much simpler than the alternative of om ae 
the stadia lines to suit a lens of fixed focal | e 
should also mention that arrangements are le so that 
the user can remove the negative lens, clean it, and 
replace it without affecting the adjustment of the in- 
strument. This is a minor point in the design, but 
one which, if overlooked, might have caused a deal 
of inconvenience in working. .The return of the instru- 
ment to the makers for cleaning would certainly be 
delayed until the loss of light had me serious; but as 
user can clean the glass himself, there is no need to 
suffer any noticeable diminution of light. The catalogue 
fully describes the ——— of the ne men- 
tioning, among several o' important pojnts in its design, 
that is is 6} in. less in height than an ordi 5-in. 
theodolite with an auxiliary teléscope. Prices for the 
instrument and accessories are stated. 





CanapiAN Fire Losses.—The arrangements for deal- 
ing with fires in Canada are imperfect, while the pro- 
is 


— of wooden — ian fire 
losses are accordingly m heavier head of the 
population than in England. In 1912 P aT capita 
in ten jan towns came out as follows :—Hamilton, 
1.88 dols, ; Vancouver, 4.45 dols. ; Calgary, 0.95 dols. ; 
yee 3.47 dols.; Halifax, 6.66 dole ;. Toronto, 
2.45 dols. ; Brantford, 1.98 dols. ; Yip 3.88 dols. ; 
London, 1.05 dols. ; and , 6.85 dols. ; giving an 
average of 3.36 dols. In ten principal English towns in 
the same year corresponding loss capita is stated 
to have been :—London, 0.46 dols.; Glasgow, 0.76 dols. ; 
eee. 0.48 dols. ; Manchester, 0.55 dols. ; Sheffield, 
0.57 dols. ; Leeds, 1.26 dols. ; Belfast, 0.09 dols. ; Bristol, 
0,15 dols. ; Edin’ 0.21 dols. ; and Dublin, 0.42 dols. ; 
giving an average of 0.49 dols. 
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THE NEW CUNARD LINER 
** AQUITANIA.” 


Tue new Cunard liner Aquitania will, on Sunday 
next, leave the Clydebank Works of Messrs. John 
Brown and Co., Limited, where she has been built, 
and will proceed on her trials on Tuesday and 
Wednesday, arriving at Liverpool on Thursday, 
to be prepared for her first voyage to New York 
on the inst. The Aquitania is a further grati- 
fying evidence of the fact that the prestige of 
our premier steamship line, and through it of 
British shipping generally, is being admirably 
maintained, if not extended, under the stimulus 
and experience of Mr. A. A. Booth, who is so well 
fitted to succeed a long line of illustrious men as 
Chairman of the Cunard Company. The Aquitania 
is remarkable, not only for her great size, but 
principally for the embodiment in her of all the 
qualities which experience has proved to conduce 
to the three great essentials of the ocean steam- 
ship—reliability and safety in service, economy in 
propulsion, and speed. In all of these respects 
we understand Mr. Booth has personally exerted 
influence on the design, having had almost unique 
opportunities of acquiring sound knowledge of the 
features in design necessary to achieve these 
desiderata ; in fact, from his youth upwards he has 
devoted all his time to the study of steamship con- 
struction and management. Details which affect 
ease in management of the ship, economy of con- 
trol, and the health and comfort of passengers 
have also had special consideration. When we come 
to describe the vessel, it will be seen that there 
are many interesting innovations, which, although 
small in themselves, have important effects. e 
may note, as an instance, the fact that although 
there are on each side of the principal deck on 
the ship triple tiers of cabins, all have natural 
light and natural ventilation. 

When the vessel was launched, in April of last 
year, we entered largely into the question of 
dimensions, the constructional details of the hull, 
and the general provision for passengers. Later 
we shall return to this part of the subject, but we 
propose in the present instance to direct attention 
to the machinery, which embodies many important 
departures, notably in the working of the turbines 
in triple series, the consequent greater range of 
expansion for the steam being conducive to higher 
economy. At the same time, ingenuity has been 
exercised to ensure that the turbines can be worked 
independently of any one Which may be thrown out 
of action. With one turbine thrown out of gear there 
will be no difficulty in maintaining practically full 
speed. Another advantage to which attention will 
be directed is the great rapidity with which the 
ship can be manceuvred, and the extent of power 
available for astern driving and manceuvring. 
Carefully-devised gear and interlocking levers have 
been introduced, in order that there can be no mis- 
take in the operations of the valves for bringing 
into effect alternative workings of the turbines for 
manceuvring, &c. Before directing attention to the 
machinery, however, it will be well to give in broad 
outline the outstanding features of the ship while 
deferring a fuller description until later. 

The aim in building the Aquitania was to provide 
a third ship which would be equally acceptable to 
the travelling public as the Lusitania and Maure- 
tania have proved to be. There is no need to 
adduce any evidence of the popularity of these 
two ships. nor of the regularity with which they 
maintain the service. Both vessels have on the 
ocean maintained a speed of 26 knots for the whole 
voyage, and by their good sea qualities and the 
regularity with which, under normal service steam- 
ing, they arrive at port have established themselves 
as first favourites on the Atlantic. Three vessels, 
however, are required to maintain 1 weekly service, 
and it was therefore decided to build the Aquitania. 
It will be remembered that the two earlier vessels 
were built under agreement with the Government, 
who provided a sum of 2,600,0001., secured on de- 
bentures at 2? per cent. interest, for the construc- 
tion of the hulls, and a sum of 150,000/. per annum 
for the maintenance of the ships in service. The 
Cunard Company, on their part, agreed to ensure 
that the two ships would be capable of maintaining 
&@ minimum average ocean speed of 244 knots in 
moderate weather ; this agreement they have ful- 
filled to the letter. It was felt, however, that a 
third ship, equally fast, could not be made finan- 
cially successful without corresponding subvention, 





‘is situated. Beneath this 


and the management of the Cunard Company had 
to decide what was the highest sea por attain- 
able consistent with reasonable monetary return 
on the capital involved. On the other hand, con- 
sideration had also to be given to the speed 
necessary to ensure that there would be sufficient 
time at the terminal ports to enable the vessels to 
**turn about,” so that, leaving Liverpool on 
Saturday, the ship could be ready to my on 
the return trip from New York on the Tuesday 
week following. Great things have been done— 
notably by the Cunard Company—in facilitating 
re-coaling, re victualling, and otherwise preparing 
their ships between arrival and departure ; but 
prudence suggested that more liberal time than 
**record performances” should be allowed. It was 
therefore decided that the new vessel should have 
a speed on the ocean of 23 knots, to enable her to 
do the crossing in 54 days, which leaves four days 
between arrival and departure. The contract for 
the new ship was made with Messrs. John 
Brown and Co., Limited, for a trial-trip speed of 
24 knots. What this meant in space and weight 
of machinery is suggested by the fact that while the 
26 knots of the Lusitania required 158,350 sq. ft. 
of heating surface in the boilers, the 24 knots of 
the larger Aquitania only requires 138,595 sq. ft. 
The weight of the machinery is 10 per cent. less, 
being 9000 tons in the case of the Aquitania, as 
against 9936 tons in the case of the Lusitania. 


It was decided, in order to increase the revenue, 


to make greater provision for cargo and for a 
larger number of ngers, particularly in the 
third-class. Although the reduction in area for, 
and in the weight of, machinery assisted towards 
the finding of greater space to ensure this in- 
creased earning capacity, it was still neces- 
sary to increase the superficial area available for 
panes accommodation, and increased length of 
ull became necessary. As a consequence, the 
Aquitania is arranged for a population of 4202, 
as compared with 3000 in the Lusitania. With 
the effect which these considerations had on the 
dimensions of the ship, we dealt in our article in 
April of last year, and we shall refer to them 
more fully in a future issue. For the present 
we turn to the very interesting subject of the 
propelling machinery. 





THE MACHINERY OF THE SHIP. 


On page 620 there are given a longitudinal section 
and plan (Figs. 1 and 2) of the machinery com- 
partments from the forward boiler-room bulkhead, 
which is about 200 ft. from the bow, showing the 
four boiler-rooms, the turbine-rooms, the condenser 
compartment, and the shafts and propellers. The 
cross-section, Fig. 3, shows how the boiler-rooms 
are enclosed by longit:dinal bulkheads, the space 
between theses and the skin of the ship being 
utilised as coal-bunkers, while the section, Fig. 4, 
shows how the turbines are located in three separate 
comvaréments formed by longitudinal bulkheads. 
These various sections and the plan are reproduced 
merely to give a general idea of the arrangement of 
the machinery ; Setailed drawings will be published 
and described later. 

The boiler-rooms, cross-bunkers, and auxiliary 
machinery rooms in connection therewith occupy 
a space 369 ft. long. There are four boiler-rooms. 
Six boilers are arranged in each of the three forward 
boiler-rooms, while in the after boiler-room there 
are three, making a total of twenty-one boilers 
in all. All the boilers are alike, of the cylin- 
drical type, double-ended, with eight furnaces in 
each, and they will be illustrated later. The 
boilers are arranged three abreast, each room being 
60 ft. wide, the remaining width of the ship being 
utilised as bunker space. The after boiler-room is 
42 ft. long, and the others are 78 ft.long. A large 
elliptical funnel, the outer casing of which is 24 ft. 
on the major axis by 17 ft. on the minor axis, serves 
each boiler compartment. The forward funnel is 
154 ft. 9 in. high above the firegrate of the centre 
furnaces and 59 ft. above the casing top. The 
inner casing of the after funnel is necessarily much 
smaller than the others, although the outer casings 
are similar, the additional air space being utilised 
as an upcast vent from the centre turbine-room. 
Cross-bunkers are arranged between boiler-rooms 
1 and 2 and 2 and 3. Between boiler-rooms 3 
and 4 at ‘‘H” deck level the turbo-generating plant 

lant, at the stokehold 
level, a large cunillary- waildneey compartment is 
arranged. 


For dealing with ashes there are seven Stwne’s 
ash-expellers fitted in | recesses in each boiler- 
room, into which, after eaning fires, all ashes can 
be stowed, to be expelled at will, thus facilitating 
the work of the stokers by having a clear firing- 
platform at all times. In addition to these expellers, 
eight ash-hoists are distributed throughout the 
boiler-rooms. In a recess in the cross-bunker, 
between the boiler-rooms 1 and 2, there are a bilge- 

mp, & ballast-pump, and an assistant feed-pump. 

ere are also an assistant feed-pump and a ballast- 
pump in the auxiliary-machinery room beneath the 
turbo-generators. 

The turbines in the three separate engine-rooms 
athwart the ship are arranged to work on the triple 
system, as has been done on some of the most 
recent liners. Under normal working conditions, 
the high-pressure ahead turbine, which, along with 
a high-pressure astern turbine, occupies a separate 
compartment on the port-wing turbine-room, re- 
ceives boiler steam direct, which is passed in turn 
to the intermediate-pressure turbine, occupying, 
along with a high-pressure astern turbine, a similar 
compartment on the starboard wing. The two 
| low-pressure ahead turbines on the two inner shafts 
/receive their steam from the intermediate-pressure 
‘turbine. These low-pressure turbines are placed 
'in the central compartment. Abaft the turbine- 

rooms are the two main condensers in separate 
| rooms, each with its circulating and air-pumps. 

The condensers are of the ‘* Uniflux” type. 
each of the two condenser compartments there are 
| two centrifugal pumps. Two 30-in. diameter dis- 
charge-pipes from these pumps supply the circulating 
water to each condenser. In each compartment 
there are two air-pumps of the ‘‘Dual” type, which 
discharge into hot-well tanks, one in each compart- 
ment, fitted with float-control r. Four hot- 
well pumps draw from these tanks, and discharge 
through four filters to two ‘* Uniflux” surface 
heaters and two direct-contact heaters—also fitted 
with float-control gear. Six pairs of feed-pumps 
draw from the heaters or direct from the hot-well 
tanks, and discharge to the boilers through an inde- 
— line of piping to each boiler compartment. 

n each wing engine-room there is an auxiliary con- 
denser, with a circulating and air-pump in connec- 
tion therewith. There are four water-service pum 
and one sanitary and one wash-deck pump in the 
centre engine-room. There is also a motor-driven 
sanitary pump in the port-wing engine-room. In the 
centre engine-room are p three pumps in con- 
nection with the water-tight doors. here are 
four bilge-pumps. There is also a hot-salt-water 
pump, drawing from the condenser waterways for 
supplying baths. In the port-wing engine-room 
there are two fresh and condensed-water pumps, 
ans to service tanks on deck. There are 
six main forced-lubrication pumps in the centre 
engine-room, and in connection with these there 
are the necessary strainers and oil-coolers. All the 
tunnel-blocks have forced-lubrication connection, 
and the drain from these blocks flows into two 
tanks in the after part of the ship. From these 
tanks a pump, with float control, discharges the 
oil to the main-drain tanks to facilitate the natural 
flow of the oil back to the main tanks. 

There are two evaporators, each of 75 tons 
capacity per 24 hours. In connection therewith 
there are a feed-pump, two condensers, and two 
filters for drinking and washing parposes, and a 
duplex pump for circulating purposes. 

he section and plan, Figs. 1 and 2, also show 
the arrangement of the shafting and propellers. 
The inner shafts are 10 ft. from the centre line of 
the ship—i.e., 20 ft. apart. All shafts are parallel 
to the centre line of the ship, while the vertical 
rake is approximately ,', in. per foot in the case of 
the inner, and } in. per foot in the case of the outer 
shafts, being downward in the aft direction. The 
outer shafts are 28 ft. 6 in. from the centre line of 
the ship—i.e., 57 ft. apart and 18 ft. 6 in. from the 
inner shafts. 

The intermediate shafting is 19} in. in diameter 
and with a 93-in. hole, while the tunnel shafting is 
21 in. outside diameter with a 93-in. hole, and Saas 
continuous gun-metal liners, the diameter over 
the liner being 234 in. The liners are in one 
piece, and are shrunk on to the shafts. The 
stern tubes are about 19} ft. long over all, and 
| are of the ordinary merchant type. ey are made 

of cast iron, fitted at each end with gun-metal 
bushes, lined with lignum vite strips. ere are 
four propellers of high-tension manganese bronze, 
,and cast solid. All the shafting was made at the 
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mediate-pressure turbine, the design and dimen- 
sions are exactly the same as the astern turbine on 


the same shaft as the high-pressure turbine, but | th 


it rotates in the opposite direction. 

The ——— ahead and astern turbines, 
Fig. 7, on Plate LIX., as already mentioned, are 
contained in one casing, with common eduction 
to the condenser. An idea of the enormous size of 
these turbines ean be got on reference to the per- 
spective views published in several of the single- 
page plates, numbered LXV. to LXXII. The total 
weight of this low-pressure ahead and astern tur- 
bine is 445 tons. 

Firstly, as regards dimensions, the rotor-drums 
are 12 ft. and 10 ft. in diameter respectively. The 
turbine is 54 ft. 3in. long over all from the forward 
end to the aft coupling. The main bearings are 
35 ft. 14 in. between centres, and the journals 
are 3 ft. im diameter by 5 ft. 9} in. long. In way of 
the discs the rotor-spindle is 3 ft. 2 in. in diameter. 
There are nige expansion stages in the ahead tur- 
bine, and four in the astern turbine. In the 
former the blades vary from 7 in. to 20 in. long, 
and in the latter from 5in. to 7in. The thrust- 
blocks and adjusting-gear are situated at the 
forward end ef each line of shafting. Powerful 
motor-driven turning-gear is fitted on the couplings 
immediately .aft of each pair of turbines. The 
overhauling gear for the main bearings is very effi- 
cient, ample provision being made by means of 
beams and travellers for lifting, tilting, and stowing 
the massive covers and bushes. To deal with such 
weights as the low-pressure turbine-casing or rotor 
a lifting arrangement of no mean order was 
required. This is shown in Figs. 47 and 50, on 
Plates LXIII. and LXIV. This gear, motor-driven, 
is arranged over each turbine on heavy beams built 
into theship. The guide-columns at both ends of 
the turbines are extended to these lifting-beams, 
and afford efficient supports when overhauling. The 
lifting-motors, of 30 brake horse-power, operate the 
lifting-screws through worm-gearing. The low- 
pressure lifting-screws are 7} in. in diameter. This 
arrangement will be separately illustrated and de- 
scribed later. 

Secondly, as regards the constructional details of 
the low-pressure turbine, the rotors differ from those 
of the high-pressure and intermediate-pressure tur- 
bines. e ahead and astern drums are connected 
by a cast-steel ring, while the ahead drum, which 
is in two portions, has a junction-wheel of cast 
steel, similar in design to that used in the high- 
pressure and intermediate-pressure turbines, but 
the forward and aft wheels connecting these 
drums to their spindles are each made up of 
two conical discs, as shown in Fig. 7. This ty 
of wheel was decided upon as a result of the 
great experience of the firm in the construction 
of turbines of great dimensions, and as a direct 
outcome of experiments made with a view of 
obtaining stiffness when dealing with rotors of 
very large diameter and weight. The low-pressure 
ahead rotor-drum has a diameter of 12 ft., with 
a total weight of rotor complete of 140 tons. 
To have transmitted this weight to the spindle 
through the same type of wheel as is adopted in 
the high-pressure and intermediate-pressure tur- 
bine, with rotors respectively of about 80 and 
90 tons, would have called for a disproportionately 
heavier disc for equal strength. By the adoption 
of the double sections for the disc, disposed as 
shown in the section of the turbine, Fig. 7, there 
was gained a t increase in stren for a 
given weight. us each double disc in the low- 
pressure rotor is of about 20 tons weight, as com- 
pared with 14 tons in the case of each disc for the 
high-pressure rotor and 18 tons in the case of the 
intermediate-pressure rotor, notwithstanding that 
the first-named turbine is so much heavier. 





THRUST-BLOCKS AND THEIR 
ADJUSTMENT. 


In the case of the low-pressure turbines, the 
thrust-collars are turned on a separate forging, which 
is bolted to the forward end of the spindle, instead 
of being turned on the spindle itself, as in the 
case of the high-pressure and intermediate- pressure 
turbines. A bearing is provided in this case also. 
In the case of the low-pressure turbines, the rigid 
attachment to the ship is made at the after bearing- 
block, which is securely bolted to the ship’s struc- 
ture, provision being made for expansion at the 
forward block, as in the case of the other two tur- 
bines, In an intermediate position in way of the 





exhaust-belt additional support is provided in the 
form of a foot, which assists to carry the weight of 
e casing, but is free to move under the influence 
of expansion. 

The thrust-blocks are illustrated on Plate LIX., 
while on Plate LXV. are pective views. Figs. 
8 to 14, on Plate LIX., show the blocks of one of 
the turbines, and is typical of the lot, and Figs. 
15 to 17 illustrate the liners. They are, of course, 
situated at the forward end of each turbine, and 
in each case there are seventeen collars for both 
ahead and astern operation, the collective thrust 
surface in each direction being 1860 sq. in. The 
diameter of the shaft is 21} in. between the collars, 
and 29 in. over the collars. There is a hole 
bored through the centre 11 in. in diameter. 
The thrust- block is of the ordinary Parsons type, 
the bottom halves of the rings being arranged to 
take the ahead thrust, and the top halves the astern 
thrust. The rings are of phosphor-bronze, lined 
with white metal on the working surface, and 
fitted into a cast-steel liner, which is housed in a 
cast-iron block. 

Particular attention has been given to the means 
provided for the movement of the block fore and 
aft in order to adjust the dummy clearances when 
the turbines are running. The top half of the 
steel liner carrying the rings has horns at each 
side, shown at A in Figs. 9, 16, and 17. On the 
bottom half are corresponding horns B. The top 
and bottom portions are bolted together in the 
ee gr relation one to the other by means of the 

lt C, a distance - piece D being introduced to 
simplify the setting up (see also Fig. 10). With 
the rotor in its correct position, the dummies 
having their proper clearance, the white-metal 
surfaces of the rings on the bottom half bear hard 
up against the forward sides of the collars on 
the thrust-shaft. The white-metal surfaces on the 
top half are then clear of the after sides of the 
collars on the thrust-shaft by an amount approxi- 
mating to ;}%, in., this amount being termed the 
‘*oil-film clearance.” This relation is determined 
by the thickness of the liner D, which is adjusted 
in the shop when setting up the turbines. It will 
be obvious that if the top halves of the white-metal 
surfaces had been brought hard up against the 
collars, as was done with the bottom halves, there 
would naturally be no room for the oil-film ; hence 
the need for the ,;4$,-in. clearance mentioned. 
This, it should be added, however, is the usual 

ractice in setting thrust-blocks of this type. The 
civ of the thrust-block top and bottom, having 
been bolted together as explained, any movement 
of the liner as a whole cannot affect the relation 
of the top and bottom surfaces—i.e., the oil-film 
clearance is always maintained provided no wear 
has taken place, and even in such case the setting 
of the block ‘itself may be modified by means of 
the liner D to give x | desired clearance. 

Turning now to the means for adjusting the 
thrust-block as a whole, it will be seen in Fig. 10 
that each of the horns forms the extension of a 
larger horn which is cast on the bottom half, as 
will be clearly seen in Fig. 8. These larger horns 
form sockets, into which adjusting-rods are fitted, 
as shown at E, in Figs. 8to 10. These adjusting- 
rods extend forward, and are slotted to receive 
adjusting-wedges, marked F and G, in Figs. 9, 13, 
and 14. The rods and the wedges are shown sepa- 
rately in detail in Figs. 18 and 19. The wedge F is 
utilised for increasing, and the wedge G for reduc- 
ing, the dummy clearance. These wedges are of 
specially hard steel, and the working surface in each 
case bears against gibs of tempered steel. The 
operation of moving these wedges is as follows :— 

h wedge extends through the block transversely, 
and is so arranged that the wedging action applies 
in opposite directions—e.g., on the port turbine, as 
illustrated in Fig. 9—wedge F is inserted with its 
a head to the Parr | side, and wedge G with 
its large head to the port side. Any transverse move- 
ment of wedge F towards the port side results in 
the thrust liner being bodily moved aft ; whereas 
any movement of the wedge G towards the star- 
board side will give a movement of the thrust liner 
forward. To effect these 1 ga movements both 
ends of the wedges are threaded, as shown in Fig. 19, 
and are fitted (see Fig. 54, Plate LXV.). 08e 
adjacent to the thin end of the wedge are arranged to 
form worm-wheels, driven by a worm, because the 
load cemes upon the thin end in the process of 
adjustment; while, on the other screw-thread, ordi- 
nary nuts are fitted, as they are only used to follow 
up any movement and to lock the wedges. i 





arrangement is shown in Fig. 13, and a detail of the 
worm-gear for pulling the wedges is shown in Figs. 
20 and 21. By this means the operation of adjusting 
the dummy clearances when running becomes a ve’ 
simple matter, and index-plates are fitted, whic 
record movements in yp in. 

From Fig. 11 will also be seen the means provided 
for adjusting the wedges of the small bearings at 
the forward end of each turbine, to be described 

resently. The principle is the same as in the main 
i the gun-metal bush resting ona cast-steel 
saddle, which — rests on a wedge, admitting of 
the necessary adjustment for wear. The movement 
of the wedge, in this case, however, is effected by 
a screwed nut, driven by bevel-wheels, mounted 
on a rod, extending below the bearing, the gear 
being actuated by a spanner. A larger detail of 
this is shown in Figs. 22 and 23. 

The lubrication of the thrust-block has also re- 
ceived special attention. On each ring, both ahead 
and astern, there are three radial holes, meeting 
others running at right angles from the working face. 
Oil grooves are cut between the latter to ensure a 
distribution of oil across the whole working face. 
This is clearly shown in Fig. 24, which illustrates 
one bottom half of a ey Fig. 26 shows a large- 
scale detail of the radial holes. The supply of oil 
to the radial holes is from an annular space pro- 
vided in the thrust-block and cover, and into this 
the oil is pumped, Figs. 8 and 10. Communication 
is established from this annular s to the radial 
holes in the rings by a series of holes bored through 
the steel liner. Oil leakage from this space (if any) 
is inappreciable, on account of the close fit between 
the liner and the block and between the liner and 
the cover, so that the oil must pass through the holes 
(Fig. 8). It may be noted (see Fig. 25) that the 
phosphor-bronze is kept only ;}$, in. clear of the 
working face of the white metal. This minimising 
of the clearance was adopted as a safeguard, in 
order to ensure that, in the event of the white 
metal running, the rotor would not move forward 
sufficiently to injure the dummy strips, as the 
collars would eome into contact with the phosphor- 
bronze face before there was any rubbing at the 
dummy strips. Moreover, the thrust-co! can 
be run on the phosphor-bronze without injury. 





THE TURBINE BEARINGS AND BUSHES. 
In the bearings of all the turbines provision is 
made for adjustment of ‘‘ wear down.” e details 
of this arrangement as applied to the low-pressure 
turbine are shown on Plate LXI. The system gene- 
rally consists of a cast-steel saddle, into which is 
fitted a bush, supported by an adjustable wedge, 
which, in turn, rests on a specially pre 
surface of the bearing-block itself. It will be 
understood, of course, that very true surfaces had 
to be aimed at, so that in all cases they were 
machined and scraped most carefully. The system 
is applied to all the turbine bearings, and differs 
only in detail. Fig. 26 is a half section and half 
elevation of the forward bearing-block of the low- 
pressure turbine, and here also will be seen the 
provision made for the stool to allow for the longitu- 
dinal expansion of the turbine, as already described. 
Fig. 27 is a longitudinal section, Fig. 28 an outside 
elevation, Fig. 29 a half elevation looking aft, and 
Fig. 30a plan. Fig. 31 is a plan and elevation of the 
wedge, Figs. 32 and 33 details of the cast-steel saddle, 
and Figs. 34 and 35 details of the adjusting-serew. 
The upper surface of the bearing-block at A is 
el to the centre line of the turbine over 
its whole plane, and the wedge B is accurately 
machined to fit this surface, the top surface of the 
w having a taper of 1 in 50. e saddle OC has 
its bottom surface machined to a corresponding 
taper. The top surface of the saddle is made to 
suit the curvature of the bush. On the surface of 
the wedge which is in contact with the saddle a 
transverse key is forged, as shown at D, and fits into 
a recess on the saddle provided for it, and forward 
and aft movement in relation to the saddle is 
thereby prevented. The saddle, in its turn, can- 
not move in the fore and aft direction because of 
the fla of the bush, shown at E. These 
flanges a ee Seen eee in the 
block for them. y these means the bush and 
saddle are constrained to move only in a vertical 
direction, and the wedge only in a transverse 
direction. The movement of the wedge in a trans- 
verse direction, to compensate for ‘‘ wear down,” 
is effected by means of screws, as shown in the 


This | details, Figs. 34 and 36. Hardened steel-plates F 
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THE CUNARD LINER “AQUITANIA;” LOW-PRESSURE TURBINE BEARING-BUSH. 


CONSTRUCTED BY MESSRS. JOHN BROWN 


Fig 3. 
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are fastened to the sides of the wedges, four being | 


fitted along the thick end of the wedge and two at 
the thin end. Against these plates abut the points 
of square-threaded screw steel pins with hardened 
points. These pins work in gun-metal bushes, as 
shown. A square head is provided to take a special 
spanner. Index-plates are also provided, and one 
turn of the screws lifts (or lowers) the rotor to the 
extent of y;'55 in. Special attention has been 
given to the lubrication of different parts of this 
gear, as will be seen from Figs. 31 to 33. 

The low - pressure bearing - bush is illustrated 
above; Fig. 36 is a elevation and half 
section ; Fig. 37 a half plan at top and half plan at 
bottom ; Fig. 38 represents separate half cross- 
sections ; Fig. 39 shows the flow of water through 
the bush, and Figs. 40 and 41 the gun-metal oil- 
baffles. These drawings ar> largely self-explanatory. 


They also show the ement provided for lubri- 
cation and the design of the keep, combined with 
the top half, which has already been described. 


The oil-baffles at the ends of the 
Fig. 37. By means of sub-division of the annular 
space around the bush there is ensured as perfect 
a water circulation as is possible (Fig. 39). 


are shown on 





STEAM DISTRIBUTION, MANCUVRING, 
AND ALTERNATIVE SYSTEMS OF 
WORKING. 


We come now to the general arrangement of the 
turbines and their controlling gear. Longitudinal 








sections through the low-pressure and high-pres- 
sure turbine-rooms and condenser compartments, 
and a plan of all three turbine-rooms and condenser 
compartments are given on Plate LX. (Figs. 42 to 
44), while sections at various points are shown in 
Figs. 45 to 52, on Plates LXII. to LXIV. The 
steam-piping arrangement to the turbines is such 
as to provide for all possible contingencies, and to 
this we propose now to direct special attention, 
avis for future consideration a detailed descrip- 
tion of the auxiliaries, already briefly referred to. 
It may be noted here that, as shown on the plan, 
Fig. 43, on Plate LX., while the high-pressure 
turbines in the wing compartments are placed well 
forward, the low-pressure turbines are placed 
partly in order to reduce the length of the eduction- 
pipe to the main condensers. The s at the 
after end of the wing compartments is utilised for 
the evaporating plant, while in the wings there 
are certain small auxiliary pumps, the auxiliary 
condenser, and the circulating and air-pumps in 
connection therewith. The forward end of the 
central turbine-room, on the other hand, is utilised 
for the accommodation of the main feed-pumps, as 
shown in the longitudinal section, Fig. 42, and the 
plan, Fig. 43. ere are here also sanitary and 
wash-pumps, as well as forced-lubrication pumps. 
The arrangement further confers the advan 
that all these pumps are immediately under the 
observation of the officer on the starting-platform. 
Fig. 46, on Plate LXII., shows the arrangement of 
the machinery as seen from the starting-platform, 
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excepting, of course, that it is impossible, owing to 
the longitudinal bulkheads, to see the wing com- 
partments with the high-pressure and intermediate- 
ressure turbines, the auxiliary condenser, &. 
e longitudinal section through the starboard-wing 
compartment, given in Fig. 47, on Plate LXIIL., 
shows the main independent steam lead from 
the boilers to the intermediate-pressure turbine, 
with its connection to the ah and astern tur- 
bines, while the lifting-gear is also shown ; but 
this will be described in a laterarticle. In Fig. 48, 
on the same plate, there is a cross-section through 
the engine-room at frame 98, and here all four 
turbines are seen and their relation one to the 
vitating oil- 

tanks and of the ventilating fans is shown. Fig 49, 
on Plate LXIV., is a half-section looking on to 
the bulkhead separating the turbine-rooms from 
the condenser compartments, and there are seen in 
the wings the evaporators and distillers, and in the 
centre the hot-well pumps and the Harris filters. 
Fig. 50, on the same plate, is a half-section in the 
same position, but looking forward, and thus the 
two turbines on the two starboard shafts are shown, 
the lifting-gear forming a notable feature in the 
section along with the feed-heaters and filters. 
Fig. 51 is a half section of the port condenser- 
room, showing the sea-water outlet, the connection 
to circulating pumps, and other auxiliaries. It 
will be noted that ‘there is a cross-connection 
between the circulating pumps, so that they may 
be used for service in connection with either or 
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both condensers. Fig. 52 is a half section looking 
towards the after bulkhead of the condenser-room 
on the port side, and here are seen the air-pumps, 
the oil-drain pumps, the circulating-pumps, and 
the fan for ventilating this compartment. 

To return to the steam-distribution leads, two 
main steam-pipes, 25 in. and 21 in. in diameter, 


from the boilers, pierce the forward engine-room | oth 


bulkhead near the centre line of the ship, and 
terminate in two bulkhead valves on the engine- 
room side of the bulkhead (Fig. 45). These are 
operated by Brown’s — and control the 
supply to the turbines. To port and starboard, 
and with connection to both bulkhead valves, is an 


athwartship line of piping, in which are two large 
separators, distributing the steam through various 
valves to the ive turbines, all of which 


receive steam on the top. Master-valves are pro- 
vided on the athwartship pipes where these pass 
through the longitudinal water-tight bulkheads. 
By means of these valves the supply to either 
wing turbine can be cut off. The ahead and astern 
manceuvring-valves for the wing turbines are also 

laced on the bulkhead, and are operated by 

rown’s engines. The direct low-pressure ahead 
and astern manceuvring-valves, also operated by 
Brown’s engines, are arranged on the forward end 
of the low-pressure turbine-casings. These various 
valves are shown in the cross-section, Fig. 45, on 
ss LXII. 

t will be gathered from the foregoing that each 
line of shafting, with ite snugestion tadkinen, has a 
direct live-steam ahead and astern connection. The 
arrangement, however, does not permit of either 
— shaft being run independently of the inner 
shafts ; that is accomplished by change-valves and | 
shut-off valves, to be described in detail in our next 
article. The port outer shaft, for instance, when 








manceuvring carries with it the port inner shaft, 
the outer-shaft turbines exhausting into the inner- 
shaft turbines. The same applies to the starboard 
shafts. The port shafts can, of course, be run 
independently of the starboard shafts. On the 
other hand, the two inner shafts may be worked 
independently of the outer shafts and of each 


er. 
It will be seen that considerable latitude is 


afforded the engineer in charge when manceuvring. | be 


To obtain such exceptional manceuvring powers, 
especially with turbines arranged on the triple 
system, is no simple matter, as a study of the 
steam-runs will show. As has already been stated, 
the high-pressure ahead turbine, under normal con- 
ditions, receives direct boiler steam ; the connec- 
tion is 32 in. in diameter. A 53-in. diameter pipe 
leads the high-pressure exhaust to the intermediate- 
ressure turbine. The intermediate- ure tur- 
ine exhausts through a 90-in. pipe to both 
low-pressure ahead turbines, each with a 66-in. 
branch. The main eduction branch-pipe on the 
low- turbines to the condenser is 15 ft. by 
6 ft. This, the normal condition of working, is 
illustrated in the plan on Plate LX. (Fig. 43). 

To cut out the high- turbine al] that is 
necessary is to shut boiler steam from it and 
close the exhaust connection from it, opening the 
steam-run from the boiler to the intermediate-pres- 
sure turbine, this steam connection being 25 in. in 
bite & high from the inter 

‘o isolate the high-pressure m the inter- 
mediate or low-pressure turbine, a change-valve 
is introduced at the port side on the 53-in. 
line of piping across the centre engine-room, 


106 


from the intermediate-pressure turbine, while open- 
ing it to the low-preseure ahead turbines, or vice 
versd, this operation occupying two to three seconds. 
The ship would then be driven y three propellers 
—the port outer and inner and the starboard inner 


a 


peller—as an ordinary compound turbine instal- 
tation with one high-pressure and two low-pressure 
turbines. 

Again, the two low-pressure ahead turbines must 
ted when manceuvring. As they both 
receive ahead steam from the intermediate-pressure 
turbine under normal conditions, a shut-off valve 
between these turbines becomes necessary. This 
valve, which is suspended from the deck, is of the 
cock type, is worked by twin reciprocating engines 
placed beneath the valve, and can be operated in 
either direction in from 3to5 seconds. By the 
use of this valve the port or inner shaft may be 
thrown out of gear, while by corresponding means 
the whole of the steam from the intermediate- 

re turbine passes to this turbine, so that 

e starboard inner shaft is thrown out of gear. 

The stowing of the large branch-pieces to permit 
of lifting the turbine-casings involved a considerable 
amount of careful scheming on the part of the 
builders ; but this has been successfully accom- 

lished, as will be seen by reference to Fig. 43, on 
Plate LX. 


THE CONSTRUCTION OF THE TURBINES. 


We publish on Plates LXV. to LXXII. a series 
of illustrations of the turbines in course of their 
construction at the Clydebank Works, and it may 
be useful here briefly to describe these views. The 
two illustrations on Plate LXV. are specially in- 

, in view of the detail drawings and 





as shown in Fig. 43. This valve, of the piston , 
a by a Brown’s engine, and is to 
shut off the high-pressure shead turbine exhaust 


description already given of the thrust-block and 
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main bearings of the low-pressure turbine. Fig. 53 

shows the main bearing and thrust- block (covered 

in) of one of the low-pressure turbines, while kel 
o 


shows the bearing and thrust-block (uncov 
the high-pressure turbine. These engravings, when 
examined in conjunction with the detail drawi 


of the thrust-bearings published on Plates LIX. 
and LXI. may assist towards a fuller understanding 
of the description of the method of adjustment. In 
both views there will be seen the nut by means of 
which the wedge is brought into play for adjusting 
the block. 

Fig. 55, on Plate LXVL., illustrates the high- 
pressure ahead and high-pressure astern turbines 
partly lagged. These two turbines, when coupled 
together, as shown in Fig.5, make up a total 
length of 63 ft. lin. Fig. 56, on the same plate, 
shows the astern part of the low-pressure casing in 
the lathe for turning the interior grooves to take 
the blading. The size of the eduction-pipe for the 
exhaust of the condenser will be realised from the 
engraving. This portion of the casing alone weighs 
33 tons 17} ewt. 

Fig. 57, on Plate LX VII., shows the low-pressure 
turbine-rotor in its position in the casing, and with 
it there is seen the change-valve, which the 
exhaust steam from the high-pressure turbine 
alternatively to the intermediate-pressure turbine, 
or to the low-pressure turbine in connection with 
the manceuvring of the ship. In Fig. 58, on the 
same plate, there is given a view showing the 
forward end of the low-pressure turbine completed 
There is seen mounted on the turbine the valve 
for shutting off steam between the two low-pressure 
turbines, in order that the two shafts on the port 
and the two shafts on the starboard side may be 
operated independently in manceuvring. 

On Plate LXVIIL. there is a further view of the 
low-pressure turbine complete, the view (Fig. 60) 
in this case being from the after end. Again the 
change-valve is seen in the distance, while the 
nature of the ribbing of the turbine casing is specially 
well shown, and the stools on which the turbine 
rests. The other view on this plate (Fig. 59) 
shows various parts of the turbines of the Aquitania 
in the course of construction, and gives some 
suggestion of the immense extent of the turbine 
department of the Clydebank Works. Perhaps a 
more significant indication of the volume of work 
carried on by the firm is the fact that the shaft 
horse-power of turbine-propelling machinery simul- 
taneously in progress during the building of the 
Aquitania was between 300,000 and 400,000 horse- 
power. 

Fig. 61, on Plate LXTX., shows the rotor of one 
of the low-pressure ahead and astern turbines 
ag ped to being lifted into the casing, and 

ig. 62, on the same plate, shows a rotor in its 
— and the upper parts of the casing raised. 

is view shows the method adopted for support- 
ing the upper of the casing when it has toon 
raised for the inspection of the rotor. 

On Plate LXX. there is another general view of 
the turbines in the erecting-shops at the Clydebank 
Works, a view which carries conviction as to the 
immense size of the units forming the propelling 
machinery of the Aquitania. In this view there is 
seen in the foreground the thrust-block, with 
some of the details of the adjusting gear. 

On Plate LXXI, there are two very striking 
views, one, Fig. 64, showing the lifting of the 
—— half of the low-pressure casing into the ship 
while in the Clydebank dock, and the other, 
Fig. 65, the rotor of the same turbine being put 
on board. The load in this case is 140 tons, ex- 
cluding the lifting tackle, clearly shown in the 
view. 

The last of our series of illustrations (that on 
Plate LX XII.) is an impressive view of the rotor 
for the ah and astern low-pressure turbine, 
lying on the wharf alongside the ship and ready to 
be lifted into place. 





THE LIFTING GEAR FOR THE TURBINES. 


The arrangements for lifting the u of the 
casing of the rotors in the ship on lated on 
page 623 and the present . The views show 
the system adopted for the high-pressure ahead and 
astern turbines, and is typical of the method applied 
in connection with all the turbines. Strong ome 
are built across the ship at the level of the lower 
‘*F” deck, and above the ends of each of the 
turbines. Upon these beams are fixed large nuts, 
which form worm-wheels, driven by worms, actuated 





in each case by a 30-horse-power electric motor. 
These nuts are threaded to receive vertical screws, 
each of which is connected at its lower end, by 
means of links, to a cast-steel beam. This latter 
is bushed at each end to slide on steel columns, 
the lower ends of which rest on the top of the 
turbine bearing-blocks, while the pg ends sup- 
port the strong beams. When the lifting-gear 
is in operation, this —- is effected by means 
of distance-pieces, which are inserted only when 





the gear is in operation, and are removed at 
other times, so as to prevent any ‘‘ working” of 


Fig.68. 





_BASE LINE 


Fie. 68. Tursine-Lirtinc Gear. 


the ship being communicated to the turbines. 
The cross-beams, guided on the columns, lift the 
casing when the nuts are being rotated by the 
motors. On the casing there are cast horns, seen 
well in Fig. 60, Plate LX VIII., which engage with 
the beams when the latter are lifted. Further, 
there are brackets cast on the casing end, through 
which the guide-columns ; en the casing 
is lifted to the desi height, its weight is 
carried on steel columns, and the ms are then 
lowered by means of the screws to lift the rotor. 
For this purpose a strap is passed under the 
rotor spindle at each end, and fixed to the beam 
by means of bolts and nuts. When lifted, the rotor 
is supported on wooden blocks. In the arrange- 
see gg high motor that drives = gear 
or lifting the high-pressure ahead turbine can 
be disconnected by a clutch, and connected up 
to the corresponding gear, further aft, for lifting 
the high-pressure astern turbine. In this case the 
beams are only used for lifting the rotor, the casing 
being raised by lifting-plates, which are bolted to 
the casing ends as shown. The four electric motors 
for the turbine-lifting gear are of 30 horse-power 
when running at 500 revolutions per minute. They 
are of the slat ventilated drip-proof type, and have 


SECTION AT 103 LOOKING AFT. 





tramway-type reversing controllers. They were 
cnpgiiel by the Lancashire Dynamo and Motor 


Company, Limited, Trafford Park, Manchester, 
who also supplied two similar motors of 40 horse- 
power at 500 revolutions per minute, and two of 
30 horse-power at 600 revolutions per minute, for 
turning the rotors of the turbines for inspection 
purposes when in port. 


LUBRICATION OF THE TURBINE MAIN 
BEARINGS. : 

The efficient lubrication of the main is 
not the least important system in a turbine installa- 
tion. The arrangement here is 
very complete. Each bearing is 
= with two supply-pipes 
rom separate mains—one in the 
wing and -one in the centre 
engine-room, port and starboard 
—thus ensuring a supply should 
any one main be rendered inopera- 
tive. Six direct-acting pumps, 
124 in. by 10 in. by 24 in. stroke, 
of Weir's standard type are fitted, 
four only being required to main- 
tain the oil supply. The main 
oil-drain tanks from which these 
—- draw are situated at the 
orward end of the centre engine- 
room. On the oil return from 
each bearing a sight-glass is intro- 
duced, allowing the oil-flow to be 
easily seen. In the case of the 
wing-turbine bearings the sight- 

lasses in connection are brought 
into the centre engine-room near 
the starting-platform. On each 

ump suction an oil-strainer is 

tted, and on the discharge side 
also are fitted four filters for 
further cleaning the oil. Large 
and efficient coolers, two on each 
side of the ship, are provided. 
From the coolers the oil is pumped 
into large gravitation tanks, from 
which the supply to the bearings 
is taken, or, alternatively, the 
pump; may discharge direct to 
the bearings. All the tunnel 
shaft-bearings have forced-lubri- 
cation connections. The return 
from these bearings drains into 
tanks placed in the tunnel, from 
which two auxiliary pumps, 9 in. 
by 74 in. by 18 in. stroke, of 
Weir's type, placed in the con- 
denser-rooms, discharge it into 
the main drain - tanks. These 
pumps are automatically con- 
trolled by Weir’s float-gear placed 
in the tanks. Two large reserve 
tanks are provided in the engine- 
hatch for use when overhauling, 
or as may be required. These 
tanks are of sufficient capacity to 
hold half the oil in the entire 
system. As the port and star- 
board systems are separate, one 
side need only be dealt with ata time. Additional 
reserve supply-tanks capable of holding sufficient 
oil to charge the whole system are placed in the 
wing turbine-rooms on a stringer, being compactly 
arranged between web-frames. 

(To be continued. ) 





ALMANACK.—We have received from Messrs. Richard 
Garrett and Sons, Ltd., Leiston, an ornamental almanack 
for the t year, which consists of an aluminium sheet 
on which are printed in colours their patent superheated- 
steam semi-stationary engine and motor-wagon. 





Warter-Borng Trarric aT BasiE.—According to the 
Schweizerische Wasserwirtschaft the traffic on the Rhine 
at Basle did not exceed 300 tons in 1904; in 1905 it 
exceeded 3000 tons ; in 1907 it exceeded 4000 tons ; and it 
exceeded 15,000 tons in 1908. In the following year, 
1909, the figure was 40,000 tons, the traffic reaching 
65,000 tons in 1910, and exceeding 71,000 tons in 1912. 
Three-quarters of the traffic is up-river traffic, consisting 
of corn coming from Rotterdam, Westphalian coal, 
raw material. Since the tariffs for transport on the 
Rhine have been decreased, increasing quantities of corn 
destined for Switzerland are being shipped up that river. 
Exports from Switzerland vid the Rhine are also largely 
on the increase. The principal goods forming the exports 
are cement, aluminium, carbide of calcium, asphalt, and 
condensed milk. Swiss engineers are working 
actively at regulating the flow of the Rhine up-river from 
Rheinfelden, near Basle, 
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AEROPLANE ENGINE COMPETITION. 


Wutte the design and construction of aeroplanes | ™ 
has made such in Great Britain that there 
is now no doubt of our ability to produce such 
machines equal in every respect to those of foreign 
makers, it has so far been an unfortunate fact 
that those which have been successful have been 
frequently fitted with foreign engines. Thus at 
the military trials of 1912 a British machine took 
the first prize, but was fitted with an Austro- 
‘Daimler engine, and all the machines, except one, 
in this competition which got through their 3-hours’ 
test were fitted with foreign engines. Again, the 
B.E. type of military aeroplane has done excellent 
work, but also is fitted with a foreign engine. Com- 
ing to later events, the Sopwith biplane scored a 
brilliant victory at Monaco a few weeks ago, easily 
beating the specially-built high-speed foreign mono- 
planes, but was fitted with a ‘‘Gnome” engine. 


Fig. 7. SECTION A.B. 


Those competitors who desire to use and supply o>; 
an awh and ng oy shall state in writing, w 

the make and constituents of such fuel 
if required, shall supply samples | 


2. Requtirements to be Fulfilled. 
1. Horse-power, 90 to 200. 
2. Number of cylinders : to be more than four. 


3. Gross weight per +t ee calculated ‘for six 
~— run, not to exceed 11 Ib. 


4. Shape of engine : to be suitable for fitting in an aero- | 


and aking oe cater: and, 
for test. 


5. Origin o' hh gl British manufacture throughout 
(magneto excepted). 
3. Desirable Attributes. 

The following are eunitnnt to be desirable attributes 
of an aeroplate 

Light total weight. 

Economy of consumption. 

Absence of vibration. 

Smooth running, whether in normal or inclined posi- 
tion, and whether at full power or throttled down. 





Slow running under light 





Satisfactory running under climatic variations of tem- 
perature. 
het | 4. Tests. 

1. Two runs of 6 hours each, oS peer on peated 
down, as desired by the judges. Engines to be p 
in inclined positions not exceeding 15 deg. for = 
special runs. 

2. The consump:i.n cf fuel and lubricant will be 


geared 

to be dismantled by the Rig yd 
| ane between the runs if desired by the com- 
— or by the judges, but no work of ay kind to be 
one on an engine except under o vation. 

4. At any period during the competition o 
may pe such other tests as they may desi 
runs of duration, in order to bring out 
merits dem competing engines. 

War Office, June, 1913. 


Other conditions are, in brief, that the engines 
should be delivered at Farnborough by April 14, the 
tests beginning on April 30, 1914 ; that the working 
hours are 8 a.m. to6P.m., and that each engine 
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In view of the extreme importance of developing 
a home supply not only of aeroplanes, but also of 
suitable engines for them, it is very satisfactory 
that the Government has arranged for a competi- 
tion to be held for British aeroplane engines, with 
the offer of a substantial prize, and the prospect | igni 
of reasonable orders. It is also satisfactory to note 
that there has been a good entry and that a large 
number of engines have y been delivered 


for test. The principal conditions 3E the competition 
are as follow :— 


Nava AND MiuiraRy AEROPLANE-ENGINE CoMPETITION, 
1914. 


Notice To ComMPETITORS. 


A competition will be held fer seroplane engines under 
the following conditions :—* 

1. Prizes. 

A prize of 5000/. will be awarded to the maker of the 
engine which, in the opinion of the judges, best fulfils 
the requirements and the attributes stated 
below, and which is entirely suited for adoption for the 
aeroplane service. 

Saat ge in all will be 

of engines w! 
satisfactory for use). The orders 
confined to the prize-winner. 

Entrants of competing engines, up to the number of 
ten, which do not win the prize, but which, in the opinion 

udges’ Commi 


iven to 
uirements (and are 
not necessarily be | hand 


of the J —— fp 7 eee 
will receive 100. in respect of each engine. 
and petrol be supplied free for the tests. 





Workmanship. 

Silence. 

Absence of deterioration after teste. 

Simplicity of construction. 

Suitable shape to minimise head resistance. 
— against accidental stoppage—e.g., dual 


Adaptable for starting otherwise than by propeller 


swinging. 
Accessibility of parts 
Freedom from risk of fire. 
Abeence of smoke or of ejections of oil or — 
Convenience of fitting in aeroplane. 
Relative invulnerability 





to small-arm 
Economy (in bulk, woah, and pam ey of ~_ 
8 end. 
Pirecottonee of material. 
Reasonable — 
7% —The gross weight horse- power is 


ead total wee of the motor dived by the foere for 
ay v low which the output has not been allowed 
throughout the six hours’ run, with a tolerance of 
variations and accuracy of measure- 

ay &c. 
2. Definition.—The gross weight of the engine includes: 


the = complete with carburation devices connected 
bend 


> ao and oiling — any starting 
cooling appliances—e.g., fan, guarding, air- 
guides, and any water radiator and water connections, 
It will also — all 


a~BER the 

— a one SS Wg fe all oil 
‘The gross weight will 

not “osiode oo es and ae» -pipes to the car- 





should be erected on the test-bench in 48 hours and 
be ready to run its trial. That if the engine fails 
to complete its six-hours’ run twice, it may only 
have further trials by permission, and that three 


mechanics, in addition to the re ntative of the 
firm, shall be the only persons who are allowed to 
do any work on an engine. Competes may enter 


any number of ——- but not more than two of 
one type. After the six-hours’ = ~ hong other tests 
may be made which the ju eo 

By the courtesy of the Office we give illus- 
wstiens and particulars of the arrangements made 
at the Royal Air-Craft Factory, Farnborough, for 
rearrying out the teste of the engines. The problem 
of testing an aero-engine is considerably compli- 
cated by the fact that many of them are air- 
cooled. Such engines, if tested in still air, would 
pa | overheat, but when in the aeroplane are 

by the rapid movement through the air. 

Accordingly it is necessary to seqvedane the con- 
ditions in the matter of draught, and the plant at 
Farnborough is designed to test the engines in a 
wind current of 60 miles per hour. It is, of course, 
desirable that those who work the controls of the 
engine and the brake should be protected from this 
wind as far as possible. 

Figs. 1 and 2,annexed, show the arrangement of the 
test-house, which contains six test-beds and friction- 
brakes, each contained in a separate cubicle, which 
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can be locked up. Thus each engine is isolated from 
the other, and each competitor can work at his 
engine without in any way interfering with others. 
No m is under any circumstances allowed in a 
cubicle, except in the presence of an official observer. 
In each cubicle is a wind-trunk of sufficient length 
to ensure a steady stream of air, and beyond the 
wind-trunk is a bed, on which the engine is placed. 
Beyond this bed the trunk is again continued of a 
larger diameter, and terminates in two doors open- 
ing into the open air. Thus all fumes from the 
engines, many of which run with 5 a exhausts, 
will be immediately taken out of the building. 


of Royal Air-Craft Factory design mounted on a 
tubular shaft which encircles the engine shaft, but 
does not touch it. This shaft is driven by a belt 
from an electric motor mounted at the side of the 
test-bed, and capable of giving 50 horse-power. 
The entrance to the wind-trunk is bell-mouthed, 
and a suitably-curved shield is provided below, this 
arrangement having been proved to give a reason- 
ably uniform distribution of current over the sec- 
tion of the wind-trunk. From this point the trunk 
is parallel up to the front of the engine. The outer 
part of the trunk is movable, and can be slid up to the 
engine, and through it the blast escapes to the outside 

of the building. It has been 

found that the blast spreads 






























































: very little round the engine, 
eae W vain Tank  % that the latter is visible and 
beh ees Scale accessible from both sides, 
| | Meret a while the attendants are clear 
Tank Gauge Glass of the blast. 
| At the end of each bed isa 
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Fig. i. Se & . brake of the latest pattern. 
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The whole building is 120 ft. by 50 ft., and part, 
84 ft. by 25 ft., opposite the test-benches is parti- 
tioned off to form a store. A hand-operated over- 
head travelling crane is provided in each bay for 
handling the engines ; there are also provided in 
the building benches, &., and a high - speed 
drilling-machine for the convenience of the com- 
petitors in making small adjustments. 

Figs. 3 and 4, page 626, show the arrangement of 
the wind-trunk brake, &c., while Figs. 5and 6 show 
the same with the actual trunks removed, so that the 
details of the fan, &c., can be seen, a six-cylinder 
vertical engine being shown on the test-bench. In 
order to keep the brake as far as possible from the air 
current it is not mounted between the wind-trunk 
and the engine, but at the further side of the wind- 
trunk. In the wind-trunk isa four-bladed p-opeller 


factor having to be taken into account, while the 
horse-power increases as the cube of the speed, 
hence it is easy to keep the revolutions con- 
stant. It is also easy to vary 
for a given speed by inte uice - plates 
between the rotating and fixed blades. The e 
can be reversed so as to be suitable for engines 
rotating in either direction. It is understood that 
a representative of the makers of the brake will 
be in attendance during the trial. 

At the opposite end of the bed to the brake are 
the supports for the engines. The main beds are 
9-in. by 4-in. channels grouted into the 9-in. con- 
crete floor. On these are mounted transverse and 
longitudinal I beams, as shown in Figs. 7 and 8, 
page 626, fastened to the main channels by rail- 
clamps, thus affording a ready means of mounting 


the ee required 





any ordinary type of engine. Owing to the vary- 
ing resistance of different types of engines and 
other causes, the wind velocity may not be ag 
= to the revolutions of the propeller ; 
ence a velocity-meter is installed in the air- 
channel. This is shown in Figs. 9 and 10, page 
626, and was designed by Mr. F. Bhort, of the Royal 
Air-Oraft Factory staff. It consists of a tube facing 
the wind, with a cone behind it, the action of the 
wind giving a pressure in the tube and a vacuum 
in the cone.. From the cone and tube pipes are 
led to a VU liquid pressure-gauge, where pressure 
is led to one limb and suction to the other. The 
face is shown in Fig. 9, and the back in Fig. 10. A 
scale is provided, reading from 0 to 80 miles per 
hour, and is adjustable to the surface of the liquid 
by means of a screw. The ‘‘ constant” of pressure 
head is obtained by whirling-arm tests and stan- 
dardised at the National Physical Laboratory. The 
pressure-tube is mounted about 7 in. from the side 
of the wind-channel and a few inches down wind 
from the propeller, while the gauge is on the side 
of the building. The “arse system is shown in 
Figs. lland12. For each test-bed there is mounted, 
outside the building, a main petrol-tank having a 
capacity of 105 anew ethaany enough for a six 
hours’ run at 200 horse-power. By a cock A, the 
petrol can be shut off from the inside pipe in case 
of fire, while cock B controls the supply to the 
consumption-tank and also to the straight. through 











supply tothe engine. A large gauge-glass, graduated 
in aiem, is connected to the main petrol-tank. 

















Fia, 12, 


For convenience of ascertaining the rate of con- 
sumption at any time two means are provided. The 
first consists of a petrol-flow meter, consisting of a 
Venturi tube, with a very sensitive pressure-gauge, 
indicating the differences in 
The second consists of a diap 
with the dial, which is graduated to read the rate 
of consumption directly. A constant head to the 
Venturi tube is ensured by interposing a small 
tank with a ball-cock between it and the main 
tank. The general arrangement of this will be 


ure in the tube. 
communicating 
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seen in Fig. 12, which also shows the gauge of the 
air-velocity meter. In addition to this, a small 
tank is arranged so that it can be put into commu- 
nication either with the engine or main tank by a 
three-way cock. This is provided with a gauge-glass, 
and by using from it, instead of the main tank, the 
consumption for a small period of time can be 
ascertained with accuracy. 

The oil system is shown in Figs. 13 and 14, page 
627. The tanks are fitted above the wind-cowl, a 
three-way cock controlling the supply to the oil- 
meter, which is mounted at the side of the wind- 
cowl. This consists of a small tank containing a 
float, which actuates a pointer ona dial. A stop- 
watch mechanism is fixed to it, by which the time is 
taken for either one-tenth pint, half pint, or one pint 
to pass to the engine. It is, however, understood 
that this method will not always be a convenient 
one in the competition, and that the consumption 
may be taken by simply measuring all oil in the 
tanks and sump of the engine at the beginning 
and end of the trial. 

For engines fitted with an exhaust which can 
be led into an exhaust-pipe, and therefore silenced, 
a large exhaust- e over the wind outlet is 

rovided. The gases are led from the exhaust 
fenash into this by a 4-in. flexible pipe. A large 
expansion chamber buried in the ground is used 
as silencer, and is provided with a loaded flap to 
relieve the pressure in case of an explosion in it of 
unburnt . 

As itis usual to start aero-engines by turning 
the propeller by hand, special means for starting 
them is provided. This consists of a small cone 
clutch lined with Ferodo, which connects the pro- 
peller shaft with the engine shaft. This enables 
the electric motor driving the propeller to be used 
for starting the engine. Arrangements are made 
for running the electric motor in either direction 
to suit the engine. The clutch can be locked out 
of gear with the engine shaft so as to preclude any 
oe aed of its touching and influencing the 

rake horse-power. 

Figs. 15 and 16, page 636, show photographs of 
the general arrangements. The former shows the 
general view of the test-house, with the test-beds 
partially finished. The four further beds have the 
wind-trunks and water-brakes in position, while the 
nearer ones ure less on go As actually finished 
for the competition, each test-bench is in a cubicle 
with wooden partitions around it. The framing for 
this can be seen round the last two test-benches. 
Fig. 16 shows one of the test-beds with an engine 
being mounted on it ready for test. 

The arrangements appear to be excellent for the 
pur designed in every way, and the results of 
the trials should be most interesting. It is intended 
to use the building not only for the purposes of the 
competition, but afterwards for testing engines 
in general, for which pu the wood partitions 
will probably be removed. Hence several of the 
fittings, such as the oil and petrol meters, have 
been designed not only to be used in the com- 
— but also to be useful for future tests and 
or tuning up engines. For this pu a water 
service is laid on, so that water-cooled engines can 
be run without their radiators. For the competi- 
tion the radiators form part of the engine unit to 
be tested, and are mounted in the air-blast, while 
they are weighed as part of the total weight. 

With rd to the engines, it will be observed 
that while the weight limits are what would have been 
thought very low indeed not long ago, they afford 
scope for considerable variation in construction. 
The conditions call for a weight not exceeding 11 lb. 
per horse-power for a six hours’ run, and itis to be 
observed that in taking the horse-power it is not 
the mean for the run which will be taken, but the 
minimum at any onetime. The weight is toinclude 
engine, radiator, and all accessories, and also all the 
petrol and oil required for a six hours’ run, as well 
as the oil-tanks and pipes, but not the petrol-tank 
and pipes. As the fuel and oil will necessarily be 
a considerable part of the 11 lb., it is evident that 
these conditions are very severe, and not long ago 
would have been regarded as ‘utterly impossible. 
It is, however, evident that they can filled in 
different ways ; ¢.g., there may be either a very 
light ine with a heavy consumption, or vice 
versa. It is also evident that economy of oil is 
more important than economy of petrol, for the 
oil-tanks are included, but the petrol-tanks are not. 
Twenty-two engines ap to have been actuall 
deli for trial, and are of varied enoug 
design to give a test of all the systems in common 








use. Thus there are eight air-cooled engines, and. 
fourteen water-cooled. There are five rotary, six 
radial fixed, six diagonal, and five vertical- 
engines, and there are one five-cylinder, six six- 
cylinder, one seven-cylinder, six eight-cylinder, 
four nine-cylinder, two ten-cylinder, one fourteen- 
cylinder, and one eighteen-cylinder engines. The 
revolutions per minute stated vary from 900 to 2200. 
It is noticeable that only six competitors give their 
engine speed as over 1500 revolutions per minute. 
One two-stroke engine has been delivered. 

It is unders' that the War Office does not 
propose to publish any results of the engine per- 
formances until the conclusion of the trial, when 
a report will be issued, and we therefore defer any 
comment until then, when we shall deal with the 
matter again. It may be mentioned that the order 
of p ure of these trials is different from that of 
the aeroplane competition of 1912 in that only a 
limited number of test-beds are available, and the 
order of trial is determined by drawing lots. Inthe 
aeroplane competition there were enough observers 
for any machine to do any trial as soon as it was 
ready to do so. Hence getting through quickly 
was a sign of merit. In the present competition, 
however, getting through the tests quickly simply 
means that a lucky number has been drawn by lot. 





THE FLYING-MACHINE FROM AN 
ENGINEERING STANDPOINT.* 


By Freperick Witu1am Lanonestsr, M. Inst. C.E. 


1. The Air considered as the Permanent Way.—In 
approaching the subject of the flying-machine from the 
engineering standpoint, it is desirable to devote attention 
in the first instance to the air considered as the ‘‘per- 
manent way.” When the atmosphere is quiescent a 
gliding model or a a= pay ine carves its way through 
the air in rectilinear flight as if supported on a perfectly- 
laid track—a far more perfectly-laid track than the rail- 
way engineer has hitherto shown himself able to lay 
down. Under such conditions the aeronautical con- 
structor requires to know the weight and coefficient of 
traction of the machine, the velocity of flight, and 
the maximum gradient it is required to climb, the 
problem then resolving itself into the provision of a 
screw-propeller of sufficient diameter and ap iate 
pitch to supply the necessary thrust-reaction, and 
the fitting of a motive- power engine (and, if neces- 
sary, gearing) to drive the said propeller at its correct 
speed. The horse-power needed is calculated just 
as in any other case of propulsion or traction. In 
addition, the engineer needs to be able to calculate the 
stresses necessary to the design of hisaerofoil and f 
structure, and to design a suitable alighting chassis. 
For the present, we shall assume that we have to 
deal with a machine in being, and devote our atten- 
tion to the uliarities and ey of the aerial 
highway ~ ich the machine to be adapted and to 

pt itself. 
of a hypothetical machine, plotted from a mathematical 
equation. The hypothetical machine differs from an 
actual flying- machine, or glider, inasmuch as it is 
assumed to be quite small in comparison to the minimum 
radius of curvature of its flight-path, its whole mass is 
taken as concentrated at its centre of gravity (con- 
sequently it has no moment of inertia about its transverse 
axis), and it is presumed to experience no resistance in 


flight, or, alternatively, it is supposed to have a pro-| bed 


ling force constantly applied equal at every instant 
to its resistance. Referring to Fig. 1a, it is seen that the 
straight-line flight-path is represented by a horizontal 
line, path No. 1; here the velocity of the machine is equal 
to that acquired by a body falling freely through a dis- 
tance H» constituting the distance between flight-path 
No. 1 and the datum For this hypothetical machine 
there is an infinite number of other possible flight-paths, 
the whole series being represented by the equation :— 


— re 
3 Ha VH' 


from which the samples given are plotted. 

It will be seen that the series comprises two notable 
special cases ;t firstly, we have the straight-line path 

The fish om ye k ian omg g 6, of 1 

e flight-paths, or ‘* phugoids,” Nos. 1 to 6, of less 
amplitude than the Me are those which are of 
chief concern from our present point of view, the cases 
beyond the semi-circle, in which the curve has no point 
of inflection, and in which the machine “loops the loop,” 
are in the main only interesting from the point of view 
of the mathematician and the student of “‘ trick flying.” 
These inflected curves have been more fully plotted in 
Fig. 2. In both Figs. la and 2 the velocity at any point 
is that ing to a body falling freely from the 
datum line. Thus, given the normal or natural flight 
velocity V», the scale of the chart is determined by the 


cos @ = 





In Fig. la is represented the flight-patht | This 


calculation of H, from the equation of the falling body, 


i & —.. 
29 
Althoug’ 


ne = already a. the meng ven in 
i a and 2 re; t, stric es ypothetical 
machine that cake faintly resembles an actual machine, 
the difference has but little effect on the validity of these 
flight-path charts. I have shown* that in the main the 

ect of moment of inertia about the transverse axis is 
to cause the amplitude of the oscillation to increase, so 
that the machine, or glider, pass by imperceptible 
stages from one curve to another in the order they are 
numbered on the chart, eventually leading to instability. 
I have also demonstrated that the assumption of a con- 
stant horizontal propulsive force, in place of a force 
always in equilibrium with the -resistance, has the reverse 
effect, and tends to damp out an oscillation and diminish 
the path amplitude. @ may thus in 7 free-flight 
model, or glider, have the flight-path unstable, neutral, 
or stable,t according te which (if either) influence pre- 
dominates. In an actual flying-machine we may also 
have the flight-path unstable, neutral, or stable; but 
here e ience has shown that a skilled pilot is well 
able to handle a machine even though its natural flight- 
path may be unstable ; in spite of this, calculation shows 
that, speaking generally, machines as flown to-day are 
not far, one way or the other, from the neutral state. 
From the engineer’s point of view it is unimportant 
whether the flight-path stability is inherent in the 
machine, or whether, so to s , the finishing touches 
have to be given by the pilot himself. 

The point I wish to make clear at the present juncture 
is that the curves, plotted from a mathematical equation, 
do actually apply with reasonable experimental exacti- 
tude to models and to machines in flight. Thus, a 
disturbance acting on any model in free flight will set up 
periodic undulations in the flight-path, and these have, 
within the limits of experimental observation, both the 
time period and phase length corresponding to their 
theoretical values in relation to the flight velocity. Some 
experimental determinations, showing the reality of this 
— made with models in free flight, are given in 

able I. 





TaBiE I 
— 1. 2. 3. 
Flight velocity bs os --| 14.0 14.0 10.0 
Theoretical phase length.. ft. 27.0 27.0 15.5 
Measured se a «s »| 26.0 — — 
Theoretical time period .. 1.93 1.93 1.55 
Measured » = oa oo | 1.9 1.83 1.87 


The phugoid, or flight-path chart, is capable of useful 
application in more ways than one. Any movementof the 
iene or ‘‘ elevator,” for example, by altering the 
attitude of the main aerofoil causes the machine to be- 
come self-supporting at a lower or higher velocity—that 
is to say, alters its natural velocity, and we thus may 
represent such a change in the manner indicated in Fig. 3. 
Here a machine is presumed fiying at a certain velocity 
corresponding to the height H.., ite elevator at the point 
a See ieee re hg lower flight —— —_ 
sponding to a height h» ; this is equivalent to altering the 
scale of the chart at that point, and the subsequent path 
of the machine is ane a by the phugoid curve a b. 

is path may undergo damping, either due to the 
inherent stability of the flight-path, or due to the inter- 
vention of the pilot, asshown by theline ac. In the 
case of a model of unstable flight-path, with no interven- 
tion from the pilot, the flight-path becomes one of aug- 
mented amplitude, ad. 
whe —— is - with an aon ons “a4 

il- e) Oo! surface, it is ible for the pilot to 
sale ana AA 1. of his anckine that he appears to 
esigning his own flight-path curves rather than modi- 
fying or damping the natural curves of the equation. It 
is quite true that this is one way to fly; it is, in fact, the 
old Wright method of flying, the original Wright machines 
havin; ton furnished with a front elevator carrying little 
or ne load. That type of machine, however, may be re- 

ed asa thing of the past. The Wright machine could 

“piled up” by inattention or want of skill at any 
moment, and if once its fight velocity fell below a certain 
value, either from want of attention on the part of the 
pilot, or from a wind-gust from abaft, or other cause, the 
pilot was definitely unable to restore his normal flight 
condition ; it is for this reason that the Wright type of 
machine has been abandoned.§ 





* “ Aerial Flight,” vol. ii., §§ 52 et seq. 

+ This kind of\stability is frequently termed ‘‘dynamic 
stability.” : 

+t Tabulated from ‘‘ Aerial Flight,” vol. ii., § 69. 

§ Practically the whole of the distinctive features of 
the early Wright machine have disappeared to-day; for 
example, the tailless ine is a of the b, 
nearly every modern machine is fitted with a tail- 

The forward elevator is obsolete or nearly so. The twin 
propeller has given place to the single propeller in almost 
every case. © gear-driven propeller has also been 
abandoned. The vertical four-cylinder or motor-car type 
of engine has proved itself inadequate. The exposed 
position of the pilot, ine, &c., has gone never to 
return. The Wright method of launching on runners 
and alighting on skids also is a thing of the past. The 





* The James Forrest lecture, delivered before the | biplane construction and the fore-and-aft vertical surface 

Institution of Civil Engineers on May 5. have to some extent survived, but these features were in 

t uced from Fig. 42 of “Aerial Flight,” by | no wise new when adopted by the Wright Brothers. 

F. vol. ii. The wing warping and vertical rudder (nei feature in 

+ There is a further special case when the value of H | itself new), operated by the Wright Brothers from one 

: infinite; the flight-path becomes a circle of | control-lever in common, are nowadays operated from 
radius = 2 H,. two entirely separate controls. 





May 8, 1914.] 


ENGINEERING. 


629 








2. Catastrophic Instability.—Before entirely quitting 
this branch of the subject, attention will be directed to a 
point first raised by me within the last twelve months, 
under the title of ‘‘ Catastrophic Instability.” It is a 
curious fact that, although the author and oher investi- 
gators had been studying the question of stability by 
various methods for some twenty years more or less, and 
such items as longitudinal stability, lateral stability, and 
a form known as asymmetric or *‘ rotative” stability, 
have been ‘‘ catalogued” and investigated, both theoreti- 
cally and experimentally, a form of instability which may 


in practice be far more serious and deadly has until be: 
recently esca: notice. There are certain t of flight 
model, of which the ordinary ‘“‘ballasted p is an 


example, in which the flight-path is ambiguous. In the 
case of ballas lane* the pusition is quite simple ; 
this type of model is symmetrical, it has no ‘“‘ upside 
down ” ; if launched at its correct flight-velocity to travel 
on py No. 1 (Fig. 1a), it is equally capable of 
travelling on an alternative flight-path intermediate to 
those numbered 11 and 12, the only determining factor 
being whether at the moment of launching. the pressure 
reaction is in an upward or a downward direction. A 
very slight want of skill in launching one of these bal- 
lasted gives at once the inverted flight - path 
(Fig. 4) ; likewise a gust or disturbance acting on a model 
of this kind in flight may be sufficient to invert the 
flight-path and determine its downfall. From our present 
point of view, regarding the air as the ‘‘ permanent way,” 
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there is instability ; there are ape tt eee or attitudes, 
x the machine at a pitching moment <1 _ 

two outer two, p, and po, a aw 2 
stable positions of normal and upside-down flight, and ps 
marking the critical angle of unstable equilibrium when 
the ine from one state to the other. 

In Table Il. are given results of some experiments 
recently carried out with a model machine at the 
National Physical Laboratory. These were not directed 
 ?— ~ and roughly form the basis of the plotting, 

ig. 7a. 
fa the experimental figures as tabulated, the evidence 
of catastrophic instability is seen in the column headed 
pitching moment ; whenever there are three changes of 
sign the model is catastrophically unstable. 

ferring to Fig. 7a, it may be observed that the 
character of the pitching-moment curve depends primarily 
u the form of the aerofoil, the position of the centre 
of gravity, and the effective area of the tuil-member. 


but the form of the curve itself is not materially changed. 
It is evident, therefore, that a given machine may be 
catastrophically stable within certain limits of the 
adjustment of its elevator ; that is to say, referring to 
Fig. 7a, it will be seen that the datum line may either cut 
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the position is as though the model, or machine, were 

continually crossing a number of facing points arranged, 

not quite as on a railway, but in a vertical sense (Fig. 5, 

630), so that the machine is always in danger of 

ing switched off on tc an inverted flight-path aa, if an 

aerial disturbance of the right kind and sufficient magni- 
tude and duration happen to be encountered.+ 

In my opinion the soundest way to avoid danger from 
this cause is experiment in a wind channel with scale 
models, both of the aerofoil and of the machine as a 
whole, prepared from the working drawings. 

According to the evidence that has up to the present 
been collected, the lift diagram for any machine passes 
without break of continuity from positive to negative 
values, and the angle of inclination is a single-valued 
function of the pressure reaction aa, Figs. 6and7. The 
pitching moment in some cases is a curve of similar 
character, bb, Fig. 6, in other cases it is of the form bb. 
Figs. 7a and 7b, the latter of which represents the case 
of the ballasted plane. In Fig. 6 the model may be con- 


* A rectangular plate of mion, conveniently 0.008 in. 
thick, 8 in. by 2in.. ballasted at the centre of the leading 
edge. 4, Compare “ Aerial Flight,” vol. i, page 231 ; vol. ii, 


fight ne boy nature af this cation inversion of the 
t y be gauged from the fact that it represents 
in effect a complete reversal of gravity, the machine is 
, downwards with a force comparable to that 
previously giving it support, and any loose tools, instru 
ments, or fitments, including the pilot himself, are liable 
to be jettisoned by the machine, whose subsequent career 
18 an up-side down flight carried out on its own account, 
facts on record se the fatal accident to Major 
Merrick at the Central ying School (October 3, 1913) 
point strongly to catastrophic instability as the cause. 
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the curve once or three times ; the range of adjustment of 
the elevator that results in cutting the curve once leaves 
the machine catastrophically stable; but when the elevator 
is adjusted so that the datum line cuts the curve three 
times the machine is catastrophically unstable. In such a 
case as that shown by the dotted datum line in Fig. 7a, in 


Taste II. 


Pitching 


Angle of 
Pitch. Moment. 





Angle of stable equilibrium upside 
down. 


| Critical angle of catastrophic change 
| of flight-path. 
+0.0070 | 


+0 0026 - 
- 0.0043 ~ 
- 0.0173 


Angle of stable equilibrium right 


16 | way up. 


| 





which the machine is roe | stable, the form of 
| the pitching-moment curve is still open to objection. 
| Not only is it always possible for the pilot to bring about 
| catastrophic instability by an otherwise well-intentioned 
movement of his elevator, but the restoring couple for 
pitching beyond a small amplitude ceases to follow even 
approximately the straight-line law, a fact that inevitably 


sidered as catastrophically stable, but in Figs. 7a and 76 | i 


to the point in question, but incidentally serve as an apt | the 


By altering the angle of the tail-plane (or by altering its 
effective angle by moving the flap known as the elevator) | pitching-moment curve for the complete machine, the 
the datum line of Fig. 7a is in effect raised or lowered, | 


imperils the fli rp ‘stability. Even when, as illus- 
trated in Fig. pi -moment curve 6b never 
passes the horizontal, and so catastrophic instability is 
oS ee ee eee not sati q 
since e may be a co ble change of attitude of 
the machine without giving rise to any commensurate 
restoring couple. ; 

The undesirable kink in Ge pik 
shown in Figs. 7a, 7b, and 8, is due to 
the centre of pressure of the 


“moment curve, 

movements of 
aerofoil itself in relation to 
position of the centre of gravity. The tail plane 
|alone will give a pitching-moment curve of the type 
| illustraved in Fig. 6, but the fore-and-aft change of posi- 
tion of the centre of pressure of the aerofoil, at different 
angles of attack, gives rise to a pitching-moment curve 
| whose exact character depends upon the position of the 
|centre of gravi Should this correspond to a posi- 
| tively-loaded a curve of the type b b, Fig. 9, will 
result ; this, su on tail component, im 
| to the pitching-moment curve of the complete machine 
the kink shown in Fig. 7a. 

In order definitely to make sure of a satisfactory 








pitching-moment curve of the aerofoil alone should at no 
point exhibit an inverse To achieve this it is 
necessary to bring the centre of gravity appreciably in 
| front of the most forward position of the centre of pres- 
| sure of the aerofoil, so that the tail-plane will under all 
| conditions carry a slight negative load. Taking it as a 
| basis that at the worst point the pitching-moment curve 
for the aerofoil alone shall be horizontal (the form of 
curve shown in Fig. 8), the geometrical construction given 
in Fig. 10 may be employ to give a suitable location to 
the centre of gravity ; here the locus of the centre of 
74 (as experimentally determined) is t .~ by the 
| line aaa, the pressure-reaction curve is vt Art 

on the line OY. A 
ing-moment curve are 





| line b 6 b, the dynamic zero bei 
number of tangents to the pi 


Fig.2. 
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drawn at random from points on the axis O Y, and are 
produced a distance equal to their own length beyond 
the point of contact, the extremities of these tangents 
defining acurveddd. Drawgg oat tod dd, then 
the centre of gravity should be situated on, or forward of, 
the line g g. e location of the centre of gravity on this 
line gives a pitching-moment curve for the aerofoil alone, 
whose point of inflection is horizontal (as in Fig. 8). 
If we assume the machine flown at a 


corre- 
sponding to the maximum lift/drift ratio of the aerofoil 
(curve cc), the centre of gravity im this particular case 


is one-eighth of the chord length in advance of the centre 
of pressure. Assuming the tail length equal to three 
times the chord (as in the B.£. 2 type of the Royal 
Air-Oraft Factory, whose outline elevation forms Fig. 1), 
this is equivalent to a negative load on the tail equal to 
0.04 (4 per cent.) of the weight of the machine.* A 
machine so ballasted may be ed as. absolutely 
secure from catastrophic instability, and as having a 
pitching-moment curve of an uate character. 

In connection with the present subject it is worthy of 
remark that in a well-designed aerofoil the most forward 
— of the centre of pressure is never far removed 
rom the point of maximum lift/drift ratio ;+ this fact is 





* A similar conclusion was reached by the author some 
eight years ago, based on an entirely different method of 
investigation. For model experiment « , yes 
loaded tail was found to be advantageous ; figure 
0.035 is given in ** Aerial Flight,” vol. ii, page 335. It is 


desirable to work with a less pro of negative load 
from the point of view of keeping the resistance low ; 
evidently the matter is one for compromise. 


+ This is not in the nature of a coincidence; a well- 





designed aerofoil at its attitude of least resistance meets 
and leaves the stream-lines representing the relative sir- 
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of importance, inasmuch as it permits a considerable 
range of movement round about the attitude of normal 
flight without introducing grave irregularities in the 
pitching-moment curve. ere it not for this the re- 


resistance common to flying-machines, dirigibles, motor- 
' cars, ships, &c.; in other words, the ordinary resistance 
experienced by any vessel or body in its passage through 


Fig. 6. 


the direct resistances may be regarded as of the same 


So far as the pilot or aviator himself is concerned, all 
kind and grouped together—namely, the sum of the eddy- 
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3. The Laws of Resistance.—Having established the 
general character of the airway, or track on which the 
flying-machine is sustained, we pass directly to the con- 
sideration of the law of resistance, as determining the 
coefficient of traction, on which depends the power ex- 
penditure. It is customary, and it is correct, to regard 
the resistance encounte by a machine in flight as | 
made up of two parts: firstly, the direct resistance, | 


which varies approximately* as V2—namely, that form of 








flow (in the region of its mid-s>ction) conformably. Under 
these conditions small changes of attitude one way or the 
other do not cause any abrupt change in the ynamic | 
system. Such expedients as flattening the extremities 
and giving a reflex curve to the trailing are also 
found to be of service. 

* The V® law, it would appear, in no case exactly 
represents the actual facts; the departures from this law 
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a fluid ; and, secondly, the flight resistance proper, which 
follows an entirely different régime. 
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crop up in various and sometimes most unexpected 
directions. In the case of resistance due to skin-friction, 
sufficient data exjst to enable the degree of departure 


from the law to be computed; in other cases, as for | Res 


example, in the pressure reaction 

eT or aerofoil, departures of a different kind 

have been demonstrated, and are being gradually eluci- 

dated by experimental investigation. In epite of t 
ings. the foundation theory of flight is to-day, 

and probably will continue to be, based on V? la 


Ww. 


by an in- 


eEr-— 1894 


SECTION cc sectiondd 
eZ <x 


making and skin-frictional resistances due to the fuselage, 
the alighting-chassis, and the various struts, stays and 
spars, whether belonging to the body of the machine or 
aerofoil; also the engine resistance (if ex ), the 
radiator, and the frictionally ex surfaces of the 
rudders, fins (vertical surface), of the aerofoil itself. 

istance from all these causes varies approximately 
as V®, and so can be represented by an equivalent normal 
plane, and this equivalent normal plare is one of the 
resi-tance — of any given a it. ay, be 
represented a graph a a, Fig. 11—a portion a 
ponabela—envsaing the range of sp.cd of which the ma- 
chine is capable, 
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From the point of view of the pilot, the aerodynamic 
resistance b b, which goes to make up the total c c 
(Fig. 11), follows, within limits, the inverse square law— 
namely, varies as k/V%, where k is a constant determined 
by the design of the aerofoil ; there is a critical angle 
which defines the low velocity limit of this law, and at 
best the inverse equare law is but an approximation ; it 
is the correct law to assume for an undefined form of aero- 
foil, but every individual design bas its own particular 
manner of variation, which must be ascertained by ex- 
periment. The experimental determinations for any 
aerofoil include, with the aerodynamic resistance, 
skin frictional, and a certain amount of other insepar- 
able direct resistance, so that if experi tal values are 
taken, these resistances should not in included in 
the computation of the equivalent nor plane. 

From the point of view of the designer things wear a 
somewhat different aspect, and a sharp line has to be 
drawn between two different classes of direct resistance. 
In the first there is the body resistance, which is 
taken to include the resistance of all those parts, such as 
fuselage, alighting-gear, &c., which is independent of 
the design of the aerofoil. In the second place, there is 
the direct aerofoil resistance, including the skin friction 
and strut and stay resistances, which are variables depend- 
ing upon the area and span, and otherwise upon the 
design of the aerofoil itself. The designer can by suffi- 
ciently extending the aerofoil reduce aerodynamic 
resistance (as shown by Lange) as low a value as he 
please, within the limit prescribed by the question of the 
added weight; but this reduction in the aerodynamic 
resistance 1s accompanied by an increase of skin frictional 
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and other direct aerofoil resistance, so that for any given 
machine and designed velocity there is an extent of aero- 
foil beyond which it does not pay to go ; there is definitely 
a design of least resistance. 

I have shown that, treating the matter from the broad 
standpoint of general theory, the condition of least resist- 
ance is reached when the aerodynamic and direct re- 
sistance of the aerofoil are equal to one another.* This 
is illustrated by Fig. 12, in which (as in Fig. 11), aa 
represents the graph of the direct resistance (R « V¥%), 
and 5b that of aerodynamic resistance (R « 1/V2), and 
cc is the total (ordinates = resis' abscisexe = velo- 
city). In Fig. 13. similar result is shown in which the 
plotting is given for constant velocity (absciss = area), 
a8 representing more literally the problem as presented 
to the designer. 

The general theory on which the foregoing result is 
baced depends upon and is subject to the limitations of 
the 1/V? law of aerodynamic resistance. This law corre- 
sponds to the straight-line law as correlating pressure and 
angle, and is a close approximation between useful limits, 
but breaks down at # certain critical maximum angle 
(depending mainly upon the aspect ratio), as in 
the examples given in Figs. 14a and 14. The square 
plane follows a straight-line law ue te about 30 deg, in 

e of as ratio = 6; the limit is about 12 deg., 
the breakdown _of the law at these limiting angles puts 
& very definite limit to fying at low speed. 

I have demonstrated that the condition of least resist- 
ance implies, for an aerofoil of any given aspect ratio, a 


* “ Aerial Fiight,” vol. i., ch. vii, 











definite value of the angle of trail,* 8, Fig. 15; the chord 
angle, except where a plane lamina is . is an acci- 


dental quantity, and not, as uently supposed, one of 
fundamental 5 tne en calculated Y ine of trail- 


angle 8 a = _ “ - in Table aw Thus 
any aerofoul properly design or least resistance for any 
given velocity of flight will be correctly designed for 
TasLe 1V.— Values of 8 (Ancle of Trail) for 
Least Resistance. 














! 
the | Aspect Ratio. —F=0.20. | & = 0.015. £ = 0.010. 

de; deg. deg. 
3 0.189 = 10.8 | 0.168= 98 0.183 = 7.6 
4 0.196 = 11.2 | 0.169= 9.7 0.188 = 7.9 
5 0.202 = 11.6 | 0.174 = 10.0 0.142 = 8.1 
6 0.208 = 118 | 0.178 = 10.2 0.145 = 83 
7 0.212 = 1215 0.183 = 10.5 0.149 = 8.5 
8 0.218 = 125 | 0.189 - 10.8 0.154 = &8 





every other velocity provided that its load per unit area 
be varied as the square of the flight velocity. 

It thus es possible to prepare tables of mean- 
wae values proper to least resistance for different 
ight velocities and different values of = ratio 
(Table V.). Tables IV. and V. are reprodu from my 
“‘ Aerial Flight,” vol. i. pages 261, 262, and 271, the 
variable factors in addition to the flight-s being the 
aspect ratio, which is here shown as tabu for values 
from 3 to 8, and the coefficient of skin friction, values of 
which are taken from 0.01 to 0.02 double-surface coeffi- 
cient. These values for skin friction are on the high side, 


1g 19. 


ormier 


rer 


| 
| 
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| 
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but as an actual fact the values given do fairly represent 
the total direct resistance that in practice de 8 upon 
the area of the foil, and which requires to be included 
in the useful application of the theory; the higher 
values, generally speaking, represent more closely biplane 
conditions, and the lower values are more applicable in 
the case of the monoplane. 

It would appear from recent experiment that my con- 
clusions, as given in Tables IV. and V., though in the 


TasLe V.—Pterygoid Aerofoil. 
Laed (pound por Square Post tor Least Reistanen, 











Flight | , 
Velocity | Values of Aspect Ratio. 
| | j 
oot } «| 5 6 7 8 
5 0.017 | 0.018 | 6.020 0.022 0.028 | 0,025 
10 0.068 | 0.075 | 0.082 0.089 0.004 0.101 
15 0.152 | 0.169 | 0.186 0.200 0.213 0,228 
20 0.270 | 0.800 | 0.8830 0.355 | 0.879 | 0.405 
& 25 0.390 | 0.483 | 0.475 0.511 | 0.545 0.682 
= 30 0.610 | 0.676 | 0.743 0.800 | 0.852 0.911 
m4 35 | 0.830 | 0.920 | LOL 1.08 1.16 1.24 
up| 0 1.08 1.20 1.82 1.42 1.51 1.62 
50 1.69 1.88 | 2.06 2.22 237 | 2653 
€0 2.44 270 | 2.97 320 340 864 
70 8 32 8.68 | 4.05 4.35 4.64 4.96 
80 4.33 481 | 6.30 | 5.70 | 6.07 6.47 
5 0.012 | 0.013 | 0.014 | 0.015 | 0.016 0.018 
10 0.047 | 0.058 | 0.058 | 0.068 | 0.066 0.071 





15 0.107 | 0.119 | 0.181 | 0.142 0,150 = 


20 0.190 | 0.211 | 0234 | 0.258 0.267 0, 

25 | 0.881 | 0.366 0.596 0418 0.450 

Ss 380 0.427 | 0.475 | 0.626 | 0.570 0.601 | 0.645 

= 35 0.582 | 0.647 | 0.717 | 0.777 0.820 | 0880 

u 40 0.760 | 0.845 | 0.9356 | 1.01 1.07 1.15 

ot pe 118 | 132 | 146 | 158 | 167 1.79 
60 1.71 190 | 210 | 298 | 240 | 2.58 
70 232 | 2h8 | 236 810 | 827 )~| (861 
80 $06 | 888° «878 405 27 «(4.59 


main correct, require revision ; at least in a quantitative 
sense. Thus plotting values of the pressure constant, as 
derived from Table V., for different values of aspect 
ratio, and as determined for the condition of least resist- 





* It is not easy to define the angle of trail of an aero- 
foil when the section is one of considerable body ; clearly 
it is something intermediate between the upper and 
under surfaces, probably more nearly a: imating to 
the former, as shown by the dotted line in Fig. 15. 








asePpecr-—- RATIO 





ance lift/drift) by the National Physical Labora- 
, ect agreement for 
» = 6; rapbs slope in 
the wep aan they give a er pressure 
ny ae ae iate to higher ratio; we do not, 
however, justification for the extent of the difference 
as given in my table ; National Physical La! 
effect as very slight indeed—in fac 
almost negligible ;' the pressure constant for the aerofoi 
tested might be assumed as 0.32 for all values of aspect 
ratio without serious error.* 
In Fig. 18, the National ey Laboratory curve 
from Fig. 17 has been plotted for comparison with the 
curve of the normal It is well wn that the 


pressure constant of normal is greater for planes 
of elongate form ; the normal curves given in Fig. 
18 are based on the determinations of ley and Dines, 


as given in “ Aerial Flight” (the upper curve) ; and the 
more recent determinations of Mr Eiffel, the values 
according to this authority being very much lower. On 
the left, on the line aspect ratio = 1, we bave the value 
for the square p'ane as determined by the National Phy- 
sical Laboratory, and a curve is shown (dotted) directed 
towards this point as being the nearest we can at present 
do towards a representation of the truth. 

The relation of the normal plane curve to the National 
Physical Laboratory curve aforesaid is most suggestive ; 
it that the values of the constants are almost 
emetly in the relation of two to one; this is probably a 
mere coinci ; ® more important fact is that the 
increase of the pressure constant of least resistance 
(touching changes of aspect ratio) for the aerofoil is 


almost exactly proportional to the ordinary pressure in- 
crease in the case of variations of proportion in the 
normal plane. This suggests that the increase in the 
two cases is due to the same primary cause; also that 
the coefficient of camber proper to least resistance is a 
quantity independent of the aspect ratio. If this should 
turn Xd ? be ta case, the reduction i the — = poy 
aero! aspect ratio may regarded as due 
entirely to the fact that, where the cyclic component is 
stronger, the a of the leadi can be increased at 
the expense of that of the trail ; 0 is to say, the chord 
angle may be diminished with higher tb ratio, and 
with it the trail angle will be also diminished. This is 
contrary to the tabulated results of Table IV. ; if true, it 
must lead to the reconsideration of some of the assump- 
tions on which I based my theory, or at least in 
revision of some of the values of my constants. 

In spite of the evidence, it is by no means certain that 
the matter is quite as simple as it appears. It is to be 
observed that any investigation to determine the effect 
of aspect ratio must of necessity involve a very complex 
experimental nee , not merely a set of determina- 
tions with some half-dozen or so sawn off to | 
a of Bleriot or de Havilland ‘‘ moulding ;” this 
is y what was done in the experiments forming the 
basis of the plotting given in Fig. 17 ; any such method 
of investigation is liable to prove delusive. 


* The series of observations from which the eurve 


Wivisory Oommittes Report 1911-12, Memeractiaw, 60 
visory Commi - emorandum 60 
§ vi, Plate III. ; the section of the form of aerofoil used 
is given in the report, and is reproduced in silhouette 
in . 16, The value of the pressure constant (at maxi- 
mum lift/drift) evidently varies considerably for different 
forms of section. Rejecting forms that may be considered 
bad on account of their low maximum, we find :—In 
Report 72 (1912-13) the fourth, fifth and sixth sections 
given in Fig. 1, constants 0.322, 0.334 and 0.334 respec- 
tively. In same report, § ii., figures are given of the 
tests of four aerofoils varied as to bluntness of leading 
edge. The three best of these each had a constant approxi- 
mately 0.4. Inthe same report an aerofoil ing 
in form to‘ R.A.F. 6” gave a value almost y 0.3. 
+ It is an old axiom that in conducting a scientific 
only one condition (when a should be 
oe > In trying to ad to this rule too 
li y it is easy to mistake the shadow for the substance ; 
in the present example, to vary the of an aerofoil 
of constant section may appear superficially to be *‘ chang- 
ing one condition,” but in reality it is nothing of the kind. 
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In the firso each aspect ratio should be explored 
by a number of determinations using aerofoils of varying 
camber; secondly, the aerofoil section must not be uni- 

end, the section must be “‘ graded,” or, 
as it is sometimes expressed, the camber must ‘* wash 
out” at the extremities. Beyond this not one series must 
be tried, but some dozen or more. The final ‘‘ winner” 
for each aspect ratio is the aerofoil of greatest lift/drift. 

In my opinion, in the present unsatisfactory state of 
things, it is best (so far as the pressure constant is con- 
cerned) to assume a uniform value for all values of aspect 
ratio, say that given as appropriate to aspect ratio = 6 in 
Table V. ther we consider the National Physical 
Laboratory result as valid or not, the salient fact is that 


we have at present no sufficient evidence that there is | the 


any change in the pressure constant worth taking into 
account. Alternatively, we are not ay bpd astray if 
we assume aerofoil pressures equal to half pressure on 
the normal plane, as shown in ~ 18. F . 

The most important fact with which we are immediately 
concerned in connection with the theory of least resist- 
ance is that the total aerofoil resistance for least value 
is almost constant in respect of velocity ; in other words, 
provided that we design for least resistance, we know our 
traction coefficient in advance ; it is virtually a constant, 
just as though the problem were that of an automobile 
required to ascend a hill of known gradient—an analogy 
which comprehends the fact that there is the direct wind 
resistance or body resistance additional in both cases. 
This constant is only within control inasmuch as by 
careful design the effective value of the coefficient of skin 
friction ~ can be kept down, and a high aspect ratio 
adopted. Theoretical values of least gliding angle (that 
is to say, resistance coefficient), tabulated for values of ~ 
and aspect ratio, are given in Table VI.* Ib is of some 
interest to inquire to what extent these results are in 
agreement with modern experiment, 


Tasix VI.—Least Gliding Angle (= 7) (Theoretical). 








n | & = 0.025, —=0.02 | & = 0,015. | & = 0.010 
| deg. | deg. | la | deg. | 

86.25 |1: 02/56 (|1:102) 48 |1:120) 395 |1:14.5 
4/6.76 |1:100 5.15 |1:1L1| 44 |1:18.0| 8.65 | 1: 15.7 
6/5.3 (|1:108 4.75 |1:120| 41 |1:140) 3 1:16.8 
6/5.0 |1:115 45 |1:128) 80 |1:147| 82 (sre 
74.7 |1:122) 4.25 |1:186) 86 [1:16.9/ 80 |1:191 
8/45 |1:128 40 |1:144| 34 1:168 | 28 |2 7206 
10/41 (1:140) 865 1:168) 32 1:17.90) 26 | 1: 220 
i2 88 1:150 842 1:168| 80 1:19.0| 24 |2 880 


I have collected experimental data from various 
sources ; a series of aerofoils of Bleriot section,+ aspect 
ratios vary from 3 to 8. Determinations of Voisin wing 
by Mr. Eiffel, aspect ratio 6.3. Aerofoil “R.A.F. 6’ 
(Royal Aircraft Factory), aspect ratio 6. Aerofoils from 
my 1894 model, aspect ratio 13.3, Fig. 16, independent 
determinations by N.P.L. and Gittin laboratories. 
The above are given in Table VII.; columns 1, 2, and 3 
give the aspect ratio, type. and authority respectively ; 
column 4 gives the experimental determination, and my 
theoretical values are given in columns 5 and 6 for values 
of — = 0.02 and § = 0.015. Table VII. is shown plotted 
in Fig. 19, the relation of aspect ratio to lift/drift bei 
represented by curves drawn through the observed 
calculated values. 

Taste VII. 





Shther® Up og oo de 2 As ES. 

















1 a Caleu- Calcu- 
Aspec | Determina-| Experi- . 
Ratio. Type. | tion by menial, | é py le 5 





5 
8.0 | Bleriot N.P.L. 10.1 10.2 | 12.0 
| section | 
40 | Do Do. 11.5 1L1 13.0 
5.0 Do. Do. 12.9 120 14.0 
6.0 Do. Do. 14.0 12.8 14.8 
6.0 | RAF. 6 Do. 14.5 — _ 
6.38 Voisin Eiffel 14.0 -- — 
7.0 Bleriot N.P.L. 15.1 185 15.9 
section 
8.0 Do. Do. 15.5 14.4 16.8 
100 — — } = 16.8 17.9 
12.0 — — = 16.8 19.0 
et Lp — _ 
.* 17.6 — — 
138 Author, | Dat | 200 = am 
Gottingen} 16.4 _ = 
| Do.t 17.3 — — 


* Velocity, 30 ft. per second. 

+ Value at 50 ft. per second ( 
> 

t Velocity not stated. 


It will be noted on referring .o Table VII. and Fig. 19 
that the ent is almost com 
of the Eiffel determination of the Voisin aerofoil and the 
R.A.F. 6. aerofoil are shown as outlying points, not being 

1ng 








ted by National Physical 


Yr 


fully in agreement with the main van of the remain 
experimental determination ; it will be noted, however, 
that the whole of the experimental values lie between 
the two adjacent theeretical curves given, and the gencral 
form of the experimental curve corresponds to the curves 
iven by my equations. I is true that there is some- 
thing in the nature of the hump on the experimental 
curve, the extremities of which und to a double- 
surface coefficient of skin friction of 0.02, whereas the 


* From “ Aerial Flight,” vol. i., 


page 262. 
+ Re of the Advisory Committee for Aeronautics, 
1911-1912, page 75. 
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tral part of the curve round about aspect ratio = 6 
nearly to the upper curve. This peculiarity of 
character of the curve may be a real feature, but 
disposed to think that is more probably due to the 
+ that a great deal more experimental work has been 
in the region of the hump of the curve, and so more 
highly perfected forms have been available than for 

aspect ratios of greater or less value. It would a 

probable that if equal diligence were displayed in design- 
ing and testing forms of other t ratios, the upper 
theoretical curve (§ = 0.015) would be found to be very 
close to the truth ; some confirmation of this is found in 
the fact that the best value for the R.A.F. 6 aerofoil, a 
form that had been subject to considerable study both by 

Royal Aircraft 


ial 


Laboratory, lies considerably above the curve represent- 
ing the run of other observations. 

n the National Physical Laboratory report to me on 
the tests of my 1894 model, it is stated that if it had been 
found ible to employ a velocity of 50 ft.-sec. instead 
of 30 ft.-sec., the figure obtained would probably have 
reached the neighbourhood of 20. This value is alco 
plotted as an outstanding point in Fig. 19. ; 

ame om | the position, it is clear that the tractive 
effort ui to overcome flight resistance proper— 
namely, the aerofoil resistance—need not exceed 1 in 12 
to 1 in 14, that is, 7 or 8 per cent., using an aspect ratio 
of about 6, and that values less than this are to-day 
actually reached in existing machines. It is furthermore 
apparent that if it is found practicable to employ really 
high aspect ratio, such as in my early flight models, there 
is every reason to suppose that a resistance coefficient as 
ere cent., or even 5 per cent., may prove to be 
attainable. This is the magnitude of the ‘‘ constant 
gradient” of the motor-car analogy. We now pass to 
the consideration of body resistance. 


(To be continued.) 





‘**WATER-SUFTENING BY PERMUTIT.” 
To THE Enitor OF ENGINEERING. — 

S1r,—In view of the great importance which water- 
softening has assumed in recent years, both for town use 
and particularly for industrial purposes, I have read with 
interest the article in your issue of the 24th ult. on the re- 
sults of two years’ practical working of permutit in the 
Government laboratory at Moscow, and in view of the lack 
of definite information to which you refer, on many points 
in connection with its use, I hope some of your readers 
may be able to give some results from English practice. 

It is the common experience, I believe, of all engineers 
who have been responsible for the adoption of softening 
plants with lime or lime-and-soda treatment, either for 
town or industrial purposes, that with most waters the 
performance of the softening plant, whatever its type, is 
not as perfect in practice as in theory, and that an after 
deposit occurs in the pipes and tanks through which the 
water passes after treatment. The effect of this may 
vary in importance from a considerable reduction in the 
diameter of a town’s water-mains to a negligible accumu- 
lation of soft sludge in a boiler; but even in an indus- 

ial works it frequently leads to trouble and expense 
in connection with the ny of feed-pi valves, and 
economisers, and in numbers of cases has led to the 
abandonment of the softening plant installed. 

Permutit gy seems to offer a solution of this 
difficulty, for I have now had for several months com- 
parative samples from a lime-soda softener plant before 
and after the water was passed through a sodium 

utit filter. The former have varying amounts of 
jit, the latter are perfectly clear. ere are now 
three methods of using permutit :— 

1. By softening the water to zero with sodium permutit, 
and regenerating with common salt as described in the 
Moscow experiments. 

2, By first softening the water with lime and finishing 
with sodium permutit ina smaller filter, and regenerating 
with a oueamey reduced quantity of salt, owing 
to the prior removal of a portion of ness. 

3. By softening with lime and filtering through calcium 
permutit, and regenerating by washing back with raw 
water, thus saving all cost of salt. Calcium permutit 
has the remarkable property of being able to absorb free 
caustic alkali, and of giving it up to water containing 
bicarbonates, and thus acts, within limits, as an auto- 
matic chemical regulator on the lime-softening opera- 
tions, but without materially modifying the hardness of 
the water with which it is supplied. By acting also asa 
mechanical filter, it “ne = po ee lime 
remaining in suspension from the softening tan 

The practical questions which arise are in what cases, 
and with vy class of waters, ey — ee soda 
process, or the permutit process with its modifications, 
most suitable for use, and what are the relative costs of 
working in pence per 1000 gallons treated. 

For industrial purposes, in some cases considerations 
of space occupied y the plant would have a considerable 
influence in modifying the choice, and for the same 
quantity of the same water the sodium-permutit zero 
plant would apparently occupy much less area than the 
tanks and mpc of a lime-soda plant. The choice 
may be fur modified by the final composition 
the water in respect of the p to which it is to 
= put, =e —— difference can be fxr 4 

opting jium-permutit zero plant, in i 
the calcium and ium salts are replaced by soda, 
or by adopting the lime process first, in which case only 
the permanent hardness is replaced by soda, and practical 
experience in the difference in composition of the result- 
ing treated water would be of great value if any com 
tive results from combined lime-soda and permutit plants 
are available in this country. 

The conclusion arrived at by Bahrdt, that little is to be 


of | that the piston 





gained by the combination of the two processes seems to 
require modification from this point of view, and it is 
also difficult to see why the combination should require 
the constant supervision of a chemist to any greater 
extent than lime-soda plant always does, as the utit 
filter would tend to take care of the errors e in the 
lime-soda plant. F 

It also appears from Bahrdt’s experiments that, as 
in the lime-soda process, magnesia is more difficult to 
remove thanlime. In the older process the time element 
appears to a influence in the result, and it may 
be that in the ite process the depth of the permutit, 
as influencing the length of time the permutit is in contact 
with the magnesia, may have a bearing on the results 


Factory and the National Physical | found. 


Yours truly, 
F. W. Hopson, M. Inst. C.E., M. Cons. E. 
Loughborough, April 29, 1914. 





PISTON-KNOCK IN INTERNAL-COMBUS- 
TION ENGINES. 
To THE EpiTor oF ENGINEERING. 

Srr,—I have read with interest the letter by Mr. A. E. 
Parnacott on the above subject, given in your issue of 
April 24, on page 569 ante, and I to put before you 
the following remarks, in the belief that they may 
interest your readers :— 

We have had here experience with regard to the knocks 
in question, but have been able to eliminate them com- 
pletely. For several years we manufactured pistons of 
the proportions given in Fig. 1. This illustration shows 
the form very generally adopted, a form which, I believe, 
we are the only manufacturers to have boldly abandoned. 
With these pistons, which I may call “short pistons,” 
we have always noticed the knocks referred to. When 
the engine is newly built and well lubricated, the piston 
fitting the cylinder with the minimum possible amount 
of play, it is possible for a pay having a quick ear to 
notice a slight metallic shock in the cylinder. When the 
cylinder has become slightly worn, any uninformed 
observer can perceive a shock ; a very slight play is suffi- 





Fig.1. ia 





























cient in this case, even if it does not give rise to any 
perceptible leakage. When the wear increases, the 
shock is most distinct, and it is unpleasant to watch the 
running of the engine. 

A careful study of the point showed us that the sole 
cause of the knock was due to an abnormal action of the 
piston—i.e., a kind of rotation which took place round the 
pin. Figs. 2 and 3 illustrate in an exaggerated form the 
occurrence during the compression and explosion strokes. 
We believed this knock to occur in all ines havin 
& comparatively short piston, the - of which is p 
relatively forward. ersonally, I have noticed it to 
occur in engines built by well-known manufacturers. 

The remedy consisted in designing a piston having no 
balancing action. The en having a long stroke and 
a heavy compression, which we have built for the last six 
years, are provided with pistons on the lines illustrated in 
Fig. 4. You will notice the length of the piston and the 
relative position of the pin. With these “‘long pistons,” 
which are also very light, the knock on explosion has 
disappeared, notwithstanding the heavy compression, 
which reaches 11k. (156 lb. per sq. in.) in normal run- 
ning. Notwithstanding the play which arises in connec- 
tion with the Fe in the cylinder, the engine continues 
to run smoo' Bopad noiselessly, for the simple reason 

J no balancing motion. 

A short time ago we noticed the following case, which, 
to my mind, fully demonstrates the theory we arrived at. 
A cylinder 325 mm. (12 795 in.) in diameter—i.e., a diameter 
to suit the piston illustrated in Fig. 4—had worn exten- 
sively owing to a slight admission of water which the 
driver had not been aware of. The play between the 

and the cylinder exceeded 3 mm. (0.118 in.), which 
to a very extensive The engine, neverthe- 
less, ran as smoothly and noiselessly as when new. 


We have acquired experience with hundreds of pistons 
of both types, working in cylinders developing cach 
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5 to 750 effective horse-power, and we have never found 
any exception to the rule outlined in the foregoin 
Mr. A. E. Parnacott mentions also the “i 
knock.” This does exist, although it can onl per- 
ceived in certain circumstances. Personally, I have fre- 
quently noticed it when a rich mixture was ignited by a 
strong spark, such as that produced by high-tension 
devices, when the propagation of the flame is accompanied 
by a characteristic noise. By placing one’s ear close to 
the cylinder-head of a large engine, of 100 horse-power 
and above, it is possible to notice a kind of short 
whistling, a noise similar to that produced by tearing 
a piece of silk. his noise cannot be mistaken for a 
shock, and in my opinion it has its origin in the gas 

itself, and not in the metallic parts. 

All these observations have, of course, to be made with 
perfectly well-regulated, smooth, and noiseless-running 
engines, which conditions are, unfortunately, not met 
with in most gas-engines. 

Yours -. 
H. Dustim, 


Manager, Société Anonyme des 
Moteurs 4 Gaz, A. Bollinckx. 
Huyssinghen, Belgium, May 1, 1914. 
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To THE Eprror oF ENGINEERING. 

Srr,—I am much interested in the discussion in your 
journal on the above subject, and have shown the corre- 
spondence to several friends, experts who are with well- 
known firms in the motor trade. Their opinions agreed 
with mine, and I will state later. The following 
might, however, be of more interest to your readers than 
opinions. I can remember the time, ¢ t 
years ago, when knocking in automobile engines was very 
common, and difficult to cure, and have seen a car that 
almost everyone in Coventry had tried their hand at, and 
it was then sent to a man in London who was supposed 
to know more about the matter (at that time) than any- 
one this side the Channel. He failed to effect a cure, 
and the car went back knocking much as it came. 4 
the compression in engines has been reduced, and in- 
creased power sought more by high speed, so has knock- 
ing decreased, and this in spite of the fact that the 
megneto gives a hotter spark than the coil used at the 
before-mentioned period, and carburettors are more effi- 
cient. To sum up my own experience and that of others 
with whom I come in contact, I will put the matter 
thus :— 

Knock is due to the relations between the force of the 
explosion (when at its maximum), the position of the 
piston at that period, and the speed at which the engine 
is running. ‘To put the matter in other words, which 
may make it clearer. Knock can nearly always be stop 
by the following methods :— ng the compression 
—sometimes removing the carbon deposit in the cylinder- 
head will be enough ; retarding the spark ; increasing the 
speed of the engine. Of course, more than one of these 
causes may be acting ata time. The extreme lightness 
of motor-car fly-wheels may have something to do with 
the matter, the wheel not being heavy enough to carry 
the piston sharply over the top dead centre. : 

is slows the piston and causes the explosion to 
produce more of a shock than it would if the velocity of 
the former were maintained. ‘ 

I have known knock in a motor-cycle engine to be 
stopped by fitting a heavier fly-wheel. I cannot 
to the idea of piston-slap, the lar movement of the 
connecting-rod and itsfriction at the small end not 
enough to flatten the layer of oil between the piston an 
cylinder. Why knock is'so audible in an automobile 
engine when it does occur is due to the lightness of the 
parts and the smallness of the ing surfaces as com- 
pared with other engines of the same power. These 
causes produce the sharp sound peculiar to thistype. I 
agree with Mr. Parnacott that part of the noise is due to 
the valve-caps letting by, and it is almost impossible to 
prevent this. 

Yours faithfully, 
Owen LINueEy. 

9, Hamilton-road, Highbury, N., May 6, 1914. 





“THE EDUCATION OF THE GERMAN 
ARTISAN.” 
To THE Eprror OF ENGINEERING. 

Sir,—In an article on ‘‘The Education of the German 
Artisan,” by Mr. H. S. Rowell, I find, in your issue of 
January 16, on 76, a lengthy reference to an article 
in Technik wnd Wirtschaft, written by me, and published 
in June, 1912, which is anything but nag 

Having occupied with other work, I did not read 
the article at once, but the publishers of Technik und 
Wirtschaft considered the reference so unfair to me that 
they pointed it out, with a view of having it corrected. 

On reading the reference, [ cannot but protest against 
such perversion. Mr. Rowell must have a very poor 
knowledge of German to put such nonsense into my 
article and to come to such absurd conclusions. As I have 
trained British engineers for thirteen a and lived 
amongst them for seventeen, I should be glad if you, 
Mr. Editor, would be preparcd to accept a certified trans- 
lation of my article, or, better still, have it translated by 
& person who does know German properly, but not b 
Mr. Rowell. Ihave written to Technik wnd Wirtschaft 
to allow me to do so. 

To-day I should like to mention this :— 

Mr. Rowell says :—‘* He (Mr. Bohle) thinks that the 
self-reliance of the Britisher is due to his superficial and 


i : + 
school course be reduced from four to three years.” I 
wrote nothing of the sort. I simply tried to — out 
that with the better preparatory training which the 


about ten or eleven | E 





German student receives—and I have not yet met an 
Englishman who denies this, and even Mr. Rowell says 
in his article that the examination for the ‘* Einjahrig- 
Freiwilligen Dienst” could not be passed by many 
English public-school boys, and this is three years before 
the matriculation examination—he ought to be able to do 
his technical-school course in three years, and spend an 
additional Pag in works in actual engineering life. 

Again Mr. Rowell observes :—‘‘ He (Mr. Bohle) seems 
to be by the idea that an engineer’s education is 


completed in his fourth-year technical-school course.” | Ge 


ae on earth should I Eom to abolish this year and 
to place the student into life if I think that his finishin 
touch is given in the fourth year? Why do I send al 
my students, or nearly all, to England into works after 
they have received their diploma, and have made arrange- 
ments with a number of firms to take our students, if I 
do not think much of pa experience? Why must 
all my students work during the vacations? Because I 
insist on good tical experience, and I have little 
doubt that partly on account of this practical work our 
diploma is recognised by the Institution of Civil Engi- 
neers and the Institution of Electrical Engineers in lieu 
of the associate membership examination ; as far as the 
former Institution is concerned, a privilege which, I 
believe, the only college which has no charter has been 
granted. Asa matter of fact, I wrote the article in 
Technik und Wirtschaft because I hold that it is nob 
what a man knows, but what he can do that makes the 
engineer, and for this he must be out in life. 
ut the really insulting reference reads :—‘‘ Mr. Bohle 

cannot understand how so much costly and important 
— : undertaken by such an ignorant nation as the 
ish. 
bope Mr. Rowell will read the article again, or 
have it properly translated. To take out a sentence here 
and there, translate it incorrectly, will upset the whole 
article and completely reverse its meaning and object. I 
simply meant and said that it was astonishing that so 
rs British engineers, with no college training at all, 
would tackle work of any magnitude, even if they had no 
previous experience of similar work. This was to point 
out the immense self-reliance of the man. I know a good 
many of them. It is the highest praise that can be 
given, and bas nothing whatever to do with ignorance. 
It is just this strain in the British character which I 
admire. 

Finally, Mr. Rowell mentions that there are two kinds 
of people in Germany—educated and uneducated. The 
former obtain their education at a gymnasium. Nothing 


of the kind. I doubt whether 10 per cent. ever see the 
inside of such an institution. Weare not quite as one- 
sided as this. 


It takes a little more than flying visits, studded with 
dinners and receptions, to judge a eg nation and its 
institutions. This is brought too much home to us every 
day by the daily Press. e writers often neither under- 
stand, nor try to understand, the German and his insti- 
tutions, and a poor knowledge of our language seems to 
be one of the failings of many writers, and of Mr. 
Rowell apparently also. 

Yours faithfully, 
. Bow. 

South African College, Capetown, February 20, 1914. 





To Tae Eprror or ENGINEERING. 

Srr,—I am much obliged to you for the copy of Pro- 
fessor Bohle’s letter, in which he criticises my article on 
“The Education of the German Artisan,” == 

He complains that my reference to his article is “‘ any- 
thing but flattering.” Did he desire flattery? I called 
his article important. 

Mr. Bohle quotes from my article :—‘‘ He (Mr. Bohle) 
thinks that the self-reliance of the Britisher is due to his 
superficial and general training, and recommends that the 
technical high s*hool course uced from four to 
three years.” Mr. Bohle then adds that he wrote 
‘nothing of the sort.” Mr. Bohle ought to read his 
own article over — I have y done so, and 
find:—‘‘Ich bin der Ansicht, dass eine allgemeine 
Ausbildung viel mehr dazu geeignet ist, Selbstvertrauen zu 
erzeugen, als eine solche, welche zu sehr jalisiert ist,”* 
also, *‘ Aber ich bin iiberzeugt, dass eine Verkiirzung der 
Studienzeit von vier Jahren ein Fortschritt sein wiirde.”t 

ese words must mean something, and taken together 
with the remainder and the general spirit of Professer 
Bohle’s article, they mean a greatdeal. It was nob my 
object to translate his article. I had no desire to trans- 
late even selected sentences out of his article, else had 
I used quotation marks. I attempted to give in a few 
lines the impressions I derived from his few pages. But 
if my impressions were not what he wished them to be, 
he might accept my sincere regrets and blame his com- 
position or the spirit of his article, which was written, 
as he himself declares, by ‘“‘a German .... to whom 
his Homeland has remained dear,” and at a time when 
Anglo-German relations were such as to make compari- 
sons & matter of extreme delicacy. . 

I have no desire to take up si unnecessarily, but 
what Mr. Bohle calls ‘‘the really insulting reference” 
must be dealt with. What he “ simply meant and said ” 
in his letter is not quite the same as what he said in his 
article. Here is a sentence: ‘ Es ist geradezu erstaun- 
lich welche Fiille von schwierigen Arbeiten von schlecht 
ausgebildeten Leuten geleistet wird, von Minnern, 
welche nach unserer Meinung den Titel Ingenieur iiber- 





* In my opinion a cultivation is much more fit 
for —s self-confidence than is one which is too highly 


specialised. 
+ But T am convinced that ashortening of the four years’ 
study course would be a “* progress” —a step forward. 





haupt nicht verdienen.”* This sentence, according to 
Mr. Bohle’s letter, is praise for the British engineer. I 
am glad that he meantit thus. Thesentence was brought 
to me by a an engineer, who thought it fine pie 
against the ignorance of the English. I read it in the 
same spirit as the German engineer. 
nike amaiieniel an = inent statements -' his 
ing ing visits, dinners, receptions, and my 
knowledge of lens statements unwarran and 
without evidence, because they are untrue. Mr. Bohle’s 
rman is extremely simple and should cause no diffi- 
culty to anyone who knows the elements of German. I 
know German as well as English, and I remember, as, 
per 8, Mr. Bohle does, how Lessing, in his ‘‘ Emilia 
jotti,” empbasises the importance of tone and spirit, as 
well as mere words, in expression. It was the tone and 
irit of Mr. Bohle’s article that misled me, and it was 
the tone and spirit more than the words of his letter 
which have enabled me to see his new point of view. It 
was, perhaps, unfortunate when he wrote his article “as 
a German... to whom his Homeland has remained 
dear” that he did not include those sentiments of his 
letter which imply an admiration for the British, senti- 
ments which in the early = of 1912 would have meant 
@ great deal more than y do now in modifying the 
spirit of his article. 

To answer all Mr. Bohle’s points in detail would take 
too long. My article was read in proof, and in the final 
edition, by one of the greatest living educational autho- 
rities, a man who has made a special study of Germany. 
It was also read by an officer of standing who knows 
Germans and Germany well as a result of residence and 
study in Germany. It was read by other experts. 
Because it was approved and commended by these experts 
I feel that I n not seb forth the various experiences 
which justified me in — the article. If I misre- 
presented Mr. Bohle, I should be very sorry. But I am 
unwilling to ascribe the misrepresentation to my own 
carelessness or ignorance of the langu 
Yours faithfully, 

H. 8. Rowsgtt. 





Contracts ror Ex.xcrrica, Works.—The Institution 
of Electrical i have issued a form of model 
general conditions recommended for use in connection 
with contracts for ical works. The conditions are 
i pril, 1914, and can be obtained at the price 
of one shilling from the Institution, or from the 4 
ishers, Messre. E. and F. N. Spon, Limited, 57, Hay- 
market, London, 8. W. 
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Contracts.—The Hydraulic Engineering Company, 
Limited, Chester, have obtained the order for t 
hydraulic sluice and dock-gate machinery required by the 
North-Eastern Railway net for their new north 
entrances to the docks at West Hartlepool. The gate 
machinery will be Norfolk’s patent, and similar to that 
which has been supplied by the same company for the 
entrance and graving-dock gates at the Hull Joint Dock. 





Tue Russian Navy.—A Dreadnought built for service 
in the Black Sea, and named the Emperor Alexander III., 
has just been launched at Nicolaieff. She has a —— 
ment of 23,000 tons, and is 560 ft. long by 99 ft. m. 
This ship is propelled by Parsons’ turbines, working up to 
27,500 horse-power, which will give a speed of 2] knots. 
Her armament will include thirty-six guns and four sub- 
marine lance torpedo-tubes. The Duma has voted a credit 
of 1,012,000/. for additional equipment for the Russian 
maritime arsenals. Credits amounting to 7,840,000. 
ae i? been voted by the Duma for new construction 
in 4 





MrTEOROLOGICAL CONFERENCE, EpinauRGH, 1914.— 
Upon the invitation of the Scottish Meteorological 
Society, it is that a Meteorological Conference 
should take in Edinburgh, on Tuesday, September 
8, ~~ i the four ye days. — to _ 
provisi: programme the proceedings will open with a 
_— address at 10 a.m., on Tuesday, September 8. 

@ mornings will be devoted to the discussion of 
scientific subjects connected with the study of the atmo- 

The afternoons will be available for demonstra- 
tions ; lectures are to be arranged for two evenings, and, 
perhaps, a reception for another. On the Saturday there 
will be excursions to places of scientific interest. The 
scope of the papers to be discussed will, it is hoped, in- 
clude the physical and observational of meteoro- 
logy, climatology, oceanography, limnology, atmospheric 
electricity, terrestrial magnetism, and seismology. One 
of the objects of the conference will be to bring together 
observers in these departments of science and those who 
are interested from the theoretical point of view in the 
discussion of the observations. Special attention will be 
given to the teaching of meteorology, &c., in schools, 
and to the relation of meteorology to aviation. An exhi- 
bition of — ~ modern oy is A be 
organ \. ‘o meet necessary expenses, su p- 
tion for members of the conference has been fixed at 10s. ; 
tickets of admission for ladies accompanying members 
are to be issued at 5s. Matriculated students of any 
university will be admitted as associate members on pay- 
ment of Farther information can be obtained from 
the hon. secretary of the Committee, at the Meteoro- 
logical Office, South Kensington, London, 8. W. 


* It is really astonishing what amount of difficult work 
is performed by badly-cultivated peo 
according to our meaning, do not at 
of engineer. 
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ENGINEERING AND TECHNOLOGICAL 
SOCIETIES IN MANCHESTER. 


Ir has been computed that in Manchester and the 
immediate district there are resident 4000 members of 
the various engineering and technological societies. 
Besides purely local associations, such as the Man- 
chester Association of Engineers, branches of societies 
having their head-quarters in London hold periodical 
meetings and, at certain times, dinners. Only two 
societies—namely, the Manchester Geologi and 
Mining Society and the Textile Institute-—have rooms 
of their own, although the Manchester Association of 
Engineers has had a library and secretarial staff for 
many years. It has been strongly urged that the 
time is ripe for the establishment of a common meet- 
ing place and library, and probably the very excellent 
success of the Engineers’ Club in Manchester has 
materially influenced the furtherance of the ~ 
posal. On Friday, May 1, a conference took place 
at the rooms of the Manchester Geological and Mining 
Society, over which Sir Thomas Holland, the presi- 
dent of that body, resided. Quite a representa- 
tive body assem led in answer to Sir Thomas 
Holland’s invitation, the societies and institutions 
sending delegates being the Institution of Civil Engi- 
neers, the Institution of Mechanical Engineers, the 
Institution of Electrical Engineers, and the Junior 
Institution of Engineers ; the Manchester Association 
of Engineers, the Society of Chemical Industry, the 
Association of Mining Electrical Engineers, the Man- 
chester District Engineering Trades Employers Asso- 
ciation, the Manchester Geological and Mining 
Society, the Textile Institute, the Association of Gas 
Engineers, and the Engineers’ Club. 

Sir Thomas Holland briefly outlined the proposals. 
He said that in discussing the objects of the conference, 
the form of co-operation contemplated had heretofore 
been referred to as affecting the engineering profes- 
sion. He hoped that expression would admit of a 
more generous interpretation than that to which it is 
being gradually restricted by popular , because 
the functions of the engineer overlapped those of the 
various types of technologists, who gave a special tone 
to the industrial progress of the Manchester district. 
What was contemplated by most was co-operation 
between the technological societies of the district 
having common interest in the scientific aspects of 
technical problems, as distinct from purely commercial 
or political questions. He did not contemplate any- 
thing that would interfere with the ordinary course of 
evolution towards specialisation, and what was wanted 
was amalgamation, not co-operation, the primary 
object being more economy in the general charges of 
rent and management. At the same time, community 
of lodgings would naturally grow into a nition of 
community of interests, increasing mutual respect 
with personal knowledge, and thereby increasing 
business connections. The most direct advantage, 
and one which could be obtained in no other way, was 
in the formation of an efficient reference library. This 
he regarded as the most important of all advantages 
arising from co-operation. 

Some of the more imaginative supporters of this 
movement, Sir Thomas Holland continued, contem- 
plated a grand engineering building, which would 
not only receive all the societies, but provide office 
accommodation for consulting engineers. Avy scheme 
of this kind, even if fusnstally possible and free from 
risk, would take years to accomplish, and meanwhile 
it seemed important to make at least an experimental 
essay in co-operation. 

The following resolution was proposed by Sir Thomas 
Holland, seconded by Mr. E. G. Hiller, and unani- 
mously carried :—‘‘ That it is desirable to formulate 
a scheme of co-operation between the engineering and 
technological societies of the Manchester district, 
primarily for the purpose of providing a common 
meeting-room and reference library.” 

It was further proposed :—‘*That a provisional orga- 
nising committee be appointed to draw up proposals 
for the consideration of the societies represented at 
this meeting.” 

A provisional organising committee was then ap- 
pointed to draw up proposals for the consideration of 
the societies represented, the following being appointed 
as first members :—Mesars. J. A. F. Aspinall. “. 
Anderson, Roscoe Brunner, R, H. Clayton, E. G. 
Hiller, 8. L. Pearce, Charles Pilkinton, E. Simon, 
J, H. Stubbs, H. L Foster, F. R. McConnell, W. H. 
Whitby, J. B. Newbiggin, R. Matthews, E. J. 
Christian, Doctors Edward Hopkinson and E. Rosen- 
berg, and Sir Thomas Holland. Mr. W.T. Anderson 
was appointed convener. 

Several other resolutions were afterwards proposed 
and passed. 





sianaal hestion taenteahneeen mory to postpone 
are at it ‘ou’ to post 

the next ordi meeting of this Tnstivation rom 
Wednesday, the 13th inst., to Wednesday, the 27th inst., 
when a lecture will be given by Dr. A. M. Low, entitled 
** Relative Motion.” 


NOTES FROM THE UNITED STATES. 
PuItLaDELPHia, April 22. 

Tue iron and steel market continues quiet, and 
deliveries exceed new orders. e most prosperous 
branch of the industry is the tin-plate branch, which 
is running to r cent. of capacity, and has work 
enough to last into midsummer. e industry at 
large is in a depressed condition, and while it is said 
prices are weakening, there is no pronounced evidence 
of the fact in sales. The largest locomotive order 
was for forty engines to the Baldwins from the Nor- 
folk and Western Railroad. Pig-iron is quiet ; only 
actual necessities are covered. Prices are shaded 
here and there, but, as a rule, makers decline busi- 
ness at less than current rates. An unusually con- 
servative feeling prevails in all lines, but an under- 
current of apprehension exists, due in somes measure to 
Mexican complications. Some steel-plate business is 
held up on account of Panama tolls discussions. Fabri- 
cated material has dropped slightly this week, but 
the shading has no significance. Bar iron is duller 
than for weeks. Sheets continue active. Nearly all 
large oP ang om interests are postponing 
the ordering for lar uture requirements. The 
railways continue to discharge men and delay deter- 
mined-upon improvements. The strong feature still 
is the large amount of work held up. New enterprises 
are being developed, and organisation for future work 
continues. There are no new developments in the 
bituminous situation, but a strike is threatened. 
Coke has held up well considering the great reduction 
in consumption. A general improvement all round is 
firmly believed in, and there is no weakness to cause 
anxiety. 

April 29. 

With the final presentation this week of the supple- 
mental facts regarding railroad traffic an early deci- 
sion is now more confidently awaited. Week after 
week business continues to decrease in volume. The 
industry finds some comfort in the fact that the 
country needs a great deal of steel, and but for certain 
disturbing factors would now be buying it. It is 
rather remarkable that with the steady falling-off in 
orders there should be such trifling weakening in 
prices. 

Congress still shows a disposition to harass busi- 
ness interests by the taking up of drastic legisla- 
tion. Pig-iron production is dropping and several 
furnaces will soon blow out. Some local pipe-makers 
ate importing Nova Scotia pig, and some 1500 tons of 
English low phosphorus iron ame been received at 1 dol. 
under cost of the domestic article on the spot. Foundry 
iron, usually active at this season, isdull. The effort to 
market Belgiansteel bars at 1.15 dols. for Bessemer and 
1.20 dols. for open-hearth has failed. The only pro- 
nounced drop this week is in steel pipe, 1 dol. Asa 
result, large orders are in sight. A few steel-car orders 
have enlivened the market. The Steel Corporation 
finally closed for 3500, which will be divided, to the 
Bessemer and Lake Erie line, and 1000 to the Duluth 
road for carrying ore. An order for 1400 underframes 
came from the Louisville and Nashville Railway. The 
Atlantic Refining Company are taking tenders on 
100,000 boxes of tin plates, and Welsh makers have 
made a low bid for the business. Very little tin-plate 
business has gone away. The flow of structural iron for 
small lots of a few hundred tons each is steady. Bar- 
mills will soon have to slowdown. Implement manuv- 
facturers are specifying promptly, and implement 
interests are quite well off. General mill capacity is 
running at about two-thirds. The foundation is being 
laid for a heavy demand during the summer. 





Tue Concrete InstrruTr.—A meeting of the Institute 
will take = at Denison House, Vauxhall Bridge-road, 
8.W., on Thursday, the 14th inst., at 7.30 p.m., when a 

= will be read by Mr. John A. an ee 
(Vice. B.Eng. (Liverpool), and Professor 8. W. Perrott, 
A.I. (Dublin), M. Inst. C.E., Professor of Engi i 
at Liverpool University, on ‘Sand and Coarse Materi 
and Proportioning te.” The fifth annual general 
meeting of the Institute will take place on Thursday, the 
28th inst., at 4.30 p.m., and in the evening of the same 
day, at 8 p.m., at the Connaught Rooms, Great Queen- 


street, W.C., Professor Henry Adams presiding, the 
fourth annual dinner will be held. ” 





Witsur Wricut Memoria Lecrure.—The second 
Wilbur Wright Memorial Lecture will be delivered 
wy Dr. R. T. Glazebrook, Director of the National 

ysical Laboratory, on Wednesday, the 20th inst., at 
the Royal United Service Institutisn, Whitehall, 8. W., 
at 8.30 pm. The Right Hon. Lord Sydenham, 
G.C.M.G., F.R.S., will preside. he Chairman and 
Council of the Aeronautical Society will be to 
issue invitations to Americans who desire to pay tribute 
to the memory of Wilbur Wright attending the 
lecture. Any ladies or gentlemen who, having been 

t at the early flights made by Wilbur Wright in 
rance, may feel an especial interest in being ton 
this occasion, should send their names to the 





Aeronautical Society, 11, Adam-street, Adelphi, withoss 
delay, as the number of tickets is limited. 





NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a steady tone, but the 
close was a little easier. ‘I'he business consisted of 1500 
tons of Cleveland warrants at 51s. 9d. one month and 
51s. 104d. three months, with sellers over at the latter 
and at 51s. 64d. cash and 51s. 8d. one month. In the 
afternoon Cleveland warrants were barely steady, and no 
dealing was recorded. Closing quotations were 5ls. 6d. 
cas) ls. 8d. one month, and 51s. 10d. three months 
sellers. On er morning the market was easier, 
and 2000 tons of Cleveland warrants changed hands at 
51s. 4d. cash and 5ls. 84d. three months, and at the 
close sellers named 51s. 44d. cash, 51s. 7d. one month, and 
51s. 9d. three months. ‘i'he afternoon session was quite 
idle, and Cleveland warrants were nominally steady at 
5ls. 44d. cash, 51s. 64d. one month, and 51s. 8d. three 
months sellers. The market was closed on Monday— 
Bank Holiday—and when business was resumed on 
Tuesday morning the tone was steady, and 2000 tons 
of Cleveland warrants were done at 5!s. 4d. cash, 
5ls. 54d. one month, and 51s. 8d. three months. 
Closing sellers quoted 51s. 5d. cash, 51s. 64d. one month, 
and 5ls. 84d. three months. The market was again 
steady in the afternoon, but business was cnateel to 
1000 tons of Cleveland warrants at 51s. 4d. cash and 
51s. 84. three months, with sellers over at 51s. 44d. cash, 
51s. 64d. one month, and 51s. 84d. three months. When 
the market opened to-day (Wednesday) the tone was 
somewhat dull, and Cleveland warrants were a trifle 
down. The turnover was limited to one lot at 5ls. 4d. 
cash, with sellers over at that figure, and at 51s. 6d. one 
month and 51s. 74d. three months. In the afternoon 
Cleveland warrants were quiet and easier, and 1000 tons 
were dealt in at 51s. 6d. three months. The session 
closed with sellers at 51s. 3d. cash, 51s. 5d. one month, 
and 51s. 64d. three months, marking a decline of from 
3d. to 4d. over the week. 


Sulphate cf Ammonia.—The sulphate of ammonia 
market has shown no material change over the week, 
and the demand is not heavy. Prices for prompt lots 
are unaltered at 12/. per ton, Glasgow, and 12/. 2s. 6d 
per ton, Leith. 


Scotch Steel Trade.—In the Scotch steel trade there is 
only a very moderate amount of new business going 
through at the present time, as consumers continue to 
hold off as long as possible before placing orders for their 
requirements. The result of this is that the majority of 
the rolling-mills are only running for part of each week, 
and managements are finding great difficulty in securing 
even the present limited number of specifications. 
Great ho are entertained as to the probable out- 
come of the conference in London, on Friday of this 
week, when the steel-makers of England and Scotland 
will meet to discuss the conditions of the trade at the 
present time, and will endeavour to solve some or 
all of the existing knotty problems. It is hoped their 
labours will be crowned with success; but the all- 
important question is, Can they so legislate as to induce 
more business? A very poor demand exists for plates and 
sheets, but sections are in fair request, and structural 
engineers are taking up quite a lot of material, as they 
are very well employed. The export trade is rather 
limited ; but even with that there is a large tonnage 
being shipped abroad every week. Prices are nominally 
unchanged, although shading is taking place here and 
there in order to keep the wheels running. 


The Malleable Iron Trade.—TheWest of Scotland malle- 
able-iron makers are still very quiet, and are not booking 
much fresh business, with the result that the number of 
shifts is fewer than ever. The prica of ‘‘crown” bars is 
still 6/. 12s. 6d. per ton, less 5 per cent. 


Scotch Pig-Iron Trade.—Nothing of any particular 
moment has occurred to alter the position of things in 
the Scotch —— trade, and the present demand is 
easily met. ome orders are fair, and, although not 
for very large quantities, are steady, while quite a good 
tonnage is going to consumers in the south. The export 
market is not a brilliant feature just now, but some quite 
good lots are wanted for Australia, New Zealand, and 
South America. Prices are nominally unchanged, and 
the following are the current market ere wen for makers’ 
See ha Langlons, 68a, 0. (all shipped at Glasgow) ; 
lee, ai oan, . 6d. i a ow) ; 
Glengarnock (at Ardrossan), 71s.; 3 ger (at Leith), 
68s. 6d.; and Carron (at Grangemouth), 69s. 


Shipbui'ding.—Judging by the output of new vessels 
one would be inclined to say that the shipbuilding 
industry in Scotland is far from being on the down grade 
at present, but when the small number of new contracts 
being booked is taken into account, then we cannot but 
admit that the future is none too promising. The output 
for April was quite a good average tonnage for that month, 
being 47 vessels, of 63,000 tons, and although considerably 
under the total for April of last year—the month of the 
Aquitania—it was only a little way behind the output 


for the corresponding month of 1912. The district 
figures for the past month were as follow :— 

Vessels. Tons. 
The Clyde .. - oe o 88 58,000 
The Forth .. es - be 1 2,100 
The Tay .. a im “3 2 1,600 
The Dee... i - in 1,3 
Total W 63,000 


The Clyde total has only been exceeded on three other 
occasions for the same month—1913, 1912, and 1907—but 
the output for the year to date has been bettered by at 
least five other years, for the correspond iod. e 


ing peri 
figure for the past four months now stands at 153,985 tons, 
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as against 237,161 tons for the same four months of last 
year, the falling-off being 83,176 tons; but were the 
Aquitania’s 50, odd tons deducted, then the decreased 
output is only equal to about 8000 tons per month. The 
shipbuilding industry is such an important factor in the 

eneral prosperity of the Clyde area, and, indeed, of Scot- 
Gon at lai that the placing of a ber of new con- 
tracts would have a steadying effect on many presently- 
drooping markets. 








NOTES FROM SOUTH YORKSHIRE, 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—Business is of a steady, 
but not a very active, character, the effects of the 
recent county coal war not having been entirely oblite- 
rated. With the unusually early ee of the Baltic 
ports there was promise of a rapid development in trade 
in hard steams, but a big proportion of exporters are 
holding off the market in the hope of a reduction in 
current rates. Industrial consumption also is on a smaller 
scale, the reserve stocks at works being larger than the 
market anticipated, but prices do not show any weakening 
vendency. e stagnation of the house-coal section has 
become more pronounced with the recurrence of summer- 
like weather, and quotations generally have been marked 
down ls. Virtually nothing has yet been done in 
next year’s contracts. Business in outside lots 
is decidedly sluggish. Slacks have been subjected to 
forced selling, but prices have not quotably receded. 
There is a moderate inquiry for coke, and although the 
output is on an unusually small scale, values are — 
in a downward direction. Quotations :—Best 
hand-picked, 16s. to 17s.; Barnsley best Silkstone, 
13s. 6d. to 14s. 6d. ; Derbyshire best brights, 12s. 6d. to 
13s. 6d.; Derbyshire house, lls. to 12s.; Derbyshire 
best large nuts, lls. to 12s.; Derbyshire best small 
nuts, 9s. 6d. to 10s. 6d. ; Yorkshire hards, 11s. to 12s. ; 
Derbyshire hards, 10s. to 11s. ; rough slacks, 7s. 6d. to 
83 6d; seconds, 5s. 6d. to 63. 6d. ; smalls, 4s. to 5s. 


Iron and Steel.—Although current quotations for raw 
material leave only the smallest margin for fit, con- 
sumers are still holding off the market in the hope of 
further reductions. Bookings for forward delivery are 
very few indeed. What buying there is, is confined to 
purchases of small lots for immediate use. Makers, how- 
ever, are unanimous in their refusal to reduce values 
below the present level, their contention being that it is 
better to exist on hand-to-mouth purchases of the pre- 
sent character, than to entice a bigger volume of business 
with no improvement in the result. It is somewhat 
disquieting to find that in seven months foundry iron 
lea roduced has receded by as much as 7s., and 


forge by an almost equally large amount. This 
week’s quotations are :—West t hematites, 73s. 6d.; 
East Coast, 68s. 3d.; Lincolnshire foundry, 54s. 8d.; 


forge, 53s. 8d.; Derbyshire a 55s. ; forge, 51s. 
The local bar-iron trade appears to as far off a real 
revival as ever. Competition, into which makers in other 
districts freely enter, grows keener as the demand 
diminishes, and, as the market is able to offer inferior, 
but for certain pur; very useful material at cheap 
rates, South Yorkshire makers are relieved of a con- 
siderable share of the available business. e en- 
couraging feature in finished iron is that builders’ require- 
ments show an increase. This is traceable to the a 
sion of speculative building in outlying portions of the 
city. An improvement is shown in the stove-grate 
trade. In the steel trade most of the sections are freely 
occupied. The outlook is giving cause for some anxiety, 
but speculation largely favours a year of good trade. The 
output has been augmented with the re-start of steel works 
and rolling-mills that remained closed after the Easter 
set-down. Sheffield firms are receiving a lot of work from 
shipbuilding centres in the shape of forgings and castings. 
Manufacturers of war material have every confidence in 
the future, and in some cases are making furtber exten- 
sions to their already greatly enlarged plant. One of the 
most active branches is that devoted to the manufacture 
of railway material. Itis probable that a reduction in 
prices would bring about a comparative state of activity 
in actual wagon-building, which for some time 
a quiet trade locally. Tramway material departments 
are well employed, but trade in tool-steel and basic sheets 
is quiet. The best demand is for special steels, there 
being a marked expansion in the requirements of the 
motor-car and aeroplane industries. There isa fair volume 
of inquiry for s alloys. The lighter trades are fully 
ae , but the outlook does not inspire much con- 
fidence. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MippLesBroucH, Wednesday. 
The Cleveland Iron Trade.—Few new features present 
themselves in the pig-iron trade. Just at mt both 
buyers and sellers are inclined to hold off, and what 
business is being put through is confined to small lots. 
Reports from cher iron centres both at home and abroad 
are discouraging, and are such as create want of confi- 
dence in the future, and thus check forward business. 
he consequenée is that the good influence the vory 
excellent statistical state of trade here should have on 
the market, is counteracted by news from other home iron 
markets from y and America. Producers of pig- 
iron continue to complain that current market quotations 
are unremunerative, and more than hint that relief 
is forthcoming, either by higher rates for pig or lower 
prices for raw material, more blast-furnaces will have 





to be put out of operation. To meet current demand | 
Cleveland pig continues to be steadily taken from the 
public warrant stores here, where the stock now 


stands at 94,656 tons. No. 3 g.m.b. Cleveland pig is 
51s. 6d. f.o.b.; No. 1 is fully 54s., and is rather 
searce ; No. 4 foundry, 5ls. 3d.; No. 4 f 50s. 9d. ; 
mottled and white iron, each 50s. 6d.; and Nos. 1, 2, 
and 3 East Coast hematite Pig. 61s. 6d.—all for either 
a or forward delivery. here is nothing passing 
in foreign ore. Consumers report that they are well 
bought, and have large stocks, and are therefore in no 
hurry to make further contracts. At the same time 
sellers show no disposition to make any very great con- 
cessions, and in the absence of transactions they adhere 
to market quotations on the basis of 17s. 6d. ex-ship Tees 
for Rubio of 50 per cent. quality, which is the rate that 
has ruled for some time past. Freights for foreign ore 
boats are inclined to stiffen. Coke is none too plentiful, 
owing to more ovens going out, and with local consumers 
pressing for deliveries there is something of a temporary 
‘squeeze.” Some -hive ovens oe Yolen put out to 
be replaced by patents. Up to 17s. 6d. is quoted for 
average qualities of blast-furnace coke delivered at 
Tees-side works. 


Tees Iron and Steel siigeantn. —The shipments of iron 
and steel from the Tees during the month of April were 


on a very satisfactory scale. Those of pig-iron averaged 
5330 tons per working day, the total despatches being 


to returned at 127,943 tons, 117,828 tons of which went from 


Middlesbrough and 10,115 tons from Skinningrove. For 
the previous month the clearances reached 115,557 tons, 
or a daily average of 4444 tons, and for the correspondi 

month a year ago, the loadings were given at 104,218 
tons, or an average of 4008 tons per working day. All 
the iron cleared at Skinningrove last month went to 
Scotland, and of the iron Eo from Middlesbrough 
82,745 tons went abroad and 35,083 tons coastwise. 

usual Scotland was the largest buyer, taking 18,818 tons, 
whilst Germany received 15,883 tons ; Italy, 11,537 tons ; 
Wales, 10,256 tons; Sweden, 9232 tons; France, 7710 
tons; Japan, 6638 tons ; Belgium, 6501 tons ; Russia, 5516 


tons; Canada, 4075 tons; Denmark, 3991 tons; United | Do 


States of America, 3400 tons; Norway, 3148 tons; and 
Holland, 3068 tons. Tees loading of manufactured 
iron during the month of April amounted to 21,041 tons, 
12,668 tons of which went foreign, and 8373 tons to home 
customers ; Tees shipment of steel amounted to 43,720 
tons, of which 37,893 tons went abroad, and 5827 tons 
coastwise. The mtina was the | t receiver of 
manufactured iron with 6159 tons, whilst India imported 
4932 tons. The t buyer of steel was India, taking 
18,040 tons, and other princi importers were :—The 
Argentine, 6278 tons; New South Wales, 2809 tons; 
West Australia, 2043 tons; Natal, 1781 tons; Japan, 
1576 tons; and Victoria, 1056 tons. 


Manufactured Iron and Steel.—There is little change 
to — with - to manufactured iron and steel. 
Specifications and new orders for sectional steel are 
coming in a little better. Shipbuilding material is quiet, 
notwithstanding the fact that several orders for new shi 
have been placed with North-East Coust builders. In 
the steel trade Messrs. Dorman, Long and Co., Limited, 
have just booked am order for 10,000 tons from the 
Australian Commonwealth Government. A substantial 
Indian order is expected to be placed in Middlesbrough 
shortly. Principal market quotations stand :—Common 
iron bars, 7/.; best bars, 7/. 7s. 6d.; best best bars, 7/. 15s. ; 
best best best bars, 8/. 2s. 6d.; oe | iron, 6/.; iron ship- 

lates, 6l. 15s.; iron ship-angles, 7/.; iron ship rivets, 

l. 5s.; iron girder plates, 7/. 5s.; steel bars (basic), 
61. 15s. ; steel bars (Siemens), 6. 15s. ; steel ship-plates, 
6. 10s. ; steel ship-angles, 6. 2s. 6d. ; steel boiler-plates, 
7l. 10s.; steel joists, 6/. 12s. 6d.; steel strip, 6/. 15s. ; 
steel hoops, 7/.—all less the customary 24 per cent. dis- 
count. t-iron columns, 7/. 7s. 6d. ; cast-iron railway 
chairs, 4/. 5s. ; light iron rails, 7/.; heavy steel rails, 6/.; 
steel railway sleepers, 7/. 5s.—all net at works; galvani 
corrugated sheets, 24 gauge, in bundles, 11/. 5s. f.0.b.— 
less 4 per cent. 





Map or Lonpon.—We have received from Messrs. 
Leopold Farmer and Sons, 46, Gresham-street, E.C., a 


been | copy of their map of London, which they issue free of 


c showing the free collection and delivery area, 
the don County Council area, the Me’ jitan 
boroughs, and the approximate amount of rates in the £ 
in each borough for the current year. 





Pie = ag nae . sere — Fie. House of ast 
mmittee, presi over by Lord Clinton, appoin to 
decide u Ba, =e *e be adopted in future - 
ascertain e qu as agreed, on t 
evidence of Sir Corbet Woodall, DSo. and other eminent 
experts, that the calorific value in B.T.U per cubic foot, 
shall be the standard of the future, so far as the largest 
company in the world is ; this decision will 
probably be extended to the gas undertakings of the 
country as a whole. 


LoocoMOTives FOR THE BricraN Strate Raiways.— 
We read in the Moniteur Industriel that the Belgian 
State we Management Committee have decided to 
recommend building of the following locomotives and 
tenders, for service commencing with 1915. Forty 
locomotives, ‘‘ type 8,” estimated to cost 4,215,680 francs 
(168,6272.) ; ten locomotives, ‘‘Consolidation type,” two of 
which are to be built in the State Railway s to cost 
1,074,000 francs (42,960/.) ; fifty tenders of 20,000 litres 
(4400 ¢ gallone) for the above locomotives, costing 642,250 

25,6901.) ; cixty tank-engines, “ ‘ype 23,” costi 
4,272,180 francs (170,887/.). ; wheels and moun 
wheels for 149,204 francs ( ). As will be seen, 
total expenditure works out at 10,353,314 francs (414,1322.). 





NOTES FROM THE SOUTH-WEST. 


Cardiff.—Both buyers and sellers appear to be awaiting 
the return of more normal market conditions. While 
tonnage arrivals over the week-end were not so heavy as 
usual, there were sufficient steamers in dock to meet 
current , aan. Coal supplies were inadequate, 
as the t of pit sto and no indication of an 
early settlement of the w Vale strike. Buyers are 
hoping that with more settled iabour conditions 
outputs will soon recover, and they have declined 
accordingly to pay the high prices demanded b 
sellers, except in a few urgent cases. House coal, 
yy fuel, and coke, have shown little change. The 

t Admiralty large steam-coal has made 19s. 3d. 
to 19s. 9d. per ton; best descriptions, 
18s. 6d. to 193.; other secondary qualities, 17s. 9d. to 
18s. 3d.; best bunker «malls, lls. to lls. 3d.; and 
a ee SS © Se SS pe tm. Best house- 
hold coal has brought 19s. to ; good household 
descriptions have been quuted at 17e. to 188.; No. 3 

ida large has realised 17s. 6d. to 17s. 94; and 
smalls have = = = 12s. to 12s. 6d. per 
ton. No. 2 Rhondda large has realised 13s. 6d. to 
14s. ; and No. 2 smalls, 8s. 6d. to 93. per ton. Special 
foundry coke has been quoted at 25s. to 27s.; good foundry 
coke at 20s. to 23s.; and furnace coke, 17s. to 19s. per 
ton. As regards iron Rubio has made 17s. 6d. to 
pe EE Fe is of 50 per cent. of iron, 
and charges, including freight, insurance, &c., to Cardiff 
or Newport. 

Tawnton.—The Taunton Town Council has decided to 
accept a tender of the British Steel Piling Company for 
works on the Tone at Fiench Weir, Taunton. The 
po ye rd the a was 39351 ~_ and it was lower than 
eight other pro received, the competitors ranging 
from 42002. to 9150/. The accepted tender had Leen sub- 
mitted to the engineers (Mesers. Douglass, Lewis’ and 
uglass), who reported that the British Steel Piling 
Company had recently carried out works under their 
supervision, and that, in their opinion, they were a 

iable firm. The tender was 415/. in excess of the 
engineers’ estimate. 

Pembroke Dock.—The first of two haulage slipways about 
to be provided at Pembroke has been brought into use, 
the destroyer Kale, which is und ing a refit, having 
been placed in the cradle and successfully hauled into the 
slip. The slip is built on lines resembling those of slip- 
ways at Gibraltar. The cost of the yd will be 22,000/., 
and that of the machinery nearly 16,000/. 


Lianelly.—The tin-plate trade has shown scarcely any 
sign of improvement, the demand being uncertain, while 

rices have ruled low. A reduction in the output is being 
comend , the supply being in excess of the existing 
demand. The qultaniein works have been somewhat 
quiet, but the steel works have been well employed. 





Tue Roya Institute or Pustic HeavtTu.—A course 
of lectures on “‘ Industrial vpene ” will be given hy Pro- 
feesor Sir Thomas Oliver, M.A., M.D., LL D., F.R C.P., 
F.R S.Ed., Professor of Medicine in the University of 
Durham Oollege of ee Newcastle-upon-Tyne, as 
follows :—Lecture No. I. Wednesday, Ma : The Rise 
and Progress of Factory islation. ture No. 2. 
Thursday, May 28: Injurious Occupations : fa) Fumes— 
Melting and Pouring of Metals: Lead; Zinc; Brass. 
(b) Dust—Po ; Printing, &c. (c) Gas—Ocou 
Poisoning by : Carbon Monoxide; Sul 
Hydrogen and Use of Explosives. Lecture No. III. 

ednesday, June 10: Coal-Mining; Its Risks to Life 
and Health; Accidents, mex! Dust. Lecture 
No. IV. Thursday, June 11: id-Mining and Diseases 
of the Lungs. Lecture No. V. Wednesday, July 8: 
Ankylostomiasis; A Newly-Added Danger to Mining at 
Home Abroad. Lecture No. VI. ursday, July 9: 
The Passing of Great Industries, or How Dangerous 


tional 
uretted 


Trades have been Rendered Comparatively Harmless 
Occupations. Lucifer-Match Making and Silvering 
of Mi The fee for the course is one guinea. 


Further information may be obtained u 


application to 
— L. Ryley, Secretary, Ri 


-equare, London, 





lesigned 
the Aerotug, which i led b 
engine. ago - 
limi trials were run of thisesafs, when thoestiafastory 
5 miles hour was obtained with the vessel 


The length of 
ft., with a draught of about 8 in. The Aerotug is, 
less, a towing-punt, with a steel hull and with- 
accommodation. As steering, dan 
t at lesti- 


When the clutch 
t on there is an entire 
at 


was designed rnd 
Syndiczte, Limited. 
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(For Description, see Page 625.) 
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FACTORY, FARNBOROUGH. 
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| TURBINES OF QUADRUPLE-SCREW CUNARD LINER “AQUITANIA.” 


CONSTRUCTED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 


(For Description, see Page 623.) 





Fic. 53. A Low-Pressure TursinE Main Bearinc anp Turust-Biock, witH Cover IN Pace. 


Fic. 54. Hieu-Pressure Tursixne Mat Bearine ann Turust-Biock with Cover REmMoveED. 


RA ae OT oy ote a ee ee Se ree ME ST 
(To Face Paye 622.) 





PLATE LXVI. 


TURBINES OF QUADRUPLE-SCREW CUNARD LINER “AQUITANIA.” 


CONSTRUCTED BY MESSRS. JOHN BROWN AND ©CO., LIMITED, SHEFFIELD AND CLYDEBANK. 
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(For Description, see Page 623.) 
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Fic. 56. Borrine Part or a Low-Pressure Tursine-Casina. 
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TURBINES OF QUADRUPLE-SCREW CUNARD LINER “AQUITANIA.” 


CONSTRUCTED BY MESSRS. JOHN BROWN AND CO,, LIMITED, SHEFFIELD AND CLYDEBANK. 


(For Description, see Page 623.) 
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Fic 58. A Low-Pressure Tursine CompLeTE; Visw FROM Forwarp Enp. 





PLATE LXVIII. ENGINEERING, May 8, 1914. 


TURBINES OF QUADRUPLE-SCREW CUNARD LINER “AQUITANIA.” 


CONSTRUCTED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 


(For Description, see Page 623.) 











Fic. 60. A Low-Pressure Tursine CompLete; View Fraom Art Enp. 
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(HE NEW CUNARD LINER: “AQUITANIA;” GENERAL ARRANGEMENT 
OF TURBINE MACHINERY. 


CONSTRUCTED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 
(For Description, see Page 622.) 
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OF TURBINE MACHINERY. 
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TURBINES OF QUADRUPLE-SCREW CUNARD LINER “AQUITANIA.” 
CONSTRUCTED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 


(For Description, see Page 623.) 
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— lay, May 11. The Very Rev. W. R. Inge, D.D., on “‘ The 
Chapter of Greek Philoso hy : Plotinus a8 Philosopher, 
Religious we Tie —~ Mystic ” (Lecture III). Tuesday. May 12. 
Professor W. » M.A., F. Fullerian Professor 
of of Physiology ral (2) “The Present State of Evolutionary 
a4 May 14. Professor Svante Arrhenius, D.Sc., 
Hon. F.R.S., Hon. F.O.S., Hon. M.R.1., on “Identity of Laws: 
In General and Biological Chemistry eouure 1). Saturday, 
May 16. Professor ©. J. Patten. M.A., Sc.D., Professor 
of Anatomy, Sheffield, on “ Bird Migration” TLeotawe it. ) 
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SENGHENYDD. 


Tue name at the head of this article stands for 
the greatest disaster in the annals of British coal- 
mining. On the morning of October 14 last an 
explosion occurred at the Senghenydd Colliery, by 
which, either directly or from the effects of after- 
damp, 439 men lost their lives, while a man 
engaged. in rescue work was killed by a fall of 
stone the next day. Such a toll of life as this 
leaves our worst railway accidents far behind, and 
is ore by our most bitter stories of the 

. ith the advance of material civilisation and 
the growin lexity of man’s grip with Nature, 
the soesibility o! of staggering accidents would appear 
to increase, although one may hope that the rela- 
tive probability of any accident decreases. One’s 
best hope, when the great disaster does arrive, is 
that it may carry some lesson helping the 
mechanism on which our civilisation is to a 
better and surer footing. Sometimes, however, 
this hope is vain, and it is doubtful if the Seng- 
henydd explosion has left any useful record likely 
to help towards the avoidance of similar accidents 
in the future. 

The whole circumstances of the Senghenydd 
disaster were inquired into by Mr. R. A. 8. Red- 
mayne, C.B., HM. Chief Inspector of Mines, who 
was appointed Commissioner by the Home Secre- 
Mr. Evan 


tion of Great Britain, were appointed Assessors 
to assist at the investigation. e results of the 
work of these gentlemen were issued in the form 
of reports a few days ago.* Two reports were 
presented, as Mr. Williams was unable to 


Engi with the main report prepared. by Mr. - 





* 


on the Causes and Circumstances Attending 


the Explosion which occurred at the Senghenydd Colliery 
on —— » October 14, 1913. [Cd. 7846.] Price is. 6d. 
Messrs. yman and Sons, Fetter-lane, E.O. 


= the reports is negative. 
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mayne. Mr. Smillie concurred generally with 
Mr. Redmayne, but added a memorandum 


raising various points to which he thought more 
attention was due. On the whole, the effect of 
It is not shown that the 
accident was due to anyone's oversight or negli- 
gence, and the cause of the accident is not deter- 
mined. The actual initial site of the explosion is 
not even agreed upon. 

Without going into a history of the explosion in 
detail, or attempting a full explanation of the 
lay-out of the mine, it will be well briefly to explain 
some of the main features of both. The colliery is 
worked from two pits—York and Lancaster—York 
being the upcast and Lancaster the downcast. 

Kach pit communicates with one of two parallel 
main headings, each arched with masonry at the pit 
bottom. The headings are connected by two cross- 
cuts furnished with doors. From the main headings 
various branch headings lead to the various working 
districts. Six such districts were concerned in 
the explosion, so that men were killed in them, 
but it is only in the Mafeking districts that it is 
considered possible that the disaster might have 
originated. The destruction caused by the explo- 
sion, and by the fire which followed it, was so great 
that only two or three men, who were in the 
colliery at the time, escaped, and there is no direct 
evidence as to what actually occurred. The 
explosion was so violent that the surface-material 
in the neighbourhood of the downcast was des- 
troyed, and the banksman was killed. A descent 
was made by the upcast, and it was found that the 
wood-work of the cross-cuts was on fire. When 
this was extinguished, an examination of the main 
Lancaster heading was made up to the hauling- 
engine, which was situated about 40 yards from the 
pit. The planking of the engine was on fire, and 
for a distance of 20 or 30 yards beyond a fierce 
fire was seen to be raging. It was later found that 
a heavy fall had taken place in this heading further 
along, and that the timber was burnin low it. 
Ultimately it was necessary to dam the heading to 
extinguish this fire. This, of course, blocked the 
intake. Falls, and smoke and fumes from the fire, 
prevented advance along the other heading, and, 
as is generally known, it was many days or weeks 
before the working places could be explored. 
When ultimately the bodies were recovered, it 
was found that most of the men had died by 
suffocation, although in some cases they had been 
directly killed by the explosion. Some bodies are 
still buried beneath falls. 

The main value of the reports, in as far as any- 
thing is to be learned from them, naturally lies in 
the considerations given to the cause of the acci- 
dent. As we have said before, however, nothing 
definite was ascertained. Two sites have been 
suggested as the original place of the explosion, 
and it may apparently be taken that acceptance 
of one or other of these sites involves accept- 
ance of one of two possible causes of the original 
ignition of fire-damp. Situated in-bye in the 
main heading leading from the Lancaster pit, 
there was a lamp-relighting station. The station 
was some 570 yards from the pit, and lay in- 
bye of the large fall to which we have already 
referred. This lamp station was placed as one of 
the possible original sites of the explosion. The 
other site was somewhere in the Mafeking Hard 
heading, which forms the out-bye from the Mafe- 
king working to the main heading connecting the 
York pit. “The choice of one or other of these 
sites was about evenly divided between the various 
mining engineers and others who were concerned 
in any way with the inquiry. The explanation of 
the explosion advanced by the lamp-station school 
is that the big fall in the main heading took place 
before the explosion, and that a large value of 
gas was liberated, which was carried by the incoming 
air-current into the lamp station, where it was 
ignited. Mr. Redmayne, in the main report, dis- 
agrees from this theory, but Mr. Williams, in his, 
supporte it. It should apparently have been possible 
to deduce the direction of travel of the explosion 
at any point from the ap nce of the mine 
timbers and other ye ut evidence based on 
this factor seems to have been so conflicting that 
different engineers have drawn quite opposite 
conclusions from it. Mr. Redmayne seems to have 
been much influenced in his rejection of the lamp- 
station theory by the fact that the fire was found 
burning below the heavy fall, and he argues this 
to be evidence that the fall followed the explosion 
instead of preceding it. Mr. Williams, however, 








638 


ENGINEERING. 





[May 8, 1914. 








finds this no difficulty, and holds that the fire 
might easily have crept under the fall among the 
broken timbers. 

The theory that the trouble originated in the 
Mafeking Hard heading is reinforced to some 
extent by the fact that for some days before the 
accident there had been bad outbreaks of gas in 
the Mafeking workings, which would have been 
carried through the heading, so that it is possible 
a bad atmosphere might have existed in the head- 
ing, made worse possibly before the explosion by a 
local fall. Acceptance of the Mafeking-heading 
theory seems to involve the assumption that 
fire-damp was, in the first instance, ignited by 
sparks from electric signal wires, or from an 
electric bell. This, at any rate, is implied by 
Mr. Redmayne. He does not find that the 
evidence justifies him in definitely assigning that 
cause, but evidently looks upon it as the likely 
explanation. If the explosion did arise in the 
Mafeking heading, it might have been caused by a 
broken lamp, a miner ren matches, or sparks 
caused by falling stones; but Mr. Redmayne does 
not appear to think any of these explanations the 
likely one. The electric signalling arrangements in 
the heading consisted of two independent circuits, 
each consisting of two bare galvanised steel wires 
carried 12 in. to 18 in. apart on insulators fastened 
to the side timbers. h circuit contained an 
electric bell fixed in a cast-iron case, which was 
not gas-tight, and a battery of ‘‘ Dania” cells. 
Signals were sent from any point by bringing the 
wires together or short-circuiting them with a 
knife or a file. This, of course, caused open spark- 
ing at the wires, in addition to which there was 
open sparking at the bell-contacts. 

Had it been possible to establish that the explo- 
sion was caused by the signal arrangement, the 
report would have done much, as in spite of the great 
convenience and simplicity of the arrangement de- 
scribed—which is a common one—it clearly could 
not be allowed to endure if it were possible that it 
might cause an explosion. It has generally been held 
that sparks produced by voltages of the order of 
nine—which, according to the electrician, was the 
maximum reached at Senghenydd—are insufficient 
to cause ignition of ee mixtures likely to be 
found even in fiery mines. If the report upset 
this idea, it would have marked a stage of very 
great importance in the consideration of the ques- 
tion of electric signalling in collieries, Although 
the report does not definitely upset this idea, it 
advances evidence which is worthy of great atten- 
tion and certainly does not strengthen the case for 
signalling with bare wires. Some experiments 
were carried out by Mr. Robert Nelson, H.M. 
Electrical Inspector of Mines, with nine cells 
of the ‘‘Dania” type as used at Senghenydd, in 
conjunction with a Senghenydd bell. The nine 
cells — new cells, presumably — gave 13} volts, 
and an explosion of fire-damp was produced by 
rubbing a knife along two wires: which repre- 
sented the signal-wires of the mine. No explosion 
was produced with less than 13} volts. As we have 
already said, the electrician’s evidence was to the 
effect that never more than 9 volts was obtained in 
the colliery ; but one of the batteries, reassembled 
two months after the explosion, gave 11.45 volts 
on open circuits. The cells were of the dry type, 
and so could be collected and tested. Even assum- 
ing that the electrician was mistaken, and that 
11.45 volts were obtained in the colliery, the figure 
was still apparently on the safe side ; but one must 
admit that matters were getting unpleasantly near 
the limit. 

The whole of this subject wants experimenting 
with, and examining down to the last detail. 
Some very important work has been carried out 
by Dr. Wheeler in connection with the Senghenydd 
investigation. The results of this work, appended 
as a note to the report, is probably the most valu- 
able part of the whole publication. Dr. Wheeler's 
experiments were carried out with methane-air 
mixtures, and the results conform with the earlier 
work of Professor Thornton at higher voltages. 

It was found (1) that the ease of ignition of a 
mixture varied according to the percentage of 
methane present, and that there were higher and 
lower limits at which no ignition could be obtained ; 
(2) that the induction of the circuit was of prime 
importance in determining the igniting power of 
the spark ; and (3) that the amperage of the current 
was of more importance than the voltage. These 
results may well be taken as established, and are, 
indeed, almost obvious'y truce on the face of them. 





What is now wanted is experiment with actual 
colliery mixtures, and definite and clear specifica- 
tions in reference to bells, resistances of circuits, &c., 
which a colliery electrician can understand and 
work to. If apparatus as now used in collieries is 
not dangerous, or if it can be made not dangerous 
by suitable resistances and bell inductances, then 
there can be no case for giving up all the advan- 
tages of its simplicity and great convenience. It 
may be said that one might as well be on the safe 
side, and arrange all apparatus in gas-tight cases ; 
but, whatever the sellers of electrical supplies may 
think, we are not enamoured of the idea of Pepper: 
ing our collieries with gas-tight bell pushes. - 
tight arrangements are, no doubt, very pretty, but 
if by any chance one of them is not gas-tight, it may 
carry greater possibility of harm, in its deceptive 
outer cover, than a dozen pairs of iron wires naked 
and unashamed. 





MATTER AT HIGH PRESSURES AND 
LOW TEMPERATURES. 

Tue number of investigators of phenomena and 
reactions at extreme pressures and temperatures is 
steadily increasing, and an interesting experi- 
mental account of some recent work was given at 
the Royal Institution in two lectures, delivered in 
the last two weeks of April, by Dr. Walter Wahl, 
of Helsingfors. Dr. Wahl entitled his lectures : 
‘Problems of Physical Chemistry: (1) Study of 
Matter at High Pressures ; (2) Structure of Matter 
at Low Temperatures.” He has succeeded in crys- 
tallising hydrogen, oxygen, &c., and a great many 
organic compounds so far only liquefied, and his 
own researches, carried out in the Davy-Faraday 
Laboratory, concern chiefly the relations between 
crystalline structure and chemical constitution, 
which scientists are now able to follow down to 
the lowest temperatures. In his very successful, 
though difficult, demonstration Dr. Wahl was 
assisted by Mr.‘ W. J. Green and Mr. J. W. 
Heath, of the Royal Institution. 

Dr. Wahl showed first that the application of 
pressure changed the volume and density, and par- 
ticularly the melting-point, of substances like water, 
p-xylene, and phosphonium chloride, PH,Cl. When 
the change was regular, a straight line would, in a 
diagram plotting temperature as ordinate against 
pressure as abscissa, separate the liquid from the 
solid phase, the melting-point rising as the pressure 
increased. In more complicated cases the curves 
were branched, and a curve might end in a triple 
point, which meant that the substance could, at 
that particular pressure and temperature, exist in 
the solid, liquid, and gaseous conditions. Such a 
diagram of state was further complicated by the 
fact that a substance might from one modification 
pass into another. Thus the red crystals of mercury 
lodide turned at + 130 deg. Cent. into other 
yellow crystals, and such changes, which were not, 
as a rule, accompanied by changes in colour, were 
frequent ; several substances were now known in 
five and more modifications, and E. Cohen 
(Utrecht) considered that many metals were mix- 
tures of two allotropic modifications. 

The application of really high pressure had only 
become ible within recent years, Dr. Wahl 
andiinnel Cailletet, in liquefying the so-called 
permanent gases, about 1870, had used a pump— 
the original was exhibited — by means of which 
he compressed oil as the pressure medium, a screw 
serving for the finer adjustment of the pressure. This 
pump had been improved by Dewar and others. 
Amagat had made use of two pistons, one much 
smaller and the other much larger. Barus, like 
Amagat, had exceeded 3000 atmospheres ; between 
1880 and 1900 Walthére Spring (Liége) had 

ially studied the compression of powdered 
salts, metals, and alloys at high pressures. Then 
G. Tammann (Gottingen) had started his most 
important systematic studies of a great a sub- 
stances in a modified Cailletet apparatus (exhibited) 
worked by a hand-wheel, in which there was no 
leather cup or king, hard-steel — being 
more and more driven into softer steel as the pres- 
sure was raised above 4000 atmospheres. 

Where liquids were investigated, the lecturer 
continued, a vessel resembling a thermometer 
with a short stem and a long bulb was gene- 
rally used; the bulb was filled with mercury, 
the liquid was above the mercury, and the 
whole vessel was placed within the chamber in 
which oil was compressed. These vessels were 
very convenient, but as they had to be made 





of stout glass, the temperature equalisation was 
slow. Electrolytic conductivity measurements had 
also been made in such vessels at high pressure; 

most salt solutions gave a maximum conduc- 
tivity at some pressure or temperature, but the 
peer yng, be! the solvent, which was likewise affected, 
had to be taken into consideration. E. Cohen had 
quite recently demonstrated that, contrary to pre- 
vious experience, the small velocity of certain 
reactions was in by something like 20 per 
cent. when a pressure of about 1000 atmospheres 
was applied ; his apparatus was particularly designed 
to keep the pressure constant for twenty-four hours. 
In order to study the behaviour of metals and salts 
likely to flow under high compression, Kurnakow 
(Petersburg) pierced the steel block of his pressure- 
chamber by a small bore, through which the flowing 
substance was forced out in a wire or thread 
(demonstrated). The pressure curve in those cases 
became horizontal after rising, and those curves 
were similar to the hardness curves. Some salts, 
organic silver salts, ¢.g., would not flow, but ex- 
ploded at a certain pressure; the piston was thus 
forced back, and another explosion followed when 
the pressure was raised again, so that a zig-zag 
curve was obtained. 

A particular interest attached to the investiga- 

tion of water and oil, undertaken by Tammann, and 
recently continued by P. W. Bridgman, at Harvard 
College, Cambridge, Mass. Water differed, as was 
well known, from most other liquids in several res- 
e especially also in so far as it expanded on 
reezing instead of contracting, and as its melting- 
point was lowered (instead of being raised) when the 
pressure was increased. This was very important 
in the household of Nature, of course, because ice 
floated, being lighter than water, and crushed and 
crumbled the rocks into the crevices of which it 
had penetrated when freezing. All this applied to 
ordinary ice only, however. Tammann had found 
three modifications of ice, and Bridgman distin- 
guished six, or possibly ten ; most of them were 
denser than water—i.e., they would sink in water, 
and would, on being formed in crevices, not give rise 
to high pressures. Bridgman had studied ice at 
pressures up to 20,500 atmospheres, and had reached 
a pressure of 40,000 atmospheres, though he had 
not been able to take exact measurements at those 
extreme pressures. His vessels were made of the 
hardest steel available, tungsten-steel in the latest 
cases, and soft conical steel rings fitting over 
hard steel cones served as the packing. Tammann 
had observed that the lowering of the melting- 
point of ice by increasing pressure ceased when 
&@ pressure of 2100 atmospheres was attained ; 
on further increasing the pressure the melting- 
point rose. Bridgman had discovered one modifica- 
tion of ice which, formed at 25,000 atmospheres, and 
melted at + 35 deg. Cent. These several ice modi- 
fications passed into one another, very slowly at 
— 180 deg., and very rapidly near the several triple 
points. When ordinary ice was strongly compressed 
at —30 deg. Cent. and then cooled in liquid air, it 
was converted into dense ice, and when the pres- 
sure was then released, the change back into ordi- 
nary light ice was very slow. Dr. Wahl demon- 
strated this change by several experiments. He 
had kept some dense ice in lead tubes ; when the 
tubes were exposed to the heat of the room and of 
the lantern beam, the ice, passing into the less dense 
ordinary modification, was forced out of the end of 
the tube, which was split in consequence. Very in- 
structive was the following experiment. A piece of 
ordinary ice was dropped into liquid air, kept there 
for a few minutes, and then taken out and placed 
in the lantern beam; it soon began to swell and to 
crumble to an apparently much greater volume, 
whilst another piece of ordinary ice (not cooled) 
remained Saar | unchanged, very slowly melting 
away. ‘© maintain the dense ice in its condition, 
Dr. Wahl added, required a pressure of about 2500 
atmospheres, whilst the maximum pressure at the 
bottom of the ocean did not exceed 1000 atmo- 
spheres probably. The highly complex character 
of the diagram of the state of ice was partly due to 
its forming different molecular aggregates ; but the 
high-pressure researches of Bridgman and others on 
various compounds showed that the phenomena at 
high pressures were often quite different from 
what might be expected from low-pressure obser- 
vations. 

Passing to the structure of matter at low tempera- 
ture, Dr. Wahl showed that liquid air was trans- 
formed into sluggish liquid which boiled, with vigor- 
ous bumping, when the containing vessel was joined 
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to a Gaede pump. Finally, the air turned, some- 
times without any bumping, into a whitish mass 
like sloshy snow. The snow so formed con- 
tained all the gases previously in the air, in- 
cluding water vapour, carbon dioxide, and the 
rare gases. Carbon dioxide was easily solidified 
to a beautiful white snow, consisting of very 
small cubical crystals, the corners of which were cut 
off by octachedrons ; its sublimation temperature 
was — 78 deg. Cent. ; to melt the snow high pres- 
sure had to beapplied, when it melted at — 51 deg. 
Cent. Nitrogen and oxygen would not crystallise 
readily. Supercooling, the formation of crystallisa- 
tion nuclei, and the velocity of crystallisation had 
to be considered in this connection. That super- 
cooled solutions would crystallise, when a small 
crystal of the respective substance was — 
into them, was demonstrated with the aid of glass 
cylinders, several feet in height, charged with solu- 
tions of sodium acetate (the favourite salt for this 
experiment), benzophenone, &c. ; the crystallisa- 
tion progressed downward, and the rate could be 
kept constant, e g., at 40 mm. per minute, in these 
cylinders. The rate of crystallisation increased 
when the temperature was lowered, but there was 
mostly a certain optimum temperature, beyond 
which further cooling had the opposite effect—i.e., 
it retarded the rate of crystallisation. When alcohol 
was cooled in liquid air, it turned more and more 
viscous without real freezing ; many other organic 
compounds behaved similarly, but some froze 
finally. 
Liquid nitrogen, when exhausted as alread 

stated, turned into a white jelly, which remelted 
again when the pump was stopped. The jelly con- 
sisted of a small number of small cubical crystals 
and a supercooled liquid. To observe the crystals, 
the cooling had to be very slow, and ordinary 
crystal measurements were experimentally impos- 
sible. The crystallographic examination had hence 
to be effected by studying the optical properties, 
refraction and polarisation, and Dr. Wahl for 
this purpose constructed a small quartz-glass cell, 
resembling a tube flattened out at its end to a disc- 
shaped bulb. The tube was very slightly conical ; 
the flat bulb was formed by polishing two quartz 
discs and fusing them to the tube, while keeping 
a fine platinum wire (afterwards withdrawn) 
between the discs to separate them to the desired 
distance, 0.04 mm. ; partly fused quartz was then 
packed round the edges of the discs to seal the 
small chamber. Whenthe cell was to be filled with 
the respective material, some of the solid or liquid 
from previous experiments was placed in the tubular 
stem, melted, and sucked down into the round cell— 
before the latter was quite sealed, we suppose ; 
the same substance could then be used for several 
experiments. The charged cell was lowered into a 
vacuum vessel containing liquid air, which was itself 
placed in the beam of the polarisation apparatus. 
As the beam had thus to traverse the quartz and 
glass walls and the cooling liquid, in addition to the 
substance under test, the examination was very 
difficult. _ Yet Dr. Wahl had been able to ascertain 
that oxygen was dimorph; this was particularly 
interesting because sulphur, selenium, and tellu- 
rium—elements which were chemically related to 
oxygen—were also known in two (or more) crystal- 
line modifications. Hydrogen solidified only at 
14 deg. Cent. absolute, but it crystallised well and 
readily then, with almost explosive rapidity; the 
crystals belonged to the regular (cubical) system. 
Methane also crystallised in the regular system, 
but some of its homologues were doubly refracting 
—hexane to an extraordinarily high degree. That 
ordinary ethyl alcohol would not solidify had 
already been mentioned ; some other alcohols did. 
Ethylene gave beautiful large doubly-refracting 
prisms. Acetylene belonged to the regular system, 
like carbon monoxide and dioxide; the chlorine 
crystals were yellow, but turned white at the lowest 
temperatures, at which the bromine crystals and 
others also lost the'r colours. As regards the 
melting-points of the elements of the atmosphere, 
Dr. Wahl gave the following table :— 


Pressure. Temperature. 

Helium ... Below 2mm. Below 2.5deg.C. 
absolute 

Neon... ~ , 350 mm. 35 deg. C. abs. 
Argon ove eee 628 ,, 85 ” ” 
Krypton ... 168 ,, 104 > a 
Xenon 86 ” 133 ” ” 
Hydrogen  @ 14 <a 
Nitrogen ae 90 ., , ne 
Oxygen... ... 0.9 ,, 534s 


” 





AEROFOILS AND PROPELLERS. 


Ir isa sign of the times that interest in flight is 
extending, and in this connection it is notice- 
able that a paper on ‘‘ Aeronautics” was read 
by Mr. A. E Berriman before the North-East 
Coast Institution of Engineers and Shipbuilders 
on Friday, the Ist inst. There are many reasons 
why marine engineers should take special interest 
in the question of flight, as, in the first place, it 
a | have a considerable influence on naval war, 
and, in the second, ships, balloons, and aeroplanes 
are the three great classes of machines which rely 
both for support and propulsion on a fluid. It is 
true that the air is an elastic fluid and that the water 
is not, but still there are enough points of simi- 
larity for interesting comparisons. Thus there are 
in each case two methods of support, for both the 
balloon and ordinary ship displace a weight equal 
to their own, while the aeroplane and high-speed 
skimming-boat do not, but depend for support on 
inclined surfaces. Both in the air and on the water 
speed is largely dependent on horse-power and 
weight, while the agent of propulsion in both 
cases is usually a screw propeller. 

Necessarily, in a paper such as Mr. Berriman’s, 
the subject can only be treated very cursorily, 
and in order to go more fully into the aeroplane, 
the dirigible is hardly touched on. This is not 
because the author considers it of no importance, for 
he states that it is apparent that both types of air- 
craft (ie, aeroplanes and dirigibles) must neces- 
sarily be developed by any nation seeking to justify 
itself as a first-class aerial power. 

The greater part of the paper is, however, devoted 
to a description of the general arrangements of an 
aeroplane and the method of operating it in the air. 
While a good deal of this covers known ground, 
there are one or two interesting suggestions. One 
is the possible elimination of the landing-chassis, 
in connection with which it is pointed out thata 
bird has an enormous advantage in combining the 
supporting and propelling surfaces in the same 
organ, and so doing away with the separate 
propeller. Mr. Berriman mentions a suggestion 
that the propeller should be laid horizontally for 
landing, so as to avoid the necessity for a deep 
chassis, but points out that this does not completely 
solve the difficulty. On looking at the structure 
of a bird, however, we see that it has a landing- 
chassis—i.e, its legs, and these are used for 
starting; in fact, few birds can get off the ground 
without them. When in flight, however, they are 
folded up, and it might be worth while trying a 
folding-chassis. The problem of making this is, of 
course, very difficult, and it is possibly not worth 
attempting ; but if it be thought worth while to 
get rid of the air resistance due to the landing 
arrangements, it appears the simplest way of attain- 
ing that end. 

A very interesting part of the paper is that deal- 
ing with wing curves. It is a very important fact 
that the lift of an aeroplane wing is due very much 
more to a vacuum above the wing than to pressure 
below it. Further, that in wings with deeply- 
dipping front edges, there may be a considerable 
vacuum at the front part, even where it is actually 
at a negative angle. Sections of wings are given, 
together with the distribution of lift, showing this, 
and it is stated that usually about three-quarters 
of the lift is due to vacuum on the upper side. The 
importance of range of speed is dealt with, and its 
influence on wing sections and proportions, for it 
is shown that the wing which will give the highest 
speed for a given power does not give the best 
range of speed or the best climbing power. 

The data on wing curves may of some con- 
siderable interest to shipbuilders, from the fact 
that most ships are driven by a ort ey 
which is simply a plane revolving in a circle. Now 
it has been shown that the lift of an aeroplane is 
largely due to vacuum above it, and it follows that 
the curve of the top is of more importance than 
that of the bottom. In Mr. Berriman’s paper, 
curves of the lift and drift are given for four 

lanes, all flat at the lower side, but with top sur- 
aces varying from being flat to being very deeply 
curved. It is shown that by suitably curving the 
top, the plane, though flat below, will not = 
carry a greater weight per unit of surface, but wi 
do so with less expenditure of power. 

In making screw-propellers for marine work it 
has been usual to take great care about the surface 
of the driving face, but very little about that of 
the back, the latter being designed to give the 





necessary strength with the least thickness. In 
aero-propellers, on the other hand, t attention 
is now paid to the curve of the back, which often 
is very much like that of the top of an efficient 
wing. The conditious of a propeller working in air 
and water are, of course, not exactly alike, the 
one fluid being elastic and the other not; but it 
appears as if it would be well worth while experi- 
menting to see the exact extent to which the back 
of a marine propeller influences its performance, as 
variations in this may have very largely contributed 
to some of the anomalous results observed. 





THE BERLIN-STETTIN CANAL, 

Amonc the many large and costly canal construc- 
tions which, of late years, have been commenced or 
carried out in Germany, the new waterway between 
the capital and the most important sea-port of 
Prussia, which was opened on May 2 with impos- 
ing ceremony, holds a prominent position. Its 
official name is the ‘‘ waterway for large ships, 
Berlin-Stettin,” and it is an extension of one already 
existing. The cost of construction in the Act of 
April 1, 1905, was computed at 2,150,000/., the 
work being estimated to extend over some seven 
or eight years. 

Lengthy deliberations preceded the ultimate 
passing of the measure just referred to, and the 
supporters of a western and of an eastern route 
both advanced weighty arguments in favour of 
their respective schemes. Societies were formed, 
lectures delivered, and a formidable amount of 
literature was produced in connection with the two 
projects, which all tends to show the great im- 
portance attached to its realisation. In the mean- 
time the construction became more urgent every 
year, because the existing Finow Canal proved less 
and less capable of grappling with the rapidly- 
increasing traffic. 

The advocates of the eastern route recommended 
not only a canal between Berlin and Stettin (Fig. 1, 

e 640), which should proceed from OCépenick vid 
Ee e Seddin, past Erkner, touching Lake Werl, 
through the Rothe Luchs district vid Buckow, Alt- 
Friedland and Wriezen to Oderberg and Hohen- 
saathen, but also a branch canal to the mouth of 
the Warthe at Ciistrin, which would leave the main 
route at Alt-Friedland, and, finally, the canalisation 
of the Lower Oder from Hohensaathen to Schwedt, 
all of which works were to be undertaken at the 
same time The construction of the projected 
Teltow Canal was also stated to be a necessity, so 
as to carry the large ship canal as faras the Havel. 
The western route required about 60 km. (37 miles) 
of canal excavation, but the eastern project exceeded 
a length of 170 km. (105 miles), or, leaving out the 
Teltow Canal, 140 km. (87 miles). 

Not only was the eastern line, with its auxiliaries, 
much more comprehensive than the western, but it * 
was upwards of 8 km. (5 miles) longer. The con- 
ditions of labour, also, —_— from the greater 
length, were less favourable, as were also the 
proposed lock arrangements, and the practicable 
water-level conditions. The harbour arrangements 
in Berlin, essential to the adoption of the eastern 
route, apart from other considerations, would have 
entailed a materially heavier outlay, and other 
serious drawbacks seemed to attach to the project. 
The western line was therefore naturally decided 
upon. A profile and section of the new canal are 
given in Figs. 2 and 3, page 640, while in Figs. 3, 
4 and 5 are shown the corresponding features of the 
old canal. 

The Havel-Oder waterway (the Finow Canal) 
dates, as regards its oldest portions, from the be- 
ginning of the seventeenth century. Work was 
commenced in the year 1605, and the Havel- 
Eberswalde section, with its eleven locks, was 
completed by 1620. It was afterwards extended by 
Frederick the Great. The commencement of the 
old Havel-Oder waterway is at the mouth of the 
Spree, where it joins one waterway from Berlin, 
the old Charlottenburg locks having a gate-width 
of 9.6 m. (31 ft. 6in.). Next on the Havel-Oder 
waterway comes the Spandau Lock, with 7.38 m. 
(24 ft. 2in.) gate-width. The Spandau chain of 
lakes is then used as far as Hennigsdorp, and 
then the River Havel to Pinnau. A second water- 
way from Berlin has its outlet into the Spandau 
Lakes, through the Berlin-Spandau Canal, with 
locks at Plétzensee, the maximum gate-width of the 
old locks being 7.53 m. (24 ft. 8in.). At Pinnau 
the Oranienburg Canal ins, runoing north of 
Oranienburg, through the locks there, and again 
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reaches the Havel, the course of which is used 
for a short distance. The Malzer Canal ins 
at Friedrichsthal as a branch canal to the so-called 
‘“‘quick Havel,” its direction being principally 
north-east as far as Liebenwalde, where it is joined 
by the Voss Canal coming from the north, whilst 
the Havel-Oder waterway in an easterly 
direction through the Finow Canal. At the Zerpen 
Lock the descent into the Oder Valley begins, by 
means of the Finow Valley locks. The Oderburg 
Lake is reached at the last lock—the Liepel lock—- 
and continuing through the lake the canal pi 

as far as Hohensaathen, where the Hohensaathen 
lock effects the connection with the Strom-Oder. 
This forms the waterway in a northerly direction 
to Stettin, and in a southern direction to Warthe 
and beyond. 

This old waterway between Berlin and the Oder, 
which the new cana) follows to a considerable extent, 
necessitated negotiating 19 or 20 locks, according 
to the route adopted in leaving Berlin. The 
Finow Canal could accommodate vessels of 40.2 m. 
(i131 ft. 10 in.) length, 4.6 m. (15 ft. 1 in.) 
breadth, and 1.4 m. (4 ft. 7 in.) depth, witha carry- 
ing capacity of about 140 tons. e dimensions of 
locks, height of bridges, and bottom breadth of the 
canal were not in proportion to the increasing 
traffic. In spite of comparatively moderate ch 
and the necessary limitations to the traffic, the 
Finow Canal has proved a good investment, and a 
German Minister of Finance once said that the 
canal paid interest on a capital of 500,000/., 


although ib had not cost 2,000,000 marks (100,000/.). | 


In order to shorten the route, several small 
sections of canals have been constructed at one time 
and another ; the Vosz Canal (14.7 km.), in 1820-25, 
between the ‘lazy Havel” and the ‘‘ quick 
Havel ;” the Malzer Canal (10 km.), in 1827-28, 
between Oranienburg and Liebenwalde ; and the 
Oranienburg Canal (10.9 km.) from the Oranienburg 
to the Pinnau lock. The entire distance from 
Stettin to Berlin, through the Oder and the canals 
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192 ft. 4 in.), allowing the use of vessels of more | the mouth of the Havel, and, further, the Berlin- 
than 400 tons burthen. For the traffic of Silesia’ Magdeburg waterway through the Plane-Ihle Canal; 
with Hamburg this canal means a saving of 207 km. (2) the Havel-Oder waterway, from the mouth of 
(128 miles), as compared with the route via Stettin, |the Spree, up the Havel, and through the Finow 
in addition to the transhipping in Stettin. The Canal as far as Hohensaathen ; (3) the Spree-Oder 
traffic on this canal speedily grew to considerable | waterway from the mouth of the Spree, via Berlin, 
dimensions, so that it became necessary to widen it | through the Oder-Spree Canal to the Oder at 
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sae enumerated, is 190 km. (118 miles), nineteen | by 2 m. 


ocks having to be passed, 

The second connection betwen the Spree and 
the Oder, the Friedrich Wilhelm Canal (27 km.), 
was opened for traffic in the year 1668, vastly 
increasing the trade between Berlin and Silesia. 
But in time its capacity proved entirely inadequate, 
and the new er-Spree Canal, partly following 
the track of the old canal, was constructed in the 
years 1886-1890, at an outlay of 630,000/. The 
a of this modern waterway is 86.6 km. 





(53.8 miles), its breadth 23.20 m. (76 ft. 1 in.), and 
- fee ) a: bottom, ond > is 2 m. | 
(6 ft. 62 in.). ere are seven locks, with lengths 
of between 58.1 m. and 58.6 m. (190 ft. 6 in. to| 


6 ft. 7 in.) and to increase the depth to, Fiirstenberg. After the opening of the new Berlin- 
25m. (8 ft. 5in.). This means that it has become | Stettin (Berlin-Hohensaathen) Canal these three 
navigable for vessels of 500 tons burthen as a| important routes will all rank as large-vessel water- 
maximum. ways. A number of branch canals further enhance 
Berlin also boasts of important waterway connec- | the importance of the main waterways. 
tions in the opposite direction, with the Elbe| Without entering inte the lengthy deliberations 
through the Havel, and this natural waterway has | which ed the construction of the Teltow 
hoon Wiheoved and shortened by several canals. | Canal, it may be sufficient to state that this work 
Thanks to its position as the centre of a quadrangle |was undertaken in 1901 and completed in 1907. 
formed by four cities—Breslau, Stettin, Hamburg, The length of the new waterway from the Dahme 
ae, —and to the construction of canals, | to the Havel is 36.7 km. (22.8 miles), and that of the 
Berlin has become the centre of the main lines of | branch canal to the Spree, 3.5 km. (2.2 miles) ; the 
intercommunication. There are three pocen breadth at the bottom is 20 m. (65 ft. 7 in.); depth in 
routes in the Berlin traflic system : e lower | the middle, 2.5 m. (8 ft. 2 in.), and at the sides, 2 m. 





(1 
Havel waterway from the mouth of the Spree to/| (6 ft. 7 in.); which dimensions allow tlie canal to 
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accommodate so-called western normal vessels, the 
dimensions of which are 65 m. by 8 m. (213 ft. by 
26 ft. 3in.). The canal has cost an te of 
1,960,000/., 387,0001. more than estimated, which, 
however, was mostly spent on land purchase. 

For Stettin itself the construction of an efficient 
waterway had become a question of the utmost 
importance, its former comprehensive trade with 
large inland districts having shrunk greatly on 
account of the insufficient capacity of the Oder, 
and the construction of other routes of transport 
and communication. Yet Stettin is the natural 
Baltic port of Berlin, though the circumstance 
that vessels of 600 tons burthen could reach Berlin 
from both Hamburg and Liibeck, whilst the limit 
of the Finow Canal was 170 tons, has naturally 
told against it. 

The distance from Berlin, by waterway, to Stettin, 
by the different routes, is as follows :—Through 
the Finow and the Berlin-Spandau Canal, 193.4 km. 
(120 miles) ; through the Finow and the Spree via 
Spandau, 199.3 km. (124 miles); through the new 
large canal and the Berlin-Spandau Canal, 186.2 km. 
(115 miles); through the large new canal and the 
Spree via Spandau, 192.1 km. (119 miles) ; through 
the Oder-Spree Canal, 305.3 km. (190 miles). The 
waterway distance from Berlin to Hamburg is 
380.5 km. (236 miles), and from Liibeck, 393.6 km. 
(244 miles). 

The new canal or waterway has a length of about 
100 km. (62 miles). . It commences (Figs. 1 and 2) 
at Plotzensee, Berlin, and follows first the line of 
the Spandau Shipping Canal, then the Havel to 
the Lehnitz Lake, or from Spandau by the Havel 
alone to this lake. At this place the Lehnitz Lock 
raises ths canal 5.8 m. (19 ft.) to a high-level section 
of some 50 km. (31 miles) length, in which it follows 
for a distance of 6.5 km. (4 miles) the Malzer Canal, 
which has been enlarged so as to have a surface 
width of 38 m. (125 ft.). At the Zerpen lock the 
new canal crosses the Finow Canal, and then 
proceeds in a northerly direction, at Niederfinow 
reaching the Oder valley. The descent into this 
valley is about 36 m. (118 ft.), for which a double 
installation has been planned, the first portion of 
which comprises a single arrangement of four locks, 
each of 9 m. (29 ft. 6 in.) lift. The canal now fol- 
lows the course of the ‘‘old Oder,” from Nieder- 
finow to Hohensaathen, at which place it enters 
the ‘‘Strom Oder” by means of one branch, and 
the ‘‘Shipping Oder” by means of another branch. 
The ‘‘Shipping Oder” will be extended via Schwedt 
to Friedrichsthal and dammed, up to high-water 
level, while the ‘‘ Strom Oder,” after avoiding the 
weir at Niedersaaten, by means of the widening of 
the Meglitze and the construction of a cutting at 
Nipperwiese, will serve as an outlet for the Oder 
high water. The ‘‘Strom Oder” will be used 
rincipally for the down, and the ‘‘Shipping Oder ” 
he the up traffic. 

The surface breadth of the new waterway, Berlin- 
Hohensaathen, is (Fig. 3.) generally 33 m. (108 ft.) ; 
the depth in the middle, 3 m. (9 ft. 10in.), at the 
sides, 2.3 m. (6 ft. 8 in.) at 10 m. (33 ft.) distance 
from the centre line. The sectional area of the 
canal allows of the e of two vessels 8 m. 
(26 ft. 3 in.) broad, of 1.75 m. (5 ft. 9 in.) depth, 
and 65 m. (213 ft.) length, with a carrying capacity 
of 600 tons. 

On the high-level section, immediately above the 
Lehnitz Lock, and east of the Werbellin Canal, 
soft land with deep ground-water level was en- 
countered for distances of respectively 4 km. and 
23km. In these places a layer of clay, 30 cm. to 
40 cm. (12 in. to 16 in.) in thickness, in some places 
of double that amount, has been used for pudd- 
ling. The necessary material has been obtained 
from some extensive deposits west of the Mieker 
Lake, which the State has purchased. The clay 
was conveyed from this place to the canal in 
tip-wagons and spread out in as loose a state as 
possible in a layer of some 20 cm. (8 in.) thick- 
ness, then rolled six or eight times with motor 
rollers of 5000 kg. (5 tons) weight, and thereby 
pressed down to a thickness of 15 cm. (6 in.); 
this was repeated until the aggregate of these com- 
pressed layers had reached the desired thickness. 
The same system has been used at other places 
where clay puddle had to be applied, the clay 
being rolled in horizontal layers, except where the 
slopes were too steep ; here the clay was formed into 
blocks and built up in brick-fashion, being well 
rammed. The banks were in different 
ways by sward, the planting of rushes, or by 
pitching with stone; the latter method has been 





used in all places where clay puddle was adopted, 
because the roots of the rushes penetrate the clay 
and make it porous. 

North of Eberswalde the new waterway, by 
means of a bridge canal, is carried across the Berlin- 
Stettin Railway. At this place the section, 27 m. 
(89 ft.) broad at water surface, has vertical 
sides, so that three vessels can pass each other 
there. The dimensions of the canal bridge have 
been fixed with a view to the future extension of 
the railway line to four sets of rails. At three 
ang on the high-level section a eafety gate has 

mn constructed. The most western of these 
is situated at Pechteich, and secures the portions 
of the embankment east of that place, which 
portions, after the removal of peat and other 
undesirable strata to a depth of 9 m. (29 ft.) at 
Steinfurth, and 14 m. (46 ft.) at Kaisersweg and 
Beusters Fliesz, have been duly filled up and 
strengthened. By means of the next gate at the 
Lichterfeld high road these strengthened portions 
are further as are also the bridge canal 
and the high embankment to the east and west of 
it. The third gate is located at the Chorin high 


road, and is intended to safeguard the bridge canal | to 


to the west, and to the east the embankment, 28 m. 
(92 ft.) high, by means of which the Ragdére valley 
is crossed. The doors can be raised and lowered 
vertically by means of counterweights. The coun- 
terweights comprise two pieces, a main weight and 
an auxiliary weight; both are applied when the 
gate is to be quickly opened ; when the door is to 
be lowered the auxiliary weight is detached, so 
that the gate closes of its own weight. The raising 
and lowering of the gate can be effected in two 
minutes. 

The new waterway has necessitated the con- 
struction of eight locks, at Plétzensee (double in- 
stallation) at S 
(four locks), and at Hohensaathen (double installa- 
tion). The Oranienburg-Havel section and the 
Friedenthal lock have been deepened so as to allow 
of the town of Oranienburg obtaining direct con- 
nection with the new canal without the use of locks. 
Other constructional work includes forty bridges, 
&c. The lock-chamber at Niederfinow, as well as 
the new locks at Plétzensee and the new lock at 
Spandau, have an effective length of 67 m. (220 ft.) 
and 10 m. (33 ft.) breadth. The new Lehnitz Lock 
is 85 m. (279 ft.) long, so as to be able to receive 
simultaneously four Finow barges. The tug-fleet 
locks at Hohensaathen are 215 m. (705 ft.) long and 
19 m. (62 ft.) broad, so that they can accommodate 
a fleet or train of six 600-tons vessels, besides a tug- 
boat. At the Lehnitz Lock duplication is ultimately 
contemplated, and has been kept in view on the 
work so far done. At suitable places there are 
docks large enough to allow of the vessels turning 
completely pate Loading places and private 
wharves have been conteatak at the expense of 
municipalities and other bodies. The State, how- 
ever, especially at places where Crown land ne 
the canal, and where the sides of the canal have 
been puddled, has also built quays, &c., because 
their subsequent construction would entail consider- 
able trouble and serious outlay. The town 
of Eberswalde has constructed a harbour, west of 
the Chorin high road. For the city of Berlin com- 
prehensive harbour works at Plotzensee will be 
carried out. 

The bridges across the canal have a clear width 
of from 42 m. to 57 m. (138 ft. to 187 ft.), with the 
exception of the three bridges with safety gates, 
where it has been found expedient to uce the 
width to 28 m. (92 ft.). The free height between 
the water surface and the lowest portions of the 
bridge constructions is 4 m. (13 ft. 1 in.). Supply 
water for the canal can be derived from different 
sources. 

The total capacity of the descent at Niederfinow, 
with double sets of locks, and with fifteen worki 
hours per day, is calculated at 3,000,000 tons, an 
with twenty-four working hours at 4,900,000 tons 

r year. The traffic on the Finow Canal, at the 
Eberewalde Lock, was, in the year 1902, 2,200,000 
tons. With quicker transport of goods in vessels 
three and a half times larger than those hitherto 
used, freights will be —o. cheaper, and a 
reduction in freights for bulk g is the principal 
financial aim of the new canal. 

The total cost of the Berlin-Stettin, or, rather, 
Berlin - Hohensaathen, Canal, according to the 
original t, amounted, as already mentioned, to 
2 10,0001. t the estimated cost 7 ilometre-canal, 
taking into consideration some Crown land used for 


ndau, at Lehnitz, at Niederfinow | acted 





it, amounting to 21,7501. The canal was originally 
expected to have been ready in the course of last 
year, but there was some little delay in its com- 
pletion. 

The towing on the canal will be done by means 
of steam-tugs, and towing is to be compulsory for all 
vessels, not self-propelled, which traverse the canal. 
In order to protect the bottom of the canal from 
damage, the draught of the tug-boats has been 
stringently fixed by the authorities, as: has also 
their horse-power. The towing itself is to be also 
regulated by exact rules as to the number of vessels 
to be towed, the speed, loaded and empty, making 
room for and meeting of other vessels, &. . 

Goods are to be divided into four different classes, 
and the zones will be counted from Hohensaathen, 
Liepe, the Lehnitz Lock, and Plétzensee. The 
tariff for the different classes of goods are:—For 
goods of the first class, 60 pfennig per ton ; second 
class, 50 pfennig per ton ; third , 40 pfennig 

r ton; fourth c 30 pfennig per ton. The 

ormer tariff will remain in force on the old 
Finow Canal— viz.:—For goods nad the first class, 
40 pfennig per ton; second class, 32 pfennig per 

; third doin, 24 pfennig per ton ; Prsth class, 
16 pfennig per ton. 





THE IRON AND STEEL INSTITUTE. 

Tue forty-fifth annual general meeting of the 
Iron and Steel Institute is being held this week in 
the new building of the Institution of Civil Engi- 
neers, by permission of the Council of the latter 
society. The meeting commenced yesterday 
morning, the chair being taken by the retiring 
President, Dr. Arthur Cooper. 

On the members assemb! at 10.30 a.m. yester- 
day, the usual formal business having been trans- 
, Mr. G. C. Lloyd, the secretary, read the 
annual report of the Council. 


Annual Report or THE CounciL. 


The report stated that the total membership of 
the Institute on December 31, 1913, was 2102, there 
being 2030 ordinary members, 64 life members, 
7 honorary members, and one patron. The Council 
took this opportunity to tender their congratula- 
tions to several members who had had distinctions 
conferred upon them :—Mr. William Beardmore, 
Honorary Treasurer, had been created a Baronet of 
the United Kingdom ; Mr. G. H. Fisher-Smith and 
Mr. Joseph Weston-Stevens had each had «a Knight- 
hood conferred upon him ; Sir Hugh Bell, Bart., 
Past-President, and Mr. Ebenezer Parkes, M.P., 
had been appointed Members of the new Advisory 
Committee to the Board of Trade on Commercial 
Intelligence ; Mr. A. Balfour had been appointed a 
Member of the Royal Commission to inquire into 
the relationship between the Railway Companies 
and the State; Dr. Walter Rosenhain had been 
elected a Fellow of the Royal Society ; the honorary 
de of Doctor of Science of Durham University 
hall been conferred upon Sir J. A. Ewing, and that 
of Doctor of Engineering of the Konigliche Tech- 
nische Hochschule, Charlottenburg, been 
conferred on Mr. Max Meier; the degree of Doctor of 
Metallurgy of Sheffield University had been con- 
ferred on Mr. W. H. Hatfield, on Mr. Percy 
Longmuir, and on Mr. Thomas Swinden; Dr. 
H. C. H. Carpenter had been appointed Professor 
of Metallurgy at the Royal School of Mines; Lieut. - 
Colonel W. F. Cheesewright had been appointed 
to the command of the Royal Engineers, Territorial, 
Home Counties Division; the Howard N. Potts 
Gold Medal of the Franklin Institute, Philadelphia, 
had been awarded to Professor W. A. Bone; the 
Elliot Cresson Gold Medal of the Franklin Insti- 
tute to Professor Albert Sauveur; the Perkin 
Medal of the Associated Chemical and Electro- 
Chemical Societies to Mr. James Gayley ; the Gold 
Medal of the Jernkontoret, Stockholm, to Mr. Carl 
Danielsson ; the ‘* Consolidated Goldfields of South 
Africa” Gold Medal had been awarded by the 
Institution of Mining and Metall to Mr. C. O. 
Bannister ; and the Denny Gold Medal of the 
Institute of Marine Engineers had been awarded 
to Mr. J. T. Milton. e financial position of the 
Institute continued to be satisfactory. The state- 
ment of accounts for 1913 showed the total 
receipts for the year to have been 65911. 19s. 7d., 
and the expenditure 62731. 6s. 5d. ; the excess of 
income over expenditure being thus 3181. 13s. 2d. 
The correspon figures for 1912 were :— Receipts 
68431. 15s. 6d., and expenditure 57931. 7s. 8d. 

The President continued to represent the Insti- 
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tute on the General Committee of the Royal 
Society for administering the Government Grant for 
Scientific Investigations. On the Board of the 
National Physical Laboratory the representatives 
of the Institute were Sir Hugh Bell, Bart., 
and Mr. W. H. Ellis. Sir Hugh Bell, Bart., 
had also continued to act as representative on 
the Board of Governors of the Imperial College 
of Science and Technology. On the Engineering 
Standards Committee the Institute had been 
represented by the President and Mr. George 
Ainsworth, Vice-President, while Mr. Charles 
Dorman had been appointed on the Engineering 
Standards Sub-Committee for the Standardisation 
of Galvanised Sheets. Mr. R. E. E. Spencer was 
also appointed to represent the Institute on the 
Engineering Standards Sub-Committee for Special 
Steels for Motor-Car Construction ; Mr. [lltyd 
Williams had been appointed representative on 
the General Engineering Research Committee of 
the Institution of Mechanical Engineers ; while 
Sir William Beardmore, Bart., and Mr. George 
Ainsworth had acted as representatives of the 
Institute on the Technical Committee of Lloyd’s 
Register of British and Foreign Shipping. Dr. 
J. E. Stead, F.R.S., continued to represent the 
Institute on the Advisory Committee of the Royal 
School of Mines. Lord Merthyr of Senghenydd, 
G.C.V.O., continued to serve as representative 
of the Institute on the Court of Bristol Uni- 
versity, and Sir Robert Hadfield, F.R.S., con- 
tinued to serve in a similar capacity on the 
Court of the University of Sheftield. Dr. E. J. 
Ball had been appointed to represent the Insti- 
tute on the Governing Body of the School of 
Metalliferous Mining, Camborne. On the Kelvin 
Memorial Committee, appointed by the Institution 
of Civil Engineers, the Iron and Steel Institute 
was represented by the President, His Grace the 
Duke of Devonshire, Lord Merthyr of Senghenydd, 
G.C.V.O., Sir Robert Hadfield, F.R.S., and the 
Secretary ; while on the Consultative Committee 
of the Sir William White Memorial the Institute 
was represented by the President, Lord Airedale, 
Sir Robert Hadfield, F.R.S., and Mr. P. C 
Gilchrist. On the Organising Committee for the 
Sixth International Congress of Mining, Metal- 
lurgy, Applied Mechanics, and Practical Geology, 
the Institute was represented by Dr. Arthur 
Cooper, President ; Sir Robert Hadfield, F.R.S.; 
Sir Hugh Bell, Bart.; Lord Merthyr of Seng- 
henydd, G.C.V.O.; Mr. George Ainsworth; «nd 
Professor Henry Louis. 


Tue New PREsIDENT. 


The Report of the Council and the Statement of 
Accounts having been accepted by the meeting, 
Dr. Cooper introduced the new President, Dr. 
Adolphe Greiner, of Seraing, Belgium, in whose 
favour he vacated the chair. Dr. Greiner's first 
duty, after having thanked the members for his 
election, was to present the Bessemer Medal. 


Tue Bessemer Gotp Mepat. 


This has been awarded by the Council to Mr. 
Edward Riley, F.I1.C. Dr. Greiner referred briefly 
to the work which had been carried out by Mr. 
Riley, adding that the latter zentleman was not 
in sufficiently good health to be present at the 
meeting, but Mr. F. W. Harbord, his partner, was 

resent, and would receive itin Mr. Riley’s name. 
n the course of his brief address, the Chairman 
stated that Mr. Riley joined the Dowlais Works 
as chemist in 1853, and there followed the first 
experiments made at these works with the Bes- 
semer process. Later, he started in private 

ractice, and to show the confidence which the 

te Sir Henry Bessemer reposed in him, Dr. 
Greiner stated that that t inventor alwa; 
sent all his material to Mr. Riley for analysis. 
Mr. Riley also worked in the early years in 
the manufacture of ferro-manganese, and the 
reputation he had acquired led him to be re- 
cognised as au expert analyst for the ores used in 
this manufacture. His papers before the Chemical 
Society and the Iron and Steel Institute were recog- 
nised as standards, and although he had now retired 
from active work, he still followed with great 
interest the proceedings of the technical societies. 

Mr. F. W. Harbord returned thanks on behalf of 
Mr. Riley, and assured the meeting that no dis- 


|density and _ velocity. 





Tue Prestpent’s ADDRESS. 


Dr. Greiner next proceeded to deliver his in- 

augural address. e publish this in full on 

e 644 of the present issue. At the conclusion 

of the reading a hearty vote of thanks to the 

new President was moved by Dr. Cooper, and was 
cordially responded to. 

The following paper was then read and dis- 
cussed : — ‘* Results of the Talbot Process at 
Witkowitz,” by Dr. F. Schuster. This paper we 
shall publish in due cour:e. The meeting was con- 
tinued yesterday afternoon and is being continued 
to-day. Our usual report of the proceedings will 
be contained in our next issue. 

The annual dinner of the Institute was held 
ycsterday evening at the Connaught Rooms, Great 
Queen-street, W.C. 





NOTES. 
Tue Lo»pon Tramways. 
Tue report of the London County Council 


Finance Committee, dated April 29, gives in- 
teresting figures on the working of the tramways 
owned by the Council. For the year ended 


March 31 the income for electric traction was 
2,213,3071., and for horse traction 38,422/., a total 
income of 2,251,729/. The expenditure for electric 
traction amounted to 1,460,228/., and for horse 
traction 52,448/., a total expenditure of 1,512,6761. 
The surplus on the working for the year 1912-13 
was therefore 739,0531., being a surplus on the 
electric-traction account of 753,0781., less a defi- 
ciency of 14 0251. on the horse-traction account. 
The surplus on the working for the year 1911-12 
amounted to 934,2131., which, compared with that 
of 739,0531. for the year 1912-13, showed a falling 
off of 195,1601. in the working results for the latter 
year. The report also states that, after all proper 
charges had been debited to the net revenue account, 
the net surplus for the year 1912-13 amounted 
to 4971. only. This sum was carried to the credit 
of the renewals fund. The report adds that the 
surplus on net revenue account showed a decline 


+ | of 222,2061. when compared with the surplus on 


that account for the previous year. The report 
further states that, on June 23, 1908, the Council 
agreed that provision should be made for renewals 
in respect of the electric tramways at the rate of 
jd. per car-mile run, subject to the adequacy, or 
otherwise, of the provision on this basis being 
reconsidered at the end of five years. It also, at 
the same time, resolved that the balance remaining, 
after os for renewals on the basis referred 
to, should be carried to the general reserve 
fund, for providing for general contingencies. On 
the basis in question, the sums required to be pro- 
vided by revenue account and eothet to renewals 
account during the year ended March 31, 1913, 
amounted to 150,309/. The amount available for 
transfer was, however, only the above-mentioned 
net surplus of 4971. The renewals fund showed a 
balance of 633,0091. on March 31, 1913. The 
ae reserve fund on the same date showed a 

lance of 273,7861. The net capital expenditure 
during the year amounted to 425,195/., which 
included 72,9511., being the amount charged to 
tramways account in the year 1912-13 in respect 
of the cost of street improvements. The ate 
capital 5 gna to March 31, 1913, amounted 
to 12,618, -» @8um which included an expendi- 
ture of 10,536,7481. in respect of electric traction. 
The debt outstanding on March 31, 1913, was a 
net amount of 9,882,8811., which included 8,736,6761. 
also in respect of electric traction. 


MEASUREMENT OF AiR SPEED. 


According to Dr. A. P. Thurston, the methods 
of measuring the velocity of moving air may be 
divided into three classes. These are respectively 
the velocity method, the velocity-density method, 
and the velocity-squared-density method. To deter- 
mine air velocity by the first method, one directly 
measures the time in which a particle carried by 
the air moves over a known distauce. Instruments 
of the moving-vane type belong to the velocity 
c The second way of measuring air-speed 
the velocity-density method—depends on the fact 
that the cooling effect of a stream of air passing a 
definite point depends —" upon both its 

e 


r velocity - — 
tinction he had received throughout all his career method is not one that is generally 


would give that eminent gentleman more satisfaction 
than the award of the Bessemer Medal, the highest 
award in the gift of the Institute. 


but the Wheatstone bridge apparatus developed 
by Professor J. T. Morris employs it. Professor 
orris’s system is particularly valuable in explor- 





ing the distribution of velocities in the neigh- 
bourhood of a rod or strut fixed in an air 
stream. It gives a large number of readings very 
uickly and with Lp accuracy. We need not 
y meer the method, as it was dealt with fully in an 
article contributed by Professor Morris to our 
columns in our issue of August 8 last. At a meet- 
ing of the Aeronautical Society of Great Britain, 
held last Wednesday evening, Dr. Thurston carried 
out some experiments with a Morris apparatus, and 
although no great accuracy was obtained under the 
hurried lecture-table conditions, the convenience of 
the method was evident. The occasion was a paper 
by Dr. Thurston on ‘‘ The Measurement of Air 
Speed.” Dealing with the third way of measuring 
air velocity—the velocity-squared-density method 
—Dr. Thurston pointed out that one class of instru- 
ments operating on this principle was those in 
which an obstruction was placed in an airway, 
and the pressure produced on the obstruction 
directly measured by a spring or by gravity. 
Another class of instruments operating on the same 
principle was those in which the difference in 
pressure head produced between a Pitot tube and 
a static head tube was measured. There were 
many instruments of this class ; some depended 
on gravity, as, for instance, those in which a 
manometer was used to determine the pressure 
difference ; others were independent of gravity, 
and employed, for instance, a delicate Bourdon 
tube, or an elastic diaphragm. The instruments 
independent of gravity were n for aeroplane 
work. Twosuccessful practical instruments suited 
for this service were the Clift and the Ogilvie. 
Both were of the diaphragm type. Dr. Thurston 
did not point out that instruments used on aero- 
planes measured only velocity relative to the air, 
and net velocity relative to the earth. The point 
is, however, important. The design of an instru- 
ment to measure absolute velocity is apparently an 
almost insoluble problem. It might be done by 
constructing an instrument to measure acceleration, 
which would automatically differentiate its own 
acceleration reading, and so indicate velocity. The 
design of such an instrument would be a very 
pretty problem. 





Fire at THE Giascow Rouuine-Stock aND PLANT 
Works.—In view of erroneous reports having been cir- 
culated with regard to the extent of the destruction 
caused by the fire which occurred at the Glasgow Rolling 
Stock and Plant Works, Motherwell, on April 27, we 
have been informed that the fire in question was confined 
almost entirely to the carriage-building shops. Effective 
temporary arrangements are being made to carry on car 
and carriage construction until the buildings destroyed 
have teen rebuilt. 





THE LATE Mr. CarELs.—We regret to have to report 
the death, which occurred at Ghent on the 27th ult., of 
Mr. Carels, one of the founders of the firm of Carels 
Fréres, and the uncle of Messrs. Charles, Georges, and 
Gaston Carels, who are now conducting the business. 
The deceased was born in Ghent in February, 1839. He 
was director of the Hospices Civils of his native town, 
Chairman of the Board of Directors of the Hauts-Four- 
neaux et Laminoirsde la Sambre, and Officer of the Order 
of Leopold and of the Legion of Honour. 





INTERNATIONAL COMMISSION ON THE TEACHING OF 
MatTHeEmatics.—An International Commission on the 
Teaching of Mathematics deliberated at Paris on the first 
four days of April. The number of representatives of 
almost all the important Governments was nearly 200. 
The discussion was concerned chiefly with the teaching 
of mathematics to engineers and the adaptation of mathe- 
matical instruction at schools to the requirements of 
students of natural science. On the former subject Pro- 
fessors d’Oscagne, of Paris, and Stiickel, of Heidelberg, 
reported ; the latter more general question was dealt with 
in a report by Professor Ecke, of Budapest. 





PERSONAL.—We are informed that to meet the growing 
demand of their business, Messrs. Alldays and Onions 
Pneumatic Engineering Company, Limited, are propos- 
ing to increase their capital from 125,000/. to 275,000/. by 
the creation of 100,000 *‘ B” preference shares of 1/. each, 
and 50,000/. more ordinary shares of 11. each.—The City 
and West End Drawing Office (Ellis and Baker), of 57, 
Fleet-street, Bush Lane House, on-street, and Pem- 
broke House, Oxford-street, announce that they have 
removed to new offices at 186, Fleet-street.—The General 
Electric Company, Limited. of 67, Queen Victoria-street, 
E.C., and Witton Works, &c., have concluded arran 
ments to supply the Moscicki condenser and Giles valve 
in this country in those cases where the ive gear 
forms part of the general scheme of switch- . For 
South Africa, China (excluding Southern churia), 


Australia, and India they have the sole right of sale and 
tation.—Messrs. Fraser and Chalmers, Limited, 
di London, E.C., have opened 


ter at 90, Deansgate. 


represen 
of 3, London- Wall Buil 
upa office in Manches 
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DRAWING-PEN. 

WE illustrate herewith a drawing-pen introduced b 
Messrs. W. F. Stanley and Co., Limited, 286, Hig 
Holborn, London. 

In construction the lower nib is swivelled upon a 
central screw, and when the pen is in use this is held 














in position by a ring. The nib can be instantly opened 
out for cleaning, as shown in the illustration, by 
simply sliding back the ring ; after which, by simply 
replacing the nib and ring, the pen qutemationliy 
readjusts itself to its original setting. 








INDUSTRIAL NOTES. 

A BALLOT of the men engaged in the London Build- 
ing Trades dispute, taken with reference to the 
National Conciliation Board’s proposals, has resulted 
in the following figures :— 


Against accepting the proposals 23,481 
For ... t on akin pea 2,021 
Majority against aim 21,46Q 


The above figures show that a large number of the 
men did not take part in the ballot ; they also show 
that the men who voted against the Board’s proposals 
voted against the decision of the representatives of 
the building trade unions, who, as stated on 596 
ante, formed part of the Board. Weare informed that 
one of the twenty unions concerned—the Stonemasons’ 
Society —returned a small majority in favour of 
accepting the proposals in question. What the men 
generally object to is mainly that no distinction shall 
be made between union and non-union men ; they also 
disagree with the ‘‘ ticket ” inspection clause. 

The —— has now lasted over three months, and 
it is feared that it may result in a lock-out throughout 
the whole country. meeting of the National Fede- 
ration of Building Trade Employers of Great Britain 
and Ireland is announced to take place on Monday, 
the 11th inst., ‘‘ to consider the position of the London 
dispute and resolve thereon.” 

In the meantime, disputes are occurring in the 
orang | trades in several provincial towns. At Nun- 
eaton the bricklayers and labourers struck work last 
Friday, the 1st inst., for an increase in wage of 1d. per 
hour. About four months ago the representatives of 
the men met the master builders, and asked for a ld. 
an hour rise both for bricklayers and labourers. The 
masters refused to grant the full amount, but offered 
the men a 4d. rise all round, which was declined. The 
matter came to a crisis last Friday, as above stated. 
The men’s representatives say that since the Brick- 
layers’ Union was formed, in 1896, the bricklayers have 
not had an increase. In the Coventry district, they 
add, the bricklayers have had several rises within 
recent years, and are now getting 104d. an hour, 
whereas at Nuneaton they are receiving only 8d. an 
hour and the labourers 6d. an hour. The masters say 
a 4d. an hour increase is as much as they can afford. 

A strike in the Coventry building trade was declared 
last Saturday, the 2nd inst., when the carpenters, 
bricklayers, and bricklayers’ labourers came out, and 
the plasterers were thrown out of work as a consequence. 
There are now about 1300 men out of employment, 
including the ——— at work on the new municipal 
buildings under a Wolverhampton firm of contractors. 
The men demand that the Employers’ Association shall 
recognise the Federation for the purpose of negotia- 
tion for improved conditions of labour. 

On the Ist inst., sixty builders’ labourers struck 
work at Stratford-on-Avon for an advance of 1d. an 
hour. A year ago the men struck, and were granted 
an increase of 4d.—making the rate of pay 44d.—with 
& promise that the matter should be farther considered. 
The employers are prepared to give way to the extent 
of 4d. only, whilst the men are determined to hold 
out for a rate of 54d. an hour. A number of brick- 
layers have struck work in sympathy. 

In view of the above, it is satisfactory to note that 
at York a strike in the building trade has been 
averted by the action of the local Building Trades 
Conciliation Board. A short time ago the men asked 
for an increase of ld. per hour. The matter was re- 
ferred to the Conciliation Board, and the following 
terms have now been agreed upon :—Masons to have 
an increase of 4d. per hour, dating from May 1, and a 
further 3d. as from January 1, 1915, the arrangement 
to last until May 1, 1916; joiners to be paid 9d. per 
hour as from August 1 next, the arrangement to last 
for two years from that date ; bricklayers to be given 








ro $5 hour and labourers 4d. per hour increase as | 
May 1, 1915, the arrangement to last for two 
years. 





The new regulations issued by the Secretary of 
State, dealing with the construction and repair of ships 
in shipbuilding-yards, are divided into two parts :— 

Part I. relates to the duties of occupiers, and pro- 
vides that a sufficient supply of sound and substan- 
tial material shall be available in a convenient place 
for the construction of all stages; all supports used 
shall be erected by competent persons specially em- 
ployed for that purpose ; all stages shall of suffi- 
cient width to secure the safety of the persons work- 
ing thereon; the main ervey giving access to the 
upper parts of the ship s be securely protected by 
upper and lower hand-rails on each side, and there 
shall be safe means of to all pl in which any 
person is required to be employed ; all ladders shall be 
of sound material, and of sufficient length to give safe 





access to the part they are intended to reach, and shall | ™®4g° 


be maintained in good condition and be adequately 
secured to prevent slipping ; all ventilating holes, man- 
holes, and dangerous parts of other openings in decks, 
shall be provided with temporary covers in good 
repair, or other sufficient protection ; all parts of a 
ship on which work is being carried out, and the sp. 
proaches to such parts, shall be efficiently lighted ; 
suitable means of removing injured persons from the 
place of accident shall be provided, and suitable 
arrangements made for first-aid treatment ; a compe- 
tent person or persons shall be appointed to exercise 
supervision with regard to the requirements of these 
regulations, and to enforce the observance of them. 

art II. provides that every person employed, who 
becomes aware of any defect in the plant or gear which 
he is using, shall forthwith report the same to the 
occupier or his r or foreman ; no person em- 
ployed shall leave any loose articles or materials lying 
about in any place from which they may fall on persons 
workiug or passing. 





The Moniteur Industriel in its last issue analyses 
the balance-sheet for 1913 put forward at a recent 
— meeting of the Eastern of France Railway 

mpany, and states that the shareholders of the 
French railway companies deserve a special place 
among the ‘‘frightful capitalists who grow stout upon 
the perspiration of the people.” In 1913 the total 
expenditure for the staff amounted to 129,810,000 
francs (5.192,400/.), being an increase of 4,083,000 
francs (163,320/.) on the sum for 1912. There will be 
for 1914 a further increase of 3,000,000 francs 
(120,000/7.), caused by an increase in wages which came 
into force on January 1, 1914. Our contemporary 
compares the 129,810,000 francs (5,192,400/.) paid to 
the staff with the total gross receipts for the year of 
the railway in question—i.e., 5,194,000 francs 
(12,207, -), and also with the 23,099,000 francs 
(923,960/.) paid to the shareholders, and finds the com- 
parison a significant one. This is the first time for 
thirty years that the railway meen has been able 
to pay its shareholders a sum slightly above the amount 
of 20,750,000 francs (830,000/.), which is stipulated in 
its articles. During all this time they, as well as the 
workmen, have felt the effects of the gradual increase 
in the cost of living. The staff, however, has gradually 
acquired in this interval a larger share of the prosperity 
of the company, whilst the State received from the 
same company in 1913 important sums representing an 
interest of from 7 to 8 per cent. on the sum advanced 
for the establishment of the system. 





Our contemporary from whom we have quoted 
above publishes an abstract from the Messager de 
Paris, giving the total sums paid in 1912 by the five 
great French railway systems to their staff, the State, 
and their shareholders. On the total gross receipts of 
1,647,236,000 francs (65,889,000/.), leaving, after 
deducting working expenses, net receipts to the 
amount of 696,313,000 francs (27,850,000/.), the 
staff of the five companies in question were paid 
580,632,000 francs (23,220,000/.) ; a total of 272,698,000 
francs (10,900,000/.) was paid to the State ; whilst the 
shareholders were paid 154,582,000 francs (6,180,000/. ). 
The above total paid to the staff includes a sum of 
128,400,000 francs (5,130,000/.) for extra allocations 
above wages, salaries, and premiums. During the last 
fifteen years the staff expenses have risen by 157.55 

r cent., the extra allocations referred to have risen 

y 100 per cent., the payments to the State by 41.88 
per cent., and the dividends to the shareholders by 
3.17 per cent. 





It is to be feared that the past twelve months have 
been something of a disastrous period in the history of 
Canadian railways. In May, 1913, the 4 per cent. 
debenture stock of the Canadian Northern Railway 
stood at 92 to 94; within the last few days it has 
ranged between 82 and 84, and the company is appeal- 


remarkable success, has seen its ordinary stock fall 
from 246 to 195, while the third preference stock of 
the Grand Trunk ae of Canada has declined 
from 59 to 44. One naturally seeks some cause of this 
general decline, and we have not to go far for it. The 
explanation is to be found in the disturbance of the 
economic yy ane occasioned by the extraordinary 
wages which Canadian workers of all grades have been 
receiving of late. 

Of course, as a matter of social friendship everyone 
wishes working people to receive high w ; but the 
question must always be considered, the high 
wages be paid without bringing u other persons 
burdens which it is impossible for them to bear? As a 
result of excessively dear labour in Canada, all railwa 
construction estimates have been hopelessly cnseeted. 
When it is remembered that the new lines which 
Canadian railway companies have been constructing 
during the last five years run through still extremely 
thinly-inhabited regions, and that Canadian railway 
rs have not merely to carry traffic, but also 
have to create it, the difficulties of the situation will 
be readily appreciated. 

Canadian railway companies seem to have again 
fallen into the error of attempting too much at once. 
The construction of three t trans-continental 
lines has been proceeded with simultaneously, and 
this has created an excessive demand for labour, with 
the inevitable result of enhanced wages. In each 
case also the object aimed at has been the establish- 
ment of an arterial trans-continental connection ; but 
if these arterial lines are ever to be fully remunera- 
tive, local traffic cannot be developed too freely, and 
feeders of all kinds are absolutely essential. The con- 
struction of these feeders must now be a primary 
consideration with the great Canadian railways; but 
in any case, this work will ocoupy many years. The 
comparative success of the Canadian Pacific Railway 
was attributable to the advantages incident to the 
employment of comparatively — Chinese labour. 
These advant are beginning to disappear now that 
the wong | to face practically unlimited wage 
increases. The Grand Trunk Railway of Canada, again, 
has got its trans-continental line through to Prince 
Rupert, but for long distances it is little more than an 
isolated thread of steel, and years must elapse before 
it can render any substantial return to the capitalists 
who built it. Scill the recuperative powers of Canada 
are undoubtedly great. 





Labour in Norway is in a state of unrest owing to 
the Government’s proposal to introduce compulsory 
arbitration in labour conflicts. The new measure 
would prevent the men from furthering and protect- 
ing thoir interests through their own organisations. 
The union men have at a recent congress voted a 
resolution to declare a general strike, should the pro- 

1 in question become law; they announced, in 
addition, their intention of fighting the law, should it 
eventually be . The Press is much alarmed, 
—_—- excessively so, for a member of the Govern- 
ment has already held out prospects of a compromise, 
on the plea that when those whom the law principally 
affects are so decidedly against it, their views and 
wishes ought to be taken into consideration. 





A meeting of the Durham Coal-Trade Conciliation 
Board took place in Newcastle on the Ist inst., under 
the chairmanship of Sir Lindsay Wood, when a reduc- 
tion of 24 por cent. was agreed to for all classes of 
mine employees. The reduction came into force as 
from Monday last. This is the first reduction since 
1912. The last change took place in August last, when 
there was an advance of 3? per cent., following & series 
of advances which aggregated 21} per cent. The 
reduction of 24 per cent. in question leaves the wages 
574 per cent. above the stan for 1879. 


The Bulletin of the French Chamber of Commerce of 
Milan for January, quoting from an Italian review, 
states that in order to occupy a preponderating posi- 
tion in foreign markets, the German Stahlwerkever- 
band continued in 1912, the year under review, to 
‘dump ” its products in Italy. The loss made by the 
German Trust in question, in selling at a low price 
to foreign buyers, has not compensated by the 
higher price paid ef German buyers. Whilst the 
Trust was selling rolled-steel joists and other similar 
sections at a price of 130 marke (6/. 10s.) per ton to 
German consumers, the prices quoted to foreign buyers 
were much lower, and frequently below cost price, the 
selling price being, for example, 105 marks (5/. 5s.) for 
export to England, Holland, and Switzerland, and 
75 marks (3/. 15s.) only for export to Italy. In 1913, 
adds the Bulletin, matters changed somewhat, owin 
to the opposition offered by the new organisation of 
Italian works; the Stahlwerksverband appears to 
have found it advisable to reduce the loss in ite Italian 
business below the amount which had hitherto obtained, 





img to the Canadian Parliament for further assistance. 
The Canadian Pacific Railway, hitherto regarded as 4 


and has undertaken not to sell in that market ata price 
below 100 marks (5/.) per ton, 
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DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
(Specially compiled from Official Reports of Loudon Metal and Scotch Pig-Tron Warrant Markets.) 
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In the accompanying diagrams each vertical line represents a market day, and each horizontal line 
represents Is. in the case of tin-plates, hematite, Scotch and Cleveland iron, and ll. in all other cases. 
The price of quicksilver is per bottle, the contents of which vary in weight from 70 lb. to 801b. The metal 
prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box of I.C. cokes. 


Gas-InpicaToR FoR Execrric Miners’ Lamps.—An 
interesting device intended to overcome a disability of 
the ere, portable electric miner’s lamp is being 
introduced by Mr. W. Schmahl, of 6, Farringdon- 
avenue, London, E.C. The disability to which we refer 
lies in the fact that the ordinary lamp has no properties 
causing it to indicate fire-damp or after-damp in the way 
that a Davy lamp does. This lack in the electric lamp 
has probably done much to retard its introduction on a 
large scale. The new device, which is known as the 


** Schoeller” indicator, consists of a small glass 
U-tube, containing a little coloured liquid at the bend, 
and extending -an-inch or so up each leg. One end 


of the U-tube is connected to the atmosphere, and the 
other to a closed chamber, the top of which is formed by 
a diaphragm made of porous ware. poy ee 
liquid in the two legs of the U-tube will stand level, 
but if a lamp incorporating the device is taken into an 





atmosphere containing ~¥~¥ - the level in one leg 
will rise higher than that in the other, owing to 
diffusion of fire-damp through the dia) into 
closed chamber taking place more rapidly than the 
corresponding diffusion out of the vier air. The dif- 
ference in the level of the liquids will form a measure 
of the proportion of fire-damp in the air tested. If the 
instrument is taken into an atm containing CO,, 
the liquid in the opposite leg will rise, since in that case 
air will diffuse out more rapidly than OO, diffuses in. 
A valve is fitted to the apparatus enabling the closed 
chamber to be connected to the atm so that the 
internal ure may be equalised with the outer, and 
bon uns eonmaee brought level yen A — It will be 

—o is very sim cheap, 
will add but very little weight toa lamp. It is also per- 
fectly safe, and in no way interferes with the good points 
of electric lamps for mining work, 





IRON AND STEEL INSTITUTE. 
Presidential Address, by ADOLPHE GREINER, D.Sc.* 


GENTLEMEN,—In assuming this chair, which has been 
occupied with such ability by my friend Mr. Arthur 
Cooper, my first words must be an expression of the 
keen gratitude I feel for the honour you have been good 
enough to pay me in electing me to the Presidency of 
your Institute. ° 

I should be men ot mistaken were I to attribute to 
my personal merit the high distinction that has been con- 
ferred upon me. No; I feel that the Institute has 
sought this year to emphasise its international character 
with no uncertain voice, for it embraces within its ranks 
the metallurgists of every quarter of the globe, providing 
them with freest facilities for the interchange of their 
opinions, the d:scussion of their projects, and the oppor- 
tunity of benefiting, am fruits of their experience, 
each individually and industry as a whole. 

At the present time twenty-six nations are represented 
in your association, and your Proceedings constitute a 
library in which are to be found associated together the 
names of the engineers of the two hemispheres. 

Although, until hitherto, the presidency of your meet- 
ings has been confided, almost exclusively, and with every 
justification, to your fellow countrymen, you have, this 
day, chosen to assert your cosmopolitanism in a manner 
even more effective, and it is your humble servant, myself, 
upon whom your choice has, with this intention, been 
exercised. On behalf of my Continental friends, I once 
again express to you my feeling of sincere gratitude. 

Gentlemen, I shall have need of all your indulgence to 
render this address interesting to you, in however small a 
degree. I propose to enlist your attention for a subject 
that has greatly preoccupied my mind during the last few 
years, and the importance of which increases continu- 
ously : the by-products of the manufacture of steel. 

Before dealing, however, with this highly practical 
question, permit me, in so far as it is steel—that metal 
so dear to all of us—that is concerned, to digress, ever so 
slightly, and to ask you this scientific question: What is 
steel? Needless to say, I do not seek to hold your atten- 
tion by raising an academical controversy, the echoes of 
which have been heard at meetings of other bodies. I seek 
simply to point out what is thought elsewhere, and I feel 
the more justified in doing so inasmuch as, at the begin- 
ning of my career, I enunciated certain views which have 
remained unimpaired to the present day, and have given 
rise to the recent discussions at the Congress of the 
International Association for the Testing of Materials at 
New York in 1912. 

In 1870, in a paper read before the Association des 
Ingenieurs de l’Ecole des Mines de Licge, I su 
that ‘‘the word steel should be reserved for all eable 
products obtained, in a state of fusion, from iron ores,” 
and I added: ‘in order that no confusion can arise 
betwixt these three terms, iron, cast iron, and steel, it 
should be understood that— 


‘** Tron is a non-molten and malleable metal, 
** Cast iron is a molten but non-malleable metal, and 
‘* Steel is a molten and malleable metal.” 


Further, I made the remark that ‘‘the liquid state in 
which molten steel is obtained is its characteristic pro- 
mare! ; the source of the principal applications of this 
metal.” 


I was innocent enough to believe that this definition, 
which was as simple as it was natural, would meet with 
general approval. 

In 1873 Mr. Jordan, the well-known professor of metal- 
lurgy at the Ecole Centrale, at Paris, adopted it in his 
work on the Vienna Exhibition, and in 1875, and with 
the support of the eminent metallurgists Holley, we 
collectively refuted the opinion of Professor Griiner, who 
was firmly wedded to the older views which attributed to 
the property of hardening the essential character of the 
metal *‘ steel.” We were also in agreement with the 
views of Mr. Pourcel, the well-known metallurgist, whom 
a. - nee in 1909 with the award of the Bessemer 

al. 


In the following year a congress was held in connection 
with the Philadelphia International Exhibition, in which 
many metallurgists took part, and where, more particu- 
larly with the authority of Professor Wedding, certain 
somewhat premature resolutions were passed which, far 
from throwing any light upon the question, served only 
further to complicate it. 

Some new terms were sanctioned, such as flusseisen, 
ingotiron, homogeneous iron, &c., which for several years 
served to faci itate the introduction of steel products 
under the heading of ‘‘ iron” in countries where the 
Customs tariffs were indefinite. The fiscal authorities, 
however, sooner or later, became more enlightened, and 
recovered their dues, Since that period the question was, 
so to speak, allowed to slumber until the New York 
Congress, held under the presidency of Professor Howe, 
who made a vain endeavour to reduce the problem to its 


the | simplest 


terms. 

Fully convinced that Time, that great arbiter, will bring 
to an issue the task that meetings of scientists have failed 
to achieve, I would not for a moment take advantage of my 
position to ask you to give to my opinion the im of 
your authority. Personally I feel certain that term 
** steel” will extend its meaning to embrace every variety 
of molten and malleable metal, from the very softest to 
the hardest susceptible of acquiring temper. Indeed, I 
can see even further. I believe that the term “‘iron ” 
will some day be limited exclusively to denote the ele- 
mental unit of chemical nomenclature: the element 


and | never met with in a pure state, either underground or in 


any metallurgical process, but which, melted with other 
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bodies, such as silicon, carbon, tosqnten. &c., actually 
gives birth to the malleable and widely-varying products 
of modern metallurgy. , 
I now enter upon the subject of my address, and I will 
pass over in brief review the numerous ‘“‘ by- ucts ” 
of t-day metallurgy. So much work has done 
within the last few years on this question that I cannot 
claim to add any new thing to your know nereof, 
as I have already said. I think, however, + it will 
be not without interest to collate the results o 
in this field, which is now being more and more 
cultivated. 


There is now, so to speak, hardly a single 


works of importance that does not consist of several | th 


departments closely linked ther in interest and sub- 
ject to a common control. ke-ovens, blast-furnaces, 
steel works, with converters or open-h furnaces, 
rolling-mills, and forges, constitute a harmonious whole 
to which all the parts contribute their co-o jion in 
order to effect the greatest possible economy in working. 


Retort Coxe-Ovens. 


We have left far behind us the time when everything 
was sacrificed to the production of a beautiful, silvery, 
metallic-looking coke, such as that of the celebrated 
beehive ovens of Durham, which em | discharged 
into the atmosphere torrents of smoke, and at night lit 
up the skies and the vicinity at the expense of a proper 
yield of product. I remember, as the result of a com- 
munication made to this very Institute in 1880 by one of 
the pioneers of the new coke-ovens, one of your leading 
ironmasters remarking that it mattered little knowing 
how tons of coke were burned per ton of pig-iron, 
but that what did matter was to know how many tons of 
coal were consumed per ton of pig-iron. He was quite 
right from his point of view, because it was true that the 
coke from the ovens to which he was referring was of 
poor quality, and inferior to that from the beehive ovens, 
to which his own blast-furnaces were accustomed. What- 
ever system of coke-ovens is employed, the essential con- 
dition is, of course, the production of a coke of the very 
best quality, as the blast-furnace will not submit to the 
use ot an inferior fuel, irregular, half-coked, varying in 
hardness, in porosity, or in density ; and everyone who 
has had the management of blast-furnaces well knows 
that there is no falser economy than to employ an inferior 
coke. But since 1880 progress has made, and from 
any of the modern coke-ovens coke of the requisite 
quality may be expected and obtained. 

Let us now consider what secondary products may be 
obtained from coke-ovens. 

1. Coke- Oven Gas.—This gas, which is exceedingly 
rich in calories (3700 to 4000 "od cubic metre), was formerly 
used almost exclusively in heating the coke-ovens them- 
selves, being carried away by flues beneath the bottoms 
of the retorts or between the walls, and burned with the 
aid of unheated air admitted through openings on the 
outside. The burnt gas passed under boilers, where it 
served to produce fairly approximately the amount of 
steam required for the ovens, and for the manufacture of 
sulphate. 

t is somewhat astonishing that so many years should 
have passed before the advantages of burning the gases 
by heated air should have been taken into consideration. 
The application of Siemens regenerators would appear 
to have been plainly foreshadowed; it is possible that 
manufacturers shrank from the expense, otherwise regen- 
erative ovens would have been introduced long ago. 
Thanks to regeneration, 50 per cent. of the gas is, as a 
matter of fact, saved, and it is permissible to say that 
the saving will not stop at this, and that the important 
heat. losses due to ing the and to the dis- 
charging and quenching of the coke will also be reduced. 
Beailes this, it is found on studying the heat balance- 
sheet of the working of a coke-oven that the calorific 
energy absorbed by the distillation r of the coal is 
of very little importance as compared wah the heat losses 
of every other description. On the other hand, if the 
process of the distillation of coal and of the heating of 
the walls and hearths of the furnace had been more accu- 
rately reasoned out, it would almost certainly have been 
recognised that the gas from coke-ovens is of far too rich 
a quality to be employed for such purposes, and that it 
would be much better to reserve it for other metal- 
lurgical uses, and to substitute for it a gas of poorer 
quality, yet sufficiently rich to produce the desired 
calorific effect. 

It should also be noted that coke-oven 
rich in methane, can only be employed in the cold state, 
as some of its most uable elements of combustion 
are decomposed by heat. The following table shows the 
av composition and heat values of the three gases 
ment eoquently employed in the industries: — 

Average Composition and Heat Value of Gases. 


which is 

















| Ooke-Oven | Producer | Blast-Furnace 

bal alii Gas. Gas. } Gas. 
Hydrogen .. oh 57 12 3 
Cucben qrenaabe os 6 19 26 
Carbon dioxide .. 2 8 ll 
Methane ee es 23 z | 0 
Nitrogen 12 | 59 60 
100 100 100 

Calories per cubic} | 
metre ae 1068 873 


--| 3761 





These data, which vary at different works, are those 
obtained Le me ~ at _ i a both -. 
perience culation show o m perature 

combustion of a mixture of ucer-gas and air heated 
to 900 deg. reaches 1980 deg. Cent., which is practi- 
cally equal to the temperature of combustion of a mixture 





of cold coke-oven gas with air heated to 600 deg., which 
reaches a temperature of 1940 deg. Cent. 

A mixture of blast-furnace gas and air, both heated to 
900 deg., yields a temperature of 1920 deg. Cent. It 
follows, therefore, that if the gas from producers, or from 
blast-furnaces, can be obtained cheaply, it is highly 

van to use it for heating the coke-ovens, and 
to reserve the richer coke-oven gas for other metallurgi urnaces, 

applications the heati 


uses. 

With regard to the value of these different gases, it| ingly simple; it is, of course, necessary to adjust the 
should be viewed in proportion to their calorific power | burners to working hearth of the furnace, the dimen- 
and in comparison with the value of the fuel for which | sions of which are determined in accordance with the 

ese gases may be substituted. This depends, there- | teachings of experi There is no more difficulty in 
fore, on local conditions, and on the nature of the use| running such a furnace than there has been in the United 
made of the In the particular instance of the | States in running furnaces on natural gas. In 1912 the 
Cockerill Works at Seraing, which sare under my control, | United States consumed 15,750 millions of cubic metres 
the following values have arrived at :— of natural gas of 7000 calories, at an average price of 


Value per Oubis Mer of Gas in Pene._| Sung Ba cul nae presenting «total vale o 


Cie. tT be. GSB. te Ib.) are obtained per ton of 


8. 
Even after all this there remains, finally, the rich 
the use of which in the early stages wan restricted to 
like the blast - furnace gas; but its high 
—- naturally predestines it to metallurgical 
metal-mixers, open-hearth furnaces, reheating- 
and similar employments. In these i 











































calori 

uses in 
f various 
of the coke-oven gas is exceed- 


Coke-oven gas (in open-hearth furnaces) 0.15 The amount of gas evolved by a ton of coal may be 
a Ay Ras —— purposes)... if estimated at 300 to 350 cub. m (10,500 to 12,500 cub. ft. ). 

urified producer-gas =i Y ter passing thro perators, this gas con- 
Washed blast-furnace gas ... 0.03 mee Be cue ae 


tains only a little sulphur dioxide and _ sulphuretted 
hyd which it is necessary to eliminate, - 
ticularly when the gas is used in gas-engines. Phis 

urification is effected by making the gas through 
—— of iron oxide spread in the chambers. It is 

visable likewise to instal a gasometer, not only be- 
cause it allows of the composition of the gas and of the 
pressure at which it is delivered to the furnaces (which 
18 highly important, particularly for the successful work- 
ing of open- th furnaces) being rendered uniform, but 
also for purposes during the period when the 
steel works are stopped, such as from Saturday to 
Monday, or during public holidays. It may be imagined 
that these eters must always be of enormous 
capacity, and that their installation must be expen- 
sive, but their cost price would soon be redeemed by 
the advantages to be derived from the additional quanti- 
ties of gas rendered available. For example, the gasometer 
at the Cockerill Company’s works cost 500,000 francs 
(20,0002. ), and has a capacity of 50,000 cub.m. Assuming 
that the open-hearth furnaces are working only 300 days 
per annum, it would serve for the collection as a minimum 
of 65 x 50,000 = 3,250,000 cub. m. of gas, of the value o 
0.15d. per cub.m. The annual saving would therefore 
be at least 48,750 francs (1948. ). 

Another use for coke-oven gas, which is becoming 
current practice, is the lighting of towns and works. 
Indeed, the distillation of coal in the coke-ovens differ 
in no wise from that of coal in a retort. The average 
linhting power of coke-oven gas is, however, lower than 
that of ordinary lighting gas; but this defect can be 
rectified by the use of Auer burners, which turn to 
ae the calorific power. In any case, in order to 
satisfy the conditions of proper lighting fractional dis- 
tillation is employed. During the coking of the coal 
the composition of the distilled gases varies from hour 
to hour ; gases which contain the heavier hydrocarbons, 
and are driven off earliest, are separated from those 
which are more suitable for heating purposes. Two 
hydraulic mains with the requisite taps are employed. 

normous installations have been at work during the 
last few years in Westphalia under exceedingly severe 
specifications, which fix the calorific value at 5000 
calories, and stipulate for guarantees of purity from 
ammonia, naphthalin, tar, sulphur, water vapour, carbon 
monoxide, and carbon dioxide. Some towns, such as 
Barmen, receive their lighting gas through mains 50 km. 
in length from the generating works; this town con- 
sumes 17,000,000 cub. m. annum, at a price varying 
from 0.3d. to 0.5d. per cub. m., whereas town gas costs 
sero elgi ber of coke prepari 

n ium a number of coke works are ing to 
light the towns, while the town gas works, when icone. 
ing their means of production, do so by the installation 
of coke-oven batteries rather than of retorts. In England 
h | there are several central gas works ; [oenge others, the 

works established some years ago by Mond, whose repu- 
tation is bes Boe _— ® number of towns 
are at present lig coke-oven gas previousl rified. 
Finally, there may be Lmaeed asa possible application 
for coke-oven gas the direct manufacture of nitric acid 
by the process actually investigated by Professor Hisusser; 
alo, i's being 80 t to obtain from these 6 the 
hydrocarbons, the derivatives of which are found in 
india-rubber, and certain experiments undertaken in this 
direction permit of the f owing of the manufacture 
of artificial rubber. 


2. Tar, Ammonium Sulphate, and Benzol.—Some of the 
members here present can doubtless recall the chilling 
reception accorded, on the occasion of the meeting in 1880, 
to the paper by Mr. Henry Simon on the Carves ovens at 
the —— Works of the Terre-Noire Company, in 
France. This pioneer attack on beehive ovens achieved 
but a slender technical su in spite of the warm dis- 
cussions which found echo in the Proceedings of the Iron 
and Institute ; and it was not until 1898 that Mr. 
Darby, on the initiative of the President, Mr. Edward P. 

rtin, the question of the by-products of coke- 
ovens. It is interesting to ga once again the polite 
but guarded and mistrustful interest manifested in the 
results obtained at Brymbo and elsewhere. Further, the 
only by-products described | the author were the tar, 
the ammonium sulphate, and the steam. 
exist at the present da: 
coke-ovens—the Semet-Solvay, the > 
the Koppers, the Otto, and others—which pour upon 
the market quantities of by-products. From 
1 ton of coke re is obtained from 25 kg. to 40 kg. 
(55 lb. to 88 lb.) of heterogeneous and viscid liquid tar, 
the commercial value of which constantly rises, and which 
is usually sent by the works to factories, where it is sub- 
mitted to fractional distillation, to yield industrial oils 
of very varied composition. In default of petrol, the 
Diesel motor works well with these products, and may in 
the future become a large consumer; the aniline dye 
works are an important outlet for some of these 
hydrocarbons, amongst which naphthalin is also included. 

In the construction of roads a e quantity of tar is 
likewise employed, while what may me a fresh source 
| — _ jag tar eee the 7 oo 
of pi or the progressive industry of the briquetting 
of i Nearly one-half of the tar treated is employed 
for this purpose. 

Within the last few years 80 to 90 per cent. of pitch, 
having a remarkably high agglutinative power and com- 

ting strongly with ordinary pitch, has been produced 

rom the tar by a special process of oxidation. A works 
to carry out this process has been established near Liége, 
in Belgium. 

In certain cases it is advan us to use the tar as a 
combustible, with appropriate burners; it may even be 
used in metallurgical furnaces, as is done at the Gary 
Works, in the United States, where three Siemens-Martin 
furnaces of from 90 to 100 tons onmey. heated by tar, 
have been at work for some time. e total quantity of 
steel manufactured in these furnaces during the year 1913 is 
es at 94,110 tons, and the average per cast at 94.2 tons. 

mean consumption of raw tar is 34.94 gallons ton. 
The steel made in the tar-heated furnaces was shown to 
contain 14 cent. less sulphur than that produced by 
the other furnaces of the same battery, while the out- 
put was increased by 10 per cent. as compared wit 
the average of the whole group. After having been 
deprived of their tar, the gases deposit their ammonia 
in leaden troughs containing sulphuric acid; the am- 
monium sulphate thus formed represents a weight of 
ll kg. to 13 kg. (24 lb. to 28 lb.) per ton of coke; the 
salt is perfectly white, provided that care be taken, by 
means of an i ious arrangement, to ape it being 
contaminated by the last traces of tar. By means of new 
and highly-interesting methods, the very sulphur of the 
coal itself is brought to combine with the ammonia. It 
would not a; , however, that finality has been reached 
in the methods introduced in certain works by Burck- 
heiser and Feld, but it may be seen to what extent it 
is sought to derive profit from the whole of the elements 
contained in the coal, including those which contaminate 
it. The ammonium sulphate, which is worth about 
300 francs (12/.) per ton, is used chiefly as manure ; its 
consumption continues to increase, and the 600,000 tons | i 
which were used in 1900 became 1,300,000 tons in 1912, 
and will exceed 1,500,000 tons in 1914. You are aware 
that new nitrogenous manures are produced in Germany, 
ry A and particularly in Norway, by the direct fixation 
of the nitrogen of the air by means of electricity ; but the 
competition of the cyanamides and of the nitrate of | to-day, having 
calcium obtained by these processes is not as yet to be | coal which has already taken place, and the certainty of 
feared. On the o hand, the production of natural | a still further increase in the near future.” Let me add 

nitrates, which amounts to 2,500,000 tons per | to that, ‘‘and to the strong depression actually existing 

annum, will not increase during the next few years, so|in the price of pig-iron iteslt.” 
that the ammonium sulphate from coke-ovens has before| I shall, indeed, be telling 
it a future which is the more promising inasmuch as the | nothing new when I tell them 
demand for nitrogenous manures will undoubtedly con-| in England = on of 
tinue to increase. Finally, benzol is another by-product | twelvemonth by 26 per cent., 
of the manufacture of coke which has numerous uses; it | furnace has to depend upon the resources arising from 
yields on distillation the petrol (benzine) of the auto-| the employment or the sale of its by-products. 
mobilist, and is used also as a solvent for india-rubber;| 1.—Blast-Furnace Gases.—For a long time past blast- 
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Semmanes pty So to a Bama y ay 
according to rase employ y Victor in 
pooch bay! me nym my district. ‘The 
have not, however, been completely closed up for more 
than about thirty years, a good number of engineers 
claiming that it was necessary visually to inspect the 
uniform descent of the charge. But, even with open- 
tops, a portion of the from the throat of the 
furnace had already served to heat the hot-blast stoves, 
which were formerly Foe ae of cast-iron tubes of 
ng shapes. A ble improvement in their 
~~ vo Bn king was introduced ee em, nb 
of gas su to m: ing in to 
remove the dust which, in the | Hn of deposits, fouled 
the chequer-work of the stoves and choked up the 
channels. To give an idea of the improvement resulting 
from ee Fy A instance the fact 
the stoves of one of large furnaces of the 
John Cockerill Company became choked 
-— four or - — weaning. and - 
cleaning out. ter running for two years wi 
duual to ten cuett of €.5 quamane per cubis ustea, the 
same stoves have required no cleaning whatever, and 
may run two or years longer without stoppage. 
Numerous eng have been invented for the purifica- 
tion of blast-furnace gases, which sometimes contain up 
to 20 grammes of dust cubic metre. Generally 
speaking, capacious reservoirs with culverts of dia- 
meter suffice to effect preliminary purification. By re- 
ducing the rate of flow of the gases, over 50 per cent. of 
the coarser dust becomes deposited by this simple static 
process. When, however, it is desired to uce the 
somes S SS a a oe ee lower, 
jenn have to be employed ; that is to say, 
gases have to be centrifugalised with water-sprays, 
and for this purpose there is no lack of appliances. 
Two types are very commonly em ped on the 
Continent: one is composed of vertical washers with 
wooden baffles and a water-sprayed fan—the Zschokke 
system ; the other consisting of a washer with o Mey 
ingenious water-spray and disintegrator, a sort of i 
in’which the gas circulates in the opposite direction to a 
current of water—the Theisen system—that seems to 
solve the problem better still. In either type of appliance 
the dust is entangled in the form of mud in the hs, 
where it becomes sited, the gases emerging almost at 
the temperature of the injected water, and saturated with 
m Works that do not good f 
or lo not possess a supply of water 
employ, in preference, a form of di veleale , such as 
the Beth Halberg system, in which ‘the cooled gases are 


filveered through bags of specially-made canvas, through | the 


which they are drawn by an exhaust fan. This type of 
cleaner requires less motive power, and carries purifica- 
tion to the greatest ible extent, as the gas practically 
contains no dust. The operation is, however, somewhat 
delicate ; the plant occupies more space, and its installation 
is more expensive. For the purpose of comparison the 
following figures may be given ; they are nob to be con- 
sidered, however, as determinative in the matter of the 
cost price per cubic metre of the gas :— 








pp nd ee - sim 

: of Water per 1 rr 

System. | 1000 Cubic | robo Gatto | per Cubic 
Metres. Mctres. Metre. 





cubic metres | horse-power ! ramme 
‘ 5.0 i 


Zachokke 0.3 to 0.5 
Theisen -_ ea 3.5 4 0.08 
Beth Halberg we 0.02 2 0.01 





Some years ago doubts were raised as to the advan- 
tages of purifying rior to burning them under 
boilers, the opinion bein id by some persons that the 
oo entailed by the cleaning was not counter- 
ced by a oped yield in steam-raising capacity. 

But practically question has now been solved, and 
it may be said, speaking y, that it is better, from 
every point of view, to the dust, in the form 
of mud, into rivers and into the sea than to es 
in the form of — the atm be 
circumstances vent this, it is necessary to have re- 
course to cutting wenaha, which are less convenient. 
Formerly, when gases underwent no cleaning, it 
was possible to judge the working of the furnaces some 
distance away by the more or less pronounced clouds of 
smoke omens from the tall chimneys of the apparatus 
<Eacuctied eqelugh tho chy’and tele macas of chedkes 
silhouetted against the » is means o i 
proceedings at a distance fas been lost. 

It is to William — = honour is due of 

eat in brick - lined 

while since Cowper advantageously modified the in- 
teriors, the height of the stoves has steadily increased 
until they now attain 30 m. to 32 m. (98 ft. to 106 ft.), 
while their efficiency increases. Anyhow, the heating of 


the blast is still an exceedingly «xpensive jing, and 
we may be permitted to hope timprovements 
may yet be realised which will pernitof the withdrawal of a 





one-half of the emerging from the furnace is 
absorbed in to Usaner stoves, and that the pote «bo 


tops | half is available for gas-engines or boilers. We know, 


too, that, given equal power, a gas-engine consumes less 
than half the amount of gas consumed beneath the boiler 
to supply even the most perfect ———_— while most 
of the metallurgical works in Europe have made the 
installation of gas-engines the general practice. Such 
engines are now fo’ in all countries, including Japan, 
China, and the Indies. The number of i a 
work of over 200 oe cee is —- oot 900, 
represen an of at t 1,500, orse- 
pate while to iid Tepes easnt be ote Chae in the 

nited States of America. Belgium occupies a highly 
honourable amongst the great industrial nati 
with ninety-four gas-engines developing a total of 128,000 
horse-power. 

We have travelled far from the initial stages of 1895, 

when I brought before the Institute the iminary 
results obtained at the Cockerill Works with the Dela- 
marre-Deboutteville engine, and when I had decided 
upon the use of uncleaned blast-furnace gases, after 
trials of a small 8-horse-power motor, which I subse- 
quently modified. I would, in thisconnection, pay to the 
memory of B. H. Thwaite the tribute he deserves for 
having made known the earliest experiments carried out 
at the works of the Steel Company of Scotland, under the 
management of James Riley, and those of the experiments 
at Doncaster, and for pointing out the advantages con- 
ferred by the direct utilisation of blast-furnace gases 
for the production of electrical energy. This pioneer’s 
untimely death prevented him from reaping the fruit of 
his investigations. : 
The first, more definite results in this direction were 
furnished by Professor Aimé Witz, who has recorded in 
the Semel of the Institute the results of the highly 
elaborate experiments carried out by himself and Pro- 
fessor Hubert in July, 1898, at Seraing. Within a few 
weeks there will be put into —— at those works the 
most powerful gas-engine hi constructed. It will 
develop 8000 horse-power. 

What been made, too, in engineering. 
Within 15 years we have witnessed the almost complete 
transformation of the means of omy 83 motive power 
on @ large scale. On the one , the ine has 
solved, ically, the rational utilisation of blast-furnace 
and e-oven Fy on the other, the steam-turbine 
extracts from coal a far greater amount of energy 
than the piston-gngine ever rendered available. 

Does the future hold in further store for us the promise 
of thegas-turbine? Possibly so, although up to the present 

i results have not been very encouraging. 

In the meanwhile the central power-stations of metal- 

lurgical works continue to develop. Many such stations 

from five to ten gas-driven blowing-engines, and 
ten to fifteen motor generator sets Seeerag vena 
an te of over 30,000 horse-power. ey are fed 
with coke-oven or blast-furnace sometimes with 
both—after complete purification. perience has shown 
that, after six months’ running, the dust deposits, even in 
the most tortuous windings of the cylinders, are scarcel 
appreciable, provided the gas does not contain over 0. 
gramme per cubic metre. On the other hand, if the 
cooling water is not too hard, the cleaning of the deposit 
from the cylinder walls need only be effected every 
second or third month. 

Look, likewise, at the 4-7 that may be derived 
by the utilisation of the gases, by combustion, on their 
leaving the caginae the 500 deg. of heat they earry off 
with yield, in ee a lants, an amount 
of steam which can used in ines of different 
descriptions, or, better still, in turbines. Careful ex- 
periments have established that by these means 10 to 13 
per cent. of the effective energy of the gas-engine can be 
recovered. 

2. Slags, Cement, Bricks, Ballast, and Agglomerates.— 
The are not the — of pig-iron ; there 
are snot slage, the annual production of which is esti- 
mated at close on 200,000,000 tons, which accumulated, in 
enormous tips, in the neighbourhood of works, encumber 
land which often, in the course of years, acquires con- 
siderable value. ie endeavour to turn them to profit is 
a problem deserving of the closest attention of metal- 
lurgists. 

When the slags are acid, they are made to serve for 
the manufacture of slag-wool, formerly employed as a 
heat-insulating packing ; but since the of the slags 
have become calcareous, it has been in the direction 
of the manufacture of artificial cements that ay 
has been brought to bear upon their employment. Wi 
this object they are ulated b cooling them, as they 
flow from the hit temnen, ei by water-spraying 
or by means of air-jets. By drying them, — 
them with 25 to 30 per cent. of hydraulic lime, 
grinding them in various forms of mill, a fine powder, 

aving not more than 12 per cent. of residue on a sieve 
having ai mesh of 4900 per sq. cm. (12,500 per sq. in.), is 
obtained which constitutes a cement of excellent quality, 
corresponding to the requirements of ordinary ifica- 
tions—namely, a strain of 10 kg. to 18 kg. 
sq. cm. after seven to twenty-eight days (142 Ib. to b, 

a; Se) cake Canes strength of 100 kg. to 180 kg. 
{i409 to 2632 lb.)in the ordinary mortar. z 

When, however, it & question of ney 
———. to the new German a 
stipulate for a crushing strength of 250 kg. (3554 lb.) after 
twenty-eight days, it is better to manufacture slag cement 

burning. For this purpose a mixture of 75 per cent. 

—— slag is fritted in the kilns usually employed 
in Portland cement industry, with 25 per cent. of 
lime; by these means there are obtained nodules, or 


auseatim "aia 





A mixture of 70 per cent. of clinker and 30 per cent. 
of granulated slag, finely ground, yields a cement of 
superior quality, known in Germany as ‘‘ Eisen-Portland,” 
and accepted during the last five years, under the same 
category as Portland cement, by public administrations 
my phe ey greatly of 

cement industry grown y of recent years: 
it is estimated that the annual European ssuheuien of 
various slag cements reaches the figures of 1,000,000 tons, 


| and this amount will not fail to increase. To this must 


be added the enormous output of the Steel Trust, whose 

cement works have just been considerably enlarged. The 

important yet se | of the use of ferro-concrete further 
uture. 


opens up & promising 
ons, ite ey aie Git cements there te ing carried out, at 


many works, the manufacture of bricks. e granulated 
mixed with a small percentage of slaked is put 

ler presses, and the bricks thus formed, ‘and heated in 
autoclaves under steam [> a of 1 to 8 atmo- 
spheres, acquire a remarkable of hardness. Their 
uniformity of shape and their Soesing appearance has 
created a for them for all kinds of masonry work, 
which they render drier and more impervious to moisture 


ordinary brick. 

Of late a good deal of slag, broken up, graded, and 
screened, has been used for the ballasting of railroads 
and for the construction of highways, where, either alone 
or in admixture with tar or with cement, it forms very 
firm surfaces. Whatever is done, however, it has to be 
remembered that all the applications devised for the 
utilisation of slags as saleable by-products are “u 

inst” the enormous amount of production, 1 

—— continue to be, for a long time yet, the despair 

of ironmaste 


r. 

Another by-product which possesses importance is that 
derived from the heavy dust recovered from the dust- 
catchers, which has a composition closely approximating 
to the ores employed in the furnace burthen. The 
amount varies greatly, according to the nature of the 
ores used. In some — a ——— those a 
employ a large proportion o! rraine ores, it may 
por: mex he at 6 to 10 per cent. of the charge. Experi- 
ments have ev here been made to agglomerate it and 
use it, in this form, in the blast-furnace. The cost of 

lomeration varies from 2 to 5 francs per ton (1s. 8d. to 
4s.). saree | as to whether a binder is used, such as 
quicklime, calcium chloride, esia, &c., or whether 
tow nodulised by =. - e — — nodu- 
i e value of the natural ore, the saving is 
conatinaathe. 


Sreet Works. 

If the slag derived from the dephosphorising prccess 
in basic converters can be regarded as a by-product, the 
value to be attached to this material is one of which 
Thomas and Gilchrist could hardly have even suspected 
gh ce at the time of their memorable invention 
in 

In bis paper read before the Institution in 1887, 
Gilchrist, who at that time estimated at 400,000 tons the 
total slags containing from 17 to 20 per cent. of phos- 


phoric anhydride produced during the year preceding, 
pointed out that out of a total of 500,060 tons of md 
phatic manures consu in the five t countries 
using them, the proportion of slag y being used 


was of favourable augury for the future. He was not 
far wrong, for, according to a proximate calculation, the 
Production of basic slag in 1913 must have attained close 
on to 5,000,000 tons, worth nearly 200 millions of francs 
(8,000,0002.), distributed as follows :— 


Basic Slag Production in 1913. 





‘ons. 
Germany and Luxemburg 3,415,000 
France... sais - yr 
Belgium ... aa om iis ¥ 
Great Britain... me ~~ a 325,000 
Sweden, Russia, and Canada... ai 80,000 
Total si ... 5,055,000 


There are still, in a modern steel works, very many 
economies to be effected by the judicious — of 
the heat losses from the converter itself down to the 
smallest mill reheating-furnace. Gjers, by his invention 
of annee. an invention which, for its simplicity, 
recalls the historical instance of Christopher Columbus 
and the egg, opened up a road upon which, it seems 
to me, we have since come to a standstill. Who can 
say that our engineers will not some day solve the 
problem of recovering the enormous heat losses in the 
flames of the converter? Theoretically, per ton of coal 
there are 180,000 calories available at the mouth of 
a basic converter, an amount which represents, on a 
daily production of 1000 tons of steel, the very respec- 
table total of 180,000,000 calories wasted into the 
atmosphere. This heat could be utilised beneath 
boilers, the steam from which could supply a turbo blow- 
ing-engine. A calculation will show that its complete 
recovery would yield 40 horse-power-hours per ton, 
which with 2000 horse-power available per- 
anand St @ steel production of 1000 tons per 20-hour 
day. t is, nearly the power of the blowing-engine, 

the refining of the pig-iron could thus be effected 
without the expenditure of any further calorific energy ! 
Is the importance of the heat losses by radiation from 
the numerous reheating-furnaces always borne in mind? 
Do we remember always that the tem of the 
at the foot of the stack never exceed 

deg. Cent., whereas they often attain to 600 deg. 
and even higher? If this loss of calories is rela- 


tively small in good boiler plants and in well- lated 
gas- producers, where it can hardly exceed per 
ee ae ee the squandering of the 

energy which takes place in the open-hearth 
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rature of rolling—that is to say, 875,000 calories ; the 


oss, therefore, is 85 per cent. And how furnaces 
are there which are even more wasteful ? y, we 
metallurgists must sometimes feel absolutely to 


quote certain figures. steam rolling-mill 
engines, and in = i i 

there which are discharging into the atmosphere clouds 
of steam which could be used in low-pressure turbines of 
the Rateau type? A little reflection will show that 
the was of heat is still enormous, and that 
last word by no means said in respect of the 
heat economies which might be effected in steel works. 
Side by side with these econemies of to-morrow there are 
those which yield all the by-products I have already 
pe yang - oe —- yay heey derive 
greater or less 6, ing to ‘ec- 
tion attained to by their coke-ovens, fn 
blast-furnaces, and the use they make of their available 
gases. If a ee — ay- i 
regenerative coke-ovens, e coke requi lor its 
blast-furnaces; if it manufactured bricks and cement 
from its , and found, in its steel works, appli- 
cation for the available gases, either in its open- 
hearth and its reheating-furnaces, or in the uction 


5 


of motive power, it would effect, per ton of pig iron, 
profits which may, in detail, be shown as follows :— 
Yield. 
s. d. 
Coke-ovens per { Sulphete, tar, and benzols ... 3 94 
ton of coke 200 cub. m. of gas at 0.12d.... 2 0 
Blast-furnaces (Cement, bricks, ne ae it 
per ton of pig {180 cub. m. of gas at 0.03d. 3 1 
iron Recovery of dust... -_ ? 
Total per ton of pig iron 9 6 
Or, per ton of steel ingots... oh om Bs 
r, per ton of rolled steel (rails, girders, 
sections, bars) ... ni ea ile -. 12 6 


without taking into account the profits yielded by the 
sales of the basic slag. What am income for him who 
would know how to realise it! 

I think I have sketched a sufficiently complete outline 
of the progress realised a some vee years in the 
recovery and application of the by-products of steel 
works. Will that progress stop where it is? I doubt it. 
Every improvement leads to a fresh one, and each day sets 
the goal of op ge further ahead. Just as electricity 
has permitted of the centralisation of motive power and 
of its economical distribution, so the pl ae tion of 
the resources of metallurgical gases, and their ready 
transport to the various points of their utilisation, bestow 
upon metallurgieal works enormous advantages. To the 
huge saving in fuel which results from the utilisation of 
coke-oven and blast-furnace gases for the production of 
motive power must be added those which are realised by 
the numerous applications of heating. The study of suit- 
able burners, the general employment of efficient re- 
heaters, and the means of perfect adjustment and com- 

lete control, will conduce to even greater saving. 

inally, the cost of labour and the running expenses, 
other important factors of the cost price, are similarly 
reduced to a proportional extent. By these means our 
metallurgical industries succeed not only in Bans we 
cheaply, for the ‘need, but they w themselves 
provident in safeguarding for future generations the 
wealth that Nature has, with great generosity, but not 
inexhaustibly, implanted in the soil. 


APPENDIX. 
CALCULATION OF AVAILABLE GASES. 


Coke-Ovens.—1 ton of coal yields 300 cub. m. of gas; 
therefore there is obtained, per ton of coke, 


300 x 100 _ 400 cub. m. (14,126 cub. ft.). 

In modern tive ovens half the gas is available— 
200 cub. m., or 7060 cub. ft. Its value ranges from 0.12d. 
to 0.15d., according to the use made of it. The whole of 
the available gas can be utilised, for it is possible to store 
up in gasometers the output made during periods when 
the steel works are stopped. : 3 

Blast-Furnawcs.—1 ton of pis iron requires for its pro- 
duction 1 ton of coke, and 1 ton of coke yields 4500 
cub. m. (159,000 cub. ft.) of gas, of which 40 per cent., or 
1800 cub. m. (63,500 cub. ft.), is available. The gas is, 
however, lost during the stoppages of the steel works, 
because its volume is too great to be stored, and in prac- 
tice only 1250 cub. m. (44,000 cub ft.) can be utilised. Its 
value is 0.03d. per cub. m. 





FAILURES OF HEAVY BOILER SHELL- 
PLATES.* 


By ashi or Assoc. M. Inst. C.E. (Glas- 
gow), Shi = “eaotpaieee Marine Depart- 
ment, Board of Trade. 


which have passed the 


* Paper read before the Iron and Steel Institute, 
May 7, 1914. 
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this should be the case with the lower-grade descrip- 
of mild steel would not give cause for criticism, but 
that they should occur with heavy boiler shell- 
marine boilers, which are 
mild steel, and 


teel - 
of the Institution of 
is paper is of considerable import- 
practically deals fully with only one case, w 
Professor Arnold, though four or five 


of failures of this nature has long been 
and careful investigations have been made by 
of Trade and the ification Societies into 
fractures discovered in the boiler-shops ; but as financial 


* Vol. xlvii., 1905. ENGINEEKING, August 4and ll, 1905. 
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SECTION THROUGH COMBUSTION CHAMBERS 
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questions often arise between the steel-maker 
boiler-maker, it is not, as a rule, ible to publish 
the resul in some i 
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stated in the table on page 651, and a short description 
of the circumstances attending them is given before con- 
sidering the causes of failure as a whole. It must be 
understood that the opinions as to the causes of failure 
are those of the author and are not necessarily those of 
the Board of Trade or of the Registration Societies con- 
cerned. In some instances the conclusions arrived at 


cannot be fully verified, but the author hopes that by | ham 


thus publishing them it will be possible to obtain criti- 
cisms and suggestions which will lead to the discovery of 
the correct ones. All the plates were made by the acid 
open-hearth process, with the exception of plate O04, 
which was made by the basic open-hearth, and all the 
sections of which e¥ -7 hs are shown were cut longi- 
tudinally—that is, in the direction of the greatest length 
of the plate, unless otherwise stated. These sections were 


eth: MSogneirrt San’ dt - 
US apr Asyren.) 
AE Set OA Mice 
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therefore at right angles to the cracks, which were all 
transverse ones. Practically all the sections were etched 
with a solution of picric acid in amyllic alcohol to which 
a few drops of nitric acid were added. Picric acid b 
itself is hardly sufficiently powerful distinctly to mar 
out the ferrite crystals in mild steel ; but with the addi- 
tion of a little nitric acid these are shown clearly without 
discoloration, whilst the picric acid blackens the pearlite 
suitably for photographic purposes. In all cases eom- 
plete sections of the plates were examined, and in dealing 
with material of this nature this is absolutely necessary. 
This is mentioned because some metallographic workers 
r to use sections only about @ in. square, or even 
the author bas experienced no difficulty in _ 
ring sections } in. or a in. square, and with these 

imensions the thickest shell-plate can be examined in 
two parts only. If the sections are protected by a cover- 
glass secured by Canada balsam in the usual way, and 
then mounted on a glass slip with white lead, they will 
keep indefinitely, and will be available for examination 
at any time. 

All the photographs were taken at a magnification of 
50 diameters, except Nos. 17, 18, and 20, page 650, so that 
they are easily comparable. 

A few of the analyses given cannot wholly be relied 
on, at any rate so far as those elements liable to segrega- 
tion are concerned, as the drillings were not taken right 
through the plate. It is always advisable in dealing with 
heavy plates to take at least two analyses, one from the 
two outer quarters of the plate, and one from the inside 
hal, thus indicating if segregation exists. 

The cases considered are not dealt with in chrono- 
logical order, but are divided into three classes as 
follow — ; : 

(A) Plates in which partial cracks only have occurred. 
(B) Plates which have cracked right across in the 
bouler-shops, . 
©) Plates which have failed under the hydraulic test. 
Lass A.—In most of the plates of this class the cracks 
have occurred in dressed portions, and hammering has 
been one of the chief causes of failure, though many 
lates are abnormal in some other characteristic. It is 
oped that this list of failures may help to prevent the 
use of this obnoxious practice in future. 

A 1.*—This plate had some weil-marked surface defects, 
as shown in Photo No. 1, 647, accompanied by an 
absence of carbon near the eurface, possibly due to the slab 
being burnt in the soaking-pit ; it will be noticed that this 

is y defined from the normal structure. Ascan 

seen in th tograph, the surface has been well ham- 
mered, and it is not surprising that the steel in this part 
gave way when bent. The structure near the centre was 
very coarse (see Photo 2), and is in great contrast to that 
on the outside, which may be 
uniformly heated. is consid difference 
between the original tests and those in the vicinity of the 
fracture, and as the analysis does not agree with the 
latter, itis probable that the drillings were taken from 


ie For analyses of AltwoO4, see Table I., page 651. 


) 
less ; 








No. 4. Maconirtep 40 DIAMETERS. 


due to the slab not being | the 





another place and that the plate was far from uniform in 
composition, though it should be mentioned that there is 


no sign of tion in the sections examined. : 
A2.— the sulphur and phosphorus were tan bn 
in this plate, and the latter formed some carbonless 


near the surface, thereby helping to cause roughness, 
and conferring extra brittleness on the part which was 

mered. “his metal contained a » number of 
blow-holes, which increased towards the centre, and it 
may be remarked that in several instances an excessive 
number of blow-holes appear to indicate an inferior 
quality of metal, though at first sight there seems no 
reason why any material difference should be noticeable 
if the metal is s in the same direction as that in 
which it is rolled. The general structure is very lamellar 
in character, which, it is suggested, may be produced if 








No. 7. Surrace SEcrrion. 
35 DIAMETERS. 


MAGNIFIED 


the slabs are soaked too long, especially when the phos- 
rus content is high.* e failure of this plate was 
ue to hammer-dressing on surface defects produced by 
the minor segregations of phosphorus. 
A3.—The primary cause of the failure of this plate was 
bably ho laee carbonless area shown in Photo No. 3, 
ue possibly to the surface of the slab being burnt or de- 
carbonised in ; thane axe alee aomee eanbenlonn Gund 
below caused by phosphorus segregations. The structure 
towards the centre of this plate is of a lamellar character, 
with a moderate number of blow-holes and some com- 
pound crystals, which would indicate that the finishi 
temperature was high, The author calls ‘‘compou 
crystals” those which are com of several separate 
ones of ferrite and pearlite, and which, in fact, eonstitute 
entire structure of mild steel heated to a tem ture 
of 1000 deg. Cent. There were no signs of hammer- 
dressing on this plate. 





* See also ‘‘Orystallisation and Segregation of Steel 
Ingots,” by Dr. J. E. Stead. Proceedings of the Cleve- 
land Institution of i 1905-1906, page 163. 
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A 4.—The structure of this plate was extremely lamellar, 
as shown in Photo No. 4, and there were an excessive 
number of blow-holes which could be better seen before 
etching. The phosphorus was quite high enough and there 
was a considerable amount of arsenic; the plate was also 
hammer-dressed, but there were no signs of segregation 
near the fracture. 

A5.—This plate shows a structure considerably different 
from the preceding cases; it was said to have 
annealed, but if so the annealing was very inefficient. 
The general structure was very fine and mostly lamellar, 
as shown in Photo No. 5; it is, in fact, too small to be 


produced by , and the plate must have been 
finished at a very low temperature, thereby setting up 
internal stresses. Near the surface are some good 


examples of phosphoretic minor segregations, as shown 








No. 6. Maeniriep 40 DiaMeTeERs, 


. ere ~* ‘ ish eS 


— ose ee ~ 
Tet aR 


No. 9. Maeniriep 35 Diamerers. 


in Photo No. 6, where it will be noticed that the crystals 
in these are of huge size compared with those of the 
nn i 4 _— os 7 “ agen one at the — 

owing the evil effect of these segregations, and it is 
evident that they afford a good starting point for a frac- 
ture. The outlines of the phosphoretic iron crystals can 
be seen also in this photograph. 

A 6.—The defect in this plate was only found under 
the hydraulic test when a leak was observed near a rivet- 
hole ; and on further examination it was seen that there 
was a a ——, from the + ge el . dressed 
part. is crack not go right thro the , 
and was only shown by the water passing nk 
rivet itself. The length of the crack was 17} in., and 
the depth 13 in., and it was of the “bubble” description. 
The tensile tests were satisfactory; but the structure 
shows that the plate was finished at a high temperature, 
ey not less than 800 deg. Cent., and that the plate 

been hammered i dressed 


in the part to conceal a 

surface defect. 
A 7.—This seme was partly riveted into the boiler, 
when it was found that there was a transverse crack, 
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13 in. long, extending from one of the rivet-holes, this 
being in a part of the plate which had been dressed. The 
tests taken near the crack gave satisfactory results, 
with the exception of one, which failed with an extension 
of only 4 per cent. due to a concealed surfacedefect. The 
bend tests were similarly good, except one teken along- 
side the crack, which failed from a surface defect. The 
analysis gave nothing unusual, though the — pw 
was somewhat high ; whilst the microscope showed that 
the structure was fairly normal, but that the surface had 
been severely hammered to conceal surface defects arising 
from the outside of the slab being overheated. 
A 8.—This plate had been curved to radius when an 
irregularly-shaped crack, about 8 in. long, was noticed 
in ad part. On the piece containing the fracture 





being broken, the crack was seen to be very uneven in 
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character, extending to about half the thickness of the 
plate. The tensile and bend tests were satisfactory, 
except bends made from the dressed portion, which 
failed at a small angle. Analysis showed that whilst 
the carbon decreased towards the surface the phosphorus 
increased, and this latter condition showed itself as usual 
as carbonless bands. There were also some blow-holes 
at the surface which had been severely hammered (see 
Photo No. 8), The internal structure differed consider- 
ably from that at the outside, being of a marked lamellar 
Pere rg and wa3 decidedly coarse for the thickness of 
© p 

A 9.—This plate had also been curved to radius before 

& crack 4 in. long was found in a dressed part near one 
side. No tensile tests were taken, but bent tests were 
made from the dressed ion. These all failed at a 
comparatively small angle, and it is evident that this 
test is a simple and efficient one for disclosing surface 
—" whic ng —_ a. = analysis is 
y normal, but the microscope sho some large 
fisws and carbonless bands near the surface. The latter 
had been hammered apparently with a flogging-hammer, 


judging by the distortion produced, as shown in Photo 

0. 9; and it was a foregone conclusion that a plate so 
treated would fail when bent. 

A 10.—Two cracks in dressed portions of this 
were observed after it had been bent to radius, one being 
near the end and the other about midway along one of 
the sides, the latter crack being exceptional in that it was 
of a a character, one part being transverse and 
the other longitudinal. Bend tests from the dressed 
portion failed, and a section near the rectangular crack 
revealed the nature of one of the defects which it had 
been attempted to hammer down. This was evidentl 
caused by some foreign substance which had been roll 
in, and uced the depression shown in Photo No. 10. 
It will noticed that the structure is deformed by hot 
work, and also that the top surface has been hammered. 
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There were in addition some carbonless bands and flaws 
near the surface, and though it sounds paradoxical, there 
was an increase of carbon towards the surface, there 
being no signs of tion. ; ’ 
A 11.—The cracks in this plate were not discovered till 
the boiler was ready for the hydraulic test, when two 
were seen, one 8} in. and one 9 in. long, in dressed parts 
not far from the middle of the plate. After the plate 
bad been removed a portion was cut off and broken 
through the 8}-in. crack, which was then seen to be of the 
“bubble” description (see Photo No. 25, page 652). The 
tensile tests gave varying results, and showed that the plate 
was segregated, but all the bend tests were satisfactory. 
The analysis showed excessive carbon and phosphorus, 
and indicated that the —_ was —— for & —y 4 
te. In preparing the sections for the microscope i 
oo noticed that the metal was soft and powdery to the 
file, similar to that of a steel casting, and on examining 
the structure this was found to yO to that of an 
imperfectly annealed casting (see Photo No. 11), showing 
that the plate had been rolled ata grossly excessive tem- 
perature. Photo No. 12is taken from the centre of a tensile 





test-piece near the point of fracture, and shows the form 
of tion and also the manner in which the metal 
gives way at this part, owing to its want of ductility. 
At the fracture this is shown by the familiar white line 
caused by the crystalline break of this part of the metal. 
This plate was also mer-d , possibly in order 
to hide defects due to the surface being burnt. The fol- 
lowing a features occurred in this plate : excessive 
rolling and finishing temperature, excessive carbon and 
phosphorus, hammer-dressing and central segregation, so 
that its failure was not a matter for surprise. 

A 12.—When this plate was being bent in the rollsa 
tinkling noise was heard, and on examination two cracks 
were found in a dressed portion, one 34 in., and the other 
14 in. long. This part of the plate was cut out and 
broken, when it was seen that the principal crack was of 


No, 
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the ‘‘ bubble” description (see Photo No. 25), so that it 
would seem that this form of crack can be produced by 
bending the plate. The transverse tests taken in the 
vicinity of the cracks all gave poor results, and some failed 
with a square fracture and a white line, indicating a. 
gations. 6 structure of the plate shows a large num 
of minute sulphide of manganese flaws, which increased 
toward the centre both in size and quantity; it seems 
that the fissures showed on the fractured surfaces (Photo 
No. 25) are due to this, and not to piping. The 
general structure is rather lamellar, with carbonless bands 
near the surface, which had been hammered in the 
dressed portion. This is clearly shown in Photo No. 13, 
which illustrates a good example of a phosphoretic band, 
the boundaries of which are clearly marked, and also of 
the effect of hammering the plate. The heavy central 
segregation in this plate is shown in Photo No. 14, where 
the carbon would amount to about 0.5 per cent. From 
the microscopical examination it is probable that the 
amounts of carbon and sulphur given in the analysis are 
under-estimated. 
A13.—In this instance a crack about 8 in. long was 
found in a dressed portion of the plate near the centre. 
analysis obtained was n and the mechanical 
tests were satisfactory. The structure showed heavy 
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blow-hole and surface flaws, with carbonless bands near 
) tiger ad Photo No. 15), which had a 
structure was very coarse, jicating 
ing ahd slow cooling, and oe ike 
this plate had been piled. : 

Crass B.—The failures in this class are in some 
respects of a more important character than those 
already considered, as the plates failed by cracking right 
across in the rolls, giving the impression of extreme 


brittleness. 
— A partially been bent to the 
broke 


B1.—This plate had t 
required radius when it nearly across, there being 





No 21. Maaenirrep 40 Diameters. 


two oracks in approximately the same line, which were 
only separated by a small web of metal. tensile 
tests from this plate all gave good results, and the 
Gener cohen: ip tah ook bona oh ip ocbahs 
tity of is hig greater at ou 

han te the tnato. The structure of the steel showed an 
excessive number of blow-holes (see Photo No. 16), so that 
before etching the metal looked in parts more like t 
iron than steel. As might be expected from the y- 
sis, there were also considerable local of 
phosphorus at the outside, and considering their amount 
and well-known waat of ductility, they probably con- 
stituted the principal cause of failure. The plate 


No, 22. Maaenirrep 40 DIAMETERS. 


be slip-bands, but on examination at a — 

f to be Neumann’s lines (see Photo No. 17 from 

B4). Let enya the only ones in which | of pearlite on surfaces, and it is s 

the author has seen these lines, and in both cases the metal that this might be due to the effect of an excessive 

was hard to the file, more so than would appear from amount of composition on the ingot mould. In this 

this analysis. It is suggested that the ferrite contained connection it may be mentioned that heavy carbonisa- 

arsenic or some other hardening constituent which was tion of the surface may take place in large steel cast- 

not anal: for. | ings wi certain carbonaceous coatings are given to 
B2.—This plate cracked right across in the rolls during | the moulds, which fact does nob seem to be so widely 


about this plate was the increase 











No. 23. Macnirrep 40 DraMeTERS. No. 24. 


the first pass. It had been cross-rolled, so that the 
longitudinal axis of the ingot was the transverse one of 
the plate. The metal generally was of excellent quality, 

the tion showed on one 


known as is desirable, and it is worthy of careful con- 
sideration by the users of such castings. The increase 
was comparatively slight in this instance, but would 
luce an appreciable effect when the plate was being 
t. The most striking feature revealed by this case 
The | was the great importance of uniform annealing at a 
correct temperature. 
_ B3.—The carbon content of this plate was too much, 
indicating that little work was given to the steel ; the 
finishing temperature was very high, and there was con- 
siderable difference between structures on opposite 
sides. There was also segregation in the centre of the 


structure; on the whole 
plate and a large number of blow-holes near the surface, 


former would appear to be the correct opinion. Also 
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so that altogether the metal might be described as un- 
suitable for the purpose for which it was intended. 

B 4.—This yy broke completely across when being 
a noe through the rolls for the first time, the fracture 

ing of a coarse crystalline character. The tensile tests 
were on the whole satisfuctory, only two of the transverse 
tests showing segregation, which, however, did not reduce 
high ¢ mond, phoeph - F747 - 

igh car orus, bot! ing in excess 0: 
amount suitable te mild steel. In ing the sections 
it was noticed that the metal was very h to file, and 
the structures revealed were found to be of an unusually 
interesting kind. Towards one side of the plate the ferrite 
crystals were of a large rounded form, whilst the lite 
was of a very ropey. nature, some of it ping in form 
of cementite. is is shown in Photo No. 18, the section 
being etched with boiling sodie picrite, which, as is 
known, blackens cementite and only shades the pearlite. 
This structure has been shown some years “go by Dr. 
Stead, and more lately by Dr. Rosenhain, to formed 
when mild steel is kept at a temperature between 600 deg. 
and 700 deg. Cent., the structure thus produced being of 
a brittle nature. In this instance the effect was obtained 
in the annealing furnace, — to the Le trey a being 
out of order. On the other side of the plate this forma- 
tion did not exist, but the structure was very coarse and 
angular, and indicated that the plate was rolled too hot, 
and that the temperature of the annealing furnace was 
insufficient at that side to break it down. In the 
sections examined from the first-mentioned side many 
of the crystals near the fracture showed well - marked 
Neumann’s lines (see Photo No. 17) similar to those in 
Plate B1. It may also be mentioned that in one section 
there were signs of “‘cupping” in the centre of the 
plate. The tion was not excessive, and was 
exactly in the centre of the plate, so that it was not at 
first discovered in examining the sections, as ib was re- 
moved by the saw when —— the complete section in 
half. he chief causes of failure appear to be the 
formation of a brittle structure combined with unequal 
annealing and high phosphorus. 

Crass C.—The failures under this heading are the most 
serious of all, seeing that they imply that the actual 
factor of safety of the shell was less than two. 

1.—In the first case to be considered the boiler was 
made with two strakesof pee and the strake containing 
the man-hole cracked right across through that part, near 
the minor axis, when the hydraulic pressure had reached 
1} times the working pressure, although it is said that 
twice the working pressure had been previously applied. 
It was found that the width of the man-hole on one side 
of the fracture was 4 in. greater than the other side; but 
the man-hole ring was intact, though the crack was open 
4 in. on each side of the opening. The tensile tests all 
showed a tonnage below the original ones, and the trans- 
verse tests in line with the man-hole showed a heavy central 
segregation which apparently extended to the man-hole. 
The chemical analyses revealed a considerable difference 
between the centre and the outside of the plate, and at 
the former part the quantities of sulphur and phosphorus 
are excessive, as might be expected from the segregation 
shown by the transverse tests. The amount of arsenic 
is also very high, and this has segregated with the phos- 
phorus. An examination of the structure confirmed the 
chemical analysis, the carbon being low at the surface, 
where there were some blow-holes and earbonless bands 
(see Photo No. 19). Towards the centre there were some 
large compound crystals, and the structure became 
ay with increase of a — at b centre there 
was heavy segregation. Jn this plate the tion 
must have been an important element in Sooteding 
failure, but probably the principal factor was the pre- 


sence of internal stresses in the plate. It is difficult | an a: 


to estimate what proportion of these was due to rolling 
and what proportion to the man hole riveting; but, on 
the same, it seems not unlikely that they were about 
equal. 

C2.—In this instance the hydraulic test had reached 
about 40 Ib. below the double pressure when the shell- 
plate gave way at the man-hole with a sharp report. The 
main crack extended from the man-hole to one of the 
rivets in the circumferential seam, and was open ,; in. 
at the man-hole, and ,; in. at the seam. There was a 
small crack on the other side of the man-hole extending 
only to the nearest rivet-nole, and it was noticed that 
the caulking of the ring was undisturbed. The ring was 
of the flanged description, which requires a considerably 
larger opening in the shell than the plain variety, and is 
more difficult to fit accurately, so that the author thinks 
that the opening of the plate after the failure was more 
due to stresses set up in the riveting than to any result- 
ing from rolling. It is also more difficult with this 
form of ring to that the actual com tion 


arrange 
age mae the theoretical. The longitudi tests of 
this plate were sa’ tory except that near one end 


they were below the specified minimum—30 tons; but 
the transverse tests, taken from the centre of the plate, 
between the man-hole and the other end, gave very 
inferior results, the elongation falling to 4 and 5 per 
cent., with a square fracture having a white line in 
the middle, which clearly indicated segregation. On 
examining & section this was found to @ very fine 


ane e . and the author made the continuous 
hotograph No. 20, which shows the structure from the 
surface of the plate to the centre (a distance of }4 in.), 


where the carbon must be fully 0.8 per cent. It will be 
seen in the photograph that there are in places 0- 
merations of crystals which would not show at a moder- 
ately high magnification. Before etching a number of 
sulphide of manganese 

centre. oS oe —_ Sling ann 
segregate e ingot, as the weight te is 
not heavy compared with that of the ingot, it is probable 


flaws were also evident at the} the 





that the segregate would not have been included unless | 


a larger amount than usual had been cut off the bottom of 
the ingot, possibly toclear some defect. The steel of this 
plate was evidently defective, Pa in the author’s opinion 
the causes of this important failure must be consid 

as largely mechanical, as the segregation did not extend 
to the crack itself. 

C3.—This case is of an exceptionally interesting char- 
acter, as the plate fractured under the hydraulic test, not 
through the man-hole itself but through the rivet-holes at 
one end of the ring, the pressure at the time being at a 
little under twice the working pressure. There was only 
one strake of plating in the boiler, the man-hole being 
rather near the back end, and it had a plain ring double 
riveted. — _ eee i be = = ° =e 
passing thro our rivet-holes, at whic! ce the edges 
were open Th fn. ; this distance diminished gradually to- 
wards theends. At the man-hole the edges were also 
spruvg outwards 2} in. The analysis from the metal 
near the man-hole showed nothing unusual, but as the 
microscope revealed a large structure with segregation 
at the centre (see Photo No. 21) it would seem that 

drillings for the analysis must have been taken 
near the surface. Seeing that the man-hole was not 
in the longitudinal axis of the plate, it is probable 
that the tion at that part would be heavy, 
unless the te had been cross-rolled. One of the 
transverse tensile tests taken near the fracture, broke 
with a very low tonnage owing to the presence of a 
small crack, and another gave only 18 per cent. extension 
in 5 in., owing to tion ; but the others gave satis- 
factory results, and the fracture itself showed uo addi- 





more successful, and, so far as tensile tests go, these are 
certainly the most valuable for ascertaining the inferior 
parts of steel plates. In nearly all the cases dealt with 
the bend tests were satisfactory, and at first sight it 
seems somewhat of an anomaly that a piece of a plate 
can be bent through 180 deg., whilst the whole plate 
fractures at a very slight angle. The conditions are, 
however, wholly different, as in a bend test the metal 
can flow with little restriction, whilst in the oy very 
little lateral flow is possible. Fig. 1, » 647, shows 
the distortion which takes place in an o | bend ; 
it can be seen that the relative contraction and expan- 
sion of the two sides diminishes in proportion as the 
width of the bend is increased, and that in a plate the 
metal is subjected to pure stretch and compression. 
This fact is of special importance in considering the 
effect of hammer-dressing, as though it is frequently 
possible to bend a strip of steel after being hammered 
on the outer surface, it does not therefore follow that 
hammering a wide plate would be equally innocuous. 

In dealing with these cases it is essential to remember 
that one cause of weakness does not prevent others, and 
that in general it is the simultaneous occurrence of 
several defects which results in failure. For instance, 
it is not sufficient to say that a plate failed because it 
was segregated; there is little doubt that there are 
many more or less ted plates in boilers, but they 
have not failed as no other diverse conditions were 
present. A good plan in dealing with a failure is:to 
estimate the percentage value of the different caus®s 
Rows the fracture, and this has been done in 

able I., page 651, but it will, of course, be understood 
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tional cracks. Some notched bar tests gave poor results 
—three and five blows—and on annealing the specimens 
with slow cooling this number lacumaedl te twenty-six 
and eighteen. On the whole, the tests and examination 
do not show that the metal was sufficiently inferior to 
cause failure, and it is therefore, to a large extent, a ques- 
tion of internal stresses, whether produced by rolling or 
riveting. The fact that the plate failed in a part near 
the man-hole, where the strength was but little reduced, 
points to some cause arising from the riveting. The 
author is therefore inclined to believe that, as will be 
explained later on, the chief stresses in the plate were 
— by riveting the end rivets, and then working 
rom the other end of the ring towards the part where 
failure took place. 
C4.—This plate was made by the basic open-hearth 
process, and is the ene referred to by Mr. Milton in his 
per, the material of which was thoroughly investigated 
y Dr. Arnold, the report made by him being given as 
ix to the paper. The author only includes it 


P| 
here therefore for the sake of comparison, but as he had | sna! 


several pieces of it giver. to him by Mr. Milton, a few 
observations may not be out of place. It should be 
stated that this plate fractured right across through the 
solid metal under the hydraulic test. Dr. Arnold con- 
cludes that the plate had some abnormal thermal treat- 
ment in the mill which made it brittle; if, as would 
appear from his previous remarks, this was caused by 
overheating the slab, the author is in entire agreement 
with him, as many of the sections showed considerable 
amounts of compound crystals (see Photo No. 22), and, 
considering that the plate was only 1 in. thick, it seems 
probable that as the finishing temperature was high, the 
slab itself must have been grossly overheated. In some 
other sections examined by the author, there were some 
carbonless b»~ds } in. from the surface—a very unusual 
place—and ;Wrosity at the centre. The ferrite crystals 
were extremely soft, and, in polishing the metal gave an 
appearance of slight porosity, which was absent from 
e acid steels dealt with in this paper. As stated by 
Mr. Milton, the plate was com with a similar one 
made by Messrs. 7 and 8, of Newburn. The 
author made the following simple experiment with a 
fatigue test-piece from each plate :—The two pieces were 
placed close together and heated to a bright red, and then 
pte chee oe gm el Photos Nos. 23 and 24 show the 
structures thus obtained, the differences being remark- 
able. The causes of failure of this plate were not wholly 
defined by Dr. Arnold, and this exemplifies the great 
difficulty an investigator experiences when he is not able 
to see and select his own tests from the fractured plate. 
It may be added that the weight of the plate as cut was 
67 per cent. of that of the ingot, so that it would probably 
contain the major segregate, which faet may explain the 
t differences Dr. Arnold found in a piece sent 
a may have had an important influence in causing 
ure. 

It will be noticed that the longitudinal tensile tests, 
even when taken near the fractures, seldom revealed any 
abnormal] features, whilst the transverse tests were far 





that the values are only approximate estimates. When 
the total does not 100 it means that the author 
does _ consider that all the causes have been ascer- 
tained. 

In many cases hammer-dressing is given as one of the 
causes, and this is something which one might have 
hoped would have ceased long ago. Unfortunately, it 

uently happens that a little hammering saves a good 
deal of chipping and buffing, and the temptation to use 
the first-mentioned tool is considerable. Moreover, it 
is almost impossible to detect it if the plate is buffed 
afterwards, and of this fact the loading bank staff are 
generally aware, so that very stringent orders and con- 
stant es, are necessary to prevent it being 
done. In point of fact, the only certain metbod of 
detecting it is to examine a section of the plate after 
fracture occurs, when it is generally } y evident. 
The surface defects which necessitate dressing may be 
only ronghness caused by scale being rolled in, or they 
—~ 4 of a more serious nature in the shape of laps, 
&c., or due to the local +> of phosphorus 
which cause the ‘‘ ghosts” in forging. The latter are 
probably the worst defects, and, as can be seen in Photo 
No. 7, must seriously reduce the ductility of the plate 
as regards bending; they may also tend to give a rough 
surface in rolling by sticking to the rolls, and will assist 
in causing corrosion when the plate is in the boiler. The 
nature and origin of these local segregations have been 
dealt with by Dr. Stead in a lecture on “‘ Phosphides and 
Carbides in Iron,” and it is to be hoped that steel-makers 
will endeavour to produce ingots for such important 
plates with a minimum amount; probably the best plan 
1s to keep the phosphorus content as low as possible. 

Dressing tes, as now done with an electrically- 
driven emery-wheel, is per se generally supposed to pro- 
duce no effect, and probably this is true if only the 
surface is cleaned. If, however, an extensive deep 
defect, produced, say, by scale, being rolled in, is 
removed, it is quite conceivable that when the plate is 
bent local stresses are —— seeing that the resistance 
to bending varies as the square of the thickness. These 
stresses may be serious in amount, and in some cases may 
be even one of the primary causes of failure. 

It has been pointed out by Mr. David Colville and 
others that severe internal stresses may exist in heavy 
plates, as their stiffness prevents them from buckling in 
the manner that thin plates do when the rolls are not 
ary and — is little —_ that Hae cause is a factor, 

possi sometimes the princi one, in producing 
failure. nfortunately, it seems scarcely possible to 
ascertain the amount of these stresses, or, indeed, to find 
out when they exist in a plate in most instances, but it 
has been — by some investigators that the bubble- 
shaped crack which so frequently occurs in defective 
plates is due to this reason. A typical example of this 
crack is shown in Photo No. 25; it is a type which is nearl 
always at right angles to the direction of rolling, an 
jicular to the surface of the plate. Asa rule, the 
surfaces of these cracks are oxidised and are fairly flat, 


and their depth varies from one-half to three-quarters the 
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thickness of the plate. lf would seem that, if they are 
the result of relieving internal stresses, the latter reach a 
maximum at some point below the surface. 

In addition to the rolls being actually untrue or ha 
become so when hot, there is also the risk of interns 
stresses being set up by the plate bei ss to rain 
through a leaky roof or from having other plates piled on 
it when hot. The latter must be considered a bad prac- 
tice in every way, as very serious stresses may be caused 
through the plates only partially covering each other, so 
that one part of the plate is almost cold whilst the other 
is still at a red heat, and it is quite conceivable that this 
cause alone might be sufficient to produce failure. Even 
if the plate is wholly covered by another, it is possible 


that it may be maintaimed at the Sagem temperature | the shell 


of 700 deg. Cent. for some time, thereby producing 
brittleness by partially turning the pearlite into cemen- 
tite. Owing to the circumscribed space in some works, it 
is difficult to avoid piling altogether, but it would be well 
that, if it is done, it should be confined to plates which 
will be afterwards heated in the course of manufacture. 
In any case the author is of the opinion that the only 
satisfactory way to ensure that heavy plates are as free 
as ible from internal stresses is to anneal them. This 
will remove the effect of finishing at too high a tempera- 
ture (see Photo No. 11), or too low (Photo No. 5), and also 
ths results of slow cooling at an improper temperature 
(Photo No. 18), and as these evils are not revealed by the 
usual tests, it is the more important to ensure that they 
d» not exist. Al:hough it might seem a simple matter to 
anneal a mild steel plate, yet experience has shown that 
there are several pi falls to be avoided. In the first place 
the most suitable temperature has not been definitely 
settled ; it is true that there have been many laboratory 
demonstrations, and that one or two practical papers, 
such as that by Mr. Campion, have been read, but it does 
not appear that the subject of heavy mild-steel plates 
has been dealt with, or, if so, that it has come to the 
knowledge of, at least, some works. The author has 
seen the results of a series of experiments in this 
connection which have recently been made at a ve 
progressive steel works, but these, being confidential, 
cannot, of course, be given in this paper; but it is to 
be hoped that perhaps one of the Carnegie scholars may 
find time to deal with this practical but compara- 
tively simple subject. One point of importance may be 
mentioned, which is, that mild steels containing a fairly 
high percentage of phosphorus require very much more 
drastic annealing than those with a small percentage ; it 
is indeed remarkable how very persistent is the structure 
of a moderately high phosphorus steel. In the case of 
plate B 4, in which the pearlite was partly in the form of 
cementite, even after annealing a small piece for half an 
hour at 850 deg. Cent., comparatively little difference 
was made in the structure. 

It is also of great importance that the whole plate 
should be raised to the same temperature when being 
annealed, and although this should be the first axiom in 
annealing, it is not altogether an easy matter to effect 
with large plates, and some of the older annealing fur- 
naces are not free from suspicion in this respect. 
Pilates B2 and B4 are prominent examples of the harm 
waich can ba done in this way, and the author has fre 
quently seen others withdrawn from the furnace in which 
the colour varied very considerably. Annealing may 
also be easily abused by soaking a plate to bring its ton- 
nige down, and there are some people who apparently 
see no evil in this if the elongation is satisfactory, as it 
generally is, forgetting that cartain forms of brittle 
m terial are quite satisfactory judged by the elongation. 
Owing to the readiness with which this measure of 
ductility can be applied, it is in almost universal use, but 
the fact alone that bend tests are also required with s:eel 
plates should be an indication that it is not an absolute 
determination of the suitability of the steel. Unques- 
tionably the use of the pyrometer might be extended in 
dealing with the annealing of such important material, 
and it is difficult to believe that the trifling extra expense 
would not be soon repaid by the avoidance of expensive 
rejections. 

In most of these plates the chemical composition is 
not abnormal, and would not be objected to for most 
purposes; that is, the sulphur and phosphorus do not 
exceed 0.06 per cent, or if they do, it is only by a 
small amount. In large plates, however, where the work 
done on them is comparatively small, it is necessary 
for the metal to be exceptionally pure, and it must be 
remembered that both the major and minor se ations 
increase with large masses of steel. Phosphorus and 
sulphur unfortunately segregate so much that, although a 
certain percentage would harmless enough if dis- 
tributed evenly, it may produce failure owing to these 
segregations. For these reasons it is suggested that 0.05 
per cent. should be the limit for phosphorus, especially if 
there is an appreciable quantity of arsenic present ; the 
latter elemant is one whose bad qualities are not always 
fully realised, and it is a good plan, as adapted at at least 
one works, to add the quantity of it and phosphorus 
together in estimating the suitability of the steel, in 
which case the total should not exceed, say, 0.06 per cent. 

t also appears that phosphorus has a strong tendency 
towards turning the pearlite into cementite, which occurs 
also if the plate is heated for some time at a temperature 
below 700 deg. Cent. 

It is sometimes urged that, owing to the progress of 
knowledge and increased skill in manufacture, the nominal 
factor of safety of marine boiler shells might be reduced. 
It is also argued that the joints themselves do not fail, 
and that the shell-plate itself has a fairly large factor— 
¢.g., with a nominal factor of 45 for the joints, and a 
Laeger strength of 85, the theoretical factor of 
safety the shell-plates would be nearly 5.3. So far 
as the steel itself is concerned, the facts given in this 





paper should be a sufficient answer, but it is well also 
to remember that the calculation of the mechanical 
stresses in boilers is not so simple as is often sup . 
The boiler-shells themselves, ugh circular, and even 
when fitted with double butt-straps, are, asa rule, sub- 
jected to additional stresses than pure tensile ones. For 
instance, in the case of many double-ended boilers the 
shell-plates are tied horizontally only by the combustion- 
chamber stays, with the result that when subjected to pres- 
sure they tend to me oval, or, more strictly speaking, 
of the form shown in Fig. 2, page 647. This movement 
is quite perceptible, especially when comparatively thin 
high-tensile plates are used, and has caused distortion in 
the combustion-chambers. It is evident, therefore, that 
ell-plates themselves must be subjected to somewhat 
complicated stresses at the points a and b. is al 
a considerable ——e action, due to the ends of the 
shell being immevably fixed to the end plates, this bei 
most severe in boilers in which only one strake of shell 
plating is fitted. 

With regard to — gee the conditions are much 
more severe in practice. he usual plan is to fit a 
doubling plate, the net section of which is equal to that 
of the plate cut out, but this is only a rough approxima- 
tion, and there is little doubt that the factor of safety of 
the solid plate is reduced at these Tt has been 
shown by Mr. John Smith, R.C.N.C., in his paper on 
** Stresses in Ships,” read before the British Association 
in 1906, that the stresses round openings in plates 
approximate to those of the lines of flow of a stream 
of liquid flowing round a similarly -shaped obstacle. 
In the case of man-holes these increase greatly at 
the edge of the opening, and in manholes of the usual 
shape (Fig. 3) they are not necessarily at a maxi- 
mum at the minor axis. Another and even greater 
reduction of strength at the man-holes may be caused 
by the method of riveting the compensating - ring. 
When these are of considerable thickness, such as are 
necessary with heavy shells, and especially when flanged 
rings are , it is extremely difficult to make them 
accurately fit the curve of the shell-plates. Consequently, 
when being riveted by the modern powerful hydraulic 
machine considerable creeping takes shane, and it depends 
largely on the order in whieh the rivets are pub in 
whether tensile stresses are or are not produced in the 
shell-plates. Suppose, for instance, that —- is begun 
at the ends of the major axis, rivets being 
placed at each end, then as the riveting approaches the 
minor axis the compensating-ring will tend to spring off, 
and an enormous tensile stress will be produced in 
the shell-plate, which stress, it must be remembered, 
will be in addition to that produced by the pressure 
of steam. This is about the worst result possible, but, 
if not carefully done, effects of the same nature can 
be readily produced by other methods of riveting. The 
proper manner to rivet is evidently to begin at the minor 
axis, and rimer the rivet-holes when creeping occurs. It 
may be observed that in plates C1, C2, and C3, where 
fracture occurred at the man-hole, the edges of the plate 
remained open, and although it is impossible to prove 
how much of this movement was dve to internal stresses, 
and how much to the effect of improper riveting, yet it is 
probable, in the author’s opinion, that the latter had in 
these instances at least as much influence as the former. 

In connection with boiler-snop work, 11 may be observed 
that the modern method of bending plates in a vertical 
roller-press seems to be undoubtedly more severe on the 
plates than the old method of bending in the rolls. With 
the former method plates are sometimes bent in three 
passes, or even less, which would be impossible with the 
older apparatus. 

The effect of shearing on the edgeof the plate is another 
element which has to be taken into account in considering 
failures, and indeed in some cases the fracture has been 
attributed entirely tothiscause. Though the author is of 
the opinion that this cannot be said of the instances 

uoted in this paper, yet it is undoubtedly true that the 

istance to which the deformation produced by shearing 
penetrates is not fully recognised by many boiler-makers. 
The amount which should be removed will vary accord- 
ing to the state of the shears, but by testing some 
sections with Shore’s sclerometer, Mr. A. McCance, of 
Messrs. William Beardmore and Co., Parkhead, has 
ascertained that the hardness produced by shearing 
extends to a distance of about half the thickness of the 
plate with the shears in average condition. This is 
considerably more than is usually assumed, an addition 
of only } in. for shearing being a common allowance; it 
would therefore seem that this should be considerably 
increased. It has been suggested that the best remedy 
for this danger would be for the plates to be rip; to 
size once for all at the steel works, and undoubtedly this 
will altogether remove trouble from shearing effects, and 
would save expense, whilst at the same time the test- 
ieces could be relied upon to be free from defects, it 
ing well known that with thick plates these have 
to be made very wide or else cut out by the machine 
to avoid the prepared part being affected by the shearing. 
The chief disadvantage of the pro ure would 
be the difficulty of ascertaining if segregation existed 
in the plate, this being generally easily detected on 
the sheared edges; but it is difficult to see if the 
plate is machined. In practice this is of importance, 
especially as segregation occurs, as a rule, away from the 
parts where the usual tests are taken ; but this deficiency 
might be overcome by taking additional tests, and the 
ce of advantage would be in ripping the plates. It 
might be mentioned that this is occasionally done with 
very thick plates in some works, especially when the 
margin for test-pieces is small, so as to avoid ey to 
the latter ; but even then an allowance has erally to 
be left so that the boiler-makers may take the responsi- 
bility of reducing the plate to its final dimensions. 


Iso | al 


cernately | wil 





As stated above, the usual test-pieces are taken from 
parts where segregation is likely to be absent ; they 
are also the parts which are never fi at an excessive 
heat, so that they will generally give better, or at least 
as good, results as any other part of the plate. It may 
€ that tests taken close to the edge can 
give a ton or more tensile strength than the body of the 
plate, a fact which is shown by many of the examples 
iven in this paper. The position of the test-pieces 
ollows those made from iron plates, and in the early days 
of the use of steel ion was little heard of—at any 
rate by those outside the steel works ; moreover, the 
lates were small and thin, and trouble from this defect 
id not often arise. Certain yo societies have 
uired cross tests as well as itudinal tests, and 
ough these, asa rule, are also taken at the 
they do show to some extent whether the steel has 
insufficient work on it, and whether it is fairly free from 
sulphur and blow-hole flaws, which defects produce little 
or no effect on the longitudinal tensile tests. The Board of 
rade have, however, for some time instructed their 
officers, when the proportion of the ingot used is large, to 
take cross tests from the centre of the ends of tes, 
with a view of detecting segregation, and experience has 
shown that this test is a very effective one. If the 
plates are cross-rolled, so that the longitudinal axis 
of the ingot corresponds with the transverse one of 
the plate, these tests must obviously be taken from 
the centre of the sides. A fair proportion of heavy 
plates have failed under this test, and this is, un- 
doubtedly, due to the fact that the size of the ingots 
has not increased in proportion to that of the plates; 
indeed, in some works it is impossible to increase 
further, owing to the restrictions im by the cogging 
and rolling-mills. Even if the mills are large enough, 
their strength may be inadequate, with the consequence 
that it is necessary to roll down the slabs at an excessive 
temperature, under which circumstances the segregate 
— be so fluid as to be squeezed out of the end of the 


It is sometimes suggested that tion cannot be 
very harmful, as the inferior metal is situated at the 
neutral axis of the plate; but this argument does not take 
into account the stresses induced when removing any 
want of flatness in the plate. Moreover, if we consider 
the effect of segregation in the plate when being rolled, it 
1 be seen that it may be of serious importance. Even 
if the segregate is not actually fiuid, it will be in a more 
pasty condition than the remaining metal, so that that 

rt of the slab which contains it issomewhat in the con- 

ition of a box containing a more or less fluid interior. 
It will be seen that under these conditions the flow of 
metal becomes complex, and abnormal stresses may be 
set up by the rolling-mill. Apart from this, the segre- 
gate is inferior and brittle metal, which should at all 
costs be kept out of such important articles as shell 
i. and that it is harmful is shown sufficiently by the 
ailures of plates C 1, C 2, and C3, through the man-hole, 
so that it is not necessary to elaborate this point any 
further. 

Although not mentioned in the heading ‘‘ Probable 
Causes of Failure,” there is one which is, as it were, a 
master cause, and that is, insufficient work on the steel 
due to the plates being made from too small an ingot. 
The exact proportions are not available in all the cases, 
but, apart from the instances given in this paper, the 
author has ample experience as to the evil effect of using 
too small ingots. In the first place, there is the risk of 
including part of the major s ate, the position of 
which varies, as is well known; but from experience it is 
found that if the weight of the plate, as cut, much exceeds 


45 cent. of the ingot, there is an increasing proba- 
bility of including part of it, and with 60 per cent. the 
probability almost becomes a certainty. It must be 


understood that ingots of the usual proportions are con- 
sidered, and that about 5 per cent. is cut off the bottom 
ends. If a larger proportion is cut off, there will natural] 
more danger of approaching the major te wi 

the plate slab, and for this reason it is desirable to allow 
a fair margin with the percentage. With special methods 
of casting a higher proportion could doubtless be used, 
but this is a matter which rests with the steel-maker. 
Even if this be done, the objection still remains that insuffi- 
cient work is put upon the material, and this is a point of 
the greatest importance. In the first place work removes 
to a large extent the deleterious effects of the minor segre- 
gations of phosphorus; and, secondly, it makes the 
material more reliable and ductile. This latter quality 
is, apr pernee only partially measured by the elonga- 
tion of the tensile test-piece, for, as is well known, it is pos- 
sible to get steel castings giving as good results, so far as 
strength and elongation are concerned, as rolled steel, yet 
no one would care to stand in front of a boiler under 
steam if the shell-plates were made of cast steel. 
percentage of reduction of area is a more reliable measure 


of true ductility, but to obtain the parti- 
culars considerably more time would be coquieed than is 
usually available. 

To some extent the work put into the plate may be 
estimated by the chemical analysis. It is recognised in 
steel works that the carbon content must be increased 
with the thickness, which means that the work done on 
the material is reduced, even allowing for the fact that 
thick plates are generally finished at a higher tempera- 
ture than thin ones. e author suggests, therefore, 
that a limit of carbon and manganese might be required 
for each tensile limit in the same way that the amounts 
of sulphur and phosphorus are restricted. Plates 
Nos. All and B3 may bs quoted as examples of the want 


of this restriction ; in these plates the carbon was 0.35 
and 0.3 per cent. for a thickness of 1/, in. and 1§ in. 
These quantities approach those allowed for steel cast- 


ings, and, indeed, the structure of these plates was 
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of these plates gave, however, quite satisfactory results, 
but both plates are typical of the use of too small ingots 
with a high finishing temperature. r 
To sum up, it would caper that in order to eliminate 
oe risk oy eitere the following points should be com- 
wi 
1. Large ingots ; the portion of the weight of the 
plate, rom ag not to pal nt about 45 per cent. of that of 
always 


the i 

2. Effective annealing, the pyrometer bei 
used, and a record kept of the temperature to which each 
plate was subjected as well as the length of time it was 
in the annealing furnace. 

3. Low phosphorus, not to exceed 0.05 per cent., or 
with —— 0.06 oe. hich EIR, 

4. ction parts whi uire dressing by an 
indepentent i , no plate to accepted at the 
boiler ry — has been oy ¢ (ee 
stam: y the inspector on the is 
has - done by the Board of Trade for many years.) 

5. Occasiona] transverse tests to be taken from the 
centres of the ends or sides of the plates corresponding 
with the longitudinal axis of the ingot. _ o> 

The of Trade have willingly given permission 
to use the official records for this paper, in the hope that 
the particulars given will help to prevent failures in 
— The - or yoy ao Mr. nan | Colville 
or granting the use of t ne photomicrographic appa- 
ratus at Dalzell Works, and Mr. H. J. Pinkerton, chief 
chemist at those works, for taking many of the photo- 
graphs given in this paper. 





Tue Copper Marxet.—In their monthly report, dated 
the 1st inst., Messrs. James Lewis and Son state that 
Standard had fluctuated to the extent of about 3/. per ton 
during the past month, rising from 65/. 5s. for cash to 
66/. 1s. 3d. on the 6th ult., and falling to 63/. 2s. 6d. on 
the. 24th ult., recovering to 64/. on the 29th ult., and 
closing on the Ist inst. at 63/. 15s., with three months 
prompt at 64/, Sales amounted to about 22,000 tons. 
At one time there was a backwardation of 5s. per ton 
for three months, as warrants for Standard were scarce, 
the chief part of them being held on American account. 
Sules of refined copper bad been very limited, but a 
reduction to 14% cents a pound and 65/. 10s. per ton c.i.f. 
for electrolytic induced rather more business during 
the last few days. If the very large exports of American 
copper to Europe during the past four months—an in- 
crease of 19,283 tons as + oy: with the same period 
last year—have all been taken by manovfacturers, they 
must hold sufficient stocks to provide for their require- 
ments for some time to come. The stagnation in the 
metal trades in the United States had been accentuated 
by the outbreak of hostilities between that country and 

exico. 





Surpsuitpine in Itaty.—The bulletin for March of 
the British Chamber of Commerce for Italy states that 
on January 1, 1914, there were in course of construction 
in Italian ye oy (nine "+ an 14 — 
aggregating about tons gross. In as in ’ 
man aasieene were purchased abroad ; these, in 1913, 
numbered 79 (of which 69 were British-built); in the 


same year there were but 11 ships built in [taly to sail | da 


under the Italian flag. In the aggregate, me 5 J last 
year, the Italian mercantile fleet was increased by 90 
steamships (54 having Genoa as their port of registry), 
plus 49 tug-boats which were natio . Naval con- 
struction in Italy is proceeding very sony. despite her 
excellent phical position. The shipbuildi: 
are only just beginning to feel the effects of the law 
No. 745, of July 13, 1911; up to January 1, 1914, bounties 
have been conceded to 46 vessels, ceunening as 
tons gross, whilst 40 vessels, representing tons 
gross, already launched, will be provided for w com- 
pleted. The law No. 745, of July 13, 1911, in question, 
mts bounties to the Italian shipbuilding industry 
uring 15 years, for vessels built for account of Italian 
owners, as follows:—(1) Customs’ compensation, for 
every ton of 35 lire if of iron or stcel, or of 
15 lire if of wood, plus the option of importing from 
abroad duty-free one-quarter of the metallic material 
required for building hull, not to exceed, however, 
the limit of 129 kilos. per ton The customs’ com- 
pensation is reduced by 10 per cent. if in the construc- 
tion of tbe hull there is used more foreign material than 
the said one-quarter, independently of the full duty pay- 
able on the excess. (2) Building compensation or bounty 
(iron or steel vessels only) for —? ton gross :— 55 lire 
if launched within five years of the date of the law; 
50 lire if launched after five but within ten years; and 
45 lire if launched after ten but within fifteen years. For 
sailing vessels built of wood, besides the aforesaid customs’ 
com tion, there is granted a uniform ee ae 
of 10 lire per ton gross. For the construction in Italy of 
machinery, boilers, and auxiliary apparatus for naviga- 
tion purposes, the following bounties are granted :—(1) 
For steam propelling machinery and auxiliary apparatus 
forming an integral part thereof, 15 lire indicated 
horse-power ; for turbine machinery, 17 lire. (2) For 
boilers for the above, 12 lire per 100 (3) For auxiliary 
apparatus on canes whatever may be the ey a 
not assigned to machinery, per 
100 kilos. The above | 
iron and steel steamships, d and decked tugs may 
be conceded to a quantity not exceeding 40,000 tons gross 
yearly until the expiration of the law—+.c., to a maximum 
total of 600,000 tons gross. Other nties, ex 
ceptions, &c., are not mentioned above, but the total 
30a, 0008 expenditure is a maximum of 6,200,000 lire, or 


yards | F 


-|of the Argentine Ministry of 
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of Trade Journal. urther information i 
projects can be obtained from the cummin 

Intelligence Branch, Board of Trade, 73, Basinghall- 

street, on, E.C. 

Canada: The Imperial Trade Correspondent at 
Toronto reports that a firm of agents doing business in 
railway supplies in Toronto is desirous of communi- 
cating with United Kingdom manufacturers of such 

with a view to their mtation in Canada. 
Imperial Trade Correspondent has also forwarded a 
copy of the report of the Public Roads and High- 
ways Commission of Ontario, from which it appears that 
the Province of Ontario will probably spend a capital 
sum of 30,000,000 dols. (about 6,166,700/ ) in road- ing 
during the next fifteen years. It is expected that a con- 
siderable amount of work in this connection will be 
carried out as soon as the effects of the recent financial 
stringency have away. 

Australia: H.M. Trade Commissioner reports that 
the Water Committee of the City Counvil of Ipswich 
(Queensland) has decided to i the capacit 
pumping plant, at a cost of about3000/. It is understood 
that this is a temporary scheme, and the Committee re- 
commends that if a larger supply be considered necessary, 
applications should be invited for the supply of a plant 
capable of delivering 200,000 gallons per hour. .M. 
Trade Commissioner also reports that the Shire Councils 
of Ipswich City, Bundambs, Brassall and Purga, in 
Queensland, have conferred in connection with the pro- 
posed construction of a system of tramways for the city 
and district. 

France: The Journal Offciel, Paris, states that a decree 
has been signed by the French President authorising the 
Nantes Chamber of Commerce to raise a loan of 850,000 
francs (34,000/.), to be used for the ——- of four 
steam cranes of 1500 kilogs. each, five electric cranes of 
5000 kilogs. each, and four electric cranes of 3000 ki 
to 5000 kilogs. each, and for repairs to the twelve electric 
cranes at present in use on the Antilles Quay. 

Switzerland : The Feuille Fédérale Suisse states that an 
80 years’ concession been awarded to the Societa 
Ferrovie Luganesi for the construction and working of 
an electric railway line, to be built in three sections, from 
Lugano via Ponte Tresa and to a. The 
line, which is to be single track, with a gauge of 1 metre, 
bas to be completely finished.and ready for working 
within two years from the date of commencement of the 
work. The estimated cost of construction is 960,000 
francs (38,400/.) 

Austria-Hungary: The Lieferungs Anzeigcr, Vienna, 
states that the Government has ordered the extension of 
the harbour at Riva to be carried out, at an estimated 
cost of 500,000 kr. (about 20,8337.) These harbour exten- 
sions are in connection with the introduction of Austrian 
shipping on Lake Garda. 

Portugal (Angola): H.M. Consul at Loanda reports 
that tenders are invited by the Public Works Depart- 
ment of Angola for the construction of the first 50 km. 
is 31 miles) of the extension of the Malange railway. 

urther particulars may be obtained from the Secretaria 

ey das Obras Piiblicas, Loanda, where also 
tenders will be received up to2 p.m. on June 12. Tenders 
must be accompanied by a certificate of the deposit of 
5000 escudos (940/.) with the branch of the Banco Ultra- 
marino in Loanda, as agents for the saan to the 
order - the Administration of may and em 8. 
oreign firms must agree to renounce special rights 
enjoyed as foreigners, and if the tenderer is the repre- 
sentative of a non-Portuguese firm, he must be provided 
with a proper power of attorney, not only authorising 
him to present the tender of that firm, but also, in its 
name, to renounce all special rights as above mentioned. 
H.M. Consul adds that, although not of great import- 
ance in itself, this first section will be the first part of the 
longer extension of the ge railway which has been 
decided on by the Portuguese Government, and for which 
funds have on allocated both by the Central Govern- 
ment and also by the Government of Angola. It will be 
observed that the time for the receipt of tenders is 
limited, and owing to particulars having to be obtained 
from Loanda, this intimation will be of use only to firms 
having ts in Portuguese West Africa who can be 
instructed by cable. 

Morocco: With reference to a propored loan of 
230,000,000 francs (9,200,000/.) for public works in 
Morocco, H.M. Ambassador at Paris reports that a law 
b _— on March 16 authorising the Government of 





rench Protectorate in Morocco to raise a loan of | a8 


170,250,000 francs (6,810,000/.) at a rate not exceeding 
4.6 per cent. The loan is to be raised by instalments as 
the money is required, and each i ment is to be 
authorised by a Presidential decree. Amongst the chief 
items of expenditure involving constructional work may 
be mentioned the following :—Port works at Casablanca, 
2,000,000/ ; roads, 1,450,000/.; construction and installa- 
tion of hospitals, ambulances, schools, &c., 800,000/.; and 
telegraphs and tele 440,0002. 

Brazil: The jario Official contains a decree 
(No. 10,818) net fe expenditure of a sum cf 
3,633,635 milreis (about 242, 200/.), on a section of railway 
35 km. Pee miles) in length between Hansa and 
Pepery-Guassu. mS : 

Argentina: H.M. Minister at Buenos Aires reports 
that tenders are invited by the poe Works Section 

ppl d deli of (a) steel naps -~ ph = 
supply an livery a parts requi or the 
repair of Cag = tery (6) a steam travelling gantry 
crane of 1500 kg. (about 14 tons) lifting capacity. 


of its | &9gin 





Small Tools.—A catalogue givi rices and icular 
of cache and dian, toga smmae teubddie comine 


spanners, mmers, caulking - tools, tube-ex- 
panders, tube-cutters, vices, augers and bits, rail-benders, 
and other small tools for engineers, has been issued by 


the Midland Manufacturin 
Works, Savile-street, East 


Com 
heffield. 


Potentiometers.— From Messrs. Crompton and Co., 
Limited, Salisbury House, London Wall, E.C., we have 
received a catalogue section relating to Crompton poten- 
tiometers. The catalogue illstrates and fully describes 
the instruments, and clearly explains the use of them for 
central station and commercial testing work. Acces- 
sories such as resistance strips, volt-boxes, galvanometers, 
and standard cells are also fully dealt with. Prices are 
stated, and the results of tests made by the National 
Physical Laboratory on potentiometers and standard 
resistances are also included to show how extremely 
accurate they are. 


Paints, Varnishes, and Lubricants.—Messrs. Peasegood 
and Co., of Hull, have sent us a little booklet giving 
particulars of paints, varnishes, and lubricants for the 
eering and iron trades. e firm manufacture 
quick-drying protective paints specially adapted for all 
kinds of ironwork where only one coat is required. These 
— which dry in from two to three hours, are said to 
ve the appearance of a varnished paint, and to form a 
rotection against rust; they are manufactured in 
all colours. Other products of the firm are a bituminous 
black protective paint, ordinary paints ground in oil, 
aluminium paint, varnishes, turpentine, rosin, linseed 
oil, lubricating oils and greases, and rust preventives. 


Milling-Machines and Accessories.— Messrs. F. M. Frye 
and Co., 46, — Thames-street, E.C., have sent us a 
small illustrated catalogue of milling-machines and acces- 
sories, for which they have recently taken up the sole 
agency. Prices and full particulars are given of four 
plain machines, in which the working surface of the table 
varies from 28 in. by 8 in. to 42 in. by 12 ir.; of two 
universal machines with tables measuring 32} in. by 8 in. 
and 41 in. by 10 in. respectively; and of two vertical 
machines with tables measuring 18? in. by 7 in. and 
354 in. by 12 im. The accessories listed are dividing- 
heads, swivel-vices, rotary tables, vertical milling attach- 
ments, and universal milling attachmente, 


y, Limited, Celtic 


Machine Tools, d:c.—We have received from the 
Machine Tool Company, Limited, of London - road, 
Nottingham, a copy of their latest list of new and second- 
hand machine tools, and other plant they have in stock 
at Nottingham. The list includes planers, shapers, 
slotters, drills, boring-machines, gear-cutting machinee, 
lathes and lathe parte, millmg-machines, screwing and 
nut-tapping machines, grinding-machines, wood-working 
machines, and other tools, as well as a selection of 
hydraulic plant, air-com rs, cranes, engines, pumps, 
foundry plant, fans and blowers, and miscellaneous plant. 
Full particulare, including prices, are given of each item, 
and each is assigned a code word and number to facilitate 
inquirier. 

Motor - Launches. — A selection of design -sheets of 
launches suitable for contractors’ service in connection 
with harbour works, &c., has reached us from Messrs. 
John I. Thornycroft and Co., Limited, Caxton House, 
Westminster, S.W., who have made a ow feature of 
the construction of this type of craft. e sheets give 

particulais with elevations, plans, and photo- 
aphic views of vessels ranging from 30 ft. to 50 ft. in 
fensth, all of which use paraffin as fuel ; the engines can, 
however, arranged to work with petrol, zine, 
naphtha, and other similar fuels if desired. One of the 
vessels illustrated is a shallow-draught launch propelled 
by a screw working in a tunnel. is launch, which is 
suitable for use on Colonial and tropical rivers, has a 
length of 35 ft., a breadth of 7 ft., and the draught, with 
a load of 2 to 3 tons, is 12 ir. 


Botlers and Supcrheaters.—Messrs. Davey, Paxman and 
Co., Limited, of the Standard Iron Works, Colchester, 
have sent us a td Om their latest catalogue of boilers 
and superheaters. e firm’s well-known ‘‘ Economic” 
dryback boiler is first dealt with. These boilers are illus- 
trated and described, and ticulars are given of sixteen 
standard sizes capable of evaporating from 840 lb. to 
11,500 lb. of water per hour. It is mentioned, among 
many other advantages claimed for theee boilers, that no 
economisers are required with them, since the flue gases 
leave the boilers at a temperature which is only just high 
enough to produce the neceessry draught ; as much heat 
ible is therefore extracted from the gases in the 
boiler itself. They also cccupy less space than either 
Lancashire or water-tube boilers, and are claimed to cost 
very little for eee. The catalogue contains a list of 
users of these boilers, and illustrates a number of installa- 
tions. It deals with return-tube marine boilers, 

ish and Lancashire boilers, cylindrical multitubular 
boilers, locomotive-type boilers, and vertical boilers of 
the ‘‘ Essex” and cross-tube types; particulars of stan- 
dard sizes are given in each case. The remainder of the 
catalogue is devoted to superheaters. The advantages of 
superheating are first explained, and the firm’s indepen- 
dently fired superheater is then illustrated and described. 
Incidentally it is mentioned that one of these super- 
heaters, shown at Glasgow in 1901, is still working with 
the original set of tubes. pe for use in the rear 
combusti hambers of “ momic” boilers, or in con- 
nection with Lancashire boilers, are illustrated and 
described, and a smoke-box superheater for locomotive- 
type boilers is also dealt with. The catalogue is thus a 
useful and interesting publication. 
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THE NEW CUNARD LINER 
** AQUITANIA.” 
(Continued from page 624. 

We may now turn to a consideration of the 
valves for controlling the main turbines under 
normal conditions, and the special valves installed 
for the purpose of effecting the changes briefly 
described in connection with alternative systems 
of working in the event of any one of the 
turbines being put out of gear, intentionally or 
otherwise. 





THE MAIN STEAM AND MANCUVRING- 
VALVES. 


Apart altogether from the power of the in- 
stallation, and the consequent large diameter of 
the steam-pipes and valves, great ingenuity has 
been exercised in ensuring that these immense 
valves will be manipulated in the shortest pos- 
sible period of time. With such a large ship 
steaming at great 5 it is of the first import- 
ance that one valve should be closed and another 
opened very rapidly, in order that manceuvring 
can be done with exactitude and promptness. To 
ensure the former of these desirable qualities a 
most carefully-conceived system of interlocking 
gear has been arranged, and, as will be shown by 
the details which we illustrate and the full de- 
scription which follows, the manceuvring gear has 
been rendered fool-proof. While, therefore, it is 
possible to manceuvre with the two inner shafts, 
using only the combined low‘ pressure ahead and low- 
pressure astern turbines on each shaft, it is arranged 
that manceuvring may also be done with the ahead 
and astern turbines on the port side working sepa- 
rately from those on the starboard side of the 
ship. Unless the valves were manipulated in due 
sequence, there would be liability of steam entering 
simultaneously at the ahead and the astern ends of 
the starboard low-pressure turbines. All this 
has been rendered impossible by the interlocki 
of the valves, so that one valve cannot be open 
until what might be termed the opposing valve is 
closed. As regards the rapidity with which the 
change-over can be made, se te engines are 
fitted for manceuvring the valves through specially- 
devised levers or gear, so as to decrease tly 
the time otherwise nec to effect the desired 
closing or opening. The details of this mechanism 
are therefore of great interest. 

In describing in detail the steam-distribution 
system in the three turbine-rooms, and the succes- 
sive valves for steam-control and manceuvring, it 
may be noted first that the steam from the boilers 
passes through the two bulkhead-valves, one to the 
port and the other to the starboard of the centre 
line of the ship, as shown in the elevation and 
plan, Figs. 126 and 127, on e 658. These 
bulkhead-valves are of the double-beat type, and 
are mounted on the after side of the athwartship 
bulkhead, separating the three turbine-rooms from 
the after boiler-room. The pipe leading into the 
valve on the port side is 25 in. in diameter, and 
on the starboard side the pipe is 21 in. in diameter, 
the difference being due to the grouping of the 
boilers. 

There are two steam-separators with connection 
to both bulkhead-valves, one of these separators 
on the port side passing steam through a 32-in. pipe, 
and the other on the starboard side through a 25-in. 
pipe. On the port and starboard sides of these con- 
nections again are two master-valves, one for ahead 
and the other for astern working, on each side. The 
astern valves control the direct admission of steam 
at boiler pressure to fore and aft leads, which com- 
municate with additional valves for the admission 
of steam alternatively to the low-pressure ahead 
or the low-pressure astern turbines for manceuvring 
with the centre shafts only ; while the ahead valves 
control the admission of steam to the wing com- 
partments. In the wing compartments, but still 
on the athwartship bulkheads, there are the main 
manceuvring-valves. On the port side, on which 
the high-pressure turbine is situated, the pipe for 
ahead working is 32 in., and for astern working 
18 in. in diameter; while on the starboard side, 
where the intermediate-pressure turbine is placed, 
the ahead pipe is 25 in., and the astern pipe 18 in. 
in diameter. 

All the valves fixed in this athwartship bulk- 
head are, as will be understood, of massive pro- 
portions, and it was necessary to specially stiffen 





the bulkhead to carry them. Heavy transverse 
beams were therefore introduced on the forward 
side of the bulkhead. Where the longitudinal bulk- 
heads separating the turbine installation into three 
compartments join this transverse bulkhead, heavy 
brackets were introduced, so that very great stiff- 
ness was ensured for the support of the various 
valves. 

The bulkhead-valves, of the double-beat type, 
are controlled by small direct -acting steam- 
engines. of the Brown type, which may be con- 
trolled by hand or through emergency governors 
mounted on the forward end of each of the four 
lines of shafts ; these governors are of the Proell 
type, and when the speed of any turbine exceeds 
a predetermined rate of revolution, a weight 
located on the bulkhead ise released, and in its fall 
acts through rods and, levers upon the hand- 
levers controlling the valves of the Brown engines, 
releases the triggers of the hand-levers from the 
quadrant, and moves the levers into the shut posi- 
tion ; this arrangement will be described later when 
we come to deal with the interlocki system 
applied. In addition to the Pompey B. is a 
rack and pinion fitted to each of the valves to 
enable them to be operated manually. 


THE STEAM-SEPARATORS. 


The steam-separators are of an improved design 
suggested by Sir Charles Parsons. The aim in 
design was not only to ensure the separation 
of any water which might come over from the 
boiler with the steam, due to priming, but to 
obviate corrosion in the turbines. The drawings 
which we reproduce on page 656, Figs. 69 to 75, 
show how this has been achieved. The principle 
underlying the design is due to the acceptance 


of the theory that any corrosive element in the} d 


steam might be absorbed in the separator by 
the use of certain metals similar to those in use 
in the turbines—viz., cast iron, brass, and steel— 
and thus cast-iron grids were introduced with brass 
and steel perforated plates | alternate 
layers. The construction is shown in the drawings 
reproduced. Fig. 69 is a sectional elevation, the 
arrows showing the direction of flow of the steam 
through the cells of the separator. Fig. 70 is a sec- 
tional plan. Figs. 71 and 72 are respectively a section 
and plan on a larger scale of the top cell. Figs. 73 
to 75 give details of the remaining four cells. It will 
be seen that there are five cast-iron cells placed at 
different levels, and arranged so that the steam flows 
in parallel through them. Each cell is composed 
of a cast-iron case containing the cast-iron grids, 
which are separated from one another by alternate 
layers of brass and steel perforated plates. The sup- 
port for each cell is of gun-metal, which was used 
on this occasion merely for constructional reasons; 
steel would have been equally satisfactory had it 
been possib.e within the time to obtain a satis- 
factory casting. Special care is taken to eliminate 
as much moisture as possible from the steam. As 
shown in Figs. 73 to 75, any water that might flow 
along the sloping division is induced to run in a 
small channel to the region near division A, 
Figs. 70 and 74. The arrows again show the course 
of the water. The bottom of the separator is 
fitted with a splash-plate in the usual way. 





THE MASTER-VALVES. 

The 32-in. master-valve, into which the steam 
o- from the port separator, is fixed to the 
ongitudinal bulkhead, separating the centre engine- 
room from the port or high-pressure turbine-room, 
and alongside it there is the smaller valve, 16-in. 
in diameter, for controlling the direct steam to 
the port low-pressure turbines, ahead and astern. 
The 32-in. valve is illustrated in Figs. 76 and 77, 
on Plate LXXIII. The arrangement of gear 
for the 16-in. valve is generally similar to that 
for this valve, both valves being operated by the 
hand-wheels (Fig. 126, on page 658). It will be 
understood that on the starboard side of the 


ship there is a similar ement of 25-in. and 
16-in. valves. Each ny of valves is controlled 
solely by hand from the starting-platform. They 
are all of the double-beat type, and the interest- 
ing feature is the arrangement made for ease in 
opening and for rapid handling. Each valve is, 
as shown in Figs. 76 and 77, operated by means 
of a worm working on a quadrant, which is fixed to 
a shaft to which a couple of levers are connected. 
These levers are coupled up to the valve spindle 





by two rods. The valve-spindle is fitted with a 
crosshead, guided as shown, and the ement 
is such that there is a relatively small travel of 
the valve for an appreciable movement of the 
lever at the initial stage of opening, during which 
time there has to be overcome the load due to 
the difference in area of the two beats and tend- 
ing to keep the valve shut. When this load has 
been overcome the arrangement accelerates the rate 
of travel of the valve, owing to the change of angle 
of the levers. The effect is to enable the valve 
to be opened or closed with a very small effort at 
the hand-wheel on the starting - platform. This 
reduction of effort is very advantageous on account 
of the distance between the starting-platform and 
the valve and the indispensable multiplicity of bevel 

in the line of transmission. The 32-in. valve 
can either be used for shutting off the port-wing 
turbines or for regulating purposes. Similarly, the 
25-in. valve on the starboard side of the ship can be 
used for shutting off the starboard-wing turbines or 
for regulating purposes. The control-wheels for the 


two master-valves on each side are superposed at 
the starting-platform to economise space, the rods 
for each of the 16-in. valves passing through tubes 


which form the shafts for actuating the 32-in. and 
25-in. valves respectively. 





MAIN MANCEUVRING VALVES. 


The next in series of the valves on the bulk- 
head are the main manceuvring-valves, ahead and 
astern, and these are illustrated in Figs. 78 to 
86, on Plate LXXIII. On the port side they 
consist of a 32-in. ahead and an 18-in. astern 
valve, and on the starboard side of a 25-in. ahead 
and an 18-in. astern valve. They also are of the 
double-beat type, and are operated by Brown 
irect-acting steam-engines controlled from hand- 
levers on the port and starboard quadrants at the 
starting-platform, the lines of transmission having 


the necessary bevel sectors, as shown in Fig. 126. 
The port manceuvring-valves themselves are illus- 
trated in Figs. 78 to 86. Figs. 78 and 79 are 


es mg | a vertical section and sectional plan, 
and Fig. 80 an outside elevation of the two waves ; 
Fig. 81 a plan of the operating gear; Fig. 82 is a 
section through the 32-in. valve-chest, the valve 
itself being removed; Fig. 83 a similar section 
through the 18-in. valve-chest; Fig. 84 a large- 
scale detail of the 32-in. valve; Fig. 85 a similar 
detail of the 18-in. valve ; while Fig. 86 gives details 
of the 32-in. valve-spindle and its crosshead. The 
spindle for the 18-in. valve is generally similar, 
but of smaller dimensions. These valves are, it 
may be said, typical of the manceuvring-valves used 
throughout the installation. 

Figs. 80 to 82 show clearly the method of 
operating the way-shafts A and B respectively for 
the 32-in. and the 18-in. valves. To these shafts 
are fixed levers, through which the action of the 
steam-engine is transmitted to the valve-spindles 
as desired. The engine acts through two connect- 
ing-rods on to the lever O, whieh is attached to the 
horizontal shaft D, supported in bearings as shown. 
To the inner end of this shaft are attached two 
levers E, and to these in are secured three rods, 
two of which, marked F are for the astern valves, 
and one, marked G, for the ahead valve. The dupli- 
cation of the rods F, in the case of the astern valve, 
was necessitated in the interests of stiffness, because 
of their length and of their being in compression 
when the valve had to be raised, The rod G, on 
the other hand, is, in similar circumstances, under 
tension, and thus a single one sufficed. For ahead 
working, the way-shaft A carries two levers, which, 
in turn, are attached to a pin passing through the 
crosshead of the valve-spindle. This pin is shown 
at J in Fig. 86, and to it are attached links K, 
which are connected to a pair of rocking-levers L, 
in Figs. 80 and 81, at the centre of which a rod M 
is fixed, carrying an arrangement of springs to 
assist the return of the valves to their seats. 
A similar arrangement of levers N is attached to 
the way-shaft Band to the pin through the cross- 
head of the 18-in. valve, and. similarly coupled by 
means of links to the rocking-lever L. 

Upon an order being given for ahead working, 
the piston of the Brown engine moves the levers 0 
and E to the right when looking at Fig. 80. The 
rods F and G are also moved by means of the 
levers, but the ends of rods F, being slotted, as 
shown, are free to move without affecting the 
levers N. The rod G, although slotted, is so 
arranged that its movement is at once communi- 
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SECTION THRO’ TT. 


cated to the levers H through the pin 0, and thereby 
the valve is lifted, the springs on the rod M being 
compressed by the links K to an extent correspond- 
ing to one-half the distance through which the valve 
is raised. 

, Assuming that an order is then given for the 
ship to be driven astern, the Brown engine, when 
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brought into action, will move its pi 
left, as shown looking at Fig. 80, an 


its own weight, augmented b: 
springs transmitted through 
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SECTION THRO’ X.X, 


m to the 
the rods F 
and G will be traversed in the same direction. 
Owing to the action of the rod G, the valve, through 

the load on 
e rocking-lever L are fitted, one inside the other, and this gives a 
and the links K, will be brought to its seat. The strong yet com 
continuation of the movement allows the slot on’ 
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A SECTION THRO’ Y.Y. 


action on O; but the pin at P on the lever N 
will transmit motion to the rods F and to the 
lever N, so that the astern valve is lifted. In 
| order to obtain the maximum strength of spring- 
@ | load in the minimum of space available, two springs 





arrangement. 


On the star side of the ship there is an 


the rod G to be effective, and thus to obviate any exactly similar arrangement for giving steam direct 
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to the starboard outer and inner shafts, the steam 
passing from the boilers direct to the intermediate- 
pressure turbine, so that with the use of these main 
manceuvring-valves the two lines of shaft respec- 
tively on the port and starboard side may be 
independently manceuvred. In other words, in- 
aaa the triple arrangement of turbines there 
are introduced two entirely separate systems of 
high-pressure and low-pressure turbines, the inter- 
mediate-pressure turbine on the starboard side 
corresponding in the starboard set to the high-pres- 
sure turbine in the port set. But for manceuvring 
on the inner shafts with the low-pressure ahead and 
astern turbines only, there are two 16-in. valves at 
the forward end of each of the low-pressure ahead 
and astern turbines, each = being actuated by 
an engine which is controlled from the starting- 
platform. The arrangements for working the 
engines are similar to those for controlling the 
main manceuvring-valves already described. 

The usual strainers are fitted on all the steam 
connections for all turbines where steam 
direct from the boilers to the turbines. In all 
cases these strainers are as close to the turbines as 
possible, so that there is no remaining length of 
pipe from which any foreign matter may pass 
direct into the turbine at any time. 





THE CHANGE-VALVE. 


In order to ensure rapidity of action in passing 
from the normal condition to steaming ahead with the 
turbines working in triple series, and to arrange for 
the port and starboard sets to work independently 
as compound turbines, much attention was devoted 
to the details of the change-valves and their opera- 
tion to ensure the minimum time in changing over. 
In addition to the master-valves and the man- 
ceuvring-valves, which have already been described, 
it was necessary to cut off the connections between 
the high-pressure turbine and the intermediate- 
pressure turbine, and between the intermediate- 
pressure turbine and the two low-pressure turbines, 
so that steam from the high-pressure turbine could 
pass direct into the port low-pressure turbine, and the 
steam from the intermediate-pressure turbine into 
the starboard iow-pressure turbine. To effect the 
first of these operations a change-valve is introduced 
in the line of piping joining up the high-pressure 
turbine with the intermediate-pressure turbine. 
From a branch on this valve a pipe makes connec- 
tion with the two low-pressure ahead turbines. 

This change-valve is illustrated in Figs. 87 
and 88, on Plate LXXIV. Fig. 87 is a section 
through the valve, and Fig. 88 a sectional plan. 
The exhaust from the high-pressure turbine 
enters at A, and with the pistons in the position 
shown in the illustration—namely, at the bottom 
of the stroke—the steam from the high-pressure 
turbine is in direct communication with the two 
low-pressure turbines. When the pistons are at 
the top of the stroke the steam would be able to 
pass to the intermediate-pressure turbine, which 
is the normal condition for working at full power 
in triple series. The valve-pistons are operated by 
a direct-acting Brown engine controlled from the 
starting-platform. The weight of the valve-spindle 
and pistons is about 3} tons, and owing to the 
great travel necessary, the lever connecting the 
direct-acting engine was divided in a ratio of 2:1, 
in order to have a reasonable stroke in the steam- 
engine actuating the piston. The result is that the 
load on the engine is about 7 tons, due to the 
weight of the pistons. This load, under ordinary 
circumstances, would have been supported entirely 
by the cataract cylinder attached to the Brown 
engine. To avoid any possibility of derangement or 
mishap to the pipes connecting this cataract cylinder, 
it was thought desirable to balance the load by 
means of a small steam-piston acting within a cylin- 
der, which is in direct communication with the boiler 
steam. The diameter of this balancing-cylinder is 
so fixed that with boiler steam the load is exactly 
balanced. T'wo grooves are cut in the side of the 
balancing-cylinder to drain away any water that 
may gather owing to condensation, and the under- 
side of the piston is connected to the inlet-belt 
of the port low-pressure ahead turbine. The 
piston is packed with ordinary Ramsbottom 
rings. A special feature of the design of the 
cylinder is the fitting of an inner liner of gun- 
metal, which is encased in an outer shell of cast 
iron. This was introduced in order to obviate any 
stress on the main bracket, due to the high tem- 
perature of the steam continuously inside the 


balancing-cylinder and the comparatively low tem- 
perature of the body of the bracket. The circle 
shown above the cylinder in the illustration indi- 
cates the 16-in. direct steam-pipe to the low- 
pressure ahead and astern turbine for manceuvring 
those turbines, and has nothing to do with the 
balancing-cylinder. The weight of the change- 
valve complete approximates to about 23 tons, and 
is supported on a cast-steel branch-piece, shown 
dotted on the illustrations, and attached to the 
longitudinal bulkhead dividing the centre from the 
rt-wing turbine-room. This is further supported 
by a steel chock carried under the flange, Pat not 
shown in the illustration. On the other side, that to 
the left of the section, a 3-in. steel stay is attached 
to a bracket and fixed to the deck under the ship’s 
casing, which forms a passageway along the centre of 
the ship above the turbines. In this way the valve is 
very effectively supported onthe structure of theship. 
e outlet from the change-valve to each low- 
pressure turbine, as well as the outlet to the inter- 
mediate-pressure turbine, are each of 53-in. bore, 
and where the pipes to the intermediate-pressure 
turbine through the bulkhead, a cast-steel 
branch-piece is fitted with a cast-iron section on 
the other side of the bulkhead joining up to the 
inlet branch on the intermediate-pressure turbine. 
The 25-in. pipe leading steam direct from the 
boilers to the intermediate-pressure turbine is con- 
nected through its strainer to this cast-iron section, 
so that, through the same connection on the inter- 
mediate-pressure turbine, there is admitted steam 
from the high- ressure turbine (through the change- 
valve), as well as from the boilers direct. The 
exhaust from the intermediate-pressure turbine is 
a specially-constructed branch-piece of riveted steel 
plates. This joins up with a short length of cast- 
iron pipe of 90-in. bore, where it passes through the 
bulkhead, and this, in turn, is connected to a large 
cast-iron tee-piece having two branches, 66-in. bore, 
for coupling up to the two low-pressure turbines. 


SHUT-OFF VALVE ON LOW-PRESSURE 
' TURBINES. 


The first proposal for cutting off the connection 
between the intermediate turbine and the two low- 
pressure turbines was to fit a sluice-valve in the 
pipe leading to the port low-pressure turbine, but 
as this pipe was 66 in. in diameter, such a valve, 
even when operated by a powerful steam-engine, 
would occupy such a period of time in closing that 
the idea was abandoned. The next alternative 
considered was the fitting of a change - valve 
similar to that adopted for passing the steam from 
the high-pressure turbine alternately to the inter- 
mediate-pressure turbine or to the port low-pres- 
sure turbine. But although the speed of operation 
would have been satisfactory, the space available 
between the two low-pressure turbines and the 
structure of the ship generally rendered the fitting 
of such a dtagevine undesirable. There was 
therefore designed a special system of shut-off 
valve, which is nothing more nor less than a shut- 
off cock of immense proportions, actuated by a 
twin-cylinder steam-engine through a worm and 
quadrant, to facilitate rapid movement in opening 
and closing the valve. Tests have proved that 
this valve, notwithstanding the size of the port, 
can be closed in from three to four seconds. 

This shut-off valve is illustrated on Plate LX XIV. 
Fig. 89 is a sectional elevation, Fig. 90a plan through 
the centre of the branch-pipes, Figs. 91 and 92 are 
details of the stuffing-box at the top and bottom 
respectively, Fig. 93 is a longitudinal section, Fig. 94 
a detail of the white-metal strips in the valve- 
bottom, Fig. 95 an elevation of the plug, Fig. 96 a 
plan, Fig. 97 a plan looking down on the top of 
the valve, Fig. 98 details of the gun-metal strips in 
the plug, Fig. 99 a plan of the bottom cover of the 
chest, and Fig. 100 a view of the same showing the 
actuating engine and gear. 

This _—_ valve acts in principle as an ordinary 
cock with a parallel plug. The shell of the cock, 
Figs. 89, 90, and 93, is of cast iron, and the plug 
shown in Figs. 95 and 96 is of cast steel. The plug 
is operated by means of a shaft, as shown in Fig. 95, 
the top and bottom ends having square washers, 
which are fixed in the recesses in the ends of the 
cast-steel plug. These washers in turn are driven 
by means of keys sunk into the shaft, as shown at A 
in Fig. 90. he washers are allowed a certain 
amount of freedom of movement in the recess, 
the reason for which will be indicated later. In 








the shell four vertical strips of special hard white 


metal are fitted at B in Fig. 90, and circumferential 
strips at = and bottom at C in Fig. 93. These 
strips are shown in detail in Fig. 94. They are 
checked, as shown at D, Figs. 93 and 94, in order 
to allow for expansion and contraction. The sur- 
faces of the plug that bear against these strips are 
sheathed with gun-metal circumferentially, as shown 
at E in 4 89, 95, and 96, and vertically at F, as 
shown in Fig. 95, and in detail in Fig. 98. Pro- 
vision is also made in these strips for expansion 
and contraction by means of slots, shown at G in 
Fig. 96, and at H in Fig. 95, and in detail again at H 
in Fig. 98. Fig. 100 dees the arrangement of the 
small engine actuating the worm which drives the 
quadrant for moving the plug. The steam inlet to 
and exhaust from the engine are controlled by the 
valve marked J, which is operated from the starting- 
platform through the rod K and the links and bell- 
crank, as shown in Fig. 100. 

Turning now to a description of the working of 
this valve, it may be said that when the quadrant 
is in the position shown, by pulling the rod K 
to the left, looking at Fig. 100 as engraved, the 
bell-crank O would raise the piston of the control- 
valve J, admitting steam to the engine, which, in 
revolving in the required direction, would swing 
the quadrant round until the pin S engaged with 
the lever M. The continued movement of the 
quadrant would push this up by means of the 
link N working on the rocking lever L, and the 
valve would then be brought back to ite middle 
position, cutting off both steam and exhaust. By 
this time the quadrant would have travelled 
sufficiently far to open or to close the valve as 
the case might be, the movement of the rod K 
to the left corresponding to the movement of the 
handle on its quadrant at the starting position 
sufficient to enable it to engage in a notch on the 
quadrant. This engagement results in the link P 
being rigidly held, constituting a fulcrum on which 
the various levers come into operation so as to 
bring the valve back to its middle position. 

An exactly similar series of movements takes place 
in the reverse operation, the handle being moved to 
the right into a corresponding notch on the quadrant 
to give a fulcrum for the action of the levers in 
the corresponding direction. In regard to admit- 
ting a certain amount of freedom to the square 
washers in the recess, this was provided to give 
steam-tightness on the side of the valve remote 
from that on which the steam pressure was acting 
when the valve was shut. This clearance enables 
the valve to move under the influence of the pres- 
sure, so that it may bear against the strips already 
referred to. Thus the pressure on one side of 
the valve is utilised to ensure steam - tightness. 
During the operation of moving the valve the clear- 
ance mentioned reduces the friction by enabling the 
valve to clear itself from the rubbing surfaces. The 
form of the valve shown in Figs. 90, 95, and 96, 
was adopted in order to facilitate the casting of it. 
The attachment of the shut-off valve to the struc- 
ture of the vessel was made as strong as possible, 
in view of its enormous weight, approximating to 
28 tons. The deck was Are tr “ a solid-steel 

ilar, 8 in. in diameter, just forward of the valve, 
in order to take up the load. 





THE OPERATING OF THE MANCUVRING- 
VALVES. 


We come now to the operating of the various 
valves described and to the system of interlocking 
the levers by means of which the valves are 
brought into action. The controlling mechanism 
of all the machinery is concentrated, along with 
pressure and other indicators, telephones, &c., on 
the starting-platform, which is placed at the for- 
ward end of the central turbine-room—that con- 
taining the two low-pressure ahead and astern 
turbines—ad joining the bulkhead on which are the 
main steam, master, and manceuvring-valves. 

On page 658 there is given a general arrangement 
of the levers on the starting-platform, with their 
connections to the actuating gear on the bulkhead- 
valves, master - valves, and manceuvring - valves, 
already described in detail. Figs. 126 and 127 are 
respectively an elevation looking towards the bulk- 
head and a plan of all the levers ; Figs. 128 and 129 
are cross-sections at two of the valves. 

The starting-platform is illustrated on Plate 
LXXV., Fig. 101 being an elevation looking aft, 
and showing many of the gauges; Fig. 102 is a 





plan, and it will be seen that the frame with gauges 
is curved ; Fig. 103 shows the gauges on the port- 
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engine-rooms are also arranged here, so that the 
engineer incharge has complete control of the various 
connections. 


InpEx TO GauGgs, &c., SHOWN IN Figs. 101 To 105, 
Pirate LXXV. 


1.-P. , tage 49. Relief-valve turbo-dynamo 
Sar L.-P. telegraph. exhaust. 
Port L.-P. telegraph. 50, Steam to glands and heat- 


Pm 9 poe 


H.-P. > 
\ Weng tell-tale lamp. 51. Oil-level indicator in drain- 
Alarm-bell. tank 


n 
52. Quadrant-box. 
53. Pump for L.-P. mancuvring- 


. L-P. steam-valve. 
3. L.-P. manwuvring-valves. 


on 


9. Relief-valve turbo -dynamo valve engine. 

exhaust, starboard. 54. Pumip for change - valve 
10. Steam to glands and heat- engine. 

ing, starboard. 55. Pump for L.-P. manwuvring- 
ll. Steam to glands and heat- valve engine. 

ing. po 66. Pump for L.-P. manwuvring- 
12. Relief-valve turbo-dynamo valve engine. 

exhaust, port. 57. Pump for H.-P. mancuvring- 


. L.-P. manewuvring-valves. valve engine. 


14. H.-P. steam-valves. 58. L-P. mancuvring-valve. 
15. Shut-off valve. 59. L.-P. shut-off valve. 
16. Change-valve. 60. Change-valve. 


17. Main steam-valve on bulk- 61. L.-P. mancuvring-valve. 
h 


. 62. Emergency valves, 8. 
18. Main steam-valve on bulk- 63. Emergency valves, P. 
head. 64. H.-P. mancuvring-valve. 
19. D.-C. heater. 65. L-P. forward rotor glands, 
20. Turbo exhaust. 66. 1.-P. aft rotor glands. 


21. Surface heater. 

22. L.-P. receiver. 

224. L.-P. ahead receiver. 
23. H.-P. astern receiver. 
24. L.-P. astern receiver. 
25. H.-P. ahead receiver. 


a 
Me 


. H.-P. astern forward rotor 


fae. 

68. H.-P. astern aft rotor glands. 
69. L.-P. forward rotor ds. 
70. L.-P. aft rotor glan 

71. Hot-well level-indicator. 


26. Electric clock. 72. Clock. 
27. Barometer. 73. Current-reducer and junc- 
28. Clinometer. tion-box. 
29. Clock. 74. Indicators. 
30. Vacuum. 75. Forced lubrication from 
31. Main steam. cooler. 
32. Steam to glands. 76. Speed - indicator and tell- 
33. Auxiliary steam. tale, L-P. 
34. Contd. steam. 77. Telephone, 
35. Main feed. 78. Back board for gauges. 
36. Auxiliary feed. 79. Forced lubrication from 
37. Contd. steam. coolers. 
38. Speed - indicator and tell- 80. Condensed water. 
tale, L-P. 81. .Fresh water. 
39. L.-P. speed-indicators and 82. Gear-rod for L.-P. telegraph. 
tell-tale, starboard L.P. 83. Gear-rod for I.-P. {r= 
40. L.-P. 8 -indicators and 84. Indicator for W.T. bulkhead 
tell-tale, port L.P. doors. 
41, Speed -indicator and tell- 85. Auxiliary condenser. 
tale, H.-P. 86. Main steam-condenser. 
42. Water service. 87. No, 1 stokehold telegraph. 
43. Oil-pump discharge. 88. No. 2 stokehold telegraph. 
44. Oil to bearings. 89. No. 3 stokehold tel 
45. Wash deck. 90. No. 4 stokehold telegraph. 
46. Sanitary pump. 91. Air-pressure gauges. 
47. Counter. 92. Stoking indicator. 
48. Main-feed discharge. 93, Emergency quadrant for 


66-in. shut-off valve. 


THE INTERLOCKING OF VALVE- 
OPERATING LEVERS. 


The operations of the 53-in. change-valve and 
the 66-in. shut-off valve are dependent on one 
another, and on these also depends the operation 
of the manceuvring-valve admitting steam direct 
to the intermediate-pressure turbine or to the 
starboard astern turbine. When the engineer 
desires to manceuvre with the two starboard shafts 
working independently of the two port shafts, the 
change-valve must be open to the port low-pres- 
sure turbine, and closed to the intermediate-pres- 
sure turbine, before steam can be admitted direct 
from the boiler to the latter. Further, there must 
be no connection between the port and the star- 
board low-pressure turbines, so that the shut-off 
valve must be closed before steam is admitted 
from the boilers to the intermediate-pressure ahead 
turbine, or to the starboard high-pressure astern 
turbine. Interlocking gear has been introduced to 
ensure that the intermediate - pressure turbine 
manceuvring-valve cannot be opened until the 
change-over valve passing steam from the high- 

ressure to the intermediate-pressure turbine has 

m closed to the intermediate-pressure turbine, 
and until the shut-off valve passing steam from the 
intermediate-pressure turbine to the port low- 
ressure turbine has also been closed. This inter- 
locking gear, along with the starting-platform, is 
illustrated on Plate LX XV and on page 658. 

In order to bring into one set of quadrants 
all the valves which have to be interlocked one 
with the other, the quadrants on the starboard 
side of the starting-platform actuate the inter- 
mediate-pressure manceuvring-valve, the 66 - in. 
shut-off valve, the 53-in. change-valve, and the 
starboard low-pressure ahead and astern direct 
manceuvring-valve. This quadrant is illustrated in 
Figs. 107 to 112. On the port side of the starting- 
platform there are concentrated the levers for the 


remaining valves, which do not require to be| & 


interlocked, since their action is independent of 
any other valve—namely, the high- man- 
ceuvring-valve, the 21-in. and the 25-in. bulkhead- 





valves, and the port low-pressure ahead and astern 
direct manceuvring-valves. This quadrant is shown 
in Figs. 113 to 115. There is on both quadrants 
supplementary gear, as shown in Figs. 116 to 118, 
but this will be described later. Referring to Fig. 
109, which shows a plan of the starboard quadrant 
with the top plate removed, the lever operating the 
se is shown at A in the position when 
the change-valve is open for the passage of exhaust 
steam from the high-pressure turbine direct to the 
intermediate-pressure turbine. The lever operating 
the shut-off valve is shown at B in the position when 
the shut-off valve is open. The lever for operat- 
ing the manceuvring-valve of the intermediate- 
pressure turbine is shown at C in the position 
when the manceuvring-valve is shut off. This lever 
C cannot be worked in the position shown on 
account of the locking-plate D. In order to release 
lever C lever A must be moved until its trigger 
engages in the notch F in Fig. 108. Before this 
happens the edge G of the lever A has come into 
contact with the edge H of the relieving-plate J, 
and the latter has been moved in the direction of 
the arrow. In so doing the recess K fits round the 
lever A. This operation being performed, plate E 
receives a motion of translation to the right 
sufficient to relieve the plate L, which is carried by 
the lever B. The latter is now free to move. 
The movement of A until the trigger engages 
with the notch F has made the necessary alteration 
in the direction of the flow of steam through the 
change-valve. The lever B being now moved, a 
similar operation is effected on plate M as was 
effected by lever A on plate J, the movement 
again being in the direction of the arrow. This 
gives plate D a motion of translation similar to 
plate E, and thereby releases a plate N fixed to 
the lever C, which is now free to move in either 
direction as necessary for manceuvring. 

The locking-gear thus described may be thrown 
out of action for the adjustment of the valves or 
other reason. This disengagement is effected in 
the following manner :—The plates L and N, which 
are attached to the levers B and ©, are carried on 
an eccentric keyed to the shaft on which the 
various levers rotate, as shown in Fig. 111. By 
rotating this shaft the plates L and receive a 
vertical motion along the sides of the levers, so as 
to bring them clear of the plates D and E. This 
throws the locking-gear out of action. The end of 
the shaft is sha in such a way that it necessi- 
tates a special key for rotating it, and whem out of 
action the key cannot be removed until the locking- 
gear is again put into action ; the presence of the 

ey indicates to the engineer that his locking-gear 
is out of operation. 

In order to ensure that steam cannot be 
through the low-pressure astern turbine at the same 
time as steam is free to pass in ordinary sequence 
through the ahead turbines on each side of the ship, 
the supplementary interlocking gear mentioned 
above has been fitted, as illustrated in Figs. 116 to 
118. In referring to the starboard q t-box 
(Fig. 108 or Fig. 118), any movement of the lever 
gi steam to the intermediate-pressure man- 
ceuvring-valve ahead at once locks the low-pressure 
manceuvring-valve lever in such a way as to prevent 
any movement of it except in a direction corre- 
_—— to the intermediate turbine lever, so that 
the steam supply through the low-pressure man- 
ceuvring-valve would simply be supplementary to 
the steam supply coming from the intermediate- 

ressure turbine. The port quadrants are arranged 
in an exactly corresponding manner. 

This system of interlocking is effected in the 
following manner :—On the intermediate-pressure 
turbine manceuvring-lever, for instance, a link O 
(Fig. 118) is connected to a lever P (Fig. 116), which 
is keyed to a shaft Q resting on brackets on the after 
side of the quadrant. At the end next to the low- 
pressure manceuvring-lever another lever R (Fig. 
117) is keyed, which is connected means of 
the link S to a specially shaped plate T, which is 
pivoted at U. Any movement of the intermediate- 
pressure lever from its mid or usual position in 
either direction, ahead or astern, causes a movement 
of the special piece T in such a way as to prevent 
the low-pressure turbine lever from being moved 
in a direction opposite to the movement of the 
intermediate - pressure lever. A similar action 
by the low-pressure lever, by means of links, 


Instead of having two shafts, the low-pressure 
lever motion is transmitted to its interlocking 
plate by means of a tube through which the shaft 


., acts on the intermediate - pressure lever. | 5% 





for the intermediate-pressure lever works. This 


is shown in Figs. 116 to 118. 
The governing-gear and its action upon the 
bulkhead-valves is illustrated in Figs. 119 to 125. 


An interesting feature here is the fact that 
instead of working on to a throttle-valve, the 
omg works directly on to the bulkhead- 
valves. Fig. 119 is an elevation, looking at the 
transverse bulkhead, showing the connections 
from the four turbines. Fig. 120 is a plan, 
Fig. 121 is an elevation of the high- ure tur- 
bine ; and this also is typical of the intermediate- 
ure turbine. Fig. 122 is an elevation of the 
ow-pressure turbine, showing the connections to 
the governor-gear. rr oe! for descriptive pur- 
the arrangement of the high-pressure turbine 
is typical of four turbines. A, Fig. 119, is a 
weight which is pivoted at B, and is supported 
in its position by the lever C, which, in turn, is 
actuated through necessary gearing by means of 
the rod D in Figs. 120 and 121, and the governor E 
on the forward end of the turbine. This governor 
is driven by spiral gearing from the turbine-spindle. 
When the governor acts, due to the attainment of 
a speed exceeding a predetermined rate of revolu- 
tion, the lever C is released and allows the 
weight A to fall. The dropping of this weight, 
actiig through the successive levers F and suc- 
cessive rods G and the shaft H, operates the two 
handles on the quadrant, which control the 21-in. 
and 25-in. bulkhead-valves. The action is shown 
on a larger scale in Figs. 123 to 125. The rod G 
is connected to a bell-crank lever J, to one end 
of which a shaft K is fixed. The ends of the 
shaft the rollers L, which bear against 
the pawls The latter are supported by the 
hand-levers P, which act on the two bulkhead- 
valves. The effect of the weight A falling is to 
cause the bell-crank J to move forward. ugh 
the medium of the rollers acting on the pawls 
the triggers N are raised clear of their respective 
slots on the quadrant. The further movement of 
the bell-crank J brings the special plates O, 
which are bolted to the bell-crank, into contact 
with the backs of the handles P, and these are 
now carried forward on the quadrant, and through 
the rods Q, acting on the shaft R, on to the rods 8 
and levers T to the valves of the valve-operating 
engines, which then act and close the bulkhead- 
valves. The rack and pinion for the hand operation 
of these valves is shown respectively at U and V. 
A small winch is shown at W, and is used for raising 
the weight, in order to reset the governor. The 
operation which we are describing is typical of that 
effected by the governor-gear of all the turbines. 

The exhaust from the high-pressure astern tur- 
bines, port and starboard, can be cut off from the 
low-pressure astern turbines by means of a sluice- 
valve, seen in the general arrangement, Fig. 43, 
on Plate LX., accompanying our issue of the 8th 
inst. Gear is fitted for operating this sluice-valve 
from the centre engine-room as well as from the 
wing engine-rooms. 

Throughout the engine-room the steam leads are 
of lap-welded Ae with riveted flanges. The 
valves and all high-pressure connections are gene- 
rally of cast steel ; the exhaust connections between 
the turbines are mostly of cast iron, but the 
straight lengths are all steel pipes. Expansion in 
the high-pressure line of piping is provided for by 
the usual stuffing-boxes, and in the connections 
between the turbines copper bellows are exten- 
sively used, as shown on the general arrangement 
plan on the same plate. Special care has been 
taken to provide adequate support for the various 
parts of the steam-distribution units, so as to 
minimise any undue strain. In some cases stay. 
rods are , in others brackets are secured to the 
adjacent structure of the ship. 


(To be continued.) 





Meratiic Permanent WAy.—The exports of chairs 
and metallic slee in April were 11,488 tons, as com- 
pared with 13,178 tons in April, 1913, and 10,728 tons in 
be ap Ronee In aw J ay § months ended / il 30, this 

ear, ing shi ts were 37,074 
Capel wih 1 tude 


-Our Ratmts Asroap.—April witnessed a check in our 
rail exports, the shipments for the month coming out at 
682 tons, as com with 46,081 tons in April, 1913, 
and 24,582 tons in April, 1912. aggregate exports to 
April 30, this year, were 164,277 tons, as compared with 
157,517 tons in the first four months of 1913, and 150,523 
tons in the first four months of 1912. 
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THE IRON AND STEEL INSTITUTE. 


In our last issue (see page 641 ante) we gave an 
account of the opening proceedings at the recent, 
meeting of the Iron and Steel Institute, held on 
Thursday and Friday of last week, the 7th and 
8th inst., under the chairmanship of the President, 
Dr. Adolphe Greiner. We now complete our report. 


Resvuits or THe Tatsot Process at WitTKowITz. 


The paper taken at Thursday morning’s meeting 
was the one by Dr. F. Schuster, on the ‘‘ Results 
of the Talbot Process at Witkowitz.” It was read 
in abstract by the Secretary. We reproduce the 
paper in full on page 682 of our present issue, and 
we can therefore proceed at once to deal with the 
discussion. 

Mr. Benjamin Talbot, who opened the dis- 
cussion, thanked the author for the very extensive 
research he had made to arrive at the merits and 
demerits of the Talbot process. He felt greatly 
indebted to him for having carried out, in regard to 
the continuous method, a searching and thorough 
investigation. Much as he (the speaker) was gratified 
that this had been done, and that it had confirmed 
his own results, he thought the metallurgical world 
owed Dr. Schuster a debt of gratitude for publishing 
such an important and extensive research, which 
must be of great value to the steel trade. He added 
his regret that this paper was not put at his disposal, 
say, ten years ago. At that time it might have 
resulted in great commercial possibilities ; to-day 
the recompense was largely mental and moral satis- 
faction. The official life of patents was far too 
short, and if he were toask for an extension, he was 
advised that, as he was not in poverty, his petition 
would be refused. 

Dr. Schuster started by sending a commission 
over the steel-making world to ascertain what was 
being done and said ing the various processes. 
To him (the speaker) Dr Schuster sent Mr. Hoff- 
mann, whose cross-examination was very severe. It 
was also severe in America. But Dr. Schuster did 
not rely upon any of the reports, and he decided to 
build a plant in which the various processes could 
be compared. He had built a magnificent open- 
hearth shop, containing every modern idea and 
labour-saving appliance. He had in the commence- 
ment — a _ way for retreat, as one 
furnace cou if necessary, changed over as 
a mixer. In a works like Witkowitz, with 
the variety of trades supplied, several fixed fur- 
naces, working special mixtures and alloys, would 
be sure to be useful. He would like to call 
attention to the plans of the furnaces, especially 
to the areas given in the regenerators. It 
would be seen that the regenerators of the 60-ton 
tilting-furnace were as large as that of the 200-ton 
tilting-furnace, which confirmed what he (the 
speaker) had previously said on the point. Dr. 
Schuster first sought to be convin that any 
grade of steel could be obtained in rapid succes- 
sion from the continuous bath, of a quality equal 
to that from an ordi furnace. After settling 
the adaptability and quality, he compared the cost. 
Dr. Schuster stated that after twelve months’ work, 
he had proved that the quality of the steel with the 
Talbot process was equal to that from the other 
two systems, physically and chemically, and as he 
used this steel for weldless tubes, he had given the 
steel every test that was necessary. Dr. Schuster’s 
figures on cost of construction amply confirmed what 
the speaker had always maintained—i.e., that in 
large open-hearth shops dealing with liquid iron, 
the plant for the Talbot process with a 200-ton 
tilting-furnace would be more economical to build 
than the 60 to 80-ton tilting or fixed furnaces for 
the same large output. 

Dr. Schuster’s table of the materials used for 
making a ton of steel showed that less fuel, oxide, 
lime, refractory material and ferro were used. It 
also showed t by using less lime, oxide, and 
refractory material with the same metal, there was 
a less volume of basic slag, therefore a more valu- 
able slag, the percentage of phosphoric acid being 
higher ; this yielded a higher credit to the cost. 
This point, he (the speaker) hoped, would finally 
settle the question of quality of slag, especially in 
the minds of German critics. 

On the question of upkeep and durability of the 
brickwork and lining, when he (the speaker) read 
his first paper, in 1900, the Carnegie Company 
decried his process ; and when, in 1903, he read 
his second paper, the same company gave items of 
upkeep of the first little 70-ton experimental fur- 





nace at Pencoyd, to show that it was more expen- 
sive to repair than their modern 60-ton fixed fur- 
naces. Since then there had been ten years’ more 
experience and the design had been improved ; he 
recommended the study of Dr. Schuster’s results 
under this head. Dr. Schuster’s paper gave the 
tonnage obtained from one lining—i.e., with the 
Talbot furnace 52,400 tons, the Wellman process 
27,600 tons, and the fixed open-hearth 27,800 tons. 
This showed what could be obtained when using 
suitable liquid metal requiring the minimum of 
lime and oxide. 

The author referred to an important point— 
namely, the lining of steel ladles—and he was right 
in saying that the cost of upkeep of ladles used in 
the Talbot process was much less than in the case 
of those used in the ordinary basic process, This 
was due, as he stated, to the absence of slag in the 
ladles. Dr. Schuster’s comparative figures for cost 
were very useful. 

In regard to the so-called mixer, or continuous 

reliminary refining furnace, this was very interest- 
ing. Its chief use was for storage and mixing, there 
being only a minimum amount of refining done ; 
but this small amount of refining gave an increase 
of 30 per cent. in the output of the steel furnace. 
Did this mean, asked Mr. Talbot, a small amount 
of refining? The analyses of the pig metal poured 
in the preliminary refiner, and of the metal used 
in the steel furnace, showed the pig metal to be a 
good basic or Thomas metal, and the effect of 
working in the preliminary furnace was to reduce 
the silicon by about 60 per cent. and the sulphur 
and manganese by about 40 per cent. Fortunately, 
the phosphorus was not appreciably touched ; it 
would have been a loss to take out part of the 
phosphorus and reduce the poe of this in 
the steel furnace and in the slag. From this point 
of view alone Dr. Schuster had arrived at the cor- 
rect idea in cutting down the refining in the pre- 
liminary furnace. If more work was desired in the 
poe furnace, this furnace had to be made 
arger for the same output. The results showed the 
desirability of having a good quality liquid metal 
for basic-steel making, and makers on the Conti- 
nent were fortunate in obtaining it at a reasonable 
cost. 

Dr. Schuster said they abandoned the duplex 
process at Witkowitz owing to its cost. In two 
American works using the Talbot _—- the 
Bessemer converter was used to feed the steel fur- 
naces, and very large outputs were obtained, up to 
5000 tons per week from one 200-ton Talbot furnace. 
According to Mr. Talbot, the main advantage of this 
method was to greatly increase the output during 
a ‘*boom ” period, when the profit per ton obtained 
was larger than any possible increase in cost due 
to the use of the Bessemer converter. It would be 
interesting to know when not pressed for steel 
whether the American furnaces would be supplied 
with mixer metal instead of Bessemer metal. 

In concluding his remarks, Mr. Talbot asked 
the author whether he had noticed any difference 
in the percentage of scrap for making up the yield 
between the Talbot furnace and the small tilting 
and the fixed furnaces. He (the speaker) did not 
think anyone using small tilting-furnaces would 
drain them dry after each heat ; it was not the 
right thing to do, as it took time, and put an 
unnecessary strain -—— the furnace lining. A 
small amount of metal with a covering of slag was 
useful if retained in the furnace to further the 
next heat. He agreed with all Dr. Schuster’s 
conclusions. 

Mr. O. Frick, who followed, said he agreed with 
the remarks which had been made by the last 
speaker, and thanked the author for his very 
complete contribution. It was a rare occurrence 
to find so many practical data made public and 
openly given to competitors. He also agreed with 

e author’s conclusions, as far as the conditions 

evailing at Witkowitz were concerned. In order, 
oon, to quite understand the value of any 
process, and to be able to compare it with others, 
it was necessary to find out why one particular one 
was better than any other, and he (the speaker) did 
not think that the author had said why the Talbot 
process was better than the others. He then 


compared the dimensions of the various furnaces 
dealt with in the paper, the method followed in 
the working of each, the surface and depth of 
the bath in all instances, and found that in the 
Talbot furnace there was less useful work needed 
per ton of steel than in the other furnaces, and 
the Talbot furnace was therefore at an advantage. 





The Talbot. furnace took less scrap, hence less 
work ; further, scrap was dearer than pig metal. 
The desired production with the Talbot process 
could also be arrived at without straining the fur- 


nace. 

Mr. T. C. Hutchinson found that apart from the 
academical value of the paper, it had been put 
forward in a most excellent spirit ; as would be 
seen, the author had fully acknowledged the value 
of the information he had acquired from the 
experts, who had granted facilities for a thorough 
inspection of their own plant. Mr. Hutchinson ad- 
mired him for that, for the information he gave, and 
also for the spirit in which he gave it. He added that 
he would deal only with a few points, and, like Mr. 
Talbot, he regretted the paper came so late in the 
day. The author had said that as much as 50 per 
cent. of the original sulphur content could be re- 
moved during the transport of the pig-iron in 
the ladles, and he asked whether this was done 
by the addition of material or whether it was 
caused by a movement of the particles; if this 
latter, it might, perhaps, be advantageous in some 
instances to increase the length of travel of the 
ladles. He (the speaker) was glad to notice that 
the ferro-manganese was brought to the liquid state 
before adding it to the ladle. In.regard to the 
life of the furnace, he (the speaker) would be glad 
to have the same figures as those obtained at Wit- 
kowitz, but thought the design of the Talbot fur- 
nace did not so much come into play in this respect 
as did other considerations. He (the speaker) took 
the molten metal from the blast-furnace, and did 
not deal with it ina mixer. He had stated at the 
Brussels meeting that he hoped shortly to be able 
in his new furnace installation to use a former 
furnace as a preliminary mixer ; they had, how- 
ever, been so pressed that they had not yet been 
able to follow out this method. But their inten- 
tion was to use, as soon as possible, their former 
240-ton furnace as a mixer, and their two 120-ton 
tilting-furnaces as furnaces, following the Talbot 
provess throughout. He was sorry he could not 
yet report more fully, but they were following the 
matter up closely. 

Mr. Head gave figures referring to the working 
at the Union Works, Dortmund, of 50-ton tilting- 
furnaces, where the output was 250 tons per day 
from each furnace, as against the 180 tons at 
Witkowitz. These figures had, however, to be 
amended to 275 tons in the first case, because of 
the smaller capacity of the furnaces, and to 135 tons 
in the case of Witkowitz, because there they worked 
in conjunction with a mixer. At Dortmund the 
process was a development of the Hoesch pro- 
cess, making both soft and hard steel. 

Mr. F, W. Harbord said he visited Witkowitz 
two months ago, and the open-hearth plant at 
these works was in every respect the most complete 
he had ever seen. The gas-producer plant was a 
transcendent one. He would like to ask the author 
for information on one point; in one of his tables, 
Table I., he gave the output of the open-hearth 
furnace as being 150 tons, whilst in that at the end 
of the paper it was given as 300 tons. With regard 
to the duplex process, he (the speaker) had always 
held that this was followed mainly to keep the 
mills fully occupied. In America it was stated that 
the cost on Bessemer plant was only a small pro- 
portion of the expenditure on the whole output, 
whilst it allowed the whole output to be increased 
by 50 per cent. ; the extra expenditure did not count 
on the increased output. r. Harbord asked the 
author whether, when he used the Bessemer plant, 
he desiliconised only a little, or whether he carried 
the blowing right down. The use of a mixer re- 
sulted in better working. The author fortunately 
had a large amount of manganese, which enabled 
him to ae more readily. Had he tried, 
Mr. Harbord asked, to dephosphorise and decar- 
burise in the mixer, or had he only desiliconised 
the metal ? He (the speaker) had seen one heat 
with the Hoesch process at Dortmund, but it was 
difficult to express an opinion from one heat alone; 
it had been finished in six hours, with metal con- 
taining 1.8 per cent. of re gee and he found 
the process to be a kind of derivation of the 
Bertrand-Thiel process. It had a large output 
and was worth looking into. 

Mr, T. Twynam, referring to the 175-ton Talbot 
furnace, which had ceased working at the French 
works mentioned, said this was not due to the 
process having proved a failure, but to the basic 
converter having been found to work more cheaply 
under the conditions which then ruled at the 
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works in question in regard to steel manufacture 
and rolling. 

Mr. D. Carnegie having asked as to the losses in 
oxidisation in melting ferro-manganese, the author 
announced that he would reply fully by corre- 
spondence to all _ -~ in the proceedings which 
had heen raised. e was awarded, on the motion 
of the Chairman, a hearty vote of thanks for his 
contribution. 


Tae Macnetic AND MECHANICAL PROPERTIES OF 
MANGANESE STEEL. 


On the members re-assembling on Thursday 
afternoon, the first paper taken was the one having 
the above title, by Sir Robert A. Hadfield, F.R.S., 
and Professor B. Hopkinson, F.R.S. It was read 
in abstract by the latter. We propose to reproduce 
it in full in a future issue. Sir Robert field 
added a few verbal remarks, showing how carbide- 
carbon behaved with different treatments undergone 
by steel, and pointed out the large amount of work 
which required still to be done on the subject of steel. 

Professor H. Le Chatelier, who opened the dis- 
cussion, said he had read the paper with great 
interest ; it brought back to his mind researches 
he had carried out himself. When Sir Robert 
Hadfield had discovered his manganese steel, he 
(the speaker) had made investigations with it, and 
had found a variation to take place in the neigh- 
bourhood of 700 deg. Cent., but he had not 
found the occurrence to point to a change of state. 
He had also studied the return of magnetic 
properties in the steel, and his results were con- 
firmed by those given in the paper. The work 
bore on two properties, magnetism and fragility, 
and both phenomena were those which would retain 
in future the attention of all experimentalists. At 
the present time there were available a large 
number of data and several means of research, 
among the Jatest of which latter could be mentioned 
metallography. Nevertheless, there were a large 
number of points which remained unelucidated. 
Formerly it was difficult to bring into connection 
the chemical analysis with the physical properties 
of a metal; there existed in this respect many 
features which seemed to escape all laws. When 
metallography appeared it placed at the disposal of 
scientists a means of ascertaining how combinations 
took place, and from that time metallurgical 
science made a great step forward. But even with 
this comparatively new means there were still points 
which could not be fully elucidated in regard to 
combined action or effect, such, for example, as 
fragility with electric resistance. Professor Le 
Chatelier gave as an example the fragility of zinc ; 
zinc heated to a certain temperature would break 
if bent, and when heated at a lower temperature it 
could be bent ; the cleavage planes were similar in 
both cases, showing that ility in the case of 
this metal was quite independent of the chemical 
analysis. Further, magnetic properties varied most 
capriciously ; those of oxide of iron could vary 
ad infinitum. Fragility and magnetic properties 
depended upon chemical constitution, and also 
upon other factors which were still unknown, and 
the paper by Sir Robert Hadfield and Professor 
Hopkinson just read formed a valuable contribu- 
tion to our knowledge of the subject. 

Dr. C. Benedicks, who followed, said he had 
little to add to Professor Le Chatelier’s remarks. 
He (the speaker) had been greatly interested in the 
authors’ work ; all work gave uew facts, but the 
work in question was of special interest to him, 
Dr. Benedicks, for he had referred in his own paper 
to some points dealt with by the authors, and 
stated that Hadfield manganese steel seemed to 
realise the conditions of magnetism of pure iron. 
In this statement, he (the speaker) was perhaps 
not exact in view of the new facts brought out, but, 
nevertheless, he would probably not have much to 
alter in his conclusions. The authors’ remark to 
the effect that the important part in the treatment 
was probably the speed of cooling, rather than the 
prolonged heating which preceded it, covered a 
point which, he thought, was missing in a former 
paper, and it was interesting to have it stated 
clearly. The statement to the effect that the final 
magnetic condition at 650 deg. Cent. was different 
according as it was approached from above or below, 
was of great interest. Professor Le Chatelier’s 
remarks to the effect that many remarkable changes 
occurred without it being possible to ascertain the 
causes were to the point; this applied perfectly 
well to magnetism, as he (the s er) had endea- 
voured to show in his own contribution, 





Dr. Rosenhain, dealing with the last part of the 
per, said it was rather dangerous to argue back 
rom a research on an alloy steel to what occurred 

in carbon steels. To really know whether pure iron 
with carbon and manganese steel were correlated, 
it was necessary to trace back step by step, and 
caution had to be exercised. He had to thank Sir 
Robert Hadfield for the samples of manganese steel 
he had sent him on different occasions. He (the 
a had dealt with these, and had found that 

e transformation did not stop at 700 deg., 400 deg., 
or even 200 deg. He had succeeded in getting 
points as low as 50 deg. Cent., and certainly points 
at 255 deg. There were, no doubt, a num of 

ints at which heat was evolved at exceedingly 
ow temperatures compared with what occurred in 
carbon steels. He had not yet correlated with 
hardness and magnetism, nor with microstructure, 
but he hoped to do so later. 

Mr. J. B. Milne, in the course of a few brief 
remarks, said the work had been most interesting 
to him, and he thought the paper would do much 
to bring the various schools of thought together. 

Dr. Stead stated that gratitude should be felt 
for the authors for the work involved in the paper. 
This had not been put together inaday. Heating 
in some instances had been carried over 800 hours, 
and that ‘‘ took a long time.” It was difficult for 
him to condense his remarks, and he would deal 
more fully with different points by correspondence. 
He would like, however, to know what was meant by 
the fact that after heating for six hours at 400 deg. 
Cent. plates of hard material were formed in the 
mass whose edges were left standing up by polish- 
ing. Were not the specimens etched, or were they 
simply polished? Or had the rising effects been 
due to heating? Theoretically, if part of the 
austenite changed into martensite, one obtained a 
rising up of the martensitic lines, but the statement 
‘* by polishing ” seemed to dispose of that interpre- 
tation. Professor Hopkinson here said the specimen 
was heated and polished after heating. Dr. Stead 
asked whether Fn did not see the rising on the 
surface after heating. 

Mr. McCance, who followed, referred to the 
authors’ table on magnetic and mechanical tests, 
and said that manganese steel had three conditions 
—one non-magnetic and hard, one slightly mag- 
netic and hard, and a third condition in which it 
could be made hard by a pure strain. He added 
that hardness was due to particles of cementite 
diffused. 

Dr. C. A. Edwards asked whether the authors 
had made any record in regard to the ap nce 
of magnetism when the manganese steel had been 
strained. If manganese steels, which normally were 
non-magnetic, became magnetic after straining, this 
was important in itself and in regard to hardness 
in general. 

Dr. W. H. Hatfield found the paper to give 
interesting results of very neat experiments, and he 
was sure the work would form a standard one for 
reference in the future. If the authors’ heating 
curves were taken as applicable to material pre- 
viously heated to 500 deg., there would be found a 
distinct absorption of heat at about 700 deg. Cent. 
He (the speaker) found that by heating by various 
degrees under this recalescence point, the steel 
could be made progressively more etic. He 
thought from the information given that various 
degrees of magnetic strength would give various 
degrees of absorption on passing through the re- 
calescence point. The authors had stated the 
manner in which they had prepared their test 
specimens. The Sheffield specimens seemed to have 
been prepared after heat treatment, and the Cam- 
bridge ones before heating. In Sheffield two mag- 
netic test-pieces were prepared by grinding. By 
this grinding was not a large amount of amorphous 
material formed in the test-pieces? He asked also 
whether, although the heat treatment had been the 
same, the test-bars had not been prepared in two 
different ways, whether the heat treatment and 
times had varied in Sheffield and Cambridge. He 
had read the paper with extreme interest. 

Professor Hopkinson, in reply, thanked the 
speakers for their remarks, which he would deal 
with more fully in his written communication to 
the Proceedings. Dr. Rosenhain, in his own experi- 
mente, had observed heat evolutions and absorp- 
tions to take place at lower temperatures than those 
mentioned in the paper. One instance of this had 
been given in the paper—namely, the change 
occurring in liquid air. With reference to Dr. 
Stead’s remarks, in the matter of the “ risings” 





on the specimens, he would take counsel with his 
colleague and return to the ge by correspon- 
dence. A point of considerable importance had 
been raised—i.e., that of overstraining; in his 
ag eae the effect of breaking a bar was invari- 
ably to make it very slightly magnetic. It also 
made it hard and produced a change of the same 
order as by heating for a long period to 350 deg. 
to 400 deg. Cent. In regard to the relation between 
the amount of the magnetism in the test-piece used 
for taking a heating curve and the absorption of 
heat, he (the apy by not carry out teste to 
ascertain the point ; he thought, however, there 
would be found in the paper examples covering 
this, but it was difficult to arrive at an absolute 
quantitative estimation of the amount of etism 
in correlation with the amount of heat absorbed. 

Sir Robert Hadfield, in the course of a few brief 
remarks, said that although some difference was 
produced by grinding the test specimens, there 
was practically no change, the magnetic properties 
remaining irrespective of the grinding. e had 
read a paper on the same subject in America, and a 
friend said the material had made magnetic 
because it had been decarbonised ; but there had 
been no decarbonising of the material. etism 
was due to hysical changes, and the grinding 
referred to . Hatfield did not come in at all. 
The results the had obtained were novel, and he 
hoped they would throw light on other conditions. 

the motion of the Chairman, the authors 

were awarded a hearty vote of thanks for their 
contribution. 


Tue Harpentne or Metats. 


The next paper taken was one entitled ‘‘ The 
Hardening of Metals, with Special Reference to 
Iron and its Alloys,” by Dr. OC. A. Edwards, Man- 
chester, and Dr. H. C. H. Carpenter, London. 
It was read in abstract by the former. We pro- 
om to reproduce it in full in a future issue. It 
eals in detail with the mechanism of annealing, 
the hardness of metals by quenching, and with the 
constitution of austenite and martensite. 


A ConTristTion To THE THEORY OF HARDENING. 


This paper, contributed by Mr. Andrew McCance, 
B —s A. — was then read in abstract 4 its 
author. e ro to re uce it in full in 
a later issue. It Se com cies with the 
transformations which take place in steel during 
quenching. 

Both papers were taken together for discussion. 
This was opened by Dr. G. T. Beilby, who con- 
gratulated the authors on their bold attempt to 
grapple with the problem of the em of metals 
by chilling on the lines of the theory of the hard 
and soft states, which he (the speaker) first com- 
municated about ten years ago to the Faraday 
Society. Their attempt had been largely successful ; 
their clear presentation of the main issues would 
raise the mnatter to a new level. To deal with the 
points fully, he (Dr. Beilby) would have to write 
another paper. He had often been asked why the 
vitreous amorphous phase should be harder than 
the crystalline. In reply, he would say that when 
we referred to the comparative hardness of a metal, 
did we mean that the metal was more or less rigid, 
having the power to resist larger or smaller deform- 
ing stresses without permanent deformation? If 
80, we could consider how rigidity might be affected 
by the molecular structure. 

Individual molecules were space - filling enti- 
ties, resisting the encroachment into their domain 
of other molecules. Their bounding surface was 
—— kinetic, but was nevertheless «s ly 

efined. Molecules also attracted each other 
strongly, and their mutual attraction gave rise to 
cohesion. Ina mass of metal or other solid aggre- 
gate, there was a certain amount of cohesion, being 
the uct of cohesion of each molecule by the 
number of molecules. Rigidity would be deter- 
mined by the use te which the available cohesion 
was put in the actual structure. 

Taking the sphere, the simplest form for the 
molecular unit, there were various ways in which 
spheres might be built up into a homogeneous 
structure. the most densely packed form, each 
sphere in the mass was in contact with twelve 
others. In this form we had the condition of 
greatest rigidity, the molecular centres of at- 
traction were as close to each other as possible in 
any unstrained structure. But close packing of 
this form was not common in crystal structures ; it 
was not certain that it existed at all. It did not 
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represent the inevitable completion of crystalline 
effort. Therefore in the crystal the structure was 
not probably the most rigid possible structure. 
The available supply of internal cohesion was not 
all used up to secure maximum rigidity. 

In the less closely packed assemblages of spheres 
we could imagine that by a small translation of the 
layers of molecules relatively to each other, a more 
- = structure might be produced. For example, 
where each sphere was only in contact with six 
others, if a displacement occurred, bringing each in 
contaet with twelve others, the new structure 
would be at least twice as rigid as the original 
structure. The new structure might still be 
crystalline, but there was much evidence that the 
effect of crystalline arrangement was in the direc- 
tion of open rather than of close packing, and he 
(the speaker) believed that in the metals gold, silver, 
copper, iron, &c., which crystallised in the regular 
system, the molecules were not in closest packing. 

In these metals the crystalline state was one of 
great mechanical instability, and consequently of 
very small rigidity. As a consequence, disturb- 
ance by deformation caused a very widespread 
breaking-down of the crystal structure, with 
momen liquefaction of molecular layers and 
groups. If this occurred below the crystallisation 
temperature, the newly-solidified portions could 
not resume their crystalline arrangement, and 
remained chilled or frozen into a more rigid 
of structure, in which the available cohesion of 
the mass was more fully utilised than in the 
crystalline state. 

Flow under deforming stresses left a proportion 
of the molecules in a condition of constraint ; their 
freedom as vibrating units was impaired. If the 
available cohesion of the mass could thus be so 
effectively utilised that it put a constraint on the 
vibration of the individual molecules, it was not 
surprising that the molecules were so much more 
closely held by each other that a much greater force 
was now required to move them over each other 
under deforming stresses. 

Rigidity, then, depended on the available cohesion 
of the aggregate, and, secondly, on the extent to 
which that available cohesion was utilised in the 
structure of the egate. 

In concluding his remarks, Dr. Beilby said that 
he had stated long ago that for each substance there 
was a definite temperature below which the substance 
ceased to have the active crystalline properties. 
Below this temperature crystals were mere pseudo- 
morphs. If this were the case, then the vitreous 
amorphous phase would change its metastability 
into true thermal stability at that temperature. But 
for the present it was enough to know that the 
metestelite vitreous amorphous phase of iron in the 
papas. par of a chronometer was so stable that 
the period of vibration of the spring did not change 
during the human lifetime, and the same substance 
in a steel tuning-fork kept its tune-pitch from 
generation to generation. 

Dr. Rosenhain, who followed, said the first paper 
could be divided into two parts, with one of which 
he agreed, and with the other he did not. The part 
with which he agreed was in a measure a sum 
of his own work, and also of that of Dr. Beilby. He 
(the speaker) did not think that twinning occurred 
during quenching, nor a plastic deformation to a 
sufficient extent to form amorphous layers. Dr. 
Edwards’ objection to the beta theory equally 
applied to the amorphous; both involved the forma- 
mation of a metastable phase. In both hardness 
was due to a hard substance formed in course of 
transformation from ma to alpha; it could 
be called the beta or the amorphous theory, and he 
(the speaker) was inclined to prefer the latter. A 
few days before the re he received a paper 
from Mr. Andrew, stating aluminium-copper 
— up to 11 per cent. of aluminium were 

ened by quenching, but that above that con- 
centration they were softened, and yet it was in 
those containing from 11 to 13 per cent. of alumi- 
nium that twinning on quenching was, according 
to the authors, most clearly seen, The authors 
had yet to prove that twinning did occur at all. 
He (Dr. Rosenhain) had examined the behaviour 


of tin and co alloys under strain, and all 
the twin ere was was there before the strain. 
The author been misled by the surface appear- 


ance, which was not twinning. In to 
Mr. McCance’s paper, he (the speaker) objected 
to the term ‘‘amorphous ; an amorphous 
phase was a “‘liquid phase.” He had no real ob- 
jection to it if it were taken in that sense. Dr, 





Beilby had tried to make a completely amorphous 
metal, and said he had failed, and no one ever 
suggested that more than a certain proportion of a 
strain-hardened metal was amorphous. The author 
had suggested a disarrangement of the crystal 
units; if he took cold-rolled iron, it had the oriented 
lustre of strained metal. It was wrong to assume 
a third state for the existence of which there was 
no direct evidence. He and the author agreed on 
one point, to the effect that in the passage from the 
gamma solid solution the steel went through an 
intermediate stage that was hard. Their views 
were very similar, and if there were no difference 
of lan e between them, he (Dr. Rosenhain) 
would be prepared to accept the author’s statements. 
When steel was quenched, the gamma solid solution 
rapidly cooled, and there was a commencement of 
crystallisation of alpha iron ; in that procees each 
growing crystal was surrounded by a thin film of 
amorphous matter. The material was hard owing 
to that matter, and it was magnetic owing to the 
minute crystals. There were minute alpha crystals 
along the cleavage planes. 

A speaker who followed showed with the aid of 
models he had brought, with reference to Messrs. 
Edwards and Carpenter’s paper, how a slip-band 
could not cross the boundary. 

Professor Le Chatelier said that the paper by 
Mr. McCance was remarkable by its precision, and 


type | he (the speaker) was in agreement with it on almost 


all points. The author had attributed the ozigin of 
cracks formed during quenching to stresses due to 
differences in vo es causing differences in 
expansion, also to hardening not uniform in depth 
—1.e., to the fact that the metal was not hardened 
in its internal part. He (the speaker) did not 
think the differences of temperature alluded to 
occurred me re and only the outside of a piece 
was hardened solely when the piece in question was 
of very large dimensjons. essrs. Edwards and 
Carpenter had referred toa paper by Grenet ; but 
the theory put forward by the latter was really 
due to the speaker’s brother, Mr. André le Chatelier. 
Grenet had mistaken the constituents of steel, he 
was an engineer, and had no knowledge of steel 
specimens. 

Mr. D. Carnegie had read Mr. McCance’s paper 
with great interest, and thought practical men 
would find it one of the utmost value. He (the 
speaker) had had to deal as long as fifteen years 
ago with cooling ranges, and if at that date he had 
been in ion of the data put forward by the 
author, he would have been saved much worry in 
the work of hardening projectiles. He referred to 
the curves given by the author, and to the state- 
ment that with 0.69 per cent. of carbon the Ac, 
commenced at 723 deg, and the maximum was 
reached at 770 deg. Cent., when the ball hardness 
was 713—a significant hardness for a 1-in. specimen, 
and an important fact. 

Dr. W. H. Hatfield had read both papers ; they 
carried the subject further, but he did not think 
either provided a solution for their trouble. 
Messrs. Edwards and Carpenter had dealt with the 
mechanism of annealing ; they used the amorphous 
theory, and it fitted in very well. Their second 
division, dealing with the hardening of metals by 

uenching, should have come third ; and their third 
ivision, on the constitution of austenite and 
martensite, should have been second. In 1912 the 
International Association for the Testing of Mate- 
rials had defined these constituents. He (the 
er) agreed with the definitions of the Associa- 
tion, and said that all quenched steels must be 
considered martensitic. rby had stated that for 
all practical purposes hardened steels containing 
0.9 per cent. of carbon, although minutely crystal- 
line, were practically structureless. Sorby was a 
pioneer ; he could examine steels under a magnifica- 
tion of 300 and over, and he had concluded that 
these steels were structureless. Steel could be 
quenched in such a way as not to have a pronounced 
martensitic structure. Dr. Desch had stated that 
microscopic examination of the mechanism of the 
yield obtained under stress was of a finer character 
than twinning, and he (the speaker) thought Dr. 
Desch was right on this point. He asked whether 
the conditions of quenching were such that twin- 
ning could come into existence. He was much 
interested also in Mr. McCance’s paper. 

Sir William Boardmore, who followed, said Mr. 
McCance was to be tulated on his effort to 
simplify the theory of the hardening of steel. Our 
ideas on the subject had become rather confused 
through the efforts of so many experimenters 





aoe we | unnecessary complications. He (the 
speaker) thought the author’s theory to be as 
follows :—Hardening of steel was due, in the first 
place, to the carbon being dissolved in the gamma 
iron at the Ac, point; secondly, at the Ac, point 
the remaining iron changed into the gamma con- 
dition, and on cooling quickly from: this high tem- 
perature, the carbon remained in the hardened 
condition diffused through the mass; part of the 
iron was retained in the gamma condition, the 
— part, however, changed to the alpha con- 
ition. But it seemed to him (the speaker) that 
for all practical purposes, if the author had gone a 
little further pal had entirely rid us of the theory 
of gamma iron being retained in the steel in the 
cold, he would have brought his theory completely 
into line with every-day practice. It also seemed 
to him (the speaker) that the whole theory of the 
hardening of steel was summed up in the two 
conditions—i.e., carbon condition and interstrain. 
The theory of interstrain brought the hardening 
of steel into line with the hardness produced by 
cold work, such as shearing, wire-drawing, &c. 

Dr. Desch found that Messrs. Edwards and 
Carpenter had supposed the identity of martensite 
and austenite. He (the speaker) remained uncon- 
vinced on the point, for the difference between 
them was much too distinct to be accounted for by 
twinning. The needles were twinned, but there 
was no evidence of twinning in the mass of 
austenite. There was also chemical evidence for 
the difference between martensite and austenite. 
Further, with copper-aluminium alloys, it was 
difficult to believe that the acicular structure was 
twinning. Dr. Benedicks had also given evidence 
on that point. 

The Chairman announced that the authors would 
reply in writing to the various points raised, and 
on his motion the authors were heartily thanked 
for their contributions. 


Fartures oF Heavy Borer SHELt-Piates. 


On the members re-assembling on Friday morning, 
the 8th inst., the paper by Mr. Sidney A. Houghton, 
Glasgow, on the ‘‘ Failures of Heavy Boiier Shell- 
Plates’ was taken. It was read in abstract by the 
author, and we reproduced it in full in our last 
issue, on page 647 ante. 

The discussion was opened by Mr. J. T. Milton, 
who stated that he had dealt with the subject 
under consideration in his paper read before the 
Institution of Naval Architects in 1905.* His 
ae was a challenge to all the steel-makers, but 
it had only been taken up by two. The late Mr. 
Spencer had not attributed the failures to the 
quality of the steel; he thought that a large pro- 
portion of them was due to improper treatment in 
the boiler-shop, and also to internal stresses. Sir 
Wm. Beardmore had sent in a written contribu- 
tion which implied that the cause of the failures 
was irregular stresses in the plates. These expla- 
nations did not meet the case at all. They might 
perhaps be satisfactory if boiler steel was of the 
nature of cast iron. But mild steel ought to stress 
at least 20 per cent. before parting the molecules. 
At the bottom of all the causesthere was the question 
of quality of the steel as metal, and not that of the 
manipulation of the plates. In his paper he (the 
speaker) had referred to six cases ; the author of the 
present paper had many more. Many others were 
not recorded at all, for inquiries were started, 
nothing resulted therefrom, the plates were re- 
turned to the steel-makers, they were ‘‘ cremated,” 
and nothing further was heard in the matter. Two 
out of the speaker’s six cases were due to initial 
cracks. Most cracks referred to by the author 
were partial, and not through cracks. If the 
cracks were in the plates when these were delivered 
to the boiler-maker, there was always oxide on the 
surface. When cracks occurred in the plates when 
in the boiler-shop the cracks were always bright and 
crystalline. He added that the material would 
show a stretch much before it gave way. Fractures 
could occur in ductile material having no elonga- 
tion, produced by thousands of repetitions of small 
stretches. One case he had referred to, that of an 
American boiler, was a mysterious one. Two plates 
had failed under the hydraulic test, which, there- 
fore, the author would have placed in his class C. 
They were of bad quality. Attempts were made to 
straighten them when taken off. Dr. Arnold had 
investigated with them, and had introduced a 
machine for carrying out complete tests ; one plate 


* See ENGINEERING, vol, lxxx., pages 105, 164, and 195, 
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was found to be of an inferior quality, but in 
regard to the other the machine did not show 
the source of the trouble. But it was evident 
that something was wrong with the boiler steel 
in question. He (the speaker) had discussed 
the subject of initial cracks with steel - makers ; 
these latter had spoken quite openly and freely 
on the matter, but no p ess was made. 
order to compare with the American boiler- 
plate he had mentioned, Dr. Arnold had asked 
to be supplied with an undoubtedly good boiler- 
plate, which was given by Mr. Spencer. From 
this plate three small plates were cut, which Dr. 
Arnold, in the course of his experiments, sub- 
mitted to a most drastic heat treatment, but he 
was quite unable to render the material brittle. 
To show the extent of heat Dr. Arnold had sub- 
mitted them to, the speaker stated that the sharp 
corners of the specimen plates had been fused in 
the treatment. In his paper referred to above 
Mr. Milton mentioned that a steel-maker had 
manufactured experimental plates, three in number, 
one of which had been rolled too cold, one rolled 
too hot, and the third had received, so it was 
thought, the proper normal treatment—.e., anneal- 
ing and normalising. He gave at the time the 
fatigue tests, the worst ~y being that which had 
been rolled too hot and received no other heat 
treatment ; the next worst was that which had 
received the normal treatment. When the material 
was good, he would not say it was impossible to 
make it bad, but there was a very large latitude 
permissible in the heat treatment. 

With regard to the initial cracks, these were in 
the ingot. In the case of ingots for forgings the 
ingots were drawn down, leaving on the rough 
forging a margin of diameter, and rough turning 
could reveal the presence of small black marks. 
Plate ingots could not be examined in the same way, 
and the existing cracks could not be discovered. 
Some authorities were of opinion that the cause of 
ingot cracks was the presence of gas-bubbles near 
the surface ; others attributed them to the lining 
on the sides of the ingot moulds, and steel-makers 
had altered this lining, but without any better result 
than they would have obtained by painting them 
blue after having painted them red. The author’s 
statement to the effect that there was sometimes 
too much carbon in steel castings was, no doubt, 
correct ; but in ordinary castings the steel remained 
longer fluid and in contact with the sides of the 
mould than was the case with the steel cast in a 
cold ingot mould of cast iron, and in an ordinary 
casting the carbon had time to diffuse. Further, an 
ingot was subjected to the flame of the furnace, 
and became decarbonised on its surfaces. He (the 
speaker) could not attribute the initial cracks to 
the lining on the ingot mould. 

There was one important point to call attention 
to. The author hol cuptunteed the fact that 
boiler-plates ought to be annealed—properly 
annealed ; but to lay down a law upon annealing 
was dangerous. 

A great disaster which might have arisen through 
deficient quality was, fortunately, discovered before 
the boiler was at work in service at sea. A boiler- 
shell in the steamer Pahud was ripped at the seam, 
and then blew out a plate through the side of the 
ship. The boiler-plate which failed was examined by 
experts in the metallurgical profession, but they 
were unable to find out what had been the cause 
of the trouble. The ship had four or five sister 
ships, and the occurrence led to their boilers being 
examined ; they were the same class of boilers, and 
the steel came from the same makers. One plate 
was taken from one of these ; he (the speaker) had 
occasion to see it; it had rivet-holes all round 
it, and there were cracks all round. The inves- 
tigations made did not reveal the real cause 
why the plate was bad. He referred to other 
cases of failure of boiler shell-plates which did not 
lead to the discovery of any certain cause. In some 
instances he referred to every rivet had also 
become brittle; in others the rivet-holes had 
become elliptical, the material having stretched. 
He thought that boiler-makers were inclined to 
use too great a pressure in riveting. 

Reverting to annealing, Mr. Milton stated he had 
seen annealing furnaces in which the plates were 

iled one above the other with distance-pieces 
tween them. The shell-plates which had showed 
brittleness round one seam had been spoiled in 
annealing. The edges had been too enn: toatel 
and the large plates which protruded above the 
smaller ones were those which had received the 





worst treatment. The correct thing to do would 
be to anneal all plates singly, but this was evi- 
dently too costly and too long a proceeding 
There was also the question of hammer 
A great proportion of cracks occurred where the 
= had been dressed. Dressing was done to 
ide a defect, but the defect was there before any 


In| dressing was carried out on the plate. The cracks 


came from the ingots, and had to be referred back 
to the steel. 

Mr. Stromeyer, who followed, complimented the 
author on giving information on such a large 
number of failures. He (the speaker) agreed with 
Mr. Milton that most of the troubles were due to 
the quality of the material, and not to the mecha- 
nical treatment. At the present time the number 
of cracks increased, especially, haps, in Con- 
tinental and American work. e Pahud was a 
Continental ship. In a general way something 
now appeared to get in the steel which seemed to 
render it less reliable than it was formerly. The 
percentage of phosphorus plus nitrogen was on the 
increase ; the total of both constituents ap to 
have a tendency to rise above a figure which 
seemed to be the limit compatible with reliability. 
The cause of the increase in nitrogen in the steel 
was attributable to the large amount of Bessemer 
scrap that was used in the basic open-hearth furnace. 
This furnace did not remove the nitrogen. One 
way to prevent the inclusion of nitrogen in the 
steel would be to carry out the heat in a vacuum ; 
but this, of course, could not be done. Another 
consisted in introducing titanium ; the pure titanium 
metal, however, was very expensive, and the 
titanium ores would not remove the nitrogen. 


These were the two only means. The Manchester | th 


Steam-Users’ Association was always willing to 
assist in carrying out investigations, and if the 
author and Mr. Milton sent the Association 
samples of boiler-plates, the Association would 
analyse them for nitrogen. He (the speaker) had 
noticed that cracks occurred frequently in the 
boiler-plates and rivets of ships carrying caustic 
soda. Cracks might be due to defective plates and 
rivets, but some disincrustating material might also 
have been used in some instances, containing 
caustic soda, for example, which had led to the 
crack formation. 

Mr. D. Colville said that the author’s classifica- 
tion of the causes of failure, and his giving the 
points a numerical value was an interesting and 
novel feature. The five points he had suggested 
in his paper (see page 654 ante), which should be 
complied with so as to eliminate the risk of failure, 
were in the right direction. Mr. Milton had 
touched upon the challenge he had thrown out in 
his paper read before the Institution of Naval 
Architects. This challenge was answered, and was 
well answered by Mr. Spencer, otherwise other steel- 
makers would certainly have taken it up. Segrega- 
tion and other causes had been suggested as neces- 
sary to avoid, but there were at least sixteen 
other points to avoid also ; this formed part of the 
manufacturing practice, and was the secret of 
steel-makers. If Mr. Milton should continue to 
have failures, he (the speaker) would be glad to 
examine the plates, and to get to know the cause. 
When charged with oxygen the steel was unfit for 
use ; it had ‘probably been in the annealing fur- 
nace too long, and had been subject to too great 
a heat. 

Mr. A. Windsor Richards was understood to 
say that steel-makers knew perfectly the cause 
of the mysteries in steel which had been referred 
to, but that they were not in a position to give 
the secret away. The author had stated that the 
phosphorus content should not exceed 0.05 per 
cent., or with arsenic 0.06 per cent.; this was say- 
ing that there should not be more than 0.01 per 
cent. arsenic. What would be the effect, the 
speaker asked, if there were, say, 0.02 per cent. 
arsenic. 

Mr. F. W. Harbord found the author had stated 
that the weight of the plate as cut should not 
exceed about 45 per cent. of the weight of the 
ingot. This meant a large percentage of waste, 
whilst 35 to 40 per cent. was reckoned a normal 
waste, which it should not be difficult to work to. 
In ordinary practice, the cutting away of 15 per cent. 
from the top of the ingot removed the main segre- 
gated portion of the steel. In other words, if the 
steel had been properly manufactured, the 15 per 
cent. discard from the ingot removed the segrega- 
tion. If this was found sufficient for axle steel, it 


should be sufficient for plate steel. If, however, 





20 per cent. was the discard from ingot to slab, 
there remain a cent., and there was further a 
20 per cent. di from between the slab and the 
plate ; the total discard amounted to practically 
40 per cent., which ought to be sufficient to ensure 
quality. 

Dr. Stead stated that after the remarks he had 
heard he was inclined to believe that if Mr. 
Colville had a wonderful secret he would have to 
build high walls round his works to retain it, for 
after what had been said of Continental and 
American boiler-plates cracking, he thought Con- 
tinental and American steel-makers would go to 
Scotland in order to and find out the secret 
in question. Mr. A. Windsor Richards had also 
referred to this secret. But why, asked Dr. Stead, 
should it not be revealed; human life depended 
upon it being known. He added that discussion 
oft the paper would take several sessions ; he could 
not discuss it fully that morning, and would curtail 
his remarks. e believed a large number of 
failures was due to the crushing of the rivets. He 
had seen instances where rivet-heads had jum 
off before any pressure had been put in a boiler. 
Powerful hydraulic riveting- machines were now 
used, and if the men were careless and allowed a 
rivet to cool down, using it, nevertheless, instead 
of reheating it, a crushing-down effect took place, 
and microscopic investigations revealed that effect. 
The rivets were certainly not bad steel; the best 
of steels would fail when crushing took place at 
too low a temperature. Dr. Stead referred to 
an instance in which a boiler-maker was flanging 
a thick b poe ; he heated it up ‘‘in detail” to flange 
it round gradually. During the dinner-hour, when 

e plate was standing and not yet completely 
flanged, it cracked right across. The quality of 
the steel was impugned, but this was wrong, for 
Dr. Stead had a ro cut off from the part where 
it had failed, and this gave an excellent analysis, 
showing no nitrogen. here it had been sheared 
he took a sample, which he put in a V-block ; this 
sample, under the blow of a small hammer, broke 
like glass. One piece he took, which he heated to 
a red heat and cooled in air, bent up double. The 
steel works replaced that ‘‘ bad” steel, although 
the fault in that instance was the boilermaker’s. In 
the plate in question, the edge had, as it were, 
been chewed off and crushed in the shearing, and 
when a tension was set up it led to fracture. 
Samples of steel which he (the speaker) took 
between the rivet-holes and parallel to the cracks 
showed the whole material to be of good quality. 
Steel was disturbed in the nedented treatment ; 
a source of weakness was introduced into it, and the 
vibrations in the boiler when in actual service deve- 
loped fractures at the weakened part. With refer- 
ence to Mr. Stromeyer’s remarks, if the Bessemer 
scrap added to the open-hearth steel furnace was 
responsible for the nitrogen found in open-hearth 
steel analyses, this would tend to show how awful 
Bessemer steel must be. On the other hand, there 
were carefully made Bessemer steels which could 
be used for boiler-plate manufacture. The infer- 
ence to be drawn from Mr. Stromeyer’s remarks 
was that all Bessemer steel was » and no 
Bessemer scrap should be used in the open-hearth 
process. In Sweden, Bessemer steel was used for 

lates, and there was not such a great difference 

tween the atmosphere of Sweden and that of this 

country as to account for nitrogen entering the steel 
here rather than in Sweden. 

Mr. A. Lamberton —— the discussion must 
largely be in the hands of the steel-makers. He 
asked Dr. Stead whether, in the example he had 
mentioned, the crack went right through the boiler- 
_ The plate had probably been sheared with 

lades which were too blunt, and this would 
account for starting the crack, this latter remain- 
ing at the edges. He (the speaker) could not see 
how the crack could go through the whole plate, 
since it would get ‘‘ relief.” 

Dr. Stead referred to the explanation given 
many years ago by Sir William Siemens, who took 
a piece of india-rubber, in which he made a small 
cut that went right through the material. When 
the cut was started it run all along. 

Mr. A. Lamberton found that this might explain 
the crack spreading over the whole surface, and the 
examples given by the author and Mr. Milton 
were to the effect that the cracks were only local 
— that they did not go across the plates. 

Mr. Milton here said that most of the cracks did 
not go over the whole body of the plates. 

Dr. Rosenhain expressed the opinion that caution 
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should be used before drawing conclusions upon 
the subject then before the meeting. The author, 
he thought, had done well to put down his examples 
in numerical classification. One thing he (the 
speaker) missed in the — was a comparison 
with a normal plate. Small surface defects were 
found in almost all boiler-plates. He had examined 
many, but he had never felt it safe to draw conclu- 
sions from purely microscopical investigations. He 
repeated the need for caution, and wanted the 
mechanical test to confirm the microscopical. Mr. 
Milton had attempted to implicate the steel, but 
there was no proof that the steel was bad. He 
(the speaker) referred to the shock-tests, which, he 
said, did reveal defects. Inthe case of a combus- 
tion-chamber wrapper-plate which he mentioned 
the edges were for a long time just below the Ar, 
point, which led to the balli up of the pearlite ; the 
annealing had been improperly carried out at too low 
a temperature for too long atime. The question of 
internal stresses was an important one, and it 
should be added to the points which had been re- 
ferred to ; Professor Heyn had shown methods of 
detecting internal strains. As an example he (the 
speaker) added the well known-fact that the elastic 
limit could be raised by mechanical work on the 
test specimen. The author had shown that the 
internal stresses formed a very important factor to 
be reckoned with. 

Mr. 8S. A. Houghton, the author, said he would 
reply by correspondence to the points raised ; on 
the motion of the Chairman he was heartily thanked 
by the members for his paper. 


Tur Devetopment or Dry-CLeanine In Brast- 
Furnace Gas PurIricaTION. 


The next go taken was the one having the 
above title, by Mr. Fritz Miiller, Brebach, Prussia. 
It was read in abstract by the Secretary, and we 
reproduce it in full on page 688. 

he discussion was opened by Mr. Greville- 
Jones, who stated that, after careful consideration, 
he had put down a small experimental plant of the 
system described for the use of blast-furnace gas in 
the steel works. The travelled to the steel 
works ina pipe. The dust impurities were about 
5.6 gr. per cubic metre on entering the pipe ; about 
1 gr. was lost in the pipe, — about 4.5 gr., 
the gas then going through the filter-bags, which 
brought the impurities down to 0.015. He (the 
speaker) used rather more power than the author, 
and the cost for cleaning worked out at about 2d. 

r 1000 cub. m., as against the author’s 1d. to 1}d. 
™ regard to the use of a plant similar to the one 
dealt with, it was a question whether it would pay 
in the North of ieceed when the capital cost was 
considered. For using the gas in a gas-engine, the 
plant might pay, and a dry-cleaning process was 
more handy than a wet one, this latter being more 
awkward to handle. When using the gas under a 
boiler, they had not had such good results as the 
German figures given, and the results would 
perhaps be better if the gas were used under a 
water-tube boiler. 

Mr. A. Gouvy, who followed, said he had put 
in use two installations for the wet-cleaning of 
blast-furnace gas in Russian and French works, for 
which he acted as technical adviser. The cleaning 
of blast-furnace gas seemed to him to be one of the 
most successful improvements of recent years, since 
the recovery of power in the gas-engines was so im- 
portant for all iron works who endeavoured to reduce 
their costs bill, and as far back as fifteen years ago 
it was recognised that with cleaned gas only could 
working be economically carried out. He referred, in 
passing, to the very important work carried out by 
the President in this respect. But the wet-cleaning 
of gas, the speaker added, was surrounded with dis- 
advantages—i.e., the great consumption of water 
and the cost of power for raising it. The greatest 
difficulty was found in the large amount of slud: 
which had to be removed after being deposited in 
basins, and this was a specially difficult feature in 
cold countries, like Russia, for example, where it was 
quite impossible to remove it during the winter. 

In one case where he (the speaker) had dust that 
was intended for use in briquetting iron ore, wet 
cleaning allowed the use of only half, the remainder 
being mixed with 40 per cent. of water, which 
oul not be used until centrifugated, when the 
water was reduced by 80 per cent. The dust, in 
this case, was very fine, and contained about 
20 per cent. of manganese. 

His works had hesitated hitherto putting down a 


plant for dry-cleaning, the reason being that the 





gas at the top of their blast-furnaces producing 
ferro-manganese had a temperature of about 500 
deg. Cent., and the reducing of that temperature 
down to about 70 deg. seemed to him to be difficult, 


principally because the dust deposited inside the 
gas-pi formed, after a short time, the best 
calorifuge one could desire. An apparatus like the 


economiser dealt with by the author would therefore 
be of great interest, but it would be a very expen- 
sive one with such hot gases. It might occur that 
cooling down was in some instances insufficiently 
carried out, and when this did occur all the filter- 
bags would be put out of working order. An 
interesting point would therefore be to further con- 
tinue researches with a view to obtain a material 
for the filter-bags which would resist a higher 
temperature than 150 deg. Cent. 

In all works where the temperature at the top of 
the blast-furnaces was not higher than about 
200 deg., dry-cleaning seemed to him the best one 
could have, and that was the case in all furnaces 
which used Lorraine ores. 

Mr. D. Neustadter, in the course of a few remarks 
on behalf of the author, said Mr. Greville-Jones’ 
plant had to be considered in the light of a small 
plant, the working of which could not be compared 
with that of a large plant. It had been said that 
large installations for gas-cleaning would not pay 
where there was no application for the surplus gas. 
Many ironmasters, however, did not agree with this 
view, and a fair number of works owners had found 
it pay to put down a large gas-cleaning plant ; 
repairs and the cleaning of flues were reduced. The 
matter also depended upon the class of iron that 
was manufactured. The economiser was not sur- 
rounded with any special difficulties with reference 
to the temperature, and it was not expensive ; it 
could easily be kept clean, and was very efficient. 

Mr. W. Dixon thought all the members agreed 
that the blast-furnace gas must be clean, and for 
use in gas-engines it had to be perfectly clean, 
whether this was obtained by the wet or the dry 
process. The dry process, however, offered many 
advantages. We in this country had attacked the 
problem from a different point of view, and had 
endeavoured to prevent the gas from carrying away 
dust as it left the blast-furnace. We had been able 
to modify certain types of blast-furnaces in such a 
manner that the carried with it but little dust, 
and we could obtain all required results under 
boilers without cleaning. 

Mr. J. A. Smeeton said the question resolved 
itself into one of cost; some preferred one system to 


another, and found that one paid when another did | part 


not. A decision depended solely upon each indi- 
vidual condition, and broad rules could not be 
laid down in the matter. Wherever the gas was 
used, the cleaner it was the better and the greater 
was the saving. 

Another speaker, whose name could not be 
heard, would have liked to see more comparative 
information given between the wet and the dry pro- 
cesses. Whether the dry or the wet process were 
used the gas had to be cooled, and if in the dry pro- 
cess they used a water jet, they also had the sludge 
difficulty to contend with. If surface cooling was 
reso’ to, the question resolved itself into the 
extent of the surface necessary. No more water 
needed to be used in the wet process than in the 


—— cooling purposes. 
eChairman said that Mr. Dixon had suggested 
that it was better not to allow such a amount 
of dust as now obtained to flow out with the gas, 
but he had not given the secret which allowed that 
result to be secured. The last traces of dust in the 
were the most expensive to remove. [Mr. 

ixon here remarked that there was no secret in 
the matter ; he would deal with this point more in 
detail in a written contribution. e could not 
enter into it verbally at the meeting, owing to 
shortness of time. | 

On the motion of the Chairman, the author was 
heartily thanked for his paper. 


Some Recent Improvements In Case-HARDENING 
PRACTICE. 


This contribution, by Mr. H. L. Heathcote, 
B.Sc., Coventry, was then taken. Owing to the 
lateness of the hour, it was not read, the author 
limiting his remarks to an explanation of the in- 
struments it illustrated and which he exhibited. 
These were an improved pyrometer, an automatic 
centre punch for testing, and several types of 
improved sclerometers. The author had ascertained 
the required temperature for case-hardening, gave 





particulars of his case-hardening compositions, and 
showed samples of these. 

Professor Turner, who opened the discussion, 
said he had introduced a sclerometer thirty years 
ago to measure the hardness of cast iron. The 
author’s instrument, however, worked on quite a 
different principle. For him (the author) the ques- 
tion of hardness was one of very great importance, 
for although he had to deal with comparatively 
small articles, it was most necessary that their wear- 
ing surfaces should be of sufficient hardness and 
also of uniform hardness. He had carried out for 
many years careful experiments in the subject, and 
the Institute was very much indebted to him for 
his work. The point had been put on a more scien- 
tific basis, and there was now more chance of 
uniform results being obtained. 

Sir Robert Hadfield asked the author whether he 
could determine accurately very great hardnesses ; 
that above ‘‘ flint hardness” was very difficult to 
determine. Brinell’s methods were valuable 
methods indeed, but above certain degrees of hard- 
ness they could not be relied upon, the ball breaking 
or becoming deformed in the investigation upon a 
very hard material. He hoped the author could 
help in that direction. 

he author, who stated he would reply by corre- 
a was heartily thanked, on the motion of 
the Chairman, for his contribution to the proceed- 
ings. 

THe Propuction or Steet Direct rrom Org. 


This paper by Mr. Ernest Humbert and Mr. 
Axel Hethey was then taken. It was read in abstract 
by Mr. Hethey. We shall reproduce it in full in 
a future issue. The difficulty of eliminating from 
the steel, with the usual methods of manufacture, 
oxygen, phosphorus, sulphur, and silicon, the 
yey failure to eliminate nitrogen and hydrogen, 
ed the authors to try the method they described. 
They used a 6-ton Héroult electric furnace, working 
with single-phase current. They gave the compo- 
sitions of the charges, the weight of steel produced, 
the energy used, and the analyses of the steel, 
together with the results the steel gave under 
mechanical tests. 

Mr. E. G. Constantine, who opened the discus- 
sion, said that it was disappointing to the authors 
that the important manufacturers of steel had left 
the meeting, for he was hoping that in the course 
of remarks to be made, some reference would be 
given to the effect the process would have on the 
elimination of nitrogen and phosphorus from steel, 
icularly for boiler - plates. They had been 
told that nitrogen had a detrimental effect on the 
steel for boiler-plates. If by such a process nitro- 
gen — it was a fact that jthis were bad) 
could be eliminated, it was worth while considering 
whether it could not be introduced in steel works 
for the making of such plates. In large quantities, 
this was, perhaps, prohibitive ; nevertheless, from 
the point of view of purity, the subject was worthy 
of careful attention, especially in countries where 
water-falls were available, and in localities where 
steel production was more important than the 
manufacture of pig-iron. 

Mr. Greville ta bes would have liked the paper 
to contain more detailed information as to costs, 
wages, repairs, and electrodes. In Middlesbrough 
the cost of the process would be prohibitive, and 
they could manufacture in the ordinary way steel of 
the same analysis without undergoing the expense 
of the method referred to in the paper. 

Mr. O. Frick said the process had been tested 
twelve years ago from the technical point of view. 
In his opinion the are furnace was not suitable for 
this, owing to the high heat evolved being above 
the bath, whilst in the stack furnaces all the heat 

iven off by the gases was utilised. The electric 
urnace came in rather for finishing the steel pro- 
duct ; electric reduction applied to the ore would 
not pay, except in very exceptional cases. They 
coal ; now produce the highest class of electric 
steel from low-grade material at a very low expense, 
added to the cost of the material in question. 

Mr. E. Adamson, who followed, said the previous 
speakers had dealt with the subject from a stand- 
point different from the one taken by the authors, 
who claimed to be able to make with the process 
steel comparable to the old Damascus steel. He 
(the speaker) disputed that. He did not think 
nitrogen and phosphorus were the real causes of 
their troubles; but he would enlarge upon the 
matter in a written communication. 

Mr. F, W. Harbord stated that some years ago 
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SIX-CYLINDER WATER-COOLED AEROPLANE ENGINES. 
CONSTRUCTED BY THE BEARDMORE-AUSTRO-DAIMLER AERO ENGINE, LIMITED, LONDON. 
(For Description, see Page 669.) 
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he had ein? manufacture with the Stassano 

rocess, and found that there was a great 

ifficulty in dealing with the slag. The Héroult 
furnace lent itself better to this, because with this 
furnace the slag could be poured off. The cost of 
repairs also came in ; theoretically, the waste was 
very great. Steel could not be made directly in 
any electric furnace on practical and commercial 
lines, except for small outputs to meet special 
demands. 

Mr. Hethey intimated his intention of dealing 
with the points raised by correspondence in the 
Proceedings. 

The Chairman, in thanking the authors, said he 
had been for fifty years in the steel trade, and had 
often heard that nitrogen was a bad substance. 
What was, he asked, the percentage of nitrogen 
and of other elements, such as arsenic, for example, 
which rendered steel of a bad quality; he 
never heard what was the actual howe. They all 
knew what were the ntages of phosphorus and 
sulphur to avoid, but not those of the other sub- 
stances referred to. 


Toe OCarnecre MepAt. 
In the course of Friday’s p i the Car- 
negie Gold Medal was awarded to Dr. Thomas 
Swinden for his researches on molybdenum steels. 


Papers Taken as Reap. 


The remaining eight papers, by Dr. J. O. Arnold, 
Dr. C. Benedic x Bose, Mr. C. Chappell, 
Dr. J. N. Friend and Mr. C. W. Marshall. Dr. 
H. C. Greenwood, Mr. M. Misson, Dr. Rosenhain, 
and Mr. J. L. Houghton were taken as read. The 
usual vote of thanks to the Institution of Civil 


Engineers, for the loan of their hall, and to the 
Chairman concluded the proceedings. 





INDUSTRIAL NOTES. 

As announced in our last issue (see 643), 
the Executive Council of the National eration 
of Building Trade Employers held a meeting on 
Monday, the 11th inst., at the close of which it was 
decided to recommend a national lock-out, should the 
men engaged in the London building dispute maintain 
their refusal to agree to the terms which the employers 
had put forward in the last instance, and on which 
they took the ballot we have previously referred to. 
The statement that was published after the meeting 
was to the following effect :— 

** Ata special meeting of the Executive Council of 
the National Federation of Building Trade Employers 
of Great Britain and Ireland, held this da (the ith 
inst), the following resolution was ag 
mously :— 

‘*Whereas the London Master Builders’ Associa- 
tion has reported that it has this day received a 
request from the trade-unions involved in the London 
dispute for a conference with a view to settlement, it 
is resolved that, before taking definite action in sup- 
port of the London Master Builders’ Association, as 
indicated in the resolution of this Council, the London 
Master Builders’ Association be uested to accede 
to the request for a conference, including one of the 
national exeoutives of each of the eleven trade unions, 
and, in the event of the operatives refusing to accept 
terms that are within the recommendations ef the 
National Board of Conciliation within ten days of 
such conference, this Council recommends a general 
lock-out as provided in the rules.” 

On the 11th inst., the date of the meeting in ques- 
tion, the dispute entered on its sixteenth week ; the 
number of men hitherto involved has been about 45,000 
(of which only 25,502 took part in the ballot); the 
wages lost down to the 11th inst. amounted to close 
upon 1,000,000/. ; and the strike pay which the men 
had received amounted, we are told, to close upon 
300,000/. Besides the 45,000 actively in the 
dispute, a further number of approximately 30,000 
had been thrown out of work by their action. 


to unani- 


An_ interesting article is given in a recent issue of 
the She Daily Telegraph, which ts out the 
indeb meen tebe peng v= vom e years ago 
® correspondent of this Sheffeld journal visited Dron- 
field, not long after Messrs. Cammell Laird had trans- 
ferred their operations from that town to Workington. 
The firm had been every to Dronfield, and its depar- 
ture left the place almost like a dead city. The same 


correspondent knows Barrow, and on several occasions | be 


the townagecls agsak Sippentty of the proemnes of 
e townspeople 8; ippan ts) 
the great firm of Vickers, Limited, in their midst, 
these persons we gee the opinion that the town of 
Barrow does not benefit so much after all from its 
resence. Such views are not shared by shop- 
zepers, nor by the majority of other tradesmen, 





nor does the correspondent think the larger number 
of the official ey subscribe to them. The 
journal then gives briefly the history of the de- 
velopment of the firm, and asks its readers to con- 
template the army that emerges from the various pay- 


offices just after noon on a Saturday, and then to| N 


compute the total sum of money en from these 
works into the town for circulation among the trades- 
men. These wages, indeed, tell a wond tale. The 
first weekly i bill in 1897 probably did not much 
exceed 1000/. To-day it is probably about 17,000/. 
There was still another aspeet of the firm’s influence 
on the town. The rateable value of Barrow to-day stood 
at 342,269/., and Messrs. Vickers, the railway com- 
pany, and the Steel Works were between them respon- 
sible for quite one-third of the rates, which s at 
6s. 5d. in the £. The growth of the number of houses 
gave another remarkable, though natural, confirmation 
of the rise and extension of the Barrow Island concern. 
In the two central wards there had not been much 
room for additional houses of late years, while in a third 
the land was still mostly under cultivation. But ia 
pee other wards, where ny ow! were building sites in 

enty, La communities sprung up in recent 
Senne. In Walney Ward, that in which the works 
were situated, no leas than 1308 houses, mostly for the 
workers, had been erected since 1897. In Hawcoat 
Ward, a district once considered to be in the heart 
of the country, there had been built in quite recent 
times no fewer than 1356 dwellings, and, like those 
at Walney, the majority were occupied by Messrs. 
Vickers’ employees. In Newbarns, another 820 houses 
had been added, while in Hindpool and Salthouse over 
500 habitations had been erected. Altogether, in 
those five wards, between July, 1897, and July of last 
year, no fewer than 4045 dwellings had been added 
to Barrow, and it would not be far from the mark 
to say that something like seven-tenths of the tenants 
had some connection with Messrs. Vickers’. Still the 
works were expanding, houses were being built in all 
directions where sites were to be obtained, and yet 
more were required, while hundreds of employees 
found residence in the outlying towns. 

There had recently been a fresh outcry of lack of 
accommodation for the working-men, but the whole 
question of lack of accommodation resolved itself 
round the increasing activities of Messrs. Vickers, 
thus emphasising the great debt Barrow owed to that 
ae for having developed their activities within its 

ers. 





Last Monday, the 11th inst., men and women to the 
number of about 300, employed at Messrs. Haggie 
Brothers’ rope works, Gateshead, came out on strike. 
The immediate cause of the strike was stated to be the 
refusal of the firm to ise and to deal with the 
Gas-Workers and General Labourers’ Union, to which 
their workpeople belong. Negotiations had been 
going on for some time with t to an advance of 
wages. The employers on the North-East Coast had 
established an employers’ federation, and dealt with 
the district secretary of the union in question on 
behalt of all the firms ; but Messrs. Haggie had re- 
fused to join the employers’ federation; they had also 
refused to meet any representatives of the workers’ 
union. Representatives of the union met Messrs. 
Haggie on Monday, with a view to come to a settle- 
ment, and they offered that if the firm would grant a 
conference at an early date to discuss all the ques. 
tions in dispute, they, on their part, would recommend 
the workpeople to resume their employment forthwith. 
The firm did not agree. 


On Saturday last, the 9th inst., 305 hewers were 
summoned at Alnwick for laying idle, on April 7, the 
Newburgh Pit—this pit being one of the Broomhill 

up of collieries—and the owners claimed 10s. 
, se from each defendant. The case of one man 
was taken as representative of the others. 

The owners of Broomhill Collieries claimed against 
the defendants on the ground of breach of contract. 
The man whose case was taken was employed at the 
Newburgh Pit on the universal terms of fourteen 
days’ notice being required on either side to ter- 
minate the engagement. The fillers’ duty was to 
shoot down and win the coal that had been under- 
cut by coal-cutting machines. For that work they 
were paid ls. 1 per ton, plus the county per- 
centage, which at that time was 524 per cent. above 
the basis of 1879. For hewing coal by hand, the 
price paid was ls. 7d. per ton, plus the county per- 
centage for a yard seam. The coal-cutting machines 
burrowed along a continuous face of coal for a length 
of about 100 to 1000 yards, and when the machines 
reached the end of the face the operations had to 
until a new face could be for 
their working. Such was the state of matters on 
April 2, when the manager of the pit informed the 
fillers that the working of the coal-cutting machines 
would be discontinued at the week-end, that after 
the week-end the fillers would be put on to hewing 
by hand, for which they would be paid the ordinary 
rate for hewing. There were between 330 and 340 
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hewers —— 


~ og in the pit, and it was decided, by a 
quarterly ballot, who the fillers were to be. @ men 
probably did not like being taken from the work 
of filling, at which they could make more money than at 
hewing by hand, and that was the cause of the trouble. 
othing was said by or on behalf of the men until 
Sunday, April 5, when a deputation of the men went 
to the manager, and asked him what price he pro- 
posed to pay the fillers for hewing. He said they 
would be paid at the ordinary hewing rates. The 
twelve men around whom the dispute centred were 
not at work on the Monday, but nothing turned on 
that. On the Monday evening the deputation again 
waited on the r, and said the fillers wan to 
be paid at the shift-work rate, which was about 
7s. 10d.aday. The reply given the deputation was 
that that not been the practice, and there was no 
reason why they should be paid differently from other 
men doing the same work in the same district. The 
manager, therefore, refused to pay the shift rate. 
As & result of the men’s decision, the pit had laid 
idle, and the colliery company had suffered a loss of 
158/., and that worked out at 103. a man, but they 
were willing to reduce the damage to 5s. per man. 

On of the men, it was stated that ever since 
this particular district was opened, eighteen years 
ago, it had been ised that a man hewing at 
tonnage rates could not make more than 2s. 6d. or 
3s. - day, out of which he had to pay about a 
shilling a day for powder. It was therefore agreed 
between the then r and the men—and it had 
continued to be the custom of the colliery ever since— 
that hand-hewing in the district should id for at 
special rates, and this was a very jealously-guarded 
custom. The issue had been complicated by the intro- 
duction of coal-cutting machines, but in January last, 
when miners were put into this particular place, a 
meeting was held at which it was decided that no hand- 
hewing should be done at Is. 7d., and the men were 
withdrawn from the district. An abrupt and drastic 
action in a stated payment struck at the very founda- 
tion of the contract between master and man, and it 
was submitted that the making of a material funda- 
mental alteration in the terms of the contract which 
affected the wages of the men was striking at the root 
of the contract, and was a breach of the contract on 
the part of the manager. It was argued, therefore, 
that the men could not be held liable for damage for 
laying the pit idle, in that the contract had been 
broken by the management before that occurred. 

The Bench held that the men were not justified in 
laying the pit idle without giving notice, and an order 
_— made against each defendant for 5s. damages 
and costs. 





Manineg Steam-Turpines.—The Moniteur de la Flotte 
states that the Vaterland (German), and the Aquitania 
= the two largest a ee in the 

are to commence running during the present 
month. Both are propelled by Parsons turbines. The 
fact that the large German ipping companies, after 
experimenti with turbines of the ‘‘Curtis-A.E.G.- 
Vulcan” type, should have abandoned this type — 
in favour of the is a very significant one accord- 
ing to the journal in question. 





Tue “ Fiyte-Train.”—In the last few days a demon- 
stration has been given of an application of certain well- 
known electro-magnetic principles which has resulted ina 
great deal of extravagant talk in the columns of some of 
the daily —- We refer to the so-called *‘ Flying,” 
or as M. ile Bachelet calls his model, the Levitate’ “ 
train. In this scheme the car or train is kept off the 
ground by the repulsive force exerted on an iron car fitted 
with an aluminium base, by a series of electric coils laid 
along the track. The track at intervals is encircled by 
electro-magnets, which draw the car along from one to the 
other. The magnets are and cut out automati- 
cally as the car proceeds. It is claimed that the system 
does away with track friction, and, therefore, a 
of 300 miles per hour can be obtained on a full-sized railway. 

is, of course, is pure fancy. eg friction, although 

forming an le on of the total at low 

speeds, is LF. | small part of the whole resistance of 

trains at present-day _ Air resistance is 

much more important, and this factor increases with the 

8 os ee oe oe om tb. 
% 


X. high speeds —~ Seem oo 
to be an insuperable ty. From an analysis made 
of the Zossen -Marienfeld motor-coach triale it.would 


appear thatat 300 miles per hour air resistance alone would 
amount to more than 250 1b. per ton, compared with roll- 
ing friction < poem, 8 lb., while the total resistance 
at about 60 miles per hour was in that case less than 
40 lb. per ton. The remaining factor of importance in 
train resistance— friction—would have to be re- 
tained, or laced by some other control introducin 
resistance. Even if practicable, the system s' t 
would be extremely expensive to construct, while the 
losses accompanying this of overcoming the small 

ing friction which actually exists, and of producing 
the tractive effort, would far more than counterbalance 
any advantage to be gained. As a scientific toy the rail- 
way may prove interesting, but there are many scientific 
applications which, while capable of demonstrating prin- 
;ciples in an attractive manner, are unsuited to this 
practical everyday world. 
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ARTICULATED 2-8-8-8-2 TYPE LOCOMOTIVE FOR THE ERIE RAILROAD. 


CONSTRUCTED BY THE BALDWIN 


LOCOMOTIVE WORKS, PHILADELPHIA, PA., U.S.A. 








WE illustrate on this page a very remarkable loco- 
motive which has recently been built for the Erie Rail- 
road by the Baldwin Locomotive Works, Philadelphia, 
Pa., U.S.A., whose London office is 34, Victoria-street, 
S.W. This locomotive is of articulated and of the 
2-8-8-8-2 wheel arrangement—that is, it has a leading 
and trailing two-wheel truck, and three groups of eight 
coupled drivers. It is built to the patents of Mr. 
G. R. Henderson. At first sight it might seem that 
this was a modern development of the old Sturrock 
steam-tenders of 1863. The object sought is similar, 
but the tender in this case is really as much a part 
of the locomotive as is the front articulated 


portion. There are six cylinders, all of the same 
size and pattern, 36 in. in diameter and of 32-in. 
stroke. he middle pair are high-pressure. The 


exhaust from one of this pair supplies the leadin 
pair, which are low-pressure cylinders, while the back 
pair, also low-pressure, are fed from the other. The 
exhaust from the front pair of low-pressure cylinders 
passes to the smoke - box and out of the stack ; 
that of the back pair passes through a long tubular 
feed - water heater, and is led away through a 
vertical pipe at the back of the tank. The lead- 
ing wheels are 334 in. in diameter, and the trailing 
are 42 in. in diameter. All the rest, coupled in three 
groups, are 63 in. in diameter. The total wheel-base 
is 90 ft., and the driving-wheel base 71] ft. 6 in., 
though in no part is there a rigid base of more than 
16 ft. 6 in. don articulated connection is arranged 
in the middle, by the middle pair of cylinders. A 
second is arranged under the cab, where the radius- 
bar of the rear section forms a ball-joint with the 
hinge pin. 

he boiler barrel has a diameter of 94 in. at the 
front end, and 1024 in. at its largest diameter. 
The fire-box is interesting as being fitted with a 
Gaines arch and combustion-chamber. The te 
area is 90 sq. ft., the lemgth of the fire-box bein 
162 in. and its width 108 in. Of the 162 in. o 
length, the grate occupies 120 in.; the remainder is 
occupied by the Gaines combustion-chamber. A 
Street mechanical stoker is provided, while the boiler 
is fitted with a Schmidt superheater of fifty-three 
elements. The boiler-tube length is 24 ft. It will 
thus be seen that this engine utilises for traction 
purposes a very large percentage of the total weight, 
and that at the same time every advantage has been 
taken of modern developments to make it economical 
at work. It will be used for pushing service, and is 
the most powerful locomotive yet built. The chief 
particulars are as follows :— 


Cylinders (two high-pressure) 36 in. by 32 in. 
36 


— (four low-pressure) oy 3B vs 
Piston-valves, diameter af 16 in. 
» driving Ss i. 63 in. dia. 
» leading 334 ,, 
Boller basssl, dlanetar’ in. to'i 
lam . 
Fire-box width ... 2 Sine series = 7 
a a d 
Tubes—length |. ———— 
a number 326 it in. in dia. 
Heating surface—fire-box 272 sq. ft. 
” combustion- 
chamber ee eas 108 








Heating surface—tubes ro 6418 aq. ft. 
“si arch tubes... — ~« 
Total ... doe 6886 on 
Superheater surface ... hi 1584 ,, 
Grate area ; es 8 


be 9” ,, 
Working pressure 210 Ib. per sq. in. 





Wheel-base, rigid 16 fo. 6 in. 
- driving aes Lat Oe 
a total “ee os 90 fo. 
Weight on drivers _... ial 336.42 tons 
‘eo leading truck... 14.31 ,, 
es trailing truck... 26.52 ,, 
Total ... i. 377.25 ,, (long) 


Water-tank capacity ... . 10,000 U.S. gallons 
Coal-bunker _,, a a 16 tons (short) 
Tractive force ... ‘ me 








GRANARY AT GLASGOW HARBOUR. 

AN important addition to the many conveniences of 
Glasgow Harbour was officially inaugurated on the 
6th inst. in the form of a large and admirably- 
equip , which is situa at the recent 
seerE ved” Mendowcide Wharf. The building ie 
312 ft. long by 72 ft. wide inside, and will store 
31,000 tons of grain. Internally it is divided into 
two sections. ne is 168 ft. long, with 150 sepa- 
rate bins, of which 38 are 102 Ri. in depth, and 
the others 84 ft., collectively having a capacity of 
20,000 tons. The other section of the building is 
144 ft. in length, and contains, in addition to the 
loading-platforms, sacking-off floor, and conveyor 
gallery, eleven storage floors, designed for a depth 
of 5 ft 6 in. of bulk grain on each floor, and col- 
lectively capable of storing 11,000 tons. Centrally 
located is an elevator, the top of which is in a tower, 
36 ft. by 24 ft., and 160 ft. from the ground level, 
while two main distributing conveyors, running from 
the main elevators to each end of the building, are 
accommodated in a conveyor gallery 131 ft. above 
round level. From these conveyors are side shoots 
Sechonsion through the top floor into any of the 
silos, or on to the floors at any level. Under the silos 
and the bottom sto -floor is a sacking-off floor, 
12 ft. 6 in. high, onl unter this again a loading- 
floor, with railway tracks and platforms. The silos 
are built of ferro-concrete, on the Considére principle, 
as are also the outer walls of this portion of the build- 
ing ; the section with floors is of cast-iron columns, 
surrounded with concrete, while the floors are of 
joists with concrete; but as we hope to illustrate 
fully the construction of the building, which is from 
designs by Mr. W. M. Alston, M. Inst, C.E., Engi- 
neer-in-Chief of the Clyde Navigation Trust, and 
was built by Messrs. John Train and Taylor, Ruther- 
len, we need not enter here into details. Mr. George 

. Banter, the Clyde Trustees’ Mechanical Engineer, 
was associated with the grain-conveying machinery, 
which was supplied by Messrs. Spencer and Co., 
Limited, Me , Wiltshire, and this also we shall 
illustrate later. On the Meadowside Wharf there are 


| two yong oy - discharging elevators running 


on a track, ft. long, for raising the grain from 


| the holds of ships at the rate of 250 tons per hour, 


and teeming it on to one of two conveyor-bands in & 
subway built parallel with the face of the quay. These 








transfer the grain to conveyors running at right angles 
and discharging into the bottom of the main elevators 
in the centre of the These elevators, with a 
capacity of 250 tons per hour, dis on to two con- 
veyor-bands on each side of the top gallery, and the 
grain is delivered into shoots to any of the series of silos 
or on to any of the eleven floors. For “‘ turning over ” 
grain there are other conveyors, dealing with 100 tons 
per hour, reaching from the ment of the building to 
the main elevators. Automatic weighers are 
on the quay elevators, at the silo hoppers, and on all 
sack-filling machines. Sack-conveyors are also pro- 
vided throughout the granary, and arrangements made 
for loading lighters or coasting steamers with sacks or 
bulk grain at the rate of 100 tons per hour. The 
details of this latest evidence of Clyde Trust enter- 
rise, under the stimulus of the chairman, Sir Thomas 
ason, will be fully described later. 





Tue InstrruTion or Crvi Encinggrs.—On Tuesday, 
the 12th inst., the annual dinner of the Institution of 
Civil Engineers was held in their new building in Great 
George-street, Westminster. The toast of “‘ The Im- 
= Forces” was proposed by Mr. B. Hall Blyth, 

ice-President, and was responded to by Rear-Admiral 
R. B. Farquhar, Vice-President of the Ordnance Board, 
and Field- al Sir Evelyn Wood, V.C., G.C.B. The 
toast of ‘‘ The Guests ” was proposed by Sir John Wolfe 
Barry, K.C.B., and 1 1 by the Right Hon. Viscount 
Haldane, K.T., P.C., Lord High Chancellor. Lord 
Haldane’s remarks were largely directed to enforcing the 
necessity of training and education in all classes of society, 
in order that the country may maintain its position in 
the manufacturing world in face of the competition of 
foreign countries. He reminded his audience that their 
places in the world would eventually be taken by those 
who were now growing up, and that unless the younger 
generation were properly trained it would find itself out- 
paced by better-educated nations. 


ASSOCIATION OF TEACHERS IN TEOHNICAL INesTITU- 
TIONS: CONFERENCE OF TROHNICAL TEACHERS. — The 
Association of Teachers in Technical Institutions will 
hold its eighth annual conference at Liverpool during 
Whitsuntide—May 30 to June 3. The educational meet- 
ings will be held in the Hall of the Central Muni- 
cipal Technical School. is Association is the only 
representative body of technical teachers in the king- 
dom, and its conferences are therefore of considera’ 
importance in the educational world. The open meet- 
ings begin on r-» June |, at 10.30 am., when 
the Chairman of the Liverpool Education Committee, 
Councillor J. W. Alsop, B.A., J.P., will welcome the 
Conference to Liverpool, and the President, Mr. P. 
Abbott, B.A., will deliver his Presidential address. 
During the Conference papers will be read by Mr. W. 
Hewitt, B.Sc., the Director of Technical Education 
for Liverpool, Professor Haldane Gee, Mr. W. K. 

Mr. Laurence Small, Mr. W. R. Bower, and 


special interest to the various 
education will be read. Resolutions 
on matters of educational and professional interest will 
be discussed at the various meetings. The annual dinner 
will be held at the Exc! Station Hotel on the eveni 
of June 1. Visits to Port Sunlight and Messrs. Oammell 
Laird and Co.’s works, and a reception by the Lord 
Mayor at the Town Hall, the many social 


are 

items which have been arranged by t! - 
mittee. An exhibition of books and scientific apparatus 
will be held throughout the Conference at the technical 
school. 
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120-HORSE-POWER SIX-CYLINDER WATER-COOLED AEROPLANE ENGINE. 
CONSTRUCTED BY THE BEARDMORE-AUSTRO-DAIMLER AERO ENGINE, LIMITED, LONDON. 


(For Description, see opposite Page.) 
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CARBURETTOR FOR 120-HORSE-POWER AERO-ENGINE. 
CONSTRUCTED BY THE BEARDMORK-AUSTRO-DAIMLER AERO ENGINE, LTD., LONDON. 
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In our issue of March 13 we described the Beardmore- 
Austro-Daimler aero engine in connection with our 
notice of the Olympia Show. At that time we said 
that we hoped to give some more detailed drawings 
of the engine in the future, and we are now able to 
justify that anticipation. Various general views of 
the 120-horse-power and 90-horse-power sizes will be 
found in Figs: 1 to 5, on page 665, while line drawings 
of the 120-horse-power size are shown on the opposite 
page, and drawings of the carburettor above. Both the 
engines we illustrate are of ial interest at the 
moment, since examples of each have been entered 
for the present War Office ine trials. We believe 
these engines were among the first delivered, and 
were in the first batch to get on to the test-beds. No 
results of the tests are, however, likely to be avail- 
able until all the engines submitted have been through 
their trials. As we have described the general 
features of the Beardmore-Austro-Daimler engine so 
recently, it will not be necessary for us to deal with 
them again now. We will content ourselves with 
reference to some of the details not well shown in the 
ve = published - 13. We should, 

ver, per repeat that the 90-horse-power engi 
has eylindere of 120 mm. bore by 140 edge tacking 2+ 
the 120-horse-power has cylinders of 130 mm. bore by 
140 mm. stroke. Both engines run at 1200 revolutions 
per minute, and have a weight, including radiator 
with water, water in jackets, and all lubrication and 
ignition devices, of 44 lb. per brake horse-power. 

It will be remem that the valve-gear is a 
feature of great interest in these engines, the inlet 
and exhaust-valves being operated in pairs by a 
comm > arrangement is well shown 
in Fig. 8, page 668. The rod at the bottom end is 
coupled to a bell-crank lever, which carries two rollers 
lying on the surface of the cam. The device gives a 


positive motion of the tappet-rod in both directions. 
The rod at its upper end operates a centrally-pivoted 
rocking-beam, which bears on the top of the valve- 
spindles. The valves are closed by a common lam- 
inated spring, which from its position is well away 
from the heat of the cylinders, and is not likely to 
lose its temper. The large-diameter valves are well 
shown in Fig. 8, as well as the short spindles which 
they carry. This latter feature is of importance in 
decreasing valve failure, since the principal stresses 
are due to the momentum of the valve itself when 
closing, and the shorter and lighter the spindles the 
less liability there is of fracture. The method of 
removing the valves can be followed from Fig. 8. The 
inlet-valve is carried in a removable cage, and when 
this is taken out the exhaust-valve may be remo} 
by inserting the fingers into the cylinder. The cam- 
8 drive is shown in Fig. 7. As will be seen, an 
idle wheel is used between the crank-shaft and cam- 
—- keep down the dimension of the cam-shaft 

ee 

The pump, magneto, and lubrication drives are well 
shown in Figs. 6 and 7. As will be seen, a triple bevel 
arrangement is used. The arrangement shown in these 
oo is that of the 120-horse-power size. In the 

horse-power engine only one magneto is used, and 
the water-pump is placed opposite to it. This is 
shown in Fig. 5. The arrangement menti in our 

vious description, by which some of the cylinder 
Eolding-down its pass through the main ng 
caps, can be seen in Fig. 6. These bolts take some 
the explosion stress from the crank-case. 
has two carburettors, one for each set of three 
cylinders. One of the carburettors is detailed in 

igs. 9 to 11. A single control-rod operates the 

sleeve-throttle of both carburettors, which give uni- 
form consumption at all speeds. The float-chamber 





Each engine i 





of the carburettor is annular in shape, and has a 


passage up through the middle, in which a single 
jet is placed. The terminates in an orifice at 
the bottom of a - circular casing of 


aluminium. Another orifice is out in the side of the 
casing for the admission of extra air, and a third 
orifice in the top which leads into the inlet manifold. 
Within the drum-shaped casing a circular sleeve of 
brass is fitted, which can be caused to rotate through a 
uarter circle by means of the control-rod which passes 
h the centre of both the sleeve and casing. 
Three graduated slots cut in the sleeve allow the 
orifices from the jet and those for extra air 
to the engine to be gradually uncovered. The orifices 
from the jet and extra air a discharge into the 
interior of the hollow sleeve. The streams of petrol 
vapour and air mix inside the sleeve, which forms 
what is virtually the mixing-chamber, and pass up. 
wards through the orifice in top to the inlet mani- 
fold. To ensure that vaporisation shall be complete, 
and to do away with the possibility of the carburettor 
freezing at hig! altitudes and during other low-tem- 
perature itions, the drum in which the sleeve 
turns is hot-water- jacketed. 

The carburettor is fire-proof. The float-chamber is 
wholly enclosed and air-tight, = for an overflow 
and are of wg 8 bore. e intake 
is continued in the shape of a long pipe, so that shou 
the engine blow back, the flame would be muffled. The 
extra air pipe is similarly muffled and gauze-covered. 
The advantage of fitting two carburettors is that even 
carburation can be obtained, which would not be pos- 
sible with a single carburettor without a very lon 
length of induction-pipe. Each cylinder is fitted wi 
two-point ignition, the plugs being covered on the out- 
side with porcelain and fibre caps. The two-point 
—_— is found to give greater power. The late 

r. Cody stated that an increase of from 3 to 4 horse- 
power was obtained when the second ignition was 
switched in. The engines are manufactured by the 
Beardmore-Austro-Daimler Aero a Limited, 
112, Great Portland-street, London, W. 





Lonpon County Councit Tramwars.—At the meeting 
of the London County Council, on Tuesday last, the 
Highways Committee recommended that the advice of 
Mons. A. Mari Directeur General, Com jie 
Generale des Omnibus de Paris, be sought with to 
problems which confront the Council with regard to con- 
solidating and linking up their tramways. It is thought 
that the problems which present themselves are such as 
—— it voir ded secure gay gy bBo 

ent expert o ex i as 
extensive knowledge of both tramway and motor-omnibus 
working, for both of which he is responsible in Paris, it 
is thought that his advice ou the matter would prove 
valuable. This recommendation was adopted without 
opposition at ‘Tuesday’s meeting, fee offered to M. 

i being .250/., including travelling expenses, with 
a provision of 75/. for an assistant to act as interpreter. 


Tue Royat Soorry or Arts.—On the last three 
Mondays a course of Cantor Lectures has been delivered 
at the Royal Society of Arts on ‘‘Some Recent Develop- 
ments in the Ceramic Industry.” These lectures were 
delivered by Mr. William Burton, who first dealt with 
modern developments in casti wee | and the uc- 
tion of hollow ware, after whic passed on to revi- 
val of tile-making, after making mention of the beautiful 





Society of Arts a Jaid about 1848, was also one of 
the early examples. In 1840, of Birmi 
brought out his process of com: 
steel die, and on May 8, 1843, first public demonstra- 
sien of Sho povsutn wae geen the Society of Arts hall. 
ides de. Taskand puessvmaiinesss. Becky ttenape 
to introduceh drauliopremes ad failed, but modern — 
riven on togg , were 

at two to three times 


ing clay powder in a 
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THE “DIAMOND” STEAM-SEPARATOR 

AN interesting and simple form of steam-sepsrator 
is b ing introduced into this country by the Diamond 
Blower Company, Limited, of 758, Queen Victoria- 
street, E.C. This separator is of the baffle type. 
The baffling is arranged for by means of a series 
of tongues projecting from what may be termed a 
shallow box. ‘The tongues are arranged in rows and 
are stamped out of a fist sheet of metal and bent out- 
wards from the box at an angle of 45 deg. They are 
staggered, and the steam is forced to take a tortuous 
path between them. The direction of the steam is 
arranged so that it strikes the underside of the project- 
ing tongues, and the moisture or oil carried by it is 
deposited on them, and is worked along by the impact 
of the steam to the root of the tongues. As above 
stated, the tongues project from a shallow box-like 
body, and, on the oil or moisture reaching the heel or 
root of the tongues, it passes into this shallow recep- 
tacle, and is thus removed from the path of the steam. 
It then flows down to the lowest part of this box or 
double bottom and is drained off. The bottom or side 
of the box opposed to that out of which the tongues 
are cut, has vertical ridges stamped in it to cause the 
deposited moisture to flow ta the bottom of the 
receptacle. 

A series of these units consisting of rows of tongues 
and the appropriate double bottoms are placed in a 
cylindrical casing, which may take one of three forms, 
according to the class of installation to which the 
separator is to be applied. The units are packed close 
together, so that the tips of the tongues of one touch 
the ridged back of the next, thus leaving no path 
for the steam except between the blades. The 
** Diamond ” separator is made in sizes suitable to fit 

ipes ranging between 1} in. to 17 in. in diameter. It 
is suitable not only for steam installations, but also for 
com air and various applications in the gas, 
chemical, and sugar industries. 





‘* WATER-SOFTENING BY PERMUTIT.” 
To Tue Eprror or ENGINEERING. 

Srr,—As an analytical chemist, and one who is being 
continually asked to report upon waters for industrial 
purposes and the best method of treating them, I was 
extremely interested in your article on the Permutit 


process. 

There can be no doubt that during the last year or so 
this procees has made rapid stridesin England, and, as an 
efficient and easy means of treating certain waters, it is 


without a rival. The base-exchanging property which it | small, 


possesses is certainly very wonderful, and the experi- 
ments carried out in Moscow seem to prove that it has a 
remarkable affinity for the mgnesia salts; this is of 
great importance, as the complete removal of magnesia 
is always a stumbling-block in water treatment. 

Iv would be of interest to learn whether any of your 
readers have been able to confirm this fact from actva! 
water treatment by permutit on a large +cale, and also 
whether the process shows any serious failings when 
used in connection with such delicate work as silk and 
fine-cotton dyeing. As a means of treating boiler feed- 
water, there seem to be shortcomings owing to the 
ey of the water after pussing through the Permutis 

rocess, but here, again, any data from practical experi- 
ence would be of great use to the industrial community 
and myself in particular, especially in view of the fact 
that manufacturers nowadays are going in more and 
more for water-softening. 

Yours faithfully, 
A Fetvow or tHe Cuemicat Socrery. 

May 5, 1914. 





To THe Epitor oF ENGINEERING. 

Sitr,—In the letter which appeared under the above 
heading in your columns last week, your jent 
refers to ‘ calcium” permutit, for which he claims the 
altogether novel property of being able to absorb free 


caustic mcg. sper oe from over-treated water coming | ¢ 


from a lime-soda softening plant), and to give this free 
alkali so to water os Tn SieiGennden (e.g, 
under. water from a lime-soda plant), thus acting, 
Gimedelabiae aetna 
matic chemica’ ” on i process. 

This is a claim we do not remember to have heard 
made before in connection with ‘‘ utit,” and it is 
obviously one which, if satisfi established, will 
have considerable interest for users of lime-soda softenerz. 
Before forming any opinion on this subject, however, we 
should like to ask whether is any eviden.»e that 
this pr has been successfully applied in ccnnection 
with lime-soda plants in this country. 

Yours faithfully, 
; Warts, Fixcnam anv Co. 

22, Billiter-street, London, E.C., May 13, 1914. 





PISTON-KNOCK IN INTERNAL-COMBUS- 
TION ENGINES. 
THE Eprror oF ENGINEERING. 

Str,—I regret that such authorities as Mesers. 
Clerk, Pomeroy, Ooatalin and F. W. Lanchester have 
not contributed to this correspondence ; perhaps the men- 
tion of their names may cause their attention to be 
drawn to the subject. 
_ Mr. H. Dustin, in his letter in. your issue of the 8th 
inst., page 632, is, I think, inagreement with my explana- 





tion (page 569 ante). Though he starts by saying his firm 
have eliminated piston-knock com y, at the top of 
page 633 he says the “ignition ” “does exist, 
although it can only be perceived in certain circum- 
stances.” With this latter we are all agreed. It was igni- 
tion knock, that due to too early ignition, from whatever 
gio 
think it is ly recogni ough too frequently 
neglected, that the piston should have only a safe clear- 
ance, and that then the ine is less noisy. The better 
the design and work ip, the less harsh or metallic 
the ignition and other knocks. The long piston shown in 
the said correspondent’s letter would, weight for weight, 
have less readiness to ignition knock, due to the causes I 
cited, if my theory is cor because, firstly, the compres- 
sion is quite high, and the bearing surface of the piston 
in the cylinder is about double that of the shorter and 
noisier piston. tle noise is not only due to the 
= tipping, if it does, as shown in Fi and 3 of Mr. 
- —. a. but — 7 the t due * the 
angularity of the connecting-rod changes from one side to 
the other of the cylinder, and is accelerated in this change 
by the fact that the connecting-rod tends to rock or see- 
saw about the centre of its mass. The greater the weight, 
speed, and piston clearance, the greater the blow or slap 
from this cause. In fact, I should not be surprised if 
this correspondence leads someone to suggest that the 
noise of too early ignition is due to the sudden rise of 
pressure forcing the piston from the side of the cylinder 
nearest the rising crank-pin, against which it has been 
forced by the see-saw tendency of the connecting-rod, to 
against the side which is normally considered to take the 


piston thrust during the com ion stroke. I cannot 
see that this is the case, for ignition knock ap to 
occur frequently at between 80 deg. and 40 deg. the 


top of the stroke, when the velocity of the big end in a 
direction more or less at right angles to the cylinder axis 
is relatively so small. 

There is a great temptation to wander into the many 
and fascinating causes of engine knock, particularly on 
reading Mr. Owen Linley’s letter. Ignition knock rather 
than rattlin I take it, was the subject of the 
earlier letters. is correspondent gives the well-known 
remedies as the explanation of wad g and though large 
fly-wheel effect does appear ‘to diminish readiness to 
knock, I cannot see that the uent slowing of the 

iston, as Mr. Linley contends, itself can be the cause of 

ock. It was common when two valve-caps were held 
down by one stud and yoke to have them lift, but it 
appears only on detonations occurring that in good recent 
work they now let by. 

My letter, perhaps, suffered by being so much con- 
densed, and I think it may be profitable to point out 
that when the knock occurs the velocity of the big and 
little-end bearings on their respective journals is a 
minimum, so that the well known journal-pump action is 
and would contribute to the cushioned or damped 
metallic sound of the ignition knock. 

Yours truly, 


A. PaRNACOTT. 
Penge Lane, Penge, 8S.E., May 11, 1914. 





Moror-Towine Lirg-Boats ror THE R.M.S. “ Aqui- 
TANIA.”—On Monday last we had an opportunity of in- 
specting one of two motor life-boats built by Messrs. John 
I. Thornycroft and Co., Limited, for the Cunard Steamship 
Company, for their new vessel, the Aquitania. These 
boats are 30 ft. long, 9 ft. 6 in. in breadth, and of a depth 
of 4ft. 6in. Each is provided with a 30-horse-power 
Thornycroft paraffin motor started up on petrol. After 
the vapori:er has b2en heated up by the exhaust, the 
motor is turned over to paraffin. The boats are specially 
designed for towing purposes, with the idea of taking in 
tow the ordinary rowing li’e-Loats usually provided on a 
vessel. A cabin is provided amidships, but is largely occu- 
pied by the motor, and with the dynamo for the wireless 
og set with which each boat is equipped. A bulk- 

in the cabin divides the motor-room from a com- 
partment in which the wireless tel 


ya tus is 
installed in a water-tight casing. ony ooo 


is apparatus has a 


receiving range of about 300 miles. aerials are 
carried by two bamboo masts, which can be let down on 
to chocks medical 


when net in use. The boats 
ere ry and iootg i They are fitted mab ay 

-tanks a ca ; gallons, giving a 1u8, 
client omy bette tn tou, of 900 enllen, the epeed obtained 
being 9 miles per hour. 


Tue InstrTUTION or Miytne Encingers.—The sixtieth 
aes Sone of the members of this Institution will 
beid in London on: Thursday, June 4, at 11 a.m., in 





ta.» Rooms of the ical Society, Burlington House, 

Piceadilly, W. The f i ee a 

Mr J. oF Prost aud Mr eu = bestapee 
J. od. ¥ 4 me: * 

the Internal-Combustion ine for Power Generation at 

Collieries,” by Mr. J. Davi ; and “* The of 


the a yang Re A. Newell Ar _ 
Three o papers, whi ve already appeared in 
Transactions; will be — for discussion. These are 
** Stone- Dusting at Bentley i mF AKL 
‘* The Automatic Distribution tone- by the Air 
Current,” by Mr. H. W. G. Halbaum ; and ** Further 
es in the Mi i Examination of Coal,” 
by Mr. J. Lomax. In pods the same day a 
dinner to celebrate the twenty-fifth anni of 
foundation of the Institution will be held at 
Cecil, while a steam-launch excursion on the 
been arranged for Friday, June 5. Members desirous of 


Hotel 


taking the proceed uested to to 
the pt swag secretary, Mr. Pere ; Strzelecki, =. when 


, Victoria-street, 


Buildings, 39. estminster, London, 
8.W., not later than the 27th inst. 


has | gow, and that all 
ness 


NOTES FROM THE NORTH. 
Glasgow P Merkt.—Lan Toumie A 
ig-Iron Market.—Last u y morni: 
the market was quite idle, but sellers of Cleveland = 
rants quoted firmer at 51s. 44d. cash, 51s. 6d. one- month, 
and 51s. 74d. three mon The afternoon session was 
also idle, with little variation in the prices of Cleveland 
warrants, sellers naming 51s. 4d. cash, 51s. 6d. one month, 
and 51s. 7d. three mon On Friday morning business 
was at a standstill, and no. change was made by sellers in 
the quotations for Cleveland warrants. In the after- 
noon the fourth successive idle session was recorded, a 
rather unusual occurrence. Cleveland warrants were 
quoted by sellers at 51s. 4d. cash, 51s. 6d. one month, and 
51s. 74d. three months. On Monday morning the market 
o quietly, and business amounting to 1500 tons of 
veland warrants was done at 5is. 4d. cash, 5ls. 5d. 
three days, and 51s. 7d. three months, with closing sellers 
at 51s. 44d. cash, 51s. 6d. one month, and 51s. 7d. three 
months. In the afternoon the tone was steady, and onl 
one lot of Cleveland warrants changed hands at 51s. 44d. 
fourteen days, the session closing with sellers at 51s. 5d. 
51s. 6d. one month, and 51s. 74d. three months. 
On Tuesday morning Cleveland warrants were just the 
turn firmer, but business was in very poor, and only 
one lot was dealt in at 5is. ci three months. Closing 
sellers named 5ls. 6d. cash, 5ls. 74d. one month, and 
51s. 84d. three months. In the afternoon a quiet tone 
7 prevailed, and the turnover was limited vo one lot 
of Cleveland warrants at 51s. 74d. three months, with 
closing sellers at 51s. 6d. cash, 51s. 7d. one month, and 
5ls. 8d. three months. When the market opened to-day 
(Wednesday) there was again no demand for Cleveland 
warrants, and prices were easier. Business was limited 
to one lot at 51s. 7d. three months, and sellers’ closing 
prices were 5ls. o4d. cash, 51s. 7d. one month, and 5ls. 74d. 
three months. The afternoon session was dead idle, and 
Cleveland warrants were quoted by sellers at 51s. 64d. 
cash and 51s. 7}d. one and three months. 


Sulphate of Ammonia.—There has been a falling off in 
the inquiry for ——— of ammonia during the past few 
weeks, and prices have declined to the extent of 1/. since 
the year commenced. An easier tone has prevailed this 
week, and the quotations are reduced to 11/. 17s. 6d. per 
ton for prompt lots, Glasgow or Leith, which marks the 
bottom price for the year to date. 


Scotch Steel Trade.—No improvement can be reported 
in the state of the steel trade over the week, and there 
is a great dearth of  ., .- for almost all 
classes of material. Producers of heavy material are 
feeling the pinch rather badly, and in the case of 
may especially the demand is very slow and trifling. 

‘art of the outcome of the meeting of steel-makers 
in London last Friday was a reduction of 10s. per ton in 
export plates, making the current prices now 5/. 15s. 
per ton for ship-plates, and 6/. 5s. per von for boiler- 
wy but only a few orders, which were being held 

in anticipation of this fall, have since been placed. 
Of course it is rather early yet to say what effect this re- 
duction will have on business, but as the Continental- 
made article seems to be giving very fair satisfaction, it 
may be rather difficult for the home makers to recapture 
the export markets for atime. The general demand for 
steel is decidedly slack at present, and the foreign pro- 
ducer is recognising this, with the result that he is 
wasting ae low 4 ~ to fa ge deo orders gol " 
and is thus managing to keep his plant running fairly 
well. For both black and galvanised sheets there 
is a very poor demand, and a similar tale is told by 
makers of sections, but for structural material the request 
is quite fair. The export trade has not improved, but 
from one or two spots the inquiry is such that hopes are 
entertained of an ex ion in demand in the near future. 
Prices are nominally unchanged for home delivery, but 
the competition to book fresh business is very keen 
indeed, and quotations are being shaded to the profit- 

ing point in the desire to keep the wheels in motion. 


_ Malleable-Iron Trade.—Nothing fresh has taken place 
in the malleable-iron trade of the West of Scotland since 
the last rt, and the outlook is as d ing as ever. 
Even with the maximum number of shifts, fixed by 
arrangement at seven, some of the works are not able to 
adhere te that number, on account of the scarcity of speci- 
fications, and most of the establishments are only moving 
along from day to day. Prices are unchanged. 

Scotch Pig-Iron Trade.—A dull tone prevails in the 
SS aoe See and makers are not getting any- 
thing m in the pm of new uiries are 





PgrsonaL.—We are informed that Messrs. McKie 
and Baxter, i and boiler-makers, Govan, Glas- 


, have the goodwill, drawings, oy 
the a Pmnets Lan of the late firm of Muir and Houston, 


Limited, Harbour Engine Works, Kinning Park, Glas- 

dence in to the busi- 
Id be addressed to them in 
future. They are in a position to supply replace &e. 
required. — Messrs. 


of the latter firm 


‘4 


E. G. Appleby Co., of 


10, Victoria-street, Westminster, have moved to larger 





premises at 12, The Broadway, Westminster. 
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NOTES FROM SOUTH YORKSHIRE. 


Hull Coal Tra; 
shire coal strike last month is 
of trafficat Hull. The total receipts for the year up till 
the end of —_ nema to mpm a — i 
2,563,419 tons for correspondi i 
The decline on the four months aun cowed 


[lh 
Sho 8 
best 
oT a 
a 
tee 
Beg. 4 
SS oS 
oF; 
iis 
peeback 
ies 


1,274,846 tons last year. e expor 
totalled 69,276 tons, against 358,935 tons in April, 1 
The present year’s total sent coastwise, 249,902 tons, 
big decrease on the returns for the corresponding period 
of 1913. The receipts from = istrict 
collieries showed some big decreases. largest decline, 
of course, was in the case of the bi colliery, Denaby 
and Cadeby Main, which during month sent only 
ailing seth of tact yore. Rcletiveut ian Goeeuaas 
nding month o' ib year. tively 
ond marked in the case of nearly all the South Yorkshire 
pits. 

South Yorkshire Coal Trade.—Though the house-coal 
section is not as sluggish as a week ago, orders at col- 
lieries ave still coming in very eet ey is no 
drawing on the Sheffield market as y as is usually 
the case at this time of the year, while the local demand 
is nothing like as brisk as merchants with big stocks 
at their dép6ts would wish. Prices are irregular, with a 
downward tendency. The steam-coal market ig similarly 
placed. eR ee oe 
industrial demand is light. Some strike deliveries 
have yet to be made. Gas fuels are ing a 
fair Renan on ge — punt, but are less —_ 
in the open market. air is going for 
shipment. Current quotations Fy nd with 
difficulty, there —g *- good deal of unsteadiness 

ere is no 
t branch 


i 
ses 


eg 
or 


in cheaper qualities. improvement in coke. 
Quotations : — Bes hand . . to 
16s. 6d.; Barnsley best Silkstone, 13s. to 14s.; Derbyshi 


best brights, 12s. 6d. to 13s. 6d.; Derbyshire house, 11s. | ° 


to 12s. ; best large nuts, 10s. 9d. to 11s. 9d.; small nutes, 
93. 3d. to 10s. 3d.; Yorkshire hards, 11s. to 12s.; Derby- 
shire hards, 10s. 6d. to 11s. 6d. ; best slacks, 7s. 6d. to 
8s. 6d. ; seconds, 5s. 6d. to 6s. 6d. ; smalls, 4s. to 5s. 


ives ond Sut, —Gnien of pigtaes Save cuits Semen 


unsatisfactory. Though some of the current quotations 
on ae low as to be ee a a o— to 
renewals, apparently in expectation orcing 
further decreases. The best that can be hoped for from 
the producers’ standpoint is that coke will develop 
further weakness, and thus lessen the cost of production. 
If pom inaction continues it will not be surprising to 
find makers damping down some of their furnaces. 
Special hematite ers are doing a good business. 
e current values are:—East Coast hematite, 68s. ; 
West Coast hematite, 73s.; Derbyshire Santer. 54s. 
to 54s. 6d.; Derbyshire forge, 50s.; Linco re 
foundry, 53s. 8d.; Lincolnshire forge, 52s.8d. The posi- 
tion of local bar-iron makers has not undergone any 
further improvement. Having regard to the continually 
increasing competition from foreign producers of — 
material, the South Yorkshire ers’ Association will 
probably make another reduction on their official basis 
quotation of 7/. 5s. Less strenuous conditions obtain in 
the steel trades. Here and there works are to be found 
with full order-books, but in the greater number of cases 
the volume of business shows a decided falling-off. 
Except with Russia—in which case enterprise of 
Messrs. Vickers and Brown has an elevating effect—the 
city’s export trade has declined to a very considerable 


extent. Canada is taking nothing like the tonnage that 
has been sent in previous years, while a bi e is 
shown in the requirements of the United States, South 


Africa, and most of the South American Republic States. 
Both at the forges and the rolling-mills employment is 
less certain. The engineering trades are steady 
headway. The steel epg ne Ap any section of 
local business, apart, of course, from armament and 
projectile-shops, where pressure is great. A hopeful sign 
1s the activity of engineers’-tool makers. France is a 
good customer for special steels. For the time 

makers are unhampered by lack of steel alloys. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


okt ts ged aan but encouragin 
prospects are as aD it g- 
The general situation here is way bale , but reports 
from other iron centres at in 


c i o. 3 g.m.b. 
is steady at 51s. 74d. f.0.b.; No. 1 is rather scarce, 
stands at 54s. 1d. ; No. 4 foundry, 5is. 3d. ; No. 4 forge, 


Ele 


SHEFFIELD, Wednesday. 
.—The, crippling ois fl Gp Ya pang 
wo in the April returns | j 





503. 9d.; and mottled and white iron, 50s. 3d.—all for 
early delivery. Mixed numbers of East Coast hematite 
are yyy pe AOE TES 


, consumption of 
coke is fairly heavy, and the restricted supply is barely 


adequate. Several users are pressi or deliveries. 
Bee- ive ovens are going out, to. be replaced by patents 
and for the time 


ing this creates shortage. Up to 
17s. 6d. for delivery at named f 
average qualities of blast-furnace coke. 
_ Stocks and Shipments.—The stock of Oleveland pig-iron 
in the public warrant stores now stands at 91,263 tons, all 
of which, with the exception of 43 tons of standard iron, 
is No. 3 quality. Since the beginning of the month the 
stock has been reduced by 5274 tons. Shipments of pig- 
iron from the Tees are on only a moderate scale. Tw date 
this month those of pig-iron have averaged 2463 tons per 
work dey, the to espatches being returned at 27,100 
tons, 24.41 tons of which have gone from Middlesbrough 
and 2689 tons frem Skinningrove. To the same date last 
month the re ae omen 37,349 tons, or a daily 
average of 3749 tons; and for the corresponding part of 


y a year the clearances 38,703 tons, or an 
average of 3618 tons per working day. 


new to report concerning the various 
manufactured iron and steel industries. A quiet feeli 
prevails, and though some producers have substanti 
contracts to work off, other firms are getting well 
what they have on hand. The Royal Siamese 
with the Cleveland Bridge and Engineering Company, 
wi e Vv ridge an ng pany, 
of Darlington, for o- fewer than forty-three small open 
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Tuer Late Mr. Pavt Hérovrt.—We regret to record 
that Mr. Paul Héroult, one of the most successful pioneer 
electro-metallurgists, died on board his yacht from typhoid 
fever last Saturday, May 9. Héroult furnaces for re- 
ducing aluminium from fused salts, and, still more, 
Héroult steel furnaces, are now, of course, well known. 
existence are of 


i 
| 


uarter million tons of steel had now been produced 
Seotwle furnaces, ane, tang oat in his fifty-third 
ear, was © . an unassuming, 
poo P man. We sesuve o titer notice of his life for 
next week. 





Tue Socrery or Encinzers (INCORPORATED).—A joint 
meeting of the Society of i I ted) with 
the Institution of Municipal i was held on the 
11th inst., when a was read entitled ‘‘ Notes on 
the Water Sapp! By Pees New York,” by Mr. William 
T. Taylor, M.I.E.E., M. Inst. Mun. E., A.M I. Mech. E., 
M. Am. Soc. Mech. E. Mi. Taylor, who is a native of 
Burnley, Lancs., and whose professional work has taken 
him into many distant countries, has made several in- 
spection trips over the works he described. The 

tion of Greater New York, as estimated at July 913, 
Teguemientte Vedas ames ee cman, hoe np 

annum, it was 

age meagniesd teat abditions to the water on y system 
would be inevitable. The source eventually se was 
the Catskill watershed, about 100 miles distant from 
New York, having an area of nearly 900 square miles. 
The outstanding features of the works were the Ashokan 
reservoir, having a | (mea gallons and 


or 

east of the Hudson River, had a capacity of 29,000, 000,000 
gallons, and would act as an emergency reservoir, 
so that the supply would not be interrupted in case of 
inspection, cleaning, or accident on the 77 miles between 
it and the Ashokan reservoir. The paper concluded with 
description of tests made on specimens of concrete 
metal during the of cee. Se 6 Gee 
articles is appearing in ENGINEERING descriptive of this 
undertaking. 18 ia unnecessary to give further details of 


*| circle of competitors. Four 
80d. 





NOTES FROM THE SOUTH-WEST. 


agen fo Ge oe < mee = not for 
jonger period ; yers, wever, are 6 pursuing @ 
wai policy, as they antici heavier outputs and 

for candle. iiolcaeel ten Caan pment i 
and there has been little alteration in 


sg 


Messrs. John enens, inet Foe are of this 
com re t the ‘or the nancial year 
were 390,076, » and 2a lend of 25 cent. per sain 
is proposed u inary 8 as compared wi 
20 per cent. per anmusa distributed in 1912, 1911, 1910, 1909, 
and 1908. An allocation of 95,000/. is also made to 
reserves, and another allocation of 30,000/. is applied to 
the steel works redemption account. The company’s 
new blast-furnaces and steel-making plant at Normanby 
Park, Lincolnshire, were in full operation in 1913, and the 
results worked out were satisfactory. 


Welsh Coal Shipments —The 
coal, foreign and coastwise, from 
Wales ports—Cardiff, Newport, Swansea, Port Talbo 
and Llanelly—in April were 2,576,752 tons, as com 
with 3,039,287 tons in April, 1913, showing a decrease of 
462,535 tons. Labour trou _as usual, contributed to 
this adverse result. The f increased shipments 
were noted :—Oardiff—coastwise, 8580 tons ; Ne 


226,023 tons ; Newport—foreign, 113,356 tons ; Swansea 
—foreign, 82,555 tons; coastwise, 12,597 tons; Port Talbot 
—foreign, 48,501 tons ; coastwise, 4640 tons. 

The Usk.—Representatives of the British Mannesmann 
Tube Company met the Parliamentary and Improvement 
Committee of the Newport Town Council on Tuesday, 
for the purpose of discussing the question of raising t 
bank of the Usk on the eastern side, near a site for the 
wy works and employees’ houses, so as to obviate 
a possible flood. 





Tue Surveyors’ InstTrrvTion.—On the 7th inst. a 
conference between tatives of the universities, 
the public schools, the Council of the Institution, 
was held with the object of ascertaining whether any 
steps could be taken in order the usefulness of the 
Institution scholarships might be extended to a wider 
i scholarships, of a value of 
per annum, are offered yearly, tenable 
at Oxford, Cambridge, and the other universities in 
Great Britain, and it has been that the con- 
iti to them were such as unnecessarily to 

em f valuable sugges- 
in & report, 





Surprine, ENGINEERING, AND Macuinery Exursrrion, 
Otyrmpta, 1914.—A meeting of the committee of ex 
in eomecation wit he here existe en batt 
naught s, Great “6 .C., on 
Thursday, April 30, when a letter from Admiral H.6.H. 
omeahdl t paeun inaioteasmeenrentnnmeas 
consen bo orm openi ceremony on 
25. Sir Owen Phillips, KOMG., Hon. President, will 


Engineering Association with 
mined mc and 7 Siooten of Oe of the 
mi ori it, an action 

poms Ra gpeemem ty ~ ioe in accordance with 
Bo caren ond maguntians, to ate any Gon 6: pevigest 
withdraw ving taken space. discussion, 
the action of the executive committee was unanimously 
approved, but the remainder of the resolution was re- 
jected in favour of an amendment asking the executive 
committee to the Association again with the 


expression of general committee’ that, 
further i ion, the Amndetien * sscensider 
of | theirattitude. The Dutch Government had taken up the 
ex ib Ce ae ounenne oo Det te 

’ ° machinery were represen’ 
. Charles H. secretary and jeint manager of tho 


that the progress 
, but he pointed out that the support received 
from was less then had been exp cted, and 
4 worthy ¢ Lp tengeery The — r of —_ 
was now 17 iti general i i 
with te Dutch exhibitors made a total of about 3 220 *, 
series of interesting lectures was being r+ = 1 
James Adamson, honorary secretary of the Institute of 
Marine i , who stated that he had already 
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Fies. 5 anp 6 200-Ton Tatsor Tittine Furwace. 





Span of Overhead Crane 18,750 
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THE BUSINESS ASPECT OF 
ENGINEERING. 


Born the engineer and the physicist are con- 
cerned in the study of the forces of Nature and of 
the methods by which they may be guided and con- 
trolled. The labours of the physicist are, how- 
ever, largely in the nature of reconnaissance work, 
and workers in pure science generally may be 

ed as an advance guard, whose business it is 
to spy out and report on the general character of 
new and previously unexplored territory, which 
may or may not prove at some subsequent date 
ve | suitable for settlement and exploitation. The value 
of the services thus rendered to the race is un- 
doubtedly very great, but to a large extent its value 
is prospective rather than immediate, the expen- 
diture of much hard thought, no little courage, and 
considerable capital, being necessary to the render- 
ing serviceable the fields hastily examined by the 
pioneers of science. This work of development is 
re-eminently that of the engineer and the financier. 
The former supplies the knowledge and the science, 
and the latter, with a —- 
seldom receive the credi 
vides the sinews of war. 


and enterprise which 
irly due to them, pro- 


It cannot be denied that many srezeme 2 are 


inclined to become too much absorbed in the 
technical aspect of engineering, and to rega 
profession a little too much from a stand 
though perfectly legitimate in the case o 
is improper in the case of men whose Is 


pont which, 
hysicist, 


expected to contribute directly and immediately to to 
673! the wealth of the world. An e 


eer—and ex- 


amples are not uncommon—whe interests himself 


‘solely in the scientific aspect of his profession 
g | undoubtedly 


tly reduces hie opportunities of 
and often is in respon- 
sible for much wasteful ex penditure. e com- 


eso | plaint, for instance, is often ae that funds appear 


to be easily found for the financing of engineering 
schemes of the most impossible and impracticable 
character, whilst really reasonable schemes go 

i Were those responsible for the latter 


sz | better acquamted with the ways of business men, 


there would be a fair chance of diverting into 
productive channels resources which are now just 
as absolutely wasted as if they were invested in a 
timber yard and immediately 

In this connection a distinction must, no doubt, 
be made between proposals which, a competent 
engineer could show, violate well - established 
natural laws, and other ventures, not inherently 
impracticable, on which much expenditure would be 


be thou 


thebe 



























































before a positive opinion could be given 
as to whether commercial success was or was not 
likely to be attained. Of the many proposals 
brought forward yearly for the devising of a gas- 
turbine, a competent engineer could undoubtedly 
rule out at once a considerable proportion as mere 
freaks; but as to others, whilst the; prospects might 
not appear promising and the difficulties great, a 
much more reserved ex n of opinion would 
we to be formulated. ties sometimes arise 
h advice being sought from engineers who, 
oohtoak in certain departments of our very 
have no special knowledge as to 
vst he peiresd m achieved with apparatus akin 
at | to that on which they are asked to report. A result 
which might be quite promising in a case of actual 
pioneering may be distinctly bad and little worth 
of support if " smpetiien is involved with well- 
developed machines devoted to the same end. 
Pioneering work is always expensive, but if it 
really is pioneering, the or profits may make 
the venture well worth while. One of our pioneers 


| in the electrical industries has related that in the 


early days he was, at one time, selling for 901. what 
had cost him under 301. to build. If, however, an 
22, | undeveloped and untested machine has to compete 
in a field already well filled, and shows at best no 
pen? ys of doing more than equalling its rivals in 
cost of construction and efficiency, it is obvious that 
the profits possible by no means justify any con- 
siderable expenditure on experimental work. 

Some business men, however, are not pre 
to take an engineer's advice on this particular 
nee A very well-known e ineer, for instance, 

recorded a case in which his opinion was 

sought on the mechanical feasibility of certain pro- 
posals. He added to his report some remarks 
pointing out the poor commercial prospects of the 
scheme, and thus aroused the indignation of his 
clients, who maintained that an engineer's opinion 
on this head was devoid of value. This extension 
of the old principle that a cobbler should stick to 
his last is, of course, wholly irrational, and it would 
be better for the public generally if some know- 
ledge of natural laws were more common amongst 
the business section of the community, and a 
greater knowledge of business principles prevailed 
amongst technical men. 

The work of the engineer can scarcely be con- 
sidered successful unless it is remunerative in some 
form. It may bring in dividends to those who 
find the means for carrying it out, or, as in the case 
of ae and water supply schemes, it may 
confer health and years of life on many who other- 
wise would have their efficiency reduced by ill-health, 
or have their lives cut short. If it is successful in a 
direct commercial way, it also often confers indirect 
benefits on many who have no immediate connec- 
tion with it. George Stephenson used to say that 
if the country would make railways, the railways 
would make the country, and there is doubt that 
they have done so. But it is seldom that merchants 
and bankers, who have to supply the funds, take 
much interest in the subsidiary Lencfite that will 
flow from the execution of great works. At any 
rate, they expect to see a profit for themselves in 
the first instance, even if they be alive to the great 
economic results that always attend the extended 
y | control of the great powers of Nature. 

Since the engineer has to do with schemes the 
main object of which is to facilitate business, it is 
evidently desirable that he should be able to see 
things through the eyes of his employers, otherwise 
his objects and their’s may easily be divergent. 
This is a point which is beginning to be appreciated 
to some extent, as is seen by the institution of the 
Frame Thomson lectures, and by the inclusion of 
of| commercial subjects in the curricula of many 
modern universities. It is difficult, of course, to 
find time for all the studies that are recommended, 
but it is certain that a better knowledge of 
business methods and aims would save engi 
neers from many pitfalls. It would prevent them 
from imposing needless risks and difficulties on 
their commercial associates. It would warn the 
inventor from ee — an impossible 
perfection after he had alread ht his designs 
to a point at which they wou ial a reasonable 
commercial efficiency. It would facilitate the 
intercourse between engineers and commercial 
men, because the former would be better able to 
appreciate the scale of values that prevail among 

e latter, and at the same time to adapt their 
ments in favour of a high daa to the 
point of view of the capitalist, who does not always 
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appreciate that the most expensive method may be 
the cheapest in the end. 

At the dinner of the Institution of Civil Engi- 
neers last Tuesday the President told a tale of a 
great man in the financial world who said that 
of all the ways of wasting money the worst was 
giving it to engineers to spend. is remark 
reflects a very real feeling that engineers are not 
to be trusted to do what they like, but must be 
kept under control by commercial men. This is 
not because the engineer is inferior in ability to 
the financier, but because his education has not 
been sufficiently directed to the economic side of 
the questions that come before him. 





INTERNAL STRAINS IN METALS. 
Tue May Lecture of the Iustitute of Metals was 
given last Tuesday, the 12ch inst., in the hall of 
the Institution of Mechanical Engineers, when Pro- 
fessor E. Heyn, Charlottenburg, read a paper, 
illustrated by lantern-slides and an exhibition of 
test specimens, on ‘Internal Strains in Cold- 
Wrought Metals, and some Troubles caused 
thereby.” He explained that strains could be pro- 
duced by forces acting on a solid from outside, and 
that strains could also exist in a solid without any 
observable action from the outside, or after the 
external action had ceased. Internal strains could be 
set up in a solid during unequal cooling or heating, 
when if the internal strains did not exceed at any 
time the elastic range of the material, they could 
exist only temporarily, and must disappear after 
equalising the temperature. If they exceeded the 
elastic range, they remained after cooling and 
equalising to atmospheric temperature. He further 
illustrated the case of a cylindrical bar, which, 
within a definite range of temperature, underwent 
a change of volume; when this change did not pro- 
ceed at one and the same time in the outer circum- 
ferential layer and in the central portion, self- 
straining might set in. Most materials used by 
the engineer did not fulfil the condition of perfect 
plasticity throughout, and could not therefore 
undergo deformation without concomitant elastic 
deformation. In steel, the most critical range for 
producing self-straining due to unequal flow was at 
the ** blue heat ”’—i.e., 200 deg. to 350 deg. Cent. 
In order to ascertain whether a material was 
or was not subjected to internal strains, the 
lecturer used a method which he illustrated bh; 
a view of a cylindrical bar; this was turn 
gradually until he obtained a piece in the 
shape of a », the web of which gradually de- 
creased in diameter as each successive layer was 
removed by turning. After removing each layer, 
and allowing the heat caused by — to dissi- 
pate, he recorded the difference in length be- 
tween centre punch-marks made on two — 
generating lines of the cylindrical surface of the bar, 
these marks being ultimately on the flanges of the 
test-piece. He had been led to conduct the 
researches he referred to by the cracking, on their 
convex side, of cold-drawn turbine-blades contain- 
ing 25 per cent. of nickel ; he therefore experi- 
mented with a cold-drawn nickel-steel bar in the 
method he illustrated, and the diagrams he obtained 
showed that very severe internal strains existed in 
the cold-drawn nickel bar in question, in the direc- 
tion of its axis—i.e., tension strains in the outer 
layers, and compressive ones in the central por- 
tion. The maximum tension stress amoun to 
about 50,000 lb. per sq. in., and the maximum 
compressive stress to about 54,000 lb. per sq. in. 
In cold-drawn cop alloys liability to crack- 
ing was often revealed by dipping a specimen 
in mercury or solutions of mercury ; only longi- 
tudinal cracks were formed, showing that the trans- 
verse internal strains in the bar prevailed over 
those in an axial direction. The cracks starti 
from the surface and gaping showed that the 
internal transverse strains must be extension strains 
at the surface and com ion ones in the core. 
iagrams illustrated the distribution of these 
strains, and Professor Heyn laid emphasis upon the 
risk in this respect of painting the material with a 
mixture of cinnabar (mercury sulphide) and var- 
nish; moisture produced a slow chemical reac- 
tion, forming sulphide of copper and free mercury. 
Spontaneous ing, generally termed ‘‘ season- 
cracking,” often occurred in cold-worked brass, 
and it was conceivable, a reasons, 
besides painting with cinnabar, that ing or 
other injury to the surface of cold-worked metals 
under severe internal stresses might help the 





illustrations 
of malleable 


formation of cracks. Very ee 
were those of a hot-forged piston- 


brass, which, after a short service, broke cone- | 
shaped, one 


rt being a long solid cone fitting in 
an opposite ee one, and of a Kee Than Son 
which, when broken under a low tensile strain, | 
produced a kind of dagger fitting into its sheath. 








| 
THE ROYAL SOCIETY SOIREE. | 

Tue first of the two soirées of the Royal Society | 
was held on Wednesday last, May 13, when Sir | 
William Crookes, M.O., President of the Royal | 
Society, received a large number of Fellows and | 
guests. Biology predominated among the novelties 
exhibited ; there were many exhibits of more or 
less direct interest to the ineer, however, and 
we will begin our notice with these. The two 
lectures delivered in the course of the evening 
concerned, the one by Professor J. P. Hill, ‘*‘ The 
Percy Sladen Expedition to Brazil, 1913,” and the 
other, by Mr. P. Schilowsky, ‘‘ The Application 
of Gyroscopes to the Three Systems of Loco- 
motives : on Land, on Sea, and in Air.” 

An attractive exhibition was given by Dr. J. G. 
Gray of various forms of gyrostatic apparatus. 
Many of Dr. Gray’s gyrostats have been described 
before in Enaineerinc. Among the apparatus 
shown were gyrostats mounted in square boxes, 
bicycles, and so on. Some forms were shown of 

rostatic control of two-wheeled motor-cars, which 

. Gray terms a gyrostatic chauffeur. In this a 
gyrostat is mounted in a frame carried on two 
wheels. The gyro-wheel revolves on a horizontal 
axis normally at right angles to the track. If 
additional weight is placed on one side, the machine 
normally tips up on that. side; but the gyrostat 
frame is fitted with a weighted arm pointing in 
the direction of the line of travel. The effect of 
this, combined with a weight to one side of the 
centre of the machine, causes a circular path to be 
maintained instead of a direct one. In another 
model the weighted arm was worked to one side or 
the other by a small geared electric motor. Appli- 
cations of these principles can be arranged for use 
in directing and stabilising torpedoes, &. The 
iridoscope exhibited by Mr. Louis Brennan, C.B., 
was demonstrated before the Physical Society when 
the exhibition of scientific apparatus was held last 
December, and was then dealt with by us. 

The blower for large soap-bubbles, with which 
Mr. ©. V. Boys, F.R.S., gave some charming 
demonstrations, is the most recent form of his 
clever soap-bubble apparatus. It may be described 
as a blow-pipe, bent at right angles, opening in front 
of a cup or holluw head, to which a diverging cone of 
flexible material (fabric) is attached, the cone being 
swivelled at right augles to its length about an 
injector nozzle. There is a distance of about 1 in. 
between the nozzle and the cup of the cone, 
which has a length of abuut 8in. The lower edge 
of the cone is dipped into the solution of pure 
soap and glycerin, and then raised, and the blower 
brought into action. The flame of a candle can be 
placed near the injection nozzle, and the air blown 
in be thus heated. Bubbles well over 2 ft. in 
diameter can be produced and detached. To effect 
the a es _ A pe by = thin 
strips of brass, which can together, so 
that the cone-bag is squeezed flat; the bubble 
then detaches itself. The edge of the cone-bag is 
serrated, the fringes serving as feeders for small 
well-distributed streams of soap. The bag is var- 
nished above the serrations, lest the fabric soak up 
too much solution. The use of the injector arrange- 
ment vastly increases the amount of air which can 
be blown in by the mouth, but the blow-pipe can, 
if desired, be connected with a small electric fan. 

The Director-General of the Ordnance Survey 
had sent the fine 12-in. transit theodolite, con- 
structed by Messrs. E. R. Watts and Son, of 
Cissheredll. to the Ordnance Survey oe which 
has proved an excellent instrument in the recent 
test triangulation of Morayshire. The pair of 
levelling staves for precise work, likewise of the 


Ordnance Survey, are the most accurate of their | 0’ 


kind. Each of the staves, 10 ft. in height, consists 
of an invar strip, laid in wood; the invar is attached 
to the bronze and slides freely in between 
the wooden guides, one of which is divided. The 
calibration of the invar strip, in »4 ft., has been 
done by a ial dividing engine; the strip is 
whitened on its surface. spirit-levels, fitted 





with the Zeiss micrometer attachment, and a plumb- 
bob, help the man in holding the stave vertical 


with the aid of the wooden handles ; a large-size 
Zeiss level serves for the observations. 

Mr. G. T. Walker, F.R.S., had exhibited a map 
and table illustrating the work so far done on the 
new Magnetic Survey of the British Isles, which is 
carried out under the auspices of the Ordnance 
Survey, the Royal Society, and the British Asso- 
ciation. The work isa revision of the survey by 
Thorpe and Riicker in 1891, and so far twenty- 
eight stations have been observed in the South of 
England and in South Wales (two stations there) ; 
the table gave the results and the differences 
between the new and previous measurements. 

The exhibit of the Gaubeldes Scientific Instru- 
ment Company, which attracted much attention, 
was the aerod ic balance constructed for the 
Aeronautical partment of the Massachusetts 
Institute of Technology, Boston. This instrument 
is a copy of the ingenious balance designed by the 
staff of the National Physical Laboratory, and used 
there for experiments in the 3-ft. and 4-ft. wind 
channels. e Laboratory possesses two of these 
instruments, and the apparatus exhibited embodies 
all the improvements made on these. A third larger 
instrument is now being constructed at Teddington 
for the 7-ft. channel. As we mentioned in our 
notices of the work of the Laboratory, the balance 
is mounted underneath the channel, and its vertical 
rod projects into it, serving as a support for 
the model under investigation; as there is suc- 
tion in the channel, the support passes through 
an oil seal. The apparatus, illustrated on the 
opposite page, consists essentially of three arms, 
A, B, C, mutually at right angles, each arm being 
counterbalanced ; A, which is hollow to receive 
other rods, enters the channel, B and C are hori- 
zontal, and the common centre is a steel point, rest- 
ing in a hollow cup on a column; a third arm, 
required for producing photographic records, and 
a fourth arm, which is replaced by the observing 
microscope, would complete a horizontal cross. It 
is very essential that the arms really cross at right 
angles, and the angles are correct within } minute. 

e@ arrangements allow of measurement of the 
forces acting on the model along three fixed rect- 
angular axes and also of the moments about these 
axes. With the aid of a hand-wheel the model can 
be turned about two axes at right angles to the 
wind direction and to each other, so that lift and 
drift and the couples acting on the aeroplane may 
be determined for any angle of incidence of the 
wind. The dead-weights W suspended from the 
ends of the horizontal arms counterbalance the 
forces on the model ; finer adjustments are effected 
by the aid of the jockey weights J moving along the 
arms. The rotation of the balance about the vertical 
axis is opposed by a torsion wire, the twist on which 
is measured on the head T ; the force.along the ver- 
ticalaxis A is measured by a horizontal weighing- 
lever, the force on the model being transmitted to the 
lever —- a vertical rod which slides freely 
within A. hen such measurements are made on 
asymmetric or asymmetrically placed models, the 
model rests, not on the support, but on one of two 
rods mounted axially within A. Rapid oscillations 
are damped out by pots; the dashpot D is fixed 
to an extension of the vertical arm below the point 
of support to damp the motion of the three principal 
arms in all directions. Changes in the sensitiveness of 
the balance can easily be made by the aid of weights 
attached to the lower part of the vertical balance- 
arm ; this is evidently necessary for the reason that 
the act of mounting the model raises the centre of 
gravity of the system. The four balance-weights 
serve to keep the centre of gravity of the rotating 
system within the vertical arm. en experi- 
menting, four measurements, out of the total of six 
force and couple measurements required for the 
testing of the most asymmetrically situated model, 
can be taken simultaneously. This is only attempted 
under special conditions, however, and the number 
of degrees of freedom can be reduced by locking 
devices. For the purpose of fixing a definite 
position of the beam cross-wires are attached 
= each beam, and these are observed, in 

er to avoid parallax, against lines ruled on mirrors 
fixed to each balance-arm. The line is made on 
the mirror surface, and the beam is in its equili- 
brium position when this line is midway between 
the cross-wire and its image, whatever the position 
of the observer's eye. 


Other apparatus from the National Physical 
Laboratory were shown on the ground floor. There 
were the apparatus of Dr. T. E. Stanton, F.R.S., 


and Mr. Pannel for illustrating mechanical viscosity 
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‘and the shearing stress due to eddy formation in 
fluids, and the apparatus for illustrating the rela- 
tion between surface friction of fluids and convec- 
tion of heat by them, apparatus which we shall 
describe in an early issue in connection with Dr. 
Stanton’s recent lectures. 

Mr. F. E. Smith showed photographic records of 
the variations of the horizontal intensity H of the 
earth’s magnetic field at the National Physical 
Laboratory ; it is important to measure these varia- 
tions in connection with his determination of H. 
The curves were taken from 1 p.m. on a Saturday 
in April to 11 a.m. on the Sunday following, the 
time abscissa being on the scale of 7 mm. 
to the minute, and the intensity ordinate on 
a scale of 2.5 mm. per 1 y (0.00001 c.g.s. unit). 
The tremors seen are principally due to the 
earth-currents produced by the electric tramways, 
and the time of tramway rest—1.30 a.m. to 3 or 
4 a.M.—can easily be distinguished. Two records 
were taken with two instruments, one aperiodic, 
or other insufficiently damped ; those two curves 
ooked very different. But when the two otherwise 
different instruments were both made aperiodic, 
the two curves came out almost identical, so that 
quantitative measurements could be taken. By 
over-damping, moreover, the small oscillations could 
be eliminated without affecting the general trend of 
the curve. 

In the adjacentroom Dr. J. A. Fleming exhibited 
the beautiful apparatus for producing stationary 
waves on strings loaded and unloaded, to which we 
have several times referred of late. 

The chemical ejectors of the Hon. R. C. 
Parsons, also exhibited on the und floor, are 
instruments for automatically mixing one liquid 
(chemicals for softening, &c.) with another (the 
water of the mains) in definite constant pro- 
portions. The ‘‘tiltometer” thus mixes liquids 
which are under a small pressure of a few feet, 
and the ‘‘senfrot”—the word means ‘‘ without 
friction ” in Esperanto—is a high-pressure injector. 
Both instruments are based upon the principle that 
a Venturi meter, inserted in the main, causes a 
difference of pressure, which, by means of pipes 
branching off before and behind the meter, is 
communicated to the liquid in two cylinders. 
Mechanical friction is reduced, and as the fluid 
friction through the passages varies as the square 
of the velocity of the flow and depends upon the 
pressure difference, the volume of liquid injected 
varies directly as the volume of that to be treated 
which flows along the mains. The ejectors were 
illustrated by models, diagrams, and tables; we 
reserve a detailed description of these interesting 
novelties for an early issue. 

The chain apparatus for the approximate measure- 
ment of logarithmic and hyperbolic functions of 
Mr. Rollo Appleyard was recently described before 
the Physical Society. The apparatus is designed 
to direet attention to the educational value of the 
catenary in the elementary study of Hy ge 
trigonometry and logarithms. hen a loop of 
thread is passed round a pin and is slipped over 
a chain, the upper end of which is moved until the 
thread is at 45 deg. to the vertical, and until the 
lower end of the chain (hanging down freely) coin- 
cides, at the point of attachment, with the circle of 
curvature, then the radius of curvature is equal to 
the free length of the chain, for any chain. 

A simple lecture apparatus, to illustrate the 
form of wave produced by the combination of two 
or more simple harmonic waves, was shown by 
Mr. C. J. Woodward. In the apparatus on view 
there were three harmonic-wave trains cut out of 
cardboard and each attached to a slide, and these 
slides were arranged one above another, so that all 
the templates were in the same vertical plane. To 
each slide there was attached a pen, which could 
trace a curve on a sheet of The funda- 
mental curve was the lowest of the three and 
ran in a fixed slide. On the undulating edge 
of this curve were rollers, which supported 
the second slide, so that this latter rose aud 
fell as it was drawn endwise according to the 
curves on the lowest slide. The third slide was 
similarly carried on rollers which ran on the second 
curve, and its vertical motion reproduced the 
algebraic sums of the curves on the two slides 
below. Hence the pen running on the edge of the 
top curve was controlled by all three curves. The 
diagram which was drawn showed first the datum 
line, next the fundamental curve, then the com- 
bination of two curves, and finally the combination 
of all three. By this means the relations of the 





various curves and their effects upon one another 
are made clear to students. 

Two other exhibits from the National Laboratory, 
due to Dr. W. Rosenhain, F.R.S., were shown in 
the principal library. The one is a reagent for 
etching mild steel—an acid solution of ferric chloride 
containing a little of the chlorides of copper and 
tin. When iron or steel sections are etched with 
this solution, it darkens the ferrite areas, leavin 
the lite areas white, whilst picric acid would 
have the opposite effect. The banded distribution 

ophosphorus in steel is very clearly brought out 
in this way, the copper settling on the non-phos- 
phoric portions; the specimen shown under the 
microggope was annealed in the one half and not 
annealed in the other half, but the annealing had 
not affected the disposition of the bands. This 
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research of Dr. Rosenhain and Mr. J. L. Haughton 
was brought before the Iron and Steel Institute 
last week. The apparatus for mounting micro- 
sections of metals at right angles to the optic axis 
of the microscope is quite a novelty of Dr. Rosen- 
hain’s. An auto-collimating telescope is set up at 
right angles to a base of plate-glass silvered at the 
back. hen the spot of light (or the pair of spote 
of light) reflected from the polished surface of the 
base (both surfaces come into play as a rule) is 
again made to fall on the cross-wires after inter- 
posing, between the base and the telescope, the 
specimen from which the spot of light is now 
reflected, the specimen surface is truly parallel to 
the base surface. 

Dr. G. T. Beilby, F.R.S., demonstrated the 
transparence of the surface film produced on copper 
by polishing. The polished surface will show some 
minute pits, which are covered with a transparent 
film of the metal in the vitreous amorphous condi- 
tion ; examined under the microscope, those pite 
look somewhat like opals, there bei 
spot in the inner portion, surrounded by bluish 
parts. When the vitreous film is removed by 
etching the surface with ammonium persulphate, 
the pit becomes more distinct, and it is seen that 
it corresponds to the formerly red portion. The 
microscopes used were one for ordi oil immer- 
sion, numerical aperture 1.4, and one fitted with a 

b phthalene immersion lens N.A. 1.6. 

Mr. C. R. Darling gave some demonstrations of 
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his charming experiments on surface-tension pheno- 
mena. A drop of quinoline was allowed to fall on 
a globule of oil floating on water ; when the drop 
reached the oil-water interface it burst with con- 
siderable violence. Small globules of orthotoluidine 
were eaten up by a large drop of dimethylaniline, 
as if the one fed upon the other. Heavy oils 
arranged themselves in cellular structure on the 
water surface. 

The chief optical novelties were the s e- 
lasses of Sir William Crookes, P.R.S., and 

essrs. Chance Brothers, Limited. Several dozen 
plates of glasses, 2 mm. in thickness mostly, varying 
in shade from a faint grey, almost colourless, to 
yellow and green, were exhibited ; they absorb 
ultra-violet or infra-red rays, or diminish the glare 
. which ie eye + on snow, ws the 

egree and range of a ion were tabulated. 
Some of these » Lal are Soecty in the of 
commercial manufacture, and they will no doubt be 
a The almost — glass will absorb 
ultra-violet rays, against which the eye so far could 
only be mts abe gon coloured glasses. These 
glasses contain various metallic oxides of chromium, 
uranium, &c.; of the rare 8, ceria seems to 
very serviceable, much more so than thoria ; 
Sir W. Crookes has tried a great — of oxides. 

The new binocular microscope of Messrs. Leitz 
was mentioned in our notice of the Physical Society 
exhibits last December. The body contains two 
eye-pieces, whose distance apart can be regulated 
to suit the eye by turning a milled head, which 
actuates two levers inside the flat casing. The 

rallel eye-pieces obviate the actions of accommo- 

tion and adjustment for convergence required in 
ordinary binoculars. 

The —— of Professor A. W. Bickerton is 
an improved kaleidoscope, capable of producing 
without distortion a hundred reflections of a point 
or object, geometrical accuracy being obtained by 
overlapping the three strips of glass (plate glass) 
in of butting them. The sets of angles 
may be diverse, 30, 60, and 90 deg., 45, 90, and 
45 deg., 60, 60, and 60 deg. Different kinds of 
ow. suitable for fabrics, cretonnes, &c., or 
or floorcloths, tiles, &c., may be obtained in this 
way. 
rofessor W. H. Bragg, F.R.S., showed some 
models illustrating the structure of crystals as 
studied by himself and his son, Mr. Lawrence 
Bragg, a ee diffraction of X-iays, first investi- 
gated by Professor ven Laue, as we explained in 
our notice of the Birmingham meeting of the 
British Association, 1913, The simple models are 
Mer cleverly built up of rods of brass, on which 
balls (atoms or molecules) slide; single rods and 
balls can be removed, and it is easily seen that, 
when different faces of a cubical model exemplify- 
ing iron sulphide FeS are looked at, the icles 
or small crystals making upa big crystal will appear 
arranged in different planes at right angles to one 
another ; it is also striking how models of different 
crystals, zinc-blende, fluorspar, diamond, ¢.g., can 
be changed into one another. 

The instantaneous photographs on paper taken 
in natural colours by the Polychromide Company, 
of the Dover Street Studios, were very beautiful 
reproductions of well-known pictures, mostly 
human figures. In the Hamburger-Conrad separa- 
tion camera three plates are exposed simultane- 
ously, representing the red, yellow, and blue 
sensations in the superposed positives on gelatin- 
silver emulsions. 

The caleometer of Professor Leonard Hill, F.R.S., 
and Mr. O. W. Griffith (made by Mr. R. Paul) 
is a novel instrument of the thermostat type, de- 
signed for the purpose of measuring and indicating 
the rate of cooling which a body, e.g., the human 
body, undergoes in a heated room which may reason- 
ably be sup to be draughty ; this rate is a 
measure of the comfort or discomfort felt in the room, 
It has been ascertained by means of this instru- 
ment, for instance, that the floor of the House of 
Commons is too rapidly cooled the ventilation. 
The instrument is practically a eatstone-bridge 

ing device. One arm of the bridge consists 
of a ‘‘coil,” i.e., a fine nickel wire stretched in zig- 
zag in a small horizontal frame, about 2 in. in dimen- 
sions, and placed at the spot to be investigated ; 
current from a battery or main passes through the 
wire. The other bridge arms are little affected 
in their resistance by temperature changes, bei 
made of constantan, and the bridge is balan 
when the nickel-wire temperature is about that of 





the human body. A relay and an automatic rheo- 
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stat keep the wire temperature constant, and the 
indicator in the box of the apparatus records the 
number of calories supplied per minute to maintain 
this constancy. Fluctuations of 30 calories per 
minute would not be uncomfortable ; higher fluc- 
tuations would indicate excessive cooling or 
draughts. 

The microbalance of Mr. F. W. Aston, of Cam- 
bridge, is the instrument Ly means of which Mr. 
Aston determined the densities of the two gases 
which make up neon according to the researches of 
Sir J, J. Thomson and Mr. Aston. The balance is 
made entirely of fused quartz,and is of an exceedingly 
simple type. A case with parallel walls of quartz 
plates, cemented with the aid of sealing-wax, con- 
tains on a knife-edge a simple beam, a quartz 
thread, not very regular, ending on the one side in 
a bulb, perhaps 4 mm. in diameter, and counter- 
balanced at the other end. The case, about 3 in. 
long, is filled with the gas in question, and the gas 
pressure is determined at which the beam balances ; 
it is then determined at which pressure the same 
beam, which will be turned by one-millionth of a 
milligramme, is balanced in oxygen (a gas of known 
density); the ratio of the pressures observed will 
be the inverse ratio of the densities. 

Among the various quartz apparatus exhibited 
by the Silica Syndicate, Limited, of 82, Hatton 
Garden, E.C., were X-ray apparatus, Vincent mer- 
cury-filament lamps, Dr. R. Lessing’s apparatus for 
determining the coking value of coal (a cylindrical 











quartz muffle, heated by a platinum coil, contains | 


the coal, on which a quartz rod rests to keep out the 
air and to carbonise under a definite pressure), and 
specimens of Dr. H. J. S. Sand’s new air-tight seal 
between quartz and copper and other metals. The 
problem of sealing electric conductors into quartz 
vessels seems always to require a new solution. 
The new device is based on the discovery that a 
clean surface of metallic lead will closely adhere to 
clean quartz. The quartz tube holding the inner 
electrode in a constricted, thicker portion is fitted 
with a lead plug on the outer side, and the copper 
conductor is embedded in this lead. The lead plug 
may also be made tubular, being cast round a fine 
central quartz tube (within the tube proper) ; over 
the outer end of this fine tube a copper tube is 
slipped, and fused into the lead plug. 

e instructive water model of the electric 
arc, which Mr. Duddell, F.R.S., exhibited in the 
Institution of Electrical Engineers when entering 
upon his second term of presidency, did not fail 
to attract attention. Nobody understands better 
than Mr. Duddell how to design useful models and 
to demonstrate their applicability. Mr. W. A. 
Douglas Rudge, of Cambridge, demonstrated how 
electric conductors are electrified when a dust 
cloud is raised in their neighbourhood; we 
referred to his interesting observations in a recent 
paragraph. Silica dust squirted out of a rubber ball, 
many feet away from a radium-ti collector, at 
once charged an electroscope joined to the collector, 








and the charge was ‘greater jstill, of course,"when 
the dust hit a wire netting joined to the collector. 
Acidic dust (silica, molybdie acid) generally charges 
the air negatively; metallic oxides and organic 
bases, positively. The opposite charge is- borne 
by the dust particles. We pointed out in our para- 
graph that, since coal-dust and stone-dust impart 
opposite charges to metallic conductors in col- 
lieries, stone-dusting might be recommended also 
because it lessens the danger of explosion that 
might arise from sparks caused by these dust 
charges. 

Mr. S. ce a showed specimens and 
photomicrographs of electro-deposited lead, demon- 
strating the effect of varying current density, tem- 
perature, and the addition of organic salts. The 
current densities varied from 5 to 15 amperes, and 
the organic substance, the nature of which was not 
stated, from 0.025 to 0.175 per cent. The speci- 
mens shown were very evenly coated. 

Mr. Emil Hatschek, of London, had an inter- 
esting exhibit illustrating the products of reactions 
in gels, as studied by Liesegang and by himself. 
When a drop of silver nitrate is allowed to 
fall on a plate covered with gelatine coloured by 
potassium bichromate, the silver is precipitated, 
and a succession of beautiful rings, alternately 
dark and light coloured, is formed, When a solu- 
tion of lead iodide (yellow) is poured on a gel 
(jelly of silica, agar or other substances) contained 
in a test-tube, the iodide penetrates downward, 
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and‘jyellow and darker layers may alternate in| 


regular stratification, a dark layer of iodine being 
lowermost, or the whole jelly may separate into 
more or less dark crystals or granular particles. 
How the reduction to iodine is effected is by no 
means clear ;, but the phenomena are very important 
in histology and geology, as well as technically. 
One of the geological exhibits, the banding in 
magnesia limestone and other rocks, shown by Dr. 
G. Abbott, of Tunbridge Wells, may be connected 
with these colloidal phenomena ; rods and~parallel 
bands across the r form in such rocks, and the 
band width seems to be inversely proportional to 
the percentage of magnesia carbonate, which may 
vary between 2 and 6 per cent. Dr. Abbott insists 
that these limestones are not dolomitic. Of other 

eological exhibits we mention the ‘‘paper coal” 
(beds 3 ft. to 4 ft. thick, consisting entirely of un- 
changed cuticles of Lepidodendroid plants) from 
Central Russia, exhibited by Mr. W. N. Edwards, 
and fine geological models of maps of the Thames 
Valley, &c., exhibited by the Director of the Geo- 
logical Survey of Great Britain. Very curious in 
the latter exhibit were the graptolites found in the 
Cambrian, which was met with instead of the 
ex coal-measures (graptolites are animals 
living in colonies which resemble in size and 
appearance the veins of a leaf) and the still flexible 
ligament of a fossil oyster—a unique case, we 

ve. 


In Room II. Dr. Vaughan Cornish had nine large 
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and effective photographs of the Panama Canal. 
Some of these resembled photographs which have 
appeared from time to time in Secumentwa, in 
our series of articles dealing with this work, being, 
in fact, views of the same subjects. Two or three 
of the views showed forms of upheaval in the 
Canal and at the Naos Island Breakwater. Four 
of them were views at the Cucuracha slide, one 
very good one showing five or six dredgers at work 
at the foot of this slide. This slide has a frontage 
of about 2000 ft., and the ground is broken back 
to a height of 580 ft. above the canal bottom. 
Another very effective view was one showing the 
canal at Gold Hill before the water was let in, 
the great bluff of Gold Hill standing up boldly on 
one side to a height of 496 ft. shave the canal 
bottom. 

The canine tooth of the Piltdown skull, the 
Eanthropus Dawsoni, exhibited by Mr. Charles 
Dawson, is relatively large, but resembles the 
canine milk-tooth of man much more than any 
other teeth of men or apes. A restoration of the 
skull, in comparison with other fossil skulls, was 
exhibited by Mr. W. P. Pycraft. Flints, imple- 
ments, and paleolithic drawings from Hampshire 
and Dorset were shown by Mr. W. Dale and by 
Mr. Elliot Steel. 

We pass over the many and interesting biological 
exhibits exemplifying ‘‘mimicry” in butterflies ; 
the artificially produced duplicity in tadpoles and 
sea-urchins (fertilised eggs were inverted imme- 
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diately upon the completion of the frst ———_ 
furrow, and were kept inverted by Professor E. W. 
MacBride and Mr. H. G. Newth); the paddle fore- 
limb of the hump-back whale (shown by the 
British Museum); models showing the resemblance 
between poisonous and non-poisonous snakes (Dr. 
H. Gadow, F.R.S.); parasites, and pathological 
specimens, and say a few words about meteorology, 
which we should have noticed before. The 
Meteorological Office exhibited the new millibar 
barometers, weather charts, and seisin ms ; there 
were also splendid seismograms taken by the 
Gallitzin seismograph at the Eskdalemuir Obser- 
vatory. 

Mr. George H. Gabb, of London, exhibited a 
beautiful terrestrial globe of 1620, constructed to 
serve as a time-piece, and supported by the gilt 
bronze figure of Atlas ; it was made by the famous 
cartographer, Joannes Janssonius, who succeeded 
Mercator in his house at Amsterdam. It is one of 
the earliest globes in existence, unique in its kind. 

There was only one astronomical exhibit, the 
Astronomer Royal showing transparencies of the 
most interesting features of the Milky Way, selected 
from the 206 plates of the late J. Franklin-Adams. 
There are altogether 55 million stars on those 
plates ; determining the magnitudes of stars between 
magnitudes 12 to 17, Mr. 8S. Chapman and Mr. 
P. J. Melotte separately conclude from the 
sequence of the numbers for different stars that 
the total number of stars in the sky is probably 
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not less than 1000 million, and not much more than 
twice that amount, and that half the stars are 
brighter than the 23rd or 24th magnitude. The 
agreement between the two estimates is excellent. 
One of the demonstrations in the evening was 
given by Dr. P. Schilowsky, who described his 
application of gyrostatic control of monorail 
vehicles, of ships, and.of aeroplanes. The prin- 
ciples involved were described by the means of a 
small gyroscope, while the applications were 
demonstrated the aid of larger models. The 
mororail coach was a model having a height above 
rail-level of about 1 ft. and a width of about 
84 in., and about 3 ft. long, as far as we could 
judge without actual measurement. The car had 
one compartment containing the driving motor, 
a second portion of the length was devoted to the 
gyroscope control, while a third represented pas- 
senger space. The Schilowsky system of control 
been described before in ENGIngERING, and 
need not therefore be repeated. The gyrosco 
wheel was about 8 in. in diameter and 1} in. thick, 
and was driven by an electric motor. The two 
operating pendulums were each about 4 in. long 
and 2} in. in diameter. A ship model in the neigh- 
bourhood of 5 ft. in length was fitted up so as to 
show the control of rolling. The aeroplane model 
fitted had a wing span of about 3 ft. 





STEAM TRIALS OF THE 
“ AQUITANTA.” 

Tue Aquitania arrived in the Mersey yester- 
day morning, upon the conclusion of her official 
steam trials, which gave results that are satisfactory 
in every respect. e trials were of shorter dura- 
tion than those prescribed in connection with the 
Lusitania and Mauretania. Several reasons account 
for this. It should be remembered that when the 
two earlier Cunard ships were ordered, the steam- 
turbine had only been tried in Channel steamers 
and torpedo - boat destroyers. Consequently it 





in the details of the design evolved by the firm, but 
also in the efficiency and reliability of the work- 
manship. It was therefore decided that the trials of 
the Aquitania should be of short duration, espe- 
cially as this afforded a greater period of time for 
the preparation of the ship to take up her station 
on the 30th inst. As the attainment of 
the guaranteed speed, this has become almost a 
matter of exact precision, in view of the possibility 
of determining from models the power necessary to 
drive at a given rate of speed a ship of certain 
lines, and with the best propulsive efficiency. The 
proportions and lines of the Aquitania were deter- 
mined by such model tests at the experimental 
tank at Clydebank, so that there was little doubt 
about the realisation of the speed on the trials or 
in service. 

The speed anticipated on the trial was 24 knots, 
to ensure 23 knots in service ; and before dealing 
with the results of the trial, it may be stated that 
the decision to build the Aquitania to achieve 
23 knots in service, as compared with from 25 to 
26 knots in the case of the Lusitania and Maure- 
tania, was entirely due to economic considerations. 
There has never ees any doubt of the popularity 
with the travelling public of the higher speed of 
the famous Cunard liners, but this great speed 
under present trading conditions is only made 
feasible by the Government subvention, and it 
was therefore decided, in order to maintain a 
weekly service by Cunard ships of this class, to 
give the Aquitania a speed which will enable her 
to get to New York or Liverpool at a time to give 
adequate interval for the ‘‘turn about” for the return 
v . We have already referred to this question 
on page 619 ante, and will now only deal with the 
c made as a consequence of the financial 
conditions to be met. The reduction in speed 
enabled the weight of machinery to be reduced by 
10 per cent., while lessening also the space taken 
up by boilers and engines, so that it was thus 


moulded, from 60 ft. to 64 ft.6 in. These are most 
favourable conditions, not only for speed, but for 
stability, the metacentric height of the vessel when 
loaded being about 4 ft., as compared with 3 ft. 6 in. 
in the Lusitania. This, while satisfactory in respect 
of safety, ensures easy motion in a seaway. The 
result of the increased dimensions has * to 
increase the weight of the hull from 20,145 tons 
to 29,150 tons, while the dead-weight capacity for 
cargo. &c., is considerably increased, by reason 
principally of the less quantity of coal to be taken 
for the veyage as the power is reduced 22 per 
cent., and, by reason of higher economy in the 
—e. the coal consumption will be lessened in 
sti ope proportion. The displacement con- 
siderably ex 53,000 tons for a draught of 
36 ft., whereas in the case of the Lusitania it was 
41,440 tons for the same draught. Increased dis- 
placement, of course, involves higher power for the 
same speed. For 24 knots the power required by 
the Lusitania is 50,000 shaft horse-power, equal to 
1.266 shaft horse-power per ton, whereas in the 
Aquitania the designed power for 24 knots is 60,000, 
agg to 1.2 horse-power per ton displacement. 

e Lusitania, on the other hand, requires 72,500 
horse-power for 26 knots, so that the proportion 
of power to displacement tonnage becomes, for the 
higher s . ee 

The dimensions of the Aquitania, along with 
what might be called contemporaneous leviathan 
high-speed ships, are given in Table I. There are 
always difficulties in making comparisons, because 
the length over all may be influenced by features 
which are scarcely essential to the structure of the 
ship, while the length between perpendiculars is 
more or less arbitrarily fixed, as the perpendicular 
point may vary with the idiosyncracy of the 
designer. Again, as the gross tonnage, 
this may be affected by the coefficient of fineness 
of the ship. As regards displacement tonnage, 
the question to be determined is as to whether the 





possible to increase the passenger accommodation. 


draught to be taken into account is in the loaded 


TABLE I.—SHOWING DIMENSIONS OF “ AQUITANIA” AND OTHER LARGE SHIPS OF VARIOUS NATIONALITIES. 
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Name of Ship “ Aquitania.” “ Britannic.” “ Vaterland.” | “« Imperator.” “ Olympic.” “ La France.” “ Lusitania,”* -—- ~<a 
Name of builders .. John Brown and | Harland and Wolff, | Blohm and Voss, Vulcan Company, | Harland and Wolff, | 8. des Chantiers et} John Brown and | Vulcan Company, 

Co., Clydebank Belfast Hamburg Hamburg Belfast = de St.) Co., Clydebank of Stettin 

re 
Name of owning company Cunard White Star Hamburg-Amerika | Hamburg-Amerika White Star Fre Cunard oe ae 
iy" 

Year when built .. ee 1914 1914 1914 1912 1910 1910 1907 1907 
Length overall .. aa - 901 ft. 6 in. 882 ft. 9 in. 927 ft. 6 in. 9065 ft. 883 ft. 714 ft. 785 tt. 706 ft. 4 in. 
Length between perpendiculars 

or moulded as os “a 8665 ft. 850 ft. _ 880 ,, = 685 ft. 760 tt. 682 ft. 9 in. 
Breadth as 97 ,, 93 ft. 6 in. 100 ft. ee } 92 ft. 75 ft. 9 in. 88 72 ft. 
Depth, moulded 64 ,, 64 ft. 3 in. 57.1 ft. o 64 ft. 3in. 52 ft. 10 in. 60 ft. 4} in. 44 ft. 2 in. 
Gross tonnage 46,500 48,000 58,500 52,117 45,000 24,448 32, 19,400 
a = 36 ft. 34 ft. 7 in. _ 85 ft. 6 in. _ 30 ft. 33 ft. 6 in. 80 ft. 

Displacement a 53,000 tons 63,000 tons _ 57,000 tons = 27,000 tons 38,000 tons 27,000 tons 
Number of passengers—first 618 790 — 700 730 535 552 729 
» % second... 614 836 = 600 560 442 460 318 
pe % third .. 1998 953 _ 2690 1200 908 1186 740 
Machinery makers. . : ..|John Brown and Oo.| Harland and Wolff | Blohm and Voss Vulcan Company | Harland and Wolff | 8. des Chantiers, St.|John Brown and Co.,| Vulcan Company, 
Nazaire, &c. Clydebank of Stettin 
Type of engine ..|Four - screw steam-|Recip ting, with Turbines Four - screw steam-|Reciprocating, with|/Four - screw steam-| Parsonsturbine (Four sets, four-cy- 
turbines turbine on centre turbines turbine on centre turbine linder quadruple- 
shaft shaft expansion 
Number of cranks. . os - 8 - } _ 8 - - 6 
Diameters of cylinders .. _ Two of 54in. ; two _ | -— Two of 54in.; two _— _ Four of 37.40in. ; four 
of 84 in. ; and four of 34 in.; four of of 49.21 in.; four 
of 97 in. | 97 in. of 74.80 in.; four 
| of 112.20 in. 
Stroke of pistons .. os -- 75 in. _ 75 in. = — 70.87 in. 
Number and type of boilers 21 cylindrical : 29 cylindrical : 24 46 water-tube 29 cylindrical : 1) double-ended ; 25 cylindrical : 12 double-ended ; 
double-ended double-ended ; 24 double-ended ; 8 single-ended 23 double-ended ; 7 single-ended 
5 single-ended 5 single-ended 2 single-ended 
foci, = 196 Th. 18 Td. - | 2851», per oa. & 215 ~*~ 196 Ib. per sq. in i aeae te 
pressure .. 215 = | 235 Ib. per sq. in. 5 199 Ib. per sq. in. . per sq. in. | 220.5 per sq. in. 
Total heating surface 138,596 aq. ft. 150,968 sq. ft. — | 208,009 sq. ft. 144,142 sq. ft. 99,303 ay 4 158,360 aq. ft. 101,900 sq. ft. 

» grate area 3,541 3,461 ,, — 3,763 ,, 3,466 ,, 555 ,, 4,048 ,, a 
System of 7 on 2 Howden’s | Ni — Howden’s Natural Howden’s Howden’s Open stokehold 
Total indicated -power .. 000 50,000 _ 250 46,000 46,370 68,000 45,000 
Speedonservice .. .. .. 23.5 knots a _ 224 knots 223 knots | 23.6 knots 25 knots 23.5 knots 
Revolutions per minut 155 | 7 and 170 ~ 185 77.5 241.5 180 82 











* The Ounard liner Mauretania is practically of the same dimensi: 
e 


was agg in ates rye ef to assure public 
opinion, that 0! ials should take 

under sea conditions Thus was ee 
that each vessel should steam four times over 
a measured course 300 miles long, making a con- 
tinuous trial of 1200 miles, in addition to various 
other severe manoeuvring tests. The result was 
that both ships developed a speed of over 26 knots, 
covering the distance in less than 48 hours. The 
working of the machinery was most regular and 
without misadventure even of the slightest nature. 
In service the results have been equally favour- 
able. Ly es Soc that no firm in this 
country experience of high-power 
turbines than Messrs. John Brown onde = of 
Clydebank, so that there was confidence not only | 





At the same time the ship was lengthened in order 
further to increase the revenue-earning ae 
and thus the Aquitania is arranged to take 
as compared with 2150 in the Lusitania. 
The number of first-class has been 
increased from 580 to 618, the second-class 
sengers from 450 to 614, and the third 
passengers from 1120 to 1998, while the crew— 
age aged because of the increase in staff required 
or the passengers—has been augmented by the 
addition of 122—from 850 to 972. Increased beam 
had to be given as well as increased length. The 
moulded dimensions, therefore, of the Aquitania 
are 865 ft., as compared with the 760 ft. of the 
Lusitania, while at the same time the beam was 





increased from 87 ft. 6 in. to 97 ft., and the depth, 


jon as the Lusitania ; she was built by Messrs. Swan, Hunter and Wigham Richardson, Limited, Wallsend-on-Tyne, and 
by the Wallsend Slipway and Engineering Company, Limited. 


or unloaded condition, or the mean draught 
on the vo , or the draught at the i 
ning or end of the voyage. e coal carried in 
the bunkers, if included, may make a difference 
of 5000 or 6000 tons to the displacement tonnage. 
These limitations should be carefully borne in 
mind in any comparison that may be made of the 
dimensions as set out in tabular form. It will be 
seen that the Aquitania has a length over all—and in 
this no excrescences are included—of 901 ft. 6 in.; 
the Britannic—to which the same remark applies— 
is 882 ft. 9 in. ; the Imperator is 905 ft. ; and the 


Vaterland, just completed for the Hamburg- 
Amerika line, is 927 ft.6in. Asregards beam, the 
Aquitania is 97 ft.; the Britannic, 93 ft. 6 in. ; 
the Imperator, 98 ft. 3 in.; and the Vaterland, 
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100 ft. The gross tonnage of the Aquitania is 
47,000 tons ; of the Britannic, 48,000 tons ; of the 
Imperator, 52,117 tons; and of the Vaterland, 
53,000 tons. The German ships are obviousl 
intended to be faster, as the machinery is of muc 
= power. Thus, while the Aquitania has a 

esigned power of. 60,000 shaft horse-power, and 
the Britannic of 50,000 horse-power, the Imperator 
has to develop 76,250 horse-power, and the Vater- 
land a still greater amount. While the Britannic 
is fitted with a combination system of machinery, 
having two reciprocating engines on the wing-shafte, 
exhausting into a turbine on the centre shaft, the 
other ships are fitted with turbines on all shafts. 
The Aquitania, as already incidentally mentioned, 
is on what may be termed the “ triple-expan- 
sion” system—namely, three turbines in series, the 
high-pressure turbine exhausting into the inter- 
mediate high-pressure. turbine, which latter passes 
steam to the two low-pressure turbines mounted on 
the inboard shafts ; while on the wing shafts there 
are high-pressure astern turbines, and on the 
inboard shafts low-pressure astern turbines, each 
of very great power. 

The hull of the Aquitania is divided into 84 com- 
partments, in addition to the 41 embraced in the 
double bottom, which extends right fore and aft. 
There are 16 transverse bulkheads, most of which 
extend to 19 ft above the load water-line, and a few 
others to 9 ft. above the load water-line. The tur- 
bine-room is divided into three compartments by 
longitudinal bulkheads. The condenser plant is simi- 
larly divided into two units by a centre-line bulk- 
head. There is a fore and aft bulkhead on each 
side of the space occupied by the boilers—a dis- 
tance of 450 ft.—so that in this part there is 
practically ‘*a ship within a ship.” The longi- 
tudinal bulkheads forming the inner walls of 
the bunkers are 18 ft. from the outer skin of 
the ship, leaving 60 ft. for the centre com 
ment containing the boilers. There are nine 8 
in the Aquitania in addition to the hold, but one of 
these, the lower orlop, is only partial, being for- 
ward and abaft the machinery. Six of the decks 
are in the moulded structure of the ship, and above 
this there are three superstructure decks, the first 
extending ever about 640 ft., the second over 
624 ft., and the third, or boat-deck, over 464 ft. in 
length amidshi The total height from the keel 
to the boat-deck level is 94 ft. 

The Aguitania left the Clydebank Works of 
Messrs. John Brown and Co., Limited, about 
10.30 a.m. on the 10th inst. She was on an even 
keel, the draught being 29 ft. 9 in., and was success- 
fully navigated through the comparatively narrow 
and somewhat tortuous channel to the Firth—a 
distance of about 20 miles—in three hours. This 
was only rendered possible by the enterprise of 
the Clyde Navigation Trust and the Clyde Light- 
house Trust, who had carried out the n 
regularisation and dredging of the channel. When 
the builders entered into negotiation with the 
Cunard Company for the building of the ship, they 
found, on the part of Sir Thomas Mason, the Chair- 
man of the former Trust, a willing response to their 
solicitation that the required improvement works 
should be undertaken if the Clyde was to maintain 
her place as the premier shipbuilding district. At 
one point a bend in the river had to be straight- 
ened, and the channel throughout had to be 
dredged to give a uniform depth of between 33 ft. 
and 34 ft. Messrs. J. Brown and Co. contributed 
a handsome sum towards the expense of this work, 
and Mr. W. M. Alston, M. Inst. C.E., the engi- 
neer -in-chief, worked assiduously during the 
building of the ship for the completion of the 
works, and satisfied himself in the last week, 
by soundings and other means, that all that 
could be done had been accomplished for the 
voyage of the ship to the sea. All that was 
necessaty was a calm day. This was realised, 
and if the drizzling rain that fell was a dis- 
comfort to the 500 or 600,000 who gathered 
along the banks of the river, the haze added a 
touch of the mystic to the slow, but continuously 
steady progress of the majestic ship, with her 
attendant tugs, preceded by the Clyde Trust Com- 
modore steamer, and followed by a convoy of 
pleasure steamers. She came out of the mist in her 
great bulk, rae the — gathered at each 
vantage point, and receded again in impressive 
stately silence into the vague mist. When she 
reached the Firth, however, the weather cleared 
and the sun shone, and a short spin at 8 or 9 knots 
was made, twelve boilers being alight. Finally, 





she anchored to coal up and prepare for her full- 
power tests. 

On Monday the vessel took on board over 2000 
tons of coal and water-ballast to bring her down to 
the mean draught while on the Atlantic voyage. On 
Tuesday she left her anchorage for her trials, with 
the intention not so much of ascertaining her speed 
for the designed full power as to test the turbines 
and their manceuvring gear, and to ensure that all 
auxiliaries were in thoroughly satisfactory order, as 
also to get the engine-room staff fully acquainted 
with their duties. The turbines were therefore 
worked up gradually to full power, and opportunity 
mee to make runs over the measured mile at 

elmorlie at progressive speeds, inning at 12 
knots. The data could mh g oo sthe be puted 
as accurately determining the relation of power 
to speed, as the vessel has been in the tidal basin 
since her launch thirteen months ago, so that the 
immersed part of the hull must be in a condition 
involving excessive skin resistance. A view is 
given on page 672 of the vessel during one 
of these runs, while other views taken on the 
Clyde during her e down will be found 
on pages 676 and 6T7. On Tuesday afternoon the 
vessel proceeded into the outer estuary of the 
Clyde, where a greater seaway was available for 
manceuvring purposes, and the engineer had greater 
freedom for testing the valves when changing over 
from triple-series working to compound working, 
and for bringing the turbines on the port and star- 
board side of the ship into action for ahead and 
astern steaming. The valves and interlocking gear 
for this pu are described in an article in the 
early of this issue, and here it need only be 
said that the aim of the designers was realised as 
regards surety and rapidity of operation under the 
various alternative systems of working. 

Following upon this a series of high- 
full-power runs were made between Holy Isle and 
Ailsa ig. The wind had steadily increased 
to force 5, and notwithstanding the unsatisfac- 
tory state of the immersed hull, the result was 
satisfactory, speeds of 24 knots being reached 
without any effort ; there is accordingly every 
confidence of the guaranteed s: of 23 knots on 
the Atlantic being exceeded. e night was spent 
at sea, running under various conditions of work- 
ing, by way, principally, of introducing the engi- 
neers of the ship to their work. On Wednesday 
again, there were further full-power runs, equally 
satisfactory. There was a lograph on board, 
and diagrams were taken at all points where there 
was any possibility of vibration being disclosed, 
but in no case was any such movement indicated. 
This demonstrates the success of the special care 
taken ‘n the direction of stiffening the ship, a 
matter to which reference will be made in a 
subsequent article. The bulkhead doors were also 
tested. In the Aquitania there are two separate 
circuits—one for the doors in the transverse bulk- 
heads, and another for those in the longitudinal 
bulkheads ; both are operated independently from 
the bridge. The main doors can be kept permanently 
closed, and the bunker doors can be closed from the 
bridge or at the doors themselves. Another feature 
is that the coal-bunkers in each boiler compartment 
can hold sufficient for the use of the boilers, so that 
each boiler-room is entirely within its own water- 
tight area at all times. Another co ding 
test was made, and it was established that in every 
case the experience and the solicitous care and 
enterprise exercised by Mr. Booth and the direc- 
tors of the company, as well as by Messrs. John 
Brown and Co., Limited, have fully realised the 
anticipated results. As already stated, the vessel 
arrived in the Mersey yesterday, and she will go 
into the Gladstone Graving Dock to-day to be 


oe we for her first voyage to New York, which 
ill begin on the 30th inst. 


NOTES. 
Water Consumption or A TURBINE. 

A CHEMICAL method of determining the consum 
tion of water of an hydraulic turbine was recently 
tried in the Ventavon Works of the Société de 
l’Energie Electrique du Litoral Méditerranéen. 
The works are situated in the Départment des 
Hautes Alpes, and the turbine is one built by 
Messrs. Negret, Beylier, Ducrest et Cie., of 
Grénoble, and working with a head of 50m. The 
method, which is due to Boucher, consists in 
adding to the hydraulic water above the turbine 
a measured quantity of a concentrated solution of 


wer and 








salt—common sodium chloride, as a rule ; the dis- 
charged water passing through the race is analysed 
(titrated with silver nitrate), and if the turbine is 
working at a lar rate, and the salt solution has 
been well mixed with the water, a constant pro- 
portion of salt should be found in the disc 

water. The experiments made showed that the 
salt concentration in the discharged water varied 
very little, and the method would thus appear to 
be applicable in cases where direct measurement of 
large water masses would be inconvenient. A 
careful mixing has, of course, to be effected. To 
secure this, the brine was kept in two tanks ; from 
the upper tank the brine entered through a tap to 
the lower tank at such a rate that the level in the 
lower tank was kept cunstant. From the lower 
tank the solution flowed into the hydraulic main. 
The tests were made at full load and at half luad. 
The upper tank at Ventavon had a capacity of 
2 cub. m. (about 60 cub. ft.), and at full load 1 litre 
of salt solution was introduced every second into 
the main, and half a litre at half losd; the water 
masses wero about 12,500 and 6500 litres “per 
second. About 500 kg. of salt were dissolved in 
the upper tank. Water samples were taken and 
analysed at intervals of 2 or 3 minutes for 75 
minutes, and the analyses were in excellent accord. 


Tue Comace or CHIna. 


The Chinese Government has recognised the 
necessity of placing the coi of the country in 
& proper condition, and of making efficient arrange- 
ments for its uction, and last year Mr. Far TT. 
Sung, formerly principal technical ex of the 
Ministry of Finance, was sent to Europe and 
America to study mint organisation. Mr. Sung 
has returned to China, and has presented a report 
to the acting Minister of Finance, in which he 
gives the result of his investigations and re- 
searches. In the course of his travels he 
visited the Berlin Mint in Germany, the Brus- 
sels Mint in Belgium, and the Utrecht Mint 
in Holland. He then proceeded to London and 
studied the conditions of the Royal Mint, and 
from London he embarked for the United States 
and visited the Philadelphia Mint and the New 
York Assay Office. Mr. Sung’s recommendations 
to the Government in regard to the reform of mint 
organisation in China are divided into three heads 
—namely :—(1) Management ; (2) Coining; and 
3) Assay Methods. According to Mr. Sung, 

hina has much to learn from the working system 
of the Royal Mint in London, and the coining 
methods of the Utrecht, Brussels and Berlin Mints, 
where the most up-to-date minting plants are 
installed. The ment of the Philadelphia 
Mint calls for special praise from Mr. Sung, not 
only in the different departments of its practical 
working, but also for its system of book-keeping, 
which, Mr. Sung says, is superb. Every one of the 
European and American mints visited by Mr. 
Sung compiles an annual report at the end of 
each year, giving 4 sum of the conditions 
of the mints, the statistics for the year, &. 
Such reports are published with a view to in- 
forming the people of the real conditions of the 
mints, and this is certainly different from the 
secret policy adopted by the Chinese mint autho- 
rities, whose reports to the Central Government 
are few and far between, and are compiled in 
so obscure a manner as to render the business of 
their mints a mystery to the Ministry of Finance. 
The machines used in the foreign mints are of the 
newest , while those used in China (which were 
pure in Birmingham) are far behind the 
modern machines, which possess numerous labour- 
saving devices, and do their work with greater 
exactitude. Mr. Sung recommended that in re- 
0 ising the Chinese minte, the Government 
should order for each mint the newest a ved 
types of coining-machines, and that the old machines 

ould be set aside purely for the purpose of making 
subsidiary coins. 





Tue AssociaTion oF Enoingers-tn-Cnarce.—It has 
been that the members of this Association shall 
y @ visit to the works of Messrs. Richard Garrett and 
Limited, at Leiston, on Saturday, the 23rd inst. 


The will travel to Leiston by the 8.26 a.m. train 
from Li -street Station, arriving at their destina- 
tion about 11.30, while the return journey will be made 
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NICLAUSSE BOILERS AT THE SOUTHEND ELECTRICITY WORKS. 
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BY THE BRITISH NICLAUSSE BOILER COMPANY, LIMITED, ENGINEERS, LONDON. 





Wr had an opportunity, on the 8th inst., of inspect- 
ing a pair of Niclausse boilers recently installed at 
the Corporation Electricity Works, Southend-on-Sea. 
The two boilers, which ocoupy a space 15 ft. 6 in. 
deep by 36 ft. 6 in. wide, have a normal evaporative 
capacity of 25,000 lb. of water from and at 212 deg., 
and an overload evaporative capacity of 35,000 Ib. 
The heating surface of the outer tubes of each boiler 
is 3700 sq. ft., and of the inner tubes 1700 sq. ft. A 
self-contained superheater is fitted, having 1076 aq. ft. 
of heating ‘surface, and giving 150 deg. Fahr. of 
superheat. The thermal efficiency of the boilers is 
given as 80 per cent. These boilers, which are illus- 
trated in the annexed figure, form an example of the 
latest type of Niclausse construction. In their broad 
outline they do not differ from the typical Niclausse 


boiler, which has been built for many years, and with | d 


which our readers are probably familiar. Various 
detail but important improvements made in recent 
years have, however, been incorporated in their con- 
struction. 

The Niclausse boiler in essence consists of an hori- 
zontal steam-drum carried along the top and at the 
front of the unit. Vertical headers are fixed to the 
bottom of the drum, and from these headers the 
straight water tubes are carried more or less hori- 
zontally, but with a slight fall towards the back of 
the boiler. In the Southend-on-Sea boilers there are 
twenty headers, each having twenty-one evaporating 
tubes and one ape | lug tube. The outer tubes 
are 10 ft. 1} in. long Bt in. in diameter. The tubes 
are double, on the lines of a Field tube, and consist 
of an outer tube, in which the water is evaporated, 
and an inner tube, which carries the incoming water to 
the back end of the outer tube. The outer tube is closed 
at its back end, and at the front end is ex ed and 
turned to make joints with two coned surfaces in the 
header. Ports are cut in the tube in each of the two 
coned surfaces. The header is divided into two parts 





by a vertical diaphragm, and the result of the arrange- 
ment is that one set of ports in the tube communicates 
with one compartment of the header, and the other 
set with the other compartment. The inner tube is 
about half the diameter of the outer one. It is open 
at the back end, and at the front is expanded to make 
a joint with the inside of the outer tube. A port is 
cut in it in such a way that it communicates, through 
one of the ports of the outer tube, with one of the com- 
partments of the header. The result of the whole 
arrangement is that water from the drum descends by 
the front compartment of the header, and passes along 
the inner tubes, returning by the annular space 
between the inner and outer tubes. The steam is 
formed in the annulus, and flows into the back com- 
partment of the header, whence it rises into the 
rum. 

Turning to some of the special features of the modern 
Niclausse boiler, we may say, in the first instance, 
that the headers are formed from rectangular solid- 
drawn steel tube, instead of being made of malleable 
cast iron, as was the original practice. The headers 
are drilled for the tubes, and the holes are afterwards 
en and lip by a special machine. In the 
older type of boiler each header was fitted with a 
separate blow-off, but in the new form these have 
been superseded by an horizontal pipe connecting all 
the headers to a common blow-of An important 
change has also been made in connection with the 
circulation. Originally the feed flowed down the full 
length of the headers, and was distributed to a 
tube ; but a new arrangement has been introduced, 
which has proved very successful. A vertical dia- 
phragm is in the drum, and the feed is supplied 
on one side of it. The dia ,» which extends 
above the water-level, but not to the top of the drum, 
is so formed that the feed descends in about four out of 
every five headers, to s point rather more than half 
way down, wherethere is an horizontal cross-diaphragm 





in the header compartment. The headers fed in this 
way are called the purifying headers, and act as pre- 
heaters. Any lime salts not caught in the lime- 
depositing tray in the drum, are deposited in them. 
The deposits, however, are not detrimental, because 
these upper tubes are not expo to radiant heat 
from the furnace. The result is that the salts do not 
harden and the scale is easily removed. 

The feed, after passing through these pre-heating 
tubes, contains no scale-forming material. It rises, 
via the back compartments of the purifying headers, 
into the back portion of the drum, whence it flows down 
the whole length of the front compartments of the 
feed-headers, circulating in all their tubes, and, by 
means of an horizontal Pipe connecting the bottom 
ends of all the headers, also circulates in the lower 
tubes of the purifying headers. As a result, all 
the lower tubes are fed by pure water, whose tem- 
perature is that due to the pressure, and consequent! 
the evaporation in the tubes is greatly venom | 
With this arrangement none of the lower tubes 
become scaled, so that it is necessary to clean them 
only at long intervals. The top tubes, in which there 
may be some deposit, can be eacily taken out for 
cleaning when necessary. If it is desirable that the 
boiler should be out of commission for as short a time as 
possible, a number of spare tubes may be kept in stock, 
so that when a tube is removed for cleaning a spare 
one may be inserted in its place, all tubes being inter- 
changeable. The process of removing and replacing 
a tube takes only a few minutes. In conclusion, we 
should say that the boilers at Southend-on-Sea were 
supplied the British Niclausse Boiler Company, 
Limited, of Caxton House, Westminster. This firm 
also supplied the mechanical stokers, which are also 
of Niclausse manufacture. They are of the cokin 
type, and some details of the driving mechanism wi 
be seen from the illustration which accompanies this 
description. 
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THE FLYING-MACHINE FROM AN 
ENGINEERING STANDPOINT.* 


By Freperick Wiii1am Lanonestsr, M. Inst. 0.E. 
(Continued from page 632.) 

4. Body Resistance.—The body resistance, as alread 
stated, varies approximately as the square of the velocity. 
It is therefore evident that, with a machine of given 
weight, since the flight resistance proper (the aerofoil 
resistance) is constant, the higher the flight-speed the 
more serious relatively does the question of body resist- 
ance become, and the design of the car and its accessories, 
such as alighting gear, &c., is a matter of increasing im- 
portance as the comtemplated flight velocity becomes 
greater. The calculation of body resistance involves the 
computation of the resistance of each individual element, 
and in some cases allowance for the interference or 
influence of one element or portion on another. Thus in 
the computation of body resistance it is necessary to have 
at command tabulated results of the resistance of spars 
of various sections, wires, wheels, and the like, in addi- 
tion to a sufficiency of known data as to stream-line forms 
of various degrees of ection. A considerable amount 
of experimental data now been collected in this direc- 
tion, but a great deal yet remains to be done.t 

The resistance of the body-shape or fuselage is a factor 
on which at present the information available is the least 
satisfactory, since it is rarely possible for the designer to 
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adopt a close approximation to a perfect stream-line form, 
or a form for which the resistance coefficient has been 
already determined ; it is usually necessary to have re- 
course to model experiment in each individual case. This 
is no more than must be expected, in view of the fact that 
the same applies to the design of a ship’s hull when any 
— is made from existing practice. 

very few years ago little or nothing was known as to 
the resistance of the so-called stream-line or ichthyoid 
body. In1908-9 I made inquiries in the endeavour to obtain 








Taste VIII. 
Authority. | Date.) — Remarks. 

Prandtl .. --| 1908 0,125 Given as approximate only. 

Colliex .. --| 19038 0.100 From rough experiments 

at the factory of Voison 
Freree. 

Surcout .. .-| 1908 0.081 |Given as an experimental 
determination by the late 
| Colonel Renard. 

? | 0.032 Actual for water (ratio 

British Admiralty -| 1909 about 8 : 1). 
| 0.023 Probable for air. 





some figures on this subject. For bodies constituting a 
rough imitation of a good fish form, with ratio of length 
to diameter of about 6 to 1, the figures given in 
Table VIII. were supplied by the different authcrities 


* The James Forrest lecture, delivered before the 
Institution of Civil Engineers on May 5. 

+ For the resistance coefficients of spars, wires, &c., 
reference should be made to the various reports of the 
Advisory Committee for Aeronautics and the work of 
Mr. Eiffel and others, also § 9 following. 





named ; the figures, given to me in-various forms, are 
here reduced to represent the equivalent of normai plane 
in terms of the maximum cross-section. 

It would aeons from more recent experiments carried 
out at the Royal Aircraft Factory, and at the National 
Physical Laboratory, that for a well-designed stream- 


y | line form the best result so far recorded is approximately 


0.07, the coefficient of fineness—length/diameter—being 
round about the value 4 : 1. 

The plotting given in Fig. 20 is based on a series of 
determinations made at the Royal Aircraft Factory, with 
corrections (for which I take — ) to compen- 
sate for the difference in the coefficient of skin-friction 
between the velocity, 20 feet-seconds, actually employed, 
and an assumed flight speed of 70 miles an hour. The 
plotting represents the resistance coefficient for bodies of 
about 2 ft. to 3 ft. diameter. 

When we turn our attention to the design of the body 
of machines as they exist to day, we find that although ib 
is becoming customary to give the fuselage a distinct fish- 
like outline, it is rare that any real attempt is made to 
adopt a = stream-line or true ichthyoid form, 
such as employed for the experimental determinations 
already cited, and commonly used for dirigible bal- 
loons. It is not sufficient to give a gene 
outline to the body if a material reduction in the resist- 














ance is required ; it is necessary to go further than this, 
and to avoid, as far as possible, corners and jections 
of every description. In many cases in the y-forms 
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used to-day the resistance is nearly as great as that of a 
normal plane equal to the mid-section area, and a body 
with a coefficient of less than 0.5, in view of current 
practice, must be regarded as exceptionally Asa 
consequence the resistance of the fuselage and passengers 
alone is often equivalent to some 3 or 4 sq. ft., whereas 
an equivalent considerably less than 1 sq. ft. ought to 
suffice. It is not only necessary to avoid up-standin 
projections, such as wind-screens, &c., but even suc 
yoy longitudinal angles should be eliminated from 
the design ; this latter point has been partially investi- 
gated by the National Physical Laboratory. 

In the Paulhan-Tatin machine, mentioned in the 
researches of Mr. Eiffel, the question of body form has 
been studied with extreme care, the form of body em- 
ployed being substantially a solid of revolution, as given 
in Fig. 21a. The only irregularity in the fuselage is in 
the aperture for the pilet’s y, which has clearly 

n redu to the minimum possible. According to 
the results given in Fig. 20 it would be still better, from 
the point of view of resistance, to design the body on the 
lines shown in Fig. 21), making the body only of suffi- 
cient length to contain the pilot, motor, &c., and carrying 
the tail-organs from a-tubular continuation. A model of 
this kind, made and tested at the National Physical 
Society (from designs of the Royal Air-Craft Factory), 
gave a normal plane equivalent of about one-fifth of its 
maximum cross-section. © form was imperfect as a 
stream-line body, and the small scale (,), full size), other- 
4 oar vA the ee aoe than it eS in 
actuality.— Advisory Committee, Report 74, page 177. 

It is evident that with sufficient experience the body 
fusilage resistance of an ordinary two-seat machine should 
be capable of reduction to the equivalent of 1 + ft. area 
of normal plane, since a good model of stream-line body 
of 5sq. ft. maximum section should in itself offer lees 
than balf this resistance. Added to this, we have the 
——s chassis and auxiliary surfaces, the resistance of 
which should be capable of being designed for an —- 
lent of 2 rq. ft. if the design be studied in every detail, 
making 3 aq. ft. in all. On the basis of 80 miles an hour 
the resistance will then amount to 60 Ib., or, say, approxi- 
os 5 per cent. The body resistance in the machines 
of to-day is very much higher ; it is commonly the equiva- 





ral | but rather th 








lent of at least some 5 sq. ft. of normal plane. Mr. Eiffel 
Oy rosal Resistance Fig. 33 repre 1 

q 1 .—Fig. 22 represents graphically the 
position with which rey Ft. has to ay oy be 
zontal line aa represents an aerofoil resistance coefficient 
of 7 per cent. The curve 2 represents (from a a as datum) 
the additional coefficient due to body resistance on the 
assumption that we are dealing with a machine of 1200 lb. 
bg in which the body resistance has the equivalent 
of . ft. area of normal plane curve, 3 represents 
similarly the added body resistance on a basis of 3 sq. ft.; 
lines K. . 5,7 —s re — 4, 5, a eS 10 aq. fo. 
respectively ; curve 5 may en roughly to represent 
the best practice at the present time. It is evident that 
so long as flight-speeds were limited to 40 miles an hour 
or less, as was the case a few years ago, the body resist- 
ance remained a matter of ee ae in fact, in 
the Wright machine, and in sev other machines of 
that day, the pilot sat fully exposed, and little or no 
attempt was made to minimise resistance, whereas with 
speeds of 80 miles an hour the body resistance will, unless 
great care is taken in the design, considerably exceed the 
flight resistance proper. Fig. 22 does not represent the 
resistance of a given ine, flown at different speede, 
@ resistance of a series of machines of given 



































bee avy each d od for least resistance at its own par- 
ticular s , and with body resistance equivalent to the 
area indi 

Referring to Fig. 22, it will be seen that the total trac- 
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— MINIMUM RESISTANCE. 
ANTICIPATING THE LIMIT OF PoSSIBiITY) 

tion —- in the omass = Sat - Names an wa od 
is, roughly, 15 per cent., the gliding angle consequently 
being 1 A 6.7; this is slightly better than the best 
res actually obtained in the military trials of 1912. 
e highest speed at the military trials did not touch 
70 miles an hour, so that on the basis given the gliding 
angle should have been better than stated ; no allowance 
was made for the drag of the propeller, and it is possible 

the difference is due to this factor. 
The question of body resistance has for eome time been 
a matter of careful study by the staff of the Royal Air- 
craft Factory, and I understand that in some of the later 
models the equivalent normal plane area has been very 
considerably reduced. If we take an aerofoil coefficient of 
7 per cent., and a curve representing 3 sq. ft. equivalent 
normal plane, we find that at 80 miles an hour the gliding 
angle, or the resistance coefficient, should approxi- 


mately 12 per cent., or at 60 miles hour 10 per cent. 
I believe this figure to be in sight, though it may not yet 
have been actually reached. 


As illustrating the extent to which the Dy veg ml 
results have been anticipated by theory, in 1907, dealin 
with the question of the power expended in flight, 
tabulated the results of calculations for fiiding angles as 
for complete machines ranging from 1 deg: (a xi- 
mately 1 in 5) to 6 deg. (approximately 1 in 10). In the 
military trials of 1912 the worst gliding angle recorded 
was 1 in 5.3, and (as pointed out in the preceding para- 
graph) the present-day figure is gradually approaching 

in 10. 

If we try in the light of present data to look into the 
future, it seems probable that the limiting gliding angle, 
or, rather, the minimum total coefficient of resistance 
may even be materially less than 1 in 10; thus, if it is 
found possible, in spite of structural difficulties, to obtain 
equal results in an actual machine to those obtained in 
wind-channel model teste—namely, a cotfficient of re- 
sistance for the aerofoil approximately to 5 per cent.— 
and if the body area equivalent, for a machine of 1200 Ib. 
gross weight, can eventually be reduced to 2 sq. ft., a 
total coefficient of resistance as low as 8 cent. may 
prove well within reach ; whether the sacrifices necessary 
in order to achieve such results in practice would be 
justified, the future alone can decide. The solution of 
any engineering problem is always to some degree a 
matter of compromise, and it would be rash to suggest 
that in the case of the flying-machine there are not 
considerations of sufficient importance to render it inad- 
visable to run after the last 1 per cent., reduction in 
tractive effort. A graph is given representing the coeffi- 
cient of resistance on the basis of the present paragraph in 
Fig. 23. The aerofoil coefficient of traction is taken at 
5 per cent., the weight of the machine, as before, assumed 
as 1200 lb., and the su total of 8 per cent. corre- 
sponds to a flight speed of nearly 80 miles an hour. 

Before we have finished with the question of resistance, 
we need to know something as to the gradient of ascent, 
or See uired. ine that is only 
capable of horizontal flight is evidently quite unservice- 
able ; it is well understood, too, that apy machine with an 
insufficient rate of t is intrinsically dangerous ; not 
only does it remain too long at low altitude, where any 
** fluke” in the wind is to ey age disaster, but in bad 
weather, when buffeted about by the wind, a pilot may 
find himself incapable of making altitude altogether if his 
initial margin of power is insufficient. 

The rate of ascent for which provision has to be made 
depends very much upon the service for which the machine 





|is required, for the ordinary needs of the aeronaut who 


wishes to make cross-country flights under fair-weather 


| conditions, a margin of power representing an up-grade 
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of 5 per cent. or 6 per cent. appears to be ample ; there 
is probably no real advantage in any greater provision. 
For military or naval service, on the other hand, there 
are without doubt occasions when everything may depend 
upon the rapidity’ at which the machine can make 
titude. _I feel that I cannot do better than quote from 
the specifications given 7 the superintendent of the 
Royal Aircraft Factory for two types of machine— 
namely, R.E. 1 reconnaissance aeroplane, and F.E. 3 gun- 
carrying aeroplane.* For the first of these the rate of 
clim ing demanded is 600 ft. per minute, or, taking the 
normal flight-speed at 70 miles per hour (the specification 
ives maximum 78 miles per hour, and minimum 48), we 
Con a climbing gradient of approximately 10 per cent. 
For the gun-carrying machine the speed is given as 75 
miles per hour, and the rate of climbing 350 ft. per 
minute, which, expressed as climbing gradient, is a trifle 
less than 54 per cent. Manifestly a machine carrying a 
gun of some kind (presumably a machine-gun), and we 
may assume an adequate supply of ammunition, 
perhaps a few square feet of bullet-proof armour-plate, 
needs to sacrifice something in the matter of climbing 
wer. 
Phere is good reason to suppose that if a demand for 
higher speeds than those at present attained is in the 
future to be satisfied, success will depend to some extent 
upon our ability to build larger and heavier machines. 
By reference to Figs. 22 and 23 it will be seen how soon 


with increased flight-speeds the question of body resist- | mill, three shee 


ance becomes a disproportionate factor ; it is manifestly 
impossible in a machine of given size to reduce the 
equivalent normal plane area beyond a certain point, but 
it is evident that by increasing the weight and power of 
the machine the effect of such body resistances may 
rendered less important, since an increase in weight and 
wer does not require a proportionately serious increase 
in the size of the members to which the y resistance 
is due. Also since the square of the product of J and V 
varies directly as the weight By l represents the 
linear size of the aerofoil) the value of ¢ is also a function 
of the weight, and diminishes slightly as the weight is 


inc 
(To be continued. ) 





THE TALBOT PROCESS IN COMPARISON 
WITH OTHER OPEN-HEARTH REFINING 
PROCESSES | 


By Dr. Friepricn Scuuster, Witkowitz. 


Tue Witkowitz iron works, established in 1829, have in 
the course of time employed a number of processes of 
steel manufacture. The reason for this is to be sought for 
partly in the changes in the sources of raw materi 
supply, and partly on account of actual technical pro- 


gress. 

The acid process, introduced in the year 1867, had 
to be abandoned owing to the difficulty of obtaining non- 
phosphoric ores, and was replaced in 1879 by the basic 

rocess. This, in, was finally replaced in 
igs2 by the well-known duplex process, which its 
origin and development in Witkowitz. As auxiliary to 
this last process, the most diverse modifications of the 
open-hearth process on a basic and acid hearth were 
employed. Although from a qualitative point of view the 
results of the duplex process were perfectly weeyry a 
and, in comparison with other systems, the output of the 
various furnaces was considerable, the cost of production 
of the steel caused by the necessity of carrying out the 
manufacture in two separate apparatus (the er 
converter and the open-hearth furnace) was so high as to 
render it necessary, for some considerable time past, to 
consider the question as to how best to replace the expen- 
sive duplex by a cheaper method of steel manu- 
facture. Owing to the conditions of the ore supply, it 
was not possible to change over to the basic process, 
which is to-day undeniably the cheapest process of steel 
manufacture. oe also to the relatively high total 
production, the introduction of the scrap process was out 
of the question, since the quantities of scrap necessary for 
working the process were not obtainable at sufficiently 
low prices. There thus remained only the pig-iron-ore 
process as a possible practical solution. Various experi- 
ments undertaken in this direction gave results, however, 
which were not sufficiently favourable to admit of an 
entire change of the previously satisfactory methods 
being contemplated. The solution of this difficult problem 
was, however, a matter of considerable urgency, the time 
having arrived to consider the complete reconstruction of 
the rolling-mill plant, which had me, in part, anti- 
quated. As in all old works, difficulties on account of 
space caused the original plan of a reconstruction of the 
steel and rolling-mill plant on the existing site to be 
abandoned, and necessitated the re-erection of the plant 
on a site distant about 14 miles from the old works, so as 
to allow for possible future ex ion. 

The following fundamen points were taken into 
account in designing the new plant: 

1, Introduction of a steel process which, in addition to 
admitting of the possibility of manufacturing the most 
diverse qualities of steel, would ensure the lowest costs of 
production, taking the local conditions into account. 

2. The entire exclusion of steam power, and its replace- 
ment by electrical energy with a view to utilising the 
surplus gases from the blast-furnaces and coke-ovens. 

3. Selection of a site permitting of future extensions in 
the various departments. 

° oa Committee for Aeronautics, Report 1912- 
1913, page 267. : 

+ Compare Ap ix 1. ‘ 

t Paper read before the Tron and Steel Institute, 
May 7, 1914 





4. Shortest transport of material from the raw product 
to the finished goods, without hindering the normal 
working of the mdividual departments. 

5. The adoption, wherever possible, of travelling cranes 
for the transport of the intermediate products, and leaving 
the ground and the space between the various rolling- 
mills as free as possible for the work of rolling proper. 

6. Uniform fioor-level for all de: ments. 

7. Easy accessibility to all moving machine parts from 
the floor. 

8. Replacing manual labour as far as ible by me- 
chanical equipment in dangerous metallurgical opera- 
tions. 

After fully considering the above points, the result was 
the plant now in use, which —a— 

An annular lime furnace and dolomite plant for the 


purposes of the steel work; the track for conveying the | f 


raw material, terminating in an overhead railway pro- 
vided with bunkers for all kinds of raw material; a 
roducer plant, —y “¥ twenty Kerpely producers, 
or generating gas for metallurgical and reheating 
furnaces; store-yard, traversed by magnetic travelling 
cranes, for scrap and solid pig-iron; steel-works plant ; 
reheating-furnace building ; cogging-mill ; by the side of 
the latter is the large transformer station for the re- 
versing rolling-mills, which are driven by direct current ; 
the rolling-mill buildings ; in the latter are housed a total 
of fifteen trains of rolls, namely, one armour-plate rolling- 

i t rolling-mills, two univ mill trains, 
a reversing billet-mill (having rolls 850 mm. diameter), a 
rail and girder train of the same diameter of rolls, a 
600-mm. three- high breaking-down mill, and the medium 
and small mill trains. Ata right angle with the cogging- 
mill runs a distributing shed, in which travelling cranes 
convey the rough-rolled material, cut into suitable lengths, 
to the various trains of rolls to be worked up direct ; or 
they pass it to the reheating-furnaces, whénce it is taken 
to finished in the various mills. Perpendicular to 
the rolling-mill houses are the buildings for containing 
the hot banks and straightening 1. the latter 
communicating with each other by three transepts. 
Connected with this entire system of buildings are the 
stores for rails and girders, with their corresponding 
cold straightening plant, and also the bar-iron bank. 
The entire t is completed by various auxiliary work- 
shops, a roll-turning shop, smithy, ey adminis- 
tration buildings, laboratories, workmen’s dining-hall, 
and bathrooms, &c. 

To give some idea of the extent of the new oe it 
may be mentioned that the entire steel and rolling-mill 
plants have a covered area of roughly 105,000 sq. metres, 
and that, in addition, various store-yards of 45,000 sq. 
metres area are served by crane tracks, so that the total 
covered area may be taken, in round numbers, as 
150,000 sq. metres. 

As will be seen from the previous statement of the 
number of rolling-mill trains, we have to deal in Witko- 
witz with a very considerable p mme of rolling 
operations, in connection with which it must be men- 
tioned that, having regard to the limited market, only 
relatively small quantities of each individual wee of 
rolled can be produced ; while, on the other hand 
the rolling-mills have to supply diverse qualities of ingot 
iron and steel. The prospective steel works had there- 
fore to be adapted to specific Austrian conditions, which 
do not render possible a bulk production in the sense of 
the large West German iron works, but necessitate the 
manufacture of a multiplicity of products, by which 
alone we are enabled to attain a production equal to that 
of a medium-sized iron works in Germany. Taking 
these circumstances into account, the proper selection 
of the most suitable steel process offers real difficulties. 

The steel process to selected had to possess the 
possibility of producing any desired quality of steel, 
individual charges being carried out in quick succession, 
and, further, of using, as scrap, the waste produced in 
the work of rolling. A further natural assumption was 
the necessity of producing, at as low a cost as possible, 
a pig-iron of medium phosphorus content suitable for 
Se nie of the finish ed steel, such as would be 
produced on the basis of the conditions already laid down. 

With a view to solving this question, we devoted a 
considerable amount of time and study to all previous 
forms of reverberatory furnaces; and it is my pleasant 
duty at this stage to offer our cordial thanks to all steel 
and iron companies who granted facilities for a thorough 
— of their plant with this object in view. 

e ~~ and more er se considered the 
question, the more we i t a process, which, 
in the case of a particular steel works, gave perfectly 


satisfactory results from a qualitative point of view, as | ash. 


well as showing favourable figures for the cost of pro- 
duction, could not at once be applied where entirely 
different conditions prevailed. The directly contradictory 
opinions concerning one and the same process carried out 
in different localities are generally based on the difference 
of the costs of production for pig-iron and in the price of 
scrap. Mr. N. Schock has already referred to this point 
in his interesting paper, read at the general meeting of 
the “‘Sudwest” iron works, on February 15 last, on the 
economy of the open-hearth process in comparison with 
the basic process. I will refer in more detail to this 
paper later on. 

Asa result of our preliminary investigations, we soon 
arrived at the conviction that, for Witkowitz, the pig- 
iron-ore process was the only one ible, and it was 
now a question of determining whe’ it would be more 
satisfac to work with fixed or tilting open-hearth 
furnaces. Favourable reports were to hand from England 
and America concerni use of tilting-furnaces ; but 
& difficulty was raised by the fact that, in spite of the 
gradually increasing poolettion of open-hearth steel in 
3 Y, this type of furnace was now practically no, 





where employed. Apart from the undoubtedly higher 
initial cost of a tilting-furnace compared with one of the 
fixed type of the same + the relatively higher 
maintenance costs of the former type, and the higher 
expenditure of fuel, were cited as against this type of 
furnace. 

With regard to the Talbot y practicable 
in tilting-furnaces—a fact in its disfavour was that (apart 
from America and England) it had not been able to find 
a footing in the other steel-produ countries, in spite 
of various reports upon the favourable results obtained 
with it; this was all the more surprising since the first 
75-ton Talbot furnace was put into operation at Pencoyd, 
U.S.A., in the year 1898. On the Continent, the Senelle 
iron works in France was the only establishment which, 
up to 1906, had begun to produce steel in a 175-ton Talbot 
—— This furnace, however, was in 1908 again shut 

own. 

In spite of these by no means encouraging facts, we 
decided to make an exhaustive investigation of the 
Talbot and its application to our conditions ; 
and with this object our steel experts made repeated 
visits to England and America, and also to Senelle. We 
were not able, however, as the result of those visits, to 
come to a definite decision, inasmuch as in each of the 
plants inspected fundamental differences existed between 
their conditions and ours, tly as regarded the com- 
position of the Pa employed, and partly as regarded 
the quality of the products produced. Another fact that 
rendered our decision more difficult was a d= amped 
everybody offered conflicting opinions and advice as to 
carrying out the process. 

It was a matter of considerable surprise to us that an 
American works, which had installed a number of Talbot 
furnaces, had reintroduced in a second plant the duplex 
process, which we had found too expensive, and wished 
to replace by some other process. A very considerable 
objection to the introduction of the Talbot furnace con- 
sisted in the relatively great length of hearth, which 
considerably exceeded the dimensions hitherto usual with 
us, and moe us apprehensive as to whether it would be 
possible to obtain uniform heating over the entire surface 
of the bath with the short-flamed Ostrau coal at our 
disposal. (This fear has ay proved to be unfounded 
since we adopted the large furnaces. ) 

In order to arrive at as sound a judgment as possible 
on the Talbot process, we asked Professor Eichhoff, con- 
jointly with Mr. von Maltitz, again to visit all the 
English Talbot plants, and, on the data placed at their 
disposal, to give an expert oe. This was in favour 
of the adaptability of the Talbot process, with certain 
important modifications, to meet our local conditions. 
As the result of all our studies, we recognised that we 
would have ourselves to elaborate the most suitable pro- 
cess for our conditions, employin merally recognised 
principles, and arrive at the of the final arrangement 
of our steel works by large scale comparative experiments. 

We have already mentioned the distance of the new 
steel works from our blast-furnace plant, and this fact 
rendered it desirable at the outset to provide a pig-iron 
mixer, which, in view of the prospective daily production 


» | of 800 tons of steel, could only take the form of a mixer 


capable of being heated. Since we were confronted with 
the necessity of providing a second mixer, sooner or later, 
in view of the future development of the plant, and for 
the purpose of having the necessary stand-by, it was found 

ible for us, by simultaneously installing two 300-ton 
theated) tilting-furnaces, to use one as a pig-iron mixer 
and the other as a Talbot furnace, and, in case the Talbot 
process should give unfavourable results, to use the latter 
as a second mixer. The higher capital cost of the new 
steel works necessitated by this assumption had also to be 
taken into account. Since we, moreover, entertained 
certain doubts as to whether the Talbot process would at 
once be suitable for manufacturing different qualities 
of steel in rapid succession from charge to charge, we 
decided, as a precaution, on the construction of three 
fixed, 50 to 60-ton open-hearth furnaces for the purpose of 
simultaneously melting the scrap from the rolling-mill. 
For the pages of estimating the difference between 
fixed and tilted furnaces of the same capacity, a 60-ton 
Wellman (tilting) furnace was also installed. To complete 
the whole, a small electric steel plant, comprising two 
furnaces of 2 and 6 tons capacity, was arranged for, the 
smaller serving as a furnace for remelting ferro-manganese, 
- A larger for the manufacture of special qualities 
of steel. 

The producer plant, comprising twenty Kerpely pro- 
ducers, has an automatic ash ejector and a conveyor belt 
traversing the entire plant, which empties the falling 
es into a collecting pit situated at the end of the 
building, whence the ashes are loaded into wagons by the 
grab.cranes. In the producer building two Garbe water- 
tube boilers, each having a heating surface of 220 sq. 
metres, are erected, these boilers being the only steam 
generators in use in the entire steel works and rolling- 
mills. In the winter months the steam necessary for 
heating a number of rooms was taken from the small 
steam-generating plant. 

To enable the consumption of fuel for each individual 
system of furnace to be determined in a reliable manner 
in . com tive experiments leony were — the 
producer plant was arranged so that a particu group 
could be worked exclusively on one furnace; but the 
initial number of producers had to be somewhat increased, 
of course, in order to provide the necessary reserve for 
each individual group. Since, however, all the producers 
deliver into one mason gas main, it was possible to 
secure the desired object by introducing partition walls in 
the main, which could be removed later when the separate 
working of the producer group was no longer required. 
In order to obtain the required reserve it was only neces- 


sary to add to the original number of producers installed 
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the number which had in any case been provided for 
when planning extensions. Outside the producer build- 
ing, under a working platform of eight metres width, are 
situated the purifiers, consisting of cylindrical retorts lined 
with masonry, in which the preliminary operation of 
separating the dust and tar is carried out. Underneath 
the purifying chambers, provided with water seals, an 
dectdealig-deiven truck runs in a trough in which the 
dust from each purifier is emptied into this wagon and 
deposited in a separate dust pit at the end of the plant. 
Between the cunlener plant and the steel-works building 
is the stockyard for scrap, pig-iron and ore, these stocks 
being traversed by two magnet cranes and two travelling 
cranes. The charging boxes are filled here, being taken 
up by the crane travelling on the side wall of the steel 
works building and brought to the charging platform, 
where they are taken over by the charging machines. 

The steel-works building proper comprises two houses, 
each of 204 metres span, and a total length of, roughly, 
200 metres, in one of which the furnaces, with the worikng 
platform, and in the other, the casting platforms and ladle 
shop, are installed. 

In the furnace house are installed, as has already been 
stated, two large tilting-furnaces of nearly similar con- 
struction, the only difference being in their capacity, 
owing to the difference in lining. Whereas the furnace 
used as a mixer (capable of being heated) holds 300 tons 
of liquid pig-iron, the Talbot furnace is lined so as to 
hold 200 tons. As may be seen from Table I., both 
furnaces have a length of bath of 14,400 mm.; and in 
the Talbot furnace (Figs. 5 and 6, Plate LXXVL.) a 





amount o! cooling of the pig-iron even when the full 
ladles are left standing for some hours. The pig-iron 
ladles are first brought into the steel-works casting- 
house, and, on the lid having been removed, they 
are hoisted up by the 50-ton crane and placed on a 
bogie on the working platform between the mixer and 
the Wellman furnace, which runs between the casting- 
house and the furnace-house. The 50-ton crane in the 
latter house takes over the ladles, emptying their con- 
tents into the mixer through one of the openings in the 
door (Fig. 7, Plate LXXVP). The mixer, before intro- 
ducing the pig-iron, is charged with about 3.5 per cent. 
ore and about 1 per cent. limestone. 

As a result of experiments it has been found to be most 
advantageous to use the mixer chiefly as a collecting 
vessel without carrying out in it—as is dons in a number 
of works—any considerable amount of refining. —a 
for the purpose of making the hearth-linings of the 
open-hearth furnaces last as long as possible, we employ 
pig-iron containing, on the average, below 1 per cent. of 
silicon, we always attempt, as far as possible, to re- 
move this latter impurity in the mixer, which is done 
without difficulty. The function of keeping down the 
— content of pig-iron as much as_ possible is 
fulfilled by the mixer all the more easily, since we 
were able to ascertain by numerous experiments that 
in some cases up to 50 per cent. of the original 
sulphur content can be removed during the transport 
of the pig-iron in the ladles. Taking the mean of an 
extensive series of experiments, it was found that the 
average decrease of the sulphur in the pig-iron ladles was 


TABLE I.—Comparison or FURNACES. 
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Talbot ..1443.95 53.8 68 115 65.6 320 295 56.94) 5.48 4 3 4 3 155 187 15.1 | 19.1 circular 9. 
Wellman 10.53.75 36.4 68 101 = 62.8 200 175 «45.49 4.81 7,12); 8/13 | 200 260 | 10.9 | 18.2 Po 9.5 
Open- | 
Scasth.. 10.0 3.60 33.0 68 101 55.7 170 | 150 5.15 | 4.54, 8 30, 9| 36 175 210 | 11.2 | 142 °° 10.5 
Mixer .. 14.44.50 61.0 68 115 ca. 30 450 = 500 ca. 8 -|-|l- | _ —|-— _ 6.0 
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* Hearth dimensions at height of bath with an average charge. 


+ Chamber ca; 
t Assumed: Talbot with 5 per cent. scrap 
Wellman ,, 13 90 - 
Open-hearth ,, . 


The mixer production is entirely depend 


breadth of bath of 3950 mm., and in the mixer of 4500 mm.; 
a depth of bath of 900 mm. in the Talbot furnace, and 
1070 mm. in the mixer; the total length of the tipping- 
frame being 16,940 mm. The other dimensions may be 
seen on reference to the drawing on Plate LX XVI. 

In distinction to the type of furnace largely used in 
England, with removable ends, our two tilting-furnaces 
have fixed, interchangeable ends on the Friedrich system, 
between which the hearth can be moved, by hydraulic 
cylinders, about an axis passing _—— the centre of the 
two gas ports, an arrangement offering considerable 
advantages. All cooling-ri as well as doors and door- 
frames, are water-cooled ; and the doors, chimney-dampers, 
and reversing-gears are driven by electric motors. The 
tilting Wellman furnace (Figs. 3 and 4, page 684) has a 
length of bath of 10,500 mm., a width of 3750 mm., and a 
depth of 600 mm., and holds 60 tons. The three fixed open- 
hearth furnaces (Figs. 1 and 2, page 683) have a length of 
bath of 10,000 mm., a width of 3600 mm., and a depth of 
bath of 700 mm. The regenerator-chambers for the preli- 
minary heating of and air are situated somewhat to 
the back towards the working platform, and all have 
easily-accessible slag-pockets. his arrangement has 
necessitated the regenerator-chambers being built to lie 
somewhat low, giving somewhat longer uptakes. 

The Talbot furnace has one inlet port for 
for air, while the Wellman furnace and the fixed open- 
hearth furnaces each have two inlet ports for gas and air— 
an arrangement which, on any future reconstruction, we 
should modify so as to secure uniformity with the Talbot 
furnaces. All furnaces have interchangeable ends, con- 
structed on the Friedrich system. The chimneys for the 
two large tilting-furnaces are 55 metres high and 2.135 
metres in internal diameter; those for the four other 
furnaces are 55 metres high and 2 metres in internal 
diameter. 

On the working platform, behind the furnaces, run two 
electrically-driven charging machines, and above them, 
two 50-ton travelling cranes for the transport of pig iron 
and mixer iron, each of these having a 15-ton auxiliary 
crab. The casting-house (Fig. 7, Plate LXXVI.) is 
traversed by two 80-ton casting-cranes, each having a 
20-ton auxiliary crab ; while on a second track, situated 
at the higher level, isa 50-ton crane provided with a 15-ton 
auxiliary crab. In addition, for transporting lesser loads, 
various bracket travelling cranes are installed. The 
working procedure is as follows :— 

The pig-iron is brought to the steel works from the 
blast-furnaces, situate at a distance of rather less than 
14 miles, in standard-gauge ladle trucks, each of 30 tons 
capacity. These ladles are thoroughly pre-heated with 
blast-furnace gas, and after filling are closed with a cover 
lined with refractory bricks, thus obviating (1) spurting 
of the material during the relatively long journey ; (2) any 


and one 





Width = maximum width. 


ity—i.e., the part of chamber filled with bricks = capacity of chequer work + spaces. 


and using mixer iron. 


ent on charge and output of pig-iron. 


36.5 per cent., and of the manganese 12.06 per cent. 
Since with the type of ladle selected no appreciable scale 
is formed even when the liquid pig-iron is kept in the 


ladle for a number of hours (individual es were | 


allowed to stand for four hours for the pur: of the 
experiments), the work can be arranged so that, accord- 
ing to the requirements of the open-hearth furnaces, 
mixer iron can taken, after which the operation of 
refilling with fresh a is carried out. 

The following tables show the average composition of 
the pig-iron used in our various experiments, as also the 
average composition of the mixer iron and mixer slag 
relating thereto :— 

Average Analyses. 


(a) Pig-Iron. 
Mn per Cent. Si per Cent. 8 per Cent. 














P per Cent. 

2.11 0.83 0.55 0.07 
2.09 0.72 0.77 0.06 
1.82 0.44 0.97 0.07 
1.67 0 69 1.08 0.06 
1.57 0.69 1.61 0.07 
1.56 0.56 1.74 0.07 

(b) Mixer Iron. 

Mixer not in operation. 

0.94 0.21 1.07 0.04 
0.97 0.25 1.48 0.04 
0.86 0.17 1.67 0.03 

(c) Mixer Slag. 

With a Pig-Iron SiO, per 
containing Cent. P per Cent. Fe per Cent. 

P = 1.1 per cent. .. 29.92 1.78 5.99 
P=17 1.96 4.51 


29.60 








The quantity of liquid pig-iron dealt with in the mixer 
in 24 hours is roughly 50 tons, this giving an average 
daily production per square metre of about 8 tons, with 
a hearth area of 61 square metres. 

The following average charge was employed per ton of 
mixer iron :— 


Kilos. 
Pig-iron, liquid ... me 967 
Pig-iron, charged cold ... 29 
Ore... bes ia we 35 
Limestone 10 


Since the start on May 10, 1913, 150,000 tons (roughly) 
have been produced during the entire working period, 
the average fuel consumption nelag 60 kg. per ton, The 
yield obtained is approximately 100 per cent, 





Up to the mb no appreciable repairs have been 

é to the mixer lining, and we still anticipate, in 
view of the present state of preservation, carrying out a 
fairly considerable number of heats. In order to be able 
to introduce the liquid pig-iron from the blast-furnaces 
into the mixer, even in cases in which for some cause the 
standard-gauge track leading into the steel-works cast- 
ing-house cannot be used, or, in the event of the 50-ton 
pig-iron crane sustaining any da the ladle trucks 
can be ~~ on an auxiliary line directly below the 

t 


woe ‘orm of the furnace-house, whence the ladle 
would taken over by one of the 50-ton travelling 
cranes. 


As has already been pointed out, we endeavour, as far 
as possible, to reduce the amount of refining carried out 
in the heated mixer, such work being mainly confined 
to the oxidation of the silicon and a portion of the man- 
ganese, in which, incidentally, considerable desulphurisa- 
tion of the pig-iron takes place. The main advantage of 
the mixer is, from our point of view, that it is perfectly 
or of the working of the blast-furnaces, in that 
the finishing furnaces always have at their disposal, with- 
out any waiting, the quantity of mixer iron which they 
require with a uniform chemical composition. The 
increase in production of the steel furnaces, since the mixer 
was put into operation, has been found to be roughly 30 
per cent. At the same time, however, it is always 
possible to melt certain quantities of cold pig-iron and 
even scrap in the mixer without any appreciable increase 
in the fuel consumption. The mode of operation of the 
finishing furnaces is, of course, different in the case of 
the Talbot furnace from that of the Wellman tipping- 
furnace and the fixed open-hearth furnaces. 

The Talbot Furnace.—As soon as the entire contents— 
200 tons—of the Talbot furnace have attained the desired 
composition, about 65 tons of steel are run off into the 
ladle and finished in the latter with the addition of liquid 
ferro-manganese. The residual (approximately) 135 tons 
of steel retained in the furnace remain covered with a 
coating of slag approximately 10 mm. to 15 mm. thick. 
After closing the tap-hole and making the necessary 
repairs on the slag line, the necessary quantities of ore 
and lime for the next charge are introduced by the 
charging-crane. At the end of fifteen to twenty minutes 
these additions have been sufficiently heated up to allow 
the contents of the first iadle, holding roughly 30 tons of 
mixer iron, to be pou into the furnace, considerable 
reaction then taking place between the ore and the mixer 
iron ; the carbon content of the latter is oxidised, aarbon 
monoxide being liberated. At this stage the evolution of 
gas is often so considerable that the air has to be shut off 
and the doors opened, so as to reduce the pressure in the 
furnace. In spite of the violence of this reaction, the 
bath cools down appreciably, since the above-mentioned 
reaction is strongly endothermic. After about half an 
hour, however, the bath quietens down sufficiently to 
allow of the introduction of a second ladle of mixer iron, 
a ~ reaction pay! occurring. The furnace is now 
rapidly heated up until the charge is completely melted. 

he carbon content of the finished steel bath varies 
between 0.07 and 0.8 per cenbt., according to the pro- 
ducts required, the manganese being about 0.3 per cent., 
and the phosphorus between 0.02 and 0.03 per cent. 

The major portion of the slag formed is poured off to 
the side of the working platform, the charge being 
finished in the usual manner by the addition of the 
n ore and lime. 

The duration of the heat varies, with the same percent- 
age of scrap, according to the phosphorus content of the 
mixer iron, showing no appreciable retardation with 
phosphorus up to, roughly, 1 per cent.; whereas with 
ery ny nee high as 1.8 per cent. the duration of the 

eat is increased by about 8 per cent., the production per 
day being decreased in the same proportion. The oxida- 
tion of the silicon, manganese, and phosphorus, by the 
added ore, proceeds very rapidly, the temperature being 
low, and, provided sufficient quantities of lime are em- 
pages, is completed with the melting down of the 
urnace contents. The oxidation of the carbon by the ore 
is dependent on (1) the concentration of the carbon ; (2) 
the temperature; and (3) the heat supply. A me 
bath containing less than 1.4 per cent. carbon is much 
more rapidly oxidised by ore than one in which the 
carbon content is higher; and, therefore, the reduction 
of the carbon of the mixer iron to about 1 per cent. by the 
steel remaining in the furnace effects a considerable 
saving in time. Since the higher the temperature the 
more rapid the oxidation, the process is considerably 
favoured by the high heat reserve of the Talbot furnace 
at the commencement of the charge. The heat supply 
plays an important ro/e in the decarburisation of the pig- 
iron, since both the decomposition of the iron carbide 
(which in white pig-iron contains the whole of the carbon 
and the oxidation of the carbon liberated are only effec 
with a considerable absorption of heat. The quantity of 
heat necessary for ore the iron carbide is, 
according to Campbell, 705 calories per kilogramme of 
carbon. The oxidation of car by ore into carbon 
monoxide, according to equation 


Fe, 0, + 4C = 3 Fe + 400, 


is strongly endothermic. Moreover, most of the heat 
generated outside the bath by the practically instan- 
taneous combustion is lost for the process, so that the 
bath cools in spite of the simultaneous exothermic re- 
actions of other admixtures. 

—_ asta | ‘pe the ym furnace the 
necessary cold c of scrap, ore, and lime is intro- 
duced. Two ladles of mixer iron are added, the process 
then proceeding in the normal manner, similarly to that 
in the ordinary fixed open-hearth furnace. Just prior to 
tapping the finished rr the slag is poured off, in this 
instance to the side of the working platform, into slag 
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wagons stand ready, the remainder of the slag run- 
ning, with the fi ished. steel into the ladle. Recarburi- 
sation takes place by adding liquid ferro-manganese in 
the ladle. As the result of experiments undertaken, we 
have found the tilting Wellman furnace to work satis- 
factorily with an addition of scrap of from 10 to 15 per 
cent. 

Fixed Open-Hearth Furnaces.— As stated above, the three 
new 50 to 60-ton open-hearth furnaces (Figs. 1 and 2, page 
684) are intended (1) for working up the scrap produced in 
the rolling-mill ; (2) for the manufacture of the special 

ualities of steel necessary. In normal working, these 

urnaces show therefore no departures from furnaces 
worked elsewhere on the scrap pig-iron process. Th 
finished steel yy furnaces oa weg hy — 
ferro-manganese, the necessary itions t e 
while the steel is in the ladle. The steel is poured off 
into ingot moulds generally holding 4 tons, these moulds 
being placed in pairs on casting- which, on the 
completion of casting, are conveyed on narrow-gauge 
tracks to the reheating-furnaces. Since a succession of 
individual heats in open-hearth furnaces is never attain- 
able in regular intervals, and as also the charge of 60 tons 
and over supplies, at one time, a large number of ingots 
which cannot be ome up at once by - —- , it 
was necessary to provide soaking-pits, forming the con- 
necting link between the steel works on the one hand 
and the ing-mill on the other. ’ A 
As a result of experiments, covering a working period 
of nearly twelve months, we were able to prove con- 
clusively that it was possible in each of the three systems 
of furnace to produce a perfectly similar steel, both as 
regards physical and chemical properties ; and, further, 
that after some practice on the part of the furnace staff, 
there were no difficulties worth mentioning in producing 
in the fixed furnace, the tilting Wellman furnace, or the 
Talbot furnace, any kind of steel of unimpeachable 
quality, from the mildest up to the hardest. ‘ 

The original fear which we entertained of not being 
able to produce in (for instance) the Talbot furnace, 
billets, mild and hard sheets, rails, &c., in a relatively 
rapid succession of the casts, has proved to be unfounded 
in every respect. On the other hand, we were able not 
only to manufacture the above-mentioned qualities of 
steel with perfect certainty, but also to produce material 
for weldless tubes, both of hard and soft quality—a 
product the manufacture of which is attended with great 
difficulties. : 

The following table gives the analyses of a series of 
steels manufactured in the various furnaces :— 








Quality. d i 6 2 8 
| € i § | fl . 
6) a & a 
per cent per cent per cent per cent per cent 
Gas-piping .| 0.09 | 0.48 _ 0.03 | 0.025 
| aoa - --| 0.10 0.40 -- 0.02 0.018 
Seamless tube, mild) 0.14 0.50 - 0.02 0.017 
Steel for fittings ..| 0.11 0.51 - 0.08 0.021 
Girders 2° ..| 0.12 0.54 — 0.08 0.029 
Ship plates, O = 0.14) | 
to 0.15 percent. ..| 0,14 0.49 _— 0.08 0.023 
Ship plates, O = 0.18 
to 0.24 percent. ..| 0.19 0.49 -- 0.03 | 0,027 
Lightning - arrester’ | 
rod 0.20 0.52 _ 0.04 0.022 


8 .. ee , 
Material of 45 kg. to! 
55 kg. tensile (per) 
8q. mm.) and 25 to 
20 per cent. elon-| 
gatlon - --| 0,25 0.50 - 0.04 | 0,029 
Material of 60 kg. to 
60 kg. tensile (per 
8q. mm.) and about 
15 to 20 per cent. 


elongation .. --| 0.29 0.57 - 0.04 0.021 
Spring steel .. +-| 0.31 0.80 0.24 | 0.04 | 0,024 
Rails for Austrian } 

State Railways ..; 0.48 0.87 0.12 0.04 0.030 


With a view to determining whether, as regards the 
production of pig-iron for the new steel works, we could 
work within fairly wide limits, we have produced pig- 
irons of the most diverse composition in varying worki 
periods, charging the different steel furnaces with suc 
products. From the analyses to hand, we find that, 
especially in pomee to the phosphorus content, we have 
worked within fairly wide limits, and pig-iron con- 
taining approximately 4, 3}, 1, Md. and 1} per cent. of 
phosphorus. With reference to the _—a content 
also, we have worked within fairly wide limits of from 
1 per cent. to nearly 3 per cent. 

e were able to obtain, in each of the three types of 
—— — = all — sorts | pay Fp of 

ectly satisfactory quality, nor we find appre- 
ciable Geman in the quallay of tae resultant ucts 
when using a particular system. Only in regard to the 
quantity produced did the types oi furnace vary from 
one another—namely, when the phosphorus content con- 
siderably exceeded 1 per Mgt and it me found that 
using a pig-iron containing 1} per cent. of phosphorua, 
the uction in the Talbot furnace decreased by, 
roughly, 8 per cent., and in the Wellman and the fixed 


furnaces by about 12 per cent., as com with the pig- 
iron containing 1 per cent. of phos: Tt shoul 
of course, be taken into account that the value 


of the 
slag produced increases owing to the increase of the 
ae a ee oe oo 3 the ——_ is there- 
ore ingly ’ 1 y & sim 
cheaiation us anal tar ‘ar the decline in phe 
equalised by the cheapening in the costs of uction 
owing to the enhanced recovery of 3 


_ 





Asthe result of a fairly extensive series of experi- 
ments, we arrived at the conclusion that the Talbot 
furnace works the most favourably where it has to work 
up as little scrap as possible. A scrap addition of up to 
5 per cent does not influence the output. When this 

tage is largely exceeded, the cooling off of the bath 
is very considerable, resulting in an ———- exten- 
oa the period of the heat, and the decline in output 


b b 
In the case of the Wellman furnace, we were able to 
ascertain, on the basis of the figures for the output 
obtained during the experimental period, that this fur- 
nace works advantageously with a scrap addition of 10 to 


15 A nod cent. : . 
he fixed furnaces work most satisfactorily with a scrap 
addition of 20 per cent. The yield is influenced by in- 
creasing the phosphoric content to 1} per cent., the result 
ing, as already stated, a 12 per cent. drop in the output. 
Experiments to try working in the fixed open-hearth 
furnaces with mixer iron alone, or with but a few per- 
centages of scrap, had to be given up after a few days, 
since the increased quantities of slag resulting caused 
difficulties in working, and ap) v 
sibility of permanent work on this basis. 

For the purpose of judging of the average costs of 
ae om attainable in the three —_ of furnace, the 
ollowing points should be considered :— 

1. The ratio of initial costs of the various types of 
furnace selected, excluding the amount of the building 
costs which must be expended on a steel-works plant 
without any to the choice of furnace, is dependent 
on local conditions and the magnitude of the total output. 

2. Fuel expenditure. 


3. Expenditure on fluxes, both acid (ore, cinder) and | slag 


basic (lime). 

4. The durability of the furnaces, and the expenditure 
on refractory material and wages for repairs, which are 
dependent on the life of the furnace. : 

. Remaining expenditure, such as salaries, wages, 
water, and electric current supply. 

6. Gain resulting from the utilisation of by-products, 
mainly slag. 

A particular objection raised to tilting - furnaces is 
their undoubtedly high cost of installation. The data to 


be found in the literature as regards the capital costs of u 


furnaces of this type are not easily comparable with one 
another and with the cost data for other systems of fur- 
nace. The reason for this is simply that the constructional 
costs depend not only on whether the dimensions of the 
individual parts of the furnace in question are to be 
liberal or otherwise, but also on the conditions of the 
country in which the building is carried out. Neither 
wages nor costs of material are, even approximately, 
alike in the steel-producing countries; in addition, dif- 
ferences in Customs charges, taxation, &c., affect the 
total constructional charges considerably. 

A perfectly satisfactory comparison is therefore only 
possible where furnaces of different systems are erected 
alongside under the same general and special conditions 
of construction, such as is the case with us at Witkowitz. 
For reasons which will at once be .otry I therefore 
hesitate to ~T anything about the definite amount for 
building, which is only of subordinate interest; I will 
restrict myself rather to giving relative values, which, 
however, are d on perfectly reliable statistics. 
According to these, the costs of construction of the 
Talbot furnace to those of the Wellman furnace and 
to a fixed open-hearth furnace, are in the ratio of 
1659 : 1259: 1000. If, however—and this is probably 
the most important consideration—the cost price per ton 
produced daily is compared, we get a reversal of the 
above order, the ratio between Talbot, Wellman, and 
fixed furnaces being as 882 : 1070 : 1000. 

In comparing the above values, it should be noted that 
they include not only the costs for the furnaces with 
fittings complete, but also the share of space allotted 
to each individual furnace in the furnace and casting- 
houses. The charges for travelling cranes, charging- 
machines, tracks, &c. (which are less dependent on the 
selection of the type of furnace), have not been taken 
into account in the figures. 

The table in the next column containing the working 
results for the three systems of furnace, using a aa 
containing 1.1 per cent. and 1.7 per cent. of phorphorus, 
shows the Talbot furnace to come out most satisfactorily 
as regards expenditure on fuel, on refractory material, on 
lime, and also on oxides (referred to pig-iron), while in 
nearly all respects the Wellman furnace comes after the 
Talbot, the fixed furnace coming last. 

The yield of iron from the added oxides is as follows :— 


Per Cent. 
Talbot furnace... es mn he 86 
Wellman furnace ... aa ab wk 80 
Open-hearth furnace... wi <a 


With reference to the slag, for obvious reasons the 
quantity is lowest in the case of the Talbot furnace and 
highest in the Wellman furnace ; while in the case of the 
stationary open-hearth furnaces, the quantity lies be- 
tween that for the other two, owing to the larger ie. 
tions of scrap employed. In confirmation of this, we 
meg say that our experiments show that the phosphoric 
acid content in the Talbot furnace is highest, whereas 
statements to the contrary in this connection have 
- od — — The total x ay = 

ic acid increases almost porti to t 
total phosphorus content of the iain and aeisoeee 
with the quantity of slag ton of steel produced. 


The final composition of the slag ——, of course, 
toa great oak an on the choice of the ore used for 
oxidation, the fewer impurities the ore contains (in par- 

i , the fewer silicates it introduces into the slag 


to exclude the pos- | Fu 























| Talbot | Wellman n-Hearth 
Furnace. | Furnace. On tteae 
Manes oe Senet rye a a z Zs 
1 - _ — te Bg 
| oe Bs Bs Bas a Bas 
agin agin - 2 
| ae so [35/56/46 /53 
kg. | kg. | kg. | kg. . 3 
Charge : | . “ Ke: 
= (and mixer! 
ron) .. we --| 890 | 878 | S45 | 837 | 745 | 738 
Scray - os -:| 67 | 66 | 115 114 246 | 244 
Ferro-manganese and | 
FeSi_.. ae wo © 6 7 7 7 7 
Oxides : | | 
Gellivara ore .. | 133 | 160 | 187 | 165 | 128 | 147 
Mill cinder, &c. | 87 | 4 34 41 23 | 27 
Lime - “ee --| 90 | 108 93 | 116 91 | «109 
Refractory Material : | | 
Dinas and refractory | | 
icks.. in wo a +} SS 30 34 37 | 42 
Magnesiteanddolomite| 15 16 | 17 | 19 | 20 | 2 
Chrome ore .. | 0.5 | 0.5 0.5 | 0.5 ee 
el: | 
Coalforfurnaces ..| 206 221 | 230| 260| 272, 307 
» mixer... | 652 2 47 47 35 385 
>, steam... | 18} 19| 90| 92] 92] 2% 
Current, units .. 7. 8.4 7.8 8.8 7.8 | &8 
Kilos. of slag | 1655 | 187 | 200| 260| 175 210 
| pc | pc. | pe. | pe. .c. | p.c. 
P205 in the slag .. ..| 15.1 | 19.1 | 10.9 | 13.2 iS ES 
Yield ints oe ++} 03.8 (105.2 103.4 }104.4 {100.2 (101.1 
Oxides to a --| 19.1 | 23.2 | 20.2 | 24.6 | 19.6 | 23.6 
Scrap to charge .. -| 70 | 7.0 | 120 | 12.0 | 25.0 | 25.0 





The following table contains typical analyses of Talbot 





Using Pig-Iron containing 








1.1 per Cent. Phos- 1.7 per Cent. Phos- 
phorus. phorus. 
per cent. er cent. 

SiO, . 9.43 9.24 
FeO .. 8.63 8.10 
Feo03 6.56 2.15 
Al203 4.02 2.08 

nO.. 7.33 4.37 
CaO .. 41.97 50.61 
MgO .. ‘ 5.87 3.58 
8 ee os ‘ 0.38 0.28 
Total P20; .. a 14.70 19.02 


bath), the more concentrated the form in which the 
phosphoric acid will generally ees since under 
otherwise equal conditions the Talbot process requires 
the smallest quantity of oxide additions, it at once 
follows that the Talbot furnace we has the greatest con- 
centration of phosphoric acid, this fact being shown 
satisfactorily in the table above. 

Turning now to the life of the furnaces, we have been 
able to confirm the following data relative to this 
question :— 





Talbot Furnace. 
Charges. 

With fresh lining, the ‘‘ Friedrich” ends 

were changed after about we a 

Further changing of ends after a further 
(approximately) ... ied oes -- 250 
Fresh lining after a further... 250 
Consequently we get 800 


from one lining to the other with the same root. 


With one lining a quantity of (800 x 65.6 tons) = ap- 
proximately 52,400 tons of steel was produced. 

Wellman Furnace.—This required, after re-lining and 
working about 220 ~~ new ends and repairs (walls 
= piers); and — a 7 Y yoy charges, a new 

3; consequently a total o charges (approxi- 
mately), was obtained with one lining, and with yearn 
furnace-roof. With one lining (440 x 62.8 tons) = 
approximately 27,600 tons of steel were produced. 

Open-Hearth Furnace.—This required, after relining 
and 250 pe ony fresh ends and ne go (walls and piers) ; 
after a further 250 charges, fresh lining ; consequently 
about 500 charges were obtained with one lining with 
the same roof. With one —s (500 x 565.7 tons) = 
approximately 27,800 tons of s were produced. 

The above figures show the life of the lining of the 
Talbot furnace to be appreciably longer than that of the 
other types. The main reason for this is that the Talbot 
furnace works very much more rapidly, and the reactions 
are more energetic, proceeding downwards from the large 
bath area. In the Wellman and open-hearth furnaces, 
on the other hand, lime and oxides react upwards from 
the bottom, causing a frothing of the metal and slag bath 
lasting some hours, so that the slag rises considerably, 
strongly attacking the walls, ay fire-bridges, and 

ts. A remarkable fact is the considerabl ter 
ife of the brickwork of the ladles used with the Talbot 
furnace as compared with those used with other 
This is attributable to the entire absence of slag in the 
ladle of the Talbot furnace, whereas in the case of the 
Wellman furnace and, particularly with the fixed fur- 
naces, the more or less considerable covering of slag 
above the metal bath is the principal reason for the 
rapid deterioration of the bricks of the ladle. 
remaining items in the cost of production have, 
as the experiments covering a ew of one year show, 
been found to be lowest in the Talbot furnace. Another 
fact contributing to the longer life, is that the Talbot 
furnace always remains at least partially filled with 
liquid material, and the brickwork is not exposed to such 
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TABLE II.—COST IN SHILLINGS. 


Basic Process (Scrap & Pic Process, Pic & Ore Process 
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| ‘ Opgn-HEARTH Process Dup_ex Process 
— — pAccertnate Schock’s =o - wae wane | ~ wa (New Steel Works, | (New Steel Works, | (New Steel Works, (Old Open-Hearth 
| Table). | Table). Table). Witkowitz). | Witkowitz). Witkowitz). Works, Witkowitz). 
Phosphorus in ig-iron) — | 1.8 per Oent. | 1.8 per Cent. 1.8 per Cent. 1.7 per Cent. 1.7 per Cent. 1.7 per Cent. 0.4 per Cent. 
(uppoenionahey 
Segoe eal — | 805 » | C0 w 107.0 ,, 105.2 ,, mie 10L1 =, 830 ,, 
Loss of balance — | 06 9 ' 08 ,, =~ — = 3.1 . 
Daily production | 1063 Tons 159 Tons 1484 Tons 295 Tons 175 Tons 300 Tons 514 Tons 
| —= _ - - >| ea a - 
hilli Shillings Shillin | Shilli Shillings | Shillin, Shilli 
Weight | Weight | Weight | ee | Weight ings | Weight | | Weight | eS | Weight ~~ 
Cost per Ton of | | per Ton of r Ton of r Ton of | r Ton of r Ton of | r Ton of 
_— per pon = ow yield. Per fom) yield. ya ay "yield. | ar oe "yield pen Pevield. (Per ftom) Pet Ton 
on. | Yield ong Yield. Yield. Yield. Yield. Yield. j field. 
| Item. | Total.| Item. |Total. Item. |Total.| Item. Total. Item. | Total. item.|Total. *'*"* | jtem. |otal 
aE ][]|jKy —_ |_| —_— | —_—s — — ———_ | —_ | —_ —__ } Rel ee SS a ace a A ee 
E- | Mixer Mixer Mixer 
8. Kg. Kg. | Kg. Coste. Costa. Costs. 
Basic pig-iron .. 44.0 | 1090.0 | 47.96, — 260 (1144) — | 813.0 (85.77, — 878 3.80 | — 837 3.45 | — 738 2.57, — | 10681 | 47.0 
& | Scrap .. a -| 56.0 20.0; 112, — 767 |42.95 | — 115.6 6.47 | — 66 38.638 | — 114 86.82 | — 244 82.47, — 56.1 3.14 
4 Ferro-manganese ..| 200.0 6.5 | 130, — 9 | 1.80) — 6.0 | 120 | — 6 3.70 | — 6.88 | — 7 | 13.66) — 9.0 |) 
£ | Ferro-silicon .. j= =) st - _ - - _ _ _ 20) — = i = _ 140; — 0.7 |; 220 
© \gpiegeleisen |-— = = — = — mn = sag ~ “ ac es sae aoe R >). 18 J 
50.38 —_—__—__| ——__ 56.19 43.44 47.33 —— 48.06 ——-—-—— —— 50.10 52.34 
11145| — | — | 4 |—|— | we) —| — 950 - = 958 -|- 989 iis — | 1185.2 - 
Cost per ton of charge — | — |@s1) — | — |oeem} — | — |aeer arith \| cao.s2)| —{ =_. 60.15) —{| mith } (so.08, — | — | (461) 
Cost per ton of scrap and am without without | _ | without | 
Pi pee ~ ? — (44.21) — (62.96), — — |(46.60)) —4 Siiver \ (44.84) | —1 "mixer f (45-42) { mixer f (4697) — | (44.60) 
Swedish ore... 23.0; — —-|- — oe Pe 150 | 420) — 160 40s | — 165 4.62 | — 147, | 4.12) — 27.2 0.76 
» | 50 p.c. manganese ore) 42.0 — _ _ — } — 18 | 0.75 | — -_ - ~- — _ — — _ - _ _ 
= /Oinder (own).. ... 15.0) — —|- 35 | 0.625) — 2 | 030) — 44 0.66 | — 41 | O61) — | 27 || O41) — = _ - 
a » (bought, slag) 17.0 — _ *- - ——| 0,525 87 1.48 | 6.73 _ 5.14 - en 5.23 ——)| 4.58 _ —— 0.76 
Total oreand metal — | — | — (5038, — | — (66715 — | — \5017,| — — |47; — — |8.28| — — 64.63) — — |68.10 
Lime.. --  — ees we 128.0] 160 | 1.80] — 60 2) — 2 | 150) — 108 130 | — 6 1.39; — 109 Ls1| — 78.0 08 | — 
Fluorspar 25.0 - ns - 1 | 0,025) — 1 | 0.025) — -_ - = _ _ _ = ves —_ fa ms ; 
——} 1.80 ——| 0.745 ——-| 1.525 1.30 ——| 1.39 ——/ 1.31 0.93 
_. (Cost of gasifying ..| — | - _ _ — — — — _ — 0.98 _ _ 115; — _ 1.37, — — =_ — 
SiOoll .. .. «..| 190) — — | — | 20 4.13| — 220 | 418) — 221 4.20 | — 260 4.94) — 307 5.84, — | 267.0 5.07 | — 
& Coke, graphite, wood, F | 
Mei ss | a — |0% | — — | 015) —| — | on! — ~~ a _ — —|- _ —/|- a _ = 
} j———| 0.24 | ji———| 4.305 — omm=m| £35 ——) 6.00 — 7.21 ——| 5.07 
Chrome ore .. --| 65.0 _ —_—i=— 1 | 0.065) — 1 0.0655 — _ 
be | Refractory material } 
$€]}_ for furnace _ —j|— — | 090} — - |160|) — ~ 
#2 Refractory material 6140) — 2.45 _ 2.62, — 2.85 - 
= | _ for work | — -- 0.35; — | — 0.20 | — — 0.35 | — _ 
em Dolomite, tar, in- re | } 
cluding wages ... — —- | OO) — | | 0.60 | _ -- — 
-— 1.05 | ——) 1.765 —— 2.615 —— 140, —— 2.45 — 2.52 ——)| 2.85 
(Steam, gas, electri- 
; = sl — 0.50; — - 017) — — |o02]} — _ 
‘cools, stores, an fh | o as ” a 
& spare parts a — | a0] - = 0.50); — — |050| — ~ 17 Ln ei - - 2.28 a, 
% | Other operations, } 
i < wages, material .. — = 1.00; — — 100; — -- 100 | — 
2 | Direct wages, sala- 
8 ries, bonus | — | 0.95) — 2.00} — - 1.50 | — - 2.28 - 2.40 _ 2.46, — _ 6.52 | - 
% Ingot moulds | — _— 0.50, — — 0.50, — - 0.50 _ — 0.50 _ - 0.50 - - 0.5 — -- 0.50 
> | General, royalty, 
\ depreciation, &&. | —- ———!| 3.35 ——| 417 ——!} 8.70 — 4.49 ——| 461 ——)| 4.58 ——)| 8.25 
Gross cost of production.. — |— 2; — — |67.70 _ — (62.29 — _ 64.84 _ — | 67.82 — — 70.25 _ _ 70.20 
20.0 230(17 | 460; — | — a | = ome am uate as asi om om = a aa pas: pot a 
| pc); | 
3.0 _ —|}— | 40 | 042) — — |-—|-— _ — _ - -_i- _ _ - - 
Less—value of slags 23.50 - _ -- _ — — (145 ase 840) — — _ _ - - - _ — _ _ - = 
| .C. | | 
-} < a —~ | — | — heb aol oa a Gi: | i | ey saad rity ‘| wie- 
} p-c. P } 
Steam and waste heat — - - _ - — | - 0.48) — — — | nae _ - _ 
utili | —!| 4.60; — |——| 0.42 j———| 4.29 ———| 5.15} ——| 3.00 —— 899 ———| 65 
| —S|s— |_| — | —_ | —_ | —— | | EE ESE EE | | | | | 
Net cost of production _ _ — | 6222 a — | 67.28 — | — |6800 _ — 59.69 — — | 64.82 | _ — (67.0); — - 69.68 
| v } 
Average 54.18 | 
Cost of conversion(referred — a _ 8.01 | | 14.32 — | — |1260 _ — 14.85 | ™- — | 18.90 - — | 20.08 _ - 25.08 
to 1 ton of scrap and pig) \\ “ 
8.83 shillings 
| } 
Comparative cost of pro> — | — — | 100| 106 mj) -—-|-|m) - —- |m| - -|m| — ~.| mi = — 138 
duction } 
Taste III.—Inon Estimation. the figures which apply to our case, and will restrict 
— | myse rather to giving the comparative figures obtained 
Sevanbiaie at teal | as a result of a long period of experiment. 
wen Pig-Iron| Ll Ll L7 L7 11 | If the total costs of production of steel as produced by 
. | . ° . . | 
Percentage of Scrap the Talbot process be taken as equal to 100, the costs of 
in Oharge .. et 5.0 | 15.0 10.0 3.0 | 25.0 uction with the Wellman furnace rise to 105, and in 
—__—_ a | | | ———— xed open-hearth furnaces to 107, including charges on 
Talbot Furnace. Wellman Talbot Wellman Talbot | Wellman| Taibot Fur- | Open-Hearth | account of working the mixer. In order also to render 
Furnace.| Furnace. | Furnace. Furnace. | Furnace. | nace. rnace. ya ® comparison with the conditions peoweling. in 
Charge. —— - i ¢ _—|——_—_—— — — —- est wonmeny, 5 _— recalculated our effective working 
Iron | Iron | Iron | A Iron | Iron results, usi e tables representing average values for 
Kg. Kg. | ; » } q x | fe rs r A 
| pe | Ke | & |e | Ke Kg. pe.| Ke | Ke [pe | Ke | Pc. | Ke. | the Was Gemmes Gain. . given in = paper by 
—___—_____— ? Schock already mentioned, and taking as basis of our 
Liquid pig-iron 93.0 39 33 93.0 65 64 | 92.5 | 43 | 16 | 92.6 54 | 93.0 6 ; 4 2% 7 4 . 
Mixer iron .. 95.0 625 | 794 | 96.0] 707 | 699 | 944 | 760 776 | 94.4 | 800 | 95.0 | 51g | working calculation the unit prices of material given in 
Pig-iron, solid 92.5 5 29 92.5 S 3 12 | 92.5* 2 18 | 92.5* 6 | 92.5 165 | that Fn ae All those values, which refer to quantities, 
Scrap.. .. ..| 980 40 | 57 98.0 | 137 | 139 98.0 85 89 | 98.0 26 | 98.0 273 ~+| are the result of an exact determination over a | work- 
Seca ss| ot | os [8] of | [SS] uot | at [S85 [S88] of | Re zed, The seme Ser crpmend miealaneos 
= ore .. . “a | . Be at .0 | 4 .0 .0 78 | expenseg have been converted into marks, according to 
Mill cinder .. 55.0 9 | 2 | 55.0) % | 2% | 56.0 | 22 12 | 56.0| 44 | 55.0 | 14 | the actual attainable conditions. If, now, the costs of 
Total .. — | 1018 105 | — | 1015 | 1031 — | 1017 1030 | — | 1018 | — | 1024 | production obtained in this manner are compared with 
each other, and the costs of production for basic 
amy 73| "3 | 9.8% 20| ae] Is laez a7 | 100| es 107), 35 9 1) | 10% | tg | Bessemer steel are taken as 100, we obtain values which 
ha ion pede > : ene are again comparable, and wong om at: for the 
fm .. | = 1013 1020 — | wis | 1017 — | 10% 1025 | — 1019 | — | 116 | scrap-pig-iron process, according to » 129; for the 
Difference p.c., — - 0.5 — 0.5 — | -02 -14 — |+07 - 0.5 — +01 | — |-08 | pig-iron-ore 111 (which may be taken as being 
en Bee Ste ees oe 
man furnace, ; for the fixed open- furnace, 
Phosphorus = 1.1 per cent. 128; and for the duplex process, 133. If in this series 
; . : : of values the cost of production by the Talbot process 
considerable temperature fluctuations as in the case of the phosphoric acid concentration is comparatively | be again taken as equal to 100, the costs for the Well- 
furnaces which are emptied completely after each charge, greater, and the sale price for the correspondingly | man furnace comes out at 108, and for the fixed open-hearth 
and afterwards freshly charged. : igher. Since the general level of the manufacturing | furnace at 112, in compaction with the values 100: 105: 
8 regards the gain from the by-products, this results costs at each individual works is influenced by the cost | 107 as based on the Witkowitz conditions. The reason 
from the utilisation of the slag (containing phosphoric of production of the pig-iron and the market price of | for this dis is to be sought for simply in the 
acid) which is produced. In this case also the result is —— and, further, doyende on the ates and quality | difference in the manner of utilising the raw materials. 
ppt ~pX 3 Talbot furnace, as although | of t employed, and of the subsidiary msterial, The detailed calculations are given| in Table II., 
an 


with the other furnaces, ' wages, &., I do not think it desirable to expressin money 





above. 
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TABLE IV.—PuospHorvus Estimation. 





| 


























Percentage of phos-| } 
phorus in pig-iron 
per ton of steel 11 11 | 1.7 1.7 11 
Percentage of scrap 
in charge . 5.0 15.0 10.0 3.0 25.0 
Talbot | Wellman | Talbot Wellman Wellman | Open-Hearth | _Talbot Open-Hearth 
Furnace, | Furnace, Furnace, Furnace, Furnace, | Furnace, | Furnace, Furnace, 
Phosphorus. Phosphorus. Phosphorus. Phosphorus.| Phosphorus. Phosphorus. _ Phosphorus. Phosphorus 
a, See | narinrintmnensatl | 
} ; 
p-c. | kg. .c. | kg. p.c. | kg. Cy . | pc. | kg. | p.c. kg. p.c. | kg. p.c. kg. 
Liquid pig-iron _.. 1.07 | 0.45 POs 0.38 Lai|o7a | Pi | of; 172/081 1.72 | os | 17 | 1.0L LiL | 0.08 
Mixeriron .. - 10> O11 107 870 | 1.10! 8.19 | 1.10 810 | 1.70 (13.70 | 1.70 | 13.97 1.70 |14.40 1.10 6.00 
Solid pig-iron 1.07 | 0.05 1.06 | 0.33 | 111 | @03 | L11 0.14 | 1.10 | 0.02, 1.10 | 022 | 1.10 0.07. 1.11 1.98 
Forap .. oe . 005 O02 0.05 0.03 | 0.05 } 0.07 | 0.05 0.07 0.05 | 0.07 | 0.05 | 0.07 | 0.05 | 0.07 | 0.05 0.12 
Ferro-mangan . 0.69 0.67 0.6 0.07 | 0.60 | 0.07 | 0.60 0.07 | 0.60 | 0.07 | 0.€0 | 0.07 | 0.60 | 0.07 | 0.60 0.07 
Swedish ore .. ..| 0.60 0.74 0. 0.86 0.60 | 0.74 | 0.60 0.88 | 0.60 1.00 | 0. | 114 0.60 | 0. 0.60 | 0.73 
Oxides (mill cinder) — — _ —_/}|j/—;]— iam a sits —-|/|-— pala ne -—-/|- 
Total — [ied | = [teas | — | 008 | — [neo | — ‘16.61 | — | 15.70 — [16.36 — | 8.95 
Deduct phosphorus | | 
in crude steel .. 0.05 0.50 | 0.05 0.50 0.05 | 0.50 | 0.05 0.50 | 0 0.50 | 0. 0.50 0.05 0.50 | 0.05 | 0.50 
.*.phosphorusinslag — | 9.91, — | 9.87 — | 935 | — (960 | — (165.11 | — | 15.20 — |16.86; — | 845 
Total P,O5 calcu- | | | | | 
la percent. — |(4.2 10.9 | — |i42 — |11.0 | — /|14.7 — | 14.0 — |17.4 — | 125 
Total P,05 from | | | 
working analyses | | | 
percent. — ‘as 1.5 | — |184 — 117 on 4.0 | — | 42 | — |182 | — 11.5 
TABLE V.—CuarceE AnD YIELD. 
Phosphorus in pig-iron 1.1 per Cent. 1.1 per Cent. | 1.7 per Cent. 1.7 perCent.| 1.1 perCent 
Scrap in charge e® 5.0 oe | 16.0 eo 10.0 es 3.0 2 25.0 oe 
. a _ | | ™ an | 
— Talbot. | Wellman. | Talbot. | Wellman. | Wellman. | O. H. Talbot. oO. H. 
Avera r ton crude steel— kg. kg. kg. kg. | kg. | kg. kg. kg. 
Liquid pig-iron gs et 42 36 70 | 69 ri Fi] 59 “ 
Mixeriron .. we a - 868 836 744 735 806 | 822 847 545 
Solid pig-iron ae a os 5 31 | 3 | 13 2 | 20 6 178 
Total 916 903 817 | 817 | «855 «| (859 912 730 
Scrap ..  .. 41 ss | wo | ous | ee ee 248 
Ferro-manganese 6 6 6 6 a. | 6 6 
Ore es oe se 124 144 | 123 147 | 167 | 190 139 122 
Oxides (cinder, &c.) .. es 64 38 44 44 | 40 22 79 25 
Slag per ton of steel .. ee oe «s 160 | 206 161 198 240 ; 249 208 155 
Oxides in pig-iron (calculated) per cent 19.5 20.1 20.4 23.3 24.2 24.7 23.9 20.1 
Scrap in metallic charge .. * 4.3 6.0 14.5 14.7 92 =| 9.5 2.8 25.2 
Viel 5 ee 7 ee »” 103.9 103.4 | 103.8 103.6 105.4 104.8 105.8 101.6 
Production per furnace per day tons 317 197 290 202 | 180 | 140 292 155 








With a view to ere y up one of the most important 
points—namely, the yield attained in the various systems 
of furnace, we have carried out experiments over a period 
of six weeks, during which a staff of ineers and 
others carried out a thorough check day night on 
the materials conveyed to the furnaces, and on the 
products obtained. Oare was taken to see that an 
waste iron in the castings and in the was ente 
to the credit of the furnace whence it originated. The 
result of these experiments went to show that the yield 
of all three types of furnace, using the same raw materials 
and working under approximately the same ratio of 

ig iron : mixer iron : scrap respectively, was the same. 
We do not see how any appreciable difference could 
result, as the ore added is actually dependent on the 

uantity of impurities which have to be oxidised. Certain 
Temepaneies in the yield occurred only where the ratio 
between mixer iron and scrap was varied. These —— 
ments were carried out with pig-irons sey esd th 
1.1 and 1.7 per cent. of phosphorus ; further de may 
be had from Tables III., IV., and V., which also contain 
a balance-she >t statement of iron and phosphorus. 

Cenclusion.—In finally summing = the results of our 
various experiments, I wish first of all to emphasise the 
fact that any conclusions drawn from them apply strictly 
only to our Witkowitz conditions, and assume an average 
daily production of from 800 to 1000 tons of steel ; and 
that mathematical divergences from our conclusions may 
result on repeating these experiments in a different 
locality and under different conditions. Apart from 
this, however, we may arrive at a number of conclu- 
sions which may claim to be generally applicable. 

Taking for granted the above remarks, we have been 
able to find :— i 

1. By using a mixer (capable of being heated), and 
carrying out but a small amount of refining in the same, 
the production of the steel furnaces supplied by it can be 
increased by about 30 per cent. : 

2. The quality of steel produced is both physically 
and chemically independent of the choice of furnace 


employed. oy 

3. The ield is influenced by (a) the pig-iron employed, 
and (b) the ratio of scrap to mixer iron and pig-iron 
respectively ; and such yield is practically the same when- 
ever the same conditions are o! ved in furnaces of 
different types. . 

4. = Talbot Some is - type most adaptable » 
the working up of pig-iron of varying composition, an 
to ch within Rfiy wide limits, in the amount of 
scrap added. . 

5. In the Talbot furnace, pig-iron of the lowest to the 
highest ph content can be worked up without 
deteriorating the quality of the steel, the decline in out- 
put with pig-iron rich in phosphorus being smaller than 
in the case of other types of furnace. 

6. Although the actual first cost of the Talbot furnace 
i higher than that of a tilting-furnace of 

ity, or of a fixed open-hearth furnace, these 
costs, calculated per ton produced daily, work out most 
favourably for Talbot furnace. 





7. The yield of metallic iron from the oxide additions 
(ore and cinder) is higher in the Talbot furnace than in 
other types. 

8. The slag produced in the Talbot furnace is (owing 
to the concentration of the phosphoric acid when usi 
pig-iron of high ~ content) more valuable than 
in other types of furnace ; and therefore the gain arising 
from the sale of the slag is pa. 

9. The fuel expenditure is lower in the Talbot furnace 
than in the other furnaces. 

10. The life of the refractory lining is longer in the 
Talbot furnace than in other systems, and thus both 
the charges for repairs and the total consumption of 
refractory material for working come out most favourably 
in the case of the Talbot furnace. 

1l. The working of the furnace is, in the case of the 
Talbot furnace, most simple and convenient, especially 
on account of the easy removal of the slag by tipping the 


urnace. 

12. The work of the furnace staff is less trying with the 
Talbot furnace than with the remaining types; and the 
number of persons necessary for carrying out the process 
is, relatively, the smallest. 

From what has been said, it may safely be maintained 
that, for open-hearth steel works producing medium and 
large quantities, the Talbot furnace is superior to all other 
types, so that it may reasonably be described as the open- 
hearth furnace of the future. 





THE DEVELOPMENT OF DRY-CLEANING 
IN BLAST-FURNACE GAS PURIFICATION.* 
By Frirz Miitigr, Brebach, Prussia. 

At the International Congress of Mining, Metallurgy, 
Applied Mechanics and Practical Geology in Diisseldorf 
in 1910, there was among other interesting papers one 
dealing with the cleaning of blast-furnace gases. In the 
discussion which followed this report, I drew for the first 
time the attention of the metallurgical world to the 
results obtained by the practical application of a new 
process of dry gas-cleaning, which was first carried out 
in a large experimental plant dealing with 175,000 cub. ft. 
of gre an hour, this plant being situated at the Halber- 

gerhiitte at Brebach, near Saarbriicken, Prussia. 

Since then a great number of industrial installati 
including many of large ———. have been erected 
eS operation, and others are in course of erection. 

first large plants were started in 1911, and are still at 
work, giving the greatest satisfaction to their owners. 
The results obtained with these are of sufficient interest 
for : ‘wena to the metallurgical engineering 
world. 

For a brief description of the actual working of this 
am I may refer to an account published in Stahl wnd 

isen.t| The gas coming from the t-furnace contains 

* Paper read before the Iron and Steel Institute, 
May 8, 1914. 

+ 1911, vol. xxxi., page 229. 





about 10 to 20 grammes of dust per cubic metre, the 
heaviest particles of which, and therefore the richest in 
iron, separate first, and are deposited in big dust-catchers 
or mains, from which the accumulations can easily be 
drawn off whilst working. This dust, which contains a 
considerable ion of iron, is either agglomerated or 
briquetted, and is charged again into the blast-furnace. 

On its way to the cleaners the crude gas is cooled down 
ey eee yA to the dew-point in a surface cooler placed 
in front of them ; if the temperature of the 1s very 
high, or in hot weather, the efficiency of this surface 
cooler is in by .the injection of finely - sprayed 
water. 

If water injection is not feasible for any reason, an ap- 
paratus with cooling-tubes similar to the well-known 
economiser can . After passing the cooler, the crude 
pas, which still contains more than 5 grammes of dust, is 
ed through a superheater, where, by means of steam or 
burnt waste its temperature is raised by some 
10 deg. to 20 mt. The superheated then rises 
through a distributing pipe into a system of filter-boxes, 
the number of which depends upon the size of the plant. 
In om — Sane, which = — a9 me 
another independently, a made o ial cloth 
are suspended. The lower end of each bag is fastened 
in a frame in the bottom of the compartments, whereas 
the upper closed end is suspended on a movable cross-bar, 
which keeps the bags stretched during working. The 
crude is drawn by exhaust fans into the interior and 
through the cloth of the bags, to the inside of which the 
dust remains clinging. The cleaned gas is straight 
on by the fans to its destination without any further 
treatment, except that the gas used for driving gas-engines 
must first be water-cooled (Fig. 1). 

The dust deposits in the inside of the bags, and it is 
therefore necessary, in order to prevent their complete 
choking, to shut off and automatically clean each chamber 
at regular intervals. 

A special mechanism shakes the bags, whereby part of 
the dust is removed, and, at the same time, a stream of 
clean gas at a higher pressure than that of the crude-gas 
current is blown in the opposite direction through the 
bags—that is, from outside to inside. This o tion 
removes the last trace of dust still sticking to the 8. 
The dust falls inte a screw conveyor, which carries it on 
to the dust-boxes, whence it is discharged at intervals 
into oe placed below. This process is quite auto- 
matic. e cooling down of the gas to nearly the dew- 
— ensures that the cloth of the filter-bags will not be 

lestroyed by the heat; and, on the other hand, the 
slight superheating prevents the condensation of vapour 
when the gas is passing through the bags, so as to avoid 


choking them up. 

Trials lasting several years were made by the Halberger- 
hiitte, in conjunction with the engineering firm Betb, of 
Liibeck, before the process was perfected sufficiently to 
meet the requirements of —_ working. The general 
lay-out of the first plant has been preserved in those of 
the latest design, but many improvements in detail were 
introduced after the experience obtained in practical 
working by the Dingler’sche Maschinenfabrik A.-G. at 
Zweibriicken. 

What will chiefly interest the practical man are the 
results obtained by the new process. In the first place, 
the gas is of a higher purity than has ever before been 
obtained by any other cleaning system; secondly, the 
working costs are very low, owing to the low power and 
water consumption. 

The gas, after passing the filter-chambers, generally 
contains about 3.5 milli mes of dust per cubic metre, 
which falls below 1 milligramme when the is cooled 
down with water to serve for gas-engines. No water is 
injected into the fan, and the latter has therefore only to 
overcome the resistance of the filter-bags. Consequently 
its power consumption is far lower than that of corre- 
sponding fans in wet-cleaning processes. Tests carried 
out by Professor F. Mayer, of Aix-la-Chapelle, on the 
plant of the Halbergerhiitte* show that for the actual 
cleaning process the power consumption is 1.91 horse- 
power per 1000 cub. m. of cleaned gas, the gas being 
taken at 0 deg. Cent. and 3 in. of mercury. For an 
increase in pressure corresponding to 4 in. water-gauge, 
the power consumption increases by 0.81 horse-power per 
1000 cub. m. of gas. Very striking was the difference of 
red consumption of a large new plant in the Minette 

istrict in comparison with that of a wet-cleaning plant 
which it replaced. The wet-cleaning plant for gas-engines 
required horse-power, which dropped when starting 
the dry-cleaning plant to 70 horse-power. The quantity 
and pressure of gas was the same in both cases, while the 
dust content of the gas fell to 2.5 to 1 milligramme per 
cubic metre of gas. 

Some data concerning older cleaning plants which I 
received from an important German metallurgical firm 
may be mentioned in order to show the advances made 
in the cleaning of blast-furnace gases by the application 
of the dry method :— 








Power Oon- 


Water Con- . | Cleanliness, 

sumption, | 
Kind of Cleaning. | %2™ption, Seve’ Boner | Grammes 
Litres per | of Dust per 


rt 1000 } 
Cubic Metre. Cube Metres. | Cubic Metre. 


| 





(a) Prelimi oeey 
cleaning wit 


hurdle washers 3.0 -- 0.5 to 0.8 
(b) Secondary clean- 

ing in the fan. . 1.5 2.5 to 3.0 0.1 to 0.3 
(c) Secondary clean- } 

ing in the | 

The er 2.0 7.0t07.5 | 0.013 to 0.02 


a - 





* Stahl und Hisen, 1914, vol. xxxiv., page 225. 
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It should te noted that the figures under (a) are for | whereas in wet-cleaning plants it carries about 80 per | per square metre, an efficiency of 50 per cent. Com- 
so-called preliminary cleaned gas, containing 0.5 to|cent. of water, which y increases the difficulties Cate trials with highly cleaned owed, after the 
0.8 me of dust per cubic metre, which was then | of handling the mud. oreover, the wet mud cannot be i had been working four sun, op ovmpention of 
treated by the processes under 4 (c). The figures | utilised, w dry dust, on account of its extra- | more than 23 kg. a ee metre, with an i 
given there have to be added to compared with the| ordinary fineness and its content of lime, can be | of 73.2 per cent. blowing out of the boiler-tubes 
figures for dry cleaning. used for many purposes, such as the manufacture of | and of the mains bei 


As to ae conditions, I on te >| give the 
average results of several vears’ working at cleaning 
plant of the Illinois Steel Works. There the gas is first 
treated in hurdle cleaners with large quantities of water 
—namely, 11 to 12 litres per cubic metre of gas. The 
secondary cleaning is done in Theisen apparatus, which 
require 2.5 litres of water per cubic metre of gas and 
8.2 horse-power per 1000 cub. m. of gas, the degree of 
cleanliness obtained being about 0.014 gramme. The 
working costs in this case are about 2.75d. 
1000 cub. m. of gas, redemption and interest not being 
taken into consideration, and the horse-power hour being 
calculated at 0.28 cent. 

Results obtained with the new wet processes—for 
instance, the so-called poner on with disintegrator— 
are given below, though these have not yet been verified, 
so far as I know :— 


Power Con. | 

Water Con- 
sumption, | ti 
Wet 1 Bayer! torse.Power | 





| 
| Cleanliness, 
|G of 


Litres per Dust per 





per1000 | 
\Cubie Metres. Oubic Metre. Cubic Metre. 
Preliminary cleaning! 27to3.2  0.5t020 | 0.2to04 
Final cleaning --| 3.5 to 40 3.0 | 0.01 to 0.02 
' 








eee Se Ceguetiing of coms, end on tereieting 


material, 

The cement specialist, F. Mayer, found by systematic 
trials that, by adding 30 per cent. of gas-filter dust to 
Portland cement, the strength was increased, especially 
its resistance to pressure. Samples stored for twenty- 
eight days in air, in air and water, and under water, 
showed respectively a compressive rength of 566 kg., 
398 kg., and 455 kg. per sq. cm. The dust is of such 
fineness that it requires no further ing; on the 
5000-mesh sieve it leaves no residue. The cubic metre of 
dust weighs somewhat more than 200 kg., whereas the 

gravity amounts to 2.37. At an iron works on 
the Saar the dust is used as a binder in briquetting the 
| ne furnace uae a —— =a where od 
urnaces are irons, the same thing is 
done. Formerly, at the last-mentioned works, purple 
ore was briquetted with lime ; the lime is now replaced 
by filter dust, and the briquettes are of greater strength 
than formerly. In many places the filter dust contains a 
certain amount of alkalies, eo that it can be used as a 
fertiliser. The saving obtained through the sale of dust 
represents in many works about 20 per cent. of the work- 
cost of the plant. 
e advantages of highly cleaned gas are well known 
to all specialists. They are thost apparent in gas-engines, 
since, by employing a gas of great purity, a far greater 


MODEL OF THE DRY-GAS CLEANING. 
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As will be seen, these results fall far short of those 
obtained with the dry-cleaning process, even if it be 
assumed that the figures put forward are always attained 
in practice, which, indeed, has been denied. 

he new design of disintegrator built by Mr. Theisen, 
of Munich, shows, according to communications in Stuhl 
und Eisen, a power consumption of 5.0 to 5.5 horse-power 
per 1000 cub. m. of gas, a consumption of water of 0.4 to 
0.7 litre per cubic metre, and a dust content of 0.008 to 
0.02 gramme cubic metre. Though the amount of 
water used in this apparatus is smaller than before, there 
is still the disadvantage that the cleaning water has to 
settle and the mud afterwards has to be removed. The 
consumption of water given for the Theisen apparatus is 
only the water necessary for washing the gas, and it is 
therefore necessary to cool the down considerably, 
which means a further consumption of water, in addition 
to that set forth. 











degree of safety in working is assured. Sto; are 
reduced to a minimum, thus reducing the cost for clean- 
ing, repairs eo pistons, stuffing-boxes. A 
comparison, @ on & gas-engine plant of some 5000 
horse-power, shows that since the introduction of the dry- 
cleaning process only about a fourth of the former 
stoppages are necessary, whereas cost for repairs and 
cleaning are about a fifth to a sixth as against working 
with wet-cleaned gas ; calculated on the horse-power, the 
gain was of about 2s.7d. per year. Further advantages 
are that misfires and early ignitions are practically done 
away with, and cheaper lubricating oils can be 
Ine steel works on the Rhine, where the crade 
gas pressure is extraordinarily high (up to 24-in. water- 
), it is possible to convey the gas to the ines 
= oe ae wi bebe poet 
© gas reaches t! engines with a temperature of about 
40 deg. Cent. The of ample design, work 


Ha 


flues and 


stoves 
ion air, and 

i i tion is obtained. If 
the brickwork remains free from dust deposit. far better 


in ti practice may be 
cited :—At the Halbergerhiitte a blastfurnace of a capa- 
city of 100 tons ef foundry pig-iron daily was heated by 
four Cowper stoves, 28 metres in height by 6.5 metres in 
diameter. The brickwork was of the Bicker system, on 
account of the dust content of the crude gas which was 
formerly burnt. Whilst working with crude gas blast 
tem tures between 900 deg. to 950 deg. Cent. measured 
in furnace were obtained. At certain intervals the 
stoves, of course, had to be freed from slag and dust, and 
from time to time the u layers of brickwork re- 
uired to be renewed. Whilst one stove was out of work 
or repairs or cleaning, the consumption of coke naturally 
rose. After cleaning and repairing the stoves were 
heated with highly cleaned gas, and it was immediately 
found that three stoves were y sufficient to heat 
burnt per stove remaini 


aoe ae og hed og there was saving in gas o 


the same, or, in other 

33 per cent. The stove is under blast for about four 
hours, during which time the temperature drops from 
930 deg. to 950 deg. Cent. at the beginning, to about 
840 deg. to 850 deg. Cent. at the end. After one year’s 
working, the chequer-work was examined and was found 
in | condition. Any blastfurnace man can easily 
calculate the saving in cleaning and repairs, as well as the 
saving of coke, which otherwise would have been neces- 
sary during the different sto) 

At ano! works in the district where the blast- 
furnaces are aleo driven with cleaned gas, it was found, 
after actual measurements over a | period, that there 
was an actual saving of 15 ee. gas as against the 
former working with unc gas. Abt the French 
works, already mentioned, it was found that in the 
manufacture of special qualities of iron, the difficulties 
and variations in quality ceased as soon as dry-clean- 
ing plant was started, thus proving that the tem res 
of the blast were more equalised, Unfortunately, it was 
not possible to obtain more exact iculars. 

Nowadays, on account of the rising price of fuel, the 
centre of gravity of any iron works lies in the blast- 
furnace work, this being the principal power source of 
the works. All works are striving to use as little as 
possible, or even no other fuel whatever besides that 
used for the uction of coke. This means economical 
workin utilisation of the blastfurnace gases, and 
this object is best attained by using highly cleaned gas. 

By a more suitable construction of Cowper stoves, 
and by the use of more scientifically constructed gas- 
burners, still more important advantages can without 
doubt be obtained. A trial made in this respect at the 
Halbergerhiitte on a Cowper stove shows that it is pos- 
sible, when using the highly cleaned gas, to do away 
with the chimney-steck. A fire-brick arch was erected in 
the chimney above the hot-blast outlet, and the chimney 
was filled up with chequer-work constructed in the ordi- 
—_ way. The highly cleaned gas, on being introduced 
with a certain pressure, draws its own combustion air 
through a specially constructed burner, where both air 
and gas are very intimately mixed. The mixture of 
air and gas strikes a specially provided brick surface 
pay the burner, and the com ion is so intense 

at about 14 to 2 metres higher than the entrance 

the temperature is about 1200 deg. Cent. The result of 
this trial was that the temperature of the burnt waste 
ee we very much reduced. As the trials are not yet 
nished, I am not yet in a position to present final con- 
clusions as to the saving in gas which can be obtained in 
this way, and these must be reserved for another occasion. 

Since the introduction of this new cleaning process 
three years ago, the interest shown by blastfurnace men 
has constantly increased. Several plants of a capacity of 
240,000 to 300,000 cubic metres are now in course of con- 
struction in the Saar and Westphalian districts. The 
following is a list of all installations already in operation 
and in course of building :— 


In AcTuaL OPERATION. 











engines 

Naturally, a dry-cleaning plant cannot be cheaper, as | quite satisfactorily, the combustion air being in this case Germany. Oubic Metres 
to first cost, than a roe’ the first cost is| reduced somewhat. For cleaning the bags a small fan is Réchling’sche Eisen- und Stahlwerke, Vélk- per Hour. 
somewhere about 1751. per 1 cub. m. of gas, but ially i In this case, which cannot serve as a pe *. * “+ “+ +. 126,200 
trials are in progress which will result in a considerable | typical one, the total quengtene power per 100 cub. m. = y Wittens 4-6., Dillingen, Saar 60,000 
reduction of the first cost by increasing the capacity and | of gas is about a fourth of a wer. ttt titahe. ..- ’ 
pimplifying the mechanism of the t. On the other pinions are divided as to the advantages of the highly Vereinigte Hiittenwerke A.-G., Saarbriicken- 2 
hand, dry-cleaning plant has the advan of low | cleaned with boilers. Generally it is taken that 6 ee gPRSARS Jae 380,000 
working costs, which are about 1d. to 13d. per 1000 cub. m. | primary Sroned gas with about 0.5 gramme per cub. m. Fried. Krupp A.-G., Friedrich-Alfredhiitte, 
of cleaned gas, without redemption and interest, the/| is perfectly sufficient. It is implicitly admitted, how- Rheinhauseo sw Sw we 380,000 
the power being taken at 0.375d. kw.-hour.. This is| ever, that this primary cleaned gas gives better results Vorstaioes ee Se i 180,000 
without taking account of the advantages obtai by | than the crade gas, and therefore there is no doubt that Mites. Satta . . . 240,000 
using highly cleaned gas in gas-engines, stoves, and other | the results will be further improved by burning highly Bochumer Verein fiir Bergbau und Gussstahl- 4 
plant on the works. _ | cleaned gas, which it is possible to obtain at a lower cost tabrikation, Bochum, W: a 

Another point in favour of the dry-cleaning plant is| than the less perfectly cleaned gas. | Kisen- und Stahiwerk Hoesch A.-G., Dortmund 180,000 
the very small ground s required, since it extends| Hoff gives, in und Eisen, interesting results on| § Henschel und Sohn, Abt. Henrichshiitte, 
more in the direction of height ; generally not more than | ev tion trials made in Dudelange, which show that; =, "Wy Pee oe = be gi —_ 
4 to 5 sq. m. (40 sq. ft. to 50 sq. ft.) per 1000 cub. m. of | with crude gas the evaporation drops, within four weeks! Gene, Stumm, Neunkinchen 60°00 
gas ane sees, ae wet en pa uire | after i oes —— — 65.5 per cent. to 47.7 per . | ay . 
wo or three times as m space, including settling-| cent. This ma: ow how advantageous it is to prevent | 
tanks. The dry-process plant can be easily adapted to | these deposits ot dust in the boiler uptakes. Evapora- | SO 4 Seaway aa 
any local conditions. In the case of a plant at an iron | tion trials made with crude gas in Cornish boilers at the Pournenux de ta Oni yBas. 100,000 
works on the Saar, the apparatus is erected above Halbergerhiitte showed an evaporation of 12 kg. to 15kg. | Ste. Metall ue de Gan Ween om Gorcy 27,000 
casting-bed of the blast-furnace, no other being Forgesdel’Adour, Boucau.) .. .. .. 60,000 
availa The recovered dust is removed in a dry state, * Stahl wnd Eisen, No. 4. 1913. Forges et Acieries de Decazeville, Decazeville 65,00 
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; Cubic Metres i-Di il-engi : 
ere perHour. |COLONIAL AND FOREIGN ENGINEERING |22nm, cei, Diesel, and ot engine oie deed ee 
Bee. Anonyme @’Athous-Grive ee, Athus 100,000 PROJECTS. a Sots 36 brake wy ee for the oil-engines, 6 to 
me ye, “+ i i loni nom horse-power for single-cylinder steam i 
Bee, Metalurgique Sambre et Moselle, Mon- ann hte! a fow — sonnet eeas the thaws ead © toidb-eaiaeh bevae-pooer tee sam yaad 
Usines Métallurgiques du Hainaut, Couillet |. 50,000 of Trade Journal. urther information concerning | ¢ngines. The usual lift is through « head ing from 
England. projects can be obtained from the Com 40 ft. to 50 ft. = oe ¢ a 4 ey and for - 
Intelli Branch, Boatd of Trade, 73, Basinghall- | rtesian wells are 6 in. and 8 in., dr undrilled, 
Bell Brothers, Limited, Middlesbrough 10,000 Sent the f 1s. 8d. and 2s. 4d 
street, on, E.C. present c.i.f. prices being 1s. 8d. an - per ft. 
Ce For See 0 ae South Africa: H.M. Ttade Commissioner for South | respectively, plus 5d. extra per 100 holes per ft. for drill- 
In Cov B on on ORDER. Africa reports that tenders are invited by the Johannes-| ing. The credits allowed in the local machinery trade 
a ae aeneeete a burg Municipal Council for the supply and erection | 4re usually spread over periods varying from one to two 
Germany. of a water-purifying plant at the Council’s generati longer credits as a rule being given for fixed instal- 
Vereinigte Stahlwerke van der Zypen und station. e t must be capable of successfull tens than tor portable engines, as, in the case of the 
i i -G., Wissen, Sieg .. 90,000 . a a ee oy 
BR pw go) oy ...> Gttenbartieb : 75,000 gallons of water per 24 hours. Copies | former, vendors can protect themselves by a mortgage 
> or thectng Rew ss pata ~~ of specification and f f tend be ob-|0n the whole property. German firms as a rule give 
Duisburg-Ruhrort ns « od. ‘ 60,000 _ tae speci form of tender may D . a 
Rochling. Volkiingen, 8. I ee ay ge mg mig a eg ee fente ye 
, Volklingen, “- Pp si ° J 
Bergbat- und Hutten A.G., Friedrichshiitte, cates “ loader for Water: Purifyi | Pe will bo mma likely that —~ a ~~ ee —— ~— _ 
aerdor = -- °s °° *° “8 ’ bhannes continue to be so keen as du the last few mont ub 
Elssaladnetrie Differdingen, fir Werk Riimel- ial = 4 — oa ae > ee the native cultivator is naa ealightened 9s to the 
Fried: Krupp, theinbausein 1.1. 50,000 | thom form of tender, ic., ‘may be seen by United | advantages of being able to fall back on. underground 
Kingd ter-purif " 
; ae xy aarti Sen of the Board of ‘Trade 73, | there should continue to be a steady development in this 
Acieries de France Isbergues (P. d. C.)... 70,000 < telligen e » 73, | divocti 
Senelle-Maubeuge, Longwy a a - 20,000 Basinghall-street, London, E.C. [It will be observed irection. 
Sowing 1 aver ee 165,000 oan tires a to ee venieed ‘fro ie south Atrion, Moror Vessg1 ‘‘Arum.”—Thi tor 1 A 
Wingles .. RE 2. A Se ie . owi orms having oO rom Sou ica, bic .”—The cargo motor vessel Arum, 
matiitesment | Peensh ques pene) i" Rs this intimation = be of — only = —_ boving agents = 4 > — phe ay a in - a, 
, +s ’ in t country who can be instruc’ cable. whic m built by essrs. Swan, unter an 
Acieries de Micheville L co ee | New Zealand : Extracts from the local Press a been | Wigham Richardson, Limited, of Neptune Works, New- 
cnet ~~ a wad — an — > aps yop e —— for os Te. eh “e order of L — a 
‘ nonyme John Cockerill, ing A ew » from whi e following information is mpany, Limi managers, Messrs. M. Samuel an 
Sambre et Moselle, Montigny, 8. * 72,000 taken :—The ratepayers of Lyttelton have sanctioned | Co., don), was successfully tried at sea on the 7th 
Russia, = to raise loans of 1600/. for ration stables, | inst., when a mean speed of 10} knots was attained. The 
Providence Russe, Sartana oe baa 60,000 it . for a road-roller and prokeaghan: ow plant, and | vessel, which will carry nearly 6000 tons dead-weight, is 
Usines de Ketch dela Ste de Taganrog, Kertch = 60,000 8000. for improving and re-grading roads. The chairman | of the following dimensions :—Length between perpen- 
en a ee a 66,000 of the Welli arbour and the executive have | diculars, 350 ft.; breadth, moulded, 47 ft.; depth, 27 ft.; 
Saved ee ea a 30,000 recommended that the following works should be carried | and she will have a mean draught of about 21 ft. 6 in., 
‘ Engla nd. ‘ ; out a —_ pases ot: :—Additions to wharves, wiiewie wet —_ —_— 8 ft. high, — for ~ 
7 stagings, &c., 14, 3 ur beacons, 3000/.; rein-| pilgrim traffic and for military transport. @ vessel is 
—— = ae, Iron and Coal Oo., Limited, forced-concrete breastwork, 15,000/.; reclamation and Btted with twin-screw Diesel motors of the Polar type, 
ae ne gp Fg re gr 80,000 road formation on Waterloo Quay and Te Aro, 17,0007. ;| working on the two-cycle pate with four working 
—s. song e3 498.000 Pipitea wharf, 10,000/.; construction of a brick wool-| cylinders on each motor, and each developing 1150 brake 
‘ Hg “ store on Pipitea wharf, 11,000/.; and electric lighting | horse-power, built by Messrs. Swan, Hunter and Wigham 
Total ne ph ce 1,757,000 and power installation, 3000/. (In this connection, see | Richardson, Limited, and possessing many special features 
If I may have succeeded in making some suggestions 199 of the Board of Trude Journal, April 24, 1913.) | of detailed improvements in design. The Arum is built 


as to the more advantageous development of blastfurnace 
working to the engineers of Great Britain, to whom the 
metallurgical world is indebted for so many important 
inventions, I shall feel fully rewarded. 





Tue Unirep States Navy.—The Secretary of the 
United States Navy has si a@ contract with the 
Electric Boat Company for the construction of two sub- 
marines which were voted by Congress in March, 1913. 
The two vessels are to elivered at Boston—one in 
24 months and the other in 256 months from the date of 
the contract. They will be known for the tas L9 
and I, 10, and they will be similar to the su ines L 1, 
L 2, L3, and L 4, built by the same company. They will 
carry one rapid-firing gun, in addition to torpedo-tu 


Resivient Stee, Gears.—Messrs. Joseph Adamson 
and Oo., of Hyde, Cheshire, have sent us some particulars 
of Seymour’s patent resilient steel of which they 
are oy <p ae. In these wh teeth are = 
in the ery of a ring composed of a large num 
of thin steal comments built up in a manner which re- 
sembles the construction of commutator of an electric 
motor, except that the segments are placed so as to make 
an angle of about 45 deg. with the axis of the ring, instead 
of being parallel ye A pinion is ee Ap. Se 

mts, a pair of clamping-plates, a forged-s 
cylindrical boss, on which the former are mounted. The 
ring of segments—or laminz, as the firm prefer to call them 
—-is peeed nevenen ane ee i are drawn 
together by a number o passing through both plates 
and lamine in an axial direction, re having countersunk 
heads and bolts. Theclamping-plates have annular ridges 
of their inner am, : Ly fit py 9 a 
ing grooves in the of the ine, so that 
the latter is securely oad in ; in the case of wide 
wheels two or more rings o ine are used side by 
side. With the above-described construction it will be 
tbered that each tooth is composed of a number of 
amine, the planes of which make an angle of abcut 45 
deg. with the length of the tooth. These laminw yield 
slightly, and close upon each other when the wheel is in 
ent with another wheel, thus giving the tooth a 
certain vow Dey am: a _ 
serves to distribute pressure ev along tooth. 
Another important feature of these wheels is that an 
annular 5) is left between the cylindrical boss and 
the ring of lamin, and this s is filled with oil. The 
combined effects of centrifugs! force and — pumping 
action resulting from the movements of the lamine cause 
the oil to ooze out between the latter, and thus the faces 
of the teeth are effectively lubricated, and wear is re- 
duced to a minimum. These gears, some of which 


, we 
understand, have been running satisfactorily for over a 
year, are suitable for all kinds of high drives, espe- 
cially where electric motors are employed. They are 

tically noiseless when running at high speeds with 

vy loads, and, at the same time, are claimed to be 
8 . more durable, and more ient than other 
noi gears; another very important advantage is 


E 


thas, being constructed entirely of steel, they are 
fected by water, oil, or steam. We are ow Manel 
they can be constructed for any power and speed, 
are usually supplied with Brown and 

involute teeth, although 

required. 


it 


other tooth forms can 


g 
ts 





TS Secned Council of Mount Albert has decided to 
take a poll of the ratepayers for permission to raise a loan 
of 50,0007. to be spent on improvements to roads and 
streets, the fire brigade installation, and the water 
supply. A meeting of farmers recently held at Hamilton 
approved a project for the establishment of freezing 


works in the Waikato district. A company has been | Th 


formed with a capital of 75,0007. for the purpose of making 
arrangements to carry out the scheme. 

Bulgaria: H.M. Vice-Consul at Sofia reports that 
tenders are invited by the Bulgarian Directorate-General 
of Railways and Ports for the supply and delivery 
of thirty corridor carriages. Tenders will be received 
tng reis-Finanz-Verwaltung, Sofia, up to 3 p.m. on 

y 22/June 2. Tenderers must include with their offer 
an undertaking to pay 5 percent. of the value of the order 
should they fail to accept the contract within 15 days 
from its adjudication to them. ty anny i 
builders may compete. A builder who not previously 
supplied carriages to the Bulgarian State Railways must 
send with his tender a declaration by the authorities 
of a railway that he has executed a contract for the 
supply of carriages to them to their satisfaction. Copies 
of the form of tender, with specifications and drawings, 
may be obtained from the Direction der Eisen- 
bahnen und Hiifen (Zimmer No. 81), Sofia, on payment 


of 20 francs (16s.) per set. A copy of the specifications | good. 


(in ), together with form of tender and drawings, 
may be seen by United Kingdom builders of railway 
ee | at the Commercial Intelligence Branch of the 
of Trade, 73, inghall-street, London, E.C. 
Roumania : @ British Vice-Consul at Bucharest 
reports that tenders will be received up to May 20, by the 
aye ape py of ¥~ Roumanian _~ Railways, 4 
supply of (a) ten heavy passenger locomotives wi 
separate tenders, and () fifteen locomotives with tenders 


for shunting Tenders will only be considered 
from}firms os —_ obtained ; 


’ ission to do so from 
the tailway authorities, and Vice-Consul suggests 
that United Kingdom locomotive builders desirous of 
tendering should make immediate application to the 
Direction Générale des Chemins de Fer, Bucharest, for 
ee. and, on securing it, send a representative to 

ucharest armed with full power to make offers on the 
day of the adjudication. Vice-Consul adds that up 
to the present some thirty firms have been invited to 
tender, only one of them being a British firm. 

Egypt : According to the April issue of the Journal of 
the ish Chamber of Cen of Egypt, there has 
make been an even ay me demand +! my 

pum machinery in pt, owing to the low lev 
of the fast’ Nile flood and to the certainty that 
ae Ses ee ees at ent Ge weeeo. 4 

vernment generally refused to allow pumps to 
set up either on the banks of the Nile or canals. 
point any Son artesian an suetne, been sunk, 
entaili vy imports o' vanised wrought-iron pi 
and rene Seema Ay en py sr a spn 


bya of draught animals. Importers of machi- 
nery have quite unable to keep pace with the 
demand; local stocks were soon exhausted, and the normal 


advance requirements for the season were ear-marked in | Al 


advance for purchasers. Exceedingly heavy repeat orders 
were placed with the principal manufacturers, 

tending buyers have found it difficult, if not impossible, 
to obtain delivery. The business has not been confined to 
one class of engine, but has included pumps driven by 


and in- | th 





to Lloyd’s - ry class, and has Suez Canal certificate ; 
and both hull and machinery were constructed under the 
supervision of Messrs. Flannery, Baggallay and Johnson, 


Limited, of London, Liverpool, and Rotterdam. 





IRRIGATION AND RECLAMATION IN SouTH AUSTRALIA.— 
e value of the land bordering the River Murray in 
South Australia has been amply demonstrated by the 
success of Renmark and other irrigation settlements, and 
the results following on the cultivation of areas which 
have been reclaimed on the lower reaches of the river. 
The Government is actively e in preliminary 
work sag, me = an Soames cust to application other 
land for irrigation and blocks in new reclaimed areas. 
ng > pene are made available = time to be 
as the wor rogresses, on terms which are specially 
designed to pe the holders during the first few 
years of pioneer work. When giving evidence before 
the South Australian Railways Standing Committee 
recently, the Director of Irrigation stated that more 
than 615,000 acres could be economically reclaimed and 
irrigated along the Murray. Of 288,000 acres now subject 
to inundation, he thought 150,000 acres might profitably 
be reclaimed and irrigated. A deal of that area 
would require practically no reclamation. Some of the 
returns from land previously reclaimed were exceedingly 
From 30 to 60 sheep per acre could be fattened on 
the best country now subject to inundation, and he esti- 
mated the value of the annual return from the land at 25/. 
per acre. The department wished to encourage the 
establishment of a dairy-produce industry on the reclama- 
tion areas, while the country was also suitable for stock. 





Massacuusetts Institute oF TxcHNOLOGY.—In the 
United States, as in this country, the rapid development 
of motor vehicles has called attention to the necessity for 
improved methods of construction, and to meet the 
demand for ialists in this class of work the Massa- 
chusetts Institute of Technology, of Boston, U.S.A., has 
recently adi a course in Highway Engineering to its 
already extensive curriculum. Instruction in this sub- 
ject will be given by Professor H. J. Hughes (from 
Harvard University), under the general ee of 
Professor Charles M. Spofford, head of the Department 
of Civil and Sanitary Engineering. Hitherto there have 
an aay two a —— > = department—viz., 
rai engineering ydraulic and sanitary engineer- 
i Both of these courses, for the first two years, deal 
with fundamental principles applicable to all of 
civil engineering, so that there will be 4 little differ- 
ence in the work for the new course until the third year. 
Students will then begin to specialise in road-construction 


The | work, while during the fourth year this specialisation 


will be more complete, and less time will be spent on 
those subjects which do not directly affect the work. A 
very important feature in connection with the course is 
that the State and city highway authorities have 
to co-operate with the Institute, so that students will be 
able to make observations under practical conditions, 
while the laboratories and scientific knowledge of the 
Institute should prove useful to the public authorities. 
road construction in the United States cost 
43,000,000 dols. (9,000,000/.) in 1912, more than half of 
is sum having been spent by the State of New York. 
Doubtless the work of the Institute will ultimately do 
much to ensure that this expenditure is carried out as 
efficiently as possible. 
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“ENGINEERING” ILLUSTRATED PATENT 
RECORD. 
SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE AOT OF 1907. 
a af ‘chord nome @ saominned the Specification Cts 


inventions are communi Srom abroad, the Names, éc., 
of the Communicators are given in italics. 
ies of Specifications may be obtained at the Patent Office, Sales 
25, Buildings, Chancery-lane, W.C., at 
The date of the adve f the Complete 
0 'vertisement o, oa 
i ion is, in each case, given abstract, unless the 


give notice at the Patent O 


of a Complete Specification, 
of opposition to the grant of a 
Patent on any of the 


mentioned in the Act. 
ELECTRICAL APPARATUS. 

3110/13. E. I. Everett and K. Edgcumbe, London. 
Measuring Instruments. (2 Figs.) February 6, 1913.— 
This invention relates to electric measuring instruments of the 
hot-wire type, and has for its object to provide an improved 
instrument in which a considerable length of wire, through 
which the current to be measured is located in a small 
case such as is used in ordinary electromagnetic instruments. 
According to this invengion, elastic supports are used at the 
points of flexure of the wire, which supports are flexible only in 
the oe of the wire, and allow the e ion of the wire, due to 
the heating effect of the current, to take place without appreci- 
able friction, and also the hot wire is bent round a curved surface 
attached to the free end of a flat spring, the other end of which 
is attached to a fixed support situated within the curve of the 
hot wire. The wire a is arranged within a circular casing b so 
that it occupies three sides of a square, and at the two points of 
flexure the wire round a grooved guide c (shown in side 
elevation in Fig. 2) attached by means of a flat spring d to a fixed 
support ¢. The plane of the spring d is at right angles to the 
axis of the wire. One end of the wire is at ed to the short 
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arm of a magnifying lever f, which is secured by means of a flat 
spring g to a fixed support A. The spring g is similar to the 
springs d, on which the guides c are supported, and acts as a pivot 
for the lever. The longer arm of the lever f is secured to a 
controlling-spring &. Tne lever f carries a light index-actuating 
arm m extending diagonally across the square, and connected ac 
its outer end by means of asilk thread nor other suitable means 
to an indicating pointer o, round the pivotal axis of which the 
silk thread is wound. The pointer is provided with a helical 
spring p or other suitable device for taking up the slack in the 
silk t The other end of the wire is attached to a lever s 
similar to the lever f, but it is provided at the outer end of the 
longer arm with a suitable zero-adjusting device 7, which 


may 
of any convenient construction. In the drawing it is shown as 
consisting of a milled head ¢ having a shank projecting through 


the casing, and carrying a projection e with a jec- 
tion on an adjusting screw bearing on the outer end of the lever s, 
so that when the head ¢ is rotated the screw causes the lever to 
move in one direction or the other, this movement being trans- 
mi through the wire to the pointer, which can be thus set at 
zero. (Accepted February 11, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


4911/13. A. G. Mumford, Co , and A. W. 

hhroyd, Lexden. Carburettors. [2 Figs.) Febru- 
ary 26, 1913.—This invention relates to liquid-fuel regulating 
devices for carburettors or vapourisers for internal-combustion 











engines of the type in which the size of the jet of the fuel-nozzle 
is varied by means of a needle-valve, said valve is connected 
with the throttle-valve and is also provided with an independent 
adjastment. The invention consists in improved means for ad- 
justing the position of the needle-valve for controlling the orifice 





of the fuel-nozzle, either independently or in conjunction with 
the movement of the throttle-valve of the engine. The orifice of 
the nozzle a through which the liquid fuel passes into the car- 
burettor or vapouriser z is controlled by a needle-valve b, the 
stem of which has a threaded part by which it is screwed into a 
piece c, hereinafter called the “‘ nut-piece,” which is mounted in 
the casing d of the chamber d! in which the fuel-nozzle a is 
located. and the valve-stem carries a milled head b2 by means of 
which it can be rotated by hand in the nut-piece c for the pur- 
pose of positively regulating the size of the orifice of the fuel- 
nozzle, a suitable spring-controlled catch being employed to 
engage the milled head /2 for the purpose of locking the nut- 
piece after adjustment. The nut-piece c is threaded in a piece ¢ 
adapted to fit in a hole in the casing d of the chamber d! in axial 
ment with the axis of the fuel-nozzle a, the construction 
being such that the piece ¢ is free to slide in the hole relatively 
to the nozzle a, and is kept in its normal position therein by 
means of two springs, a dowel-pin A or its equivalent being em- 
ployed to prevent the piece ¢ rotating in the socket d%. This 
construction not only enables the needle-valve » to be quickly 
detached for i t or otherwise, but enables the nut-piece c, 





carrying the needle-valve, to give way in case it has been so over- 
adj by hand that on manipulating the main throttle-con- 
trolling-mechanism the needle-valve is brought down on to its 


seating in the orifice of the fuel-nogzie before the throttle-valve 
is closed. The nut-piece c is connected with the main throttle- 
valve vdy mechanism in which provision is made whereby the 
ratio of opening between the fuel-nozzle and the throttle-valve 
can be varied. A convenient mechanism is shown which com- 
ney a vertically-arranged shaft m. This shaft carries at ite 
lower end a fork n, the prongs of which engage two holes in a 
—— @ on the nut-piece c, and at its upper end an arm or lever o 
having a slot at ite free end. This lever is connected by a link or 
rod p with a lever r mounted on the axle of the throttle-valve v 
or an extension of the arm or lever w by means of which the 
throttle-valve is operated by the hand-control through the rod or 
link w!, the attachment of the rod or link p to the arm or lever o 
being by means of the slot, whereby the amount of movement 
imparted to the arm or lever. and therefgre to the needle-valve b, 
can be regulated. (Accepted February 11, 1914.) 


20,750/13. F. E. Baker, Limited, and F. E. Baker, 
am. Inte -Contbus es. (2 Figs.) 

September 15, 1913.— This invention relates to internal-combustion 
engines such as are used for driving motor cycles and other motor 
vehicles, and’ refers more particularly to the type of engine in 
which a change-speed gear is contained in the crank-casing. The 
principal features of the invention are the construction and 
arrangement of the mechanism so that the cam-shaft operates 
—— levers pivotally mounted on the crank-case, whilst the 
cam-shaft, which is situated between the driving and driven 
shafts, also carries pinions forming part of the change-speed 
mechaniem, and the combination of the clutch-operating mecha- 
nism with the crank-casing. The cylinder a, which may be either 
air or water-cooled, is provided with horizontal overhead valves b, 
which are operated by-tappet levers c pivotally connected at d to 
the crank-casing e. e latter is formed in two parts in the usual 
manner, and is so shaped at the rear that the top part forms a 
convenient base to which the magneto can be attached. The case 
e is provided with bearings to receive the crank shaft /, cam-shaft 
g, and the change-speed gear and driving-axle A. The crank- 





























shaft f, which is preferably provided with balance-weights i, 
jects through the casing ¢, and is provided with a fly-wheel k. 
Sones to the shaft / is a gear-wheel /, which meshes with a 
gear-wheel m fast on the cam-shaft g, a second gear-wheel n being 
secured to the ite end of the latter. These two wheels m 
and n drive two gear-wheels © and p respectively, which are 
loosely mounted on the axle A. The wheels o, p are 
to drive the axle A at a greater or less 


according 
to which of them is e by the clutch-coupling ¢ slidably 
carried on the Sentai of the axle. The li q 


desired driving means, such as a pulley, sprocket-wheel, or worm- 
wheel. The crank-case ¢ is formed with suitable means for attach- 
ment to the vehicle. In use the gear-wheels /, m, n, 0, p and 
the ya ap fa —a atly Fagen . The yl — 
at a greater or less y w morn vely 
throwing the clutch g into vey ary with either of the whee! 
oorp. The clutch is rated by the foot-lever u, and retained 
in the adjusted position by the locking-bolt w as before described. 
(A February 11, 1914.) 


PUMPS. 


3653/13. B. C. Joy, London. Pumps. (8 Figs.) Feb- 
ruary 12, 1913.—This invention relates to apparatus for raising 
and forcing liquids. According to this invention, a vacuum, 
produced by the condensation of steam in a working chamber, 
causes a flow of liquid in a long suction or “drive” pipe, 
the flow being more or less checked—according to the working 
conditions—which brings about a considerable rise of pressure in 
the working-chamber, the rise of pressure being utilised to pass 
the liquid ——— a suitable valve into an air-chamber, and from 
thence into a de avers sips. The ss a of the pump 
is open at its lower end, and is connected to a suction or “ drive” 
pipe b which is of considerable le: On the upper end of the 
chamber a is mounted an air-vessel c, which has an outlet c! near 
its lower end. Between the chamber a and the air-vessel c is a 
non-return valve d for admitting the liquid from the chamber a 
to the air-vessel c, and trapping it therein. In the upper part of 
the chamber a are a series of porte which into an annular 
chamber leading into which is an inlet , for the admission of 
steam from a supply-pipe h. In the t f is a double-acting 
valve m, which is by a spindle adapted to slide in a bear- 
ing, and capable of taking a seat either on the inner seating or 
the outer seating, a spring being employed to keep the valve m 
in a mid-position between the seatings. At or near the lower 
end of the chamber a@ is a spraying nozzle o of the injector type, 
in which a small quantity of liquid passing from the delivery- 
pipe el a the pipe R 4 induces a large quantity of the liquid 

—_ _ suc! wn b f = pie r. bp the suct = 
pipe > is not submerged it is pre’ iy ided a stop-coc’ 

or sluice-valve ¢ to ensure that the li uid is retained in the suction- 
pipe. and in the working-chamber when the working of the pump 
8 stopped, thus facilitating starting the pump again. The pump 
operates in the following manner :—Supposing the suction- ipe 
and the working-chamber-—which is placed at a suitable helg t 
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above the level of the water to be lifted—are full of liquid, and 
that the stop-valve in the suction-pipe—if one be are 
open, and that steam at or about atm ric pressure is admitted 
to the working-chamber, the liquid in the c ber and in the 


suction-pipe will flow back into the source of supply by ‘avity 
owing to there being no non-return valve in the suction-pipe, an 
by lowering the pressure in the working chamber allow the 


double-acting valve to open and admit the steam into the working 

jhamber. The | of liquid as it moves outward uncovers the 
spraying nozzle in the working chamber, wh pon a spray of 
cold liquid is thrown up into the space filled with steam, which 
thereupon becomes instantly condensed, thus forming an almost 
complete vacuum. As the column of liquid in its outward move- 
ment will have acquired considerable velocity, said movement 
will continue after the spray comes into operation, and the con- 
densation of steam has commenced. Meanwhile, owing to the 
vacuum in the working chamber, the double-acting valve has 
seated itself on the inner seat, and thereby cut off the supply of 
steam to the working-chamber. The atm eric pressure now 
takes effect upon the column in the suction-pipe and in the lower 
part of the working-chamber, and impartea considerable velocity 
to it in an found or upward direction, and the liquid rapidly 
rises in the workin 


dareid 








passing h the suction-pipe g-chamber, 
and in due time hes the of the delivery-valve. As 
this valve offers resistance to the column of water jonate 
to the head of water above it, the column of liq is checked, 
which produces a considerable increase of pressure beneath the 
valve—which pressure lifts the valve and admits some of the 
liquid from the working-chamber into the air-vessel, and thus 
into the rising main. Owing to the rise in pressure in the work- 
ing-chamber, the double-act ——— moves over on to the outer 
seating, and thus prevents the liquid from into the 
steam-pipe. As soon as the en the column of liquid is 
spent it commences to flow out ly n, and the same cycle 
of operations is repeated. (Accepted February 11, 1914.) 


RAILWAYS AND TRAMWAYS. 


7166/13. The litan Carriage, Wagon, and 

Grigg, r B (6 Figs 
8. 

March 2. 1913.—This invention comprises improvements in, or 
relating to, buffering devices for use in counection with rolling- 
stock, and refers more partftularly to that type of device known 
as a “central buffering device,” in which the buffer, together 
with iteshaft or plunger, is capable of limited transverse swinging 
motion in every direction. According to this inventicn, the 
buffer-plunger is pivoted intermediate of two plate or like mem- 
bers having curved surfaces engaging corresponding surfaces 








is operated by the forked lever r, which is connected to the shaft «. 
The latter is carried in a bearing ¢ formed in the crank-case ¢, and 
jects from the forward end of the same. The end of theshaft « 
C’ ided with an operating foot-lever u, which extends on 
ei _ side of —_ i a a —— —— ~ | 
ng-pressed lock tw in the ng ¢ 
pape 2 recesses Somat in the boss v of the foot-lever to retain 
and lock the clutch g in the adjusted position. Cams z, on the 
cam-shaft are adapted to rock the t levers c to e ths 
valves b in the usual manner. The axle / is provi with any 





ttached to the buffer plunger, which plates are capable of 
longitudinal movement only; the pivot of the buffer-plunger 
permitting movement of the buffer in all directions, including the 
usual longitudinal movement, a suitable buffer-epringi:.g element 
being d between two plate or like members. In the 
embodiment of the invention illustrated, the plate members a, a 
take a plano-convex form, their ng plane surfaces a! being 
adapted to support the buffer-springs J, ) and retain them by 
means of a concentric annular flange a? provided w the plane 
surface of each plate member, which is of substantially 
rectangular formation. The plunger isadapted to swing around 
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a fixed pivot d 
members a, the 


the p- 
coupling used, the plunger c 
of square formation so as to 
Upon the buffer-plunger ¢, 
late member a, are ly mounted two 
shes ¢, one at each extremity thereof, 
of the concave surfaces of 
the convex surfaces of the two end 
these two rings or bushes ¢ is so mounted 
abut against the adjacent end plate member a in such a manner 
that the curved su thereof fit snugly 
convex surfaces of the end plate members a 
surfaces of the two rings or bushes¢. The 


the former. 













Pah ah inh 
ees amare 


’ 
TE) (poss 
a a [t 44 


with respect to the casing—that is, the one shown on the left—is 
y so mounted as to abut against a collar or flange 
on the plunger c, the inner ring—that is, the one 
ad by means of a nut / 

Along the inner 


advan 
cl prov 
shown upon the right —being 
screwing on to the threaded extremity thereof. 
surface of the casing d! are provided grooves or slots, in which 
the projections a4 on the end plate members a work. Su 
now force were 
lunger c out of ment with the axis of the casing, as would 
be case when, for example, n ting a curve, the buffer- 
aoe c would rotate about the fixed pivot d within the casing, 
and the 


concave surfaces of the rings or bushes ¢ would glide 
smoothly over the adjacent convex surfaces a* of the end plate 
members a until the limit of motion, due to the contacting of 


the plunger with the inner peripheries of the end plate members, 
or with the edge of thehole or slot in the headstock, would be 
attained. In practice, however, the limit of motion is seldom or 
never attained. Thus it will be seen that no transverse move- 
ment of the buffer-springs ) will take place, the same remaining 
stationary with respect to the casing d!, their sole movement 
being that of compression or extension. (Sealed April 16, 1914.) 


6982/13. S. T. Quilliam, Salford. Electrically- 
Operated Points. (4 Figs.). March 22, 1913.—The inven- 
tion relates to boxes or containers for the electrical operating 
mechanism of tramway or railway points, switches and the like, 
and which boxes are ex externally to climatic or other 
conditions necessitating vision means for preventing 
the ingress of water or fluid to the interior portion containing 
said apparatus. The object of the invention is to form a box 
of the character referred ided with a combination of 
liquid seals whereby in quid or fluid, under all working 
conditions, is effectually prevented, and, at the same time, trans- 
mission of motion from the interior to the exterior of the box is 
not interfered with. a isthe box and b the outer cover thereof, 
and which is usually situated at the street level. cis an inner 
cover. A cavity or liquid receptacle d is provided, and extend- 
ing along the inner portion of the box. This 


or recess portion 

open if desirable to the 
inner cover ¢ are removed. 
with depending walls c!, forming, what may be termed, the dip 


“wg * gh vedo ion os A Bn. cover, or equiva- 
ent, ogg n » portions aforesaid pass 
between ° walle forming the liquid and extend 


rece 
down toa desirable extent. An nary atid 
provided between the edges of the inner cover ¢ and the box a, 
and external to the sealing device, so that any leakage through 
the joint from possible fault 
rendered non-detrimental. 


Fig. 2. 
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the electro- 


ef 
A 
# 
i 


toe 
other e 


pase under or P- 

@ of d, so as to emerge above the 
over or through the inner wall of the 
into the box 


4 


capable of ng the 
depending from the cover c ; 
the cover, and mercury ” in 
The liquid n may be provided 
the cavity d, or arranged 

from the box, even when 
liquid, such as between d! and 3, d 
joint ¢ or the like. To 
matter between shaft 
walls of the inner 


February 11, 1914.) 


4482/13. rn Ukt.) Raliway Ve U. 6. BR Opens, 
Philadelphia, U.S.A.) Vehicles. [3 Figs.) 
ruary 21, 1913.—This in ti lation to an — Frayeni 





ing 
ied to the buffer tending to force the buffer- 


to receive the 


—_ the axle- 


than usual, for 
axle 


through the jon-door i) pass to a heater j extending longi- 
tadinslly to the boller-ehell and thence through «present: 
short tubes or ducts &k yooet cnn ten water-space of the boiler to 
a header m in communication with the chimney or up- 
take. See contain or be packed with re- 
fractory material in a ular or fragmentary form, which 
raised to incandescence by the hot and the heat > 
transmitted through the conducting walls to the water within the 
boiler-shell n. The steam space of the boiler-shell may, as shown 
communicate with the steam-valve or chest through a superheater, 
which is disposed in what is usually the smoke-box of the boiler. 
pan he 2 material in, ces be : ~ “ 
em in granular or f: n 
+t ragmentary form, 


taken direct] 





springs are | 


lar posts 6, one for each axle- 


suspended from the side frames, and the lower ends 
through holes provided in the journal-box 


, are 
of the posts pase 














(44424) 





wings, which posts are capable of adjustment by means of the 
nuts 7 on the lower extremities thereof. @ ax ngs are 
carried beneath the side frames, and preferably each suspending 
6 is provided with an enlarged head 8, which is capable of 

ng received in a depressed portion of a plate, this plate being 
correspondingly 80 as to fit in recesses in upper 
ee Cag hoa me. By ri its also serve to 

eep lates in the proper place, an e tes thereby 

vide orate seated boxes or su’ for the car-springs 2. These 
springs at their u ends fit into kets 10 provided in cast- 
ings 11 which are bolted to the car-sill 12. A pair of these cast- 


ings are 

toeg located one at each side of the yoke, and are provided with 
guide channels 14, thus pare tive guided vertical move- 
ment between the truck and the car body, but preventing any 
longitudinal movement between the car and 


extreme ends of these offset 4 the semi-elliptic car-sprin 
17 are secured by means of straps or shackles to the car sil: 


in the ordinary manner. (Accepted February 11, 1914.) 


STEAM-ENGINES, BOILERS, EVAPORATORS &c. 
13/12. C. D. McCourt, and 
comt Limit Lon 


2 8 erators. 
{4 Figs.] October 22, 1912.—The object of this invention is to 
ly the process of combustion known as sur com) on to 
generation of steam in locomobile steam-generators. The 
distinguishing feature of this process of combustion is that a 
homogeneous explosive mixture of fuel, such as and air, in 
the proper for complete combustion = with air in 
slight excess thereof), is caused to burn without flame in contact 
with a granular 


invention, steam is generated by the heat of combustion of a 
combustible mixture supplied in suitable proportions to and 
burned within or on a or beds of —— material, con- 
veniently in nular or ae form, the hot gases 
from the combustion bed or are led through one or more 
tubes traversing the water space of the boiler. The combustible 
is derived from or constituted by an admixture of oil or other 














provided for each yoke 13 of the side frame, the castings 


bod truck. The 
ends of the side frames are offset cotuendly at 16, and at the 


Surface 


incandescent solid. According to the present 


or,| Austro-Hungarian mercantile marine was i 





ih hot gases are led, these gases bei: 

ly from the header j through the rm bong 
extend itudinally at each side of the smoke-box. e direc- 
hiv, «satan. egpamie to the anedlion af tow of Gnteen 
ably, as wn, e rection low of the 
(Sealed April 16, 1914.) 


MISCELLANEOUS. 


11,815/18. T.W. Lees and A. Lees, Halifax. Valves. 
{1 Fig.] May 21, 1918.—This invention relates to parallel slide- 
valves of the &: in two valve-discs are adapted to be 
forced against their seate, when tioned opposite same by 
ane = - — loca’ yo = hes sre we and 

rought into action by engagement e valve-casing, or 
an eager my! thereby, as the discs — — to the deeod 
position, a D ing provided to act on ging member, 
and permit of the discs approaching one another when they are 
in any but the closed — The invention consists in the 
combination with the valv ndle, and meens for raising and 
lowering it, of a saddle formed on or carried by the lower end of 
the spindle, or an opening in the saddle in which rest inwardly. 
projecting bosses on a pair of valve-discs, conical or tapering 

the inner faces of the , a conical-plug embraced 
recessed faces of the bosses, a recess or cavity in the 
spindle above the saddle, into which an extension of the plug 
extends, a spring confined in the cavity and bearing on the upper 
end of the plug, an opening in the bottom of the saddle of suffi- 
cient diameter to admit of the passage of the spring and plug, 
a bush screwed into the opening, and guiding and supporting 
the lower end of the plug, and a fixed abutment carried by or 
formed on the casing with which the lower end of the plug is 
adapted to e when the valve-spindle is lowered to close 
the valve. Referring to the drawing, the lower end of the valve- 
spindle 1 carries, or is provided, according to this invention, 
wit!: a saddle 1!, having therein a circular opening or bore 
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whose axis is in alignment with the longitudinal axis of the 
valve. The two valve-discs 2 and 3 are provided respectively 
with inwardly-extending bosses 2! and 31, and these bosses rest 
in the opening in the saddle 11. The inner face of each boss 
21 or 3! is provided with a conical or tapering recess 2% or 32, 
the wider portions of the recesses being at the bottom. The 
bosses 2! and 8!, when placed in position in the saddle, embrace 
between them a conical = 4, the extended upper end of 
ng 


pay pel en bya 5 contained in acavity 6 formed 
in the ve-spindle 1 z, we the saddle. At the lower end of the 


screwed 
diameter of which opening issuch that, when the bush is removed, 
the conical plug and the epring 5 can be removed or inserted 
ee 7 forms a support and guide for 
the lower of plug, whilst the upper end of the plug is 
guided in the lower end of the cavity or recess 6 in which the 
spring 5 is located. When the valve is n, the spring 5 presses 
ve ey np the discs 2and 3 to be moved freely up 
tween the valve-faces 8 and 9 ; but when the valve is 
closed, an abutment 10, carried by the casing 11, engages 
the plug 


e upward — 
thereof to 8 agains 

and 32 in the boeses 21 and 3), 
. in known manner, outwardly 
8 and 9 with an equal and uniform pressure. 
Immediately the spindle is operated to commence to open the 
valve, the spring acts to press down the plug and remove all out- 
ward pressure on the discs, in known manner, thus enabling the 
valve to be easily opened. (Accepted January 29, 1914.) 





Tue Avustro-HuNnGARIAN MERCANTILE Making.—We 
read in the Rivista Marittima that in the year 1913 _ 
y 
40 of which were steamers and one a sailing- 


41 shi 


346 steamers and 7 saili 
of 705,092 tons, in December 31, 
and 8 sailing-ships, for a total of 794,642 
ber 31, 1913, or an increase of 26 units and 89,550 
These figures do not include the ships under 
50 tons gross. 
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THE NEW CUNARD LINER 
* AQUITANIA.” 
(Continued from page 659.) 

Havine described the main turbines to drive the 
ship, and the steam distribution to the turbines, 
with the several valves for various alternative 
systems of working, we may now turn to the mecha- 
nical appliances connected with the condensation of 
the steam and the return of the condensed water to 
the boilers, as well as the supply of ‘‘ make-up” 
feed-water. As has already been explained, each 
of the low-pressure turbines exhausts through an 
eduction-pipe into a separate condenser, which is 
placed, along with the requisite pumps, in a separate 
compartment abaft the turbine-room. The two con- 
denser-rooms are separated by a longitudinal bulk- 
head in the centre line of the ship, these rooms 





varies from 1# in. at the top to 1} in. at the bottom. 
The circulation is on the double-fiow principle, and 
in the design of the condensers and pumps a vacuum 
of 28} in., with a barometer at 29 in., is aimed at. 
There is in each condenser 23,000 sq. ft. of cooling 
surface, making collectively 46,000 sq. ft. There 
are two circulating pipes tv each condenser 30 in. 
in diameter, and for inspection purposes large 
double doors are fitted to each end, each door again 
having a large number of man-hole doors for easy 
access to all tubes, without the removal of the main 
doors.. This is well shown in the perspective view 
of the condenser on Plate LXXVIUL. 

There are four main circulating-pumps supplied 
by Messrs. W. H. Allen, Son and Co., Timited, of 
Bedford. They have suction and discharge-branches 
30 in. in diameter, and each is fitted with a turbine 
type of disc. Each pump is driven by a double- 
acting enclosed engine, having a steam-cylinder 





service type, having gun-metal barrels, with cast- 
iron bases and tops, fitted with gun-metal buckets, 
manganese-bronze pump-rods, steel piston-rods, 
and Kinghorn valves on gun-metal seats. The 
rationale of the ‘‘ Dual” air-pump, it may be said, 
is as follows :—The duty of an air-pump is to take 
from the condenser a mixture of air, water, and 
vapour, and to obtain economical working ; this 
should be done at the highest possible temperature. 
Ifa i be used to deal with this mixture, 
the hotwell temperature for a given vacuum is 
dependent on the amount of air leakage and the 
air-pump capacity. Consequently, with a single 
air-pump the temperature of the mixture must 
considerably colder than the theoretical tempera- 
ture, due to the vacuum. By the use of separate 
~~ ¥ handling the air and water, the dry pum 
a cold injection non-returnable to the feed, 
and the above conditions are changed, higher 





Fic. 152. Mary Crrcutatine Pumps, sy Messrs. W. H. Aten, Son anp Co., Limrep. 


ether occupying 36 ft. 6 in. of the length of the 
ship and the full width ; but at the point where the 
turbine-room transverse bulkhead joins the hull of 
the ship there is a splayed joint forming a V, to 
obviate both the turbine and the condenser-rooms 
on the port or starboard side respectively from 
being put in connection with the sea as a result 
of collision at a point of junction between the 
transverse bulkhead and the skin of the ship. The 
arrangement of the machinery in the condenser- 
rooms is illustrated on Plates LX. and LXIV., 
accompanying our issue of the 8th inst. 





THE CONDENSING PLANT. 

The condensers, of Weir's ‘* Uniflux” design, 
and constructed by Messrs. John Brown and Co., 
Limited. are illustrated in detail on Plates LX XVII. 
and LXXVIII. The drawings reproduced are 
largely self-explanatory and dimensions accompany 
them. Each condenser is built up of 3-in. steel 
plates, riveted with double lap-joints. The water 
ends are of cast iron, 14 in. thick. The tube-plates 
ate of yellow metal, the distance between these 
being 12 ft. 64 in. The tube-plates are stayed by 
steel rods having capped nuts. There are altogether 
18,706 tubes in the two condensers, these tubes 
being}? in. external diameter, while the pitch 





14 in. in diameter by 10} in. stroke. The pumps 
and engines are arranged in two pairs, as shown in 
Fig. 152, annexed. The engine crank-shafts are 
extended on the side remote from the pumps, and 
couplings are provided so that the pair can be 
coupled together or run separately, as desired. The 
engines are fitted with a system of forced lubrica- 
tion throughout the working . The pump- 
casings are of cast iron, and are fitted with brass 
rings where the outer rim of the pump disc ap- 
proaches the casing. The discs are of gun-metal 
and the spindles of bronze. Each pumping-engine 
is capable of delivering 18,500 gallons of water per 
minute under circulating conditions against a total 
suction and delivery head of 31 ft. 6 in., which 
includes condenser, pipe, valve, and bend friction, 
the speed being 350 revolutions. The circulating 
water enters the condenser at the bottom, this 
arrangement following the usual practice, which 
has been found to give the best results. 

Two sets of air-pumps of Weir's ‘‘ Dual” type 
work in connection with each condenser. One 
set is illustrated by Fig. 153, on Plate LX XIX. 
The air-cylinders are of 38 in. diameter by 
21 in. stroke, and each is driven by one steam- 
cylinder, 20 in. in diameter by 21 in. stroke ; each 
aga is suitable for 14,000 shaft horse-power. 

pumps are of Weir's standard merchant- 


thermal efficiency being thus rendered possible. 
The wet (or water) pump is enabled to handle 
water at approximately the steam temperature, 
while at the same time the dry pump deals with 
the air and vapour at the volume and temperature 
conditions imposed by the temperature of the 
injection water. This aim, sought in many different 
ways, has been achieved in a comparatively simple 
manner by the use of the ‘‘Dual” air-pump, 
together with an increased efficiency of the dry 
pump, due to its contents being densified or de- 
creased in volume through cooling by the injection 
water, which circulates continuously, never leaves 
the system, and is never subjected to atmospheric 
pressure, with consequent aeration. The dry air- 
pump further works only at less than half the pres- 
sure range, as it discharges below the head-valves 
of the wet pump. 

The and starboard air and circulating-pumps, 
it may be added, are cross-connected, enabling both 
condensers to be served by the pumps in either 
compartment. 

For dealing with the exhaust from the auxiliaries 
and turbo-electric plant a Weir's ‘‘Uniflux” auxiliary 
condenser, constructed by Mesers. John Brown 
and Co., Limited, with circulating and air-pumpe, 





is placed at the forward end of each of the wing 
uabbapooesis. These condensers are 7 ft. between 
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tube-plates with 2000 sq. ft. cooling surface each. 
The auxiliary pumps, like the main circulating- 

umps, have m supplied by Messrs. Allen. 
tach pump has suction and discharge branches 
10 in. in diameter, and is driven direct by a single- 
cylinder enclosed engine, the cylinder having a 
diameter of 7 in. by 6 in. stroke. Each of these 
pumps delivers 2500 gallons of water per minute 
against 20 ft. head, when running at a speed of 330 
revolutions. The air-pumps of Weir’s monoty 
design, illustrated by Fig. 154, on Plate LXXix., 
have an air-cylinder 24 in, in diameter, and asteam- 
cylinder 12 in. in diameter, both with a 15 in. stroke. 
The materials used are the same as those adopted 
in the ‘‘ Dual” pumps. The mountings, as shown, 
include steam and exhaust stop-valves. The air- 

ump discharges through an auxiliary filter to the 
| ore a tanks or to the auxiliary feed-tanks situated 
at the forward end of the wing turbine-rooms. 





FEED-PUMPS, HEATERS, &c. 

From the main air-pumps in the condenser- 
rooms the feed-water is discharged into two hot- 
well tanks, one in each compartment. There are 
four of Messrs. Weir’s hot-well pumps, of the light- 
duty type, shown by Fig. 155, on Plate LXXIX. 
Each pump-cylinder is 14 in. in diameter, and the 
steam-cylinder 12 in., with a 26-in. stroke. Each 

ump is capable of dealing with the feed-water 
ee 14,000 shaft horse-power. The pump ends are 
of gun-metal, and the pumps are fitted with gun- 
metal liners, gun-metal buckets, manganese-bronze 
pump-rods, steel piston-rods and gun-metal valves 
on gun-metal seats. The erage are automatically 
controlled by Weir’s control-gear, fitted in the hot- 
well tanks, so that the s of the pumps corre- 
sponds to the flow of water into the tanks. These 

umps are also regulated by the direct-contact 
om control-gear, giving a control on the suction 
and discharge side of the pumps, 

Between its passage from the hot-well tank and 
the heaters the feed-water goes through filters, of 
which there are four, of the well-known Harris 
type. These filters are illustrated by Figs. 156 to 
163, on the present and opposite es. They are 
arranged in pairs (Figs. 156 to 158), one pair being 
on each side of the centre turbine-room, so that one 
may be overhau'ed while the other isin use. The 
— feature of their internal construction is the 
central sludge-outlet—an “eres arrangement by 
which the filtering area is divided into eight sepa- 
rate sections, each of which can be sludged out 
independently of the others (Fig. 161), the whole 
force of the reversed current of water when clean- 
ing being concentrated on only one-eighth of 
the surface. In this way the cleaning is most 










Fig. 157. 
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Fies. 156 ro 158. Harris’s Feep-Warter Fsurers. 


efficient, and can be effected in a few minutes 
without the necessity of opening up. Each filter 
is fitted with a nest of gun-metal grids (Fig. 159) 
having a central opening, the upper and lower 
faces and centre of each grid being machined ; 
shallow recesses are formed in each face of the 
| ree into which discs of tinned-copper gauze are 

tted, and between each grid and the next is 
= a disc of filtering material having a centre 

ole, the inner and outer edges of the material 
being gripped by the grids, thus ae a 
water-tight joint. The internal chamber formed by 
the grids (Fig. 162) is fitted with the central sludge- 
valve, which is a special patented appliance in 
the form of a lantern cock with a casa of rows 
of ports (Fig. 163), the external shell of the cock 
being provided between the rows of —_ with 
collars fitting closely into the interior of the grids 
and guastiontiy making a joint, thus dividing the 
whole pile into independent sections, each of which, 
by reversing the flow of water, can be oa out 
independently of the rest by moving a handle work- 
ing over a marked quadrant on the filter-cover 
(Fig. 160). By this arrangement the filters can be 
effectively sludged without opening out or removing 
the filtering medium. 

The feed-water, after being filtered, is discharged 
by the hot-well pumps through Weir's ‘‘ Uniflux” 
surface feed-heaters, of which there are two, In 





these the exhaust steam from all the auxiliaries, 
with the exception of the turbo-generators and ash- 
expeller pumps, is utilised to heat the feed-water. 
As this steam is impregnated with oil, it flows, 
after condensation, “ gravity to the hot-well 
tanks, the outlet being regulated by a float-control 
gear. Each of the two ‘‘ Uniflux” surface feed-water 
heaters, which are of the horizontal type, contains 
1000 sq. ft. of heating surface, and is capable of 
dealing with the feed-water for 28,000 shaft horse- 
power and of raising the temperature of this 
quantity of water from 90 deg. to 155 deg. Fahr. 
when supplied with exhaust steam from the auxi- 
liaries, with the exception of the electric-light 
engines. The shells of. the heaters, one of which is 
illustrated by Fig. 164, on page 696, are of mild 
steel, with cast-iron end-pieces and covers, rolled- 
brass tube-plates, solid-drawn copper tubes, fixed 
into tube-plates by screwed ferrules aud wy - 
neatly covered with planished sheet steel. In 
addition to the ‘‘Uniflux” feed-heaters there are also 
fitted two of Weir's direct-contact heaters, into 
which the exhaust from the turbo-generators and 
ash-expeller pumps is led. The heaters, illus- 
trated by Fig. 165, on Plate LXXX., are 48 in. in 
diameter, = contain capemaatiy-suatont gear “| 
regulatii speed of the main -pumps, an 

each capable of — with feed-water for 28,000 
shaft horse-power and of raising the temperature 


es, aadhe 
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from 155 deg. to 220 deg. Fahr., when supplied 
with exhaust steam from the electric-light engines. 


The shells of the heaters are of mild steel, with | 
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fitted with steam-inlet valves, water-inlet valves, 


relief-valves, pressure-gauges, and all requisite 


mountings. 
There are three of Weir’s standard feed- | 
pumps, supplemented by a duplicate installation of 


auxiliary feed-pumps of the same size and number, 
all located at the forward end of the centre turbine- 
room. These pumps are all connected on the suction | 
side to the direct-contact heaters and the hot-well | 
tanks. All of these pumps, one of which is illus- 
trated by Fig. 166, on Plate LXXX., have water- 
cylinders, 13 in. in diameter, and steam-cylinders, 
18} in. in diameter by 27 in. stroke. Each pair is 
capable of supplying the necessary feed-water for 
one-third of the boiler power when working at full 
power—i.e., each pair is suitable for over 18,000 
shaft horse-power. It will be noted that on this 
basis the feed-pumps have a margin of 100 per 
cent, over their normal duty. The water ends of 
these pumps are of gun-metal, fitted with gun- 
metal liners, gun-metal buckets, manganese-bronze 
pump-rods, steel piston-rods, and bronze valves in 
gun-metal seats. Each pump is fitted with four 
suction and four discharge stop-valves, quadruple 
steam-valve, single exhaust-valves and relief-valves. 





EVAPORATING AND DISTILLING PLANT. 


The fresh-water distilling machinery consists of 
two separate plants, placed at the after end of 
the wing turbine-rooms. These, illustrated in 
Fig. 167, on page 697, are of Quiggin’s well-known 
design. Each set includes two evaporators of equal 
capacity, two distilling condensers, one evaporator 
feed-pump, and one circulating pump for the two 
condensers. The evaporators, which are of cast iron, 
have a normal capacity of 75 tons each per twenty- 
four hours, but are capable of producing consider- 
ably over this quantity if required. They are of the 
**single effect’ type, and have all the necessary 
mountings, including dead shut-off type of auto- 
matic feed-water regulator, and specially designed 
separator for enabling the attendant visually to 
regulate the condenser boiler-steam drain from the 
heating surface. The evaporators are lagged with 
hair-felt and planished steel. ither or both 
evaporators can be used for feed make-up purposes 
or for the production of distilled water. An auto- 
matic feed-water regulator is fitted on each evapo- 
rator, and this maintains the water-level in the 
evaporators at a constant height. 

ere are two distilling condensers, of equal size, 
each having an output of 50 tons (or 11,200 gallons) 
of distilled water per twenty-four hours when 
supplied with vapour from the evaporators. Each 
condenser has its own independent and separate 
fresh-water filter, specially designed to facilitate 
cleaning and inspection, with an aerating apparatus 
fitted between the condenser and filter. The 
condensers are designed to produce the drinking- 
water at a temperature within a few degrees of 
that of the sea-water. 

Each set is provided with a Lamont’s vertical 
duplex pump 11 in. by 10in. by 10 in., for circulati 
water eon h the distillers, and each capable of 
discharging tons of water per hour, and a 

ump, also of the vertical duplex type, 5 in. by 

in. by 6 in., by Thom, Lamont and Co., for main- 
taining the f supply to the evaporators. The 
firm also supplied two pumps, 5 in. by 5 in. by 
6 in., each capable of delivering 35 tons of water 
per hour. 





PUMPS FOR SUNDRY PURPOSES. 


In addition to the auxiliary machinery in con- 
nection with the condenses and feed-water, as 
already described, there are a number of pumps 
throughout the machinery s for sundry duties. 
In the centre turbine-room there is a vertical duplex 
pump, 11 in. by 10 in. by 10 in., in connection with 
the sanitary system throughout the ship; a similar 
pump is fitted for wash-deck and fire 
and has a capacity of 200 tons per hour. These 
pumps, of the Carruthers type, are cross-connected, 
and the — on ph Fp ae illustrates the 
type. pumps of this or ki design the firm 
supplied twelve. The three pumps in connection 
with the Stone-Lloyd water-tight door system are 
also situated in the centre engine-room. Together 


ng|water per hour when runnin 





these pumps are capable of delivering without 




















Fic. 164, Wes’s ** Unirtux” Freep-Heater. 


shock or noise 150 gallons of water or oil per 
minute against a pressure of 700 lb. per sq. in. 
when supplied with steam at 150 lb. per sq. in., 
and exhausting against a back pressure of 26 lb. 
per sq. in. above atmosphere. Each pump is fitted 
with a relief-valve (with internal spring) having a 
return to suction. On the outboard side of the 
port-wing turbines two vertical duplex pumps, 
12in. by 10in. by 12 in., by Carruthers, are placed, 
with a similar pair on the starboard side for water 
service to the Conntnge, oil-coolers, &c. A motor- 
driven sanitary — is also situated in the port 
turbine-room. his motor-driven Allen pump has 
one 6-in. pump driven by a semi-enclosed motor, and 
it delivers 170 tons per hour against a maximum 
head of 75 ft. when running at 1500 revolutions per 
minute. The motor develops 27 brake horse- 
power, and the set is furnished with a starter and 
regulating switch fitted with automatic no-load 
release and speed-regulator. 

The fresh and condensed-water pumps, of Weir's 
type, are arranged at the forward end of the port- 
wing engine-room. Each of these | amr has filters. 
The pump-cylinders are 8 in. in diameter, and the 
steam-cylinders 6} in. by 15 in. stroke. Each pump 
is capable of delivering 9100 gallons of water 
per hour when running at thirty double strokes 
per minute. The condensed-water pump is 124 in. 
in diameter, with a steam-cylinder 10 in. by 24 in. 
stroke, and is capable of delivering 80 tons of 
at fifteen double 
strokes per minute against a head of 95 ft. when 
supplied with steam at a pressure of 150 Ib. 
a sq. in. In each wing compartment at the 
orward end there is a vertical duplex bilge-pump 
9 in. by 8in. by 8in. A small horizontal duplex 
pump in connection with the ship’s steam-heating 
— is placed in the starboard wing compartment. 

ere are also two Royle calorifiers, and these will 
be described later. 

In the condenser-rooms, in addition to the 
— already mentioned, there is a bilge-pump 
similar to those in the wing engine-rooms. A hot- 
salt-water pump, 64 in. by 8 in. by 15 in. stroke, 
to deliver 9100 gallons per hour, for ship’s purposes, 
is situated in the port condenser-room, i 
pump draws from the main circulating discharge 
over A small condenser is arran in 
the port condenser-room, into which all drains 
from steam and exhaust-pipes and from thermo- 
tanks, galleys, and ship’s steam heating are led. 
From a in-tank in connection with this con- 
denser a pump situated near by delivers the drain- 
water to the hotwell tanks after being cooled. 

The six forced-lubrication pumps, by Messrs. 
Weir, have steam cylinders 12} in. in diameter, with 
oe 10 in. by 24-in. stroke. Each is 
capable of delivering 20,000 gallons of oil per hour 





when running at 17} double strokes per minute. 
The same firm supplied two vertical oil service 
pumps, 9 in. in diameter by 7}-in. steam cylinder by 
18-in. stroke, each capable of pumping 9000 gallons 
of oil per hour from one tank to another when 
running at 20 double strokes per minute. 

All the necessary valves, &c., for galley, thermo- 
tanks, and steam heating are placed in the centre 
engine-room, with all shut-off and reducing valves 
and gauges, so that the engineer in charge this 
system under his entire control. 





THE BOILERS. 


On the two-page Plate LX XXII. we reproduce 
a longitudinal section and plan, Figs. 169 and 170, 
of two of the four boiler-rooms, the other two 
being practically the same, while Figs. 171 to 173 
are cross-sections. In each of the three forward 
boiler-rooms, which are 78 ft. long by 60 ft. wide, 
are six boilers, placed three abreast, while in the 
aftermost boiler-room, which is 42 ft. long by 60 ft. 
wide, there are three boilers similarly placed. To 
each boiler-room there is a large double elliptical 
funnel, the outer casings of each being 24 ft. 
on the major axis by 17 ft. on the minor axis. 
The forward funnel is 154 ft. 9 in. high above 
the fire-grate, and 64 ft. 6 in. above the casing- 
top. In addition to the ordinary exit there is 
an emergency escape from each boiler-room to 
*“*E” deck. It will be seen that along the whole 
length of the boiler compartments— 369 ft.— 
on each side of the ship, are coal-bunkers divided 
from the boiler-rooms by a longitudinal bulkhead, 
which is 18 ft. from the outer skin of the ship, 80 
that no damage to the outer skin can ibly affect 
the inner wall. The space between the inner walls 
constituting the bviler-rooms is about 60 ft. wide. 
In the coal-bunker s there are fitted trans- 
verse bulkheads dividing these bunkers into ten 
water-tight coal sections on each side, varying from 
27 ft. to 33 ft. in length. A notable feature in the 
subdivision is that the coal-bunkers in each of 
the main divisions separated by the transverse 
bulkheads are sufficient in capacity to take coal for 


This | the voyage for all the boilers in such compartment, 


so that the isolation of any boiler compartment 
becomes an easy matter. Moreover, the circuit for 
the closing of the doors in the main transverse 
bulkheads from the bridge, and the maintaining of 
them in the closed position on the Stone-Lloyd 
system, is separate from the circuit on which the 
doors in the longitudinal bulkheads are operated. 
Thus the former doors may be kept closed on the 
voyage, except where it may be desired to _ 
them for unavoidable communication, and then 
they automatically close. The doors on the 4 4 
tudinal bulkheads may be kept open, but can 
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f | * instantly closed at the will of the captain from the 
bridge. This is a departure from previous prac- 
tice, and adds tly to the security of the ship. 

The fore-and-aft bulkheads in all cases are con- 
nected to the shell of the ship by strong stays 
formed of double channels spaced 9 ft. apart. The 
hatches to the cargo holds are trunked and made 
water-tight to the weather-deck. The engine and 
boiler-casings are extra well stiffened by webs and 
made water-tight to 20 ft. above the load water- 
line. Thus water entering any of the cargo, engine, 
or boiler compartments cannot flow into any 
adjacent compartment, but is confined within the 
trunk hatches or casings. Moreover, there are 
transverse coal-bunkers athwart the ship at the 
forward end of the boiler space and between each 
of the boiler-rooms, excepting the space between 
Nos. 3 and 4 boiler-rooms, where the compart- 
ment is given up to the electric generating station, 
on the ‘‘H” deck level and on the hold level, on 
the starboard side to the refrigerating machinery, 
and on the port side to an assistant feed-pump and 
ballast-pump, both of the vertical duplex type. 

Distributed throughout the boiler-rooms are 
seven ash-expellers, of Stone’s underline type, for 
the di of ashes at sea, as illustrated in Figs. 
183 and 184, on Plate LX XXIII. These expellers 
are arranged in large recesses in the stokeholds, 
into which all ashes may be stowed for ejection at 
will, thus facilitating the work of the stokers by 
leaving a clear firing-platform at all times. The 
—, on which these expellers work was fully 

escribed in ENGINEERING, vol. xcv., page 664. 

As the whole of the ashes produced is estimated 
at 120 tons per day, and as each of the expellers 
has a capacity for disposing of 15 to 18 tons of ash 

r hour, they need only be worked intermittently. 

e ash and stokehold refuse are discharged quickly 
and noislessly through the bottom of the ship with- 
out ever being brought above the level of the 
stokehold floor. The advantages of such a system 
to arpog: ony are obvious. But another important 
point is that the expellers can be utilised as bilge- 
pumps, the bilge connection being not made tu 
the pump, but to the discharge flow, so that an 
— or solid matter which can pass throug 
the bilge suction can be discharged without going 
near the pump. Moreover, in times of emergency, 
the expeller-pumps can be brought into use ; and 
when it is mentioned that the capacity of the pumps 
for each expeller—already described—is approxi- 
mately 4500 tons per hour, it will be seen that the 
service they are capable of rendering at such times 
’ may be of the utmost value. In addition to these 
7 expellers there are eight ash-hoists fitted through- 

' , ie out the boiler-rooms for use in port. These ash- 
Bi] Z ee sae “. : ste | hoists are of the Railton Campbell silent type, as 

, | shown in Fig. 172, Plate LXX XT. 
Fie, 168. Ong or Severat Cannuruers’ Pumps ron Sunpry Dutuss, ‘ ‘The arrangement of the main steam-piping—of 
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moting rapid displacement of the air and ite 
frequent renewal, the convected heat effects become 
very noticeable and make working conditions un- 
bearable. 

Preliminary investigations were made with the 
object of ensuring adequate air changes, and it was 
first thought advisable to a h this from the 
point of view of nullifying the effect of the constant 
output of heat units from the various hot surfaces 
in the engine-room, lagged or otherwise. This was 
carefully gone into, and there were obtained the 
temperature gradients ome the flow of heat 
through the various thicknesses of lagging, as well 
as the working inside temperature and the desired 
outside temperature. On this basis it was ible 
approximately to estimate the amount of air re- 
quired to carry off the superfluous heat. 

It was decided that the plenum system should, 
in the main, be adopted—that is to say, the largest 
air volumes were dealt with by supply-fans, the 
exhaust being principally utilised for the removal 
of, and the better circulation of, air in the pockets, 
corners, and enclosed hot s below the level 
of the floor-plates. It has usual in cases of 
machinery s' ventilation on ship board to restrict 
the areas of the downcast trunking. This has, of 
course, been due to the unwillingness of owners to 
sacrifice space, but it was here recognised that for 
the obtaining of efficient working conditions, large 
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an exact replica of the machinery 


was fitted with electric heaters, capable of regula- 
tion by the introduction of suitable resistance, and 
representing the vessel’s turbines. It was thus 
possible to fix the various initial temperature condi- 
tions, and then, by experiment, to obtain the number 


Fig.193. 
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Fig, 192. Kerra-Biackman Fan ror ENGINE- 
Room VENTILATION. 
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spaces, to a scale | 
of }in. to the foot. The interior of the model | 





respect, as also in to its accelerating effect 
on the hot u . Experiment further su 
the advisability of fitting an adjustable flap open- 
ing at the aft-end top, and the utilising of the head 
wind or breeze above-mentioned for natural supply 
to one fan in the centre turbine-room. 

The skylight being thus arranged for, an induced- 

















E: |; O 
HALF SECTION HALF PLAN 
—-~—- oO re) 
= Taw 
f-TN 
‘ex Le) 
7 
NE NZ 
--\-- ° ° 
° 





Fies, 193 ro 197. Lamont Assistant Borer Fexrp-Pumps. 


cross-sectional areas for trunking were an absolute 
necessity, unless much of the power required to 
produce the output was to be wasted on Teelietal 
water gauge. Again, the Ounard Company's ex- 
perience with regard to previous ships had shown 
them the inadvisability of introducing tortuous 
leads for trunking, and the carrying of numerous 
branches from a single supply main is of small 
dimensions. Trunking areas were thus calculated 
to ensure that the possible outputs of the fans 
under free discharge would be most nearly realised, 
and that the total static and frictional water gauge 
was keptata minimum. The outlet air velocity 
was also, by this means, kept low, in no case 
exceeding much above 2000 ft. per minute, and the 
obtaining of large air voluntes- without unpleasant 
“~ ~ — a” thus eee. 
ith the object of more fully investigating the 
worki condiiienn, a model of the Silene 
— in wood and glass was constructed at the 
unard Company's works, and experiments were 
continued by Mr. A. Galbraith, the Superintending 
Engineer of the Cunard Company. This model was 


of air changes necessary to produce the desired tem- 
perature drop. A complete trunking installation, 
to scale, was fitted to the model, together with | 
ments for obtaining air supply and exhaust, 
and their regulation. Time-tests were carried out 
for comparison of (1) plenum or all supply system ; 
@) all oe 3 (3) eupply eo — ; and — 
ow e superiority of the plenum system, whi 
was in the saks ategted, as Sole mentioned. 

A further series of experiments was carried out 
for the of determining the most suitable 
form of engine-hatch skylight, and here it may be 
mentioned that propeller-fans were so as to 
obtain a breeze corresponding to the — + motion 
at 23 knots, the same being utilised as efficiently as 
possible both for supply and exhaust purposes. 
Again, the form of skylight was made dependent on 
its non-interference with hot-air outlets. It was 
found that with the ship in motion the current of 
air ing aft through els of a cambered top 

uced a blanketing effect on the hot upcast. A 








t top with torpedo exhaust ventilators suitably 
arranged thereon gave the best results in this 


draught system has proved very successful in prac- 
tice. Temperature readings were taken by means 
of small specially-made thermometers, introduced 
at various parts of the model most representative 
of actual working spaces, as also in the hatch. 
During each experiment, light silk threads, 
attached to the bulb of each thermometer, indi- 
cated the presence and direction of the various air 
currents, while these currents and eddy formations 
were further studied by introducing smoke into 
the compartments of the model under various con- 
ditions of both supply and exhaust. The tendency 
of the air to ray ‘* stagnant ” pockets was very 
clearly demonstrated, and leads to exhaust trunking 
were based to a large extent on the results obtained. 

On pages 698 and 699 we illustrate the system 
of trunks adopted. Fig. 188 is a longitudinal 
section through a low-pressure turbine-room, and 
Fig. 189 a section through a wing turbine-room, 
while Figs. 190 and 191 are plans at the lower- 


deck and boat-deck levels respectively. In the 
low-pressure turbine-room the ti ag har fans 
fit required no trunking from the fan to the 
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point of discharge, and consequently an enormous 
amount of trunking of large dimensions was saved. 
Moreover, as the trunking would have had to be 
removed when the turbine casing and rotor were 
raised for overhauling pu there was further 
gain in this arrangement. e fans can be run at 
different speeds to suit the atmospheric conditions, 
and, in addition, dampers are fitted to the down- 
cast trunks supplying the fans. The same figures 
show the method adopted for the condenser-room. 

In the case of the wing turbine-rooms, shown in 
Fig. 189 and in the plan, Fig. 190, owing to the lack 
of head-room, the open type of fan could not be 
adopted, and consequently there had to be down- 
casts as well as upcasts. 

Fig. 191 shows the arrangement, at boat-deck 
level, of the ventilators for the supply of air to the 
fans in the wing turbine-rooms and in the con- 
denser-rooms. It will also be seen that a part of 
No. 4 funnel is used as the uptake, the inner 
funnel from No. 4 boiler-room ae smaller than 
the others, owing to the less number of boilers in 
this stokehold. 

The fan equipment—19 supply and exhaust fans 
of the Keith-Blackman type— has an aggregate 
capacity of 660,000 cub. ft. of air per minute. Of 
these, the greatest interest perhaps attaches to 
the open-type Keith fans, three of which (having 
56 in. diameter inlets and a total output of 150,000 
cub. ft. of air per minute) are installed in the 
centre turbine-room, on the system adopted on 
board the Lusitania with marked success. - The 
arrangement of these open-type fans is shown in 
Fig. 192, page 700. The impellers, which are de- 
signed for efficient working without any surrounding 
casing, are keyed direct to the shafts of vertical- 
spindle Laurence-Scott motors, and the heavy 
angle-iron framework renders each unit self-con- 
tained and ready for bolting to the lower end of the 
fresh-air ducts brought down to the engine-rooms 
from the top deck. It was impossible to find room in 
the machinery spaces for distribution ducts of the 
sizes necessary to convey an adequate supply of cool 
air for maintaining a satisfactory temperature, and 
it was regarded as the characteristic advantage of 
these open-type fans that exceptionally ) tons 
volumes of air could be distributed over a wide area 
without the use of any branch ducts, and at a 
comparatively low expenditure of power for the 
effective work done. It has also been found that 
the cooling effect is obtained with an absence of 
objectionable draughts. 

For the wing turbine-rooms, the condenser 
rooms, and the turbo-dynamo rooms, the fresh 
air is supplied by two 45-in. and four 35-in. fans 
of the cased type, fitted with hose-proof motors 
by the Electromotor Company. For exhausting 
the heated air from various points in these machi- 
nery spaces, ten Keith fans are employed, with a 
combined capacity of 270,000 cub. ft. of air per 
minute, these being of the cased type also, and 
combined with semi-enclosed motors. For assisting 
the ventilation of the stokeholds, seven motor- 
driven Keith fans of smaller size are in use. 

During the trials of the ship the writer made 
careful observation of the temperature in the 
various boiler and machinery spaces, and the 
result was thoroughly satisfactory. The coolness 
experienced was most exceptional, and showed that 
the Cunard Company had acted wisely in under- 
taking the experiments, that Mr. Galbraith had 
made sound deductions, and that Messrs. John 
Brown and Co., Limited, had carried out his pro- 
posals efficiently. 


ASSISTANT PUMPS IN BOILER-ROOMS. 


An assistant feed-pump, ballast-pump, and bilge- 
pump are arranged in a recess in the cross-bunker 
between boiler-rooms Nos. 1 and 2 and between 
boiler-rooms Nos. 3 and 4 (Figs. 169, 170, and 173). 
These pumps in the boiler-rooms are all of the ver- 
tical duplex type. The assistant feed- umps, 11 in. 
by 73 in. by 15 in,, are of the Thom aon type. 
One of these pumps is illustrated by the drawings 
reproduced on page 700 (Figs. 193 to 197). The 
cylinders and slide-valves are of close-grained 
cast iron, and the steam-pistons are fitted with 
cast-iron piston-rings of special section, as shown. 
The main stuffing-boxes are fitted with United 
States metallic packing. The pumps are of gun- 


metal. The plungers are of gun-metal, and fitted 
with three Eons pump-rings. The valves and 
seats are se 


parate, and o -metal. The piston- 
rods are of mild steel. Ths panp-cot is of wlesene’ 





cold-rolled manganese bronze. The ballast-pumps, 
which are 10 in. by 12 in. by 10 in., are of the 
Carruthers type, already referred to. 





ENGINEERS’ STORES AND WORKSHOPS. 


A workshop containing two lathes, one drilling- 
machine, planing-machine, and grindstone, is fitted 
up in the 2g wonagenge grin large issuing 
store attached. ere are also two large store- 
rooms in the tunnel compartments, and one between 
Nos. 3 and 4 boiler-rooms ; also a sufficient number 
of vice-benches, with lockers, &c., are distributed 
over the various rooms, «&c., for overhauling pur- 


Next week we hope to conclude our comprehen- 
sive description of the Aquitania, with illustrations 
of the ship showing the scantlings, deck plans, the 
arrangements involved in her use as a great floating 
hotel, and the navigation and manoeuvring appli- 
ances, and cargo, mail, and baggage-handling gear. 





THE NEW WATER SUPPLY FOR THE 
CITY OF NEW YORK. 
By Cuarues Preuini, C.E. 
(Continued from page 588.) 

‘Tue Southern Aqueduct Department, with head- 
quarters at White Plains, has charge of 31.2 miles 
of the aqueduct, extending from a point near Peek- 
skill, in continuation of the Northern Department, 
to Hill View Reservoir, at Yonkers, near the 
boundary line of the City of New York. The work 
has included 7.6 miles of grade tunnels, 3.2 miles 
of pressure tunnels, 2.6 miles of pipe siphon, and 
17.8 miles of cut and cover. We do not intend to de- 
scribe each section of this work in detail, but to 
give some description of typical methods by which 
it was executed. The grade tunnels, for instance, 
have been excavated by the drift and also by the 
bench and heading methods. The former was 
used only on the Hunter Brook tunnel, while the 
latter was extensively employed, with modifications 
to suit local conditions. 

The Hunter Brook Tunnel at Yorktown was 
excavated by the Glyndon Contracting Company by 
means of the drift method, not, however, as used 
in the great Alpine tunnels, but by a modified 
method introduced by Mr. Ira Shaler in the con- 
struction of a section of the tunnel of the New 
York Subway, and described in Enorngertne for 
November 15, 1901. In the Hunter Brook tunnel 
a drift 15 ft. wide and 9 ft. high was excavated and 
cleared, after which a timber platform was erected 
close to the roof, to allow of the removal of the 
upper portion of the tunnel. This concluded, the 
excavation was trimmed to the required line. 

The drift was excavated by means of four 
Ingersoll- Rand 3.5-in. drille mounted on two 
columns, boring holes 5 ft. deep, except for the 
centre cut, where they were driven to a depth of 
6 ft. or 7 ft. The blasting was effected in three or 
four rounds, the first disposing of the wedge of the 
central cut. It was found that for rock in the 
drift a 5-ft. hole and a charge of 7.5 lb. of dynamite 
were necessary per cubic yard excavated. At each 
advance, from 16 to 28 holes were required, accord- 
ing to the quality of rock encountered. The work 
was carried on continuously by means of two shifts 
of drillers and one of labourers, succeeding each 
other in the following order :—First, a party of 
drillers, composed of a foreman, four drill-runners, 
four helpers, and one lad, worked for about eight 
hours—that is, until all the holes required for an 
advance were bored. The men in charge of the 
blasting came next, charged the holes and fired the 
various rounds, after which labourers cleared 
away the débris, usually requiring three hours for 
the purpose. One shift only of labourers was 
employed, consisting of a foreman and eight men, 
who worked only six hours a day in two periods of 
three hours each. 

When the drift had been cleared a temporary 
timber platform was erected for the excavation of 
the upper part of the tunnel. This is shown in 
Fig. 33, page 702, while a view of the platform is 
given in Wig. 34. It was composed of 10-in. round 
posts and 1S in, by 12-in. cap-pieces, set up 3 ft. 
apart, and heavily planked on the top, so as to 
form a working platform strong enough to receive 
the débris resulting from the blasting of the 
upper portion of the tunnel, It was erected at 
a height of 7.5 ft. above the floor, with a clearance 
of 1.5 ft. between platform and roof. In the plat- 


form floor openings were left, so that the broken 
rock could = dumped directly into cars running 
on rails below. 

The upper ae of the tunnel was excavated by 
means of two Ingersoll-Rand 2.5-in. drills mounted 
on a cross-bar 8 ft. long. From twelve to sixteen 
holes were required on this part of the work, and 
these were bla:ted in three rounds, beginning with 
the lowest. To widen the tunnel to the required 
dimension an Ingersoll-Rand telescope feed stop- 
ing-drill was ‘al, which trimmed, at the same 
time, all the rock that projected beyond the pre- 
scribed line. 

Every 300 ft. a a raise was opened, so that 
the tunnel could attacked at different pointe. 
By this arrangement the work proceeded regularly 
and without mutual interference, inasmuch as the 
drillers were busy at one point, the labourers were 
occupied at another, and the trimmers at a third. 
For this upper part a hole 1.5 ft. in depth, with a 
charge of 2.6 lb. of dynamite, was required for each 
cubic yard of rock measured in place. The broken 
rock was collected on the platform and dumped 
through the openings into the cars below, two 
labourers and two car-handlers being employed for 
the work. 

The only innovation in the construction of this 
tunnel consisted in the erection of the timber plat- 
form, leaving traffic with the front of the drift 
free, and facilitating at the same time the handlin 
of the rock to be removed. In the Subway tunne 
Mr. Shaler tried a movable platform, which, before 
the blast, was moved back to a safe distance. 
The rock thus fell to the floor of the tunnel, 
obstructing for a while communication with the 
front, and also impeding the removal of the débris. 
If the cost of timber and its erection. be con- 
sidered, as well as the necessity of a higher drift, 
which is the most expensive part of tunnel excava- 
tion, it may be found that, after all, this innova- 
tion does not possess quite the advantages claimed 
for it over the ordinary method of heading and 
bench. The latter method was employed on all 
the other tunnels of the Catskill Aqueduct, with, 
however, certain modifications. 

The Turkey Mountain tunnel, near Croton Lake, 
which forms the storage reservoir of the present 
water supply, was excavated by the Bradley Con- 
tracting Company by means of heading and bench. 
The heading, which was 15 ft. wide and 8 ft. high, 
was excavated by means of 22 or 24 holes, the 
location of which are clearly indicated in Fig. 35. 
The holes were blasted in four rounds, the first 
being for the centre cut or wedge, which was 
removed by charging-holes driven from each side 
of the centre line towards the middle. After 
these, rounds 2 and 3 were fired, and, finally, the 
fourth, which included the blasting of the holes 
driven dry in an upward direction, so as to reach 
the crown of the arch. In this way the entire 
heading was left open. The holes were bored by 
means of four 3.5-in. Rand drills mounted on two 
columns, and were charged with 60 per cent. dyna- 
mite for the first round, and 50 cent. for the 
others. The bench was removed by means of five 
or six holes bored by two 3.5-in. percussion Rand 
drills mounted on tripods. These holes were 
charged with 50 per cent. dynamite, and blasted in 
one round. 

The work was carried out as follows :—As soon 
as the drill-shift completed its work, other men 
charged and fired the various rounds, beginning 
with the bench. Since the heading and bench were 
kept close together, on the latter being blasted, 
the débris accumulated on the floor of the tunnel, 
and the face of the excavation presented a vertical 
front. The heading was then blasted in four 
rounds, as indicated in the diagram, and most of 
the disintegrated rock fell on the débris of the 
bench, while,part remained on the floor of the new 
bench. Aesoon as possible. labourers cleared the 
top of the new bench, so that the drills could be 
remounted, and then continued their work while 
the drilling on both ther heading and bench pro- 
ceeded. The Turkey Mountain tunnel was only 
1600 ft. in length, so that the loading of broken 
materials into the cars was effected by hand, 
whereas in tunnels of greater length this was done 
by machines. A steam-shovel was usually employed 
for the p ; it was of the type known as a 
‘* Railroad Ditcher,” with a capacity of 4 cubic yard, 
and mounted on a turntable. 

The heading and bench method of tunnelling is 
convenient and economic only in the case of com- 





pact and homogeneous rock, Other methods are 
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preferred in fissured rock, or when the soil changes 
and the constant fear of falling in renders impera- 
tive the use of timbering for the — of the 
roof. A modification of the usual heading and 
bench method was adopted m the Sarles, the Harlem 
Railroad, and the Millwood tunnels, which were 
excavated by the Rinehart and Dennis Company. 
In this case the heading, 8 ft. high and 15 ft. wide, 
was excavated throughout the entire length of 
the tunnel, the work on the bench being started 
only when the heading was finished. ork on 
the heading was carried out in the following 
manner:—The night shift having exploded the 
charges, generally before 4 o’clock in the morn- 
ing, the air was turned full on at the portal, 


THE DRIFT AND TEMPORARY 


Fig.33. TIMBER PLATFORM. 











METHOD OF DRILLING AND SHOOTING HEADING 
& BENCH ~ TURKEY MY! TUNNEL. 
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and allowed to flow freely into the heading. 
About 5 o’clock two labourers entered to clear up 
and make ready for the drills, and at 7 o’clock the 
regular shift followed, consisting of a foreman, four 
labourers, one teamster, and one dumpman. At 
8 o'clock the drill-crew came in, made up of two 
drillers, two helpers, and one lad, the two early 
labourers going off until 5 p.m. The labourers’ gang 
which started at 7 a.m. usually left off work at 
4 P.M., or as soon as the removal of the rock was 
completed. Twenty holes were driven to an average 
depth of 5 ft. The outermost were driven just 
outside the C line, thus opening a heading to a line 
that required no trimming. Two Ingersoll-Rand 
drills, 38 in. in diameter, mounted ona column, 
were employed in these operations. The explosive 
used was Dupont’s ‘‘ Forcite” 60 per cent., an 
average of two boxes, or 100 lb., being used at each 
advance. The average quantity of powder per cubic 
yard of rock was 6.3 lb. for the Millwood and 
5.8 lb. for the Sarles tunnel. An average of 23 
exploders and 2 lb. of lead-wire were used for each 
round of shots, the firing «current being taken from 
a switch on the lighting circuit of the pars. 

Typical working forces employed in these tunnels, 
as well as hours of work, were as shown in the 
annexed table. 

In the case of the Harlem Railroad Tunnel, 
which was also driven by the same method, the 
rock at the north portal was so soft and so disinte- 
oe that recourse had to be had to heavy tim- 

ring. This necessitated altering the general 
plan, with the result that the modification shown 
in Figs. 36 to 38 was adopted. Two lateral drifts 
7 ft. wide and 7 ft. high were at first driven for a 
length of 15 ft. These were temporarily strutted 








by means of 2-in. by 8-in. planks used as vertical | 


and battered posts and cap-pieces, while on the 
floor wall-plates were laid, of 10-in. by 10-in. 
timbers. The upper part and the central nucleus 


of the tunnel were then excavated for a short dis- | 


tance, so that ribs might be inserted in the form 
of a five-segment arch made up of 10-in. by 10-in. 
timbers, placed 24 ft. apart, between centres and 
supporting the longitudinal planks, which covered 
the roof of the tunnel. To reinforce the strutting, 
short timbers were placed between consecutive 
ribs. The tunnel was lined with concrete, and 
for the.support of the roof, while the concrete was 
hardening, all the timbering was left in place, a 
condition which required an excavation of the 




















SECTION OF HEADING 
7.-Drifts. 2.- Core. 
1- Drifts excavated 15 Ft. long on either 
side and then side ribs erected. 
2- Core removed and upper timbers placed. 











Duty. No. Hours of Work. 
Superinten- 1 Superintendent Night and day. 
dence 
, 1 ULeadingforeman 
| 2 Drillers Sok mal | 
2 Helpers .. 8 am. to 5 p.m.; 8 p.m. to 
Drilling .. 1 Lad ee 5 a.m. 
| 1 Blacksmith |. | 
1 ‘Helper .. oe 
1 Foreman A : 
7. a.m. until completed ; 
Clearing ° aon Si 7 p.m. until completed. 
1 Driver “ Average seven hours per 
- + 5 day each shift. 
1 Mule 
: 5 al oy y the — 
| ; 5 p.m. un e 
Olearing | : ; 
ace wascleared. Average, 
iB 2 |Labourere three hours; these men 
ms worked five hours every 
day. 











heading 20 ft. wide and 12 ft. high. Fortunately 
the loose rock that called for this timbering 
extended only for a distance of 164 ft., after 
which the heading was excavated of the dimensions 
and by the method adopted for the Sarles and 
Millwood tunnels previously described. 

The contractors claim convenience and economy 
for the method which they followed in opening the 
heading the entire iength of the tunnel before 
excavating the lower section. There is no doubt 
about the convenience of the method, because 
when the tunnel is attacked at different points 
simultaneously there is always fear that many 
men working in the dark and narrow spaces of 
the tunnel will interfere with one another, whereas 





<----- 7: 
DETAIL OF DRIFT 

TIMBERING. 
2.8 ¢ 6Ft. 





when the work is concentrated at one point, and 
therefore only a small number of men are employed, 
the efficiency must be greater ; but as more time will 
be required to complete the excavation, it is not 
easy to say whether, on the whole, this method is 
very economical or not. It certainly cannot be 
employed when time is the important factor, as in 
ell, irrigation, and other enterprises, in which 
delay may cause a decided financial loss, on account 
of the interest on the large capital invested or on 
account of delay in opening the road to general 
traffic. The economical advantage of this method 
must be deduced in each case from the money saved 
over other methods, due consideration being given 
to the longer employment of the plant, to superin- 
tendence, general office, engineers, field expenses, 
interest and sinking fund, &c. 
(To be continued.) 








Tae Instirure oF Marine Enoingers.—On Satur- 
day, the 9th inst., a number of members of the Institute 
of Marine Engineers paid a visit to the works of the 
British Oxygen Comspagy, Limited, Elverton - street, 
Westminster. In 1886 the company commenced the 
manufacture of oxygen by the barium-oxide 
Seven or eight years ago apparatus was installed for the 
production of oxygen by the liquefaction of air, and after 
running the two for a while the barium process 
was at length entirely abandoned. In the Westminster 
works there are two ii uid-air plants in operation, one 
capable of producing about 500 cub. ft., and the other 
000 cub. ft., per hour. 
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INDUSTRIAL NOTES. 


Tue issue of the Board of Trade Labour Gazette of 
May 16 states that employment in April continued 
good on the whole, and showed little general change 
trom the previous month. The coal-mining, engineer- 
ing, and shipbuilding trades were still well employed, 
but there was some decline in pig-iron, iron steel, 
and tinplate manufacture. here was a further 
seasonal improvement in the ey ee brickmaking 
trades. It was reported by the Labour Exchanges 
that there was a continuance of the demand for labour 
in the shipbuilding industry. In the building trades 
there was a scarcity in some districts, and painters 
were in general demand in the provinces. There was 
also a deficiency of women in the clothing trades. 

Compared with a year ago, employment showed a 
decline, which was especially marked in the pig-iron, 
iron and steel, and engineering trades. Oa the other 
hand, the tinplate trade was much more active than 
in April, 1913. 

The changes in rates of wages which came into 
operation in April affected 250,000 workpeople, of 
whom 46,000 received an increase of 3300/. per week, 
and 204,000 sustained a decrease of 12,000/. per week, 
the net result being a decrease of 8700/. per week. 
The principal increases affected 3700 painters at 
Glasgow and Edinburgh, 6250 blast-furnacemen and 
iron and steel workers in South Wales and Mon- 
mouthshire, and 19,000 engineers at Leeds and 
Sheffield. Amongst those whose wages were re- 
duced were 146,900 coal-miners in Scotland, Cum- 
berland, Somerset, and Bristol, 11,500 ironstone 
miners and limestone quarrymen in Cleveland and 
Durham, 8800 shale-miners, &c., in Scotland, 6900 
blast-furnacemen in Cleveland, Durham, and Cumber- 
land, and 20,000 iron-workers in the Midlands. 

The principal disputes during the month were those 
affecting the coal-mining industry in Yorkshire, which 
ended on April 18, and the "Suilding industry in 
London, which, at the time of going to press, is still 
in progress. The number of new disputes in April 
was 99, and the total number of workpeople involved 
in all disputes in progress was 211,211, as compared 
with 92.788 in the previous month, and 80,110 in 
April, 1913. The estimated total aggregate duration 
of all disputes during the month was 2,973,800 work- 
ing days, as compared with 1,016,100 in March, 1914, 
and 588,400 in April, 1913. 

Cases dealt with during the month under the Con- 
ciliation Act include lace-workers at Newmilns ; blast- 
furnacemen, West Cumberland; copper - workers, 
Cardiff; building trade operatives at Blackburn, 
Clydesdale district, Edinburgh, Glasgow, Gravesend, 
Grimsby, and bat eg and bricklayers’ labourers (in 
iron and steel works), Scunthorpe. The Chief Indus- 
trial Commissioner issued a memorandum on a matter 
referred to him as umpire to the Joint Standing Com- 
mittee for Government boot and shoe work. 

The average weekly number of vacancies notified 
to all Labour Exchanges for the five weeks ended 
April 17, 1914, was 25,896, as compared with 24,774 
in the previous four weeks, and with 24,840 in the 
five weeks ended April 18, 1913. The average weekly 
numbers of vacancies filled for the same periods were 
19,308, 18,642, and 18,024 respectively. 


Official statistics compiled by Mr. G. H. Knibbs, 
C.M.G., F.8.8 statistician, give the 





.8.8., Commonwealt 
following figures, which apply to the whole Common- 
wealth of Australia. In 1912, the estimated total 
number of male employees, twenty years of age and 
over, was 944,599, of whom 415,554, or 43.99 per cent., 
were members of trade unions. The number of 
female workers was 210,213, of whom 17,670, or 8.41 
per cent., were members of trade unions. 





Speaking at the annual dinner given in connection 
with the visit to Newcastle of the National Association 
of Colliery Managers, on Friday last, the 15th inst., 
Professor Louis paid a tribute to the good work which 
the Association had been doing steadily for many 
years, and — that the reason why the very 
important part that colliery managers played in the 
national economy was often overtook was due 
to the fact that they did their work quietly and 
a through good times and bad. Last year 
280,000,000 tons of coal were turned out by the 
collieries, and it was difficult to realise what that 
meant in the way of power and of industrial develop- 
ment, because, after all, coal was at the bottom of 
all progress in civilisation and of industrial advance. 
Coal was the foundation of our national greatness, 
and the fact that we heard of the strenuous indus- 

competition of the United States and of 
Germany me meant that those countries had 
begun to develop their own enormous coal resources. 
Japan would maintain her premier position in the 
East only until _China had developed her still 
greater coal supplies, and was in a position to com- 
pete. Coal was the pivot upon which our civili- 
sation and all improvements in it turned, and to 
the cheap and safe production of coal they were 





indebted to the colliery managers. Professor Louis 
also said he did not think he could remember a 
serious — accident, the cause of which was 
properly » without it being shown that that 
accident was due to an infraction of regulations— 
regulations such as were accepted in col- 
liery practice. They wanted to sti en the 
colliery manager’s hands, so that he co enforce 
better discipline, and make it possible for him to insist 
upon regulations being carried out as they should be. 
A few rules properly carried out were worth much 
mcre than the reams of regulations they now had to 
struggle with. The Government, he added, had paid 
colliery managers a t compliment, since it had 
recognised that colliery management uired men 
of such exceptional attainments and capabilities, and 
ac aaa the standard of examinations to a high 
evel. 


At a meeting of the Railways Commission, held on 
the 15th inst., Earl Loreburn, the chairman, elicited 
from Mr. Beckwith that his firm (Messrs. Pickford and 
Co., Limited) had strong objections to anything in the 
nature of State ownership of our railways. essere. 
Pickford feared that the quick goods-train services 
might be reduced, and that the State would not recog- 
nise claims fur losses, and would probably close the 
trader’s credit account. There were precedents for this 
in foreign countries. They further believed it would be 
impossible to maintain a claim for undue preference 
against State-owned railways, who would be disposed 
to create a monopoly of road carrying. No private 
company could oppose the State. 

Another speaker, Mr. F. Parker Rhodes, declared 
that the great majority of traders with whom he had 
come in contact were strongly opposed to the nationali- 
sation of railwaye. Personally, he thought it would 
be bad for the country and bad for the trader. He 
considered the facilities which English railway com- 
panies provided compared favourably with those of 
railway or or State-owned railways in other 
countries. e added that healthy competition among 
those upon whom he depended to carry his 8 was 
& great advantage to the trader. He disapproved of 
even the fusing of the whole of the railway companies 
into one huge concern. He would rather trust to the 
induences which operated in people who carry on busi- 
ness for —_ than upon a body carrying on a business 
without having to compete with others. He feared 
that political considerations might enter into State- 
owned railways, and also the inertia which he found 
always dogged the steps of anything managed by a 
Government department. 


Mr. J. H. Thomas, M.P., addressed a meeting of 
railwaymen at Eastleigh last Sunday, and refe to 
the programme which the National Union of Railway- 
men had agreed upon. The programme includes, 
among other clauses, an eight-hour day or a 48-hour 
week ; a 5s. per week advance for every employee, 
and a proportionate increase for all piece-rate workers ; 
@ guaranteed day and a guaranteed week, independent 
of Sunday duty. Recognition of the union was also 
insisted upon. In his speech, Mr. Thomas stated that 
the union had given twelve months’ notice to the rail- 
way companies that in November next the present 
conciliation scheme would cease, and that the railway 
companies had asked the union representatives to 
meet them in order to discuss the whole situation. 
The exchange of views had been so far satisfactory, 
but the unions had insisted for the future upon com- 
plete and absolute recognition. In the matter of 
wages, Mr. Thomas added that he had always criticised 
the proposal for a 30s. minimum, because any pro- 
gramme of railwaymen must be a p me advan- 
tageous equally to all grades in the railway service. 
It would be madness to ask for nothing for the man 
— 30s, and to ask 10s. more for the man getting 

e urged that the strike must be the last, not 
the first, resort, and that the men should be loyal to 
any agreement that might be made. ‘‘The very 
essential of collective bargaining was the recognition 
on both sides of their obligation to an agreement.” 


The fact that Mr. Thomas added the last paragraph 
to his speech is a most significant one. In view of the 
statement made in a recent issue of the Daily Herald 
he, no doubt, found it necessary to appeal to the men 
to abide by the agreements entered into by them. 
This journal asked the following question :—‘* What 
is an agreement in the labour world?” and then pro- 
ceeded to give the answer as follows :—‘‘ An agree- 
ment is sully a treaty between two sides who are at 
war. It lays down certain conditions under which 
they are red to be at peace for a time. It is come 
to when Toth sides, or one of them, are too weak to 
continue to fight. It is not, therefore, a contract 
entered into between two equals and legally and morally 
binding on both. It is obtained by duress, and conee- 
quently there is nothing immoral in the weaker 
breaking it as soon as it recovers its strength.” 








We read in the Zeituny des Vereins Deutscher Hisen- 





bahnverwaltungen that the Managing Committee of the 
Roumanian State Railways is at the present time 
considering ——— a | agp 9 of about 
10 cent. in rates for passengers. 
Thee rates were increased by 5 per cent. last year. 
The further increase in question is necessary to provide 
funds for the increases in wages and salaries which 
have been granted to the men and to the staff. 





The following interesting figures are taken from a 
recent issue of the Monitewr Industriel, The German 
annual output of coal is 175,560,000 tons, extracted from 
five coal-measures of varying importance. The largest 
of these coal- measures, the Rhenish- Westphalian, sup- 
es 102,260,000 tons in the year 1912. The figures 
or Great Britain are larger than those for Germany, 
but they will not remain long 60, says our contem- 
—— especially if strikes become more frequent. 
ron ore is not very abundant in Germany ; Lorraine 
extracted 19,000,000 tons in 1913, as against 12,000,000 
tons in 1912. Germany requires over 70,000,000 tons 
of iron ore per year, and purchases largely from 
Sweden, Spain, and Russia. She purchases from 
France 3,000,000 tons per year. is country, of 
course, has no monopoly as regards strikes. 





The issue for the present month of the Locomo- 
tive Firemen and Enginemen’s Magazine deals with 
the Brown system of discipline, as used on the 
American railroads, and says:—To describe the 
Brown system of discipline in detail would take up 
a@ considerable space, since the various American 
railroads use a modified Brown system, and not the 
original. Briefly, however, the Brown system consists 
in charging the employees with demerit marks for any 
infraction of the rules that would under the former 
systems of suspension have meant a loss of time. 

h railroad has its own penalties—i.c., a number 
of demerit marks for each offence; the amount is 
fixed by an investigating committee. Again, each 
road has its own system as to how many months of 
perfect record it should take to cancel a certain 
number of demerit marks ; thus, for instance, on one 
railroad, thirty days’ rfect record will cancel a 
repri ; three months’ perfect record will cancel 
a charge of ten demerits, while one year’s perfect 
record will cancel thirty demerits. Should, however, 
the employee, who is being disciplined, commit 
another intraction of the rules before sufficient time 
has elapsed to cancel previous demerits, the demerits 
issued agsinst his second offence would be added to 
those given for his first offence, so that finally the 
accumulative record would be sufficient to dismiss 
him from the service ; this, as a rule, being ninety 
demerits. Credit marks are also given for any unusual 
act that might result in benefit to the company or to 
one of its employees. 





According to information given in the Revue du 
Travail, Brussels, April 15, the Belgian iron and 
steel industry is in a very unsatisfactory situation. 
In the Charleroi district, the production of pig iron is 
as low as it possibly can be ; the selling price is occa- 
sionally below the cost price. The same may be said 
of the market in the Liége district. At Mons, orders 
for export are becoming less and less adequate 
to ensure the regular running of the steel works, 
and prices, especially those of steel bars, have diffi- 
culty in remaining normal. Several Charleroi steel 
worke close one, two, and sometimes three days a 
week ; business for export is scarce, and, what there 
is, is very eagerly —— after. In several metal- 
lurgical works at La Louviére and Liége, certain 
classes of workmen are on short time, being idle on 
Mondays. Practically the same may be said concern- 
ing the engineering works. Matters, however, are 
more satisfactory in the Belgian shipbuilding yards of 
Antwerp, where the skilled workmen have continued 
to be employed at good wages. Similar good news is 
given in regard to other Belgian shipbuilding and 
repai centres. The want at Antwerp of several 
dry docks for ships of over 48 ft, beam is being 
greatly felt. 





The threat of a general strike in Norway, on account 
of the Government proposal of compulsory arbitration 
in labour conflicts, is understood to have the real 
reason for dividing the session. The t session 
will interrupt its sittings in June, Parliament is 
to meet in the autumn. The Socialist members of 
the Storthing voted against dividing the session. 


According to official statistics there were in Austria 
in the year 1912, 761 strikes, against 706 for the pre- 
vious year. These affected 2818 concerns and 120,953 
hands out of 211,743 hands employed. Dissatisfaction 
with wages, as in the preceding year, accounted for 
62.2 per cent. of all thestrikes. Of the men on strike, 
some 13,000, or 11 per cent., carried their point, whilst 
27,000, or 22.2 per cent., lost. The rest, some 81,000 
hands, or 66.8 per cent., may be said to have been 
partly Ptaonerh iy The increase of wages obtained by 
these strikes varied from 1 to 50 per cent. 
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ACETYLENE-GENERATING PLANT; MASCHINENBAU AUGSBURG-NURNBERG AG. 
CONSTRUCTED BY MESSRS. KELLER AND KNAPPICH, AUGSBURG. 





Fig.1. SECTION A.B. 
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lene method of welding and cutting metals, which is 
now to be found in use in shipyards, foundries, 
engineering and repair shops of every description. store, the generating and purifying plant, and a gas- 
In some of the large works the installations are on a| street, London, W. The plant consumes from | to2/ holder. The generator house consists of two rooms 
considerable scale, one of the | t to our ae tons of carbide a day, giving a yield of erennne divided by a fire-proof wall. The room a serves as & 
being installed at the Augsburg works of the| 1900 cub. ft. of acetylene per hour, supplying about | store for the carbide, its capacity being about 10 tons. 
Maschinenfabrik Augsburg-Niirnberg A.-G., where | fifty blow-pipes of various sizes in the works. In room } the generating and other plant is installed. 
altogether some 10,000 men are employed. This plant This plant is illustrated in Figs. 1, 2, and 3, of| This plant consists of two generators, a washer, two 
was constructed by Messrs. Keller and Knappich, of | which Fig. 2 is a plan, while Fig. 1 is a sectional | purifiers, a meter, back-pressure valve and gauges, 
Augsburg, whose agents in this country are Messrs. | elevation taken on A B (Fig. 2), and Fig. 3 a section | while outside the building are two condensers and 4 
J. C. Lyell and Co., Limited, 113, Great Portland-| taken on CD. The plant consists primarily of acarbide | gas-holder. The generators are shown at c,c. They 
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are situated over a concrete tank d, half inside and 
half outside the building, containing a large volume 
of water. The tank-floor slopes downwards to a point 
nearly below the outside wall of the building, and the 
lime refuse from the generators falls to the lowest 
part, whence it is removed by a scraper, from outside 
the building, and deposited in the tank e. The gene- 
rators each have a capacity of 1 cwt. of carbide. h 
consists of a large exterior tank with a grid floor, in 
the upper portion of which is placed a second tank 
communicating with a carbide container. The latter 
stands above the floor-level; the remainder of the 
generator is sunk below this level, and depends into 
the water-pit d. The carbide container is fitted at 
the top with a clamped cover. At the lower end it 
communicates with the inner generator-tank by a 
valve worked by a weighted lever. This valve is 
closed when charging, and when the container is 
filled and the top cover has been screwed down, 
it is opened, and the carbide falls through the inner, 
into the exterior, tank below, where a cone on 
the grid-floor distributes it round the tank. The 
grid-floor is movable, and can be revolved through 
90 deg. by means of a rod shown to the right of the 

enerator. This ensures thorough decomposition. 

he floor over the pit d, imside the building, is gas- 
— The gas generated in the outer tank is carried 
off by pipe to the washer f. This washer partially 
eliminates the impurities soluble in water, and at the 
same time acts as a water-seal to prevent the return 
of gas from the holder to the generators. The washer 
consists of a tank filled with water, the gas entering 
a conical chamber, from which it emerges through an 
annular slit. 

The gas-holder g, to which the gas is then led, is con- 
structed to give a pressure of gas of 9 in. water column. 
From this the gas passes to purifiers h,h. Each of 
these consists of a perforated drum containing a 
chemical preparation of chromic acid. The ousillees 
are water-sealed and provided with an air-cock and 
whistle, which sounds when the water-level of the seal 
falls too low. The gas-meter is shown at j. It serves 
to control the consumption of gas and also to check 
approximately the yield of the carbide. A special 
carbide-yield testing apparatus is also used in con- 
junction with the plant. Water-gauges are provided 
so that the pressure in various parts of the apparatus 
can be controlled. 

The generator plant has been arranged with a view 
to simplicity and safety, and also economy in material 
and labour. The generators are surrounded by a large 
volume of water, which is therefore present in excess, 
ensuring a cool gas free from overheating and poly- 
merisation effects. The gas is completely generated 
from a 1 cwt. charge in 30 minutes, and with both 
generators working, about 1900 cub. ft. of acetylene 
per hour are produced. The refuse falling into the 
pit may be removed in the form of sludge, either by a 
scraper or pump, with a minimum of labour, into the 
tank «. The water in the pit, saturated with acety- 
lene, always remains, and only requires making - to 
full quantity from time to time. The overflow leading 
into the lime-pit ¢ is at a height normal with the 
working level in the generators, so that the latter can 
never be flooded. The amount of air introduced into 
the container with the charge is negligible, and the 
formation of an explosive mixture in the generator is 
impossible. The entrance of air by any other means 
is not possible. The gas is delivered from the gene- 
rators practically free from ammonia and sulphuretted 
hydrogen. Other impurities, such as phosphuretted 
hydrogen, lime-dust, &c., are removed in the purifiers, 
which may be used independently or in series. 

The regulations of the public authorities generally 
demand that an hydraulic safety back-pressure valve 
be inserted between each blow-pipe and the gas- 
mains. In addition, in this plant a central back- 
pressure valve (Fig. 4) has been introduced. The 
action of these valves is identical, and one description 
will therefore suffice. In the central valve illustrated 
in Fig. 4. k and / are respectively the gas inlet and 
outlet. The apparatus consists of a tank, fitted with 
& gas-tight cover. To the cover is fixed a liner m, 
only slightly smaller in diameter than the tank. This 
liner does not right down to the bottom of the 
tank. At and fixed to the bottom is another, shorter, 
liner, of again slightly smaller diameter. The tank is 
partly filled with water, to the level of a test-cock. 
A funnel is fitted at the upper end. Normally 
acetylene enters by k and leaves by /, after passing 
up through the water. If the demand is suddenly 
checked, or there is back pressure due to a flash back, 
the returning gas enters through /, and the water is 
forced down in the tank till gas can escape past the 
lower edge of m, up the outer space, and into the 
air through an alarm-whistle in the funnel. An 
escape is thus provided without destroying the 
water-seal on the pipe k. When from any cause 
air is sucked in, it passes through the funnel, 
whistle, and outer space, and up under the lip of m 
into the interior, whence it passes to the blow-pipes. 
If the water surface falls for some reason too low, the 
gas passes out under the lip of m, and sounds the 





whistle, thus giving warning. The back-pressure 
valves between the blow-pipes and the mains are 
exactly similar ek poy my though modified in form. 
They are illustrated in Figs. 5 to 8, being shown under 
four different working conditions. Fig. 5 shows the 
valve in normal working ; Fig. 6 shows the valve when 
oxygen is returning ; Fig. 7 shows its condition when 
air is being drawn in; and Fig. 8 its condition when the 
water-level is too low. These valves are made as small 
as possible, so that back-firing produces no dangerous 
results. If air is sucked in, water cannot be sucked 
into the gas-mains. Back-firing into the mains is 
impossible, while the whistle sounds if the water in the 
tank is too low ; if the blow-pipe is obstructed and 
oxygen flows back through the valve; or if air is 
sucked in. When a central back-pressure valve is 
used a higher pressure has to be carried in the mains 
than when this valve is dispensed with. 

This large plant can be attended to by one man. 
The lime-sludge remaining from the decomposition of 
10 tons of carbide amounts to about 755 cub. ft. This 
lime is used at the works for building purposes. As 
the original lime used in the manufacture of carbide 
is almost chemically pure, this residue is of good 
quality and suitable for this purpose. 








THE ‘“*‘ACME” INSERTED-TEETH MILLING- 
CUTTER. 

THE advantage of milling-cutters with renewable 
teeth is well recognised for many classes of work, and 
the illustration we give herewith of such a cutter will 
doubtless therefore be regarded with interest. Our 
figure shows an ‘‘ Acme” cutter, brought out by the 
Selson Engineering Company, Limited, of 85, Queen 
Victoria-street, London, EC. in which a strong steel 
body in the form of a ring carries a number of square- 
section cutting-tools. The ring or body t_kes the form 
of a short truncated cone, the cutters, varying from 
twelve to thirty in number according to the size of the 
cutter, being disposed in pairs around its outside. The 
cutting tools are of § in. by § in. steel for all sizes, and 








Ey 
of a length of 33 in. They are held in place by tee- 
headed wedge-bolts secu by means of nuts on the 
inside, the shanks passing radially through the body. 
To the body is fitted a back plate. The two are held 
together by three small screws, while two keys on the 
back plate in keyways in the body transmit the 
cutting power to the tool. The back plate is screwed 
to fit the spindle-nose, and the arrangement enables 
one cutter to be used on a number of different machines, 
while the cutter-head may be exchanged, if desired, 
without removing the back plate from the spindle. 

With the cutter a grinding-block and a 
are used. By means of the grinding-block all the 
tools are cut to the correct angle, and single cutters 
may be ground, and spares kept in stock ready for 
use, thus avoiding delay. The setting-gauge consists 
of a face-plate, to which all the cutters are set. 
follower, with a number of adjusting-screws, one to 
each tool, is placed over the back of the cutter. These 
adjusting-screws hold the tools up against the face 
of the setting-gauge while they are being clamped by 
the wedge-bolts. The cutters are made in four sizes 
—from 7 in. to 16 in. in diameter. 














AUSTRALIAN Sratistics.—We have received from the 
High Commissioner for Australia a copy of a pocket 
compendium of official statistics on the Commonwealth, 
edited by Mr. G. H. Knibbs, C.M.G., F.S.8S., Common- 
wealth Statistician. It gives in a small compass a large 
number of interesting particulars on the commerce, 
finance, and industries df hatedlin, and much informa- 
tion of a social nature. 


BUILT-UP HELICAL SACK-CHUTE. 
WE illustrate in Figs. 1 and 2, on the present: page, 
a helical sack-chute, designed and built by Messrs. 
R. W. Dinnendahl, A.-G., Essen-Ruhr. As will be 
seen, it is of very simple construction, and consists of 
segments, which are connected together, as shown, 
round a common axis. The inner, sliding surface of 
































Fie. 2. 


each segment and of the complete chute is trough- 
shaped and perfectly smooth, so that there is no wear 
on the sacks. The segments are flanged underneath, 
and are bolted together. The chute can be built to any 
height, with a view to serve any number of floors. 
On each floor a flap is provided which allows the sacks 
to be delivered to that floor or sent to any floor below, 
or to the ground-level, as may be desired. 





Tue Panama Canat.— It has been estimated that 
about 12? million cubic yards of wet and dry excavation 
remained at March 31 to complete the Panama Canal 
Works. In the first three months of this year, durin 
which excavation has been carried on at a much redu 
rate, the average work done amounted to the removal of 
about 1.38 million cubic yards per month. At this rate 
the excavation would not be completed before the end of 
this year, though it is expected that it will actually be 
concluded before that time, with the exception, of course, 
of the siltage, which will form a considerable permanent 
maintenance problem. It is quite ible, of course, 
that the canal will be deemed usable by vessels of limited 
size before the whole of the excavation to the full 
dimensions has completed. It is now regularly 
traversed by small craft. 





Tue Twin-Screw Sreamer “‘Crupap pE Buxnos 
Arrrs.”—This steamer was launched on Tuesday, the 
12th inst., from the yard of Messrs. Cammel! Laird and 
Co. She is the first of two vessels buildi for the 
Argentine Navigation Company (Nicolas Mihanovich), 
Limited. The vessel is intended for cross-channel night 
service between Buenos Aires and Monte Video; her 
length over all is 364 ft., and the speed will be 18 knots. 
Accommodation will be provided for 500 first-class and 
275 second-class passengers. The propelling machinery 
consists of two sets of Parsons’ geared turbines, the gear- 
ing having been cut at Messrs. Cammell Laird’s works, 
and the whole of the forgings for the machinery having 
been made at their steel works at Sheffield. This will be 
the first geared-turbine steamer built for South American 
waters. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 6. 

Tux developments in iron and steel during the past 
week show one encouraging indication in somewhat 
more liberal buying by a number of railway systems. 
Many months ago the railroads, without any obser- 
vable concert of action, entered u @ policy of 
retrenchment, both as to contracting for material and 
as to cost of operation. This course has been followed 
as closely as possible up till quite recently ; it is now 
being departed from because of the absolute necessity of 
inoreasing facilities. This does not mean discontinu- 
ance of the restrictive policy. An unusual number of 
inquiries are now coming along, but mostly for small 
quantities of material. The city of Chicago is about 
to close for 7200 tons for a steel pier. Considerable 
bridge-work is wanted for early construction, and the 
mills are able to make satisfactory deliveries. St. 
Louis interests are buying 10,000 tons of basic from 
Pittsburg. A Russian smelter is inquiring for 3500 
tons of low-phosphorus pig-iron. Bids will be opened 
on May 22 for 45,000 tons of segments for New York 
East River tunnels, and this will help the pig-iron 
market. More confidence prevails in some little 
improvement. The tin-plate mills continue to run to 
capacity, and a very active season is in sight. Demand 
for bar iron steadily declines. The great coke interests 
are struggling against adverse trade conditions. 
Bituminous coal conditions are quiet. No general 
strike seems probable. Anthracite production has 
been curtailed this month by several holidays, which 
the European miners insist on observing, to the intense 
annoyance of the companies. 





AEROFOILS AND PROPELLERS. 
To THe Epitor OF ENGINEERING. 

S1a,—In your issue of the 8th inst., your contributor, 
who is evidently not an “old stager” like myself, in 
commenting upon Mr. A. E. Berriman’s paper, advo- 
cates experiments being made with marine propellers 
having blades formed to the well-known flying-machine 
section which was patented by me in 1884, not only for 
supporting ~~ _ene but also for the blades of 
the screw propellers. 

y years ago a long series of experiments was made 
with a steam-launch on the Thames, which proved that, 
when the backs of the blades were formed to the flying- 
machine curve, greater efficiency was obtained ; but the 
first time the engine was put full s astern the blades 
of the propeller were twisted off. This result is just 
what one would expect, because the centre of pressure on 
the blade would approach the very fine after edge, where 
there is not sufficient metal to stand the stress. 

These experiments were set forth in your pages years 


ago. 
Yours faithfully, 


West Barnham, Sussex. Horatio Paris. 





‘* WATER-SOFTENING BY PERMUTIT.” 
To THe Eprror or ENGINEERING. 

Srr,—We have noted with considerable interest the 
correspondence in your columns following your any 
account of the results of two years’ practical working o 
** Permutit” in the Government Laboratory at Moscow. 

The striking excellence of the results you describe has 

rompted a number of inquiries as to the general con- 
Nisious governing the satisfactory application of the 
**Permutit” process, and the peculiar suitability of this 
process for the treatment of water for various trade 
purposes, as well as in the softening and purification of 
drinking water on a large scale. 

To you to print replies to all the questions asked 
would be an abuse of the hospitality of your columns, but 
in view of the interest which is now being manifested in 
the “ Permutit” by manufacturers and public 
health authorities in this country, we welcome this oppor- 
tunity of making @ general statement on the subject. 

During the past three years the *‘ Permutit” _—_— 
has been subjected to every kind of test which could 
be applied to it under practical conditions, and, in 
view of the published results, it is no exaggeration to 
say that, as ny its application to the treatment of 
water intended for use in technical processes, such as 
dyeing, bleaching, scouring, &c., and for the soften- 
ing of oneene Saaes, the claims made for it on its intro- 
duction into this country have been completely justified. 
Unique amongst water-softening methods in ite effective- 
ness, cleanliness, and simplicity, the ‘‘ Permutit” process 
offers alike to the manufacturer, water engineer, and 
domestic user, practical advan for the pu 
named above such as are afforded by no other existing 
method of water treatment. 


Here is a process by means of which the largest or the | bo’ 


smallest quantities of water may be completely softened, 
under pressure or not, as desired, in a compact, self- 
——_ capable < means in — units, 
evoid of moving orming no slu uiring 
the addition of —— easily-handled euimbableemquae 
The softened water produced by this process has not 
merely had its hardness reduced to 3 deg. or 4 deg., but 
is absolutely from all traces of hardness-forming 
a fact which is of su importance to the textile 
[manne vente WB. ur involved in — ing the 
is so slight that a plant producing a million ons 

Baily is looked after by two men. These are iekte 

which no concern employing water on a large scale 
any purpose should ignore, for the ‘‘ Permutit” process 





has attained immediate and complete success where tried. 
One valuable result of the ee of the past three 
years has been to establish the fact that, so far from 
excluding or superseding the lime-soda process in certain 
ps omen the ‘‘ Permutit” process can be most usefully 
economically employed in connection with lime-soda 
treatment, and we have now a large number of interesting 
and ve results bearing on the application of com- 
bined lime-soda and ‘‘ Permutit” treatments, which we 
hope to publish at an early date. 
combination of the two processes has led to the 
recognition of the remarkable ae of ‘‘ calcium ”- 
utit as an adjuster of the lime-soda process, and it 
is probable that a “‘ calcium ”-permutit addition to every 
hme-soda plant will in the near future become a recog- 
nised necessity. 

If we may be allowed to hazard an opinion, we think 
that the ‘“All-Permutit” plant will find its largest 
application in this country amongst the textile trades 
and in the treatment of water for drinking purposes. 

We shall be happy to afford information in connec- 
tion with the ‘‘ Permutit” process, either alone or in con- 
junction with the lime-soda process. 

We are, Sir, yours faithfully, 
Unitep Wartrx-Sorreners, LIMITED, 


a. ° ZIES. 
Imperial Howe, Kingsway, London, W.C., May 20,1914. 





Tue Messaceries Maritimes.—This important French 
steam shipping company had a balance of 64,502/, avail- 
able for dividend for 1913. The corresponding balance 
for 1912 was 36,6051. The company’s ordinary shares, 


which have received nothing since 1907, are to benefit 5 


by a distribution of 5s. per s for 1913. 





Contracts.—We are informed that the Controller of 
Stores of the G.P.O. has accepted the tender of the 
Edison and Swan United Electric Light Company, 
Limited, for the supply of “ —_ Ediswan” drawn-wire 
lamps.—We understand that the South Indian Railway 
Company, Limited, have just placed an order with the 
Motor, il, and Tram-Car Company, Limited, of 79, 
Lombard-street, E.C., for the supply of three ‘‘ Simplex” 
self-propelled rail-coaches. The coaches, which measure 
40 ft. over the head-stocks, are propelled by a 45-horse- 
power motor through a Dixon-Abbott gear-box, giving 
three speeds 1n either direction. The maximum speed is 
25 miles per hour, and the coaches each accommodate 
seventy passengers. 





GerMAN FounpRYMEN’s ASSOCIATION.—This Associa- 
tiation, the Verein Deutscher Giessereifachleute, will 
hold its general meeting in Berlin from June 4 to 7. 
The following papers are to be read and discussed :—1. 
“On the Chemical and ny Changes Occurring in 
the Melting of Pig-Iron in Cupolas, and the Deductions 
to be Derived Therefrom in Practical Work,” by Pro- 
fessor Mathesius, Berlin. 2. ‘‘On the Wagner Apparatus 
for Briquetting Turnings and a and its First 
Application in ty by Mr. Chr. Gilles, Berlin. 
3. “*On the Question of Various Brand Mixtures,” by 
Professor B. Osann, Clausthal. 4. ‘* Cast-Iron Tests,” by 
Mr, O. Leyde, C.E., Berlin. 5. ‘‘On Experimentson the 
Cold-Working of Cast-Iron and Various ee by Mr. 
A. Kessner, Berlin. 6. ‘On the Reciprocsl Relations 
Existing Between Empirical Metallurgic Technics and 
Metallography,” by Mr. W. von M orff, Berlin. 
7. “*On the Physico-Chemical Occurrences During the 
Atomising of Ouil-Fuel, with Special Reference to Oil- 
me he Foundry Practice,” by Mr. A. J. Trinyi, 
Hamburg. Visits to various works have been arranged. 
Further information can be obtained from the Association, 
20, Gervinusstrasse, Berlin-Charlottenburg. 





Gearep Toursines 1n §8.S. ‘‘Carrnross.”—We have 
just learnt from the New Zealand Herald that the cargo 
steamer Cairnross, which is fitted with geared turbines, 
arrived at Auckland from Montreal on March 9 last. 
On the voyage, which was via St. Vincent, Durban, and 
Australian ports, an average speed of 104 knots was 
maintained in spite of exceptionally bad weather. Soon 
after leaving Montreal, on November 28 last, a very 
severe storm, which continued for nearly five days, was 
—— and throughout the passage from Durban to 
Adelaide a succession of heavy gales was encountered. 
During the whole of the time the vessel behaved 
splendidly, and the fact that a good average speed was 
maintained under such —r 4 conditions is a:aple evidence 
of the complete success of the turbines and gearing. 
We have no figures of the coal consumption on the 
voyage, but in the comparative trials with the s.s Cairn- 
gowan, which is similar in all respects to the Cairnross, 
except that she is propelled by reciprocating engines, the 
latter vessel showed a saving in coal of 15 per cent., 
requiring only 27.8 tons a day, compared with 32.7 tons 
for the Cairngowan. Particulars of the machi of 
th vessels, and of the trials above referred to, will be 
found in our issue of April 4, of last year, on page 468. 
The geared turbines also effect a very considerable 
economy in lubricating oil, only 1 gallon a week being 

ui to make up the charge in the turbines of the 
Cairnross, whereas similar ships with reciprocating 
engines use 34 gallons a day. Another important udvan- 
tage of turbines is that the periodical surveys can 


salts, | be completed in much less time than is possible with 


reciprocating nes. The Cairnross, being the first 
vessel with turbines to visit New Zealand waters, 
naturally excited considerable interest among the marine 
engineers of the colony, especially in view of the fact 
that the Union Company’s liner Mahens will shortly 
have geared turbines i led. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a firm tone, but busi- 
ness was confined to one Cleveland warrant at 5is. 7d. 
three months. Closing sellers named 51s. 74d. cash, 
51s. 8d. one month, and 5is. 74d. three months. In 
the afternoon there was little change in the tone of the 
market, and 1500 tons of Cleveland warrants were done 
at 51s. 7d. cash and three months, with sellers over at 
51s. 74d. cash and one month, and 51s. 7d. three months. 
On Friday morning Cleveland warrants were inclined to 
be easier, and 1500 tons were dealt in at 51s. 84d. Tr. 
four days and July 1, and 5ls. 7d. three months. At 
the close sellers named 51s. 74d. cash and three months, 
and 51s. 84d. one month. afternoon session was 
quiet, and only one Cleveland warrant changed hands 
ab 5is. 7d. ten days, with sellers at the close 
quoting 51s. 74d. for the three positions cash, one 
month, and three months, and buyers 51s. 6d. The 
market was dead idle on Monday morning, but sellers 
of Cleveland warrants called their quotations 51s. 9d. 
cash, 51s. 74d. one month, and 5ls. 8d. three months. 
Buyers named 51s. 6d. for cash and one month, but no 
price was given for the three months position. In the 
afternoon Cleveland warrants slipped back, and one lot 
was done at 51s. 5d. three months, with closing sellers at 
51s. 74d. cash, and 51s.6d. one and three months. The 
market was closed on Tuesday, being the local Victoria 
Day holiday. When business was resumed to-day (Wed- 
nesday) the market was devoid of interest and with an 
easier tone. No — of any kind was recorded, and 
sellers’ quotations for Cleveland warrants were down to 
1s. 44d. cash and one month, and 51s. 4d. three months, 
while for all three itions buyers named 51s. 3d. In 
the afternoon Cleveland warrants were very weak, and 
2000 tons were put through at 5is. 1d. five days and 
51s. 2d. six days, and the session closed with sellers 
quoting 51s. 1d. and buyers 5ls. for all positions. 

Sulphate of Ammonia.—Weakness prevails in the sul- 
phate of ammonia market, and another fall has taken 
place in prices. Deliveries both for the home and the 
export market are keeping up “= well indeed, but the 
tendency is a @ current quotations 
for prompt lots are led 11/. 7s. 6d. per ton Glasgow, 
and 11/. 10s. per ton Leith. 

Scotch Steel Trade.—The cloud of depression which 
has hung over the Scotch steel trade for some time 
has not yet lifted, nor are there any visible signs of 
the horizon clearing at all in the near future. Ex- 
pression is, in fact, freely made that trade is un- 
doubtedly on the decline, and that no revival need bs 
expected before the autumn sets in. Plate-mills may 
be said to be only moving, and so indeed are all other 
departments, with the inevitable result that strenuous 
efforts are being made to secure specifications to keep 
the wheels going for even a limited part of the week. 
Black and galv: d sheet-makers are about as quiet as 
they have been for a very long time, and are only 
managing a hand-to-mouth existence at present, while 
the demand for sections is also much easier. The import 
figures given below, for the month of April, show very 
clearly where some of the recent orders have been going, 
but it is not anticipated that the figures for this Sook 
will be anything like as large. The export business is 
still only moderate, with no very hesvy demand from 
any quarter. Prices for Clyde delivery are from 2s. 6d. 
to 5s. per ton down over the week, and the following 
may be taken as the current quotations :—Ship-plates, 
5. 13s. 9d. per ton ; boiler-plates, 6. 5s. per ton ; angles, 
5l. 10s. per ton; and bars, 6. 10s. per ton—all less 5 per 
cent. 

Malleable-Iron Trade. — No improvement has taken 
place in the malleable-iron trade, and the demand is very 
poor indeed, and broken time very general. Prices are 
unchanged, and are based on 6/. 12s. 6d. per ton, less 
5 per cent. for ** crown” bars, with best bars called 7/. 
= ton, and best horseshoe bars 7/. 2s. 6d. per ton, both 
ess 5 per cent. 

Scotch Pig-Iron Trade.—Like the other allied industries, 
the Scotch pig-iron trade is entirely devoid of any par- 
ticular feature at the present time, and the reduced 
number of furnaces in blast is quite capable of meeting 
the current demand. Raw material still keeps high, 
and although makers’ prices have an easier tendency, 
there can be practically no reduction until fuel comes 
down a bit. Hematite is in poor demand, and is called 
65s. per ton. The following are the market quotations 
for makers’ (No. 1) iron :—Clyde, 68s.; Calder, Gart- 
sherrie, Summerlee, and Langloan, 68s. 6d. (all shipped 
at G w); Glengarnock (at Ardrossan), 71s.; Shotts 
(at Leith), 68s. 6d.; and Carron (at Grangemouth), 69s. 

Iron and Steel Imports.—For some time back the local 
iron and steel makers have been suffering badly from 
foreign competition, and the import figures for the month 
of April show this very clearly. Not only are these large, 
but they make up the heaviest month’s total for ab least 
five years. The official returns for the ports of Glasgow, 
Grangemouth, Greenock, Leith, Dundee and Absrdeen 
are as follows :— 





Ex-Continent. Ex-U.S.A. 
Tons. — Tons. y oe 


Iron bars, angles, &c. .. 7,800 50,246 -- — 
Steel bars, angles, &c. .. 2,304 18,571 223 «1,781 
Iron and steel hoops and 





strips .. “ -. 2 7,605 2582 21,290 
Iron and steel plates .. 6,038 33,298 6 50 
April total .. -- 16,202 104,720 2811 23,071 


March total .. .. 13,355 85,203 2108 17,444 


Increase. . -- 2,867 19,517 703 4=5,627 
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NOTES FROM SOUTH YORKSHIRE. 
SuHerrire.p, Wednesday. 

South Yorkshire Coal Trade.—House-coal has contracted 
additional weakness, and with stocks eS 
producers are seriously considering the advisability of 
reducing the number of working days. The quick 
improvement that was anticipated in the steam-coal trade 
has not yet come about. Though a fair tonnage is going 
away on export account, shipments are nothing like as 
big as ucers were led to expect, having regard 
to the unusually early opening of the shipping season. 
There is bound, of cour-e, to be a large expansion 
within the next month or so, but that expansion has 
already been so long delayed that this season’s figures 
are not likely to compare very favourably with those 
of 1913. On manufacturing account buying has been 
much on the same scale as a week ago. nsidering 
the condition of the local industries, little hope is enter- 
tained of an enlarged demand. Gas fuels are active on 
contract account, but in outside sales business is the 
reverse of brisk. Coke is a poor market. Quotations :— 
Best branch hand-picked, 15s. 6d. to 16s. 6d.; Barnsley 
best Silkstone, 13s. to 14s.; Derbyshire best brights, 
12s. to 13s.; Derbyshire house, 103s. 6d. to 11s. 6d.; 
best large nuts, 10s. 6d. to 11s. 6d.; small nutes, 9s. 
to 10s.; Yorkshire hards, lls. to 12s.; Derbyshire 
hards, 103. 6d. to 11s. 6d. ; best slacks, 7s. 6d. to 8s. 6d.; 
seconds, 5s. 6d. to 63. 6d. ; smalls, 4s. to 5s. 


Tron and Steel.—Marked inactivity continues to charac- 
terise the local raw-material market. Not for a very 
long time have consumers been in a position to renew 
contracts at such low rates, and yet they are holding 
aloof, and are depending for supplies on spot purchases 
in the open market. Makers firmly adhere to last week’s 
quotations, but users have for so long dominated t 
= that they are confident even now of forcing 
urther concessions. Generally, however, the output is 
so restricted as to leave very little margin for stocks. A 
fair tonnage of Swedish pig-iron is beng shipped to the 
Continent. Local bar-iron makers are getting a bigger 
share of the new business that Continental under- 
sellers are so carefully ‘‘ setting out their stalls” to 
capture. Users find that though the low-class im- 
ported products may be utilised with advantage in 
the manufacture of a certain class of ‘finished goods, 
such material is quite useless in the a of high- 
quality articles. In the steel trade there is a good deal 
of speculation as to what the next few months will pro- 
duce. The tone is not very hopeful. Some departments 
have more work on hand than they can comfortably 
handle, but others, who form by far the greater propor- 
tion, areonly moderately employed. It is generally con- 
ceded that the gross output is well L 
corresponding period of 1913. At the same time there 
is no evidence of actual depression, and it is quite possible 
that when political stability has been i a return 
will be made to the recent boom conditions. By far 
the busiest sections at the present time are those devoted 
to the manufacture of armaments and shipbuilders’ 
requirements. The big engineering firms havea big volume 
of work on hand, but they are still affected by labour 
unrest. Fortunately for their prosperity, the employers’ 
federation have m i i 
to secure an extension for several years of expiring 
peace agreements. Heavy steel reflects the worst that 
obtains in the big industries. Competition and under- 
selling are again the cause. A few good contracts have 
been given out for billets, but the general demand is poor, 
and rebates are easily obtainable. Special steels are still 
a sound market. There is no longer a scarcity of alloys, 
and prices are slackening. Business in common s is 
sluggish. In the lighter trades complaint is heard of the 
scarcity of skilled labour. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MIDDLESBROUGH, Wednesday. 

om ——— Iron Trade. e 5 iron market is a 
r extreme quietness, and prospects are rega’ 

as onytleg but bright. Values show a marked down- 
ward tendency, and although current quotations for 
pig-iron are below cost of production, sellers would 
make considerable concessions if by doing so they could 
see likelihood of attracting buyers, but there is hardly 
any disposition shown tooperate. No. 3 g.m.b. Cleveland 
Rig is 51s. 6d. f.o.b.; No. 1 is 54s.; No. 4 foundry, 51s. 3d.; 
0. 4 forge, 50s. 9d.; and mottled and white iron, each 
50s. 3d.—all for either early or forward delivery. The 


East-Coast hematite branch of the staple industry is very | cl 


weak. So far as can be ascertained, there are at 


present no buyers in the market, offers to sell Nos. 1, 
2,and 3 at 61s. 3d. for —— any deliv failing 
to attract customers. here is nothing at all passing 
in foreign ore. Consumers are carrying heavy stocks, 
and have large deliveries to come against contracts, 80 
that they are not in the market. In the continued 
absence of transactions, market rates remain nomi- 
nally on the basis of 17s. 6d. ex-ship Tees for Rubio of 
50 per cent. quality, with the understanding, however, 
on contracts could be made on lower terms. Freights 
-_ ore boats are very strong. Coke is in good request for 
ocal consumption, and difficulty is experienced in fully 
meeting requirements, notwithstanding rather large sup- 
— of Yorkshire kinds coming to hand. Durham blasb- 
at 

&0 1 ees-side works, and several sellers hold out for 17s. 6d. 
Middlesbrough warrants are flat. Buyers now offer 51s. 
| and by a soe at oe. ~4 cash, ag * 

ons ; 

Bis, Ghd « — were 51s. cash buyers, and 


the | Common iron bars, 7/.; 


below that of the | Lectu 


in certain important instances | Channel 


quality is od 17s. 3d. delivered | be 





_ Stocks and Shipments.—The stock of Cleveland pig-iron 
in the public warrant stores now stands at 91,377 tons, 
all of which, but 43 tons of standard iron, is No. 3 quality. 
Since the beginning of the month the stock has been 
reduced by 5160 tons. Shipments from the Tees are on 
a moderate scale. To date this month those of pig-iron 
average 2775 tons per working day, the total despatches 
being returned at 47,174 tons, 41,750 tons of which have 
= from Middlesbrough and 5424 tons from Skinningrove. 
‘o the same date last month the loadings were given at 
69,092 tons, or a daily average of 4024 tons, and for the 
corresponding part of May a year ago the clearances 
reached 57,861 tons, or an average of 3403 tons per work- 
ing day. 
_ Manufactured Tron and Steel.—In the manufactured 
iron and steel trade unsatisfactory accounts are given. 
Specifications are being given out sparingly in nearly 
every branch of the industry, and new orders are very 
scarce. The continued strike in the 
trade is seriously affecting the joist trade, which up 
to the present, been one of the best employed branches. 
A good deal of shipbuilding material bas yet to be manu- 
factured > execute the “1 p Vv = builders 
are vi low in arranging for iveries. @ position 
altegetber is weaker, but quotations for home use have 
not followed the 10s. fall for export. Two Darli 
firms— Summerson and the Railway t—have 
secured between them an order from the Russian Imperial 
Government for 1200 sets of crossings and switches, and 
ir plant. The Leeds Steel Works are to 
do the rolling of the rails, the checks and runners 
will made at Summerson’s, and the remainder of 
the work at the Railway Plant Works. The contract 
was secured by the Darlington firm despite foreign 
competition. The — market quotations stand :— 
t bars, 7/. 7s. 6d.; best best 
bars, 72. 15s.; packing iron, 6/.; iron ship-plates, 6/. 15s. ; 
iron ae 7l.; iron ship rivets, 7/. 5s.; iron gee 
ates, 7/. ; steel bars (basic), 6/. 5s.; steel bars 
Siemens), 6/. 5s.; steel ship-plates, 6/. 10s.; steel ship- 
angles, 6/. 2s. 6d.; steel a 71. 10s.; steel joists, 
6l. 12s. 6d.; steel strip, 67. 15s.; steel hoops, 6/. 10s.— 
all less the customary 24 per cent. discount ; cast-iron 
columns, 7/. 7s. 6d.; cast-iron railway chairs, 4/. 5s.; light 
iron rails, 7/.; heavy steel rails, 6/.; steel railway sleepers, 
71. 5s.—all net at works; galvanised corrugated sheets, 
24 gauge, in bundles, 11/7. 5s. f.0.b.—less 4 per cent. 





Tue Surveyors’ InstitvTiIon.—The annual general 
meeting of this Institution, to receive the report of the 
Council and the announcement of the result of the elec- 
tion of officers for the ensuing year, will be held in the 
re Hall on Monday, the 25th inst., at 5 p.m. 





Tae CHanneL TunneL.—In view of the revival of the 
nel Tunnel project, considerable interest attaches 

toa im ed by Mr. J. Clarke Hawkshaw, Past-President 
of the Institution of Civil Engineers, which was brought 
before the Royal Society of Arts at the meeting held last 
Wednesday evening. The chair was occupied by Sir 
John Wolfe , and in the absence of Mr. Hawkshaw, 
owing to ill health, this Paper, which was entitled ‘‘ The 
Tunnel and its ly History,” was read by his 

partner, Mr. James Murray Dobson, who himself con- 
tributed some interesting reminiscences of his connection 
with the early work in connection with the Tunnel 
scheme. Mr. Hawkshaw’s paper dealt largely with 
the investigations conducted by the late Sir John 
Hawkshaw, to determine the feasibility of such a 
work. M. Thomé de Gamond was one of the first 
to study the question, but his io were based 
largely on conjectural data. @ proposed a tunnel 
from Folkestone to Cape Grisnez with the idea of 
keeping in beds of oolite under the sea. He subse- 
gate abandoned his plan in favour of that of Sir John 
wkshaw. After some years preliminary work, 
Sir John commenced a private investigation in 1865. 
He obtained the services of Mr. Hartsinck Day, for the 
purpose of making an examination of the cretaceous beds. 


After lon, work, Mr. Day made a conjectural 
— of the under the sea between the Foreland 
and Sangatte. Borings were then commenced, and 
& marine survey carried out by Mr. H. M. Brunel. 
In 1868 an Anglo-French Committee, which had 


been formed, sought a concession from the French 
Government, and in 1872 the English Channel Tunnel 
Company was _ incorporated. his resulted in the 
formation of the French company, to whom Sir John 
furnished the o. This company published various 
reports, which did not in any way disturb the main con- 
usions previously reached. In 1882 the English com- 
pany sought Parliamentary powers, but had to revise the 
lans to suit the War Office. In the same year the 
uth-Eastern gy Ay ny also sought powers for 
@ similar purpose. Sir John Hawkshaw did not 
approve of this course, he resigned his — as con- 
sulting engineer to that company. Sir John’s proposal 
was for a tunnel extending from Fan Hole to tte 
through the chalk, the line chosen being one on which 
an error in geological calculations would prove of the 
least moment. On this line the chalk is about 480 ft. 
thick, giving about 250 ft. of chalk above and below the 
centre line of the tunnel. It was not to be expected that 
no water would be met with in this chalk, but water from 
chalk fissures could be controlled, as each fissure could 
be dealt with independently, though the te might 
large. A tunnel on Sir John Haw ws route 
would be straight, giving a th of 20.8 miles. Mr. 
Hawkshaw’s paper will be publi in the next number 
of the Journal of the Royal Society of Arts, and it will 
be found well worth the careful consideration of all 
interested in the Channel Tunnel schemes. 
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NOTES FROM THE SOUTH-WEST. 

Cardiff.—Scarcity of tonnage has again had the effect 
of restricting business in the steam-coal trade. ere 
is no prospect of a settlement of Spanish and Italian 
shipping troubles, and it is not considered that any mate- 
ial improvement will take place for some time in the 
amount of tonnage offering for Welsh coal shipments. 
Meanwhile, coal stocks are so heavy that some colliery 
owners are threatened with pit stoppages. A week’s 
output will be practically lost, however, in connection 
with the Whitsuntide holidays, and this is expected to 
8 markets for a time. The best Admiralty large 
secondary wetities have beonghhs ioe: : 1en9as cher 

qualities have t . to 30 

—e Se. 17s. 6d. to 18s.; best bunker 
smalls, 10s. 9d. to 11s. ; and cargo smalls, 8s. to 9s. per 
ton. The best household coal has realised 19s. to 20s. ; 
17s. to 188. ; and No. 3 Rhondda large, 
6d. to 17s. 9d. ; while smalls have bruught 12s. to 
12s, 6d. per ton. No. 2 Rhondda has realised 
13s. 3d. to 13+. 9d. ; and No. 2smalls have made &s. 9d. 
to 9s. 6d. ton. Special foundry coke has been quoted 
at 25s. to 27s. ; geod coke at 20s. to 23s.; and 
furnace coke at 17s. to 19s. per ton. As regards iron 
ore, Rubio has brought 17s. 6d. to 17s. 9d. 
upon a basis of 50 per cent. of iron, and i 
freight, insurance, &c., to Cardiff or Newport. 

The Vale of Neath.—Proposals for dealing with t) 
colliery developments pro in Vale of Neath 
were consid on Tuesday before a select committee of 
the House of Commons. According to the evidence, a 
number of new pits are being sunk on the west side of 
the Neath Canal; and as the Vale of Neath Railway, 
which is owned and worked by the Great Western Com- 
pany, is on the eastern side of the canal and the river 
running through the Neath Valley, great difficulty is 
experienced at present by colliery owners in getting coal 
on to the railway for conveyance to the docks for ship- 
ment. Mr. Lloyd, K.C., said it was proposed to con- 
struct two railways high up the Neath Valley, one 
34 miles and the other 2? miles in } , and connecting 
with the existing Vale of Neath Railway. One of these 
railways would cross the canal and the river, and the 
other it was proposed to reach by bridges from collieries 
across the canal. 


Great Western Railway.—The Great Western Railway 
has renewed its prize of 101. 10s. given last year in an 
essay competition on subjects associated with railway 
management. The subjects set down for consideration 
this year are :—Railway education ; the position of rail- 
way companies as ratepayers; the main responsibilities 
in station management; the development of railway 
travel in this country; the vention of unnecessary 
haulage of empty rolling stock ; and the better loading 
of goods wagons. 


78. 





Cuan or Civit AND MECHANICAL ENGINEERING AT 
University Cottrcr.—We are glad to announce that 
Professor E. G. Coker, M.A., D.Sc., M.Inst. O.E., has 
been cognates, as from September 1, to the Chair of 
Oivil and Mechanical Engineering at University —-. 
Professor Coker served his apprenticeship at the wor 
of the London and North-Western Railway Company, 
and was educated at the Edinburgh and Cambri 
Universities. He has held appointments at McG 
University and at the City and Guilds of London Tech- 
nical College, Finsbury. He is the President-Elect of 
the i ing Section of the British Association for 
the present year. 





Hovstne AcooMMODATION oF RosyTtH Dock Workers. 
—Weexceedingly regret that through the a of 
a statement made in the House of Commons on March 16, 
we were led into making, on page 599 of our issue of 
May 1, an inacourate remark regarding the housing 
accommodation at the new Government Dockyard Works 
at Rosyth. As in the case of all public works, there are 
those who take advantage of the unusual demand for 
housing accommodation under such circumstances as 
naturally obtain at Rosyth, and conduct boarding- 
houses under conditions which can only be described 
as ible. We know, however, that the contrac- 
tors for the new Government contract works at Rosyth, 
Messrs. Easton, Gibb and Son, Limited, have the ves 
done everything in their power to check any abuses of this 
nature. At the same time, as was pointed out by Dr. Mac- 
namara, the Parliamentary Secretary to the Admiralty, in 
the House of Commons on the date in question, they have 
done most ayy Ae in connection with accommo- 
dation within the th works for their workmen, so 
that any strictures regarding overcrowding can have no 
application to the firm. Unfortunately, those not con- 
versant with local conditions assume that the unsatis- 


fac conditions which may exist in the towns 
and around the dockyard also exist at Rosyth 
itself. his is far from being in accordance with fact, 


for, in addition to Dr. ’s statement, we learn 
that the Convener of the Home Mission Committee of 
the United Free Church Presbytery stated, after the 
Committee had visited the Rosyth Hut Settlement, that 


pac leng bye —— — to air space, = 
under charge of carefu persons, w' 
been invtalled there ; 


i on the ground of character and 
cleanliness. The regulations were very stringently drawn 
ap, both as regards proper sleeping apartments and the 
segregation of the sexes. Nor could there be any over- 
charge of the men, because the amount that was allo 

A yt the firm. The idea of the 
firm seemed to be to get men accustomed to feel at 


; 
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TILE-DRAIN TRENCH-DIGGER. 


CONSTRUCTED BY THE 


F. C. AUSTIN DRAINAGE EXCAVATOR COMPANY, CHICAGO, ILL., U.S.A. 
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THE importance of adequate drainage for agri- 
cultural land*is fairly well recognised, but has been 
brought home in a more forcible manner to holders 
of recently irrigated land, perhaps, than to others 
whose occupation has been concerned with land under 
similar cultivation for generations. In an ordinary 
country the fields are served by ditches and drains, 
which were enlarged sufficiently years ago to cope 
with usual rainfall conditions, provided, of course, 
they are kept clean. In countries where irrigation has 
been practised for centuries on the same lines adequate 
drainage has also been provided, and stable con- 
ditions have Leen reached. On lands which have been 
newly irrigated, asin America, South Africa, &c., or 
in countries where a scarcity of irrigation supply has 
been transformed to abundance, or perhaps it would 
be better to say ample provision, as in Egypt in an 
average year, the tendency has been rather to neglect 
drainage in the joy of having water to use. The result 
has been in very many cases the water-logging of the 
soil, to the serious detriment of ite aoblgeiivenet, 
both as regards quality and quantity of crop. 

In countries where labour is cheap and the land 
worked by small holders, though other difficulties 
arise, there is often no trouble to be expected with 
regard to the actual execution of drainage work once 
agreed upon. Where the tracts of land are large and 
labour scarce, as in the irrigation undertakings in 
America, the work presents difficulties which ton 
always tended, in that and certain other countries, to 
the mechanical treatment of agricultural problems. 
It is not surprising, therefore, that the mechanical 
excavator should have been adapted to this kind of 
work, and we illustrate above a successful form of tile- 
drain ditcher, constructed by the F.C. Austin Drainage 
Excavator Company, of Railway Exchange Building, 
Chicago, Illinois, U.S.A. This ditcher or trench-digger 
embodies several features which are essential to really 
good work of the kind it is designed to cope with. 

In the first place it is constructed to travel over 
soft ground. The bulk of the weight (85 per cent. of 
the 54 tons of the machine) is supported by a multi- 
pedal arrangement consisting of an endless chain of 
flat feet, on each side and at one end of the appliance. 
While this arrangement is one of great tractive power, 
the pressure per square foot on the supporting surface 
is leas than 3901b., and in addition, to prevent sinking 
in, the corrugated form of foot chosen prevents side- 
slip. The other supporting wheels are of the usual 
broad-tyred pattern. The weight on these wheels is 
only moderate, and they are not near the trenching 
operations. The good distribution of weight at the 
trenching end of the machine prevents any liability 
of the trench sides to cave. 

The trench is cut by a series of scoops or buckets 
attached to an endless chain, and carried by a ladder 
or boom. The ladder is hinged at one end to ver- 
tical frames, on an extension of which are carried 
sheaves, over which the raising and lowering 
cables for adjusting the height of the ladder. The 
chains are of links and pins, with bushings of hardened 
steel. The buckets attached to the chains have li 
of forged steel. They can easily be fixed to the chain 
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or removed, one t; 
buckete—viz., 10 in., 12 in., and 15 in. 
side cutters, will secure trench widths of 12 in., 15in., 
and 17 in. respectively. The digging spuds or teeth fixed 


of ditcher taking three sizes of 
These, with 


to the buckets are of hardened steel. The buckets are 
actually scoops, and when they come up to the head 
of the machine they are cleaned of their contents by a 
fixed scraper. Iu this way clayey soil is cleared just 
as effectively as light soil. The cleaner is attached to 
the ladder between the bucket chains. It is of flat 


steel fitted to the curve of the bucket, and has a very | Trad 


stiff spring attached to it to take up jars produced in 
cleaning the scoops out. The material thus brought 
up is deposited on the belt of a conveyor, which 
delivers to one side of the trench. This conveyor is 
to be seen on the near side of the machine iu our illus- 
tration. 

Another interesting feature is the rig provided to 
enable the proper grade to be maintained. The 
ditcher can excavate to a depth of 6 ft., according to 
the position of the boom or ladder. In order to 
maintain a constant level for the drain bottom, a line 
is run alongside the trench, and a pointer, attached to 
the outboard end of the parallel frame above the boom, 
is kept on a level with this line. The machine itself 
is thus able to accommodate itself to uneven ground, 
while the trench is kept at the right level. For usual 
conditions, making a cut 10 in. to 15 in. in width, 6 ft. 
deep, at a rate of advance up to 15 ft. per minute, a 
two -oylinder 14 - 16 - horse- power petrol-engine is 
mounted on the machine. Steam power can be applied 


if preferred. The machine is self-propelling, and will & 


move along roads at from 14 to3 miles per hour. It 
has a variable feed, and can be worked in either direc- 
tion, so that it can trench right up into the corner of 
@ field. It can turn round in its own length. No 
parts are dismantled for moving from place to place. 
One man is sufficient to control the machine. while a 
boy may be employed in addition for staking, &c. 
It is estimated that with a consumption of petrol of 
one gallon per horse-power per day of 10 hours, in- 
cluding repairs, the cost of running should be less than 
10 dels. per 10-hour day under normal conditions in 
the United States. Larger sized ditchers are made for 
trenches up to 40 in. wide and 12 ft. deep. 





Tux Conorete InstiTuTe.—At the meeting of this 
Institute, held on the 14th inst., a paper entitled ‘‘Sand 
and Qoarse Material and Proportioning Concrete,” by 
Mr. J. A. Davenport and Professor S. W. Perrott, was 
read. The paper gave the results of numerous tests on 
cubes and beams to show the effect of ‘* proportioning” 
on the strength, cost, and other perties of concrete. 
The reading of the paper was followed by a discussion, 
in which ten members took part. At this meeting fifteen 
new members or associate members were elected. The 
fourth annual general meeting of the Institate will take 

lace on the 28th inst. at ison House, Vauxhall 
B idge-road, Westminster, S.W., at 4.30 p.m., and in the 
evening of the same day the annual dinner will be held 
in the Connaught Rooms, Great Queen-street, Kingsway, 
W.C. The next informal meeting of the junior members 


PS | of the Institute will take place on June 5, when Mr. E. S. 


Andrews will open a discussion. 





Tue Rating or Macuinery.—The Manufacturers’ 
Association, Limited, 110, Cannon-street. E.C., has 
issued, at the price of 2s. net, a booklet by Mr. G. Hum- 
phreys-Davies, dealing with the taxation of machinery, 
giving comparative statements of the law on the subject 
in Ireland, Scotland, and England, and dealing also with 
the application of the law in England. Mr. Humpbreys- 
Davies is the consulting surveyor to the Association, the 
author of ‘* The Principles of Rating” and of ‘‘ The Value 
of Buildings and Machinery as a Banker’s Security.” 
He isalsoan arbitrator under appointment by the Board of 
e. 





Lonpon County Councit—Epvoation.—The Council 
are prepared to award for the Session 1914-15 a Jimited 
number of free places at the Imperial College of Science 
and Technology, South Kensington, S.W. These will be 
awarded on consideration of the past records of the can- 
didates, the recommendations of their teachers, the 
course of study which they intend to follow, and gene- 
rally upon their fitness for advanced study in science as 
applied to industry. Candidates will not be required to 
undergo a written examination. It is possible that the 
free places may be extended to two or more years. The 
conditions are as follow :—(a) Parents (or guardians) of 
candidates must be resident within the administrative 
county of London, except in the case of self-supporting 
candidates over twenty-one years of age on July 31, 1914, 
who must themselves be resident within the county. —_(b) 
Candidates must be day students at an approved institu- 
tion, and must have been in regular attendance at an 
appropriate course of study for at least two sessions. (c) 
Candidates will be required to show that they are quali- 
ed to enter on the fourth year of the course of study 
selected. The fourth year of a course at the Imperial 
College is in the nature of a ~~ course. 
Application forms (T. 2/268) may obtained from the 
Education Officer, L.C.C. Education Offices, Victoria 
Embankment, W.C., and must be returned not later than 
to-morrow. 





Tuer Copper Market.—In their report, dated the 18th 
inst., Messrs. James Lewis and Son state that there had 
been a moderate variation in the price of standard copper 
during the past fortnight, the highest quotation for cash 
of 632. 17s, 6d. being on the 1st inst., and the lowest, of 
621. 15s., on the 11th, from which there was a recovery to 
631. 7s. 6d. on the 15th, when 64/. was paid for three months 
prompt. On the 18th the closing values were 63/. 3s. 9d. 
cash, and 632. 163. 3d. three months. Sales had been on 
a very reduced scale, amounting to about 10,000 tons. 
Transactions in refined copper had been very limited. 
Electrolytic sold down to 65/. per ton c.i.f., and 144 cents 
per pound, though held by the leading producers for 
652. 10s. and 14} cents. In the United States few of the 
mills which consume copper were operating on full time, 
and they had few orders ahead, while stocks held by 
European manufacturers must be exceptionally large if 
the great increase in the apparent consumption be due to 
deliveries to them. American refiners’ returns showed & 
record production for the month of April, with an increase 
in their stocks of 2557 tons, and continued ri! exporta. 
United States exports for the first 14 days of this month 
amounted to 18,253 tons. European and American stocks, 
as returned, showed an increase during April of 5331 tons, 
and further increase in the immediate future ap 


probable. During the past fortnight European stocks 
had increased 1206 tons. 
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“ ” NOTICES to use a miscellaneous collection of vehicles of dif- 
AGENTS FOR “ ENGINEERING. on Af = a ratcy ney aa . ferent o is _ they may have to travel in 
Averntts: Gordon and Goteh, Limited, Melbourne Sydney ; Brisbane Puveas Socmev ov Lempen.— p.m.,/ convoy for the sake of protection, and in this case 
Go. Townsville, Nerth Queensland.” W Ay. adel oad South Kensington, 8. Agendas (i) "Vol rial" Tositate road, the speed of the convoy would be the speed of the 


South Australia. Melville and Mullen, *. OR, ihoria. 
Avsrais-Huwoary, Vienna: Lehmann and Wentzel, Kartnerstrasse. 
Bererum: E. F. Satchell, 45, Avenue de Terneuzen, Brussels. 

Canapa, Toronto, Ont.: Wm. Dawson and Sons, Manning Chambers. 
Montreal: Sells, Limited, 302, Shaugnessy Building, McGil}street. 


Soursunes : John Menzies and Co., 12, 
Frayce, Paris: Boyveau and age .X la Banque. For Su ptions 
and Adv: Quai des Grands- 


Librairie 
ytynyr hh —5 , Agence Havas, 8, Place 
Gubmapt,, Rohe: A. Aten ont Oe, 3, Unter den Linden. Leipzig: F. A. 


Grascow : William Love. sy 
Inpm, Calcutta: Thacker, Spink and Co. Boostey Thacker aad Co., Ltd. 











ey wood, 1 
New x» : Gordon and Goteh Proprietary, Limited, Wellington, Auckland, 
Norway, Ch % :G Boghandel, Carl Johans Gade, 4) and 43. 
D. > 

Sovrs Arnica: Central News Head obannesburg 
Cape Town, Port Elizabeth. Bloemfontein, Durban, 
and their various hes and lls throug South Africa. 

Also Cape Town : William Dawson and Sons, 31, street. 


ABMANTA: ; 
Unstrep Srarms, New York: W. H. Wiley, 482, Fourth Avenue. 
_ Chicago: H. V. Holmes, 987-968, Monadnock Blook. 








ADVERTISEMENT RATES. 


The for advertisements is three shillings for the firet four 
lines or r, and “oe additional line. The line 
averages seven Payment must accompany all ordere 
tor ie advertisements, ceratep their insertion cannot be 


guaran’ . Terme for displayed advertisements on the wrapper = 


and on the inside pages ma: obtained on application. The 
ed 12 - and 9 in. e, — inte four ee 
advertisements be inserted wi th all practioabl- 

a Ay but absolute ——— + cannot be guaranteed. 

Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5p.m.on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 
received not later than 1 p.m. on Tuesday in each 
week. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ ENGINEERING” can be supplied direct from the Publisher 
post 


free, for twelve months, at the following rates, payable in 
advance :— 





For the United Kingdom ............ £1 9 2 
For Oanada— 
Thin paper copies .......... £1 11 6 ($7.65) 
Thick Pe ee £1 16 © ($8.75) 
For all other places abroad— 
Thin paper copies .......... £1 16 6 
Thick , .. (akcaeset #2 @ 6 


When foreign subscriptions are sent by Post-Office Orders, 
advice should be sent the Publisher. 

es and Colonial subscribers receiving incomplete copies 
through newsagente are ee ea a ae 
Publisher, — with ‘the e agent’s and address. 

All accounts payable to ** ENGINEERING.” LIMITED. 
Cheques should be crossed ‘* Union of London and Smith's Bank. 

i Oharin Branch.” Post-Office 


Limited, ng Oross Orders should be 
made payable at ford-street, Strand, W.O. 


Offices for Publication and Advertisements, 
35 and 36, Bedford-street, Strand, London, W.C. 





We desire to call the attention of our readers 
to the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing some- 
what similar titles. 





veh ponaea° } * ENGINEERING,” WESTRAND, LONDON. 


TsLePHons Nomexrs—3663 and 8598 GERRARD. 





Reapine - Cases. — Reading-cases which will hold twenty-six 
numbers of “ Enemmmsrine” may be had of the Publisher or of 
any newsagent. Price @a. each. 
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With Three Two-Page Plates and Four One-Page Plates of 
THE NEW CUNARD LINER “ AQUITANIA,” 


_| History in the Classics : 





Active Deposit,” y Mr. T. Barratt, aay and Mr. A. B. Wood, 
M.Sc. ; (2) “‘ The of a Particles th Photographic 
Films,” by Mr. H. P. Walmsley, M.Sc., and . W. Makower, 
M.A., D.Sc. ; (3) “On a Null Method of Testi Vibration Gal- 
vanometers,” by Mr. S, Butterworth, M.Sc. ; (4) ‘ Experiments 
with an Incandescent Lamp,” by Mr. ©. W. 8. Crawley and Mr. 
8. W. J. Smith. 

Tue Association or ConsuLTiINe Excineers.—Monday, May 25, 
at 4.30 p.m., at Caxton Hall, Westminster. The annual general 
meeting of the Association, when the report of the Committee 
and the accounts for the past year will be presen 

Tae Rovat Instrrvrion or Great Brita. —Friday, May 29, 
at 9 p.m., a discourse will be delivered by Professor J. OC. 
Bose, M.A., D.Sc.. on “‘ Plant Autographs and their Revelations.” 
Afternoon ‘lectures next week at 3 o'clock. Tuesday, May 26. 
Professor D’Arcy W. tn m, O.B., D.Litt., M.A., | Natural 
) The Natural History of Aristotle 


*) and of Pliny.” Thursday, May 28. Professor Svante Arrhenius, 


D.Sc., Hon. F.R.S., Hon. F.O.8., Hon, M.R.I., on “Identity of 
Laws: In General ; and Biological Chemistry.” (The Tyndall | 4 
Lectures.) (Lecvure IIL.) Satu x, By 80. Professor John 
W. Gregory. D.Se., F.R.S., on “‘Fiords and their Origin: (2) 
Fiords and Earth Movements.” 
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MECHANICAL MILITARY TRANSPORT. 


Tue advent of motor traction has in many ways 
altered the necessary arrangements for Army trans- 
port. In the old days all transport beyond the 
railway was necessarily done by horses. A large 
reserve of horses was necessary, but this was 
generally in existence for agricultural and trade 
———— The ordinary horses could always be 

case of necessity for war purposes, en 
required no special training for ordinary trans 
urposes. Further, horses exist in large num 
in other parts of the world, and, given money — 
sea transport. could easily be procured in a reason- 
able time. Neither men nor horses require special 
training for military transport. es speaking, 
any men used to driving, and any horses used for 
draught purposes, can be put into a scheme of 
military transport and used. 

The advent of motor transport has altered this 
in many ways. In the first place, it is obvious 
that an army which has no motor transport, but 
depends on horses, can not move fast, and would 
be at a hopeless disadvantage as compared with 
one having modern transport. In the second, the 
éffect of the motor vehicle has been very greatly 
to reduce the supply of horses in the country, and 
it is quite clear that an adequate supply could not 
now be obtained in times of emergency. For many 
——_ at all events, motor transport on a very 

ge scale is an obvious military necessity. This 
leads to the question of how the military require- 
ments are to be met. 

The difficulties of organising a scheme which is 
workable are greater in the case of the motor trans- 
sport than with horses, for several reasons. In the 
latter it is, te a large extent, true that ‘‘a horse is 
a horse,” and that any type can be used, and be 
put to any kind of ordinary transport work. True, 
they vary in power and endurance, but this can be 
met by varying the number used with a given load. 
In the case of motor-lorries, however, there are 
many difficulties in using a promiscuous assort- 
ment collected without consideration of special 
military requirements. Anyone sitting by the 


0 | roadside can see that the variety of lorries in use is 


very large, and their various merits and require- 
ments are equally diverse. Thus there are large 
numbers of steam lorries, while there are others, 


‘| with internal-combustion engines, of every con- 
5 | ceivable shape, size,and power. The steam-driven 


vehicles, of course, require coal as fue!, and cannot 
run far without picking up water. They are also 
usually very heavy. Some lorries are fitted with 
iron tyres, and cannot therefore be driven at 


716| high speeds. Other lorries vary very much in 
" — carrying capacity, and power to climb hills. 


There are many objections to using a miscella- 
neous collection of lorries of varying capacities for 
military transport. In the first place, where the 
roads are taxed to their utmost carrying capacity, 


723 | there must not be much passing—that is to say, if it 


be desired that a road shall carry as great a volume 


728 | of traffic as it is capable of, the traffic must all travel 
795 | #¢ 8 uniform speed, which should be as high as prac- 


ticable. This is obvious, as a slow vehicle which 
has to be narrows the available width of 
clear road: Another reason why it is inconvenient 





slowest vehicle. It is manifestly desirable that all 
vehicles used for military purposes should be 
reliable, otherwise there is always the great chance 
—_ the one which breaks down is the one carry- 

the most essential in which case great 
de y would be caused by shifting them to another 
lorry, in addition to which the road would be 
blocked. A great variety in lorries also means 
men variously trained to drive them, and if the 
— type varies much, it means greater difficulties 

n getting repairs done. In theory, obviously the 
heb way of meeting the case would be for the 
army to own all the lorries which would be re- 

quired in war, in which case they could be. built 

solely for military purposes. It is, however, re- 

cognised that this is impracticable on account of 
the A eg expense, for the lorries would no doubt 
rapidly become obsolete, and have to be replaced 
at frequent intervals. In practice, therefore, the 
large majority of civilised countries have. adopted 
some scheme for securing a supply of motor-lorries, 
by subsidising such private owners as will purchase 
lorries suitable for use in war time. 

Accordingly, our own Government has got out a 
scheme under which purchasers of lorries which 
satisfy the War Office requirements will receive a 
subvention. The method by which this scheme is 
carried out is for the chassis of a subvention- 
lorry to be approved and tested by the War Office, 
after which any purchaser of a similar type of lorry 
will receive a subvention. The Government has 
the right to purchase the subvention vehicles at a 
fixed price, but only in case of national emergency. 
t | The vehicles on which subventions will be paid are 
of two classes—namely, A, to carry a useful load 
of 3 tons ; and, B, to carry a useful load of 30 cwt. 
—and the principal special requirements of the 
chassis are as follow :—— 

The weight of chassis i is not to exceed 3 tons in 
Clars A, and 2 tons 5 cwt. in Class B; the load 
carried, including body, driver, &c., to 'be 4 tons 
10 cwt. and 2 tons 15 ewt. respectively, the gross 
weights therefore not exceeding 7 tons 10 cwt. and 
5 tons. It is understood that, allowing for body, 
&c., this will allow of 3 tons and 1 ton 10 cwt. 
of useful load being carried. The gross weight 
is limited by the capacity of military bridges ; 
hence the low weight specified for the chassis. 
The engines to have four cylinders, cast in 

airs, not less than 110 mm. and 100 mm. in 

iameter and stroke respectively (4$ in. and 
4 in.). Magnetos and radiators must be inter- 
changeable, for facility of repair, as also some 
other parts. Governors must be fitted set to 1000 
revolutions ; 30-gallon petrol-tanks must be fitted, 
and oil-tanks for a 200-mile run. The arrange- 
ment of the controls must be to War Office standard, 
so that if drivers are put into vehicles they have 
not previously driven, they will be familiar with 
them. This is considered important in view of the 
fact that in war lorries will have to be driven by 
very tired men. Live axles are to be used. The 
wheels must not be less than 1050 mm. in diameter, 
with 120-mm. twin tyres for the back wheels, and 
900 mm. in diameter, with 120-mm. single tyres, 
for the front wheels of the 3-ton lorry, the dimen- 
sions being 1030 mm. by 100 mm. twin, and 
870 mm. by 100 mm. single in the 14-ton lorry. 

There are other detail requirements which do 
not materially affect the general design. It does 
not appear that any of the requirements detract in 
any way from the usefulness of the chassis for 
commercial pu , and many, such as the large 
wheels, should be a distinct advantage 

Last year five motor-lorries, of which we give 
particulars in a tabular statement on page 715, each 
received a subvention certificate, and this year five 
other lorries, of which particulars are also given on 
page 715, have been under test for the few 
weeks. the main conditions which they were required 
to fulfil being given in connection with the tabular 
statement to which we have already referred. 

By the courtesy of the War Office, our repre- 
sentative had the ey of followin — 
lorries round on one of their last runs ina c 
banc, which was a privately-owned subvention model. 
The day’s route was over a distance of 89 miles, 
mostly through very hilly country to the north of 
Sevenoaks, the North Downs being ascended and 
descended several times, and both Westerham and 
Trotterscliffe being ascended. The latter hill is 
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stated to have a gradient slightly steeper than 
1 in 6. All the lorries a to be runni 
very well, and all ascended the hills without 
any difficulty, carrying their full load. The char-a- 
banc also ran very well, and certainly proved 
itself capable of considerable speed. It showed 
conclusively that the requirements of the War 
Office do not in any way prevent the chassis being 
thoroughly well nto f to commercial work. In 
addition to the competition lorries and the char-a- 
banc, several lorries of the subvention t which 
belong to the War Office were run over the route 
for demonstration purposes, and on several days 
possible purchasers of lorries were invited to go 
round in the char-’-banc and inspect their running. 
All these lorries ap to be running very well, 
= to be thoroughly suitable for commercial 
work, 

It is evident that the War Office are making a 
real endeavour to arrange for a large proportion of 
the lorries in the country to be suitable for their 
own purposes, and therefore to be available in time 
of war. The success of any such scheme must, 
however, depend entirely on whether it is a com- 
mercial success from the point of view of the user 
and manufacturer. From the point of view of the 
former the question is whether it is better to buy a 
subvention lorry or one of another type. There is 
no doubt that the requirements of the War Office 
entail a very considerable increase in the cost price 
of the chassis, and the question, from the user’s point 
of view, is simply whether the subsidy received 
makes the extra outlay worth while. ere is, of 
course, also the fact to be borne in mind that the 
War Office is at liberty to buy the vehicle whenever 
it is necessary from a national point of view to do 
so, whether it be convenient for the owner to op 
with it then or not. This is, however, probably a 
point of very little importance, for there can be no 
doubt that in time of real national emergency any 
vehicles required would be taken, whether subsi- 
dised or not; for it would obviously never do for 
our army to be defeated simply because owners of 
lorries would not accept fair compensation for their 
purchase. 

The subsidy allowed per vehicle is 110l., of 
which 301. is payable at once, and the rest is spread 
over three years. The actual first cost of a sub- 
sidised lorry will, therefore, generally be in excess 
of that of the usual type lorry, even allowing for 
the subsidy. The great advantage attending the 
purchase of a subvention-type lorry is that it should 
be a superior vehicle. It has stood a strenuous 
Government test, which is, to a large extent, a 

uarantee of its quality. In addition to this, several 
eatusen are incorporated which should be of very 
direct advantage to the user. Thus the wheels are 
of larger diameter than are often fitted, and there is 
no doubt that large wheels are a distinct advan- 
tage in reducing upkeep, on account of the less 
tyre wear and vibration. The tare weight of the 
chassis is also limited, and it is obvious that any 
reduction in this, consistent with durability and 
reliability, is a distinct advantage, for many items of 
running costs increase in proportion to the 
weight. A high standard of durability on a lig ht 
weight, however, necessarily means better work 
and materials than when weight is not limited. 

Presuming that the increase in cost is less than 
the subsidy, the user should therefore have the 
advantage of a better vehicle, which can be run 
cheaper, at the same or a lower price. But it 
remains to be seen how the general user will con- 
sider the matter. In this connection it would prob- 
ably make the scheme much more attractive if 
a larger proportion of the subsidy could be paid at 
once. Cemnpehent business men generally have 
profitable means of investing more capital than 
they have available, and therefore look askance at 
an increase in cost price, even if it reduces future 
expenses slightly. us, if a man running char- 
a-bancs found that he could buy either five subsi- 
dised ones or six non-subsidised, it is possible that 
the latter would be more profitable to him, as the 
extra earnings during the three years might be 
greater than the subsidy. Ifa large proportion of the 
subsidy were paid at once, however, this difficulty 
would disappear, and as the Government can 
borrow money at a far lower rate of interest than 
the individual, the extra cost to it would be small. 

From the manufacturers’ point of view, the 
question arises as to whether it is worth while to 
construct a subsidy type. This will d of 
course, on what the extra trouble is, and what 
prospect there is of getting orders. There can 





be no doubt that getting out a new design, 
submitting a chassis to test, &c., is both expen- 
sive and troublesome, and unless orders are pro- 
portionate, it will not be worth while for makers 
to undertake the trouble. The makers who have 
now submitted vehicles to test are fairly represen- 
tative of the trade, and the Gove:inment should 
make it worth while for purchasers to buy their 
vehicles. One thing, however, which must be 
avoided is repeated trials. Once trials have been 
held under given conditions, others should not be 
held under different conditions within reasonable 
time, unless those who were successful in the earlier 
trials have been able to obtain a reasonable pecu- 
niary reward. Should the Government find that 
the conditions they lay down are too severe for 
purchasers to accept, then the proper remedy is not 
to have new trials under less onerous conditions, 
and thus let firms who did not comply with the 
first come in on equal terms, but to increase the 
subsidy. 

Another point of importance is that if the sub- 
sidy type of vehicle is to be a commercial success 
to the makers, all the Government departments 
should confine their orders to these ty ; at all 
events, for the sizes which are subsidised. At 
present it appears that orders for lorries are given, 
even by some departments of the Army, to makers 
who do not make a subvention type. Thus the ad- 
vantages of uniformity disappears, and the makers 
who have taken the trouble to comply with the 
War Office requirements do not get their reward. 





HYDRAULIC TURBINE TRANS- 
FORMERS. 

Tue Fottinger system of interposing primary 
and secondary rotary pumps between the turbine 
and propeller, in order to enable the former to be 
driven at a high rate of revolution, and the latter at 
a low rate of revolution, to achieve greater thermal 
and propulsive efficiency respectively, is being taken 
up in this country by Sir William Beardmore. In 
order to demonstrate the working of the system, he 
arranged for the German coasting steamer Kénigin 
Luise to come to Southampton, and on Wednesday 
last, at his invitation, the technical officers of 
the most important merchant steamship lines, and 
on Thursday the high officials of the Admiralty, 
went on cruises in the Solent, and the operation 
of the machinery was placed in the hands of any 
of the guests, in order that they might determine 
the rapidity with which the machinery could be 
reversed and the ship brought to rest. 

The Konigin Luise was illustrated and described in 
Enarineerine of December 12, 1913. She isa vessel 
275 ft. long between perpendiculars, and her displace- 
ment tonnage is 1800 tons on a draught of 9 ft. 9 in. 
She is engaged in the summer in service between 
Cuxhaven and Heligoland, and in the winter on the 
Riviera. The service is essentially a tourist one, 
and a notable feature in the ship is the extent 
of promenade spaces and lounges. The upper deck 
is enclosed for nearly the whole of its —_ by 
large plate-glass windows, and tables are set for the 
eonvenience of passengers, while forward of the 
promenade-deck, under the bridge, there is a 
similarly enclosed space. In the dining-saloon large 
square ports are provided, and these, in addition 
to the spaciousness of the companionways and the 
general lay-out of the decks, are features which 
might very well be adopted in many of our Channel 
and coasting steamers. 

Interest, however, centres more in the arrange- 
ment of machinery, as she has the largest inetalla. 
tion of turbines yet working in connection with Dr. 
Fottinger’s hydraulic system. There are three 
Yarrow boilers, arranged to supply steam at 50 deg. 
superheat, and the turbines are designed to give 3000 
brake horse-power at 1800 revolutions per minute. 
The Féttinger transformers, which were fully 
illustrated in the previous article already referred 
to, reduce the rate of revolutions of the propeller 
relative to the turbines in the ratio of 1: 4.03. It 
will be remembered that in this system the turbines 
run continuously in the ahead direction and operate 
primary rotary pumps, which pass the pressure 
water to secondary rotary pumps on the propeller- 
shaft ; or alternatively the pressure water may be 
utilised for running other secondary rotary pumps 





| 


On the trials this week, when the vessel was 
going ahead, and the order was given to go astern, 
the direction of travel of the vessel was changed 
in 1 minute 15 seconds, and the vessel — 
going ahead in 1} times her length, as meas' by 

uoys. The propellers, however, were themselves 
going astern in 3.4 seconds after the lever at the 
transformer had been thrown over from the ahead 
to the astern position. The reverse action from 
astern to ahead was effected in fifteen seconds, 
the turbines at that time making 300 revolu- 
tions astern. On a second trial, under the same 
conditions, the change in the direction of steam- 
ing was made in 1 minute 2 seconds from the 
time the order was given, and the vessel was going 
astern 1 minute 8 seconds later. The system is 
being largely adopted on the Continent, and 
an Atlantic liner with transformers will be on 
her station in the autumn. A cruiser with nearly 
50,000 horse-power is also being fitted with the 
system, with the interesting additional application 
of a cruising turbine with mechanical gear. This 
cruising tunhine is of the impulse type, and is 
mounted on the port shaft, the exhaust passin 
into the impulse-reaction turbine on the star 
shaft, which is fitted with a transformer. When 
cruising with about one-fifth full power the main 
port turbine, with its hydraulic transformer, will, 
with the condenser, be cut out of action; but at 
full power the cruising turbine and its mechanical 
gear will be disconnected, when the ship will work 
with the two main turbines, acting through the 
reducing and traversing hydraulic transmission 


rotary pumps. 





SIMILARITY OF MOTION IN FLUIDS. 
THE two lectures on ‘Similarity of Motion in 
Fluids,” and on ‘‘Surface Friction in Fluid 
Motion,” which Dr. T. E. Stanton, F.R.S., of the 
National Physical Laboratory, delivered at the Royal 
Institution on April 25 and y 2, were introduced 
by some welcome remarks on the principle of simi- 
larity in the theory of structures. The tradition of 
what was now called ‘‘the ultimate strength of 
materials,” he said, had grown up from records 
concerning the loads under which parts of struc- 
tures had colla ,» and the areas over which 
those loads had been distributed. When testing- 
laboratories had measured the precise breaking 
loads, it had become the practice to divide 
those values by ‘‘the factor of safety,” in order 
to provide for errors in calculation and work- 
manship. The tests were made on small speci- 
mens, and that practice was based on the assump- 
tion of a law of similarity, which in its most 
elementary expression stated that for conditions of 
steady loading the resistance was proportional to 
the sectional area of the member. In brittle 
materials like cast iron, it was true, any rapid 
change of section in the specimen would cause 
failure at lower values than when the changes were 
very gradual. But for the ductile materials methods 
of testing had failed to reveal any marked varia- 
tion with mere size and, within certain limits, with 
the shape of the cross-sectional area. When we 
from cases of simple tension and compres- 
sion, however, to consider long columns under com- 
ression or beams in bending, this simple law no 
onger held except when a definite geometrical 
relation existed between the structures considered. 
In the majority of cases, as Dr. Stanton—who was 
assisted by Mr. J. R. Pannell—demonstrated with 
the aid of glass rods, that relation was precise geo- 
metrical similarity. That relation did not suffice 
for notched-bar impact tests, however, in which the 
work in fracture was not proportional to the volume 
of the specimen, and the law governing these teste 
was not yet known. 

In the calculation of large structures exposed to 
the forces of fluid motion, the simple law of com- 
pression used for dead loading was again no longer 
applicable, because the forces depended not only on 
the dimensions of the structure and on the velocit; 
relative to the fluid, but also on the way in whi 
wave motion in the fluid was set up by the floating 
body, or, in the case of subm bodies, on the 


characteristics, especially the viscosity, of the fluid. 


In order to design the propelling engines of a shi 
the naval architect had to know more than the 


in the astern turbine, the change-over being effected lines of the proposed ship, its displacement and 
by a valve. In our previous article full details were | speed ; and when an airship or aeroplane was 


given of the economy in ho and space required, | supplied with engines of a certain power, it was 


these points being considerably affected by the 
that no astern turbines are needed. 


fact | not known at what 


the craft would travel. 
Again, the wind pressure on a bridge could not be 
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calculated from the dimensions of the bridge and 
ae wind velocity. 

hen geometrically similar structures were im- 
mersed in any fluid, the resistance P to motion 
might, indeed, safely be assumed, in some cases, 
to be proportional to the product of the area A 
immersed, the square of the relative speed v and 
the density of the fluid p, ie, P=pw'A; this 
held approximately, e.g., for the pressure on flat 
square plates normal to the current. But whenever 
fluid friction formed a considerable part of the 
whole resistance, the assumption might lead to 
large errors. Dr. Stanton demonstrated this by 
showing slides illustrating the resistance at diffe- 
rent speeds to motion through pipes, and to the 
motion of spheres, cylinders, and aerofoils ; as the 
— increased from low values, the value of P 
plotted against p v* A, first fell rapidly and then rose 
again, tending fnally to become nearly oe 
0 = The photographs of the motion of the air 
in the tail region of a dirigible showed that the 
stream-lines followed the contour of a model pro- 
vided with a long, fine tail quite close up to the ex- 
tremity ; in the case of a tail of medium fineness, 
there was a small dead-water region, and for a large, 
very blunt tail there was a large dead-water region. 
Further, the extent of this dead-water region varied 
with the s of the dirigible. But it had been 
established that when both similarity of structure 
and similarity of motion in the two systems of fluid 
particles moving round the structures had been 
ensured, the above assumption P = p v* A might 
be accepted. Thus to find the resistance of a 
dirigible balloon of given dimensions, to travel at, 
say, 40 miles per hour, it was necessary to make a 
scale model, and to determine the s at which 
the model had to be towed in a fluid in order to set 
up a motion similar to that which would exist for 
the full structure, and to measure its resistance 
when moving at that speed. 

One of the most striking demonstrations of simi- 
larity of motion for the case of viscous resistance 
had been given by Osborne Reynolds at the 
Royal Institution thirty years ago: Dr. Stanton 
showed these experiments in two ways. Two 
horizontal glass tubes, diameters 1.34 cm. and 
0.6 cm., issued from a water-tank; they ended 
in rubber tubes provided with screw-clips. In 
front of each tube, about 5 cm. from it in the tank, 
was the mouth of a finer tube (perhaps 2 mm. 
in diameter), through which a narrow stream of 
coloured water was introduced into the wide tube. 
At low speeds the flow was steady, and the coloured 
stream formed a red thread within the colourless 
water; at a certain critical speed the motion 
became unsteady, and the red thread dissolved 
in eddies. These critical speeds—determined by 
discharging the water into a calibrated beaker and 
counting the seconds—were inversely proportional 
to the diameters, it was shown. For the same 
tube the critical velocity was also proportional to 
the viscosity of the water. In this experiment the 
tubes had simply been pushed through the walls of 
the tank, the tube ends being free. But Reynolds, 
Dr. Stanton remarked, had always provided the 
free end with a conical mouth-piece (opposite the 
ink tube) in order to steady the flow. Repeating 
the experiments under Reynolds’s conditions, Dr. 
Stanton showed that similarity of motion (i.e., the 
critical s ) was attained at considerably higher 
velocity (three times the former speed under the 
experimental conditions). In order to demonstate 
the steadying influence of the nozzles, Dr. Stanton 
passed the water, as in the other experiments, 
through a tube which was constricted at two spots, 
so that a short length of tube of original diameter 
was between the two strictures. The coloured band 
was perfectly steady in this short section, the liquid 
flowing regularly through the dead water around it, 
even at high speeds, and it was a general rule that 
water would keep steady in a convergent jet, but 
become turbulent in a divergent jet. That ex- 
plained also the remarkable steadying influence of 
the conical mouthpiece. The lower of the two 
critical speeds demonstrated, Dr. Stanton pro- 
ceeded, had not been directly observed by this 
method by Reynolds, who had, however, discovered 
its existence from observations on the fall of pres- 
sure along lead pipes. Writing the relation for 
steady motion between fall of pressure p, velocity v, 
and ordinary coefficient of mechanical viscosity 
in the form 


a dp_vd 


ees pe ae 
the » in this equation was the kinematic viscosity 





of Maxwell defined by v =p/p; ite introduction 
had the advantage that viscosity effects for similar 
motions were independent of the nature of the fluid. 
Reynolds had found that, for all states of flow, 


whenever he had two cases in which the od were 
v 
the same, then the corresponding p S , oe were 
i" x 


also the same ; that proved that similarity depended 
upon the °°, 
v 

In the National Physical Laboratory they had 
demonstrated the law of similarity for viscous 
resistances by experimenting with square plates 
obliquely immersed in the flowing medium—air or 
water.. Dr. Stanton exhibited the beautiful photo- 
graphs obtained.* At low — spiral eddies 
came off from the corners of the plates ; at high 
— loops, quite different in appearance, were 
observed. But the phenomena were the same in 
water and air—that is, the law of similarity held, 
provided the vl/y (where | was the side of the 
square plate) remained unchanged. 

Passing to applications of the law of similarity, 
Dr. Stanton said that the tank experiments re- 
quired by naval architects, though costly and 
elaborate, were not particularly difficult, because 
the Sty quate would rarely exceed 20 ft. per 
second. ith air-craft models in air the diffi- 
culties were serious. The vl had to be kept con- 
stant ; that required very high velocities for small 
dimensions. In a 6-ft. by 6-ft. channel the cross 
dimensions of the model could scarcely exceed 
1 sq. ft., so that with aeroplane models and diri- 
gible models made on a scale of 4 or yy the 
conditions of similarity could not be set up. Thus 
the designer would have to fall back on full-scale 
experiments, if he had not in water a fluid whose 
kinematical viscosity was only ,4, of that of air, so 
that the vd (or vl) might be 7, of that in air. 
Unfortunately, the difficulty was by no means 
overcome by these means ; for even a model of an 
aeroplane wing, made to a scale of 4, would have 
to be moved at speeds of the order of 30 ft. per 
second, and the mechanical difficulties in sustaining 
and recording the resulting pressures would be 
almost insuperable. Some experiments on full- 
sized wings had been made at the Aerodynamical 
Institute of the Paris University, where the wing 
was put on a truck moving on rails; the results 
there obtained were in agreement, as to vertical 
forces at any rate, with the small-scale model ex- 
periments made at Teddington. 

In the second lecture Dr. Stanton first demon- 
strated the effect of temperature changes on 
the condition of similarity for viscous resistances, 
v.d/v=C, in a novel way. Instead of showing that 
different critical velocities corresponded to different 
temperatures, he demonstrated that a decrease in 
viscosity might have the effect of diminishing the 
frictional resistance or increasing it. A horizontal 
tube was used for this purpose, but the water, before 
entering the tube, passed through an electric heater, 
and it left the tube at the far end through a fine 
nozzle, asa vertical jet impinging on a semispherical 
cup attached to the long end of a balanced beam ; 
when the momentum of the water increased, the 
beam rose. The resistance was measured in a 
liquid gauge branching off from the tube. The 
flow was first kept at less than critical speed. 
When the water was heated (by turning on the 
heater), the beam was seen to rise a little; but 
as the water became warmer the speed rose to the 
critical value, and the resistance, 34 in. to start 
with, increased to 6 in., the velocity being kept 
constant. This condition of flow, in which the 
resistance increased as the viscosity diminished, 
was of considerable interest, and in such a case it 
could be proved that the resistance must vary as a 
power of the velocity greater than 2. 

Coming to the general theory of the conditions 
of similarity, Dr. Stanton briefly outlined the 
most complete exposition given which Helmholtz 
had presented to the Berlin Academy in 1873. 
Helmholtz had deduced two equations which 
should be identical for similar motion, and had 
indicated the changes to be made in the scale of 
linear dimensions, time, density, viscosity, pres- 
sure, and velocity, when passing from one fluid to 
another. In the consideration of the conditions 
{which cannot profitably be abstracted] three sim- 





* Compare the illustrations to Mr. Bairstow’s article in 
ENGIngERING, February 14, 1913, page 236. 





ified cases might be distinguished, in which (1) 

th gravity and viscosity were neglected; (2) 
viscosity alone was neglected (this led to Froude’s 
law for the determination of the wave - making 
resistance of ships); (3) gravity alone was neg- 
lected (conditions of Reynolds’s experiments, to be 
observed in experimenting on models of aeroplanes 
and dirigibles, submarines, torpedoes, and wind 
pressure). 

Dr. Stanton then turned to an application of the 
kinetic theory of friction concerning the transmis- 
sion of heat by convection currents. As in the case 
of a frictionless fluid ing through a pipe of 
varying cross-section, the change of pressure was 
equal to the change of linear momentum ; so when 
a viscous fluid flowed through a parallel-sided Pipe. 
the fall of pressure due to friction could be regarded 
as the momentum carried up to the walls. Accord- 
ing to this view, when a fluid flowed through a 
heated pipe, the theory had been laid down by 
Reynolds that the ratio of the momentum lost by 
surface friction between any two sections of the 
pipe to the total momentum of the fluid passing 
through was equal to the ratio of the heat trans- 
mitted by the walls to the fluid through the same 
surfaces to that which would have been transmitted 
if all the particles had been carried to the walls, 
and the rise of temperature would approximately be 
the same for all speeds of flow above the critical 
speed. This was demonstrated by sending air from a 
fan through an electrically-heated pipe and discharg- 
ing the air into a box in which a liquid-column ther- 
mometer was placed to measure the air temperature; 
the temperature of the pipe surface was separately 
indicated by the aid of an invar rod and a pointer. 
When the air speed was 8 ft. per second, the air 
thermometer rose to 28 deg. Cent.; when the speed 
was 18 ft., the thermometer indicated nearly 
the same temperature, in spite of the much higher 
speed. This was an important fact to remember 
for boilers and condensers ; the argument applied 
only to heat convection, of course, and neglected 
conduction and radiation. 

After having referred to a considerations 
of dynamical similarity, the lecturer to the 
early researches on surface friction by y (Paris, 
1850, water mains of cast iron and steel, from 1 cm. 
to 50 cm. in diameter, but not sufficiently accurate 
as to diameters) and by Froude (British Association 
Reports, 1872 to 1874, flat boards towed in canals). 

r. Stanton then turned to the experiments of 
himself and Mr. Pannell, undertaken with the 
object of obtaining a general expression for the 
frictional resistance of all fluids and pi and of 
ages ory the limitations of the index law. 
The tilting gauge which they used for these re- 
searches—the sensitiveness of which had been 
increased by Chattock by introducing a second 
liquid, such as castor-oil, in the horizontal limb, 
and observing the surface of separation of the oil 
and water—has been described in our columns, and 
the results of the experiments have been referred to 
in our reports on the work of the National Physical 
Laboratory. The discharged water had been directly 
measured in these ee but ordinary gas- 
meters not being sufficiently accurate, they fad 
measured the air velocity of the centre filament 
and calculated the mean velocity from this and the 
knowledge of the ratio between maximum and mean 
speeds in the pipe. That ratio was not inde- 
pendent of the speed, as some investigators had 
assumed, but was a function of rd/vy. As regards 
the limitations of the index law, Reynolds had 
not observed any variation in using }4-in. pipes 
and speeds from 22 cm. to 700 cm. per second. 
Being able to experiment with the mains of the 
Hydraulic Power Supply at the Grosvenor-road 
Pumping Station (where 840 Ib. — 8q. in. were 
maintained), they themselves had had velocities at 
their disposal up to 3200 cm. per second in the 
1.25 cm. pipe, 5250 cm. in the 0.71 cm. pipe, and 
5600 cm. in the 0 36 cm. pipe. Adopting a value of 
the index n determined by | ithmic plotting of 
the resistance and speed in the lower part of the 
ranges, they had found that an error of from 10 to 
20 per cent. might be involved in the essumption 
that the index law held up to the speeds mentioned 
above. One peculiar fact deserved notice. The 
transition from the steady to the eddying motion 
had been obtained with the two fluids at 
the same value of vd/v, except in the }-in. pipe, 
in which the steady flow had persisted at higher 
speeds, probably because the disturbance at the 
inlet was not similar to that in larger pipes, and 
beeause the nature of the flow at the inlet approxi- 
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mated to that of a larger pipe fitted with a bell 
mouthpiece. Dr. Stanton finally exhibited slides 
illustrating the results of their own work and of 
the work of other investigators ; these slides at the 
National Physical Laboratory testified to the very 

e number of observations taken at Teddington, 
and to their good accord. 





THE HAMBURG-AMERIKA LINER 
“ VATERLAND.” 

Tue new Hamburg-Amerika liner Vaterland, in 
virtue of her place as the world’s largest and 
probably most luxurious ship, stands in a sense as 
the epitome and culmination of the shipbuilder’s 
art. As she lay in the Solent on the 15th inst., 
on the second day of her maiden voyage, not even 
the most casual observer could fail to note the 
beauty of her lines, or to appreciate in a measure 
the mechanical ability she represents. When to 
such casual observation is added a knowledge of 
the skill, organisation, and labour which her com- 
pletion signities, one is impressed anew with the 
order of achievement to which the advance of 
the mechanical arts has brought us. For the 
Vaterland is in no sense the creation of a 
single brain. She has been rendered ible 
only by the mental and physical work through- 
out many centuries. The labour of thousands 
has gone to her making, and no just appreciation 
of the finished vessel is possible in one who cannot 
see in her the marks and traces of those amon 
the ‘‘ wise old dead” who laid, so laboriously an 
so well, the foundations of modern shipbuilding 
and engineering. 

That the Vaterland is a German ship—owned, 
designed, and built in Germany—need be a matter 
of no jealousy for us of Great Britain. The able 
men who conceived, designed, and built her realise 
clearly enough to what extent the very foundations 
of her being were laid in this country, and we in 
return may well recognise the industry and tech- 
nical skill which Germany has brought to the art 
of shipbuilding—an industry and technical skill 
in many respects unexcelled elsewhere. In engi- 
neering political frontiers are but faint lines, no 
nation hesitating to learn from another that which 
she has to teach, and even in an art so peculiarly 
our own as shipbuilding, Germany has suggested 
much which we have been glad tostudy. The inter- 
national interchange of knowledge and experience 
which the Vaterland reminds us of indicates an 
interesting el between naval architecture and 
architecture in the sense of the Royal Institute of 
British Architects, much to the credit of the 
former. A great building and a great steamship are 
as fairly comparable as two examples of quite diffe- 
rent classes of labour well can be. Both re nt 
the best fruition of the hopes of a great profession. 

We have said that in shipbuilding no nation 
hesitates to learn from another. In architecture 
apparently one must say that no nation hesitates 
to borrow from another. The distinction is basic, 
and its results are patent. The producer of a 
great building, as a rule, can apparently do no 
better than import the ideas and instincts of an 
alien, and frequently an extinct, race, as the leit 
motif of his work, and the measure of his credit 
with the brother members of his profession a 
to lie in the extent to which he has been A e to 
copy the methods and designs of his model. 
Even with such more or less fixed standards 
the results of his work are usually greeted with 
but small praise, and an outsider may be par- 
doned for Sallocinn that modern architecture is 
in a way, since architects themselves make 
such a point of telling us so. We venture to think 
that naval architecture has a more hopeful tale to 
tell. Naturally all designs that are produced 
and all ships that are built do not meet with 
uniform praise. Criticism and disagreement there 
must be in any healthy branch of human activity, 
but such disagreement and criticism do not over- 
weigh agreement and praise, and in general naval 
architects certainly do not believe naval archi- 
ture to be ina bad way. The distinction between 
learning and borrowing is sufficient to explain this 
difference between architecture and naval archi- 
tecture. That which the ship-designer gets from 
other peoples or other ages he learns and assimi- 
lates. He does not add it as an extraneous and 
incongruous feature of his work, but incorporates 
it into its fibre. As a result his product is con- 
sistent with itself in all its parts, and stands 
entirely and throughout characteristic of the age 


which produced it. The Vaterland contains many 
marks and traces of the past, but they are not 
alien features. She is a culmination, not a copy, 
and is quick with the spirit of her century. 

As may be expected, the Vaterland in her general 
lines follows the construction of the Imperator, 
with which, in conjunction with a third vessel now 
building, she is to maintain the Hamburg-Amerika 
service between Hamburg and New York. None 
the less, many detail changes have been made on 
the arrangements of the earlier ship, and advan- 
tage has naturally been taken of the greater size 
to improve the passenger accommodation. The 
Vaterland is 950 ft. long over all, 100 ft. broad, 
and 98 ft. in depth, and has a gross tonnage of 
54,190 tons. The service draught is 37 ft. 9 in., 
and the maximum permitted Sanght 38 ft. 6 in. 
Her ahead turbines have a total normal horse- 

wer of 72,000, and her astern turbines a 
Lmpqueee of 35,000. Her average speed is 
234 knots, but on her trials from the mouth of 
the Elbe to the coast of Norway and back, which 
extended over two days, she averaged a speed of 
25.8 knots. On one occasion, against a 60-mile an 
hour wind, she maintained a speed of 25.4 knots ; 
while running with the wind astern she reached 
26.3 knots. The turbines were found capable of 
developing 90,000 horse-power, and worked with- 
out any hitch. These figures will help to complete 
the comparative table we published last week in 
connection with the trials of the Aquitania. 

The vessel was built by Messrs. Blohm and Voss, 
at Hamburg, her keel being laid in September, 
1911. She was launched on April 3, 1913, by 
H.R.H. Prince Rupprecht of Bavaria, and began 
her miaiden voyage from Cuxhaven to New York, 
via Southampton and Cherbourg, on the 14th inst. 
She was built under the supervision of the 
Germanische Lloyd and allied societies. The third 
vessel of the three, of which the Vaterland forms 
the second, and which will be of still larger 
dimensions, will be launched by His Majesty the 
Emperor of Germany, on June 20 next, and will 
be placed in commission in May, 1915. It is not 
necessary to say very much about the construction 
of the hull of the Vaterland, since in this feature 
she follows the Imperator and other modern ships. 
She has a double bottom, extending throughout the 
whole length about 6 ft. above the bottom plating, 
and a double skin running right round the hull, and 
reaching from the double bottom to the promenade 
deck, the amidship protection being further in- 
creased by the tion of the coal-bunkers. She 
is divided by Poth transverse and longitudinal 
bulkheads into an exceptionally large number of 
water-tight compartments. The bulkheads extend 
from the double bottom to a height of about 
50 ft. The forward collision bulkheads extend 
through the top deck, and aft longitudinal and 
transverse bulkheads afford extra protection to 
the shafts and tunnelling. Stone-Lloyd doors, 
operated from the bridge, are fitted throughout. 

xhaustive tests show that the ship is completely 
safe, — if four adjacent compartments be flooded 

ether. 

e life-boat equipment is interesting. There 
are eighty-three boats in all, two of which are 
equipped with motors. This affords ample accom- 
modation for the 5360 persons who form the 
full complement of passengers and crew for the 
ship. As on the Imperator, some of the boats 
are carried on the lower promenade deck, 20 ft. 
below the boat-deck proper. Some of these boats 
can be seen in the view of the ship given in Fig. 1 on 
the opposite page. The arrangement seems a good 
one, as it completely frees the upper promenade 
deck, and so is attractive to passengers under normal 
circumstances, while in case of emergency it will 
be a convenience to break up the crowds which 
will gather round the boats. On the deck the 
collapsible boats are carried each below one of 
the wooden boats, and are handled by the same 
davits when the upper boat has been launched. 
This arrangement was not used on the Imperator. 
The davit eyuipment is by the Welin Company, 
and is of the already fully dealt with in our 
columns. Additional boats are carried on the poop 
and forecastle, and are handled by booms and 
electric winches. A complete system of bells has 
been installed, which ensure that every member 
of the crew, from the captain to the last trimmer, 
shall take up a predetermined position on duty at 
any time of stress. The navigating de ent is 
very completely staffed. Commander , the 





Commodore of the Hamburg-Amerika fleet, is 





in supreme charge, and under him are one 
acting and three reserve captains, and one whose 
special duty is the navigation. There are seven 
other officers with masters’ certificates. There is a 
captain on the bridge at all times. 

e arrangements for dealing with outbreaks of 
fire are remarkably complete. There is a special 
fire staff, consisting of five professional firemen, 
trained at the Government fire-brigade station at 
Kiel, anda chief. These men have no other duties 
than that of keeping a watch for fires, and dealing 
with them if theyarise. They work quite indepen- 
dently from the rest of the ship’s staff. Some of the 
men patrol the ship in watches day and night, and 
one is always on duty in the central fire-station, 
which is situated on the after promenade deck, and 
near which the firemen have their cabins and mess- 
room. The station is fitted with dials, bells, &c., 
operating from 450 automatic fire-indicators and 
Grinell sprinklers which are distributed throughout 
the ship.- In addition to the indicators and 
sprinklers there is an installation of carbonic-acid 
fire-extinguishers. Wherever possible fire-proof 

itions and doors have been built into the ship ; 

ut for doors in the cabin quarters, where ordinary 
fire-proof construction was not allowable, metal 
doors glazed with fire-proof glass have been adopted. 
Many of these doors are inte seen throughout the 
first-class quarters. They are of very attractive 
appearance, and the glass used in them is said to 
have a melting temperature of 1600 deg. Cent. 
These doors are intended rather to prevent the 
spread of smoke and fumes throughout the ship in 
case of fire, than to act as fire-proof partitions in 
the ordinary sense. 

The turbines of the Vaterland, as we have 
already said, have a normal horse-power of 72,000. 
There are four shafts, the two inner carry respec- 
tively a high and an intermediate-pressure turbine. 
Each outer shaft has a low-pressure turbine. For 
astern driving there is a further turbine on each 
shaft, two high-pressure on the inner shafts, and two 
low-pressure on the outer. For manceuvring, and 
for use during partial disablement, boiler steam 
may be supplied direct to the turbine of any shaft, 
so that, if necessary, any propeller may be run 
alone. The turbines are all of the Parsons type, 
and contain altogether 760,000 bronze blades. 
The revolutions are 185 per minute. The inner 
shaft turbines are in a central compartment, 
69 ft. long, forward of the two wing turbine 
rooms, each 95 ft. long. There are four pear- 
shaped condensers, each having a cooling surface of 
16,150 sq. ft. Four 4-ft. 3-in. centrifugal pumps 
supply circulating water. Four feed-pumps draw 
the feed-water from tanks in the double bottom, 
and, in conjunction with four main feed-pumps, de- 
liver it to the boilers. There are 46 water-tube 
boilers arranged in-four boiler-rooms, each 75 ft. 
long and extending with their bunkers over the 
whole width of the ship. Steam is generated at 235 lb. 
per sq. in., the total heating surface being 203,000 
sq. ft. Howden’s forced draught is adopted, there 
being four fans, each of 13 ft. 94 in. in diameter. 
There are four ash-ejector pumps with 6356 cub. ft. 
capacity per hour, sixteen ash-ejectors, six ash- 
hoists, and three ash-cooling valves. There are 
four bilge-pumps, each of a capacity of 4944 cub. ft. 
per hour, four feed-water purifiers, two oil-separa- 
tors, and four feed-water heaters. The engine-room 
staff consists of a chief, three first engineers, 25 
engineer officers, and some 350 greasers, stokers, 
trimmers, &c. 

The electrical generating equipment is naturally 
very large, as, apart from the large amount of 
lighting which has to be supplied, there are the 
cabin-lifts and a lift in the engine-room, boat- 
handling and other winches, a 150,000-candle- 
power search-light, a gyro compass, a large wireless- 
telegraphy installation, and a very extensive equip- 
ment of. electric heatersand motors, all of which make 
demands on the yee equipment. The plant 
consists of five mpere 110-volt sets driven b: 
Brown Boveriturbines. There is an additional small 
generating plant situated above the water-line, and 
intended for use in emergencies. It consists of a 
Gardner oil-engine driving a 100-am dynamo. 

The passenger quarters of the ship have accom- 
~ ae se 750 first-class, 600 re — 
third- and 1700 steerage passengers. e tota 
crew is 1250. The first-class rooms, one need hardly 
say, are so decorated and furnished as to appear 





to leave no probability of their being s 
in the near sabus. The novel feature o ne Voter: 
land, from the point of view of deck arrangements, 
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as compared with the Imperator and all other ships, 
as far as we know, is that the boiler uptakes, instead 
of passing directly up through the centre of the 
decks, bifurcate at a point beneath the lowest 
passenger-deck, and join again at the funnel base 
at boat-deck level. The result of this arrangement 
is that it is ible to run a ny * . i | 
through all the principal passenger-decks. Its 
pre. alin is, mee best seen on the ‘‘ B” deck, 
of which a plan is given in Fig. 2, above. The 
casings in this plan are hatched with vertical lines, 
and it will be obvious that a clear and straight- 
through way is provided from the restaurant and 
winter garden to the social hall. The value of the 
arrangement in adding to the convenience and 
appearance of the connections between the principal 
rooms will be understood. On other decks the 
arrangement has allowed of the running of three 
fore-and-aft parallel alleyways, resulting in a very 
simple lay-out, giving convenient access to all the 
state-rooms. It will be noted that only two sets of 
these double-funnel casings are shown in Fig. 2. 
The third funnel could no doubt have been treated 
in the same way, but it was not considered neces- 
sary. Asa matter of fact, the third or aft funnel 
is not a funnel at all. It is an engine-room venti- 
lator. The vertical openings towards the bottom 
end for the inlet air can clearly be seen in Fig. 1. 
The principal first-class rooms of the Vaterland 
are the social hall, the winter garden, the Ritz- 
Carlton restaurant, the card-room (all of which are 
shown in Fig. 2), the smoking-room, the library, 
the first-class dining-room, the drawing-room, the 
swimming-bath, and the gymnasium. From this 
brief list it will be seen that the first-class pas- 
sengers shotild have no difficulty in amusing them- 
selves and making themselves comfortable. There 
are, in addition, barbers’ shops, florists’, and tobacco- 
nists’ shops, &c. There are 150 private cabins with 
bath-rooms, and 200 single-berth rooms. ll first- 
class cabins have bedsteads in place of bunks. The 
second-class accommodation is excellent. There 
is a dining-saloon 59 ft. by 88 ft. by 9 ft. high, a 
lounge 44 ft. by 49 ft. by 9 ft. high, and a 
smoking-room 32 ft. by 57 ft. by 9 ft. high. The 
entrance hall s 36 ft. by 30 ft., and a passenger 
elevator is provided. e decoration of all these 
rooms calls for much praise. Cabins are arranged 





for two, three, or four persons. The third-class 
passengers are provided with dining and reading- 
rooms, and cabins arranged for two, three, four, or six 
persons. In the steerage there are, again, dining and 
reading-rooms, and cabins accommodate two, four 
or eight persons. The ship carries three doctors, 
two assistant doctors, trained nurses, and has a 
hospital containing sixty-two beds. Frahm anti- 
rolling tanks are fitted to the vessel, but on the 
journey from Cuxhaven to Southampton last week 
the weather ype no opportunity for judging of 
their value. We can say that during no part of our 
inspection of the ship, which was fairly complete, 
were we able to detect any vibration in the 
passenger quarters. 





THE LATE MR. PAUL HEROULT. 

By the death of Paul Héroult, who succumbed to 
typhoid fever on May 9, on board his yacht, near 
Antibes, in the Mediterranean, as we announced 
briefly last week, electrometallurgy has sustained 
one of the most severe losses that could have 
befallen this young science. 

Paul Héroult was born at Harcourt, in Normandy, 
in 1862. When he was four years old, his father, 
a leather merchant, went over to Bermondsey, 
London, and stayed there for six years. To this 
circumstance young Héroult .owed his easy and 
natural command of the English language, which 
was so useful to him in later years. When his 
father returned to Paris, the son busied himself 
in their my oe J while attending school and study- 
ing at the Ecole des Mines. He had made up his 
mind to become an engineer, and, in his twenty- 
third year, was attracted by the problem of the 
reduction of aluminium, which then occupied many 
minds. Aluminium had been isolated by Wohler 
about 1830, and its manufacture had been deve- 
loped by Deville in conjunction with Wohler in the 
fifties. But it was not until the cryolite (sodium- 
aluminium fluoride) layers of Greenland were 
exploited, and until Bayer showed how bauxite 
(essentially hydrated alumina contaminated with 
iron oxide, silica, &c.) could by treatment with 
hot caustic soda be converted into sodium alumi- 
nate, that the commercial manufacture of aluminium 
became possible. That process was taken up in 





Larne, and electric aluminium reduction processes 
were tried by many scientists. The researches of 
Griitzel (1883), Kleinen, Héroult, and C. M. Hall (in 
America, 1886), were practically contemporaneous, 
and the Jatter two investigators were successful. 
Héroult, working together with Kiliani, aimed 
first at preparing aluminium alloys ; for there was 
no demand for the pure metal, which was little 
more than a curiosity then, at 30s. or 40s. a pound. 
The Société Electrométallurgique Francaise was 
established in 1888, to make aluminium, silicon and 
alloys by the Héroult process at Froges, the first 
French electrometallurgical works. Froges is situ- 
ated between Grenoble and Chambéry, in the Alps ; 
ure alumina was made for the Froges works at 

ardannes, the works of La Praz and St. Michel, 
all in the Alpine districts and relying chiefly on 
water power, were soon added by the company, and 
thus a powerful new industry was created in that 
part of the world. By 1900 the aluminium works 
at Neuhausen and Rheinfelden, in Switzerland, on 
the Rhine, were in full working order using the 
Héroult-Kiliani process, The foundation of Ameri- 
can aluminium works on the Hall process, at 
Pittsburg, and a little later at Niagara Falls, dates 
also from 1888. The actual price of aluminium is 
less than 1s. a pound, and more than 60,000 tons 
of aluminium are now put on the market every year. 

The original Héroult cell was a box of iron, lined 
with rammed and baked carbon ; the bottom plate 
of iron, or rather the fused metal above it, served 
as cathode, and several suspended electrodes in 
parallel as anodes. The furnace, which was fed 
with cryolite and alumina, could be tilted, and was 
rovided with a spout or tap-hole. In these 
urnaces calcium carbide was made and, when 
the demand for carbide did not come up to the 
expectations, various ferro-alloys and silicon, which 
soon became valuable products. In 1899 Héroult 
modified his furnace into one in which the bottom 
was non-conducting, and the two suspended elec- 
trodes were in series. This arrangement was first 
adopted for the oye of ferro-chrome and 
other alloys, which are to be low in carbon. The 
same ieee was then applied to iron and steel 
furnaces when electrometa]lurgists all over the world 
were anxious to smelt and melt iron electrically. 
Experiments had been going on for years, and the 
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year 1899 saw the rise both of the induction furnace 
of F. A. Kjellin—who, ten years the junior of 
Héroult, both in age and in experience as an electro- 
metallurgist, died in December, 1910—and of the arc 
furnace of Héroult. Héroult lowered the two elec- 
trodes in series on to the slag, but not into the metal, 
so that the current and heat were concentrated on 
the slag, and the metal was not contaminated with 
carbon. Forty-five Héroult furnaces are now in 
operation, and twenty more are being built, we learn 
from the Société Electrométallurgique Frangaise. 
The biggest of these—a 28-ton furnace—is at the 
Thyesen Iron Works, where Thomas iron is purified 
by the Héroult process. The 15-ton steel furnaces 
of the United States Steel Corporation were much 
written about a few years ago ; a 26-ton furnace is 
now being constructed for the Aciéries de Caen. 
In England Messrs. Vickers possess two Héroult 
furnaces, and Messrs. Thomas Firth and Co. 
and Messrs. Edgar Allen one each, &. The de- 
velopment of electro-steel and electro-iron has not 
assumed the amazing dimensions that the electro- 
aluminium industry has attained. But the prepara- 
tion of certain special steels is hardly possible by 
other processes, and it would be rash to expect so 
ancient an industry as iron-making to be revolu- 
tionised so rapidly as a novel industry like that of 
aluminium and aluminium alloys. 

Héroult did not waste his energy on a variety of 
remotely related problems. Almost all his numerous 
inventions concern metallurgy: carbides for the 
refining of iron and steel ; the isolation of ferro-nickel 
and nickel from garnierit; the making of copper 
matte from siliceous copper ores; ferro-alloys ; 
electrodes for metallurgical furnaces, He had 
sound practical sense, and did not indulge in 
elaborate constructions which may work well in the 
laboratory but fail hopelessly in the works and 
foundry. His kindness and genial manners made 
him everywhere popular ; success did not spoil 
him. The last homage to him at the graveside 
came ‘‘ from those who loved him because they had 
worked with him.” 





NOTES. 
Accipents TO Ratbway EmpLoyxKeEs. 

THE announcement has been made in the last 
few days that the Board of Trade has appointed 
a Committee to inquire into the working of the 
Railway Employment (Prevention of Accidents) 
Act of 1900. e Committee is to be com as 
follows :—Sir William Collins, K.C.V.O., M.D. 
(Chairman); Mr. G. N. Barnes, Mr. Oliver Bury, 
Sir Alfred Ewing, K.C.B., Mr. W. Hudson, 
Mr. W. F. Marwood, C.B., and Sir R. Turnbull, 
M.V.O.; Mr. 8. G. Spencer, of the Board of Trade, 
will act as secretary. It is very generally assumed 
by the public that accidents to railway employees 
are commonly the fault of the railway companies, 
but the annual statistics published by the Board 
of Trade do not support any such theory. It is 
admitted that the ~~ involves risks, but so 
do many others, and while the companies may 
do what is possible, it is necessary to secure the 
co-operation of the men for any material diminu- 
tion in the number of casualties to result. In 
1912, for instance (the figures for 1913 not yet 
being available), 5562 accidents occurred to em- 
oy as a result of the running of trains, &., but 

.593 accidents occurred to employees on railway 
premises, but not in the actual movement of trains, 
&c. Of the former figure, the largest single cause 
is attending to the machinery of engines whilst in 
motion, accountable for 744 accidents. Coupling 
and arom | resulted in 691 accidents, while 
spragging and braking was responsible for rather 
more—viz., 702. Moving vehicles by ca 
&c., caused 557 casualties, and miscellaneous 
shunting accidents numbered 717. Compared with 
these, of the 22,593 accidents not due to train 
movements, no less than {040 happened while 
loading and unloading trucks, &c. Another 3098 
occurred while moving goods and luggage at 
stations. Some 2899 occurred to men attending 
engines at rest; another 1754 happened to men 
getting on or off engines or vehicles at rest, while 
1066 were due to stumbling on the line while 
walking. It is noticeable that of 5709 cases 
inquired into in 1912 not more than 232 could be 
one» preventable causes. Want of caution 
or h of rules on the of employees, 
however, accounted for 1852 casualties. is- 
adventure or purely accidental cases which could 
not be prevented by regulations amounted to 3625. 
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The Act, the working of which is to be investiga’ 
empowers the Board of Trade to make rules with 
regard to a number of matters—e.g., either side 
brakes, movement of wagons, lighting of stations, 
the protection of point-rods and signal-wires, the 
protection of permanent-way men, and so on. 


SraBLe AEROPLANES. 


The Times of the 20th inst. contained an account 
of a new Government aeroplane which was said to be 
completely stable, particulars being given of flights 
made in a wind of nearly 30 miles an hour with- 
out any of the controls being touched, except the 
rudder. It was further stated that the machine 
took its proper angle of bank on a turn being made, 
and assumed the correct gliding angle on the engine 
being shut off, resuming the wien angle on 
the engine being again opened out. If disturbed 
by a gust it pean te proper attitude. This aero- 
m Ant is the product of the Royal Aircraft Factory, 
and is distinguished as R.E.1. It was completed 
some fifteen months ago, and since then has been 
under trial, and has been considerably improved. 
Not many details are available as to how the stability 
is attained, but it appears that the main plane is 
approximately over the lower, that the wings form 
a dihedral angle, and that there is a small fin near 
the rudder. We shall defer for the moment any 
attempt to deal with the technical aspect of the 
question, though it may be remarked that the 
stability is secured as a result of careful design, 
es) ially with re to the shape and size of the 
tail. Meanwhile it may be recalled that the stable 
aeroplane has been in course of development for 
some considerable time. The very fact that most of 
the early flights in Europe were made with 
machines which did not even possess an elevator or 
lateral control shows that the germs of automatic 
stability were existent even then. These machines, 
of course, only flew in quite calm weather, and 
never made sharp turns, but still were stable 
within the limits of theiruse. Obviously, landing 
was always effected by shutting off the engine and 
allowing the machine automatically to assume its 
gliding angle, and the majority of subsequent 
aeroplanes have a considerable amount of 
longitudinal stability. The question of lateral 
stability has been, apparently, more difficult, 
but it is generally understood that consider- 
able progress has been made, especially in some 
of the types having the outer ends of the wings 
specially curved ; in fact, it is stated that one 
maker abandoned any provision for warping 
the wings. It would appear from the accounts of 
the performance, however, that the product of the 
Royal Aircraft Factory is ._o inct advance on 

vious progress. A point of great importance is 
that the pol rayorsnd 2 stability should 
not interfere with complete hand-control when this 
is n It does not appear that this has 
always been the case previously, and pilots have 
therefore not been unanimously in favour of the 
automatic machine, but it is to be hoped that in 
this case the advantages are obtained without dis- 
advan While we defer further reference to 
this matter pending more information, it may be 
well to point out that the heading ‘‘safe flying,” 
under which such machines are often described, 
does not by any means represent the case. A ve 
large number of accidents occur from causes whic 
have nothing to do with the stability of the 
machine. or instance, two bad accidents have 
recently occurred—one from a collision in the air, 
and one from landing in a fog. The landing 
difficulty is, in fact, often the most serious. 
Other accidents have occurred from the machine 
breaking, from the pilot not being in fit health to 
fly, from tryin we steep a descent, &c. In fact, 
comparatively few accidents have recently occurred 
which gr to have been caused directly by the 
want of stability of the machine. On the other 
hand, a really stable machine may be much less 
—s to pilot, and therefore indirectly avoid 
accidents which are caused by want of judgment 
through nerve strain. 


Sea-PLanes FoR THE Russian GOVERNMENT. 

An interesting example of the very — growth 
in the size of aeroplanes is afforded by the require- 
“— of the a Serene = —— 
with a competition they are holding for the design 
of a anges Briefly, the Government is offer- 
ing three prizes of 3000, 2000, and 1000 roubles 
(3181., 2121, and 106.) for the three best desi 
to fulfil their requirements. In addition to this, 
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e designer apparently receive a su 
stantial royalty on those built, which will probably 
compensate for the small amount of the prize. The 
interest of the competition attaches to the con- 
ditions to be fulfilled. The principal of these are 
as follow :—The sea-plane must be capable of 
carrying a crew of five, weighing 350 kg. (770 lb.), 
and, in addition to this, a load of 150 kg. (3301b.), 
making a total of 1100 Ib., or practically half a ton, 
exclusive of any petrol, oil, or water, and with this 
load must be capable of flying a distance of 1000 km. 
(630 miles). The speed is to be not less than 
100 km. (63 miles) per hour, carrying the above 
load. The number of 1 motors is not to be less than 
two, and total number of cylinders not less than 
twelve in all. Horizontal flight must be possible 
with two-thirds the available horse-power. The 
motors are to be accessible for adjustment and 
minor repairs during flight, and are to be capable of 
being by the mechanic from his seat. There 
is to be accommodation for two pilots and provi- 
sion for their relieving each other in flight, and 
also for a mechanic and two observers. Provision 
must also be made for a clear field of view for both 
observers, and for mounting a machine-gun, wire- 
less installation, search-light, and bomb-dropping 
apparatus. There are some other requirements of 
detail specified. The interest in these requirements 
centres largely in the very great size of the machine 
theyimply. At100km. per hour, which is the speci- 
fied s it would take ten hours to fly 1000 km., 
and this would therefore imply a provision for carry- 
ing fuel oil, &c., for ten hours in addition to the 
1010-Ib. ified load. As a matter of fact, a some- 
what anor time would no doubt suffice, for as the 
fuel was consumed the machine would get lighter and 
the speed rise. Even allowing for this, however, 
the machine must uite nine hours’ fuel. 
No climbing test is specified, but the provision 
that the machine should fly with two-thirds its 
full power apparently applies to the fully-loaded 
condition, and would therefore give it a good 
margin in this respect. If we look back to the 
military trials of 1912, we see that the weight to 
be carried was 350 1b. in place of 1100 lb., and 
that the smallest machine which accomplished 
this, and at the same time did a speed above 
the 63 miles per hour now specified, was the 
Bristol, of 210 sq. ft. area and 75 horse-power. 
To carry 1100 lb. under the same conditions 
would therefore require a machine of, at least, 
660 sq. ft. surface and 235 horse- power. The 
machines in the military trials, however, only 
had to carry fuel and oil for 44 hours, hence 
a further increase in size would be necessary. 
This increase would have to be considerable, for 
additional fuel means a larger motor, and this again 
a heavier fuel load, so we must increase the whole 
machine until the required condition is fulfilled. 
Making every allowance for the progress which has 
been made in aeroplane construction since 1912, it 
is evident that a very large machine will be required, 
probably well over 1000 sq. ft. area and 300 horse- 
power. it is interesting to compare this with Cody’s 
machine of 1912, which was then considered of 
enormous size, but which was actually under 500 
sq. ft. area, and had 120 horse-power. Cody 
always believed in a large machine of ample 
power, and it will be seen that the Russians, at 
all events, are evidently of his opinion. Inci- 
dentally, it is interesting to see that the Russian 
Government evidently think that the time has 
come when an aeroplane ought not to have to 
descend to remedy a minor defect, such as a spark- 
ing-plug failing or a valve sticking, for it appears 
that they contemplate stopping one of the motors 
to adjust such matters in the air and continuing 
flight with the other for the time. 





Tue Cuapwick Pusiic Lecrures.—We have received 
from The Builder a copy of an illustrated booklet on the 
Chadwick Public Lectures on Housing, 1913, delivered 
by Mr. W. E. Riley, F.R.1.B.A., M. Inst. ( R.B.A 
and architect to the London County Council. 





Tae AvusTraLian Coat Trapg.—The Australian coal 
trade for the quarter ended March 31 last shows a big 
increase in exports, ially to foreign countries. The 
exports were 1,365, tons, as com’ with 1,047,000 
tons for the first quarter of 1913. Of these totals there 
were just under ee Ant on © foreign coun- 
tries, as compared wi tons in the uarter 
of last year. The biggest increase is in the Far 4 
quarter in which Australian trade all round has in recent 
years made strong advances. 
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THE LATE MR. FRANCIS JAMES TREWENT. 


Many will learn with t of the death, on Sunda 
morning, the 17th inst., at Gis residence at Hampstead, 
of Mr. Francis James Trewent, who was well known 
among naval architects in this country, having been 
closely identified with the application of many recent 
inventions to steamships. r. Trewent had been laid 
aside for some months with an affection of the heart, 
and, as we have said, he succumbed to a seizure on 
Sunday morning last, in his sixty-fourth year. 

Born on June 21, 1850, the son of the late Mr. 
Francis Trewent, of Neyland, Pembrokeshire, Mr. 
Trewent naturally imbi much of the spirit of the 
sea, since he spent his early years on the shores 
of Milford Haven. His father was fortunate in secur- 
ing the influence of Sir Edward Reed, when Chief 
Constructor of the Navy, and, at sixteen years 
of , young Trewent entered the Royal School 
of Naval Architecture, which had been established 
two years earlier at South Kensington. At that time 
there were, as students, many distinguished men, 
among others, White, Watts, and Elgar, and with 
these Trewent maintsincd a life-long friendship, their 
example greatly influencing his career, and being also 
reflected in the rectitude and straightforwardness 
which charac‘erised all his business dealings. After a 
three years’ course at the school, during which he spent 
the summer vacations in practical work at Pembroke 
Dockyard, Sir Edward Reed again proved his friend 
and secured for him an appointment as junior draughts- 
man at the well-known yard of Messrs. Robert 
Napier and Sons (now Messrs. William Beardmore 
on Co.), where, at that time, considerable pioneer 
work was being done in connecticn not only with 
warship building, but also with merchant construction. 
In 1871 Mr. Trewent took up an appointment at the 
works of Messrs. Wigham Richardson and Co., New- 
castle-on-Tyne, now amalgamated with Messrs. Swan 
and Hunter ; there he further added to his experience. 
A year later he went to Earle’s yard at Hull, where he 
remained ten years, rising from the position of junior 
draughtsman to that of chief draughtsman, and 
finally becoming assistant yard manager. During 
that time he was engaged on a great variety of work, 
including the building of the Bessemer and several of 
the warships designed by Sir Edward Reed. His 
next sppointment was with Messrs. Swan and Hunter 
as general manager, under Mr. (now Dr.) G. B. Hunter, 
who had years before been a fellow-draughtsman with 
Mr. Trewent at Messrs. Napier’s. Mr. Trewent had the 
advantage of being associated with Dr. Hunter in 
developments towards the construction of a higher class 
of ship than had hitherto been built at these works, and 
large extensions were made to the various factories. 
Ia 1887 Mr. Trewent left Messrs. Swan and Hunter, 
and accepted the position of manager of the yard at 
Hebburn-on-Tyne of Messrs. Hawthorn, Leslie and 
Co., remaining there for four years ; and it is notable 
that the work done in that time included the building 
of the first 20-knot steamer for the Russian Volunteer 
Fleet—the Orel—and of H.M. cruiser Bellona. 

Mr. Trewent came to London in 1891, setting up in 
business as a naval architect and consulting engineer; 
he later developed the firm of F. J. Trewent and 
Proctor, Limited, Mr. J. C. Turpin being his joint 
managing director. The firm represented Messrs. 
Armstrong, Whitworth and Co., so far as merchant 
shipbuilding was concerned, and, in addition to 
their design work and the supervision of the vessels 
— construction, they were associated with the 
introduction of many inventions into general practice, 
notable among them being the See’s above-water ash- 
ejector. 

Mr. Trewent became a member of the Institution of 
Civil Engineers in 1904, and he was also a member 
of the Institution of Naval Architects and other 
technical societies; but he took little or no public 
me in the proceedings, although he was a welcome 

riend at many of the social functions associated with 
these institutions. 





InstrruTION OF Rattway Sienat Enoingers.—We 
are informed that the meeting originall to take 
place on Tuesday, the 26th inst., will now held on 
Thursday, the 28th inst., at 2.30 p.m., at the building of the 
per mg a Electrical Engineers, Victoria Emban t, 

mdon, W. 





Witsur Wricht MemoriaL Banquet AND Lecrurs.— 
On Tuesda: aH a uet was held in con- 
nection with the Wilbur Wright Memorial Lecture. The 

nquet was given “4 the Aeronautical Society of Great 
Britain at the Royal Automobile Club. Major-General 
R. M. Ruck | rey om and among the guests were 
Colonel Seely, Montagu of Beaulieu, Sir A. Geikie, 
Sir H. F. Donaldson, Captain M. F. Sueter, Brigadier- 

enderson. Colonel 


seglied the Seanad Wain aah we te 
alied “*Flying,” which was 
Brigadier-General D. Henderson. The Memorial Costes 


was delivered on Wednesday, at the Royal United Service 
Institution, Whitehall, S.W., by Dr. R. T. Glazebrook, 
C.B., F.R.8. This lecture will be reprinted in full in 
ENGINEERING in an early issue. 








THE LATE ENGINEER REAR-ADMIRAL 
WISHART. 


ALL engineering officers in the Navy and all con- 
tractors for naval machinery will learn with regret of 
the death of Rear-Admiral Wishart, who for many 
years held important posts in the Service, his adminis- 
trative qualities and personal characteristics winning 
him the regard of all who carried out work at private 
yards, where he was inspecting officer, and later in the 
dockyards, where he was chief engineer. He reached 
the limit, and retired sixteen months ago, but has 
not for some time enjoyed good health, and a fatal 
accident to his son quite recently gravely affected his 
condition. He was in his sixty-second year, having 
been born in January, 1853. 

He served as an engineer student at Woolwich and 
Keyham, and passed a highly creditable examination 
at the end of his service at Keyham, in 1874, when he 
passed for assistant-engineer, 2nd class. He studied 
at the Royal Naval College, Greenwich, during the 
eession 1874-75, on completion of which he was 
selected for the advanced course of study for a further 
period of two years. In September, 1876, he was 
promoted to assistant engineer, Ist class. He served 
in H.M. ip ile from September, 1877, to 
April, 1880, being promoted to engineer on March 21, 
1879, and in the Isis, in the Mediterranean, from April, 
1880, to November, 1882, when he was sent to Ber- 
muda Yard, where he continued until appointed for 
service at the Admiralty in January, 1885. From 
March, 1886, to April, 1887, he was employed at 
Portsmouth Dockyard as Supernumerary Assistant to 
the Chief Engineer, when he became Admiralty Engi- 
neer-Overseer in the Clyde District, being promoted 
to Chief Engineer on September 21, 1887. 

In December, 1888, he was again appointed to 
Portsmouth Dockyard as Second Assistant to the 
Chief Engineer, and became First Assistant in 
August, 1890. Promotion to Staff Engineer came on 
September 21, 1891. In 1892 he was _—— at the 
Admiralty for duty in connection with machinery 
building by contract under the Naval Defence Act. 

He went to sea in June, 1893, as staff engineer of 
H.M.S. Anson, in the Cruiser Squadron, subsequently 
serving in the same ship in the Mediterranean. He 
was advanced to Fleet Engineer in September, 1895, 
and returned to England a year later. In December, 
1896, he was appointed to supervise the building of 
the machinery of the battleship Albion, remaining 
in that ship till April, 1899, when he was eae to 
H.M.S. Warspite, flagship of the Pacific Fleet. 

In April, 1902, he was promoted to the rank of 
Inspector of Machinery, which title was subsequently 
changed to that of Engincer-Captain. He was ap- 
pointed as Chief Engineer of Malta Yard in May of 
the same year, and there he remained over five years, 
returning to England in July, 1907, when he became 
Manager of the pee Department, Devonport 
Dockyard. During his service in this appointment he 
was promoted to the rank of Engineer -Admiral, 
on October 19, 1908. In October, 1909, he was ap- 

inted to the Victory, for service on the staff of the 
Beuuabiiede Chek, Portsmouth. He retired on 
—s 26, 1913, on reaching the age limit of his 


rank. 

In 1882 Engineer-Admiral Wishart was awarded 
the Egyptian Medal and Khedive’s Bronze Star, for 
service during the Egyptian War, when he was on the 
Isis. He was extremely popular, and held in high 
regard by his brother officers. 





Messrs. JoHN Happon anp Co.—We have received 
from Messrs. John Haddon and Co., the proprietors of 
the Caxton type foundry and wood mills, _= engi- 
neers and furnishers, a copy of a booklet they have just 
published to commemorate their centenary. eb 
1s issued in conjunction with the Printing and Stationery 
Trades Exhibition, now being held at the Agricultural 
Hall. It gives an account of t history and development 





of the firm, from its inception a d > 
the present day. It is admirably got up, and forms 
interesting reading. 





Tue InsTITuTION OF Water Enoinerrs.—The nine- 
teenth summer general meeting will be held in the Town 
Hall, Stockport, on Thursday, Friday, and Saturday, 
June 11, 12, and 13 next, under the idency of Mr. 
Thomas Molyneux, Assoc. M. Inst. CL. the Corporation 


water works engineer. The following papers have been | will be 


promised for reading and discussion :—1. ‘‘The Cha- 
racter of Mechanically-Filtered Water,” by Professor 
Sheridan Delépine, of the University of Manchester. 2. 
“The Aeration and Filtration of Water for Swimmi 
Baths,” by Mr. L. Holme Lewis, M.I. Mech. E. 
‘**Notes on Scraping a 15-In. Water Main,” by’Mr. J. 8. 
Barrowclough. A lecture entitled ‘‘The sone 
Structure of the Stockport District” will be delivered by 
Professor Hickling, D.Sc., of the University of 
Manchester. e President-Elect (Mr. Thomas Moly- 
neux) will deliver his presidential address on Thursday, 
June 11, and will also supply a description of the Stock- 
ae) Water Works, with a map of the district of supply. 
isits to works have been arranged. 





THE WAR OFFICE TRIALS OF MOTOR.- 
LORRIES. 

In connection with our article on “Mechanical Military 
Transport,” which appears on pase 709 of our present 
issue, we give below particu of the five vehicles 
which received subvention certificates last year :— 








Cubic 
Class of . | Engine 

Maker of Vehicle. Vehicle. Bore. | Stroke. on 

in. ec. 

Leyland Motors, Limited, A(3ton) 4) | 6in. 4960 

Leyland, Lancs. .. .-|B(@0 ewt) 4 Sn 4120 
J. L Thornycroft Oo., 

Ltd., Basingstoke, Hants.. A(8ton) 4} 5. 4960 
Mesers. The W Tool, 
and Motor Oar ae 4 

Limited, Adderley » A(Ston) 4) 180mm 5640 

Birmingham... - cwt) 4 130 ,, 4250 
Messrs. Walker Brothers 
(Wigan), Limited, Pagefield’ 

Iron Works, Wigan ... A@ton) 43 54 in. 6440 
Mesers. Clayton and Oo.) 
a. Limited, 

Union Works, Huddersfield) A(3 ton) *5} 6 w 7720 


All the above have bevel drive. 
* Engine made by Tylor and Oo. 

This year the main conditions which the competing 
vehicles had to fulfil were set forth as follow :— 

“The test consists of running over 1500 miles of road, 
divided into main routes and hilly routes, and yy = 
speed must not be less than 12 miles an hour on the 
former, and 10 miles an hour on the latter, the maximum 
not being materially above 16 miles. ks will be 
deducted for lack of reliability, one mark being deducted 


for every minute’s stop; stops for replenishing during 
running hours with water, oil, or pe being counted as 
involuntary. The use of any spare not included in 


the outfit loses 15 marks. Forty-five minutes will be 
allowed daily for minor adjustments, and any time spent 
in addition counts as an involuntary stop. Five minutes 
is allowed each morning for starting up. The fuel con- 
sumption must not exceed 50 ton-miles per gallon. 

** In order to secure a certificate the speed must come 
up to the specified average on the whole trial, and not fall 
below it on more than 20 per cent. of the days’ runs. Loss 
of marks not to exceed a total of 200, or either 120 on the 
road or in garage. On at least 50 per cent. of the days, 
runs there must be no loss of marks. The committee 
have the option of not recording marks lost through 
accident or other causes, which, in their do not 
affect the serviceability of the i brakes must 
hold separately on 1 in 6, and be easy of adjustment 
and not heat unduly. The cles must come up toa 
high standard of excellence in the following qualifica- 
tions :— 


Accessibility. 

Condition after trials. 

Quality of materials. — 

Finish and workmanship. 

Handiness and ease of control. 

. springing, and cleanliness must be also 

good, and the s) must be effective. The latter point 
is of considerable importance, as in the case of a convoy 
of vehicles ascending a steep hill in close order, the 
effect of one of them running might be very serious.” 

The results of this year’s tests are dealt with in our 
article on page 709, to which we have already referred, 
and we subjoin a tabular statement giving the chief 
ye of the five vehicles which have been entered 
or the above trial, as follow :— 








Engine. 











——— — 
Class of . 
Name of Firm. Vehicle. Oubic 
Drive. | Bore. | Stroke. | Capa- 
city. 
Commercial Cars, C.c. 
a - .. A(8tons), Bevel 120mm.| 140mm. | 6490 
D 
(1913), Limited* Ditto Worm 110 ,, 150 ,, 6700 
Leyland Motors, } 
Limited ee ... Ditto | Bevel | 49 in. 6 in. 6590 
Maudslay Motors, 
Limi 6 .. Ditto 0 BS wo 5 6140 
J. 1. Thornycroft | 
and Co., Limited Ditto Worm | 44,, 6,, 6260 








* Engines made by Mesers. White and Poppe. 





INCORPORATED Municipal ELECTRICAL ASsoOolaTION.— 
The nineteenth annual convention of this Association is 
to be held at Birmingham from June 15 to 20. Meetings 
will take place at Birmingham, Coventry, Stratford-upon- 
Avon, Warwick, and Worcester, and the following pa 

i read in abstract and discussed :—‘‘ The - 
mercial Development of Electrical Su i 
Moderate Size,” by Mr. W. A. Vi 
and Operation of Modern Boiler-House Piant,” by Mr. 
8. E. Fedden; and “ The Standardisation of Tariffs,” by 
Mr. J. H. Bowden. The annual dinner will take place 
at the Grand Hotel, Birmingham, on , June 16, 
at 7 p.m. ; and the annual general meeting is to be held 
at the Midland Institute, at 10 a.m., on Friday, June 19, 
in addition to which a most attractive programme of 
edgy ong tomy Cas we Cee ‘go 
interest been arranged. Applicati ‘or ti 
should be made to the secretary, Mr. C. McArthur 
Butler, 28, Bedford-square, W.C., as early as possible, 
and in any case not later than June 8. 
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THE INTERNATIONAL PRINTING, STA- 
ae AND ALLIED TRADES EXHI- 


Tue fifth exhibition of the above-mentioned trades 
was opened on Wednesday, the 13th inst., by the 
Lord Mayor, but unfortunately many of the stalls 
were then in an unfinished state, and all the stalls 
were without numbers. The show, as a whole, how- 
ever, is of a high order and of t interest, but very 
few new machines are exhibited. 

Messrs. Bertram’e, Sciennes, Edinburgh, exhibit a 
machine (which, unfortunately, was not completed at 
the time of our visit) for printing and making folding- 
boxes and skellets. This machine, we understand, is 
the first to print as well as make the boxes complete. 

Messrs, Vickery’s Patents, Limited, Devonshire- 
grove, Old Kent-road, S.E., show three types of their 
patent transporter-truck for dealing with piles of 
paper. ‘The trucks are of very substantial and neat 
desigu. The handle used for raising the body of 
the truck is also used for pulling and steering. The 
model called the ‘“‘ Expanding [fransporter” should 
be exceptionally useful to printers, as it will deal 
with paper varying in width from 15 in. to 40 in., and 
at the same time allow of close stacking. 

Messrs. T. C. Thompson and Son, Victoria Works, 
Short-street, City-road, Manchester, have a ‘“‘Triumph” 
patent platen press on view ; this is the only platen 
machine fitted with geared inking apparatus. The 
rack for working the gearing is very ingenious, con- 
sisting simply of a type of cycle chain. 

Numerous type-casting and type-setting machines 
are being exhibited, those by the Linotype and Mono- 
type Companies being perhaps the best known. The 
former company have an exceptionally fine exhibit, 
and, besides their well-known Linot: machine, they 
show @ double-demy L. and M. off-set litho rotary 
printing-machine. This is a two-revolution press and 
takes a sheet 37 in. by 25 in. The plate cylinder is 
of large diameter, which facilitates inking, damping, 
and manipulation. The damping mechanism is placed 
below the plate cylinder. The firm also show one of 
their automatic metal furnaces. In this furnace the 
metal is prevented from oxidising by the products of 
combustion from the burner passing into a hood over 
the crucible, thus excluding the air ; the molten metal 
is drawn from the bottom of the crucible, thus ensuring 
pure metal, as the impurities float on the surface. 

The Lanston Monotype Corporation, Limited, 43 
and 43a, Fetter-lane, E.C., have a good display of 
their monotype machines, and also show a perforating- 
machine, stitchers, and a drilling machine. Messrs. 
Grant, Legros and Co., Limited, are exhibiting four 
Davis typecasters. This machine will cast loose type, 
borders, ornaments, rules, spaces, and quads in all 
sizes from 3 to 30 point. The finished type is of a 
very high order. ‘The firm also supply matrices on 
hire for use in the machine. Monotype or linotype 
matrices may also be used in these machines. The 
output of the machine is from 30 1b. to 100 lb. per 
dey acoording to +" of —. wasted 

he Stringert; anufacturing Company, Limited, 
44 to 46, i atatialatbect, E.C., are exhibiting their 
composing-machines and also their Universal type- 
caster. ‘hey have a library of matrices. Other 
machines are the Thompson typecaster, which casts 
from many known makes of matrices, and is shown 
by the P. Lawrence Printing Machine Company, 
Limited, 57, Shoe-lane, E.C. There is a 
library of matrices which contains over 400 different 
faces. The Intertype composing-machine is being 
shown for the first. time in this country by Messrs. 
H. W. Caslon and —_ Limited, 82 and 83, Chiswell- 
street, E.C., and the Typograph composing-machine, 
by Messrs. Soldan and Co., Vimited, 8, Baldwin’s 
Gardens, Holborn, E.C. 

Messrs. J. Haddons and Co., Salisbury-square, 
Fleet-street, E.C., have av exceptionally fine exhibit, 
entirely occupying one of the small halls, and cele- 
brating the centenary of the firm. Among the 
numerous machines on these stands may be mentioned 
the Haddon safety platen press the Babcock 
‘* Optimus ” two-revolution press. 

Among other stands to which attention may be called 
are those of Messrs. Geo. Mann and Co., Limited, 
Henry-street, Gray’s Inn-road, W.C.; Mr. E. A. 
Braddich, 9, Gough-square, Fleet-street, E.C. ; Messrs. 
F. Wesselhoeft, Nottingham ; Messrs. W. H. Lockett 
and Co., Limited, Dyer’s Buildings, Holborn, E.C. ; 
Messrs. Hunters, Limited, 16 to 18, St. Bride-street, 
E.C. ; Messrs. Kampe and Co., 2, Sandland-street, 
Red Lion-street, Hol , W.C.; and Messrs. Walker 
Brothers, 33, Bouverie-street, Fleet-street, E.C. 

The galleries of the hall are devoted to a Book Fair, 
the idea of which is to afford booksellers an insight 
inte the printing, binding, and general turn-out of a 
book. The exhibition will close on May 30. 





“Tue Insurance Act (1911) Waces Catcutator.”— 


On page 590 ante, under the heading ‘‘ Books Received,” 
the address of the St. ‘Stephen's Advertising Agency 
should Lave rvad “53, Victoria-street, S.W.” 


THE PHYSICAL SOCIETY OF LONDON. 


AT the meeting held on Friday, May 8. at the Imperial 
College of Science, Dr. A. Russell, Vice-President, in the 
chair, a paper entitled ‘‘ Some Gyrostatic Devices for the 
Control of Moving Bodies” was read by Dr. J. G. Gray. 
The paper dealt with a number of new contrivances for 
stabilising, steering, and forcibly manceuvring moving 
bodies, such as oes and airshi 

A number of old experiments were first shown. These 
included the “‘ gyrostat on stilts” and “ gyrostat on 
a experiments, due to Lord Kelvin, the ‘‘ crossed 

ifilar ” experiment, due to Professor Blackburn, and a 
stilt top devised by Professor Harold Wilson. It was 
shown that the gyrostatic system in each of these experi- 
ments, although exhibiting considerable balan power, 
was not of stability. An unstable body 
rendered truly stable by gyrostatic action must possess 
the property that, if displaced from the mean position, it 
returns to, and comes to rest in, that position. The mean 
position is that in which the potential energy of the gyro- 
static system is a maximum, and if the system be dis- 
turbed, energy must be supplied to restore it to the mean, 
or undisturbed, position. 

A number of new gyrostatic models were displayed in 
action. These included two-wheeled and four-wheeled 
gyrostatic motor-cars and bicycles. ese were all 
examples of gyrostatic systems provided with complete 
or real stability, and in all the cases shown the stabilising 
forces were derived from the propelling system. 

One of the cars shown ran on two wheels in tandem, 
and was stabilised by a single gyrostat. This gyrostat was 
mounted in the car, and controlled the steering mechanism ; 
it formed, in fact,a gyrostatic chauffeur. The model illus- 
trated a new form of torpedo and airship control. 

A second form of motor-car, which ran on two 
wheels in tandem, consisted of two parts, a front one and 
an after one. The front part carried a gyrostat, the back 
part the propelling mechanism, and the two parts were 
connected together by means of a vertical hinge. The 
front part was propelled by the back part, and the arrange- 
ment was one of a stability. The entire system 
might be manceu by means of the gyrostat. It was 
pointed out that by te fitting an airship with a 

yrostatic ‘‘nose” it should be possible to manceuvre 

orcibly the airship by means of forces derived from the 
propellers. ; : 

e bicycles, which were provided with gyrostatic 
riders, were examples of moving bodies steered by gyro- 
static action. The action was quite different from that of an 
ordinary bicycle. They were not ‘“‘momentum” instruments. 

The devices shown were at once applicable to long- 
distance torpedoes, both submarine and aerial. The 
gyrostatic system might be operated by the wireless trans- 
mission of electrical action. 

At the conclusion of the paper the author showed a 
new series of animated gyrostats. , 

Dr. W. Watson thought the mechanisms shown were of 
great theoretical importance. He gathered, however, 
that the author himself thought they were more of theo- 
retical than practical interest. He concluded some time 

that a two-wheeled car would not be of much use, as, 
although gyrostatic control worked satisfactorily either 
on a straight path or on a curved path of constant curva- 
ture, any attempt to alter the curvature had to be made 
with great caution. Hence a train built on this system 
would have to slow up on approaching either the in- 
ning or the end of a bend. With a motor-car, where one 
had to steer immediate courses on account of other traffic, 
the arrangement would be ae. ae At one time, 
when some cars had engines laid longitudinally, and others 
transversely, makers of the latter type claimed that gyro- 
static action came into play and tended to prevent 
skidding. However, unless the gyrostat was free to move 
relatively to the car, one might as well have a lump of 
iron in its stead. He had investigated the amount of 
relative motion which might take place due to give in the 
springs or mountings, and it was quite insufficient to 
allow of appreciable gyrostatic action. 

Mr. Duddell complimented the author on the collection 
of beautiful models which he had brought before the 
Society, and the admirable way in which he had explained 
the principles underlying their action. He asked what 
8 was attained by the fly-wheels of the gyrostats. 

Mr. R. S. Whipple also expressed his admiration of the 


models. 

Mr. F. J. Whipple asked if the author had worked out 
the theory of the ordinary bicycle, and if it were his con- 
sidered opinion that the rider had to orm the actions 
which he had described in steering. It was his opinion 
that when travelling rapidly this was not so, and that 
there was a stabilising effect due to the gyrostatic action 
of the front wheel. is was particularly noticeable in 
the way in which the wheel seemed to be pulled back 
into position if, when riding without the hands, the cyclist 
encountered a small stone. ; 

Dr. Russell asked concerning the use of the word 
‘‘gyrostat.” He remembered on one occasion when Lord 
Kelvin was showing some of these experiments to Von 
Helmholtz an accident occurred which resulted in one of 

wheels passing through Helmholtz’s silk 
hat. After that it was customary to enclose a 
scope in & case, and it was then usually called a 
gyrostat. He did not quite see why. 

The author, in reply, said that the larger gyrostats 
could be taken up to a speed of 20,000 revolutions per 
minute in half a minute, and would run for 75 minutes. 
In steering a bicycle the rider turned the front wheel to the 
side to which the machine leant, and the forward momen- 
tum ane it up to the vertical position. The — 
action helped, but only to a very slight extent. The name 





** gyrostat”” was the one invariably used at Glasgow since 
Lord Kelvin’s time. 


A r entitled ‘‘A Graphic Treatment of Cusped 
Wave- and of the Rainbow,” by Mr. W. R. Bower, 
was taken as read, in the absence of the author. 

A method of drawing the cusped wave-fronts 
duced by refraction and reflection at a spherical surface, 
and a graphic treatment of the elemen th of the 
rainbow, were described in this paper. e antes was 
based upon the properties of the centre of junction. In 
the case of reflection at a spherical surface, in which 
aplanatic points were not available, the position of the 
junction centre was obtai by elementary pene: 

By the use of junction-centres the distribution of the 
successive foci obtained on refraction and reflection at a 
spherical surface was readily _—_- If in the case of a 
rainbow it was assumed that the emergent portion of the 
effective pencil, as well as the incident portion, was one of 
parallel rays, then the distribution of foci with regard to 
the drop was a symmetrical one. 

The caustics on refraction and reflection were also 
readily drawn as loci of points and envelopes of rays. 
Hence the wave-surfaces could be obtained. These in 
some regions were cusped and the caustics were the loci 
of the cusps. 

In the case of pencils that were effective in producing 
rainbows, the lengths of the incident portion f the chief 
ray intercepted by the spherical drop of radius r, and a 
concentric sphere of radius ru, were in the ratio 1 ton+1, 
where n was the number of internal reflections. This led 
to a geometrical construction for finding the points of 
incidence of the chief rays of the effective pencils. These 
rays were at minimum deviation, and the same chief ray 
remained at minimum deviation, although the associated 
pencil might be converging or diverging. 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

We give below a few particulars regarding several 
colonial and foreign engineering projects, taken from the 
] of Trade Journal. Further information concern- 
ing these can be obtained from the Commercial : Intelli- 

mee Branch, of Trade, 73, Basinghall-street, 

don, E.C. 

New Zealand : With reference to the pro d loan for 
public works at Auckland, the office of H.M. Trade Com- 
missioner for New Zealand reports that, according to the 
local press, the ratepayers of Auckland have consented 
to the raising of a loan of 112,000/., of which 80,0002. is 
for the completion of the drainage scheme, 13,0001. for a 
new depét and stables, and 4000/. for the extension of 
the Art Gallery. 

Russia: The following information is from the report 
by H.M. Consul at Batoum, on the trade of that district 
in 1913, which will shortly be issued. The Mayor of 
Batoum, who has recently spent much time in St. 
Petersburg on matters connected with the city finances, 
states that the of Harbour Authorities, re- 
cently convened at the capital, decided that the ques- 
tion of attending to the needs of the port of Batoum 
should be dealt with without further delay, and 
that a portion of the 20,000,000 roubles (2,111,000/.) 

ted last year by the Russian Government for new 
bours and harbour-improvement works—viz., a sum of 
about 7,500,000 roubles (742,000/.)—would be expended 
on the port of Batoum in 1914-15 and succeeding years. 
The Torgovo - Promyshlennaya Gazeta, St. Petersburg, 
states that the Russian Ministry for Ways of Com- 
munications has in hand a scheme for the erection of 
grain-elevators in Libau. Itis proposed that the elevators 
shall have a capacity for handling 2,700,000 poods (about 
43,200 tons) of grain. The cost of the scheme is estimated 
at 1,644,325 roubles (about 173,570/.) and it is anticipated 
that the annual cost of working the elevators will amount 
to about 10 per cent. of the above capital. 

Austria-Hungary: The Lieferwngs-Anzeiger, Vienna, 
states that plans for the supply of water to Trieste, by 
means of temporary conduits from the Timavo, have been 
passed by the Town Council of Trieste. The cost of the 
necessary works is estimated at 15,000,000 kr. (625,000/.). 
Investigations with regard to the underground waters in 
Friaul are to be pursued with all possible haste. In the 
case of these proving favourable, these waters will be 
utilised as a permanent water supply for Trieste. The 
results of the investigations are to be submitted within a 
year’s time, when definite proposals will be introduced. 

Morocco: H.M. Consul-General at Tangier reports that 
tenders are invited by the Special Committee of Public 
Works for the construction ot a ferro-concrete quay and 
terre-plein at Rabat-Salé. Tenders, accompanied by 
certificates of competency, will be received by M. le 
Président du Comité Special des Travaux Publics, Dar 
en Niaba, Tangier, up to 11 a.m. on June 29: The esti- 
mated value of the contract is placed at 131,389 francs 
(5256/.), and a deposit of 2000 francs (80/.) is required to 
qualify any tender. The contractor must elect domicile 
in the neighbourhood of the works. With reference to 
the call for tenders by the Special Committee of Public 
Works for the extension of the Boulevard Front de Mer 
at Tangier, H.M, Consul-General at Tangier reports 
that the contract has been awarded, at a reduction of 
18} per cent. on the estimated cost, to a Russian subject 
at Tangier, whose name may be obtained by United 
Kingdom contractors and manufacturers on application 
to the Commercial Intelligence Branch. 





Russian Ports.—The Council of the Russian Empire 
has decided to employ, this year, 1,064,000/. (out of 
2,720,0007. reserved in 1912) for the improvement of 
Russian war ports. Of the 1,064,000/., 744,800/. is to be 
devoted to construction of buildings and 287,280/. 
to the construction of basins at Cronstadt and Sevas- 
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THE FLYING-MACHINE FROM AN 
ENGINEERING STANDPOINT.* 
By Freperick Wiit1am Lanouesten, M. Inst. O.E. 
(Concluded from page 682.) 

6. Propulsion.—We are now in & ition to consider 
the question of propulsion. Whether we appeal to 
experience or theory it would appear that there is only 
one method of propulsion available—namely, the screw- 
propeller.t The problem of pr . whether aero- 
nautical or submarine, is essentially the same ; the laws 
of dynamic similarity, with certain reservations, are 
strictly applicable. Roughly speaking, the conditions of 
usage of propellers in water and air may be compared by 
merely taking cognisance of the relative densities of the 
two mecia—approximately 800 to 1. Thelaws of dynamic 
similarity indicate that this relation is not exact, but any 
refinement of theory on this score is of academic rather 
than of practical importance. Apart from fine points of 


Fig. 24 






IAUBSTRATING MARINE PROPELLER 
CF CROINARY PROPORTIONS 





vicinity of the blade extremity, and the system of flow is 
impaired ; this is the condition of incipient cavitation, 
as the speed is ag oy increased 

invades more and more of the e area, until the greater 
part of the propeller becomes ineffective. From 
critical speed upwards the design of the marine propeller 
becomes a compromise. The extremity of the blade is 
first desi broader to avoid developing pressures suffi- 
cient to initiste cavitation, and then, owing to the addi- 
tional skin friction thereby involved, it is found desirable 
to adopt higher pitch/diameter ratio to prevent the ex- 
tremities cutting the water with excessive velocity. 
Eventually the propeller for high-speed craft becomes one 
of extremely coarse pitch, with blades of short or saucer- 
like form. No such thing as cavitation is experienced in 
the aeronautical ruse if we should require to deal 
with propeller- e speeds approaching the velocity of 
sound, we might find something analogous, due to the 
high rarefaction of air, but at present the aeronautical 
designer can afford to ignore all question of cavitation. 


re 
PROPELLER RAO. IN TERMS OF @ITCH 
(TOTAL LENGTH OF CIAGRAM = PITCH) 
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this kind, there is a limitation that renders the air 

peller and the marine propeller not strictly comparable ; 
this limitation is due to the appearance of the pheno- 
menon known to the naval i as cavitation. The 
law of the relation of pressure to velocity for least resist- 
ance applies to the blade of the a precisely 
as itdoes to the aerefoil itself, so that if a propeller is 
being designed for least resistance the pressure per square 
foot at any point of the blade must bear its constant 
relation to the square of the velocity of the blade through 
the fluid at that point. . In the case of ot meat ame 
peller this results in a speed being reached (at about 
20 or 25 knots speed of vessel) at which the velocity 
of the Medotigs is such that the ive pressure 
(on the back of the blade) based on the law of least 
resistance, is greater than the hydrostatic (absolute) pres- 
sure. Under these conditions a vacuum is in the 


SECTION C.c. 
ik -" 





SECTION D.D 
° 4g'-2 SECTION E.E. 


i al SECTION FF. 
3 oe yosty 





It is frequently stated that the theory of the screw- 
propeller is entirely empirical and quite unsatisfactory ; 
this is nob my i The theory of the screw-pro- 

, based on theory of the aerofoil as laid down in 
my ‘“‘ Aerodynamics,”* ap : fully to meet the require- 
ments the aeronautical designer. According to this 
theory peller-blade is treated as an aerofoil, its 
P/V? ratio at every point of the blade is fixed by the same 
= that * , pon as piven ; eer this the 
& angle - e is constant from root 

~~ section of the blade is ah enety point designed 
surface 


@ curve as pl 
a gliding angle of 6 deg., or, 





tesa iene, Forress lecture, delivered before the 
+ Nature’s method of eopulsion—wing -Ga ing— 

besides very objectionable from a mechanical point 

pe wd or y no hi of mechanical 
ciency than 

ruary 26 1900), screw-propeller (ENGINEERING, Feb- 





approximately 10 per cent. Under these conditions 
it will be seen that the of maximum efficiency 
Unfortunately, we cannot 

of maximum efficiency; we have 
blade of considerable } and conse- 
a 


take — of the usual propor- 
tions, in which the pitch is about 1} times the diameter, 
that is such a blade as represented in Fig. 24, we see that 
the marine engineer declines to employ any portion of 
the blade with an efficiency of less than t 92 per 
cent. of the maximum—that is to say, the efficiency of 
different points of the blade varies from 77.5 to 81 
cent., or, theoretically, the limit of efficiency of such a 
ler be round about 77 per cent. Unfortu- 
nately, a propeller ‘‘in being” cannot consist of blades 
alone, it requires a boss and a connection between the 
boss and the blades, and in driving these functionally 





to itself, | i 
plotted in Fig. 24, 


useless parts th h the water a considerable further 
loss is inevitable. bably it is for this reason that the 
Fig. 26. 
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actual efficiency of a 
70 per cent. In my work, a design is gi 
propeller based on alone, in which « 
servative estimate is taken of the gliding angle. 
the light of present knowledge, we assume the pro - 
blades ae of the aspect-ratio ing to of 
my 1894 gliding model, the gliding angle or resistance 
coefficient will about 5 or 6 per cent., and we might 
anticipate a theoretical limit to the propeller efficiency 
of 88 or 90 per cent. We have here, as in the marine 
propeller, to provide a boss and arms, and we require to 
take into account the fact that it never pays in practice 
to take the full diameter of the p er that theory 
would indicate (it is better to sacrifice a few per cent. 
efficiency to save My clearance diameter). 
Everything considered, I am disposed to put a limit 
efficiency of an aeronautical propeller at about 85 per 
cent.: this is higher than has found possible in 
. me. 

+ method of propeller design has been adopted and 

employed for some years by the superintendent and staff 


If, in 


* There should be nothing to prevent the marine pro- 
ome (at speeds below the cavitation point) giving as 

igh an efficiency as the aeronautical propeller, were it 
not for the limit imposed by the strength of materials. To 
obtain the highest efficiency even in an air-propeller it may 
be found necessary to abandon the je and sub- 
stitute a solid nickel-steel blade of somewhat the sectional 
form given in Fig. 16, page 630 ante ; this, in the case of an 
8-ft. propeller, would mean a blade 4 ft. long, the outer 
3 ft. of which would be the effective blade, the maximum 
width in the widest part being no more than 3 in. or 4 in. 
If any attempt were to 
marine work, there is no ma 
time that would stand the stress i 
i for speed, would be about 800 times 
air, and the aspect ratio of the e that 
can be utilised for marine work is striotly limited by this 
fact ; even the softest of timber is relatively far stronger 


4 





force pressure 
phe latter is consequently stressed in pure tension. 
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of the Royal Air-Craft Factory with very satisfactory 
results ; at present there is but little available informa- 
tion on the question of efficiency oqus the fact that 
the ay agg at the disposal of —— Aircraft 
na © not permit of the testing of full-sized pro- 
pellers. 

Working drawings of a propeller, designed at the 
Royal Air-Oraft Factory by this method, are given in 
Figs. 25 and 26, page 717. For the full exposition of the 
system of ‘‘lay out,” reference should be made to the 
work y referred to. a 

Asan alternative and purely empirical basis of treat- 
ment, we may fall back on our experience in marine 

sion. There is a practical rule which “p to 
commonly adhered to in the design of su ul marine 
ler for moderate speed sea-going craft. The area 
of the propeller disc 1s approximately 1 per cent. of the 
total wetted an pow T = Fp been found by me to 
represent a rough average of the practice in various cases, 
but whether it is an accepted ruleor not I donot know. Let 
us take the case of a flying-machine involving, say, a thrust 
of 200 Ib. at 80 a second ; at this 5; the frictional 
air resistance will be approximately 0.035 lb. per sq. ft. 
of surface bey lb. per sq. ft. of lamina—i.e., double 
surface) ; thus the resistance of the machine is approxi- 
pw ig 3 peprenntes Se 6000 sq. ft. ‘‘ wetted” surface, 
and, following the rule given in the case of water, the 
propeller-disc should be 60 ~~ ft.; this corres toa 
propeller diameter of about 9 ft. in an actual machine 
of about this size the propeller is commonly of about 7 ft. 
to 8 ft. diameter, which, taking everything into account, 
is in su i ent. The er employed in 
flight is of necessity (from considerations of the engine 
revolution speed) of finer pitch than that of best efficiency. 
Under these conditions theory shows that the correct 
diameter is less than that of the propeller of best diameter 
pitch ratio, such as employed by the naval architect. 

There are (in the present state of the art) two prominent 
reasons for the adoption of a propeller for aeronautical 
machines of finer pitch than t of greatest efficiency ; 
firstly there is the question of suiting the pitch of 
propeller to the running speed of the engine. For the 

wer necessary in a modern aeroplane (from 50 to 100 
orse-power) a stroke of about 5 in. is found to design 
well in proportioning the engine ; now it is uneconomical 
both from the point of view of weight-saving and of 
om consumption to employ too low # piston speed ; in 
act, for any given dimensions of cylinder the power 
developed is within limits roughly Pox wig to the 
piston speed. Taking a piston of 1000 ft. per 
minute and 5-in. stroke, we require 1200 revolutions 
minute = 20 revolutions per second. Assuming a velocity 
of flight of about 80 ft. per second, the effective pitch of 
the screw requires to be 4 ft., or approximately equal to 
half the diameter of the screw, instead of at least equal 
to the diameter, as in a good marine propeller. 

It is, of course, not difficult to gear down from the 
engine to the propeller, in fact, this has been frequently 
done, but, since peering involves a tax of approximately 
5 per cent. of the horse-power, it is evidently better to 
drive direct and sacrifice something in the efficiency of 
Sy peller, more Kv ponvee: 4. -4 — ene 
‘ar lower torque on propeller- ani uently 
a lower recoil torque on the framework of tho trockinn. 

7. Motive-Power Installation.—We are now faced with 
the consideration of the motive-power installation. At 
the present time the in -combustion engine—more 
definitely the petrol motor—holds the field. No other 
prime mover is able to compete, either on the score of 
——— per horse-power or fuel-weight economy ; is 
nothing in sight likely to oust the internal-combustion 
motor from its supreme position. 

The relative im of lightness and economy of 
fuel is determi by the class of service for which the 
motor is required. In Fig. 27 curves are given of 
pene a = pt grees for various motors ; ordinates repre- 
sent weight of motor = fuel, abscisse the duration of 
the run at full load. It can be seen at a glance from this 
di m that for brief periods the weight per horse-power 
of the engine is the all-important factor, whereas for long 
runs this mes relatively less important, the weight o 
petrol and lubricating oil becoming the main item. On 
referring to Fig. 27 it will be noted, taking the extremes, 
that the ‘‘Gnome” engine starts with a very considerable 
advantage over the motor-car engine given for comparison, 
—— a@ run 4 s —_— at full saad the ~~ 
engine (re or the purpose of illustration by 
Daimler) by its greater economy has taken the lead. This 
iagram was by me some three or four years 
~ Report of 
or 1909-10). 
present-day combine with a sv yoann ad factor 
of about 4, a degree of economy that compares well with 
the best automobile practice. — 

Out of the great multiplicity of types of aeronautical 
engine now on the market there are two be light-weight 

wei 


Advisory Committee for Aeronautics 
Many of the aeronautical motors of the 


the rotati ine on the on» hand and the light- t 
multi-cylinder Re on the sag which — 
to survive. rotating type of engine gives 
possibility of very complete balance with simplicity of 
working parts, and so provides the aeronautical con- 
structor with an engine especially serviceable where small 
oe are -. + ge arse and upkpert are 
of importance. engine is, at present 
day, reasonably economical in petro), but is grossly extra- 


* erm So number of war vessels, capable of 
about 18 to 20 ts speed, gave the = 1.3 per cent. 
Two typical low-s merchantmen (from particulars 
sup; ied by the builder) gave exactly 1 per cent. 

+ With the rotating engine in its present state of 
development. the question of upkeep is not its most 
sati.factory feature. 





vagant in lubricating oil, and consequently is at a disad- 


van for long-distance work ; it will, however, b- 
ably its own for some time to come in machines 
for istance fiying. i i 


rota engine, also, 
suffers from some disadvantages on the soose of exhaust 
i The multi-cylinder y 


silencing. though ordinaril. 
not pe ae power for gomes, —f 6 rotating — hes 
many ey om especially for power where 
distances have to be eagetiateds 
_It is cus in the rotating engine to employ direct 
air-cooling ; it i3, in fact, difficult to arrange such an 
with water-cooling. The horse-power absorbed 


engine 
in the “Gnome” ine incidental to air ing is v 
Gre ; in the original so-called 50 horse- a 
which actually gives very little over 40 horse-power in 
ght), the power consumed in wind resistance, even on 
the test stand, amounts to something nearly 6 horse- 
aor oN and it may be materially greater under flying 
itions. 
In engines of the V type water-cooling is in greater 
favour; the Renault special aeronautical motor is an 
exception, being cooled by air-blast generated by a 
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ecoune 


fear rea 


vweutociryv: 


Fig. 306. 
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centrifugal fan. The weight of the water-cooling system 
when fitted amounts at the best to 0.6 lb. horse-power 


8g0 | (with water nearly 1 lb. per horse-power}, and thus con- 


stitutes a serious addition to the weight of the installa- 
tion. Here, again, the class of service mes important. 
It is evident that for short-distance flying, where engine- 
weight is of paramount importance, it may be better to 
employ direct air-cooling; when, however, a long-distance 
service is required, it may arise that the weight of the 
water-cooling system is justified by the saving in horse- 
power and better fuel consumption. s 

According to a recent investigation by me* the mini- 
Se expended in ing—that is to say, 


wer necessarily expended in cooling is a 
function of the area and temperature difference of the 
surface ex , and there is some difficulty in providing 
an air. engine-cylinder with sufficient gill surface 


to keep the horse-power loss as low as desirable ; when 
on the other hand water is used as a heat-carrier, the rigid 
limitation as to available surface no longer applies, 
i i however, as to temperature 
is given showing the 
between power equivalent of 

heat dissipated per square foot surface (abscisse), tangen- 











tial velocity of. air (ordinates), temperature difference, 
and pre absorbed ¢ skin friction, It ay be under. 
gra represent the minimum horse-power 
absorbed on the assumption the air is ravers. 
ing the surface along a stream-line path, and that there 
is no additional loss of power in eddy-making (other than 
that incidental to skin friction) ; the honeycomb type of 
radiator most nearly complies with this condition. 

We oe = ed to wpe the — and 
compa! engine and propeller. It alread 
been pointed out that in order to get the full output foome 
given engine (as is also well known to be the casein marine 

), ® pro -pitch has often to be selected 
ar from that proper to highest efficiency. The difficulty 
has (as in the early Wright machine) been met by adopt- 
ing & reduction gear ; alternatively (as also in the Wright 
machine) a multiplicity of en rs may be employed. 
It is evident, for example, that, if four propellers be used 
in one ler, the individual diameter may 
be halved, and consequently for a given pitch (and there- 
fore revolution speed) the pitch diameter ratio doubled. 
The original Wright machine furnished a good example 
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of a case in which the propeller pitch diameter ratio was 
made approximately that of it efficiency, and this 
result was obtained, in spite of the low velocity of the 
Wright machine, by a combination of both methods ; 
that is to say, two propellers were instead of one, 
and these ers were geared down from the engine 
in _ relation 10 At 33. a e 
@ incompatibility at present existing between the 
_— speed and the Monell om pitch becomes less as the 
- oe, increased, so that, in the case of an 
inary machine of about 1400 Ib. total weight, the a 
| oeedin gre (for best efficiency) for a single-screw ine 
es appropriate to the normal engine speed at about 
100 miles per hour. Since the loss of efficiency for a fine- 
pitch propeller, even down to half the pitch-ratio of best 
an is nob great, it may be taken that for flight 
speeds of 50 miles an hour upwards, the balance of advan- 
tage lies definitely with 
this agrees with ex 
nection with 


@ direct-coupled pro ler ; 
rience. A point of interest ft con- 
ers of comparatively fine pitch and 
somewhat uced diameter, such as commonly in use 
to-day, is the fact that, with the engine opened fully out, 
there is very little difference between the thrust and the 
revolution speed, whether the machine is standing or in 
full flight—it is commonly reported that the revolution 
speed does not increase more than 10 cent. from 
“standing” to full normal flight » —the thrust 
variation also is slight. This fact constitutes the only 
—— for the ae test of a nt 
requently resorted to when approximate data are required. 
i dou theoretical] 


of y 
® proportion, or in an existing propeller, if fitted 
to a machine of less resi thors would be a far 
ep response to flight speed variations. Actually, 
is is a case in marine propulsion where the propeller- 
revolution recorder is commonly found to give more reli- 
able readings than the sbip’s log. 
8. Relating to the Design of the Aerofoil.—We shall now 
to the discussion of the more detailed arrange- 
oe = os features of the — —_* e 
aerofoi pressure appropriate to least resistance 
we have already seen to be given by the expression* 





* Report of the Advisory Committee for Aeronautics, 
1912-13, page 94. 





* Compare Figs. 17 and 18, pages 630 and 631 ante, and 
text. The constant 0.32 is empirical. 
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. . pv? . interference effect of the two members of a biplane aero- | for many years past, and gives results which, under ordi- 
iain Srebatede | FT tee eR 
: : : : : 0" al with su as) urip ew 
Consequently if w is the weight (in fying cedex) tho | TD a: 4) the iaterdesenes wes nos cerions © ted by the National Physical Laboratory,* and has 
area required is ——-, as appropriate to least resistance. | by a distance equal to their lesser dimension. The results ad by the Royal Aircraft Factory, and more 
pa . PN jn > | @ more recent investigation by the staff of the National ar =r A y other manufacturers. 

The above is the whole basis of any initial ‘‘lay out” ;| Physical Laboratory are published in the report of the| On pin-joint hypothesis the stresses are solved by 
there are many refinements, however, to be considered | 4 dyj Committee for Aeronautics for the year 1911-12 | the well known graphic stress diagram ; the alternative 
which enter into the complete problem ; the principal of | (page 73), from which Table VIII. has been taken. In| method is erably more complex ; reference should 
these are :— - ; a _ | be made to the report cited. It is well to remark that 

The fact that part of w is a function of the aerofoil| Taste VIII.—Table of Multiplying Factors to Obtain | though the pin-joint hypothesis gives results usually on 
area—the quantity we are deter g ns that the|  Corfficients from the Coefficients for a Single Aerofoil. | the safe side, extent of the factor of safety so intro- 
vest area will be less than given by the foregoing expres- | - ——s a duced is not one that can be relied upon, and may in 
sion. This point has been dealt with by me in“ Aerial] 5: jane Lift Coefficient. Litt/Dritt. ape Son mein. Sb ey to 
Flight,” 1907*, vol. i, §§ 171, 194, 195, 196; also more! gyacing, point out that the more important and vital the problem, 
recently by the svaff of the National Physical Laboratory.+ | Gap/Chord. a 7 ee ~ | the less appropriate become methods of an approximate 

Beyond the above the specification of flight velocity for 6 Deg. | 8 Deg. 10 Deg. | 6 Deg. | 8 Deg. 10 Deg. | and inexact character. 
any machine consists more often than not in the prescrip- 9. Resistance of Struts, Wires, Wheels, <-c.—The ques- 
tion of higher and lower limits rather than of a set fixed = 2 = 0.63 | a 0.81 0.84 | tion of the resistance of components, such as are oo! y 
speed. Under these circumstances, the final values and y oa oa . re = o- embodied in the design of existing machines, has been 
proportions are based on a lay-out of Ee of resist- 12 0.86 ©6086 «= 0.87. || «0.84 «0.85 ~—s0.8g-—«| Studied experimentally at the National Physica) Labora- 
ances, thrust, &c., on the lines of the diagrams already 16 0.89 0.89 0.90 0.88 0.89 | 0.91 | tory, at the Aerodynamic La at Gottingen, and 
given, Figs. 11 and 12, page 630 ante. . by Mr. F. Eiffel, in Paris. A few results relating to 

It is evident from the general character of the resist- PEF mr 


ance velocity curve, as shown ean in Figs. 11 
and 12, that whereas considerable departure may be La 
mitted from the normal velocity of flight on either side of 
the minimum without incurring appreciable increase in 
resistance, at the limits of the flight speed range, the 








addition to obtaini uantitative data for the particular 
aerofoil chosen (Blario 


tion was made on the effect of staggering the planes. 


It is shown to be advantageous to arrange the upper foil 
in advance of the op thus the pal be ng a b, 
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slope of the resistance curve is considerable, and there 
will be sharply-defined points at which the resistance is 
equal to the maximum propeller thrust, and no liberties 
can be taken. It is important to note that at the maxi- 
mum limit of —_ speed the equilibrium of thrust and 
resistance is stable, whereas at the minimum limit the 
conditions are those of instability, so that should the 
machine at any time fall below the minimum, the aero- 
naut can only recover his power of flight by calling upon 
gravity to assist him—that is to say, by taking a down- 
ward course. If, as when near to the ground (or an 
obstacle), the downward course is not permissible, the 
machine will execute an undignified descent, to which 
the verb ‘‘to cake” has been applied. The critical 
speed at which this will take place is not necessarily 
pened to the critical ‘‘least velocity” angle of the 
aerofoil. 

Briefly, for a given machine the extent of the flight 
= variation is a function of the reserve of thrust over 
the minimum resistance value, the absolute value of the 
limits being fixed by the load that the aerofoil is cailed 
upon to sustain. In the case of a high-powered machine, 
however, the lower limit may be prescribed by the critical 
— of the aerofoil. 

'he choice between monoplane and biplane is, in the 
main, & question of constructional engineering ; there is 
not a great deal to choose between the two from an aero- 
dynamic standpoint, but with equally design the 
monoplane gives a slightly better lift/drift ratio. The 


o 


ble and Co. 
+ Report of the Advisory Committee for Aeronautics, 
1911-12, page 78, 








Fig. 33. 
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t, aspect ratio = 4), an investiga- | rela 





strut sections are 


iven in Fig. 30a. graph a, a is 
a plotting from 


The 
ational Physical Laboratory data,+ 
ting to the sections a, representing one of the best 
forms tested ; hs 6 and c relating to sections } and ¢ 
as determined by Mr. Hiffel t In Fig. 30 at a ordinates 
represent resistance coefficient in absolute units, also in 
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SECTION. 


ACTS as eTEP 


SIOE ELEVATION 


SARLY TYPE (SMOOTH WATER) FLOAT. 


Fig. 29, is of the same efficiency as the combination a c. 
idering the aerofoil, whether monoplane or biplane, 
from a structural standpoint, and in investigating the 
strength of the aerofoil as a whole, it may treated 
a" an inverted cantilever system. Thus, com- 
paring the stresses in an aeroplane to the stresses in a 
cantilever bridge, we have the weight of the —-_ ~ 
with its alighting chassis, motor, passengers, &c., 
inverted equivalent of the — reaction on the 
cen pier of a cantilever girder. e have the air- 
pressure force, by which the said load is sustained, dis- 
tributed along the aerofoil length corresponding to the 
ights of the outstanding members of the cantilever. 
We have a variation of pressure from point to point due 
to gusts, eddies, &c., corres: ing to some yer to 
the movable re © over the bridge. 
In the case of the aerofoil we have in addition something 
not represented in the —— the cantilever girder— 


#.¢., the weight of the aerof 

the ure reaction; we may, however, regard 

equal and opposite distribution of weight and pressure as 
superposed on the main system, and as not contri- 
buting to the stresses in the aerofoil members. So far 
- the —_ to the bridge holds ; 4 is Ny ene = 

ve & -known engineering problem which is capa’ 

of being treated by well-known methods. In the calcu- 
lation of stresses of the aerofoil members two alternative 
methods are in current use; in the one the aerofoil 
struts are treated as pin-jointed members, b a 


truss-girder construction ; accorcing to the 


of 
itself directly a tak 
is 





terms of normal plane (the normal plane unit being that 
of maximum section). In Fig. 30) are given two strut 
sections designed at the Royal Air-Craft Factory. These 
were reported upon by the National Physical Labora- 
tory as giving less resistance for given strength than 
a number of others submitted. Approximately, strength 
for strength, 8e sections gave one-fourth the resist 
Ro , Rea 
resistance of wires an been investi 
both by the National Physical Laboratory and by Pro- * 
fessor Prandtl, of Géttingen ; th iti 


is Sees to that 
plane. ires i 
cent. less. Both these results only hold good above a 
certain minimum value of / V, which may be taken at 
about 1.5; thus at 100 ft. per second the rule may be 
en as applying to cables or wires down to about ,; in. 
= diameter). | te 
no interesting set of determinati f i 
wed indeed tthe Notional Payal Labor 
is tha to the resistance ighting wheels ; 
these have been tested both in ~AS. ~ . B and 
* Report of the Advisory Uommittee for Aeronautics, 
1910-18, No88 sehen titi 
+ Ibid., 1912-13, 111. 
t¢ “* Resistance of the Air and Aviation,” page 184. 
whi — Advisory Committee for Aeronautics, 
-i2, page 
|| Compare Memoranda 40 and 75, Reports of the 
Advisory Committee for Aeronautics. e 
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lateral reaction.* The direct resistance of a 26-in. wheel 
fitted with 24-in. pneumatic tyres appears to be equal to 


about a third of its projected area in terms of equivalent 
normal plane, Oe pees tee taken to be that 
of the tyre itself. For fuller information reference should 
be made to the Memorandum cited. 

10. Vertical Swrface.—One of the quantities of great 
importance in connection with the type of stability 
known as rotative or spiral stability is that of vertical 
surface. It is of great importance to be able to compute 
with acc the effective distribution of vertical surface 
in any machine, and of recent years considerable atten- 
tion has been devoted to, w we ma 
“valuation ” of accidental vertical surface. For example, 
every vertical or inclined strut has a certain directive 
value, which may be expressed in terms of vertical 
surface ; the - ing wheels, especially if of disc form, 
represent considerable areas of the og ae vertical 
surface ; even the fuselage (the stream-line body or car) 
has its equivalent value as vertical surface. It was 
pointed out by me some a genes agot that a screw-propeller 
moving other than axially experiences a considerable 
lateral force. More recently Mr. T. W. R. Clarke has 
called attention to this action and to the importance of 
considering the er in its capacity as effective 
vertical surface. It — from Mr. Clarke’s investiga- 
tion} that the propeller equivalent in terms of vertical 
sarface is a very and serious , and one that 
under no circumstances should be ignored. The memor- 
andum in question is worthy of careful consideration by 
all e in the design or construction of fiying- 
machines. 


ifferent when under power and when ing 
tionary; this s desirability of ting the 
peree= as near to the centre of gravity (in the fore-and- 
aft sense) of the machine as conveniently possible. 

11. The Dynamic Load Factor and Factor of Safety.— 
A matter of importance, and one of a controversial 
nature, is the factor of safety necessary in order to take 
care of the many and varied conditions met with by a 
machine in flight. In the simple case of a machine in 
horizontal flight in calm weather we know that the load 
supported by the aerofoil is the weight of the body of the 

ine and its associated but not includi 
aerofoil itself, whose weight is directly distributed over 
the pressure surface ; also we know that in the various 
evolutions a machine is called upon to perform, the 
stresses may considerably exceed the normal, and that 
variations of effective load are experienced, due to wind- 
guste, which it is quite out of the power of the pilot 
prevent. cluding for the time being the latter, we 
are clearly able to define the worst that the pilot is able 
to do and specify the factor by which the normal stresses 
must be multiplied in order to represent the actual 
stresses ; conversely we may specify arbitrarily a factor of 
safety, and we may tell the pilot just what heis itted 
to do, and just what he cannot undertake without risk. 
Taking, in the first instance, the assumption that the 
pilot is allowed to do his worst—he is to be allowed to 
try to wreck his machine. There are two ways in which 
he can operate ; first, he can drive his machine at the 
highest possible cal and suddenly alter his elevator to 
the position corresponding to the lowest possible _— 3 
mt ogi | he may take sharp turns party | eavy 
banking. Now the highest possible speed is the limiting 
velocity which the machine will acquire falling head first 
vertically ; this, with machines at the present day con- 
structed, may be estimated at about 140 to 150 miles an 
hour. The lowest velocity in the t sense is the velo- 
pn Ay —— the aerofoil is — the air at its critical 
e (the lowest velocity capable of giving a ure re- 
odin equal to the weight) ; this may be taken for the 
purpose of our argument as 40 miles an hour. If, 
when falling vertically at 140 miles an hour, the pilot 
with absolute suddenness jerks his elevator into the 
position corresponding to 40 miles an hour, the re- 


action brought to bear on his aerofoil is ey’ W-that 


is to say, approximately twelve times the weight of the 
machine. In practice, for the figures given the maximum 
load would be diminished, since the elevator cannot be 
moved with absolute suddenness, and, if it were, the 
machine could not answer the elevator and alter its 
attitude to the line of flightimmediately. It is probable, 
on the basis of the figures given, that 10 W is the maxi- 
mum effective load that could under any circumstances 
be brought to bear. rey ‘ 

In the case of severe banking, if the machine be banked 
le 0, the resultant of the weight and centrifugal 
e value W sec #. I have frequently made esti- 

; yy a pilot has been 
dive; the angle rarely exceeds 


g 


s 


to an 

force is t 
mates of the angle of 
making a steep spiral 


60 deg. or 70 deg. Taking 70 deg. as the maximum, the 
anaes Se machine will correspond to a load equal 
to ° 


in calm weather the pil ) do his worst, cannot 
in any manner reach or ex ten times the stresses due 
to the static load. 

Let us take what may be considered an extreme gust. 
The machine enters air, or is struck @ gust repre- 
sented by a change of velocity equal to the flight- 
speed. Assuming the machine has time to swing to its 
appropriate relative direction under the new jitions, 


* Memorandum 74, Report of the Advisory Committee 
for Aeronautics, 1912-13. 
+ Encrveerine, Fi 26, 1909. 


From the f oing it would a almost certain that 
her the pilot, if aaiced to 





t Presented to the Advisory Committee by Mr. 
Mervyn O’Gorman. um 80, March, 1913. 
Report, 1912-13. 





@ simple resolution of velocity shows that the worse con- 
dition is that in which the direction of motion of the gust 
is directly opposed to that of flight, in such a 
relative velocity of the machine becomes 1} ti 
and the effective load on the aerofoil wi 
times normal. In case of the machine bei 
sudden gust or squall, the load will 
higher, but still does not a: the figure 
on the basis of the pilot lenly “‘ flattening out” when 
at maximum 


times greater than that of its normal load, 
ss stresses, and the total number of times 
yw lips ab ng age the ee a related to 

magnitude by some empirical law for any given 
class of service. In such a case it is evident that deo tem 
“‘ factor of safety” does not carry its ordinary meaning ; 
if, for example, in the lifetime of a ficet of 100 machines 
the stresses reach six times once, and five times 
normal, say, ten times, and four times normal, say, 150 
times, it will be certainly sufficient and if the 
lesigner works to six times the normal load for his elastic 
limit without ong any factor of ~ 4 Ay the accepted 
sense at all; to do otherwise would to burden the 


whole 100 machines with a weight of superfluous material | depends 


without justification. Whether under these conditions 
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we continue to employ the term “factor of safety” or 
not* the aeronautical designer must bear clearly in mind 
that in his particular case his factor has a double func- 
tion—namely, both to give the margin of s th and 
durability needed under ordinary conditions of flight, 
and to provide for abnormal conditions of stress, ocea- 
sionally even almost to the theoretical limit of the 


sa my the structure. 

In Memorandum No. 96 of the Advisory Committee 
(not yet included in an annual report) the matter is fully 
—— ered, and the extreme probable values are estimated 
as Ws :— 


Nature of Contingency. 
Gusts 
Flattening out... 
Loopingt ‘a 


In the report in question} the recommendation is made 
that a factor N be adopted in design not less than 5 or 6, 


8 . * 7" be . 
cningulitcl oaleieniedk staan teat 
the load-factor i gi the night E i 
ante, ‘ic - ven by os 


varies from 3.6 to 5.5. 


+ If this factor N cannot with propriety be termed a 
factor of safety, I suggest the term “‘factor of contin- 
ao pe factor of contingency requires to be the 
equal or greater than the dynamic load-factor for which 
it makes provision. 





this being considered sufficient to take care of anything 
likely to toa machine with and 
ilotage. ‘Tests and caleulations of the wing: of 
ifferent é6xisting machines gave the following ts :— 
Type. Value of N. How Determined. 
4 By iment. 
B 4 
Cc 5 By calculation. 
b 3 Do. 
: 3 - Do. 
4 y experi . 
G 7 By olednten. 


The Royal Air-Craft Factory have adopted a factor 
somewhat greater than that recommended in the Memo- 
randum in question; a machine (G in above table), of 
which the aerofoil’ was tested to destruction, actually 
recorded 8.4. : 
_ In connection with the subject of aerofoil structure it 
is to be observed that the stress distribution varies con- 
caps of ceem Wedecdee on Nig Oa ees are 
at erring to Fig. 15, page 630 ante, it 
will be noted that the aerofoil structure commonly 
includes two longitudinal members, front and rear respec- 
tively, and the proportions of the load borne by each 
ends upon the position of the centre of and 
varies with its displacement, which can only be ascer- 
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tained from experiments on a scale model of the aerofoil 
iteelf. This fact needs consideration when computi 
the maximum stresses on the members in question and 
the aerofoil structure as a whole.* 

The calculation of the aerofoil structure not only com- 
prises the resolution of the main lifting-force distribution, 
as already discussed, but also entails the calculation of 
the longitudinal stresses dne to line-of-flight, or “‘ drift” 
forces. hese may be quite moderate under n 
flight conditions, but may become far more severe at 
abnormally high speeds.+ The treatment of this problem 
does not offer any serious difficulty ; it is to-day generally 
considered the best tice to provide for the edgewise 
strength of the wing by its own internal diagonal 


ing - Gear. — 8. The question of 
pase ape = — next oy | our attention ; meopenees 
sari two distinct t; lepending u w the 
machine is designed for d or for marine weage. Saking 
first the land or military of machine, the essentia 
features comprise, ordinarily, a pair of i 
wheels (in some cases, two pairs) on a common 
axis somewhat forward of the centre of gravity of the 
‘ and supplied with a rudimeatary elastic suspen- 
sion of some form, in addition-to runners or skids to take 
oe fF ay FE 
kind support, consisting ei! a 
castor- ivoted wheel, or (ac* more generally the cass) of 
@ simple spring-controlled skid. It was at one time 
believed to be essential that the alighting. wheels 


alighting- 


E 








When a machine is diving head first 
or near its limiting velocity the drift load is y 
greater than half the weight of the machine. 
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$2 (Blériot), page 719 ; it will be noted that in both cases 
the medium employed to absorb the shock is rubber ; this 
a to steel (as universally employed on road 
icles) for two reasons : firstly, the ene’ vulca- 
nised rubber will absorb is far greater than 1s thé case for 
steel ; it runs to some 500 Ib. to 1000 lb. pound (some 
pen ob tye wee | meee te poe ws Le 
secondly, signs of fatigue in rubber are eviden 
the — 5 casual — ook are pemay y - 
easy of replacement. g wheels eir 
camaiatedl are mounted on a structure commonly 
known as the landing-chassis, whose function is to raise 
the machine proper a sufficient height above the ground to 
provide clearance for the propeller, aerofoil, &c.; unless 
careful design and work: Pp are put into the landing- 


chassis its ‘‘spidery” proportions necessary to give clear- | 





COEF EI CHENT OF SHIN-FRICTIOW 











ance may, on the one hand, constitute a source of weakness, 
or, on the other, give rise to excessive resistance. Owing 
to the liability of the landing-chassis to injury it 1s 
clearly desirable that its structure should be complete 
Within itself, yet this is oe of achievement in 
actual design ; more often than not there are members 
in common to the landing-chassis and the aerofoil struc- 
ture or the fuselage. is must be considered’a weak 
point in any design, since it involves the risk that some 
essential flight organ may on a, oe strained or 
otherwise injured, or at least stressed beyond the limit 
for which it had been — ’ 
In spite of all that has done up to the ‘present, 
landing-chassis is only able to take a very moderate 
“‘bump” with safety, a 1-ft. free fall on to a hard surface 
is as much as can be deemed safe in the best of existing 
machines ; a free fall of 4 ft. or 5 ft. would lead to almost 








pan Neieon Rocthem, inthe dave of their planes 
work, attached great importance to this point. They 
attributed the early success of Farman (on his Voisin 
machine) largely to the fact that this feature was em- 
bodied in his machine, 


means that a machine, flying at 38 miles per 
t. per second or foot-second) could be allowed 
to take the ground (presu the latter horizontal), 
without intervention of the pilot; but for any higher 
velocity of flight its course must be eased or flattened. 
In actual practice it is, of course, part of the art of 
flying to avoid all shock when alighting, no pilot would 

ink of taking the ground without at least making his 
best effort to flatten hie angle of descent. There is 

robably a future for some form of hydraulio-p ti 

levice ; already several attempts have been made in that 

direction. 

Passing now to the marine type, we find in the earlier 
examples a landing-chassis of the ordinary pattern fitted 
with a pair of floats in place of wheels and skid, and a 
tem tail support in the form of a third fi 
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| angular section, Fig. 
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33; page 719 ; recently there has been 
a tendency to give to the floats a more boat-like form,* 
surfaces of single or double curvature being adopted in 
eed of flat, and so the ey! to being stove in has 

reduced to a minimum. The double float support 
has proved itself suited to ——— smooth water, 
but a strong feeling exists at the present time that for 
machines intended to serve on the high seas that con- 
struction will be abandoned in favour of the single central 
boat, as already to be seen in the Curtis Sopwith 
machines (Fig. 34); here auxiliary floate or bob-floats 
are fitted to the extremities of the aerofoil to give sta- 
bility to the machine when resting on the water, and to 
avoid apo to the aerofoil when getting under way 
or when alighting. ‘ : 

The main floats, whether single or double, require to 
be constructed to rise in the water on the same . ~ 
as the so-called hydroplanes or skimmer craft, being 
designed with the usual stepped bottom ; a single step is 
found to give the best results. 

The design of floats or hull for a marine machine murt 
be norte as still in an early stage of developmen 
and much will depend in the future on the general 
evolution of the machine as to what form of float-gear 
will poem ae: Bg found most appropriate. The author 
is of opinion that, asa development of the single-boat type 
at present existing, it would appear to be desirable to 
bring the motor or motors, and other heavy parts as far 
as possible, down into the hull, and design the boat as a 

hly sea craft with proper metacentric 
height =| fitted with its own (marine) screw-propeller, 
so that it is capable of being navigated ind jently of 
its flight organs (Fig. y In such a design it would 
evidently be n to drive the propellers through a 
belt, chain, or gear of some kind, and mechanism would 
be provided by which the pilot could jettison the super 
structure in emergency. Such a machine would be essen 
tially one of considerable size, and would probably be 
fitted with two, three, or even more engines, with a total 
of over 500 horse-power. The weight of such a machine 
would require to be some 8 or 4 tons, and would be 


* An instructive series of trials have been made in the 
Yarrow Tank at the National Physical Laboratory. 
Advi Committee Report, 1912-13, Memorandum 
No. 70 ( and ) 


machine; con 
. | siderably below 


capable of making port under its own power in the event 
of the flight cupean helne abandoned. 
13. Acentric Types of Machine.—The type of machine 
a a ™ — to “Eoaeee tn on the 
grow t the line er-thrust is acentric, 
being situated considerably here the centre of gravity, 
and probably also above the contre of renistancs of the 
ine; versely, the centre of gravity would be con- 
the centre of resistance ; are objec- 
tions which have been raised with regard to some existing 
machines. It is undoubtedly demrable, where other 
considerations permit, to bring the centre of propulsion, 
centre of resistance, and centre of gravity to approxi- 
mately the same level. There is no fundamental diffi 
culty in flying a machine in which this condition is 
not complied with, since any pitching moment that results 
from the want of ——— can corrected b 
suitably arranging the centre of gravity. Serious diff. 
culty, however, is liable to arise in the event of a sudden 
change in the mode of flight, such as is brought about 
when the engine is cut out. Under these conditions, the 
machine being propelled in gliding flight by a com- 
ponent of gravity instead of by the propeller thrust, a 
change of pitching moment takes equivalent to the 
total resistance of the machine multiplied by the vertical 
distance between the line of propulsion and the centre of 
gravity. Ina machine of the type above suggested such 
a change of moment would be the equivalent of a move- 
ment of the centre of gravity through a distance of nearly 
2 ft., Seung which we must regard as of dangerous 
magnitude. 

‘The position is that shown diagrammatically in Fig. 
in which it will be seen that the resultant of gravity an 
the thrust some considerable distance in 
front of the centre of gravity, whereas in gliding flight 
the resultant of the litting and propelling forces is the 
force of gravity, and so passes through the centre of 
gravity. 

It has been suggested that by arranging the tail-plane 
(and elevator) in she wake, in the propeller slip-stream 
in fact, and giving it an upward rake, in other words, by 
employing a negatively-loaded tail, the tail may be made 
to a, a countervailing pitching moment when the 
propeller is at work ; thus, while direct effect of the 
propeller is to tend to lift the tail and de the nose of 
the machine, the indirect effect brought about by the 
action of the slip-stream on the upturned tail will be the 
inverse. It might be possible in this — to correct a 
small want of coneentricity of the propeller axis, but 
such a method would nen A be applicable to the case in 
point. In order that the method in question should be 
effective, the slip-stream must be discharged radially from 
the eentre of gravity of the machine ; that is to say, the 
general body of air discharged in the slip-stream must be 
so deflec that its moment of momentum about the 
centre of gravity is zero. Roughly speaking, this means 
that the tail, as shown dotted in Fig. 36, must be set at 
such an angle as, if produced, wou.d through the 
centre of gravity of the machine; the double-headed 
arrows show the slip-stream diverted as theory requires. 
The method is evidently impracticable; nut only is the 
tail-angle as necessitated altogether excessive, but also 
the whole story has not been told—the tail would require 
to be ‘‘ feathered ” immediately the propeller ceases its 
function, otherwise it would continue to supply a moment 
of some magnitude when no longer required. 

It is of interest to examine in greater detail the 
behaviour of 8 machine such as we are considering under 
flight conditions. It is clear that if at any instant the 
engine is switched off, two things happen: Firstly, as in 
a machine of the concentric type, the supply of energy 
being withdrawn, the datum of the phugoid chart takes 
a downward trend ; its down slope is that of the glidi 
angle, Fig. 37, datum 2. Secondly, since the withdraw 
of the thrust, reaction is in effect equivalent to & move- 
ment backward of the centre of giavity, the angle of 
attack of the aerofcil is increased and the natural velo- 
city of Wt my ~ is i y one Hn is — to 
@ corres! ing degree. © conditions are thus repre- 
sented by the upper diagram in Fig. 37 ; the reduction of 
H,, being calculated, we consult the phugoid chart and 
select the curve to correspond ; as shown, this has been 
taken as curve G from Fig. 2, page 629 ante. In the lower 
diagram, Fig. 37, a similar construction has been shown for 
a machine nearly concentric as to its thrust; the reeultin 
oo here corresponds to that labelled C in Fig. 

e case of least disturbance is that in which the original 
flight-path picks up the new flight-path at its point of 
inflection ; that is the case if the propeller axis is slightly 
below the centre of gravity, since then on cutting out the 
engine the value of H,, is slightly increased ; this is as 
actually represented on the lower diagram. 

At present there are difficulties, of the character and 
extent outlined, standing in the way of development in 
the direction indicated; they are difficulties that will 
without doubt be eventually overcome. 

14. Stability and Control.—In the present lecture all 
questions of stability in the ordinary sense have been 
taken for granted. The problems of longitudinal stability, 
lateral and directional stability, and spiral or rotative 
stability, though of vital import to the aeronautical 
engineer, are primarily matters for the physicist and 
mathematician ; the engineer can well afford to leave 
questions of this character in the hands of the specialist. 

There is less excuse for the absence of all 
mention of controlling mechanism ; a great deal might be 
added on that subject without going beyond the scope of 
the title. However, since the question of control is 
closel mens up with considerations relating to 
stability, since it is neceseary to draw a line at some 
Foe the omission is one of expediency rather than 





question of stability is not, as is frequently sup- 
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posed, one that is in any sense obscure ; in from the 
scientific point of view: the present abot at _ 
t 


satisfactory ; it can be said without tion 
we have a great deal more knowledge on the subject 
“0 at peas - - utilise. WGN 

ere is very lit importance, specifi 
to the stability of the flying-machine, that has 
written, either before or since, that will not be found 
either in the work of Dr. Bryan* or in “* Aerial Flight.”+ 
A few notes have appeared in the various reports of the 
Advisory Committee for Aeronautics, but not very much ; 
two short notes of a somewhat trivial character ~ wd 
in the of 1909-10, in addition to an ex t 
abstract of Soreau’s “‘ Etat actuel et avenir de |’ Avia- 
tion.”{ In the reports for 1910-11 and 1911-12 there is 
nothing ; in the report for 1912-13 there are two or three 
interesting communications, mainly due to the staff of 
the National Physical Laboratory, oy a 
Nos. 77, 78, and 79. No.77 (LL. Bairstow, ville Jones, 
and A. W. H. Thompson), is, in the main, an examina- 
tion and extension of existing theory f ing the 
methods initiated by Dr. Bryan; No. 78 (L. Bairstow 
and L, A. MacLachlan), mainly relating to the deter- 
mination of the various coefficients required for the 
sgeteetien of Dr. Bryan’s method of treatment. No. 79 
(L. Bairstow), dealing with the more detailed applica- 
tion of the same method. These communications are 
conspicuous by the fact that their authors appear to be 
seal? au courant with the previous literature of the 
subject. 

he work that has been done on the Continent on the 
subject of og om not in sum amount to — Bs 
moreover, it uen appears to suggest comple 
ignorance of what has been done in this country : in this 
aren matter it would seem that the Continent has 

me insular and our i cosmopolitan. For 
example, we find the work of Georges de Bathezat,§ 
descri by Mr. Painleve as “‘ the first to give an exact 
and complete discussion of the stability of the aero- 
plane”; and when we examine the work so described, 
we find the subject not more than half dealt with, and 
at that in so ineffective a manner that scarcely one of the 
conelusions can be regarded seriously. R. Knoller |and 
Reiszner,{| though interesting, do not materially advance 
the subject. H. Soreau with the subject of longi- 
tudinal stability under two distinct headings uilibrium 
and —— so far as the former is pm oon his con- 
clusions as formulated will be found in their entirety 
ublished by me in 1897, with the rationale clearly set 
orth.** Soreau, however, scarcely carries the matter as 
far as in my previous publication. Incidentally Soreau 
gives two a apg minimum tractive force and 
minimum horse-power, which, except for differences of 
notation, to be identical with two —— 

reviously given by me in “‘ Aerodynamics,” 1907, § 164. 


ie E 


hen we come to the question of stability, it will suffice | ,) 


to state here that his conclusions on the subject of longi- 
tudinal stability are gravely at fault; briefly, Soreau 
states that the moment of inertia must not be too small 
for fear of oscillations becoming too rapid, whereas the 
only oscillation of importance—my ‘* phugoid oscillation” 
—is virtually independent for its period on the value of 
the moment of inertia. On the questions of lateral 
stability and directional stability, Soreau’s views (as 
pointed out by Bryan) are entirely at fault; the whole 
question of asymmetric or rotative stability is lost 
sight of, and the fact that in directional stability the 
centre of gravity cannot be treated as a static pivottt 


is ignored. : ae 

The work of Captain G. A. Croccott is of interest. In 
the main he follows established mathematical lines of 
treatment. have made no attempt to follow his work 
in detail. Captain Crocco’s conclusions on the whole 
appear to be far sounder than those of most Continental 
writers ; his work is evidently worth careful study. 

Tbe above may be taken as a brief summary of the 


existing literature of the subject. Excellent abstracts of | w 


the work of the foreign authors cited will be found in the 
appendices to the various reports of the Advisory Com- 
mittee ; excepting in the case of the French writers, 
which have m consulted in the original, I have 
relied on the abstracts in question for the summary 
here given. 

In general the work has, in the past, been treated on 
too closely mathematical lines to be of immediate service 
to the engineer ; in many cases the writers have clearly 
suffered from their want of appreciation of the real con- 
ditions. It is my deliberate opinion that there is very 
little room for useful work to-day on the subject of sta- 
bility unless it be rigidly directly supported by 
experimental work, and from our standpoint as engineers 
I L. we may in the future confidently look to the 
excellent 
Physical Laboratory, and at the RoyalAir-Craft Factory, 





* G. H. Bryan, ‘Stability in Aviation.” Macmillan 
and Oo., 1911. 

+ ‘* Aerodonetics,” vol. ii. Oonstable and Co., 1908. 
+ Mémoires, Société des Ingenieurs Civils de France. 
a ~ — de la Stabilité de Aeroplane.” Dunod, 

‘aris, ’ 
| “Uber ilitit der Drachenflugzeuge,” 1911. 
7 “ Einige zur Seitenstabilitit der 
Drachenflieger,” 1912. 
** Patent Specification 3608, 1897, or compare also 
“* Aerial Flight,” vol. ii., page 353. 
aE coma tere rig Tet 38,95 fo 100; alan 
Ty in ion,” E 
t? “Sulla ilita laterali im i,” also ‘‘ Per- 
fezionamenti Galle Meporiense © degli =e i - 
**Rendiconti delle Esperienze e i i iti nella 
er di Costruzioni Aeronautiche del Genio 
ono IT.” 


work being accomplished at the National | the 


to keep us in touch with that which is essential in this 
important branch of the subject. 


APPENDIX L 

The subject of skin friction where air is concerned has 
been one of considerable controversy. The quantities to 
be measured are so small, and the apparatus employed 
years has been so insensitive, that until the 
work of cain tis “Mcekans le an on the sub- 
ject. Langley, in his ‘‘ Experiments in Aerodynamics,” 
1891, asserted skin friction to be a negligible factor in its 
relation to flight. Dines about the same date expressed 
the same view. In my “ Aerial Flight,” vol. i., which 
epeees fe ier Snes 06 Gad tite seaee the work 

at had been done by Zahm), I published some deter- 
minations of skin friction, and attacked Langley’s views, 
—* out that skin friction is one of the controlli 

tors in the economics of flight. I also introdu 
the practice of expressing skin friction as a coefficient 
representing the resistance of a thin lamina in tan- 
gential motion in terms of its resistance at 90 deg. ; 
the coefficient so expressed is double surface 
coefficient, and in my work is represented by the 
symbol ~ In the greater part of my experimental 
work planes or laminz of mica were employed of but 
a few square inches area; the largest area used by 
him in any of his determinations was approximately 
4 sq. ft. Now it is well established that the coefficient 
of skin friction in 2 plane of small oe, is — 
greater than in one o © area, consequently my values 
were on the whole hn tanh higher than those of 
nae agen working to a larger scale; however, the 
following passage may be cited as the summary of ex- 
periments made with planes of about } sq. ft. area and 
of smooth surface: ‘* It is therefore to be concluded that 
for a well-varnished surface or for polished metal, under 
the conditions of experiment, the effective value of £ is 
approximately 0. with a probable error of less than 

10 per cent., plus or minus.”* Fagen to the best 
estimate that can be made to-day the actual value of the 
double-surface coefficient under the conditions of the 
experiment in question should be 0.0081, showing an 
error of precisely the 10 per cent. which I allowed myself. 

It has been frequently stated that my results were in 
entire disagreement with those of Zahm; sometimes 
those making this statement ignored my lower values 
and took his highest, which admittedly were too high; 
in otber cases they read his double-surface coefficient as a 
single-surface coefficient, and so made his values twice as 
great as they really are. 

In a communication to the Advisory Committee for 
Aeronautics (Memorandum No. 15, June, 1909), I pointed 
out that my own results and those of Zahm for air, and 
the results obtained many years ago by W. Froude for 
water, are in substantial agreement—in fact, in very 

ose agreement—provided that they are put in their 
Proper perspective, with due consideration to the laws 
of dynamic similarity. The conclusion given in .the 
memorandum er discussion is expressed in jic 
form in = 38a and 38), page 721, in which the a Fo) 
represent the quantity L V (the product of the linear 
dimension } in feet by the velocity in feet per second), 
and in which ordinates represent the coefficient of skin 
friction. Three curves are shown ; the upper curve is 
the double-surface coefficient for air, for which I employ 
the symbol ¢, the lower curve (eolid line) is the single- 
surface coefficient (half the value of the former), the 
dotted curve is the coefficient for water. In Fig. 37, 

720, L. V values may be read from 20 to 1400. In 
ig. 38 is given a graph for lower values. 

_ It is a point not without interest that, for geometrical] 
similar aerofoils, the weight sustained varies as (LV), 
consequently for any given value of L V the weight is 
constant. In other words, as already shown, for least 
resistance P = C p V®, where C is a constant whose value 
is round about 0.32, or if k L? represents the area, and 


— W = 0.32% p (LV). 


Therefore, assuming good design (max. lift/drift), and 
some definite value of aspect ratio (to fix the value of the 
constant k), the coefficient of skin friction is determined 
- A, 2 weight of the machine, and is the same whatever 
the designed velocity may be. 

Skin friction has a habit of playing an elusive part in 
actual resistance phenomena, and the subject in practice 
is full of pitfalls. In the case of a @ moving edge- 
wise, it may Somsently happen that skin-frictional resist- 
ance will virtual] eee, the leadin — of a 
~~ such as by the late Professor ad ey, will 

y its bluffness set in motion a certain quantity of air, 
and this moving air subsequently washing the surfaces of 
plane will reduce the skin-frictional resistance to 
something immeasurably small ; as pointed out by me in 
discussing Langley’s work, this was one of the causes that 
led him into error. 

Another case where the coefficient of skin friction 
may be abnormally low is that of the inclined plane 
at a small angle of incidence; in ‘“‘ Aerial Flight,” 
vol. i., Sees} Sam ee ee pee 264, article 182; 
it is pointed out that as a deduction from glidi 

r ts made with the ballasted plane, and cal- 
culations based on them, the coefficient of skin friction 


* “ Aerial Flight,” vol. i., page 389. 
t ey eh memorandum cited, also addendum to 
same by Rayleig 





h. 
t inarily the linear dimension, represented in the 
laws of d ic similarity by L, presupposes 
trical similarity—#.e., geometrical form as an invariable. 





is in effect less than ordinarily the case, and the 
explanation is off that the u surface of the 
plane being to a certain degree a “‘ dead-water region,” 
the coefficient may in this case be only that of the single 
surface. This conclusion has received striking confirma- 
tion in connection with some experimental work recently 
carried out at the National Physical Laboratory. 
I consider it probable that in the case of the goid 
aerofoil—that is to say, the aerofoil of arched section, 
such as shown at the foot of Fig. 39—the skin friction 
may in effect be abnormally high owing to the augmented 
velocity with which the air flows over be. upper sur- 
face. — generally, is not altoge com- 
pensated by lower velocity on the under side. The 
velocity of the air in the vicinity of the aerofoil can 
be deduced approximately from the ordinary laws of fluid 
motion from the local pressure. Now pressure curves 
have been made of several different sections of aerofoil 
by the National Physical Laboratory ; the curve shown 
in F . 39 may be taken as roughly { ical of the pressure 
graph for mid-section of any well-shaped aerofoil at or 
about its angle of least resistance. The ordinates down- 
wards from the zero datum line being negative pressures 
on the upper surface of the foil, and the ordinates 
measured upwards from the said datum line being the 
Positive on the under surface, in both cases 
meas’ above and below atmosphere. Plotting the 
same curve in Fig. 40, and taking a datum line corre- 
sponding to zero motion, ordinates will represent fluid 
tension (negative pressure), and the velocity at every 
point is represented by the square root of its ordi- 
nate ; hence the skin friction will vary as the ordinate 
itself, and, referring to Fig. 40, the effective co- 
efficient of skin friction will be greater than normal in 
the relation of the mean of the ordinates ab, ac to the 
ordinate ad. Referring again to Fig. 39, it may be 
observed that the mean-pressure increase on the under 
face is approximately one-fourth of the mean-pressure 
decrease on the upper face; taking this proportion as a 
basis, I give, in Fig. 41, graphs of the augmentation of 
the skin friction as a function of the aerofoil-pressure 
constant; the normal coefficient proper to the L V value 
in question being read on the ordinate corresponding to 
ressure constant = zero, on the left hand of the figure. 
n the case, for example, of the normal value of the co- 
efficient being 0.008, it will be seen that for a pressure 
——— = 0.32 the augmented coefficient will be nearly 
We thus begin to obtain values approaching those that 
I have found to spply in connection with the theory of 
least resistance. , In addition to the above, we allow 
an addition to represent form resistance, as has been 
found by Prandtl in the case of the ichthyoid body, and 
which is due to the degeneration of the stream-line 
system ee on the appearance of the frictional 
wake, we might expect the effective direct resistance of 
the aerofoil ex in terms of skin-friction equivalent 
to a coefficient of 0.0175, which is in full and complete 
agreement with experience. The assumption here is that 
the proportion of the added form resistance bears the 
same ratio to the true skin friction, yo eerpe! 3:4; 
as commonly found in the case of the ichthyoid body. 





CoMMUNICATION WITH THE BriTIsH Emprre OVERSEAS. 
—The publishers of Sell’s Directory of Registered Tele- 
graphic Addresses have obtained official authority to 
publish the list of firms in Australia using registered 
cable addresses, and arrangements have m made for 
the names, together with the postal and cable addresses 
and other particulars, to ~ ed in the volume for 1915 
of Sell’s Directory. The telegraphic addresses, so far as 
the United Kingdom is concerned, have been published 
from official lists supplied by the authority of the Post- 
master-General for many years ; and now with the addi- 
tion of official lists for Australia and New Zealand the 
volume will doubtless prove of extreme value to sub- 
scribers. The new section contains the cable addresses 
of the British Empire overseas. The publishers state 
that there will be no increase in the price of the book at 
present, although the additional names will run into 
many pages. 





INTERNATIONAL WEATHER CHARTS.—In our issue of 
May 1, on page 603, we stated that some important 
changes in meteorological Santis, would come into 
international use on that day. essrs. Negretti and 
Zambra have since supplied us with a photograph of their 
new aneroid land barometer and with a comparison table 
of scales. Air pressures are now, as we stated, recorded 
in the absolute unit of pressure, the dyne per square 
centimetre, and as this unit is itself far too small, a unit 
of one million dynes, designated one bar, has been 
adopted ; the bar is subdivided into decibars, centibars, 
and millibars. the latitude of London the average 
yee pressure is about 1 bar; reduced to sea- 
level the pressure ranges between 95 and 105 centibars. 
The dial of the new land eter bears four circular 
scales. The innermost circle is divided into millimetres, 
tbe second into inches, the third into bars, and the 
fourth, outer circle into bars again; this outer circle 
also gives some further information as to high and low 
barometer, &c., whilst the third circle is so marked that 


ic pressures, tem tigrad - 
it and absolute (or Kelvin) scales; on the latter 
— 273 deg Cent. is the 0. A table for anemometers, 





otting metres per second and miles per hour in parallel 
columns, is also given. 
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the appli dealt with would take up too great a 
space, but we noticed among them overhead travelling- 
cranes operated by electric or hand-power, travelling 
mast-cranes for erecting buildings, free-luffing 
hoists, winches, haulage-gears, goods lifts, forge 
foundry-cranes, wharf-cranes, wall jib-cranes, elevators, 
conveyors, overhead runways, pulley-blocks, jacks, and 
chain-slings. u D+ including prices in many 
cases, are given of these and other appliances. 
applications illustrated cannot fail to be interesting and 
useful to engineers and others contemplating the laying 
out of new works, power-stations, factories, warehouses, 
&c., or the alteration of exi premises, where proper 
facilities for lifting and transporting raw materials and 
finished articles are of the utmost importance. The firm 
claim to have specialised in this class of work, and the pub- 
lication certainly shows that they have dealt with a large 
number of lifting problems under very diverse conditions. 


CATALOGUES. 

Steam Road-Rollers.—We have received from Messrs. 
Ruston, Proctor and Co., Limited, Sheaf Iron Works, 
Lincoln, a copy of a ca of Ruston steam road- 
rollers. A general description of the construction of 
these rollers is given, and their special features are pointed 
out. Sizes, —— dimensions, and other particulars 
are then given of single-cylinder rollers ranging from 5 to 
17 tons in weight, and of compound rollers varying from 
8 to 17 tons in weight; several examples of both — 
are illustrated in the catalogue. illustrations 
include convertible road-rollers and traction engines, the 
Ruston reversible road-scarifier, water-carts, and sleep- 
ing-vans for workmen in repairing roads at 
considerable distances from towns. 


Crude-Oil Engines. — Messrs. Petters, Limited, of 
Yeovil, Somerset, have sent us a catalogue of their semi- 


Diesel crude-oil engines. As these engines were illustrated | Railway Rolling-Stock and Bridges.—Bulletin No. 6, 
and a described in our issue of December 13, 1912, | from the Metropolitan Carriage, Wagon and Finance 
on page 817, we need only mention that — are of the | Company, Limited, of Saltley, Birmingham, illustrates 


vertical two-cycle type, are fitted with f lubrication, 
and are governed by varying the charge of oil. They are 
suitable for electric lighting, pumping, factory driving, 
and industrial purposes gene! 4 and will run on inferior, 
crude or residual oils such as Texas, Resoleum, or Ad- 
miralty fuel oil. When running on Russian naphtha, or 
Scotch shale oil ry specific gravity of 0.9, anda 
calorific value of 19,000 B.Th.U. Sry , the consump- | bogies is also iliustrated. Another example of rolling- 
tion is guaranteed not to eneeel be f a pint per brake-| stock is a low-sided bogie-wagon for South America. 
horse-power hour at full load. The catalogue contains a | This wagon has a body 40 ft. long, 9 ft. 3 in. wide, and 

neral specification for the engines, and gives prices and | the sides, which are hinged, are 1 ft. high ; ite carrying 
ull particulars of thirteen sizes ranging from 8 to 200/| capacity is30 tons. Another example of work illustrated 


and briefly describes some examples of their recent pro- 
ductions. The first example is a benzol-electric train for 
the use of H.H. the Khedive of Egypt. It consists of 
one saloon and one composite carriage, each equipped 
with a benzol-engine and dynamo driving two electric 
motors. The train is illustrated by exterior and interior 
views reproduced from photographs, and one of the motor 


horse-power. It also includes the results of tests, and a | is  servicespan used for the erection of the Lower Ganges 
number of testimonials from users. bri This is designed to carry the permanent 
Steel Sheets, Constructional Steelwork, d-c.—Messrs. | steelwork of of the intermediate spans of the bridge 


Frederick Braby and Co., Limited, of Petershill-road, 
Glasgow, have sent us a copy of the second revised and 
enlarged edition of their little hand-book for engineers 
and architects. The book contains a number of views of 
the firm’s works, and gives particulars of some of their 
— —, include soft black steel sheets — 
ordinary use or for special working-up purposes; they 
are rolled from 7 to 30 8.W.G. pay adh from 6 in. to 
60 in. in width, and from 2 ft. to 15 ft. in length. The 
firm also manufacture galvanised fiat and corrugated 
sheets of all kinds, ——- and accessories (such as sky- 
lights, ridges, &c.) for the construction of corrugated- 
iron buildings, flat steel roofing in continuous rolls, 
wrought-steel gutters and pipes, louvre blades, cisterns, 
tanks, steel wheel-barrows, and s sashes and case- 
ments. Structural steel-work, galvanising, barffing, and 
acetylene welding are also undertaken by the firm. 
Several examples of their work are illustrated, and a 
number of useful tables are included in the hand-book. 


Pneumatic Hoists for Mines.—The latest bulletin from 
the Chicago Pneumatic Tool Company, Fisher a 
Chicago, fll., U.S.A., relates to the Chicago portable 
pneumatic hoist for mines. The hoist is clamped to a 
screw column of the type used with rock-drills, and can 
be set up in any position on the column, either quite 
close to it or some feet away ; or it may be removed from 
the column and set upasa stationary hoist on the ground. 
The hoisting-drum is driven through ing by a small 
reversible air-motor, having two osci | cylinders at 
tight angles to each other; both motor and gearing 


du the process of erection. As each span is com- 

leted the service span is y dismantled and re-erected 
mene the next pair of piers, most of the joints and 
connections of the service span being made by means of 
turned bolts to facilitate the work. The bolts, of which 
17,850 were used, from lin. to 2} in. in diameter, 
and all make driving fits in their holes, so that extremely 
accurate workmanship was required. The is in the 
form of a Pratt truss, 336 ft. 5 in. long, 32 ft. wide, and 
37 ft. 7 in. high ; its weight is given as 954 tons. 


Valve-Reseating Machines.—From the Leavitt Machine 
Company, of Orange, Mass., U.S.A., we have received a 
catalogue relating to Dexter valve-reseating machines. 
With these machines valves with flat, or tapered, seats can 
be reseated from ten to twenty times, and the operation 
can be performed without removing the valve-body 
from the a meng they are made in various sizes for 
reseating valves from } in. to 12 in. in diameter. In 
these machines the cutter-spindle, which is supported 
for practically the whole of its length by a sleeve, 
is carried by a specially-designed universal chuck which 
serves to attach the apparatus to the valve-body. The 
cutter-spindle is turned by a handle which is directly 
attac to the spindle in the smallest machine, and 

tes through bevel gearing in larger machines. 
Two sets of cutters, for tapered and fiat valve-seats 
respectively, are —— and by using a suitable cutter 
any valve within the capacity of the machine can 
rendered steam or water-tight in a few minutes. For 
are | turning the valve-plugs small hand-operated lathes are 
totally enclosed and automatically lubricated. The | Supplied, and these can be used for many other light 
arrangement is such that no brakes are required, it being | turning jobs. The catalogue gives full particulars of 
impossible for the load to slip if the air should be cut | both machines, and mentions prices for complete outfits 
off while the load is being or lowered. With a | for dealing with valves up to 12 in. in diameter. It also 

ure of 801b. per sq. in. the hoist will lift a load of | mentions that these machines have been adopted by the 
= Ib. ata speed of 90 ft. per minute, and the drum is —— States Navy, —_ — oe ho yom = 

ge enough to coil 200 ft. of ;';-in. ro he bulletin @ navy ya as 1 ‘ r 
gives full ~ ticulars of these taal ond ales states the | &c. A long list of other users is also included in the 

ce. e@ believe that the Consolidated Pneumatic | catalogue. 

‘ool Company, Limited, of 9, Bridge-street Westminster, 
8.W., are the _—= for these hoists for Great Britain, 
Italy, Spain, and Portugal. 


Buffalo-Hide Belting.—We have received from Messrs. 
Irwin and Jones, London House, New London-street, 
E.C., a pamphlet relating to “‘Geji” buffalo belting. 
This belting is manufactured by Messrs. Getting and 
Jonas, of St. Denis-sur-Seine, France, and Messrs. Irwin 
and Jones are the sole agents for the United Kingdom. 
The belting is composed of a number of strips of chrome- 
tanned buffalo-hide running on edge and fastened together 
in parallel rows by means of steel rivets or rods. The 
rows are kept a certain distance apart by short sleeves 
on the rivets, so that air cannot be imprisoned between 
the belt and the pulley. The rivets do not extend 
across the whole width of the belt, but are staggered so 
8S not to impair the flexibility of the belt in a trans- 
verse direction. These belts are claimed to be much 
prouger than the oak-tanned or raw-hide belts, and to 

Sve @ coefficient of friction 42 per cent. greater than 
cotton belts, and 30 per cent. greater than leather belts ; 
_— of tests are given in —— of these statements. 
b vd are also said to be extremely supple, to be unaffected 

Y dampness or water, and to be suitable for ing oe 

° e 


short centres and in difficult positions 
y 
the belts, lt - fasteners, 








THE FORMS IN WHICH SULPHIDES MAY 
EXIST IN STEEL INGOTS.* 


By J. O. Annoup, D.Met., F.R.S., Professor in Metal- 
lurgy. and G. R. Botsover, Associate in Metallurgy, of 
the University of Sheffield. 


Summary OF Previous INVESTIGATIONS. 


THE existence of ferrous sulphide in a manganese-free 
very mild-steel casting was pointed out as a mi phic 
entity by one of the authors in a paperon ‘‘ The Physical 
Influence of Elements on Iron,” read before the Iron and 
Steel Institute in May, 1894.+ 

In a lecture delivered before Section G (Mechanical 
Science) of the British Association, at the Bradford 
Meeting in 1900, one of the authors described the con- 
stituent ferrous sulphide existing in steels devoid of 
manganese, and also the constituent manganese sulphide 
existing in manganiferous steels. He pointed out that 
the pale-brown sulphide of iron existed mainly in the 
form of sectional meshes, but sometimes in a globular 
form. He showed that sulphide of — presented 
mi ically a dove-grey colour, and existed almost 
exclusively in the form of globules.+ 

The above results were wey Wyo by Professor 
Chatelier in an article in the Bulletin de la Société 
yop September, 1902. k 
In the Journal of the Iron and Steel Institute, 1901, 
No. IL., page 234, et seq., a remarkable paper was pub- 


pamphlet states prices for Le 
a -tools, and rollers for belt-forks ; it also deals with @ 
ydraulic leathers made of chrome-tanned buffalo-hide. 


Cranes, Runways, Pulley-Blocks, d&c.—Messrs. Herbert 


Morris, Limi i 
Liens , imited (formerly Herbert Morris and Bastert, 





of Empress Works, Loughborough, have sent| * Paper taken as read before the Iron and Steel 
ing any, of their book No. 50, entitled “* Modern Lift- | Institute, May 8 1914. 
beh; book, which contains 472 measuring 5}in.| + Journal of the Iron and Steel Institute, 1894, No. I, 
Y 6} in., is bound in cloth-cov and it illus- 129, and Plate XXVI. Enoinggrinc, May 18 
"paied aa numerous examples of the firm’s productions end 25, and June 1, 1894. 
pphied to lifting problems of all kinds, To mention all| + Metallographist, October, 1900, pages 273 and 274. 


and | At the request of Messrs. Bri 





lished by Mr. Axel Wahlberg, from the Royal Technical 
School at Stockholm. In this Siner was embodied Mr. 
mond toute fooen ctonl eoutaining 0.08 posteoms of wal 
rom contain’ cent. 
"rinell "and Wahlberg, th 


matter was investigated micrographically by one of the 
authors and Dr. G. B. Waterhouse at the University 
College of Sheffield. The results of this research were 
ublished in the Journal of the Iron and Steel Institute, 


1009, No. md on phe a Trdg 3 mg pt my ae 
>» manganese ie was tic at a yello 
and in Brinell’s s ee velled ont to fla oh a 


out into flawless — 
constituting by volume about 2.8 per cent. of the wh 
mass of 8 It was also shown that sulphide of iron 
was fatal to the forging properties of steel, and that 
when insufficient manganese was present the pale-brown 
meshes of sulphide of iron and the dove-grey globules of 
sulphide of manganese were present and sometimes juxta- 
nee in the same microsection (see Plate XIV., 
we C G, of the memoir above quoted). 

Tn **Oarnegie Memoirs,” 1912, voi. iv., page 28, 
et seq., of the Iron and Steel Institute, Mr. G. Réhl pub- 
lished a very able and interesting paper on the sulphides 
of iron and His “large iron-excess” experi- 
nee, Sesere. were made on buttons of iron (weighing 
only about an ounce) containing about 5 per cent. of the 
mixed sulphides; hence the results cannot with any 
certainty be considered identical with those obtained in 
the tical manufacture of steel, a fact frankly admitted 
by Mr. Rohl on page 73 of his memoir. 


Tue Present INVESTIGATION. 
P ration of Sulphide of Iron.—Turnings of pure 
deh i FY Cont. 


Swedish bar iron were hi up to about 900 deg. 
in a plum crucible, and flour sulpbur was added. 
A reaction almost like that occurring when ‘‘ thermit” is 


and the mass became liquid at a tempera- 
ture considerably higher than that of the crucible. 
Subsequent additions of sulphur acted in the same way, 
but a solid mass gradually formed. When full 

crucible and its contents were raised to a yellow heat, 
and the fused sulphide was cast into small moulds. The 
little ingots were broken up and fused with more 











Taste I. 
g } wt 
| | a “i i 4 } 
zB E & es | & § | Remarks. 
ais Z | "i 6 =) 
| 
|per cent|per cent per cent | per cent| per cent 
1390 0.22 0.087 | 0.05 0.671 0.017 | With Al. 
1391 | 0.28 | 0.121 | 9.96 0.529 0.020 | jo 
1392 0.21 | 0.084 | 0.52 0.575 | 0.018 nel 
1406 0.28 0.046 0,09 0.649 | 0.016 * 
1407 | 0.28 0.189 0.765 | 0.318 | 0020 9 
1408 | 0.28 0.060 | 0.41 0.532 | 0.018 * 
1423 | 0.42 0.093 0.69 0.540 | 0,019 | ve 
1460 | 0.30 0.121 0.86 0.438 | 0.018 | No Al. 
1461 0.27 0.167 | 0.74 0.424 | 0.019 | With Al. 
1462 0.25 0.081 0.69 0.195 | 0.018 oe 
1463 0.25 0.075 | 0.75 0.445 0.018 ” 
1486 0.25 0.084 1.01 0.281 0.020 No Al. 
1487 0.24 0.087 | 0.048 | 0.647 | 0.017 | With Al. 
14990" | 0.26 | 0.075 Lil 0.517 | 0.021 No Al. 
1499¢ | 0.26 0.084 | 1.07 0.534 = 0.021 ” 





* Ingot 1} in. square, weighing about 12 1b. 
+t Lump weighing about 36 Ib., cooled in crucible. 


2 

















Tasie II. 
| 
} | : L ca 
za s| Bla 
— in | size of Ingot. g HI | bg & i 
a] | o|@ im" @ 
p. ¢. Pg| . c | p. c. . C. 
14611 Top | 1} in. sq. 0°27| 0.167 | 0.74 0.424 | 0.019 
1461 Bottom pe 0.28 0.168 | 0.78 0.478 | 0.018 
1499, Top of ) \s¢ 1b, allowed (0.26 0.084 | 1.07 0.534 | 0.021 
1490 Botton, ot [| t@ set slowly 
— | inerucible | \0.20' 0.056 | 0.76 0.802 | 0.017 
ait Tas III. 
Be ee. | 
| | 
Ife’ | ganeee, | Sulphur. | Remarks, 
| per cent. | per cent. 
1390 | 0.05 | 0.67 | Type I. 
1406 0.09 | 0.65 (Presenting only pale - brown 
1487* | 0.05 | 0.65 meshes of sulphide of iron. 
1891 0.96 «| «(0.53 Type 11 
1392 0.52 0.58 pe 25. 
1407 0.77 0.32 i er sharply - segregated 
14eet oe | ORE | areas of both pale-brown sul- 
1 60 86 0 44 phide of iron and dove-gre 
come ass | 0.42 sulphide of manganese in vari- 
1 2 0.69 «| «(0.20 able proportions determined 
ions 0.75 | 0.45 by the ratio of sulphur and 
1499 Lil | . 0.62 mangences, 
1486 1.01 0.28 


Type 111. 
Containing only dove-grey sul- 
| phide of manganese. 
* See micrograph No. 1. + See micrograph No. 2% { Se 
miorograph Ne 3) § See micrograph No. 1. |i See simenage 
0. 5. 
sulphur, and finally a sulphide containing 32.94 per cent. 
of sulphur was obtained and used for the experiments. * 
M of Manufacturing the Ingots.—The ingots were 
made in white crucibles with coke fuel. i 
the exception of casts 1460, 1390, 1391, and 1392), were 





* Pure ferrous sulphide contains 36.4 per cent. of 
sulphur, 
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cast into 1f-in. square moulds, 1460 bei cast in a| 
23-in. square mould. Of the fiuid steels, 1390 and 1391 
es weighing about 31 lb.), about 18 lb. were poured 

m each into two 24-in. round moulds. The remainders 
were mixed and poured into a third mould (24 in. round), 
thus forming ingot 1392. Melt 1499 weighed about 48 Ib., 
pm Ny two pots of about 241b. each doubled, and 
about 12 1b. of this steel were cast into a 17-in. square iron 
mould ; the remainder, weighing about 36 1b., was put back 
into the furnace to solidify slowly in the crucible. These 
two steels thus t an identical alloy, one portion 
of which had cooled quickly, and the other slowly. All 
the other ingots weighed about 36 lb. The materials 





employed throughout in making the steels were pure 
SEE ker Gn Anes weet ton, Go teen 


S88 SB dots 





composed of a large number of 


and dashes eadiatiog from ‘ — the suthors 
opinion these groups . ide particles form , 
strong evidence of the of a eutectic of ferrite and com 


presence 

sulphide existing whilst the steel was in a/| 
falls out on (or possibly | 
before) the solidification of the steel in rounded masses, | 
which eventually decompose into their eutectic com- | of the authors and 
| most important observation recorded in the present 


fluid condition, and which 


ponents. 

In all big ingots it is probable that the small man- 
ganese-sulphide particles of the i 
mto relatively large masses and the eutectic structure 


disa; 
(Ingot No. 1486, containing 1.01 


Micrograph No. 5. 
per cent. manganese and 0.28 per cent. sulphur.)—Only 


eutectic mixture ball up | 


8 seconds) to almost black when the contact was con- 
tinued for 45 seconds. Hence the prints have little 
correlation with the actual sulphide areas, except as a 
ive test when worked under exactl : 

itions for all the sections under comparison. 
Conclustons.—The results of the investigation confirm 
broadly the accu of the deductions arrived at by one 
aterhouse in 1903. But a new and 


is the probable existence in fluid commercial steels of a 
eutectic, of ferrite and sulphide of which has a 
very high freezing-point. . It is a remarkable fact that the 
casts exhibiting more or less well-marked areas of the 
eutectic mixture all contained aluminium, whilst those 
presenting no evidence of a eutectic contained no alumi- 





Microerarn No. 1.—Aluminium ingot No. 1487, Ma: ese, 
0.05 per cent. ; sulphur, 0.65 per cent. As seen under a 
magnification of 490 diameters and reduced to 196 diameters. 


sulphide already described, and “‘thermit” metallic 
manganese. 

The bar and washed irons were clear-melted together, 
and then (when requisite), the pure man was 
added. Five minutes later the sulphide of iron was 
added, and after an interval of ten minutes the ingot 
was poured with or without a previous addition of about 
0.03 per cent. of aluminium, as stated in the remarks 
column of Table I., on page 723. 

Chemical Compositions. — The pew registered on 
analysis the figures embodied in Table I., all drillings 
having been taken from near the top ends of the ingots. 

ests for Segregation. —Table II. shows the segregation 
figures of 19-in. square ingot (1461), and also those of the 
slowly-cooled 36-1b. lump melt 1499. 

Mi ic Analysis.—For the purpose of micro- 
graphic classification it is convenient to divide 
— into three types, as set forth in Table IIL., 
page 7 


DEscRIPTION OF ORTHOCHROMATIC MICROGRAPHS. 


All the sections about to be described were taken trans- 
versely from near the bottom ends of the ingots, as the 
segregation was found to be so si as to be — 
In 1499 lump the section was taken from the s imme- 
diately next to where the drillings from the bottom end 
were en. The polished specimen squares were not 
etched, so that the structures exactly micrometrically 
reproduced are those revealed by the polishing-block. 

Micrograph No. 1. (Ingot No. 1487, containing 0.05 
per cent. manganese and 0.65 cent. sulphur.)—This 
section shows only a somewhat broken meshwork of pale 
brown sulphide of iron.* Considered in the solid this 
structure 1s, of course, cellular, the cell walls consisting 
of ferrous sulphide. 

Micrograph No. 2. (Ingot No. 1408, containing 0.41 
per cent. manganese and 0.53 per cent. sulphur.)—This 
structure presents the a mainly in the form of 
pale-brown cell-walls of sulphide of iron in which are 
occasionally embedded small globules of dove-grey man- 
ganese sulphide. The constituent last named is also 
present, isolated and in considerable quantity, in a rather 
curious pattern, which will be mentioned again in con- 
nection with micrograph No. 5. - 

Micrograph No. 3. (Ingot No. 1460, containing 0.86 
per cent. manganese and 0.44 per cent. sulphur.)—The 
constituents present are:—(1) Dove-grey manganese 
sulphide in insolated patches; (2) areas of wn 
ferrous oDhide “oh in or an to —— 

sulphide ; a very considerable quantity 
ganese ’ —_ 


sulphide of iron in iso 8 
7 (Ingot No. 1468, containing 0.75 


on Sas Toba 
per cent. manganese . cent. sulphur.)—In 
- section are broken but -developed pale-brown 


walls of sulphide of iron with a few patches 


of sulphide embedded therein. The most 
remarka and important feature of this microgra) 
is the arrangement of the isolated manganese sulphide, 


which shows itself partly in the form of relatively 
patches, but largely in small ovoids arranged in a fan-li 
pattern. One group of these ovoids resembles the shape 
of a fan, whilst ano exhibits an almost complete circle 

* In the original paper the micro-sections were printed 
in colours. Tn y every case the long streaks were the 
brown sulphide, 





Microerarn No, 2.—Aluminium ingot No. 1408. Manganese, 
0.41 per cent. ; sulphur, 0.53 per cent. As seen under a 
magnification of 490 diameters and reduced to 196 diameters. 


MicroeraPH No, 3.—Non-aluminium ingot No. 1460. Man- 
ganese, 0.86 per cent. ; sulphur, 0.44 per cent.. Asseen under a 


magnification of 490 diameters and reduced to 196 diameters. 





MicroeraPu No. 4.—Aluminium ingot No. 1463. M 
0.75 per cent.; sulphur, 0.45 per cent. As seen under a 
magnification of 490 diameters and reduced to 196 diameters. 


anganese, 


manganese sulphide is present in this section, mainly 
in the form of patches of varying size, but in one 
area (as is the case with Micrograph No. 2). There isa 
very distinct suggestion that the manganese — in 
the eutectic mixture of iron and manganese sulpbide has 

caught in the act of balling up into relatively large 
isolated masses embedded in ferrite. 

Amongst the unfigured sections the only case requiring 
special mention is that of ingot 1462, containing manga- 
nese 0.69, and sulphur 0.20 per cent. In this steel, some- 
what to the authors’ surprise, was observed not only the 
(a Fe + y MnS) eutectic mixture, but some brown 
iron sulphide. Asa rule the above proportions of man- 
ganese and sulphur present a microstructure containing 
only dove-grey manganese sulphide. The authors cannot 
explain this abnormal case, because there is present an 
excess of 0.35 per cent. of over that theo- 
retically necessary to convert the whole of the sulphur 


present into sulphide. It may also be here 

mentioned that the only difference in structure in the 

— -cooled and slowly-cooled portions of cast 1499 was 
t the 


sulphide in the slowly-cooled lamp 
was in much masses than those + in the 
rapidly-cooled ingot portion. Some brown iron 
sulphide was present in both portions. 

Sulphur Print Experiments.—To estimate the lateral 
staining effect of H,S in taking sulphur prints from steel 
very high in sulphur four prints of microsection 1461 were 
_—. allowing contacts at 15, 39, and 45 seconds. 

section was prepared 
cloth and finishi 





Microerarn No. 5.—Non-aluminium ingot No. 1486. Man- 
ganese, 1.01 per cent. ; sulphur, 0.28 per cent. As seen undera 
magnification of 490 diameters and reduced to 196 diameters. 


nium. These facts suggest that the very small amount of 
aluminium present plays some part either in forming the 
eutectic or in preserving the pattern of the fallen-out 
manganese sulphide by checking its segregation into 
relatively large masses. The authors ee Mr. 
F. K. Knowles, B.Met., Senior Lecturer in Metallurgy, 
and Mr. J. H. Wreaks, B.Met., Lecturer in Metallo- 
graphy, in the University of Sheffield, for their able 
assistance in this research. 





INTERLOCKED SiGNALs IN Inp1a.—In 1903 there were 
14 interlocked stations with 30 cabins upon the Great 
Indian Peninsula Railway, while at the close of 1913 

were 270 interlocked stations with 461 cabins. 
Single-line interlocking has not been by any means the 
Great Indian Peniaswia Railway’s only effort in this 
direction ; 111 miles of dou! leline from Khandwa to Itarsi 
with 24 stations, and 40 miles of soning from Lonavla 
to Poona with 10 stations, have also equipped. 
—— com a, yards — been dealt _ erably 

gatpuri, Bi tarsi, , Delhi, Muttra, an 

Jhansi. Thanal is a junction for four directions, and the 
goods working is of a complicated nature ; however, the 


ted, with marshall dirons, &c., 
Sas Gece Soveeh 00 werk well. The paeen r yard is 
completely interlocked. There are three cabins—the 


. with 65 levers; the station, with 18 mechanical 
and 18 electrical levers; and the south, with 77 levers. 
The quadrupling of the lines from Bombay to Kalyan 


bs bromide | involves interlocking of an interesting character. From 

Tr was in water containing 3 per cent. of | Byculla, where the quadrupling starts, to Kalyan, where 

O;. The prints were washed and fixed in the ordi-| it finishes, there are no less than 81 cabins, of which 16 

mary way. section was, of course, i for | are for through lines, 25 for the local, 22 for lines, 

printing. The prints grade in < of colour|and 18 for combined working; the total leverage al! 
from rather brown (associated with a contact of | through working out at 2164 levers, 














May 22, 1914.] 


ENGINEERING. 


725 








“*ENGINEERING” ILLUSTRATED PATENT 
RECORD. 


BELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
CATIONS UNDER THE AOT OF 1907. 

The number of views gi: in the is stated 

Aye thd whens none wertniotad the iaposthoates fication is not 


Where inventions are communicated from abroad, the Names, &c., | 


wise of Spoctfioarione peta y cbtatned of the Patent Office, Sales 
25, Southam; Buildings, Chancery-lane, W.C., at 
the uniform price of 


les oe ‘atent O, 
‘atent on any of the 


AGRICULTURAL APPLIANCES. 
625: J. Bamford and C. J. Bamford, Uttoxeter. 
Side- vi “Rakes. (2 Figs.) March 13, 1913.— 
This invention reference to that type of side-delivery hay- 
rakes wherein two revolving discs, spiders, or the like, are arranged 
eccentrically to one another, and are driven from one to the 
other by means of connecting-links attached thereto, the links 
forming rake-bars, and carrying a series of tines which always 
point towards the ground as the discs, spiders, or the like, revolve, 
the said rakes being arranged at the back of the machine. In the 
type of machine to which this invention refers the second reel or 
spider stands out at some distance behind the road-wheels, and 
is adapted to revolve on a pin or axle which is carried by an 
arrangement of braced stays which are fixed to the portion of the 
machine-frame carrying the road-axle, the stays being bent up to 
clear the rake-bars, and at the back end carry the axle of the 
second reel or spider and the su for the castor-wheel. 
According to this invention, the portion of the framework adja- 
cent to and carried by the road-axle is formed of two bars or the 
like, arran substantially lel with and on either side of 
the ie, and rigidly fixed together by cross-brackets form- 
ing bearings for the road-axle, the said axle-surrounding frame- 
work being rigidly attached at one end to the framework - 
ing the gearing for driving the reel-axle, and also being rigidly 
attached to a stay extending to the castor-wheel. According to 
this invention, the portion of the framework which is adjacent 
to the road-axle a, and is carried thereby, is an oblong frame 
having the two longer sides b, c parallel with one another, and 
formed of two fiat section or other bars or tubes bolted or riveted 
together by means of brackets d, e, f, g fitting between these 
bars or tubes b, c, and forming bearings for the road-axle a, which 
latter is situated midway between the bars), c. The two inter- 
mediate brackets ¢, f serve for the attachmeat of the horse- 


ter. 




















= 


shafts h, i of the machine. The machine travels in the direction 
indicated by the arrow. To the bracket d and the ends of the 
bars b, ¢ are fixed side-brackets j, k, to which are bolted the 
cross-bracket to carry the axle m of the reel or spider n carrying 
the ends of the rake-bars 0, and this bracket / also has a b2ar- 
ing p for the road-axle a, and a central upper boss forming a 
bearing for the reel or spider axle m, thus making a firm and 
rigid arrangement of bearings for the reel or spider-axle m and 
road-axle a. Any brackets for regulating-levers or for clutch-gear 
€an conveniently be bolted to one or other of the bars b, c of the 
frame. The castor-wheel horn-piece.w and the second reel or 
spider 8, which stand out some distance at the back of the road- 
wheels, are carried by an nt of braced stays from the 
somewhat rec! lar frame formed by the bars b, c and the end 
cross-brackets. ese braced stays have to be so constructed as 
to clear the rake-bars and their stripping-bars or guards (when 
used), and also the axle of the back reel or spider which is 
arranged nearthe castor-wheel. The braced stays are constructed 
as follows :—From that side of the frame which is almost in line 
with the castor-wheel, there is a bar r of flat or other suitable 
section, which is fixed to the end bracket g of the rectangular 
frame-part, and projects backwardly, and is bent upwardly in an 
inclined direction to clear the spider and rake-bars, and then near 
‘its end part is bant downwa‘ ly to the bracket v, which carries 
the castor-wheel horn-piece w and the axle or pin of the reel or 
Spider *, There is a diagonal stay q of somewhat similar con- 
Strustion extending from the bracket ¢ near the side of the frame 
by the gearing of the reel-axle m, and this stay q is bent up over 
the rake-bars o and over the reel or spider s, and then bent down- 
wardly at the side of the first stay r, but preferably not quite 

thereto, and between these two downwardly-projecting 
geste one or more distance- blocks are placed. (Accepted 

ebruary 18, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


7879/13. P. Burt and J. S. Matthew, Alexandria. 
Internal. ° Ww, 
—This eeegmbustion (1 Fig.) April 13, 1913. 


relates to improvements in single and multiple- 

pr internal-combustion engines of thet pe in which 
—- of the working finid to, and exhaust of the products of 
bustion from, the bustion-ch or each combustion- 


1 . - 
and provid od with — by a sleeve-valve yey Apel mg 


Vt auxiliary port adapted during pres- 
sion stroke to be brought into register with an auxiliary port in 








the cylinder, the latter port being normally closed by a manually- 
controlled relief-cock affording a means of permittimg the pressure 
within the cylinder to be released when desired, as in starting 
the engine, during Sed ye of the compression stroke of the piston, 
the ports being closed during the remainder of the cycle. Accord- 
ing to this invention, the cylinder is provided with a duct 
affording an auxiliary port disposed at or about midway of the 
length of the cylinder, and co-operating with a corresponding 
port in the sleeve-valve, the said duct being fitted with a manually- 
controlled relief-cock serving to regulate the passage of air 
through the ssid duct to the atmosphere. The drawing illus- 





trating the invention is a vertical section of part of an engine of 
the single elliptically-movable sleeve-valve type. The sleeve- 
valve 1 loca within the stationary cylinder 2 of the engine 
is provided with an auxiliary port 3 adapted to be brought 
into r during a part of the compression stroke with a 
4 at or about midway of the length of the cylinder 
Coe which ports 3 and 4 when in register the mixture in 
process of being compressed may escape. A manually-controlled 
relief-cock 5 fitted to the cylinder 2 serves to control a duct 6 
leading to the ye ey and to communicate with 
the interior of the cylinder 1 when the passage through the eaid 
porte 3and 4isopen. (Sealed April 30, 1914.) 


14,108/13. W. E. Dalby and W. Watson, London. 
Obtaining Indicator Diagrams. [8 Figs.) June 18, 1913. 
—Tne present invention relates to apparatus for recording fluid 
pressure variations, and is particularly adapted to obtaining indi- 
cator diazrams from high-speed engines, such as internal-combus- 
tion oy The invention relates specifically to the type of indi- 
cator which comprise a pair of mirrors, one of which is rotated 
about its axis by the movement of a diaphragm under the action 
of the fluid pressure, while the other is rotated aout an axis at 
right angles to the former axis by a reciprocating partof theengine, 
records of various fluid pressures being made upon a —— 
a by means of a ray after reflection from both mirrors. The 

vention consists in an improved optical indicator of the type de- 
scribed in which the necessary adjustment of the line - 
ing to atmospheric sure when the di is changed is 
effected by altering the position of the mirror, the position of the 
diaphragm — unaltered. In the furm of the invention illus- 
trated, the whole of the indicating tus ie mounted on the 





rigid base-plate a, adapted to be securely fixed to the engine. The 
Fig.1. 


Fig. 3. 
os 














diaphragm is placed in communication with the engine cylinder 
through the pipe c, and a stop d, adjustable by screwing relatively 
to the framework 4a, is provi at the back of the di , the 
stop being adapted to bear against the diaphragm g the cir- 
cumference of a circle, and to be fixed in any given position by 
means of the set-screwe. A water.cooling chamber / is provided 
in the neighbourhood of the diaphragm. The diaphragm is con- 
nected to the pivoted mirrorg by means of a rod, and in order to 
alter the adjustment of the line ep ee og! toa given pressure, 
such as atmospheric pressure, the mirror is moved relatively to 
the diaphragm by rotating the piece k by means of a tommy-bar 
inserted into one of the apertures 1. This piece & carries the 
mirror g, and its movement in the longitudinal direction relatively 
to the rod h, which is held steady by the diaph hi 
mirror to tilt to give the necessary adjustment. 
provided in the space in front of the diaphr 4 

normally closed by means of a screw n, wie con be moved in 
order to remove oil or other liquid from the front of the dia- 
phragm. The o is ted on the apparatus so that it 








can be readily removed by loosening the catch-screws p. A 
a mirror q is provided, actuated in any suitable manner 
irom the piston of the engine, and in any d lati 

ship with the movement of the piston. 





i 4, A phase r 
source of light may 


be any suitable ex source, and an image, for instance, of an 
electric arc, may be ed on one of the apertures r of the 
diaphragm plate s by means of a prism ¢ and lens u, mounted so 


as to be capable of rotation on the spindle v. The aperture r may 
be varied as desired by means of a pivoted plate carryiay cares 


apertu 
any one of which may be placed in the operative thon! A fix 
concave mirror may be provided in the neighbourhood of the 
mirror g in order to give a datum line at any determined dis- 
ance from the atmospheric line. The d plate s is 
carried by the tubular piece /, and carries the ho! for the lens 


and mirror ¢, u. The operation of the apparatus is as follows :— 
The lens and mirror ¢, u are adjusted so as to give an image of 
the source of light on one of the apertures r. This image 
is focussed by means cf the concave mirror g and the plane 
mirror g on tothe ound glass of the camera, which can be 
ae in the usual manner by a sensitive plate. The mirror 
A, given a movement corresponding with the movement of 


the 
oy oy of the =, A diaphragm suitable to the pressures 
be recorded is tted into the apparatus, and the position 
mirror g adjusted by rotating the piece & by meays of a tommy- 
bar inserted in one of the apertures 1. The pressure in the 
cylinder acts on the front of the diaphragm ), cau this to tilt 
mirror g in such a manner as to cause a spot of light to move 
on the ground glass or sensitive plate in the di ion at right 
angles to the paper, Fig. 1. The motion of the mirror ¢, imparted 
from the engine-piston or other reci, ting part of the e, 
causes the spot of light to move over the ground glass or sensitive 
te in the direction It will thus be seen 
— ure d ‘ - 
on the » the 
at dierent potsis tthe 


the stroke of 
(Sealed April 30, 1914.) 
MINING, METALLURGY, & METAL-WORKING. 


piston of the engine. 


28,048/13. F. K. Siemens, London. Reheating- 
Furnaces. [2 Figs.) December 5, 1913. — The character of 
furnace employed h large steel ingots or the like 
depends upon whether the ingots are cold, or whether they are 
straight from the mould and have a portion of their 
interior in a fluid or semi-fluid condition, and, consequently, at 
a very temperature. In the former case the ingote are 

rough separate openings in the crown of the furnace 
into a common unrestricted chamber designed to permit the 
freest, possible development of the heating flame. When such 
furnaces are provided with transverse arches between the charging: 
holes, they extend downwards from the crown only so far as 
necessary to prevent the ingots toppling over, and to deflect the 
flame from the crown of the furnace amongst the ingots. In the 
case in which the ingots come at intervals direct from 
the steel works, it is possible to dispense with the heating flame 
al ther, and thereby reduce the liability to oxidation and 
scaling of the ingots. La such yyy which are com- 
monly called ‘ing-pits, the heat 
hot interior portion of the 
itself being maintained by heat 
charges of hot ingots. The present invention has for its ob. 
to combine the advantages of the two types of reheatinz-fur- 
naces by using a heating flame to develop a high temperature 
within the furnace, and providing means for storing the heat so 
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developed within the furnace, and radiating the stored heat to 
the ingots, which usually would be charged into the pos 
chamber only after the heating flame has been cut off. With 
object the charging holes in the roof of the reheating-furnace are 
spaced wider than usual, 80 as to date bet | them 
within the furnace chamber pillars or partitions of 

material and of mass and volume, 80 as to be capable of storing 
large quantities of heat in the manner of the well-known regene- 
rators, and of —— heat to the ingots at a maximum 











rate, so that they reach cooling temperature within an 
economically epeting en time. n the furnace shown, 

reversing valves are below the pits. The gas enters 
through the butterfly valve at a, and thence through a duct 


controlled by the distributing valve b to the gas chamber ¢ of the 
regenerator of one half of the furnace. The air for this furnace 


passes through air-valve d to the air-chamber ¢ of the regene- 
rator. The gas:s from the chambers ¢, ¢ issue into the 
heating chamber of the furnace at f, and forma flame which 
passes thr the furnace to the cold regenerators g, h upon the 
other side reheating-furnace proper consists of a series of 


chambers separated by pillars or partitions m of a suitable 
y material, which are 


refractor: formed in the manner of the 
checkerwork of the hamb 


series of flues through which the flame can pass, 
these flues, as well as the walls of the reheating-furnace (which 
are preferably of very considerable thickness), being intensely 
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heated by the flame during its passage. From the chamber g 
the eens | through the cove a, and from the chamber A 
— air-valve d into the waste- flue. When the 
cham g, h are no longer capable of absorbing any more 
heat, the valves a and d are rev whereupon the flame will 
take the opposite direction. When this half of the furnace is 
heated, valves a and dare closed, in order to cut off the flame in 
the furnace for the purpose of inserting the i are 
then poanen = y= ~~. by the —— as aot 
radiators. e other of the furnace mean 

the manner previously described, valve i being opened in addition 
to valvea. At the same time the distributing valves 5, k must be 
thrown over to divert the flow of the gas through the other half 
of the double furnace. The process of then remains 
exactly as described above. (Sealed April 30, 1914.) 


62413. RK. M. Stewart, G ow, and P. R. 
Willioms, Luton. Motor Road Vehicles. (2 Figs.) 
Ostober 7, 1913.—This invention relates to change-speed gearing 
for motor road vehicles. In a c e- for motor 
vehicles, according to this invention, the primary-wheel on the 
driving-shaft is loosely mounted thereon and in constant mesh 
with a gear-wheel on a countershaft, which gear-wheel is in con- 
stant mesh with a gear-wheel on a second countershaft, all of the 
wheels being loosely mounted on their respective shafts. c desig- 
nates the front or driving-shaft, g the rear or driven shaft, and m 
and ¢ the countershafte, the latter —- hereinafter designated 
the * reverse” shaft. On thedriving-shaft cis mounted a sleeve a, 
which has no independent movement with respect to the 
shaft, but is free to slide axially thereon. On the same shaft is 
mounted, so as to be free to rotate thereon, but not to slide 
thereon, a spur-wheel b. On the sleeve a and the wheel > are 
teeth adapted to engage one another by a sliding movement 
of the sleeve a, and form a clutch r by which the sleeve a can be 
coupled to the wheelb. On the driven-shaft g is mounted a 
sliding-sleeve d, which has no independent rotary movement with 
respect to the shaft. Oa this shaft is also mounted, so as to be 
free to rotate thereon, a sleeve ¢,on which are fixed two spur- 
wheels f and f!. On the adjacent ends of the sleeves d and ¢ are 
teeth which are adapted to engage one another by the sliding 
movements of the sleeve d, and form a clutch s by which the 
sleeve d can be coupled to the wheels fand /1. On the other end 
of the sleeve d are another set of teeth, which are — to 
engage by the sliding movement of the sleeve d with teeth formed 
on or carried by an enlargement c! on the inner end of shaft c, 
to form a clutch ¢ by which the sleeve d can be coupled to the 
shaft c. On the countershaft m are four spur-wheels A, j, k, and 
l. The first (A) is mounted in such a manner that it is constrained 
to rotate with the shaft, but is free to slide thereon axially ; jis 
free to rotate with respect to the shaft, but has no sliding move- 
ment thereon; k is free to rotate with respect to the shaft and 
also to slide in axial relation thereto ; and / is fixed on the shaft, 
80 that it has no movement independent thereof. On the adjacent 
faces of the wheels A and j are teeth adapted to engage one 
another by the sliding movement of the wheel h, and form a clutch 
u by which the wheels / and j can be coupled together, and on the 
adjacent faces of the wheels j and & are teeth —— to engage 
one another by the sliding movement of the wheel k, and form a 





clutch v by which the wheels j and k can be coupled together. 
The wheels j, k, and / are in constant mesh with the wheels b, /! 
and / respectively on the shaftsc and g, the width of the wheel / i 
being such as to allow for its complete ment of the teeth 
of the wheel & during any position said wheel k mayassume. On 
the reverse shaft q are three spur-wheels n, 0, and p, all of which 
are 80 mounted as to be free to rotate in relation to the said shaft, 
and the wheel o is also free to slide in axial relation thereto. On 
the adjacent and faces of the wheels n and o are teeth, 
which are adapted to engage one another by the sliding movement 
of the wheel o, and form a clutch w by which the wheels n and o 
can be coupled together, and on the adjacent and opposed faces 
of the wheels o and p are similar teeth, which are adapted 
to engage one another by the sliding movement of the wheel o 
and form a clutch 2, by which the w o and p can be coupled 
together. The wheel o is in constant mesh with the wheel j, 
the width of its teeth being proportioned to allow of its axial 
movement in both directions, and the wheel p is in constant 
mesh with the wheel f. The wheels on the countershaft m is in 
mesh with the wheel n on the reve:se shaft q when the clutch w 
is disengaged, and vice versd. It. the neutral position of the gear 
the clutches r, 8, and ¢ are — all disen; , 80 that the 
only in motion is the tc. To obtain the firat speed the 
clutches r, 8, and u are en , whereby the motion of the 
shaft c is transmitted to the shaft g through the sleeve a, the 
clutch r, the wheels } and j, the clutch u, the wheel A, the shaft m, 
the wheels / and /, the clutch s, and the sleeve d. To obtain the 
second from the first, the clutches r and s are kept engaged 
and the clutch w is en , whereby the motion of the shaft c is 
transmitted to the g through the sleeve a, the clutch r, the 
wheels b, j, and o, the clutch w, the wheels n and A, the shaft m, 
the wheels / and /, the clutch s, and the sleeve d. To obtain the 
third from the second, the clutches r and ¢ are k 
en: , and the clutch v is engaged, where 

shaft c is imparted to the shaft g th the sleeve a, theclutch r, 
the wheels ) and j, the clutch v, the wheels & and /!, the clutch s, 
and the sleeved. To obtain the fourth from the third, the 
clutches r, 8 and v are disengaged, the clutch ¢ engaged ; 
this gives a direct drive between the shafts c and g, and — 
all the other parte of the 

being no clutgh connection between the sleeve a b 
and between the sleeve d and the sleeve ¢, and to the wheels b, 
on8 1 By loose! ae Yo ry shafts. To 
° reverse drive, the clutches @ are q 
whereby the motion of the shaft ¢ is trandthitted to ths ale 
in the Ly direction to the of 

the clu! r, the wheels }, j and o, the clutch a, the wheels p 
and /, the clutch s, and the sleeve d. The distance between the 
sleeve a and the sleeve ¢ and the over-all dim: of the wheel b, 
the enlargement c, and the sleeve d are such that 
sleeve d can be moved to di the clutch ¢ without engaging 
either of the clutches r ands. (Sealed April 30,1914 ) 











RAILWAYS AND TRAMWAYS. 
16,890/13. Siemens Brothers and Co., Limited, 


and W. E. 
ling. (2 Figs] J 23, 1914.—This invention has reference to 
interlocking 1B be such, for instance, as used in railway 
. In mechanism of this kind a locking-bar, with suit- 
able jections, notches, or catches, is frequently employed in 
combination with a locking-bolt controlled by an tro-magnet, 
and with such arrangements the locking-bar is intended to be free 
to ke moved from one position to another by the signalman or 
tor as long as the electro-magnet is energised. Now the 
mt invention is designed to provide means whereby the 
-bolt shall, under certain conditions, be able to move in- 
of armature which carries it, and whereby 
also the ‘said bolt 1 receive mechanically a positive thrust 
towards its locking position at each mo t of the locking-bar. 
@ indicates an electro- et of any suitable kind pro’ with 
a? armature / suitably hinged at c. This magnet is adapted to 
control the locking action. d nts a locking-bolt which 
passes through a guide-block or e, and the lower end of 
which is adapted to engage or lock in a series of notches 71, such 
itches being ged in the known manner in any desired way, 
according to the particular yy yy that are being used. 
These notches are formed in a locking-bar f of the ordinary kind. 
Secured to, or formed in one with, the bar f is an upper member 
g having projections g! corresponding to the notches or locking 
positions f1, these projections being approximately V-shaped or 

















(6890) 


inclined or bevelled at each side. The locking-bolt d has an aper- 
ture d! through which the member g works, and the lower edge d? 
of this aperture is bevelled on each side, so that it resembles an 


| inverted Y. At its upper part the locking-b lt passes freely 


through the aperture in the end of the armature D, and is sur- 
rounded by a helical spring h. The upper end of this spring bears 
against a cross-pin or other equivalent device, whilst the lower 
end, which acts on the armature, may rest on a curved washer or 
dished piece to better permit of the slight angular movements of 
the armature relatively to the locking-bolt. e strength of the 
spring is such that when the armature is not attracted, the lower 
end of the bolt rests in the engaging position in one or other of 
the notches, as shown. When, however, the magnet a is ener- 
gised, the armature is raised, and against and raises the 
spring h, which in turn acts on the cross-pin, and thereby lifts the 
bolt d out of engagement. In this position the bevelled edge d2 
comes in line with the projections g!, as shown in dotted lines in 
Fig. 1, so that when the locking-bar is moved in either direction, 
one or other of these projections will strike it and force it down- 
ward, after the manner of a downward blow. The spring h will 
yield and permit this movement, the spring being so adjusted as 
to stiffness that it will not at this time press so forcibly on the 
end of the armature lever bas to be likely to detach the said arma- 
ture from the mazgnet-pole. Immediately, however, that one of 
the projections g! has passed through the locking-bar, the spring 
will retract the latter before it has time to descend into its lecking 
position. (Sealed April 23, 1914.) 


2685/13. H. A. Spenains. London. Locomotive 
Superheaters. (2 Figs.) Fe y 1, 1913.—This invention 


relates to superheaters, and is a applicable to such devices 
as are used in conjunction with locomotivee. This invention con- 
sists in an arrangement for preventing overheating of the super- 
heater tubes, in which arrangement an auxiliary supply of steam 
is supplied to the saturated chamber of the superheater header 
independently of the lator or other valve controlling the 
main supply of steam to the engine cylinders, and being further 
utilised or allowed to escape to the at ere as desired, the 
arrangement being such that the st« am from the auxiliary supply 
may be passed through the superheater tubes without necessarily 
involving the use of the blower or other device with which the 
auxiliary steam may be connected. In carrying the invention 
into effect, a superheater header a is dis; in the smoke-box 
in any convenient position. In this header, chambers for satu- 
rated and superhea‘ed steam are arran alternately, and from 
these chambers superheating-tubes c depend and extend into 


Fig.t. 


h 












smoke-tubes d arranged in the boiler. One end of the 
superheater tubes is connected to the saturated-steam chamber of 
the header, while the other is connected to the superheated-steam 
chamber of the header. The saturated-steam chamber of the 
header is connected by the flange ¢ to the main ee. while 
the rheated-steam chamber is connected to the pipes f lead- 
ing to the “gee cylinders. To the saturated steam of the 


main supply of steam to the engine cylinders is cut off, the 
steam admitted from the auxiliary supply causes a sufficient flow 

rough the superheater and prevents overheating of the 
tubes. The steam from the auxiliary supply pipe /, after pass'ng 





through the superheater tubes, may escape through a valve {, 
which automatically opens when the engine supply is cut off, or, 
if , may be employed for the blast or for heating the water 
from the tender or in any other useful manner. (Accepted Apri 
23, 1914.) 


STEAM-ENGINES, BOILERS, EVAPORATORS &c. 


G. and J. Weir, Limited, and J. Peter- 

. . tary e [2 Figs. 
October 24, 1913.—This invention relates to boiler feed-pumps of 
the centrifugal or fae yd pistonless type, and has for object te 
provide a +peed-control device of such a nature that the discharge 
— increases with the quantity of water » and 
ncreases in such a manner as to satisfactorily meet the increased 
frictional resistances. p is a rotary boiler-feed pump, and t is « 
steam-turbine which is directly coupled to and vesit. a,b,¢ 
is a convergent-divergent nozzle on the water d from the 
pump ; d is a small cylinder arranged adjacent to the live-steam 

















(24.073) 





pipe e which supplies the turbine ¢ ; fis a small pipe which con 
nects the neck 6} of the convergent-divergent nozzle with the 
bottom of the cylinder d, and g is a pipe which connects the top 
of the cylinder d with the steam-pipee ; / isa valve which controls 
the flow of steam to the turbine. This valve is connected by the 
rod q with a piston n which works in the cylinder d. The 
full area on the upper side of the piston n is exposed to the 
boiler pressure. The area of the under side of the piston, 
diminished by the area of the rod 4, is subjected to the pressure 
at the neck b of the convergent-divergent nozzle. The piston is 
therefore in equilibrium only when the pressure at 6 is slightly 
greater than the boiler pressure. (Sealed April 30, 1914.) 


TEXTILE MACHINERY. 


16,189/13. T. G. Mylchreest, Leeds. Stop Motion. 
{1 Fig.] July 14, 1913.—The object of the present invention ‘s te 
improve the construction of stop motions for doubling and twis: 
ing frames of the kind which embody detectors supported hy the 
threads, and allowed to fall when a thread breaks, thereby en- 
gaging a constantly rotating wiper, which throws out of action 
the driving band for the spindle by withdrawing the tension 
pulley and gripping the band, puts a brake on the wharle, and 
stops the f of the thread by lifting off one of the feeding- 
rollers. According to the present invention, each detector carry- 
ing the eye for the thread consists of a tumbler pivoted to a 
counterweighted lever and having a limited rocking movement 
thereon. e counterweighted lever, which is pivoted on a 
centre somewhat above its centre of gravity, constitutes a retain- 
ing-catch for a rocking-cradle wherein is mounted the upper feed- 
ing-roller for the thread. a is a thr-ad, b are tension yaad over 
which it passes on its way from the creel. ¢ is the tumbler, 
having, as usual, a loop d for the thread. The tumbler c is pivoted 
to the counterweighted lever ¢, which is itself pivoted to a fixed 








int rather above its centre of gravity. The lever e is adapted 
og engage with the cradle f pivoted at g, and carrying the bear- 
ing for the top feeding- h, which passes the thread into con- 
tact with the bottom feeding-roller i, and causes it to be fed te 
the flyer j. k is the constantly rotating wiper, which engages the 
tumbler c when the latter is d by the breaking of the 
thread, and throws the lever ¢ out of engagement with the cradle 
f. lisa wharle on the spindle of the flyer, and m is a brake-shoe 
adapted to engage therewith. The brake-shoe m is carried ad- 
justably on the rod n, which is pendent from the cradle, and 
assumes a position to with the position of the latter. 
The position of the cradle as i!lustrated is that assumed when the 
thread is intact; the dotted lines show the psition assumed 
when the thread breaks. The rod » also controls the position of 
the lever o which su; the tension pulley p of the driving- 
band ¢ of the wharle /. « is the transverse arm which grips the 
band ¢ to stop the drive when the pulley falls. r ts the past-o0t 
for moving the detector by hand to stop the ; the 
f ng it will be seen that on the break’ of one thread the 
ft ng ot oli the other threads pening to e same spindle is 

drivii 


automatically interrupted, and of the spindle is 
Gimettancoualy aa (Sealed April 23, 1914.) 
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THE NEW CUNARD LINER 
“AQUITANIA.” 


In our preceding articles* we have fully illustrated 
and described the propelling machinery of the ship, 
with the auxiliaries connected therewith, dealing 
specially with those principal features embodied in 
the design to ensure the highest degree of economy 
and with those ingenious devices introduced to 
achieve rapidity and certainty, without possibility 
of confusion, in the control of the turbine 
machinery, great in power and mass, so that 
manceuvring orders may be promptly fulfilled. We 
turn now to the equally important subject of the 
hull of the ship, its design, structural strength, 
provision against misadventure, and the suitability 
and comfort of the habitable quarters to attain the 
maximum of pleasure for the passengers. 


STRUCTURAL DETAILS AND PASSENGER 
ACCOMMODATION. 

No stronger combination than that of the Cunard 
Company with Messrs. John Brown and Co., of 
Clydebank, could be made for the realisation of the 
desirable ends just named. Since its formation in 
1840 the Cunard Company have accumulated an 





have emanated from the Clydebank yard, and along- 
side the Aquitania there were constructed the largest 
battleship and battle-cruiser and several of the 
fastest torpedo-boat destroyers yet built for the 
British Navy. Again, the pioneer work done at 
their Atlas Works at Sheffield, in the development 
of steel manufacture for forgings, castings, and 
armour, has given them a prominent place in the 
history of metallurgy. The Sheffield Works supply 
much of the material required for the completion 
of ships and machinery at Clydebank, notably the 
rotors and other massive parts of large turbines. The 
consequence is the accumulation at Sheffield as well 
as at Clydebank of experience and data which are 
specially useful for evolving new designs and ideas 
in the experimental department of the works, and 
the rearing of a staff of officials, managers, foremen, 
and men capable of realising the best results. 

We have already, on page 619 ante, indicated the 
aim of the Cunard Company in building the Aqui- 
tania, and the considerations guiding their decision 
on the questions of size and speed, while on page 
678 ante, in our article on the trials, we discussed 
the general dimensions, &c., of the Aquitania 
resulting from their decision, and the requirements 
to attain financial success. The particulars of 





experience in steamship design, equipment, and 


TABLE I.—PARTICULARS OF 








the Aquitania are given in Table I., subjoined. 


HISTORICAL VESSELS OF THE CUNARD COMPANY’S 


MOULDED CORRESPONDING TONNAGE. 











alarm on the bridge, where an indicator shows the 
compartment affected. Immense pumping power is 
provided. Again, an instrument on the bridge shows 
when smoke mingles with air induced from the 
holds, and steam from the boilers can instantly be 
injected into such holds from the bridge. In the 
ventilation of the passenger quarters there is both 
a main supply and a main exhaust system, and the 
latter is so arranged that there is no possibility of 
the heated air or cooled air becoming short-cir- 
cuited and entering the exhaust main instead of 
being diffused throughout each room. An ingeni- 
ous method, too, has been introduced of increasin 

the number of rooms having natural light an 

ventilation, even though these rooms are far re- 
moved from the shell of the ship. Great success, 
again, has been achieved in overcoming vibra- 
tion. The difficulty in most ships is not so 
much the movement within the moulded struc- 
ture as on the superstructural decks and at the 
after end, and particularly above the level where 
the transverse bulkheads terminate. In the Aqui- 
tania there has been introduced above the top 
level of the bulkheads stiffening partitions athwart 
the ship, with very heavy web buttresses, which, 
while adding strength, provide also sheltered 
nooks in the promenade spaces. The superstruc- 


FLEET, 1840-1914. 
































So an : Weient. S- | Pereons CaRRigp. - 
Name or @& | Dimensions. | Bao H i. - ° t = 
SuHIP. 33 < MEANS OF PROPULSION. a ¢ > = & a2 18 ex | a 
e Zoo | i : ’ a | 
35s L BD. | Baia § [Draught PBMC Grose. Net. Hull, | Machi af (2 G8| 1st. lend. 3rd. | Orew.| Total. 34 
ft. ft. im.|ft. in ft. in. 
Britannia Wood | Paddles and sails .| 07:34 2 zw 4 740 oo 370 1,139 — — — 640} 115 — — \1840 
4 
Hibernia a a | Paddles and sails 21935 9 24 2 1,040 | 8.9 _ 2,950 1,422 _ -- _ _ 740/115 — _- — 18438 
America --| o» | Paddles and sails ..| 25138 0 (26 3) 1,040 | 10.1 -- 3,520 1,825 _ - -- 840 | 140 — — /1848 
Arabia .., »» | Paddles and sails ..| 28540 8 27 7 3,000 | 12.5 — 4,650 2,402 “= _ _ — 1400 | 140 — — |1862 
Persia. . .| Iron | Paddles and sails ..| 87645 3 31 6 3,600 12.9 8,166 8,300 _ — -- — 1640 | 250) — -- — |1856 
Scotia. . a Paddles and eai's ..| 37947 8) — 4,900 | 14.4 - 6,871 3,871 ~ 8,205 44 2,722 | 1800 | 300) — ~ |1862 
China .. --| o» | Screw and sail is a ..| 32640 54) — 2,250 | 13 — 5,180 2,529 ~ — a — | 1100 160} — | — — — |1862 
Russia ..| 9» | Serew and sail - ais ies ..| 358/42 6) — 2,800 | 13 _ 5,300 2,959 2840 2,460 | 1180 | 430) — | — -- — |1867 
Abyssinia ..| ,, | Screw and sail .| 83142 0 — 2,480 | 12.5 5,500 3,253 _ — | — — | 1180 | 202) — | 1060; — — {1870 
Bothnia ..| 9» | Screw and sail os on 42042 0 — 2,780 | 18 — 6,530 4,556 ~ 3898 2,632 940 | 310; 60) 1100 | 155 | 1616 |1874 
Gallia .. Screw and sail compound .. . 48044 0 36 0 4,750 | 15 2460 =| ~~ «8,188 4,808 2,897 _ — er 1044 | 380; 60) 1100 | 174 | 1704 |1879 
Servia. . Steel Screw and sail compound .. . 61562 0 0 8 9,600 | 16.5 28 5 13,645 7,391 3,971 6,874 | 10381 5,740 | 1780 | 462) 160; 200 | 252 | 1074 /1881 
Umbria oan an Screw and sail compound .. . 50057 0 40 0 16,000/13.5 | 28 0 13,071 8,127 | 3,699 6,274 | 2600 4,207 | 2185 | 250; — | 720; — — |1886 
Campania ..| ,, Twin-screw triple-expansion -| 60065 0 41 6 | 27,650 | 21.75) 29 8 | 21,628 12,884 | 5,526 | 10,600 | 4935 | 16,198 | 8163 | 523 205) 545 | 450 | 1816 |1893 
Ultonia = 2 Twin-screw triple-expansion . 50057 0 87 0 4,440 | 13.1 28 34 18,036 lu, 402 6,593 5,740 1010 1,286 | 891 | nil| 98) 1943 | 210 | 2248 |1898 
Ivernia Twin-screw quadruple-expansion 68064 3 41 6 10,945 | 16 x2 0 24,789 14,066 | 9,058 9,820 2110 = =: 12,859 1485 | 340/ 220) 1228 300 | 2088 1900 
Saxonia Twin-screw quadruple-ex pansion . 680)65 0 41 6 9,950) 16.5 51 10 25,100 14,270 9,054 | 10,250 12,800 | 1460 | 860 220) 1190 | 310 | 2080 1900 
Carpathia .. ,, | Twin-serew quadruple-expansion 540.64 0 40 6 7,885 13.9 31 44 | 23,245 18,603 | 8,660 8,850 | 1860 | 12,436 | 1046 | 200) 130) 2180 | 315 | 2795 19038 
Pannonia . an Twin-screw triple-expansion . 43559 0 36 0 5,000 | 13.06 28 64 17,4°0 9,851 6,210 5,926 1014 10,650 899 | 86) 88) 1723 | 235 2127 1004 
Carmania Triple-screw turbine pee 65( 72 0 52 O 21,000/18.5 33 38} 80,08 19,524 9,982 14,682 3918 | 12,318 | 2665 | 207; 880 1839 | 480 | 2087 1005 
Caronia Twin-screw quadruple-expansion ,. 65072 0 52 0 20,644 /18.56 33 3) 81,155 19,687 | 10,306 14,465 4145 | 12,555 | 2665 | 368) 290, 1780 | 480 | 2918 1905 
Lusitania Quadruple-screw compound turbine .. 76 »7 6 60 © 72,500 | 26 36 0 41,440 30,5 12,611 20,145 | 9936 11,859 | 6029 | 580) 460, 1120 860 | 3000 1907 
Mauretania ae ns aeagre compound turbine .. 76087 6 6u 6 2,500 | 26 34 9h 41,550 30,704 | 12,799 19,758 9402 | 12,300 | 6354 | 570, 460 1120 | 860 | 3000 1907 
Franconia win-screw quadruple-expansion 60071 0 52 8 12,349 14.63 2 6 24,290 1,150 | 11,247 11,540 2850 9,900 | 2910 | 240) 631, 1940 | 450 | 8260 1911 
Laconia Twin-screw quadruple-ex pansion 60 71 O 5% 8 411,776\15.6 2) 6 24,200 18,098 | 11,225 11,800 2850 9,640 | 251.9 | 250) Gu0 1940 | 450 | 240 1wle 
Andania Twin-screw quadruple-expansion .. 5463 9 146 O 7,244/14.4 28 2 19,400 13.404 8,275 | 8,444 1750 9,206 | 1665 | nil| 522) 166) | 340 | 2422 1918 
Transylvania Twin-screw geared turbine ran .. 64866 3 45 O 10,000" 15.5t 27 6 19,480 14,500*| 9,000* 9,500%) 1700" 9,080*| 2600*| 340) 158 1960 | 350 | 2808 — 
Aquitania Quadruple-screwtripleexpansionturbi..e| 86597 0 64 6 56,000" 34 0 49,430  46,150* 29,150*| 9000* 11,280*| 6000*| 618) 614, 1998 | 972 | 42022 — 
\ 


management, which is unexcelled, and their tech- 
nical staff have, under the encouraging stimulus of 
the Chairman and Directors, utilised their unique 
opportunities for testing new ideas and collatin 
results, so that by the process of elimination an 
deduction, associated with a true spirit of enterprise 
and conservative courage, they have led the way in 
the development of the Atlantic steamship along 
safe and approved lines. The accompanying table, 
giving particulars of notable Cunarders since the 
formation of the company to the present day, is 
proof of what we have written, especially when 
taken in conjunction with the fact that, notwith- 
standing the millions of rs carried across 
the ocean, not a single life has m lost owing to 
the loss of a Cunard ship. 

As regards the builders, there is equally striking 
evidence in support of their right to a first place 
among ship-constructors. Without attempting to 
enumerate the many successful ships built for other 
lines, signifieance is attached to the vessels included 
in the list of notable Cunarders which were built at 
Clydebank. Amongst these are the China, Russia, 
Servia, Saxonia, Carmania, Caronia, Lusitania, and 
Aquitania, all marking distinct steps on the way 
of evolution of the Atlantic liner, along which other 
builders have followed. Again, they have done much 
pioneer work in connection with turbine design and 
construction, and during the past ten years have 
completed or have now in progress at Clydebank 
or allied works abroad turbine machinery totalling 
1,160,000 shaft horse-power. In warship construc- 
tion they have shown corresponding enterprise ; of 
almost every type of fighting craft notable examples 








* See pages 619, 655, 678, and 693 ante, 


17,500* 


* Approximate figures. +t Designed speed. 
Some comparison was made in the previous article, 
on page 678 ante, between the elements of design of 
the Lusitania and Aquitania, and between the par- 
ticulars of these ships and contemporary leviathans, 
so that we may at once proc to describe the 
Aquitania, her structure, her equipment as a floating 
hull, the navigating appliances, and such other 
mechanical apparatus as the baggage, mail, and 
cargo-handling gear. 

is detailed description may be premised by the 
remark that every idea evolved or suggested by their 
experience has been carefully considered by the 
owners and builders, and these have been adopted 
without regard to cost, if there was any possibility of 
adding to strength, safety, or comfort. Reference 
has already been made to the many improvements 
effected in details, and in the course of our descrip- 
tion these will be indicated. ae affect almost every 
department in the ship. In the arrangement for 
instantaneously closing the water-tight doors from 
the bridge, for instance, two circuits have been 
fitted, one for controlling the doors in the main 
transverse bulkheads, and the other commanding 
the doors in the longitudinal bulkheads. Thus such 
doors in the latter as may have to be left open for 
the stoking of the boilers do not affect the rule that 
the main doors shall be kept closed at the will 
of the captain, while the other doors, although left 
to be normally controlled at the door, may be closed 
from the bridge instantaneously on emergency. Pro- 
vision, too, has been made for isolating fire by the 
institution of special fire-proof bulkheads, and in 
nearly 100 compartments in the ship electric alarms 
have been fitted. so that the fusing of metal on a rela- 
tively small increase of temperature in any com- 
partment may make an electrical contact and give 





tural decks are similarly stiffened up, and, as a 
nece: sequence, three breaks have been made on 
these decks to allow for the hogging and sagging of 
the ship on waves. There are many other details, 
in connection with the lighting and other appli- 
ances, and these will fall to be noted under the 
respective headings in our detailed description of 
the structure and equipment of the ship. 





THE USE OF THE SHIP AS A MERCHANT 
CRUISER. 


According to the agreement made with the 
Admiralty, the Aquitania is to be utilised at the 
will of the Admiralty for naval service, and, as has 
already been pointed out. her design, so far as 
the structural arrangement is coneerned, particu- 
larly in regard to subdivision as a protection against 
the effects of gun attack or ramming, conforms te 
naval conditions. vomprowes bene baa —_ also for 
the ing of a e number of quick-firing guns. 
On the plant of the bridge and Suthen dint, pal. 
lished on Plate LXXXIX., there will be seen the 
positions on the decks specially strengthened for 

ing the conical pedestal mountings of these 
quich- tatag guns. Thus on port and starboard sides 
amidships on the bridge-deck, and aft on the poop, 
are two such gun positions, while on the wala 
head there are also two on each side of the ship, 
and aft on the same deck two such positions on each 
side, so that, in all, twelve guns are provided for. 





THE HULL. 


There are given on Plates LXXXIV. to 
LXXXVI. several views illustrating the construc- 





tion of the hull, while the cross-section, Fig. 1, on 
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Sade oe ab te a ele f the 
complete a iation o great of the 
acum. The stiffening of the bulkheads and 
other divisional walls in the superstructure, already 
referred to, is also further illustrated by Fig. 21, 
on page 731. 

From bow to stern there is a double bottom, 
which has a depth of 5 ft. 4 in., increased to 
6 ft. 3 in. in the turbine-room. Fig. 6, on 
Plate LXXXV., illustrates the double bottom, 
which consists of longitudinal and transverse 
girders, some of them continuous to form water- 
tight compartments, and others having large man- 
holes to lighten the structure and to afford means 
of communication in the compartments which form 
ballast, reserve-feed, or condensed-water tanks. In 
all there are forty-one water-tight com ents 
in the double bottom, each of which can be pumped 
out or filled separately. Five of the fore and aft 
girders are solid or water-tight: the centre girder, 
the fifth girder from the centre on each side—about 
30 ft. from the centre line—and the margin plates, 
from the last of which rise the side frames. There 
are further six longitudinal intercostal girders, com- 

of }4-in. plates connected to the floor-plates 
and the outer and inner bottom by strong angles. 
Transverse to these longitudinals are the “floors” 
or girders, with man-holes for communication 
between bottoms. The centre girder is built up 
of p> plates with double angles at top and 
bottom secured to a flat keel made up of three 
plates of a collective thickness of 3} in. The 
seven longitudinals on each side of this centre 
girder are }% in. thick, secured to the floor- 
plates and to the inner (or tank-top plating) 
and outer skin by angles. There are the usual 
forward and aft peaks, which serve as trimming- 
tanks. 

At the after end, for a distance of about 60 ft. 
from the stern, the ship is cut away to give a clear 
run of water to the inner propellers, as shown in the 
longitudinal section of the ship (Fig. 22, on Plate 
LXXXVIII.). A strong heel casting is fitted to dis- 
tribute the great stress which comes on the blocks 
at this part when the ship is being docked. From this 
heel-post, as seen in Fig. 2, on Plate LXXXIV., 
there is a centre girder supporting the propeller 
brackets and the rudder-post. This girder, formed 
of double plates, is in continuation of the central 
keel, and is of great depth—from the keel to the 
steering flat. On each side of this girder the boss- 
framing is attached by strong angles, as illustrated 
in Fig. 3, on Plate LXXXIV. This framing, it 
will be understood, is for carrying the llers for 
the inner shafts only; those for the outer shafts 
are further forward, with the fra bossed in the 
ordinary way. To the aft end of the girder and 
keel-plate is riveted the main casting of the stern 
frame to carry therudder. Above the main casting 
of the stern frame there is a continuation of lighter 
structure which forms the outer line of the vessel 


aft. 

The stern frame, constructed by the Darlington 
Forge Company, is of hollow or ‘“‘ dished ”’ sec- 
tion. The weight of the stern frame and brackets 
is 130 tons, of which the main piece of the stern 
frame (which was cast in one piece) represents 50 
tons, the after brackets 33 tons, and the forward 
brackets 35 tons. Two ers are carried by 
the after brackets, which are connected with the 
foremost end of the stern-frame casting, and the 
other two are 86 ft. further forward, and 
supported in similar brackets. These castings have 
the following dimensions :—Stern frame, extreme 
length, fore and aft, 44 ft. ; extreme height, 42 ft.; 
and extreme width, 12 ft. 6 in.; f brackets, 
centre of shafts, 57 ft.; diameter of bosses, 4 ft. 3 in. ; 
after brackets, centre of shafts, 20 ft. ; diameter of 
bosses, 4 ft. 3 in. The rudder is of the balanced 
type, and of solid cast steel, built in three sections. 
The stock is, however, of forged steel. The total 
weight of the rudder is 76 tons, the extreme width 
of blade 28 ft., and the diameter of the stock 25 in. 
The pintle, 18} in. in diameter, is arranged so that 
it can be readily unshi . Upon the nut being 
removed, the pintle can be lowered into a cavity in 
the blade immediately below, and then drawn 
out through special doors, 4 ft. 3 in. by 1 ft. 9 in., 
formed one on either side of the rudder blade. 
In casting the main piece of the stern frame 75 
tons of molten metal were used, and as now com- 
pleted its ht is 50 tons. The making of the 
mould in the stern frame was cast 
sented two months’ work, and the completion of 
the finished casting another five months. 


bes whole of pre hangin eres = gy irders 
and continuous gi , tank- ing, outer 
bottom plating in the double “hottoss, and the 
whole o 
hydraulic machines, the method of applying these 
to the work being clearly shown in Fy. 6. It 
will be seen that in most cases each riveter was 
suspended to one end of a beam supported on a 


the stern structure, were riveted by | pl 


some alteration on the lines of the ship’s form at 
this point. This is an optical illusion ; the lines 
of the ship are not affected, but only the margin- 


ate. 

Fig. 8, on Plate LXXXVL, gives a fair idea of 
the side framing which from the margin-plate of the 
double bottom upwards is formed of steel channels. 
Web-frames, 36 in. deep, are introduced at every 





standard on a truck traversed on rails, there being 
a counterbalance weight in the form of a drum on 
the other end of the beam. In other cases, how- 











third frame throughout the greater part of the 
length of the ship, but closer where required, 
notably in the machinery space. All these extend 
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ever, as shown in the view, the riveter was carried 


by an ordi jib-crane. 
This view, Fig. 6, on Plate LXXXYV., shows the 
full extent of the double-bottom ing with som 


of the tank-top plating in ition. e margin 
plate on both sides of the ship is well shown, and 
some idea can be formed of the great size of the shi 
as well as the number of hydraulic riveters 

in construction. It will be seen that the double 
bottom has been extended at its maximum depth to 


ing the wing turbines ; con- 


sequently there is a quick change in the level of 








the margin-plate which would seem to suggest 


~-=---——--—-——-—-----—-fydranlic Ri ; 
Fie. 1. Harr Mrp-Section or Surp. 


the turn of the bilge in order to accommodate the| there will be 
repre- | bed-plate girders 


at least to the deck 9 ft. above the load water- 
line, and some to decks above this level. The 
web-frames, as well as the ordinary framing, are 
clearly seen in Figs. 7 and 8, on Plates LXXXV. 
and LXXXVI. e latter view is taken near the 
space now occupied by the turbine-room, and there 
are girders for carrying the bed-plates of the 
turbines, which extend from the top floor-plates 
shown at the bottom of the frames on the right 
and left of the view. On the frames to the left 
i seen also angles for supporting 
intercostal stringers, 36 in. wide, extending at two 
levels in the height of the frames right fore and aft. 
This view further shows the bracket-knees for the 
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beams for the various decks. Further details may 
be gleaned from the transverse section, Fig. 1. 

The shell-plating is 3% in. thick amidships, the 
four sheer-strakes being doubled and riveted by 
hydraulic power. There are eight rows of rivets 
on the butt-straps. 

As to the decks, assuming the ship to be a box- 
ar formed by the double bottom and the side 

ming and shell-plating, the top would be what 
is known as ‘‘B” deck, which is 73 ft. from the 
keel-plate, while the other decks and the columns 





Fig. 


steel plating. An idea of the strength of these 
beams is afforded by the view, Fig. 5, on Plate 
LXXXIV., which illustrates the “‘D” deck two floors 
below the top of the structure. The opening in the 
foreground is for one of the boiler casings. The 
shores, of course, were only temporary, and were 
ultimately replaced by pillars, ds which there are 
four rows in the width of the ship (Fig. 1). As these 
are between each deck and the next, they consti- 
tute a series of vertical stiffeners from the keel to 





the boat-deck. In the boiler-room the columns are 


ViZ:~ PEAK AND CARGO HOLDS N°%1,283 AND N°I BOILER ROOM. 
GANOH DECKS ASSUMED WATERTIGHT WHERE SO CONSTRUCTED. 





Fig 15. 





CORRECT ALLOWANCES MADE 
ORAFT FOR? 57:8" 
” AF? 26:0" 


ENGINES 


ViIZ:~FROM ENGINE ROOM AFT INCLUSIVE 

‘“G'ANO'H DECKS ASSUMED WATERTIGHT WHERE SO CONSTRUCTEO 

CORRECT ALLOWANCES MADE 
ORAFT FOR? 25:2” 

AFT 55:10" 


increased space for promenading, games, and 
stowage of boats. 


THE SUB-DIVISION OF THE SHIP. 


Having dealt with the ship from the point of 
view of strength, we may turn to the second desi- 
deratum in design—safety—and may refer first to 
the sub-division of the ship. Before describing 
the structural details of bulkheads and water-tight 
decks} dividing the hull into separate compart- 


DIAGRAM ILLUSTRATING EFFECT OF FLOODING FIVE CONSECUT'VE COMPARTMENTS FOR? 


DIAGRAM ILLUSTRATING EFFECT OF FLOODING FIVE CONSECUTIVE COMPARTMENTS AFT. 


ELE 


Fug. 16. DIAGRAM ILLUSTRATING EFFECT OF FLOODING FIVE CONSECUTIVE COMPARTMENTS AFT. 





add greatly to the stiffness of the 
1s well illustrated in the section, 


This 


irder. 
ig. 1. The 
deck-plating is doubled for a width of 12 ft. at 


the gunwale ; for the remaining of the girder 
““B” deck is single - plated. Below this level 
there are five complete decks extending fore and 
aft, and distant apart vertically, being from 8 ft. to 
11 ft., the greater height being on the deck where 
the and second - class dining - saloons. are 
located. Before and abaft the machinery spaces 
there is another, a partial, deck, making six within 
the moulded structure of the ship. These decks 
have beams at every frame, consisting of 10-in. 
channels, and these are completely covered with 


“G’ DECK ASSUMED 
‘w af ” 


VIZ:-FROM ENGINE ROOM AFT INCLUSIVE 






TO BE DAMAGED. 

CORRECT ALLOWANCES MADE 
DRAFT FOR? 22:7° 

” AFT 60:5" 


splayed as shown in the scction to admit of a 
-way. The thickness of the deck-plating 
varies from $ in. to Lin. 

The view, Fig. 4, on Plate LXXXIV., shows 
special beams for the turbine com ents, in 
order to carry the gear for raising and lowering the 
upper part of each casing and the rotor for inspec- 
tion purposes. Girders also serve the function of 
transverse ties in view of the great width of the 
engine-room ee. 

Above the moulded structure of the ship there 
are two decks, designated the ‘‘ A” deck and the 
boat-deck. As shown in Fig. 1, these extend 2 ft. 





beyond each side of the moulded structure, giving 


WATERTIGHT WHERE SO CONSTRUCTED 


partments, it may be stated that the whole scheme 
of the sub - division of the Aquitania was re- 
viewed, in the light of full experience, when the 
designs were being worked out. An exhaustive 
mathematical investigation was outlined by the 
Cunard Com yi; and made with great care on 
their behalf by essrs. John Brown and Co., the 
builders of the ship. Some of the actual results 
af Messrs. gue oy and ai investigations, 
together with graphical sections showing the esti- 
mated trim and heel of the ship in certain condi- 
tions, were, by permission of the Cunard Company, 
included in a paper by Mr. L. Peskett, the naval 
architect of the company, read at the Institution 











73° 


ENGINEERING. 





[May 29, 1914. 








of Naval Architects on April 3 last. These diagrams 
are reproduced in Figs. 14 to 18, on the present 
and opposite pages, and these should be compared 
with the longitudinal section of the ship (Fig. 22, 
on Plate LXXXVIIL.). 

In Fig. 14 the assumption is made that five com- 
partments from the bow, including the peak tank, 
three cargo-holds, and the forward boiler-room, are 
flooded up to the water-tight flat, where such exista, 
and in other cases to as high a level as the trim of 
the ship in the flooded condition permits. In such 
event the ship would be considerably down by the 
head, the draught at the bow being 57 ft. 8 in. and 
at the stern 26 ft.; but there would be, even under 
those severe conditions, adequate reserve of buoy- 
ancy, as shown by the margin of safety load-line on 
the diagram. Even at the bow the actual draught 
is well within the margin of the safety line. In the 
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well as the Frahm anti-rolling tank, as shown in 
the ye section and plan, the water-tight 
deck ‘‘G” marking the highest possible level of the 
water. The water capacity of the wing compart- 
ments, excluding the turbine and condenser-rooms, 
is 3060 tons without coal, and the angle of heel of 
the ship would be, with these flooded, 21 deg. ; 
but with coal the additional weight due to flooding 
would be 1225 tons, and in such case the angle of 
heel would be 10 deg. The flooding of the wing 
turbine-room would add 1330 tons of water, and 
involve a heeling to the extent of 12 deg. more, while 
the — of the starboard or port condenser- 
room would involve 930 tons of water, the conse- 
quent angle being 4 deg. more. It will therefore be 
seen that with this great range of side compartments 
filled, taking 5320 tons of water, the result would be 
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a heeling of the ship to the extent of 26 deg., which is 


STABILITY WITH VARIOUS WING COMPARTMENTS FLOODED. 
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tudinal section of the vessel on Page 731 (Fig. 19), 
extend up to 19 ft. above the load water-line, the 
few others to 9ft. above the load water-line. 
The turbine-room is divided into three compart- 
ments by two longitudinal bulkheads, the machi- 
nery driving each wing shaft being isolated fro 

the machinery driving the two inner shafts, which 
is in the central compartment. Similarly, the 
condensing plant is divided into two units by a 
centre-line bulkhead. In order that the damage by 
collision at the point of junction of the transverse 
bulkhead in the machinery space with the shell- 
plating should not affect two compartments within 
the skin of the ship a A-shaped connection has 
been made, as shown on the plans of the lower decks 
of the ship on Plate LXXXVIII., so that damage 
at that point may be localised to one compartment 
only. e tunnel aft of the condenser-room is 
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diagram, Fig. 15, the five aftermost compartments, 
up to and including the three turbine-rooms, are 
assumed to be flooded up to the water-tight decks, 
where these exist, and this obtains in all the cases 
excepting only in the turbine-room uptake. In this 
case the draught aft would be 55 ft. 10in., and for- 
ward 25 ft. 2in. This condition, it will be seen, is 
more severe than were damage done to the ship for- 
ward, but still there isa nee margin of safety. 
The most severe condition possible would be with a 
similar flooding aft and damaye to the water-tight 
deck **H”’ at the stern; as shown in the diagram, } 
Fig. 16. Then the draught aft would become 
60 ft. 5 in., and forward 22 ft. 7 in., but the water- 
line as shown would, except at the extreme after 
end, be within the margin of the safety line. 

The question of longitudinal bulkheads, on which 
there is considerable difference of opinion, had also 
very full consideration before it was decided to adopt 
the system throughout the machinery compartments. 
The case of the Aquitania was dealt with entirely 
on its merits, and without reference to the general 
application. In Figs. 17 and 18 there are shown 
the results of the investigation of the extreme case, 





where all the wing compartments were flooded as 


not in any way excessive, although the contingency 
of such flooding is so remote as to declared 
almost impossible. To overcome the heel, the 
corresponding compartments on the other side 
of the ship might be flooded at will; then there 
would be 10,640 tons of water in the ship, no 
allowance being made for coal. The effect would 
be to increase the draught of the ship by 74 in., 
making it 44 ft. aft and 38 ft. 4 in. forward, and to 
give the ship a trim by the stern of 68in. These 
conditions are well within the margin of safety. 

It was therefore decided to adopt the system, 
the details of which had thus been investigated ; 
and to fit, in addition to transverse bulkheads, a 
longitudinal bulkhead throughout the boiler-rooms 
on each side, 18 ft. from the skin of the ship, and 
to divide the space into separate water-tight coal- 
bunkers; and, further, to make three turbine- 
rooms and two condenser-rooms, as shown in the 
plan, Fig. 18, and in greater detail on the plan of 

e lower deck and hold on Plate LX XXVIIT. 

The hull is thus divided into eighty-four com- 
= in addition to the forty-one in the 

ouble bottom. There are sixteen transverse 
bulkheads, most of which, as shown in the longi- 





also divided up into several compartments by the 
fresh-water tanks. 

The fore-and-aft bulkhead on each side of the 
space occupied by boilers extends for a distance of 
450 ft., so that in this part of the ship, where the 
compartments are largest, and where, perhaps, there 
might be the greatest danger due to the ingress of 
sea-water, there is achieved the great desideratum 
of a “ship within a ship.” The longitudinal 
bulkheads forming the inner walls of the bunkers 
are 18 ft. from the outer skin of the ship. The 
space within the inner walls, constituting the 
boiler-rooms, is thus 60 ft. wide. Fig. 7, on Plate 
LXXXV., and Fig. 9, on Plate LXXXVI., show 
the longitudinal bulkhead which is curved at the 
top. The former view, being taken from a much 
higher level, shows clearly the great space between 
the longitudinal bulkhead and the skin-plating of 
the ship. In the intervening space forming the 
bunkers there are partial transverse bulkheads 
dividing these bunkers into ten water-tight cellular 
sections on each side, varying from 27 ft. to 33 ft. 
in length. These fore-and-aft bulkheads are con- 





nec to the shell by strong stays formed of 
double channels spaced 9 ft. apart. 
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In determining the distance apart of the main 
transverse bulkheads, consideration was had to the 
question of providing adequate coal-bunker capa- 
city in each boiler-room to run all the boilers 
within the compartment throughout the voyage. 
Thus there will be no need during the trip to 
convey coal through the transverse bulkhead-doors, 
each boiler-room being self-contained. As a con- 
sequence the doors in the main transverse bulkheads 
can always be kept closed at the will of the captain. 
Should at any time these doors require to be opened 
for the convenience of the officers working the ship, 
such officers must in passing through hold the valve 
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open, as the door otherwise automatically closes, 
according to the principle of the Stone-Lloyd 
bulkhead-door-closing system. This permanent 
closing of the doors was rendered possible by the 
novel and very wise provision of arranging that the 
mechanism for automatically closing the doors in 
the transverse bulkheads from the navigating- 
bridge should be entirely separate from the corre- 
sponding appliances controlling the doors in the 
longitudinal bulkheads. Many of these latter are 
bunker-doors, and, consequently, it was desirable 
that under ordinary circumstances these should be 
retained in the open position. It will be under- 
stood, of course, that with the usual Stone-Lloyd 
system each door may be closed or opened 
separately, while in emergency the captain on the 
bridge can close the whole of the ‘ors simul- 
taneously. In such case they may be opened 
temporarily at each door, as has already been 
intimated in connection with the doors on the 
transverse bulkhead, but the valve lever must be 
held so long as the door requires to be open. 
Upon the release of the valve lever, the door closed 
in from 9 to 15 seconds during the test made on the 
steam trials of the Aquitania, but this period may 
be altered as desired. 

The hatches to the cargo-holds are trunked 
and made water-tight to the weather-deck. The 
engine and boiler-casings are extra well stiffened 
by webs and made water-tight to 20 ft. above the 
load water-line. Thus water entering any of the 
cargo, engine, or boiler compartments cannot flow 
mto any adjacent compartment, but is confined 
within the trunk hatches or casings. This, in con- 
junction with the making of the decks water-tight, 
will localise the volume which may, owing to acci- 
dent, be flooded with sea-water. 

The main transverse bulkheads are formed of 
§-in. plating stiffened by 12-in. channels 

ft. 6 in. apart, and at intervals there are intro- 





TURBINE ROOM 








duced vertical web-stiffeners 3 ft. deep, formed of 
}-in. plates and double angles. In line with the 
two in girders between the web-frames at 
two points in the height of these vertical members, 
already mentioned, there are horizontal girders 
omiell across the bulkheads at a level between the 
double bottom and the ‘‘G” deck. It will thus be 
recognised that the construction is strong enough 
to resist any head of water due to one com 
ment being flooded while the other adjacent to it is 
empty. 

All the doors below and adjacent to the load-line 





are of the sliding pattern. In the event of collision 
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SECTION SH OWING WATERTIGHT 
BULKHEAD WITH FIRE SCREEN 
BULKHEAD INUPPER DECKS 








to the underside of the bulkhead-deck their function 
is to provide water-tight sub-division, and, of course, 
transverse strength ; above this deck the strength 
is continued by webs and buttresses, but a light 
bulkhead is ed, and plays the part of fire- 
screen, being fitted with fire-proof doors. Finally, in 
the form of webs and buttresses, these diaphragms 
are made to support and stiffen the superstructure 


part- | and upper works. To this continuity of transverse 


members the Cunard Company have come to attach 
great importance, and the whole subject of the 
design of framework of the ship is made to take 
precedence, if necessary, of the minor conveniences 
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LonGItupDINAL SECTION SHOWING BULKHEADS, 


QS.7.S “AQUITANIA” SECTION SHOWING TYPICAL 


ARRANGEMENT OF WEBS, 
BUTTRESSES, AND PILLARS, 
IN PLACES WHERE THERE ARE 
NOT CONTINUOUS BULKHEADS 
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or an accident which would cause flooding of any 
part of the vessel, the officer on the bridge can close 
all the doors immediately. An electrically-operated 
indicator on the navigating-bridge shows the posi- 
tion of all the water-tight doors throughout the 
vessel, and whether these are open or closed. The 
a and gear for this installation were supplied 

y Messrs. Stone, and the builders fitted the instal- 
lation in the ship. The doors are by Messrs. 
Mechan, Scotstoun. 





FIRE DETECTION AND PREVENTION. 


Great care has been bestowed on this subject, 
and the interior of the ship has been divided up 
into a series of fire-proof com ents. Thus 
the transverse water-tight bulkheads are con- 
tinued as diap throughout the entire struc- 
ture from keel to boat-deck, being made to fulfil 





various functions in several parts of the ship. Up 
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of general arrangements. It has been in cases 
where discontinuity was the salient feature that 
the Nae se | have experienced the test expense 
in structural upkeep. Two typi sections of the 
Aquitania are given in Fig. 21, and some explana- 
tory notes have been added to the drawing to 
indicate the arrangement of these comprehensive 
division walls from keel to boat-deck. 

In these fire-proof compartments there are fitted 
up a large number of electrical instruments wherein 
the circuit is kept open only by a metal connection 
which fuses at a comparatively low temperature, so 
that any high temperature within the com ent 
will make contact, with the result that a powerful 
electric bell is rung on the bridge of the ship, and 
the instrument sffected is indicated by a dial on the 
——_ Thus warning is at once given of any out- 
b of fire, and the organisation of the personnel 
is of such a nature that the outbreak can be 
promptly combated through the very extensive 
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system of water-mains and fire-hydrants provided 
in the ship. The pressure in these mains can be 
maintained not only by the use of the very power- 
ful fire and bilge-pumps in the engine-room, but 
by pumps fitted for other duties being utilised for 
fire service. 

As regards the holds, the method adopted is 
different, but equally effective. Rich’s indicator 
is located on the bri This apparatus, which is 
now very widely applied, consists in a trunk com- 
munication being made from the bridge to each 
separate hold, the termival of the trunk on the 
bridge having over it a powerful exhaust-fan, which 
is intermittently worked by clock mechanism, and 
thus any smoke generated in the hold will at 
once disclose itself by the condition of the air 
exhausted from each of the trunks. Alongside it 
are fitted couplings to the steam-pipes directly 
connected with the main steam-boiler supply, so 
that on the first evidence of smoke issuing from 
any hold, steam may be injected into the hold 
through the trunk, in order to quench the fire. 





MAROONI WIRELESS TELEGRAPH 
INSTALLATION. 


The general consideration of the element of 
safety involves the subject of the Marconi installa- 
tion, and here the Gunard Company have had 
unexampled experience, because of the power of 
the installations in both the Lusitania and Maure- 
tania. In these two vessels communication with 
the land was only interrupted for about three 
hours in mid-ocean, but in the case of the 
Aquitania there will be an appreciable period of 
time on the voyage when telegraphic connection 
can be maintained with both sides. The gene- 
rating set is of 56 kw. capacity, and the poten- 
tiality of the current, it is anticipated, will attain 
about 80,000 volts. The location of the Marconi 
installation, with the public post-office, will be 
seen from the plan of the boat-deck, Fig. 25, on 
Plate LXXXIX., and a notable feature is that 
there is a specially enclosed noise-proof room for 
the reception of long-distance messages. 





THE ANTI-ROLLING TANKS. 


Turning now to the subject of comfort, reference 
may be made to the provision to ensure steadiness 
in a seaway, without which the landsman cannot 
be comfortable, however luxurious the arrange- 
ment of the ship. The great size and beam of 
the Aquitania are in themselves some guarantee ; 
but, as is shown in the plan of the hold and the 
boiler-rooms, Frahm anti-rolling-tanks have been 
fitted in place of one of the coal-bunkers on 
each side of the ship, and it is of some signifi- 
cance that after experience with the system in 
the Laconia, the Cunard Company are for the 
present dispensing with bilge - keels, although 
these can be fitted at any time should the tan 
fail to prevent rolling ina seaway. The system has 
already been illustrated in ENGINEERING in connec- 
tion with the Cunard steamer Laconia.* A striking 
feature is the relatively small space required for the 
tank in which the water flows from side to side 
in order to counteract the rolling of the ship. 
Regarding the system Mr. Peskitt, in the paper 
from which quotation has already been made, said 
that ‘‘ the Cunard Company have experimented 
with Herr Frahm’s tanks on the Laconia, and it has 
been shown without question that in that particular 
instance they have resulted in a reduction in the 
amplitude of rolling amounting to an av of 
60 per cent. In the case of ships of the propor- 
tions of the Aquitania, rolling is a feature to be 
avoided by every possible means. The great beam 
of such vessels increases the actual amount by 
which passengers berthed near the shell of the ship 
are alternately raised and lowered as rolling takes 


LIFE-BOAT EQUIPMENT. 


We now to a consideration of the equipment 
of life- ts, which provides, in the last, an exceed- 
po ig eso contingency, the final element of 

. From the inception of the design the Cunard 
Company made provision for life-boats to take off 
every soul on This early decision on the 
question was n in order that the ing 
of this great load on the boat-deck, so high above 





* See Ewonrexawe, vol. xcii., page 803. 





the load-line, would be allowed for in determini’ 
the proportions of the ship from the standpoint of 
stability. There are on the ship, as shown on the 
plan of the boat-deck, Fig. 25, on Plate LXXXIX., 
ninety boats of the largest size, including two 
powerful motor-boats, each under its own davit, 
and with plenty of passenger assembly space behind 
the boats. In addition there are thirty cellular 
boats under the davits, arranged three in a tier, 
while other boats are arranged on deck-houses 
athwart the ship, so that they may be skidded 
over to the davits. 

The view of the boats taken from the navigating- 
bridge (Fig. 12, on Plate LXX XVII.) shows the 

eneral arrangement of the boats and davits. Each 
Boat is under its own davit, and the davits 
are operated by long-approved worm-and-pinion 
gear. In several cases there is a double tier of 
boats, including the ordinary boat and the collap- 
sible boat. On the deck-house on the poop, as 
shown in Fig. 13, on the same plate, there are eight 
double tiers of boats, and in this case the Welin 
appliance for moving the boats rapidly across the 
ii to the ordinary davits is utilised. 

Messrs. Thornycroft built the two motor-boats, 
which embody many features likely to be stan- 
dardised. Most of the recommendations made 
by the Board of Trade Departmental Committee 
on Ships’ Boats and Davits are embodied in the 
construction of these boats. The dimensions are: 
—Length, 30 ft.; breadth, 9 ft. 6 in.; depth, 
4 ft. 6 in. ; and each boat is fitted with a Thorny- 
croft paraffin-motor, developing 30 brake horse- 
power. These motors are arranged to start 
on petrol until the vapouriser is sufficiently 
heated, and then are turned over to paraffin. 
The design of these boats is a distinct departure 
from the usual type of ship’s boat, their primary 
function being to tow the ordinary rowing life- 
boats. Each of the two boats would be able to 
tow a considerable number of boats. The wide 
beam and specially designed lines make them ex- 
cellent sea- boats. A cabin is fitted amidships 
housing the motor. The forward end is divided 
off by a sound-proof bulkhead, forming a room for 
Marconi wireless apparatus. These compartments 
are — by eight port-holes, and ventilated 
from the roof by mushroom ventilators. Wells are 
placed fore and aft of the cabin, each being fitted 
with large relieving - valves. This arrangement, 
specified by the owners, is found to be very satis- 
factory for handling purposes, when the water 
drains off very quickly from the floors (which are 

laced well above the water-line). In addi- 
ion to the functions of towing, each boat is 
fitted with accommodation for medical chests, 
blankets, and food supplies; thus, in time of 
emergency, the comfort of the passengers in the 
smaller boats is, to some extent, arranged for. An 
important feature with this t; of craft is the 
wireless installation already referred to, by means 
of which the boats can be kept in touch with other 
vessels in the line of shipping. The receivin 
range for these sets is about 300 miles. The ont 
wires are carried on two 25-ft. bamboo masts, which 
may be lowered on to chocks when not in use. On 
official trials the speed obtained by the two mctor- 
boats was 9 miles per hour. 





THE ARRANGEMENT OF THE DECKS. 


There are nine decks in the Aquitania, in addition 
to the hold, and a plan of each is given, along 
with a longitudinal section of the ship, on Plates 
LXXXVIII. to XC. There is one more deck than 
in the Lusitania. Of these decks seven are in the 
main structure of the ship. Above these there are 
two superstructure decks, beginning about 200 ft. 
from the bow of the ship, and the first extending 
for about 624 ft., and the second, or boat-deck, 
to about 464 ft. in length. Further aft the deck- 
house for the second-class quarters is utilised for 
the ing of additional boats on the same level 
as the eck proper. The total height from 
the keel to the t-deck level is 94 The 
question of having another deck in the su c- 
ture of the ship was carefully consid by the 
Cunard Company ; but, although it would have 
added to the r accommodation, such an 
addition was dispensed with in the interests of 
stability. The consequence is that no difficulty has 
been experienced in a ing on the boat-deck 
level, where there is oe Saibadten possible, for 
life-boat accommodation for everyone on board. 

Figs. 23 and 24, which are given along with the 





ng | longitudinal section, show the holds and machinery 


spaces, but as the boilers, turbines, condensers, &c., 
have been fully described, these drawings do not 
require further elucidation. The plans show the 
location of the steering-engine compartment, holds, 
refrigerating machinery, the electric power-station, 
baggage-rooms, &c., as well as the location of the 
Frahm anti-rolling tanks and coal-bunkers. 

On the boat-deck (Fig. 25, on Plate LXXXIX.) 
accommodation is found for the officers’ quarters, 
immediately abaft the wheel-house and lower navi- 
gating-bridge. Amidships is a deck-house with 
chauffeurs’ or other male servants’ sleeping and 
mess-rooms, as well as the Marconi wireless tele- 
graph offices. The deck-house on this level covers 
in the skylights or the domes over the important 
public rooms on the deck below. The ceilings of 
these public rooms are at a much greater height 
than is usually the case, ——— arrangement of 
structural work being introduced to give vertical 
and lateral strength ; while the coamings are made 
particularly heavy to make up for the larger open- 
ings in the decks. 

On the next deck, designated the ‘‘A”’ deck 
(Fig. 26), the principal apartments are the first- 
class drawing-room, the lounge and the smoking- 
room, with a second-class lounge further aft. Later 
we shall deal with the decorative features of the 
public rooms. Forward are a number of large 

ial cabins, and abaft these is the drawing-room 
forward of the main staircase. The first-class 
lounge, which is in the Georgian style, is 74 ft. long 
by 54 ft. wide, and 11 ft. 6 in. high. A novel 
arrangement has been introduced in the provision 
of a winter garden lounge. A considerable length 
of the promenade-deck on each side of the deck- 
house amidships is enclosed by sliding plate-glass 
windows, forming an extension of the bulwarks, 
with a vestibule at the forward and after ends, and 
this constitutes a winter garden, 126 ft. long and 
21 ft. wide, on each side of the ship. By means of 
trellis-work in natural teak on walls treated to repre- 
sent stone, there has been achieved the semblance of 
an old garden. The lounge and these conservatories 
on the port and starboard sides occupy a space of 
about 10,000 sq. ft. The smoking-room aft is 76 ft. by 
52 ft., and has a height corresponding to that of 
the lounge. These two rooms are connected by the 
‘*Long Gallery,” 132 ft. long by 15 ft. wide— 
a great width for ship’s corridors. This forms a 
shelter promenade, with a complete sea-view, as it 
is at the side of the deck-house, which is here 
entirely glazed. It is being arranged, on one side, 
also as an art gallery, to be decorated with engrav- 
ings and etchings. In the deck-house adjoining 
are the hairdressers’ department, a deck-service 
pantry, typists’ office, and access to an elevator to 
the decks below. The panels admitting light to 
these departments are glazed, with metal relief- 
work. The first-class smoking-room, at the after 
end of this gallery, is divided into two com 
ments, as shown on the plan, with a multiplicity 
of nooks and corners, and the ceiling is of great 
height. On the poop is a deck-house, with the 
second-class lounge, and on this deck-house are 
8 double tiers of life-boats with Welin’s traversing 
gear, already referred to. Abaft this house is the 
emergency dynamo-room, the equipment of which 
will be described later. This poop-deck is one 
deck higher than the Lusitania, and this greatly 
adds to the appearance of the vessel aft. 

On the ‘‘ B” deck, Fig. 27, there are 126 special 
state-rooms, with one and two berths in each. The 
deck-house containing these rooms is over 450 ft. 
long by 54 ft. wide, and of more than the usual 
height (8 ft. 6 in.). The promenade extends all 
round this deck-house, and is screened amidships 
on both sides for a length of 135 ft. by extending 
the bulwarks up to the ‘* A” deck, and fitting large 
sliding plate-g windows. There will thus be 
formed a shelter promenade. Entrance to these 
sheltered promenades, as in the case of the winter 
garden on the level above, is through vestibules. 

Another important feature of this shelter pro- 
menade is that on the inboard side is a terrace, 48 
illustrated in Fig. 10, on Plate LXXXVII. This 
is raised about 2 ft. from the height of the deck 

roper, and is reached by steps at various points. 
The object of having this terrace is, primarily, to 
enable those resting in deck-chairs to have 4 
clear view seaward, unobstructed by passengers 
promenading, but it has other and more important 
advantages. The face-plate of the terrace consti- 
tutes in itself a strong, stiffening, fore - and - aft 
girder, and at various points in the length this, 
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the web of the girder, is pierced to accommodate 
windows and ventilating louvres for a row of inner 
rooms on the deck below (‘*C” deck), as shown 
in Fig. 10. The coaming-plate of the deck- 
house to the rear of this terrace is similarly pierced, 
for windows and ventilating louvres, to a third row 
of cabins on the ‘*C” deck, as is also shown on 
Fig. 10. At each end of the terrace, on both port 
and starboard sides, there is a secluded veranda 
in communication with special suites of rooms on 
this level. 

On this ‘‘B” deck there are many such suites, 
several of which have been given the names of 
artists, and their decoration been devised to 
conform to the spirit of the respective work of 
those artists, while engravings of historical pic- 
tures by the artists alorn the walls—Gainsborough, 
Reynolds, Romney, Raeburn, Holbein, Rembrandt, 
Vandyke, and Velasquez. It may further be said 
that these rooms, like all the principal state-rooms 
in the ship, are decorated to conform more to the 


bed-rooms in our latest hotels. Thus the walls, | Th 


of special canvas and composition, are pa 
while the furniture is in all cases the antithesis 
of the old-type cabin fittings. The bedsteads are of 
decorative wood or metal-work. The wardrobes 
are separate, aud the corners are fitted with cu 
boards, in some cases of antique design; while 
the washstands, to which hot and cold water are 
supplied, have in most cases roll-top covers. In 
most instances, also, a bath-room and other con- 
veniences are associated with each room, and the 
communication between the cabins is so arranged 
that almost any number of rooms can be allotted to 

rties, and still be absolutely self-contained. 

ven in less expensive quarters the principle has 
been adopted of making a door between two adjoin- 
ing cabins to accommodate two members of a 
family who desire separate and yet contiguous and 
communicating rooms. It will be noted, too, that 
on the ‘‘B” deck there is a maids’ dining-room, 
and adjacent to it a number of state-rooms are set 
apart for such domestic servants as accompany 
passengers. 

On the after end of ‘*B” deck there is a large 
house, 142 ft. by 52 ft., containing the second-class 
drawing and smoking-rooms, outside of which 
there is extensive promenading space. 

The ‘*C” deck, Fig. 28, which forms the top of 
the moulded structure of the ship, and is about 
66 ft. from the keel, is almost entirely given over 
to sleeping quarters. The first-class accommoda- 
tion on this deck, and generally on all decks, 
extends froma point 190 ft. from the bow to about 
320 ft. from the stern, thus occupying about 400 ft. 
of the central part of the ship from above the 
water-line to the boat-deck. n the “*C” deck 
there are 168 first-class rooms, 60 rooms which can 
be thrown either into the first-class or the second- 
class quarters, 98 rooms for the second-class pas- 
sengers, and 48 rooms which may be used for either 
second-class or third-class passengers. As already 
described, a unique and ingenious arrangement has 
been made to ensure a higher degree of comfort 
by providing natural light and ventilation in the 
— state-rooms than is obtainable even in some 
of the recent large passenger ships. 

At the Sven end of this RO ” deck is the 
forecastle, with head capstans, cargo-hatches and 
cargo-winches, and a house enclosing the entrance 
to the third-class quarters on the dec 
forward of the deck also affords a promenade 
for the third-class passengers in fine weather. At 
the after end of the ship also there is space for 
working the ship by the necessary winches, capstan, 
and gear, to which reference will be made later. 

The first deck within the moulded structure, 
named the ‘*D” deck (Fig. 29), is given over 
m large measure to the cuisine department of 
this immense floating hotel. In order to add to 
comfort and simplify ventilation, the height between 
this and the deck above is 11 ft. The first-class 
dining-saloon, which is almost amidships, is 138 -ft. 
long and the fall width of thé ship, and is decorated 
according to the Louis XVI. period. The square 
effect, however, is removed not only by the hand- 
somely-treated casing around the funnel uptakes at 
the forward and after end, but by the well in the 
centre of the ceiling, which is effectively decorated. 
Along the sides, again, there are formed alcoves. 
A foyer for the first-class passengers, forward of 
the first-class dining-saloon, occupies over 50 ft. of 
the length of the ship, and will be a suitable 
rendezvous for those. who are to dine together. 
Further aft, on the starboard side, with entrance 


below. The | f, 





for the main dining-saloon, as well as from a com- 
peony oop i — —_ ject —s and 

ow, is a grill-room, with electric-grills an n 
immediately alongside. The second-class Fning. 
saloon is further aft still, and is over 100 ft. long, 
being similarly treated with well and alcoves as the 
first-class dining-saloon. Between the two, and 
occupying about 150 ft. of the length of the ship, 
is the kitchen, equipped with all that pertains to 
the culinary arts. 

In addition to the public rooms, there is a large 
compartment forward accommodating 44 state- 
rooms. At the extreme after end of this deck there 


isa third-class smoking-room and entrance to third- | 5 


class quarters, with an extensive promenade under 
the poop, but with open bulwarks on all sides. In 
order primarily to stiffen the ship at this point, 
steel partitions have been put in as an extension 
to the deck-houses above the water-tight bulk- 
heads below, and these are further strengthened 
by deep web-plates in the form of buttresses. 


ese walls serve the further purpose of rem | 


red, | sheltered nooks for the passengers. At the forw: 


end of this deck there isa large third-class non- 
smoking compartment. It will be understood that 
the third-class ngers are accommodated in 
two divisions forward and aft, and in each case 
separate public rooms and all other conveniences 
are provided. 

The “‘E” deck (Fig. 30) has a height of 9 ft., and 
is regarded as the ‘‘ working deck” of the ship. 
Thus there is found upon it accommodation for 
stores and a great variety of other departments. 
Indeed, to the manager of a liner, the arrangement 
of this deck should form a most interesting study. 
On it great experience has been concentrated, 
and the result will be exceptionally favourable to 
economy in service and promptitude in carrying 
out the functions of ship-manager. The engineers 
are accommodated on this deck close to the engine- 
room. There are three large spaces forward, aft, 
and amidships, for third-class promenades and for 
handling mails and baggage. Six large double 
water-tight gangway-doors through the shell-plating 
of the ship on each side give entrance to this 
space, in addition to smaller doors affording coaling 
facilities to each boiler compartment. tween 
the promenades for third-class passengers there is 
a passage 8 ft. wide for the use of third-class pas- 
sengers, so that they have plenty of opportunity 
for exercise. At the after end of the deck there 
are 93 cabins for second-class passenger accom- 
modation, and, in addition, room is found for 
hospitals, third-class galley, &c. 

In an isolated part of this deck, on the starboard 
side of the ship, is the swimming-bath and the 
gymnasium adjoining. Access for the first-class 
passengers is provided by the elevators or the grand 
companion-way. 

On ‘‘F” deck (Fig. 31) there are three | dining- 
saloons, collectively extending to 183 ft. of the 
length of the ship and its full width, for the 
accommodation of the third-class passengers. Aft 
there are a e number of single and double- 
berth rooms, which may be used either for second 
or third-class passengers, in addition to 178 rooms 
for third-class ngers. 

The next deck, ‘‘G” (Fig. 32), is entirely reserved 
for third-class mgers’ cabins. Under this deck, 
forward and of the machinery space, is a hold 
or cargo, baggage, and mails, while at the extreme 
after end of the ship is the steering-gear imme- 
diately in contact with the rudder-head. 

The seamen, firemen, and trimmers are accom- 
modated at the extreme bow of the ship on several 
decks, while the stewards have their sleeping 
— at the extreme after ends of the various 

vels, 





STATE-ROOMS FOR PASSENGERS. 


The arrangements we have described provide for 
the accommodation of a population of over 4000 
persons, as follows:— . 


First-class 618 
Second -class 614 
Third-class . 1998 
Officers and crew 972 

4202 


There are, however, some rooms which can alter- 
natively be used as first or second-class rooms, and 
others as second or third-class rooms, so that the 
number of passen, of the respective classes, and 
even the total of all classes, is variable under 





certain conditions. A great extent of the passenger 
accommodation is above the load water-line, which. 
under normal conditions, is a little above the ‘‘G”’ 
deck. The arrangement of the state-rooms 





is 
approximately as given in the appended table :— 
TaBie II.—State-Rooms in the ‘* Aquitania,” 
es és 38 
| 7s | 
— \ge8 a gag is 
| 5 Ess 4 s2r eas 3 
| 3 848) § gee § 240 & 
1-berth rooms 179 — _ ‘4, — 183 
-berth ,, | 208; 12| 141) 84 108 — | 498 
8-berth ,, 6| — «= on 2 7 
4-berth ,, | 2] 48] 60 | 10) 818; 5, 433 
6-berth ,, —-{|—-|-|- 46, lj 57 
8-berth ,, —-|-|- - 1 1 
Total .. 304 60/ 191 48 470| 16) 1179 
Passengers 618 | 216 | 482 112 1768 8642 | 








THE DECORATIVE FEATURES OF THE 
PASSENGER ROOMS. 


Some brief reference may be made to the deco- 
ration of the more important rooms of the ship. 
The first-class lounge on ‘‘A” deck is endaubeelir 
the most notable room in the ship from this point 
of view. The colour scheme is wine red and grey, 
and the treatment reminiscent of Sir Christopher 
Wren’s work. The central part of the room, which 
is 18 ft. in height, has, as its central panel, an 
original canvas by Van Cuygen, and the spandrels 
at the ends of the room on each side of the arches 
are after Jean Baptiste Van Lee’s panels of the 
elements—Fire, Earth, Water, and Heaven. At 
one end of the room is a fireplace with niches on 
each side, and at the other a semicircular stage 
with a coffered vault, under which is a reproduction 
of the Mortlake tapestry —r the battle of 
Solebay. The floor is of oak. 

For inspiration in designing the smoking-room 
the artist gone to Greenwich Hospital, and on 
all sides there are carved trophies and coats of 
arms, in the earlier manner of Grinling Gibbons. 
From a main central portion are some half-dozen 
nooks—almost separate rooms—with oak-beamed 
ceilings and window treatment suggestive of the 
stern of the old three-deckers. In sharp contrast 
is the lofty white panelled ceiling of the central 
part, and the paintings on the side-walls—‘‘ The 
Embarkation of St. Ursula” anda seaport, with 


The drawing-room is a fine interpretation of the 
Adams period of decoration, particularly the oval 
dome, with lunettes and lead mouldings. The 
chimney-piece is of statuary carved in marble. 

The salons, or writing-rooms, adjoining the 
lounge are in the Louis XVI. style, recalling some 
of the features of an old French chateau. The 
prominent paintings are reproductions of works 
of Hubert berts, and the furniture is after 
models of Bergires. As in most of the public 
reoms, the lighting is reflected from the ceiling by 
means of cut-glass dish-lights. The main entrance, 
with its great dome and broad stairway with ham- 
mered iron rail, has an original decorative paint- 
ing by Pannini, and a carved bas-relief in the style 
of Clodian. 

The dining-saloon is in the Louis XVI. style, 
and in — mahogany. The well which pierces 
the deck above is the principal feature, The ceiling 
has a decorative painting of ‘‘The Triumph of 
Flora,” and the balustrade is of wrought iron with 
panels. Pilasters and columns throughout the 
saloon, with decorative paintings, mostly of the 
eighteenth century, with large canvases over the 
console tables at each end, give a handsome effect. 

Probably enough has been said to indicate the 
degree of originality and variety and comeliness of 
the decorative work, which was designed by Mr 
Arthur Davies. 





COMPANION-WAYS AND PASSENGER- 
LIFTS. 


In a great ship it is becoming more and more 
difficult to afford, adequate means of communica- 
tion, and, further, to t a scheme which will 
enable the landsman readily to find his way to the 
various de ents of the vessel. It is because of 
this that the decks are now always lettered, instead 
of being given, as in the old days, the names evolved 
in constructional plans. The Cunard Company have 
been liberal in their indications as to the location of 
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the cabins. With the multiplicity of promenades 
and alleyways the question arises whether these 
should not, on the respective decks, have some 
designation or name. On one point, however, every 
ce is due, and that is in the width of these 

ighways, where people are most likely to congre- 
gate. The first-class passengers have a great, broad 
eee from the swimming-bath 
(which is on ‘‘ EF” deck) through the great reception- 
room adjacent to the main dining-saloon, and up, 
through the ‘*C” and ‘‘ B,” to ‘*A” deck, while from 
this level there is a broad enclosed stairway to the 
boat-deck. Opposite to the main stairway are two 
elevators. Further aft, and extending from ‘‘D” 
deck to the boat-deck, is a supplementary stairway 
along with an elevator ; its position has been deter- 
mined amidships in order to give communication 
from each deck to the grill-room, and also entirely 
under cover to the Marconi room on the boat-deck. 
The second-class passengers have also a wide com- 
panion-way, and here also the stairway has a central 
double handrail, so that there are four independent 
supports for passengers ascending or descending. 
This is a great advantage if the ship is in a seaway, 
and is just one of those little details the conception 
of which is highly creditable, although when accom- 
plished they seem obvious. 

The lifts are by Smith, Major and Stevens. In 
all there are three first-class passenger-lifts, two 
second-class, and five baggage, stores, and service 
lifts, of capacities as follow :— 























Height 
= Load. | Case | of | Decks Served. 
é Speed. | Travel. 
ft. per | ft. in. 
2|First-class pas- min. | 
“4 ..| 18001Ib. | 150 87 6 |EtoA(5). 
1\First-class pas- | 
senger ..}1200lb.] 150 | 46 0 |E to boat-deck (6). 
ela . 
senger —..|12001b.] 150 | 45 6 |F to A deck (6). 
2| Baggage ..| 2tons | 100 | 44 0 |H to O deck (6) 
25 0 |G to D deck (4). 
2\Stores .. ..| 1ton 100 { 3 2 loteaenat 
1|\Service .. ..}12001b.] 150 45 3 | E to boat-deck (6). 





As the technical details of all the lifte are gene- 
rally similar, a brief description of the design of 
one of the nger-machines may be taken as 
typical of the others. It is illustrated on Plate XCL., 

igs. 33 to 36. The supply to both motor and 
control circuit is direct current at 220 volts. The 
motor is of the multi- polar completely-enclosed 
type, and fitted with commutating poles, designed 
for a six hours’ continuous test-bed run at full load, 
without the temperature rise exceeding 70 deg. 
Fahr. The motor is also designed to carry an over- 
load of 50 per cent. for one hour without injury. 
Shunt winding is adopted, so as to give approxi- 
mately constant running speed, but especially heavy 
series windings are also fitted for starting and 
accelerating. The series winding is shunted out of 
circuit on the last few steps of the rheostat. 

The armature-shaft is directly coupled to the 
worm-shaft by a special form of concentric gri 
cone coupling, which entirely dispenses with all 
keys, a greatly facilitates the assembling or 
dismounting of the armature or worm-shaft when 
necessary. The brake-wheel is formed on the muff 
portion of the coupling, and is acted upon by a 
magnetically-controlled brake of the balanced type, 
thus avoiding any cross stresses on the worm- 
shaft. The worm gearing is of the self-sustaining 
type, specially designed to give the highest safe 
running efficiency, whilst ensuring the self-sustain- 
ing property under all conditions of cage load. 
The magnetic brake referred to is therefore only 
used for bringing the moving | gem smoothly 
to rest after current is cut off, and is not in any 
way relied upon for sustaining the cage and its 
load. The worm gearing is completely enclosed in 
a dust-proof gear-case, forming an oil-bath, the 
worm being turned from a solid-shaft forging, and 
the wheel from close-grained hard cast iron, the 
teeth being cut from the solid blank. The 
unusually large bearing surfaces provided in the 
worm gear form an important feature of the 
design, the aim being to ensure the retention of an 
oil film between the working surfaces under all 
possible conditions of load. 

A special method has been adopted for the auto- 
matic lubrication of all the worm-gear bearings 
from the oil-bath. The wheel teeth are cut ina 
bucket form, so that the worm is always dipping 
into new oil- 
oil centrifugally into a gallery cast round the 


pockets ; the worm then throws off the | th 





inspection-cover at the top of the cage, whence it 
flows by gravity in a stream to the worm-shaft 
bearings and thrust-box. In this way acontinuous 
circulation of oil is ensured. The worm-thrust is 
taken by a special yes pap bearing, arranged 
with steel and gun-metal discs alternating. These 
run completely immersed in oil, and each disc is 
formed so as to act as a centrifugal pump, main- 
taining a constant circulation of oil between the 
main reservoir and the thrust-chamber. The acces- 
sibility of the thrust-bearing will be noted in Fig. 35, 
and also the external adjusting-screw which enables 
any wear on the thrust-discs to be compensated. 

he cage and counterweight are each suspended 
from four steel-wire lifting-ropes, and motion is 
imparted to them by means of the makers’ well- 
known arrangement of V - wheel drive. This 
device affords a safeguard against accidental over- 
winding of the caze or counterweight under all 
conditions. It has the further advantage that 
should either cage or counterweight be stopped in 
descent, as by the action of the safety-gear, no 
slack cable can be paid out, as winding ceases imme- 
diately the tension on the ro on either side of 
the V-wheel is relieved. The slack-cable safety 
device, which is a necessary adjunct and complica- 
tion to the drum system of winding, is thus 
eliminated. The smaller space occupied by the 
V-wheel system of drive has enabled all the winding- 
engines for the passenger-lifts to be placed imme- 
diately over each lift-trunk, thus giving the best 
possible efficiency and rope-life. Each e is 
guided on two 2-in. diameter round polished- 
steel guides, and the counterweights on T-iron 
section. The cage is fitted with a gravity-type 
safety-gear, which grips the cage to the guides upon 
the undue stretching of any of the four lifting- 
ropes ; this gives warning of approaching failure 
of the ropes before they break. This safety-gear is 
actuated solely by the weight of the cage and its 
load, and does not rely upon springs. The counter- 
weight, arranged to overbalance the cage by half 
the maximum load, is also fitted with a safety-gear 
of similar design to that on the cage. 

The control in the cage is by means of a three- 
position switch, worked with a removable key, and 
is fitted with a spring self-centring device, so that 
current is automatically cut off and the lift stopped 
unless the switch be held over in the “up” or 
“‘down” running position by the operator. Auto- 
matic stopping of the cage and counterweight at 
either extreme of travel is provided for in three 
separate and distinct ways, operating in the follow- 
ing order :—Firstly, by incline planes engaging 
Timit switches in the control circuit ; secondly, 
should the first by chance fail, by the emergency 
switch wired in the main circuit, and opened by 

itive means by the cage, should it overtravel a 
ow inches ; thirdly, should the counterweight or 
cage land on its buffer-stops, the drive between the 
V-wheel and lifting-ropes immediately ceases, even 
though the motor may continue to run. 

The controller embodied in the illustration, 
Figs. 33 and 34, is completely worked by only two 
magnets, one for each direction of travel. Each 
magnet, through the intervention of timing-cams, 
operates both the circuit-breaker and the reversing- 
switch, and also provides the necessary clutch pres- 
sure for working the mechanical chain-drive to the 
rheostat. The circuit-breaker is fitted with self- 
cleaning finger-brushes, which are so arranged that 
the circuit is opened simultaneously at twelve points 
in series with one another, and this produces an 
exceptionally rapid breaking of the arc and dis- 

inses with magnetic blow-out devices. The revers- 
ing-switch is so arranged that the shunt-field of the 
motor is left in parallel with the armature when the 
circuit-breaker opens, thus avoiding the use of kick- 
ing-coils. The movement of the reversing-switch 
for the opposite direction of travel is automatically 
delayed until after the armature has come to rest. 

The chain-drive from the main hauling-shaft 
(shown in Fig 35.), working through the friction- 
clutch already mentioned, operates the rheostat until 
the motor has attained its full speed. At stopping, 
the clutch pressure is released, and a spring returns 
the rheostat-rod to the ‘‘ all resistance in” position. 
A separate switch is fitted on the rheostat-rod, so as 
to prevent the closing of the circuit-breaker until 
all resistance has first been inserted in the armature 
circuit. 


The entrance to the cage is protected by a col-| 


lapsible gate, fitted with electrical contacts, so that 
e operator is compelled to close the gate before 
the lift can be worked. A patented form of self- 





contained electric lock is also fitted to the trunk- 
doors on each deck. This lock ensures that the 
lift cannot be worked until every door is closed, 
nor can any door be opened unless the cage is at the 
corresponding floor-level. In the case of the pas- 
senger-lifts, all cages are constructed of mahogany, 
the baggage and stores lift-cages being framed in 
wrought iron, with sheet-steel lining. Throughout 
the entire installation the aim has been perfect safety 
in working, the greatest attainable simplicity in 
design, and reduction of working parts. 





THE KITCHEN APPLIANCES. 

As can readily be understood, the provisioning of 
a ship with a population of over 4000 requires not 
only extensive appliances to ensure promptitude 
in service, but labour-economising apparatus of a 
high order. As we have said, the kitchens, pan- 
tries, &c., for the first and second-class passengers 
alone occupy a space 150 ft. by 97 ft., and they 
have been equipped by Messrs. Wilson, of Liverpool. 

e ranges, of which there are three in the first- 
class kitchen, have a total frontage of approximately 
85 ft., and are provided with a total of 18 ovens. 
At one end of each range there is a bain-marie, in 
which tureens for keeping food hot are placed. 
Under the bain-maries are hot presses. The hot 
presses and bain-maries are all steam-heated by 
copper coils. In addition to the hot-plate boiling 
spaces on the top of the ranges, the kitchen is fur- 
nished with several large steam-jacketed stockpots. 
The larger ones are of 40 gallons capacity, the smaller 
ones of about 20 gallons. Two of the larger pans 
are provided with worm and wheel gear for tilting 
in order to facilitate the emptying of them. These 
two pans are provided with tinned-copper liners. 
The rigid boilers have tinned-copper, and the 
smaller vegetable pans pure-nickel, liners. In the 
kitchen there are also roasters and charcoal grills, 
appliances absolutely essential where Englishmen 
are to be catered for. The roasters provide for the 
cooking of meat in the old-fashioned English way, 
in front of a red fire, and are turned by electric- 
motors. From the point of view of novelty, the 
most interesting pieces of apparatus in this depart- 
ment are to be found in the grill-room. We refer 
to the two electric grills. So far as we are aware, 
larger electric grills have never been made. The 
grilling surfaces measure approximately 8 sq. ft., 
the grids being heavily nickel-plated. The finish 
of the apparatus is in planished steel and white 
metal, giving a handsome appearance, which is 
essential, as the grills are in view of the passengers 
taking meals in the grill-room. 

Turning to the first-class pantry, extraordinary 
care has been taken to ensure rapid and convenient 
service of food. The carving-tables are of ample 
capacity, and are provided with bain-maries at the 
ends, and with hot presses under them. In the 
still-room there are installed coffee apparatus of 
the latest type, electric toasters and hot-plates, 
automatic egg-boilers, &c., all of which apparatus 
are essential to the production of the “‘little 
things” which are so very important in practice. 

In addition to the first-class kitchens and pantries 
proper there are provided many sub-divisions, such 
as bakeries, confectioner’s shop, vegetable-room, 
butchers’ shops, silver-rooms, sculleries, bars, &c., 
and also full provision of kitchen and pantry 
space for the second and third-class passengers. 
In all these places there are machines and devices 
of the latest type for the saving of labour and the 
improvement of the catering. In the bakery the 
dough is, of course, mixed by machinery, after 
which it is proved, and then baked in the latest 
Wilson- Werner water-tube type of oven. The 
water-tubes are fixed so that one end dips into the 
furnace, while the body of the tube lies under the 
oven. This method of heating the baking-chamber 
leads to an equable temperature in practice, and 
as the oven bottom is tiled, and means provided 
for ‘‘ spraying” the bread, the product is as good 
as anything produced ashore. The ovens are lighted 
by electric ps and provided with inspection- 
windows. In the confectioners’ and other shops, Xc., 
there are many machines, mostly electrically driven, 
such as triturators, meat and bread-slicers, dish- 
washers, potato-peelers, knife and boot-polishers, 
mincing-machines, &c. The confectioner has an 
electrically-heated hot-plate for making cakes. 








THE REFRIGERATING PLANT. 
The refrigerating plant installed is entirely for 
the preservation of the ship’s provisions, and has 
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been manufactured by the Liverpool Refrigeration | refrigerators, wine and beer-coolers, cold pantries, 


Company, Limited, Live 


rpool. Of it detailed &c., in various parts of the vessel, which are used 


drawings are given on Plates XCII. to XCIV., as auxiliaries to the main cold chambers, for daily 


and on the present page. 


It is located in a supplies, &c. All these are refrigerated direct by 
ee engine-room on the deck | co 
8 


brine supplied from the refrigerating machi- 


own in Fig. 24, on Plate LXXXVIII. It is | nery through an extensive system of wrought-iron 
one of the largest ever fitted for this purpose, and’ pipes, which are heavily lagged, and have the 
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Fig. 47, on Plate XCIII., shows an engine of 
the same type as that in the Aquitania, but in the 
latter the condenser-coils are withdrawn from the 
end of the tank base, whereas in the engine illus- 
trated side doors are fitted. The refrigerant ured 
is carbonic anhydride. Two horizontal double-acting 
CO, compressors, illustrated by the sections, Figs. 


0. DECK 































THERMOMETER, 


BRINE GATE VALVE 
BRINE RETURR HEADER 
“ ACH 


BRINE GATE VALVE 
DISTRIBUTING HEADER 
HEBRANCH 





BRINE MAINS 








E.DECK 




















ice 


























Fig, 49, Fie, 50. 
Yj Vjj 
YY ~Y fy 
== 
Metallic 
N 
canal 
se a ee mE IB: 
hj. pps eet ee Ce = Les i 
' Pai H ¢ 
' ' i ‘ 
“pt os 
Y YYy ‘ 
/ 



































; POULTRY 
*% 
D.DECK 
ie 
l 
| 2% BRINE FEED 
| glpecK 6 arn 
| Ice 





5985 F. 
POU utr Y 


STORES. 





Fics, 49 anp 50. Szcrion or Dovste-Actine CO, Compressor. 


embodies the latest practice. There are twelve | 


insulated compartments fitted up for the sto 

of beef, mutton, poultry, ice, fish, dairy chase 4 
vegetables and fruit, wines, beer, &c., and of several 
of these details of the cold-brine pipingare given in 
Fig. 41, Plate XCII., Fig. 47, Plate XCIV., and 
Fig. 48, above. Each class of goods has its own 
Separate chamber or compartment, the tempera- 
ture of which can be independently regulated. 
There are also nearly twenty cold cupboards, bar- 





necessary control-valves. A large central water-|49 and 50, above, are driven from the tail-rods 


cooler, controlled by the machine, is also installed 
near the main provision-chambers, and a system 
of iced-water pipes is provided and fitted with 
numerous draw-off valves for the use of passengers 
and in the pantries. 

The general arrangement of the plant is shown 
in Figs. 38 to 40, on Plate XOII. The horizontal 
compound duplex refrigerating - machine is illus- 
trated on Plate XCIII. The perspective view, 





| respectively of a high and of a low-pressure steam- 


cylinder. The crank-shaft is in two portions, 
coupled in the centre, and runs in four main 
bearings. Two fly-wheels are fitted, one at the 
outer end of each shaft. A complete system of 
steam-valves and cross-over pipes is provided, and 
fitted so that the engine can work compound, by 
uncoupling the crank-shaft, or as two separate 
engines, each steam-cylinder driving its own com- 
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pressor independently. In the tank base u 

which the machine is mounted are two independent 
CO, gas-condensers, one connected to each com- 
pressor. The machine is the full equivalent of two 
independent machines, which may be worked to- 
gether or separately. Either half of the machine 
is capable of providing the whole of the refrigera- 
tion necessary. The compressors are of the makers’ 
special design, and for which they claim several 
advantages. An outer cast-steel casing, having 
flanged feet, by which it is securely bolted down 
to the tank base, is fitted with an inner liner 
readily removable and forming the working 
bore. Two wrought-steel heads are bolted, one 
to the front and one to the rear end, and in 
these are fitted hard-steel suction and delivery 
valves and cages. The front head carries the 
stuffing-box. Wrought-steel breeches pieces con- 
nect the heads together. All covers are bolted 
on, no paw my ol being used. The piston has 
metallic packing, having a series of fine cast-iron 
rings alternating with bull rings or carriers, the 





stand-by. The brine-distributing arrangements 
are specially designed and arran; for the maxi- 
mum convenience, and to ensure perfect control in 
every part. 

The chambers, illustrated by Figs. 41, 46, and 48, 
are cooled direct by brine-piping arranged round the 
sides, ends, and overhead in the various compart- 
ments. Each compartment is absolutely indepen- 
dent. The whole of the piping is galvanised exter- 
nally, and is of 1}-in. bore, lap-welded wrought- 
iron tube, bent by special hydraulic machinery and 
electrically welded into continuous grids of dimen- 
sions to suit the various chambers so fitted. The 
brine is circulated in entirely - closed circuits. 
There are no open tanks. There is consequently 
little or no loss of brine and no aeration. 
system, once solidly full, remains so. All the 
cooling surface is efficient and the circulation free. 
A small tank is provided for using the calcium- 
chloride brine for charging. All piping, where 
passing through water-tight bulkheads, is fitted 
with stufting-boxes, which make water-tight joints 





revenue, to have a series of cabins on each side 
of the ship, is that only one cabin—the outer—can 
have natural light and ventilation. We have 
already indicated the ingenious method devised by 
Mr. Booth to afford this advantage to three rows 
of cabins on each side of ‘*C” deck, but the 
application was necessarily limited to the rooms 
immediately under the promenade-deck. Where 
there is more than one room on each side of 
the ship, other methods had to be adopted. The 
difficulty of a general treatment is that the 

senger occupying an outer room desires highly. 
heated air, whereas those in inner rooms generally 
need a supply of air at a less temperature. It was 
decided.to provide a heated-air supply to the inner 


The | first and second-class state-rooms only ; the outer 


state-rooms have each a steam-radiator ; and thus 
the air supplied to the inner rooms may be of a 
temperature considerably less than that which can 
be attained by the steam-radiators (60 deg.). 

Again, an independent series of trunks exhausts 
air from central positions, principally in the alley- 













































































































































































Fie. 51. 
EXHAUSTING AIR 


whole being kept in place by a ——~ junk-ring head, 
which it is impossible to slack back so long as the 
piston is in the bore of the cylinder. The com- 
pressor glands are packed with a metallic packing, 
no pressure lubricators being fitted, but instead a 
simple drop-feed oil-cup. With this arrangement 
much less oil is used. rought-steel traps are pro- 
vided to prevent any oil — into the condenser. 
The condenser coils are of solid-drawn tube with- 
drawable from the end of the tank base. The 
headers are of forged steel, and the shut-off or stop- 
valves are arranged as far as possible in the headers. 
Cross-connections are provided, so that either com- 

ressor can deliver into both condensers and draw 
rom both evaporators. The engine normally is 
— with steam at reduced ure—about 
120 lb. per sq. in., but the steam-cylinders are of 
sufficient strength and of suitable construction to 


work with full boiler ure if necessary. The 
steam-glands are packed with United States metallic 
packing. 


The water supply for the CO, condensers is cir- 
culated by a horizontal duplex pump fitted in the 
refrigerating engine-room; an auxiliary supply is 
arranged from the ship’s fire-main. Two indepen- 
dent CO, evaporators of the vertical type are fitted 
in an insulated chamber partitioned off from the 
refrigerating engine-room. Three horizontal duplex 
brine-circulating pumps are provided. These are 
interchangeably connected, but in ordinary work 
one of the pumps is used for circulating the brine 
in connection with the main provision-chambers ; a 
second one circulates the brine supply to the cold 
cupboards, bar - refrigerators, water-cooler, and 
auxiliary coolers generally ; the third pump is a 
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Fie. 52. Taermo-Tank Unirlror Supriyine Heatep Arr. 


while allowing the pipe slight freedom to move. 
Several of the main provision-rooms are fitted with 
beef-rails and hooks for hanging meat, and a com- 
plete outfit of shelving and other usual fittings are 

rovided. The cold chambers have been insulated 

y the shipbuilders, Messrs. John Brown and Co., 
Limited, the insulating material used being granu- 
lated cork, and the latest construction followed. 
The net cubic capacity inside insulation of the cold 
chambers is over 18,000 cub. ft., and in addition 
there are the various auxiliary refrigerators, many 
of which are of large capacity. The machine has a 
refrigerating power of 30 tons ef ice per twenty- 
four hours. 





VENTILATION AND HEATING. 


For dealing with the provisions made for the 
comfort of those who go down to the sea in the 
Aquitania, we may begin with the all-important 
question of the ventilation and heating of the 
habitable quarters of the ship. The success 
achieved in the Lusitania and Mauretania has only 
been looked upon as an incentive to further 
improvement in this The thermo-tank 
system has here also been adopted, but important 
developments have followed a careful observation 
of results on the earlier ships. One of the 
difficulties in large steamships, where, owing to 
the great beam, it is necessary, in the interests of 














ways, instead of exhaust ctions being made 
to each cabin. Experience has shown that when 
this latter system is adopted there is a _— 
of the supply being short-circuited and entering 
the exhaust-trunk without adequate circulation in 
the room. Under the new conditions there is in- 
duced through the rooms a diffused current to the 
exhaust outlet in the alleyways, and at the same 
time each passenger has control over the volume of 
air entering through the supply-pipes. In summer 
the supply air is cooled, and in winter it is heated, 
in thermo-tank units. In the earlier ships these were 
placed on the boat-deck, but it was felt that in 
severe weather this position was inconvenient ; as 
at the very time when everything was shut down 
and favourable ventilating conditions demanded, 
there was possibility of the plant not receiving the 
requisite attention. The apparatus for cooling and 
heating the air was therefore placed in a more 
accessible ition. Fig. 51 is a section of 4 
thermo-tank heating unit, with the valves set for 
exhausting air ; while Fig. 52 shows a thermo-tank 
ventilating unit used ‘for supplying moderately 
heated air. Other units are igned for a 
moderate degree of heating with a high rate of 
change of air. Normally, the aim is to change 
the air at the rate of from six to ten times per 
hour, according to the character and location of 
the compartment ventilated. : 
The installation consiste of nearly 100 units, 
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which are of standard size, being interchangeable 
as far as ible. The various units are designed 
to give the necessary heat when using exhaust 
steam, circulation being provided by a connection 
to the auxiliary condenser to ensure that all the 
drain-taps will be kept free of condensed water. 
An auxiliary supply of steam at a pressure of 
30 lb. per sq. in. is ided when exhaust steam 





is not obtainable. In the third-class quarters the 
practice has been to deliver the warm or cold air 
generally throughout the accommodation, and not 
into each room, and this has been found quite satis- 
factory. Insome parts of the ship, for instance, in 
the lower-deck space adjoining the boiler-room, the 
cold air distribution only is applied, as, even in the 
winter, the normal tem ture there does not re- 
quire any artificial heating. In addition to the warm 
or cold air supply from the thermo-tank units, inde- 


| 
| 





pendent fans are provided for exhausting air from 
all lavatories and bath-rooms in the vicinity of the | 





(GA) 








is of a storage capacity of 400 gallons. The casing 
is of mild steel, galvanised, and it is fitted with a 
battery of tubes capable of raising 2500 gallons 
of water per hour from 70 deg. to 170 deg. Fahr., 
using exhaust steam at 15 lb. pressure. The other 
two ‘ie a somewhat smaller storage — 
They are illustrated in Figs. 53 to 58, subjoined. Of 
these, Figs. 53 and 54 relate directly to an apparatus 
having a storage capacity of about 200 gallons, and 
having heating surface in the form of Row indented 
tubes, sufficient to raise 2600 gullons of water per 
hour from 50 deg. to 160 deg. Fahr., employing 
exhaust steam at only 5 lb. pressure per sq. in. 
Fig. 58 shows a longitudinal section of the third 
calorifier, which is similar to the preceding, except 
that the battery of heating tubes is smaller, its duty 
being 2500 gallons ‘’ hour raised from 50 deg. to 
160 deg. Fahr., with, in this case, live steam at 
180 lb. pressure. 

The main dimensions of these two calorifiers are 





4 Return 


Fig. 54. 


Fies. 53 ro 58. Royie’s CaLoririers FoR Provipinc Hor Water ror 


habitable quarters of the ship, the change of air 
in these spaces being based upon the volume of 
the passenger accommodation in their vicinity. 
Special care has also been taken to arrange that 
the entering air should be kept well away from 
boiler, engine, and galley-casings, where the air is 
liable to be heated by radiation from these places. 
The main trunks are carried down special vertical 
trunks built into the hull of the ship. On the 
other hand, the exhaust-trunks are, in most cases, 
led up the boiler-casings, where any heating is not 
detrimental to the system. 





SANITATION. 


The question of sanitation has had equally care- 
ful treatment, but the only point to which refer- 
ence need here be made is to the supply of hot 
water for domestic purposes. The hot water is 
laid on to all the principal first-class state-rooms. 
The water is provided by three Royle’s calori- 
fiers, fitted with Row’s indented tubes. and 
from these passes to the supply-tanks (fitted 
with the necessary valves) on the boat - deck, 
being distributed thence through a series of 
mains and drainage pipes. One of the calorifiers 


identical. The details shown in Figs. 55,56,and 57 are 
common to both. They both have casings of copper, 
and these, together with that first decatbad, were all 
tested under hydraulic pressure of 100 1b. per sq. in. 
before installation. three calorifiers are “fitted 
with Royle’s automatic temperature control, regu- 
lating the supply of steam so that a constant water 
temperature is maintained. This control is effected 
by the movement of a bent rod or ‘‘ bow-string ” 
bar fixed at its extremities to the body of the 
calorifier. It will be evident that the expansion or 
contraction of the calorifier body, under any altera- 
tion of water temperature, will materially alter the 
deflection of a bent bar fixed in this way. This 
change is utilised to operate directly a steam control- 
valve. Expansion of the body straightens out the 
rod and depresses the stem of the control-valve, 
closing the supply in proportion to the tempera- 
ture reached by the water. On the other hand, a 
contraction of the calorifier body due to the pre- 
sence of a large amount of cold water increases the 
er ey of the bar. This relieves the steam-valve, 
which opens, supplying a greater quantity of steam. 
This catent rh proved very sensitive, and the 
steam supply is regulated with such nicety when 
properly set that the water temperature is main- 
tained practically constant. 





THE ELECTRICAL EQUIPMENT. 

Electricity is very extensively utilised on board 
the ship for a great variety oF page and the 
electric generating station located on deck between 
two of the boiler-rooms, as shown in Fig. 23, on 
Plate LXXXVIII., has a total capacity of 1600 kw. 
The general arrangement of the station is shown 
in Figs. 59 and 60, on page 738, while an emergency 
station, with a Diesel-oil-engine driven generator is 
fitted on the promenade (‘‘A”) deck, as shown in 
Fig. 26, on Plate LXX XIX. The general arrange- 
ment of this latter installation, with oil-tanks, com- 
pressed-air bottles, &c., is shown by Figs. 65 to 67, 
on page 739. It will be seen that this emergency 
set is entirely self-contained. 

The main generating plant, of the British West- 
inghouse type, consists of four 400-kw., 1500 revo- 
lutions per minute, 225-volt direct-current turbo- 
generator sets, with slip-rings and static-balancers 


4 Flow 








Domestic Purposgs. 


for three-wire distribution. The static-balancers 
have been designed to deal with an out-of-balance 
current in the middle wire equal to 12 per cent. of 
the full-load current of the machines. A perspec- 
tive view of one of the sets is shown in Fig. 64, on 
Plate XCV., and other views of turbine and gene- 
rator aré given in Figs. 61 to 63, on the same plate. 
Each set has three bearings and is mounted on its 
own bed-plate, which contains an oil-pumping and 
cooling system for supplying oil to alt the movi 
parts. The turbine is capable of dealing with 
loads up to 25 per cent. overload when supplied with 
steam at 150 lb. ge . in. and exhausting against a 
back pressure of 2U lb. per sq. in. absolute. The 
turbines are of the Westinghouse Company’s stan- 
dard impulse type, cons eee rotating wheels, 
each carrying two rows of blades. The impulse type 
of turbine is very short, gg yd the rotating 
element is absolutely rigid. e clearances, too, 
between rotating and stationary are large, 
and this construction, coupled with the fact that 
the cylinder is not subjected to high ures 
and temperatures, with their consequent distortion, 
makes this type of machine reliable. Each turbine 
is complete with its own a and emergency or 
** runaway” governor, which is arranged to cut off 





the steam supply should the speed rise more than 
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10 per cent. above the normal, The generators’ supply air to the brush-gear. Each generator is| flan 
are fitted with the Westinghouse Company’s well- fitted with fans capable of forcing a sufficient w 

known radial commutator and ventilated brush- | quantity of air through the machine to keep the 
gear. This type of commutator, in addition to| temperature of all the parts within the specified 
nosing | more cooling surface, decreases the | rise—namely, not more than 40 deg. Cent. above 


ength of the machine, and as the brushes bear on the surrounding atmosphere. 


radial surfaces, all tendencies towards chattering | 
or vibration of the brushes on the commutator ‘‘A” 
faces, are entirely eliminated. The slip-rings for 


| Diesel engi 


The emergency set, located at the after end of 
deck, consists of a 45-brake-horse-power 


on the end of the shaft. 
d enable other of air-compressors to be 
| used if necessary. @ air-compressor used, and 
shown in the illustrations, is of the Mirrlees design 
and manufacture. 
The cam-shaft is carried along the top of the 
berate and is driven by a vertical shaft or 
he ew-gear from the crank-shaft. The valves are 


This arrangement 





e by Messrs. Mirrlees, Bickerton and | carried in the cylinder heads, as illustrated to a 


the middle-wire connection are situated at the Day, coupled to a Westinghouse 30-kw. generator. | large scale in Fig. 71. This arrangement allows of 


Fig. 69 

















Fies, 59 anp 60. GeneRat ARRANGEMENT OF Exectric Power-Sration. 


turbine end of the generator. From these slip- 
rings connections are made to static-balancing 
transformers, the middle point of each transformer 
being connected to the middle-wire bus-bar. As 
shown on the elevation of the power-station, Fig. 59, 
a complete ventilating installation has been pro- 
vided by the shipbuilders for ventilating these 
generators, the air being conveyed from the top 
deck in sheet-steel ducts, which are laid below 
the bed-plates of the generators, special in-take 
pipes being provided at the turbine ends of; the 

nerators to supply air to thel{armature and 
feld, and at the out’ end?of theSgenerator to 


The engine, which is illustrated in Figs. 68 to 72, 
|on Plate XCVI., has three cylinders, 8 in. in dia- 


meter by 9 in. stroke, and runs at 450 revolutions | 
per minute. It is of the standard Mirrless enclosed | 


‘type, and the general lines of its construction will be 
easily followed from our illustrations. Messrs. 
Mirrlees build up all their engines from standard 


parts, and each cylinder, piston, upper portion of | 


the crank-case or other part in the engine is inter- 
changeable with its fellows. Even crank-shafts 
standardised, and it will be noted that the air-com- 
r shown at the left-hand end of the engine in 
‘Figs 68 and 70 is driven from a erank bolted on tos 


very fine clearances. The inlet and exhaust-valves 
|are of nickel steel, and have renewable seatings. 
This arrangement has the conveniences that the 
valve-seats may be made of hard material which 
| would not be suitable for the cylinder heads, and 
at the same time allows all grinding-in to be 
done at leisure by removing a worn seat and re- 
placing it by a new one, so that the engine has not 
_to be stopped while the grinding is being carried 
out. The fuel-valve is of the ordinary needle type, 
and is shown between the inlet and exhaust-valves 
in Fig. 71. The fuel injection is varied in terms 
id Ge ol ing the length of time 
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during which the pump-delivery valve is open, by| wire system. The main cables are divided into|turbine-casings; four motors are employed for 
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means of the governor. The stroke of the pump| port and starboard circuits, and are carried on | driving lathes, shaping-machine, and radial drills 


does not alter. The air-compressor, as we have 
already said, is of the firm’s own manufacture. It| along ‘“‘G” deck. Ten pairs of cables carry current 
can be seen in section in Fig. 68. It is of the| to auxiliary switch 8, from which the lighting, 
two-stage type with an intercooler between the | ship-ventilating fans, and other power-consuming 
stages. The valves are divided up into a number | devices are supplied. Separate mains are run to 
of small units. The engine cylinders are, of course, | each fan-fiat for supplying power to the fourteen 
furnished with the usual starting-valves. Forced | forced-dra ht fans, a to the engine-room for 
lubrication is used. The type of connecting-rods | ventilating-fans, turbine turning. and lifting-gear 
used and other details will seen from the illus- | motors, motors for boat-davits, galley machinery, 
trations, one of the pistons being detailed to a large , &. 
scale in Fig. 72. | The total number of motors fitted throughout 
The main switchboard, which measures 43 ft. 8 in. | the ship is close upon 180, and these ranye in size 









porcelain insulators, protected by wood casing, |in the workshop, and a 27-horse-power motor is 


employed for driving a centrifugal pump for supply- 


_ing water to the sanitary tanks. For the ventila- 
tion of the engine-room and fan-flats there are 
| twenty-six motor-driven Keith Blackman fans. 
| Electrically-driven passenger and stores lifts to 
|the number of ten in all have been fitted. Five 


| of these lifts are for the use of passengers, two for 

baggage, and three for stores and serving pantries. 
/On the boat-deck aft is fitted an installation o/ 
| Welin davit boat-control gear, operated by two 
| specially 30-horse-power motors. Tw 
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Fies, 65 to 67. GENERAL ARRANGEMENT OF Emercency Exiectric GENERATING STATION 
on PromenaDe Deck (‘‘A”), 


in length, is placed on the same platform as the|from 50 brake horse-power for the boiler-room 
main turbo-generators, immediately in front of them. | forced-draught fans down to } horse-power for 
It is provided with electrically and hand-operated | knife-cleaners, ice-cream machines, and such-like 
overload and reverse-current circuit-breakers for apparatus in use in the galleys. The total horse- 
the dynamos, and double-pole overload circuit-| power in motors aggregates slightly over 2000. 
breakers for each of the twenty-four feeder-cir- With one or two exceptions all motors are wound 
cuits, all having time-limit justing devices. | for 220 volts, and are connected to the outers of 
In addition to these protecting devices, a full; the three-wire system, while lighting circuits are 
range of ammeters, paralleling and bus-bar volt-| supplied with current at 110 volte, the load taken 
meters, mid-wire and out-of-balance ammeters, earth | by these circuits being as nearly as possible 
testing lamps, and other necessary yee for| balanced on either side of the middle wire and 

—— the dynamos in parallel and controlling outers of the system. 
© circuits supplied by them, is provided on this Among the more important electrically-driven 
board. : |machinery may be mentioned the following :—In 
The installation, which is by Messrs. Martin, the engine-room, motors of 30 and 40 horse-power 
Ww, 18, as y mentioned, on the three: are employed fer turbine-roter turning and raising 
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turret-cranes for lifting baggage on board, operated 
through ‘‘ Crypto” gear by 18 - horse , aewer 
motors, are situated one on each side of the 
ship, in the vicinity of the second-class quarters. 
Electrically-driven thermo-tanks, cold-air supply, 
and exhaust-fans to the number of 88, and 
ting 387 horse-power, are provided for 
ventilating and heating al! quarters of the ship. 

As already stated, the bulkhead doors are 
operated by BE ase power from the bridge, but 
information as to whether each door is open or 
closed is automatically registered on two indicators, 
consisting of small electric lamps showing through 
ey a framed plan of the ship, one on the 
lower bridge, and the other above the engine-room 
——e 

The whistles are electrically controlled on the 
Willett-Bruce principle. The position of the 
rudder is indicated on the bridge by an Evershed 
electric helm-indicator. The sounding-machine, by 
Kelvin, Bottomley and Baird, is operated by an 
electromotor. 

Submarine signalling apparatus is fitted, the re- 
ceivers being P in a small telephone cabinet 
on the captain’s bridge. Electric clocks, on Gent's 

etic system, and supplied by Messrs. Edward 
and Sons, are fitted throughout the ship, all the 
dials being controlled by a master-clock placed in 
the chart-room. Loud-s ing telephones are 
employed for communication between the bridge, 
engine-room, crow’s-nest, poop, forecastle, turbo- 
generator room, pump-room, and steering gear, 
while intercommunication telephones are installed 
for the use of the captain, chief engineer, chief 
steward, purser, doctor, and other officers. 

It need hardly be mentioned that the installation 
of wireless telegraphy by the Marconi Company 
is of their latest and most powerful type. Tho 
internal lighting of the ship is almost entirely by 
metal-filament carbon-filament lamps being 
only employed where rough handlirg is to be 
expected, such as for portable lamps in engine- 
rooms, coaling reflectors, and such-like. Speci 
lighting is provided on the boat-deck for illumi- 
nating the boats. These are, of coursé, connected 
to the emergency lighting-circuits. The total 
number of lamps fitted is close upon 10,000. 

An extensive system of automatic and hand- 
operated fire-alarms, eomsisting of fifty-eight sta: 
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tions with indicator and key-plan fitted in a case on 
the captain’s bridge, has been installed. 

Electricity is much in evidence in the galleys 
and pantries for grills, hot-plates, dough-mixers, 
dish-washers, toasters, egg-whisks, potato-peelers, 
and such-like culinary apparatus. 

As regards the cabin bells, an interesting feature 
is the arrangement for notifying stewards and 
stewardesses during the night of the calls of the 
passengers without disturbing anyone. For this 
purpose a special signal is provided for notifying 
the steward in his own cabin, while opposite each 
indicator-board in the alleyway is a three-sided 
light, which is illumined instead of the bell being 
rung to direct attention to any one of the indicators 
on the board. One of the three lights is white, 
and shines only on the indicator-board ; the other 
two, looking forward and aft, are red, and these 
apprize the steward or stewardess of the indicator 
which is affected by the call of the passenger. 





THE NAVIGATION OF THE SHIP. 


Every provision has been made to bring the 
navigating officer into touch with every event which 

















Ketvin’s VerticaL Carp Compass. 


may transpire in the course of the navigation of the 
ship. The navigation bridge is practically on the 
same level as the ** A’ deck, and on it there are 
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wer-station and other parts, as already described | of the ship under the water-line. The whistle 
in connection with the use of electricity. is electrically operated, and the fog-horn has gear 

An interesting development has been made in| for bringing it into use at the will of the captain or 
the design of all the compasses in the introduction | at required periods of time during a continued fog. 
of Kelvin’s ‘‘ vertical card compass,” shown in the | Before dealing with the main navigation-bridge, it 
illustration annexed. This consists of an optical | may be said that there is a counterpart of this upper 
device contained within the hood of the binnacle, bridge a aft, principally for docking and un- 
and bya lens and mirror an image of the compass docking the ship, and both bridges are in communi- 
card is thrown upon a screen so as to appear ver- cation by telephone and mechanical telegraph. 
tical, the size of the picture being approximately § The lower bridge is, of course, the more impor- 
6 in. by4 in. There is thus obtained a much larger tant, as here, one might say, the captain has his 
image of the card. The image is not inverted, finger on the pulse of every one of the organisms 
as is the case with the steering-prisms. The of the ship. This also is a very spacious bridge, and 
device, being entirely in the hood of the binnacle, | in the large wheel-house there are a telemotor gear, 
is totally removed when the hood is removed for compasses, and instruments similar to those on the 
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Fies. 79 anp 80. THe Buoy Pennant anp Moortwe AnNcHor. 


the wheel-house, the chart-house, and abaft that | the purpose of taking an azimuth bearing. This, bridge above ; and, again, here the captain has 


the officers’ quarters. There is, however, an upper 
bridge which is above the boat-deck level, extending 
the full width of the ship and of very ample area, as 
is indicated hy the perspective view of it in Fig. 11, 


leaves the bowl with an absolutely clear surface, so under his control and observation the opening or 
| that it can be used with an azimuth mirror. Owing | closing of the bulkhead doors. There are sections 
‘to the larger size of the image, the steersman can | and plans of the ship with each door marked, and 


get the complete orientation of his card from the discs show the position of the door. As already 


Plate LXXXVII. As will be seen, on this bridge | magnified image. The steersman obtains a full explained, there are two circuits, which ensure 


are the telegraphs to each of the turbine-rooms 
(with instruments showing the direction and rate 
of revolution of each of the turbines), and to the 
capstans and windlass-gear stations, while tele- 
phones are provided to the look-out on the bow and 
furemast as well as to the engine-rooms, electric 


\view of his entire card through the ordinary a larger measure of safety without interfering 


aperture at the same time that he is obtaining the with the working of the ship. The captain has, 
magnified image in the vertical plane. - | moreover, under full observation the mechanism 

On a slightly raised platform is a steering- wheel, for communicating any outbreak of fire, as well as 
with the telemotor gear for actuating the main | the command of the means of combatting such out- 
steering-engine, situated at the extreme after end break. There is also cabinet to listen for sub- 
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marine signals. An indicator, too, shows the actual 
movements of the rudder in response to the turn- 
ing of the wheel. Thus the officer in charge is in 
control of the whole of the movements of the ship. 

The steering-engines are controlled from the 
navigating-bridge and also from the docking: bridge 
aft by a complete telemotor installation, shown on 
page 740, Figs. 77and 78. The navigating-bridge is 
provided with two telemotor transmitters, arranged 
so that either may be clutched to the steering: wheel 
fitted on a pedestal adjacent to the compass, or to a 
steering-wheel fitted on a pedestal on the fiying- 
bridge. On the docking-bridge aft there is placed 
a third telemotor transmitter. Each transmitter 
has an independent lead of piping to a group of 
change-valves in the main steering compartment, 
these change-valves permitting the connection of 
each transmitter to the motor cylinder at the main 
or auxiliary steering-engines. 

The steering-gear has been designed and manu- 
factured by Messrs. Brown Brothers and Co, 
Limited, of Edinburgh, and the main gear is of 
their well-known steam-tiller type, modified and 
arranged to suit the exceptional dimensions and 
requirements of the ship. It is illustrated on 
Plate XCVII. The whole of the gear is placed 
well below the water-line, the position being 
shown on the deck plan, Fig. 23, on Plate 
LXXXVIII. Owing to the very fine lines of the 
ship it has been necessary to place the tiller on a 
dummy-post (some 47 ft. forward of the rudder 
crosshead), and to use an intermediate dummy-post 
and crosshead to carry the rods which connect the 
tiller to the rudder crosshead. 

The tiller, which is a steel casting, is triangular 
in plan, and is surmounted by the main steering- 
engine, which is of the makers’ enclosed type, 
having forced lubrication and water-cooled oil 
service-tank. The main engine has cylinders of 
14 in. diameter by 14 in. stroke, and is fitted with 
the makers’ improved economic valve, patent differ- 
ential valve-gear, &c. It is capyble of developing 
750 brake horse-power and exerting a torsion effort 
on the rudder-stock of 1200 ft.-tons. The rudder 
can be moved from hard-over to hard-over in 
30 seconds, The auxili steering-gear is placed 
in a compartment directly below the main gear, 
access being obtained through a water-tight hatch 
in the deck. The engine is similar to the main 
engine, all parts being interchangeable with the 
eimilar parts of the main engine. 

The drive from the auxiliary engine to the rudder 
is through massive cast-steel gearing to a vertical 
shaft, which passes through the deck to the main 
steering compartment; the pinion on this shaft 
engages with a cast-steel toothed sector, which is 
bolted on to the under side of the tiller. This 
arrangement provides large bearing surfaces, and 
gives great rigidity to the combined gears, the 
auxiliary gear being equal to the main gear both in 
power and speed. The engaging gears for the main 
and auxiliary steering engines are the makers’ 
special design of expanding clutches, and can be 
operated from either a ea or from 
the steering gear trunk at the level of the upper 
deck. Clutches and control-gears are arranged to 
allow the change over from main to auxiliary gear, 
or vice versd, to be ormed independent of the 
position of the steering-gear, and the change over 
can be made with the ship in a heavy sea with ease 
and absolute safety. Control and clutch connec- 
tions are designed to permit the change from 
main steering engine to auxiliary steering engine. 
or vice a. ing effected without any Pr 
entering either steering-engine compartment, thus 
allowing the gear to be operated though either 
compartment were flooded, or otherwise inacces- 
sible, a method unobtainable in any other vessel, 
excepting the Mauretania and Lusitania, which are 
fitted with similar control and elutch mechanism. 
Mechanically-operated control gear is also fitted in 
each steering-engine compartment. 





MOORING AND ANCHOR GEAR. 


The question of supplying suitable cables, 
anchors, and harbour moorings for a vessel of 
this size and weight was a serious problem and 
entailed careful consideration. The firms who 
could be relied upon to make cables of the size and 

uality necessary being limited, it was eventually 
decided to entrust the manufacture of the cables 
to Mesers. Brown, Lenox and Co., Limited, who 
ade the first ship's cablos for the Admiralty about 
a hundred yoars ago. More recently they have 


completed some specially heavy harbour moorings 
for the Admiralty, the tests of which gave remark- 
able results ; each of a large number of samples, 
cut from the cables for the destruction test, with- 
stood the limit strain of the testing-machine, 
350 tons, and consequently could not be broken. 

The total length of ship’s cable made for the 
Aquitania is 330 fathoms, and the weight 126 
tons. Thelinks vary in size from 3% in. nominally, 
but are actually 4 in. to 48 in. iu diameter. The 
iron for the cables was ordered from Messrs. 
Hingley and Sons, and is of their highest Admiralty 
quality. ‘The anchors selected were Hall’s latest 
improved patent, and were manufactured by 
Messrs. Hingley. Fig. 81, page 741, shows three of 
the anchors, each of 11 tons. 

As this great ship has to be moored periodically 
in the Mersey, the buoy moorings were of immense 
importance, as on the strength and reliability of 
her moorings and cables depended the security of 
the ship. Messrs. Brown, Lenox, who have 
made a speciality of buoy moorings, and who 
have recently manufactured (by an entirely new 
process, rengered necessary by the increased 
size) specially large moorings for the British Admi- 
ralty, were called in to inspect, and, where neces- 
sary, alter and strengthen their buoy moorings for 
the Lusitania and scene and described in 
ENGINEERING, November 8, 1907. This was done, 
and it may be mentioned that the new buoy 
pendant they have recently supplied (which is illus- 
trated in Fig. 79, on page 740) is the largest 
chain ever manufactured, as it is beyond doubt 
the most important; the iron in the links for the 
most part is 5g in. in diameter, and the swivel in 
the centre weighs 10 cwt. The mooring anchor, 
Fig. 80, on page 740, by the same firm, weighing 
over 12 tons, is connected to the buoy pendant 
by Admiralty-pattern square mooring-chain. 

Theanchor and warping-gears, by Messrs. Napier, 
are illustrated on pages 741 and 744; but in the plans 
of the general arrangement only one-half is shown, 
usually for the port side; the arrangement on 
the starboard side is exactly the same. The posi- 
tion of the gear on board is shown on the deck 
plans (Fig. 28, on Plate LXXXIX.). The anchor 
gears, which are of the well-known Napier type, 
consist of two cable-holders, suitable for working 
3%-in. diameter stud-link chain cable, which are 
mounted on the forecastle head, and are driven 
from the deck below by two 21-in. by 14-in. double- 
cylindered engines through worm gearing, and are 
capable of heaving both anchors at a speed of 
50 ft. per minute. These are clearly shown on 
page 741, the plan showing only the port half 
of the gear. The forward warping-gear consists of 
four capstans mounted on the forecastle head. 
Two of these are driven through bevel gearing from 
the windlass engines, and are each capable of lift- 
ing 30 tons at full speed. The other two are driven 
by independent 15-in. by 12-in. double-cylinder 
engines through spur and bevel gearing from the 
~¥ poe and are each capable of lifting 25 tons 
at full s > 

In addition to the above, there is a special 
mooring gear consisting of two cable - holders 
for the 3{-in. cables, placed forward of the inde- 
pendent warping capstan engines, and driven by 
them through worm ing. This gear is for use 
when the vessel is moored in the Mersey, or other 
confined waters, and is shown in Figs. 85 and 86, 
on page 744. Each of the forward anchor and 
mooring-gear cable-holders is fitted with powerful 
Napier patent differential self-holding brakes, which 
are unexcelled for their holding power where 
heavy loads have to be dealt with in a limited space, 


their special virtue being that it is the load which | speeds 


governs the grip, so that once a brake is put in 
gear it can be safely left alone, no matter how 
severe the weather may get, as the greater the 
stress on the cable the tighter it is held. 

The amidships warping-gear consists of two 
capstans fitted on the shelter-deck, and driven from 
the deck below by independent 15-in. by 12-in. 
double-cylinder engines through r and bevel 

i ey each ca _- capable of "ies. 87 
tong at full speed. The aft warping-gear (Figs. 
to $9) consists of two ca on the shelter-deck, 
driven from the deck below by independent 17-in. 
by 12-in. double-cylinder engines h spur and 


bevel gearing, and each capstan is capable of lifting 
30 tons at speed. The gears throughout are so 
designed as to ensure an ample margin of strength, 


and are the result of Messrs. Napier’s experience 





dating over half a century. Cast steel is used 





wherever possible, and the worm-wheel rims are of 
gun-metal. All the gear-wheels are machine-cut, as 
has been the firm’s practice for the last thirty years. 





CARGO AND BAGGAGE CRANES AND 
HOISTS. 


Asshown on the deck plans on Plates LXXXIX. 
and XC., there are three cargo holds forward, 
and in connection with these are six cargo and 
warping-winches of the silent type, by Messrs. 
Wilson, of Liverpool, placed on the ‘*C” deck. 
The mail and e-rooms are aft. The cranes 
resemble those fitted in earlier Cunard liners, and 
have been illustrated and described in earlier 
volumes of ENGINEERING. 

On Plate XCVIII. there is illustrated one of two 
Babcock and Wilcox cranes fitted aft on ‘*B” 
deck for handling baggage, light goods, and mails. 
They are capable of dealing with loads up to 
30 cwt., lifting at a speed of 120 ft. per minute 
and slewing at 300 ft. per minute. The main struc- 
ture for carrying the column consists of a conical 
mild-steel casing, in which is fitted all the machi- 
nery and electrical appliances. The column is 
built of steel, ing a light channel-steel jib at 
a fixed radius of 21 ft.6in. The casing is fixed 
directly on to the deck, and has fitted in the top 
of it a race-path and live ring of rollers for support- 
ing the column: the foot of the column being 
carried on a ball-race at the bottom of the casing. 
The casing is fitted with large hinged water-tight 
doors, so that the machinery is always accessible 
for inspection and repairs. The general design 
enables the cranes to be very easily fitted to a 
ship, as they are entirely self-contamed and the 
weight is distributed over a large area of the 
deck. The hoisting-gear is of the well-known 
Babcock and Wilcox patent type, consisting of a 
compound motor, operating the hoisting - barrel 
through ‘‘Crypto” gear and the mechanical self- 
sustaining brake. ‘This combination enables the 
cranes to be handled by inexperienced operators 
with the least possible chance of causing damage, 
either to the goods or cranes. The cranes are 
operated from a small platform attached to the 
side of the column, so that the operator is always 
facing the load he is lifting. 

In addition to those already described, Messrs. 
Chambers, Scott and Co., have supplied electrically- 
driven hoists, one of which is illustrated in Fig. 37, 
on Plate XCI. The operating gear is mounted on 
a bulkhead close by the hatchway, and the load is 
carried by a special non-rotating wire rope, with 
safety-hook, working over a derrick-block. The 
gear consists of a specially-gr: oved drum, driven 
through worm reduction-gearing by an enclosed 
motor on a bed-plate, and operated by a reversing 
drum-controller. A self-sustaining electro-mecha- 
nical brake is provided, electrically interlocked 
with the controller, so that it is entirely auto- 
matic in action, and is capable of holding the 
maximum load under all conditions. The gear- 
ing runs in an oil-casing, fitted with gun-metal 
and ball bearings. The wheel has a phosphor- 
bronze rim, a worm of forged steel, and the 
teeth are machine-cut from solid metal. Pro- 
vision is made for access to all the parts. The 
motor is totally enclosed, series wound, to give 
automatic speed variation, and is equipped with 
self-oiling bearings and compensating carbon-brush 
gear, with covers over the commutator. A starting, 
reversing, and 58 -regulating drum-controller, 
with crank-handle, is employed for lifting and 
lowering, and this is equipped with renewable con- 
tacts and non-corrosive grids giving a wide series of 
and full control at all loads. All bearings 
are fitted with gun-metal bushes and lubricators, 
and a safety ironclad switch and fuse are provided 
for the protection of the gear. 





THE PERSONNEL OF THE SHIP. 


The Aquitania is commanded by Captain Turner, 
formerly of the Lusitania and the Commodore of 
the Cunard fleet. He has had great experience in 
the management of the company’s large liners, and 
the fullest reliance may be p in his ability and 
caution. With him are two commanders, so that 
one will always be on the bridge. Nearly all the 
members of his staff of seven officers have captain's 
certificates. ual care has been taken in the 
choice of the officers in charge of the powerful 
machinery in the ship. The chief engineer is 


Mr. Bryce, who has been thirty years in the service 
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of the Cunard Company, his last ship having been 
the Lusitania. Moreover, he has all the qualities 
which heredity bring, as his father was forty years 
an engineer in the Cunard liners. His staff of 
thirty-four officers are all tried and qualified men, 
many of them with chief's certificates. We subjoin 
a full list of the complement of the ship :— 
Ship’s Complement. 

Captain and staff-captains = 

Officers - se ee 

Engineers and chief 

Refrigeration engineer 

Seamen and boys 

Quartermasters an 

Boatswain and mates 

Carpenters and joiners 

Lamp-trimmer and yeoman 

Inspector and interpreter. . 

Bandsmen .. ie os 


Firemen 

Trimmers = 

Leading firemen 

Greasers aa 

Doctors 

Purser .. - 

Assistant pursers 

Chief steward 

Second stewards : 
Third steward “a in 
Second-class steward, chief 
Chef .. te a és 


mo 
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Typists wr 
Marconi operators .. 
Leading stewards .. 
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Stew: ee ae an “ o - .. 862 
Assistant stewards .. ms oa es os .. 64 
Butchers and bakers as sie ca és i 
Junior bakers - He i és e ee 
Leading cooks es on EA “a cs SW 
Chief baker and confectioner’ .. oe “ * 2 
Cooks .. oe ee - oe ‘ ; 28 

973 





CONCLUSION. 


Ia concluding our account of the Aquitania we 
desire to acknowledge our indebtedness to the 
Cunard Company, and especially to the chairman, 
Mr. A. A. Booth, and to Messrs. John Brown and 
Co., Limited, Clydebank, and notably to Mr. 
Thomas Bell, the chief of the Clydebank establish- 
ment, for permission to illustrate the important 
features of the vessel. To the technical officers on 
their respective staffs, and particularly Mr. W. J. 
Luke, naval director, and Commarder Wood, 
engineering manager of the builder’s firm, and 
Mr. L. Peskitt, the naval architect, Mr. A. Gal- 
braith, the engineering superintendent, and Mr. 
John Currie, of the Cunard Line, we wish also to 
express thanks for the assistance given in conduct- 
ing the writer over the ship on many occasions _— 
the progress of the construction of the vessel an 
her machinery. 





Tue Nature or Faricus Srresses.—The paper read 
last week before the Royal Society by Mr. Stromeyer, 
the Chief Engineer of the Manchester Steam-Users’ 
Association for the Prevention of Boiler Explosions, 
revives a subject which was first mooted in 1867 b 
Wohler, who explained the frequent failures of 1. 
way axles and similar objects by showing experi- 
mentally that steel and iron can be broken at com- 
paratively low stresses if these are repeated a sufficient 
number of times, their number ex: ing in some cases 
40 millions. No general law seems to have been drawn 
from these tests, or from those by Sir Benjamin Baker, 
but two years ago Mr. Stromeyer, in discussions on 
pow which were read before the Institution of Civil 
ingineers and before the Institution of Mechanical 
Engineers, mentioned experiments of his own which 
revealed a definite fatigue law, and which pointed to the 
probability of the existence of a definite fatigue limit for 
every material—i.e., a limiting stress which, if repeated 
an infinite number of times, will result in fracture. A 
knowledge of the exact value of this limit will, of course, 
be of great advantage to engineers, for it should enable 
them, as was recently done by Mr. Stromeyer at a meet- 
ing of the Institute of Naval Architects, to utilise the 
ever-accumulating experiences of failures for the 
determination of certain as yet unknown stresses. Thus 
one copper steam-pipe, which had failed on a steamer 
after being vibrated by the engines for ten years, or, say, 


150 million times, had, acsording to his formula, been | des 


subjected during that period to alternating of about 
5.27 tons per sq. in. ; whereas another copper pipe which 
failed after only four hours’ running during a heavy gale, 
must, according to his formula, have been sub to 
Ceeeeateane Streates of over. 18 tons per 6a. in. he in- 
aenation a / ed ‘ i 
Pet, al ntle., Similar’ estimates can be made for. sh, aa 
yet, unknown alternating stresses whi ve brought 
about failures of railway axles due to the long-continued 
vibrations. Mr. Stromeyer’s paper contains very im- 
portant information about the fatigue properties of 
various metals. 








NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 13. 

THE recent reduction of Lake ores to the 1912 basis 
theoretically reduces the cost of making pig-iron by 
1 dol. a ton. The Steel Corporation operated to 50 
per cent. of capacity at the opening of the year, 
gradually increased to 80 per cent., then declined to 
65 per cent. A slight general improvement has set in 
during the past week. All the tin-plate mills are now 
running at top speed, and scattered plants have 
followed suit. The Corporation’s unfulfilled orders 
are 4,272,068 tons, against 5,026,440 tons on Feb- 
ruary 1. Railroads ordered 30,000 tons of rails 
during the week. Orders for structural material for 
the week were 32,900 tons, in addition to 1019 cars, 
47 locomotives, and 22 coaches. Two large Western 
concerns have ordered 25,000 tons of pig-iron for 
summer delivery, and there is an improved general 
inquiry for iron. Bids will be received to-day for 
8000 tons for New York Subway work, and bids for 
the 15,000 tons for the Portsmouth Ohio Bridge will 
be opened before Saturday. The Steel Corporation 
has decided not to reduce the hours of the 224 per cent. 
of its employees below twelve hours. It employs in 
all 228,906 men, and paid out in the past year 
247,206,176 dols., an average of 2.85 dols. per p i 
35,026 of its employees own 146,462 shares of stock. 
Last year it paid out 2,564,839 dols. to injured work- 
men. Serious accidents have been reduced 384 per 
cent. since 1906. The reduction of prices in steel 
billets has not improved demand. Steel boiler-tubes 
are down 2 dols. per ton. Steel plate orders were 
taken this week at Pittsburg as low as 1.10 dols. in 
extreme cases, while a stronger undertone is apparent. 
Business is far from satisfactory. Consumers are 
uncertain as to the future of prices. Contracts for 
summer and autumn delivery are few. The entire 
country awaits developments. 





CHEMICAL METHOD OF WATER- 
MEASURING. 
To THE Eprtor oF ENGINEERING. 

S1r,—In several leading engineering papers* a chemical 
method of determining the consumption of water of an 
hydraulic turbine has mentioned, and this method, 
giving excellent results in cases where direct measure- 
ment of large masses would be inconvenient, is ascribed 
to Boucher. It may be of some interest to your readers 
still hesitating to determine volumes of water by chemical 
analysis to know that this method has been applied in 
Holland for several years, especially for testing large 
centrifugal pumps for surface drainage and sewers. 

he largest centrifugal pump in the world, delivering 
400 cub. m. (about 14,000 cub. ft.) per minute, has been 
tested by this method.t Besides being described in a 
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t many official reports of pump tests, the method 
as been dealt with in technical papers.+ 

A cylindrical vessel A, containing a concentrated solu- 
tion of hyposulphite of sodium, or another salt, the con- 
centration of which may be easily determined, communi- 
cates with the suction-pipe of the pump. Test-cocks B 
allow a sample of the water raised by ad om during the 
test to be taken. The vessel is quite filled by the solution. 
Then the cock R is opened, and the sinking of the level is 
observed in the gauge. en the level passes the mark 
a a stop-watch is started, and at that moment the tor 
calls to his assistant to open the test-cocks B at the dis- 
charge-pipe for the collection of samples of the raised 
water. the level of the salt solution comes to b, he 
calls to his assistant to shut the test-cocks; at the moment 
the level passes 6 he stops his watch, and then he shuts 
cock R. concentration of the salt solution in the 
vessel A, the dilution of the solution delivered by the 
pump, and the volume of the solution drawn in by the 
pump in the time noted by the stop-watch, are the data 





* Encingrrine, May 15, 1914, page 679 ; Zettschri 
Vereines Deutscher Ingenieure, August 9, 1913, pase 
1280 ; and Jan 10, 1914, page 77 ; Schweizerische Bau- 
zeitung, July 26, 1913 ; Zestschrift fiir das gesamte Tur- 
binenwesen, December 20, 1915. : 

+ De Ingenieur, 1909, 149, Uitbreiding van het 
gemaal voor het ‘Ambacht van West Friesland genaamd 
** De Vier Noorderkoggen” te Medenblik, door Jos. C. 
“t De I 7 1900, 130. Ni mevaode ter 

$ ngenteur, , page 130. Nieuwe J 
bepaling van de waterhoeveelheid geleverd door centri- 
fugesipempe door F. van Iterson. ‘ 

11. Méthode chimique pour la mesure du débit 
conduites d’eau. Par F. van Iterson. 


Génie Civil, 1904, | K 





from which the volume of water delivered by the pump 
is calculated. In Holland, where the drainage water 
always contains sodium chloride, hyposulphite of sodium 
is used, which may be titrated by a much-diluted solu- 
tion of iodine and iodide of potassium and amy] as an 
“Sunk plained tha; 1 

t may be ex > an irregularity in the flow of 
the solution ry - the cock R has no tuaue on the 
results, provided the test-cocks B are not touched during 
the time that the level sinks from a to b. 

Several times simultaneous tests have been made in 
Holland with the chemical method of water-measuring, 
and other methods, such as measuring with a weir with 
velocity-recorders, or measuring the raising of the level 
in a dammed canal, and always the chemical method 
proved to be the most reliable and convenient. 

Yours truly, 


F. van Irerson. 
Heerlen, Holland, May 24, 1914. 





“THE WEIGHT OF ELECTRIC ROLLING- 
STOCK.” 


To THe Epitor or ENGINEERING. 

Srr,—I have just finished reading your leader on 
“The Weight of Electric Rolling-Stock.” I have not 
seen Mr. O’Brien’s paper to which you refer, and would 
be glad to know if he used the same energy consumption 
per ton for the lighter as for the heavier coaches. For 
two coaches, the one lighter than the other by the 
amount it seems possible to eave, it will be found, I 
think, that the resistances per ton are materially dif- 
ferent, the heavier coach having the smaller resistance 
per ton. Calculations based on an equal resistance per 
ton seem to the writer liable to considerable error. 

Iam, yours truly, 
A. H. Sourak. 

Edmonton, Alta, Canada, April 21, 1914. 

[Mr. O’Brien in his paper assumed a constant energy 
consumption per ton, stating that the resistance was so 
eg~ d proportional to the train weight that it could 
be taken as being so for practical purposes. We took this 
assumption as in allowable for passenger stock of 
the type in question.—Eb. E.] 





FLEXIBLE TRANSMISSION OF POWER. 
To THe Eprror or ENGINEERING. 

Sim,—May I intrude upon your space in order to 
ascertain the opinions of your readers in connection with 
flexible transmission of power. It is required to transmit 
from a petrol engine of about 40 horse-power, running at 
1400 revolutions, wer to a fixed bearing-shaft, the 
engine being flexibly supported and capable of move- 
ment to the extent of about 6 in. in all directions in its 
own plane of rotation, about a mean position, and about 
2 in. axially, in the direction of the crank-shaft axis— 
that is, to and fro; the distance between the engine and 
the fixed bearing-shaft being about 2 ft. 6 in. 

I should like to know whether it would be possible 
to transmit the torque through a spiral spring 
between the engine and fixed bearing-shaft, and whether 
any of your readers have had experience with thie form 
of drive for such powersas given. It would be interest- 
ing to know what the dimensions of a helical spring 
would be to transmit 40 horse-power at 1400 revolutions, 
and whether the bending consequent upon the lateral 
movement of the engine would result in any appreciable 
power ——— t would probably be necessary to 
employ a sliding coupling, similar to the ‘plunging 
coupling” of motor-car origin, to allow for the necessary 
axial movement of the engine. 

I should feel indebted to any readers who would kindly 
oblige with their opinions. 

Yours faithfully, 
W, Jupex. 


Hurst-an-Clays, East Grinstead, May 27, 1914. 





Leorurges on Minitary Sussects.—The last two lec- 
tures of the series of Special Lectures on Military Sub- 
jects, arranged by the Military Education Committee, 
under the authority of the Senate of the University of 
London, will be delivered at the University on Wednes- 
days, June 3 and 17, at 5.30 p.m. The subject of the 
first lec’ by Major W. S. Brancker, R.A., of the War 
Office, is ‘* Aeroplane in War ;” and the subject of 
the second, by Lieut.-Colonel Neill Malcolm, D.S8.0., 
of the Staff Co , is “‘ Approach Marches.” 





TRSTIMONIALS TO ProressoR JOHN PeRRY AND Pro- 
FESSOR HARRISON.—In consequence of the recent retire- 
ment of Professor Perry, F.R.S , from the staff of the 
one Bey aE ee Semana a fund is 

ing rai or the pur expressing the a: iation 
that has been felt by hls past students oe eglllegue for 
the valuable work he has done in the teaching of mathe- 
matics and in engineering education. The committee of 


ift | this fund feel that there are many who bave great admira- 


tion for his work, and would wish to contribute towards 
the testimonial ; they hope there will be such a response 
to the appeal that they will be enabled to do something 
commensurate with the great work of Professor Perry. 
Past and present students of the Imperial College should 
also notice that another fund is bei raised for a 
testimonial to Professor J. Harrison. who wish 
to contribute to either or both of these funds are requested 
to send their subscriptions to the Hon. , Mr. 
ns Be Wrigley, M.A., Royal College of Science, South 

ensington, 8.W., from whom also further particulars 
may be obtained as to the form which the proposed 
testimonial to Professor Perry shall take. 





744 ENGINEERING. 


[May 29, 1914 . 








THE NEW CUNARD LINER “AQUITANIA.” 
(For Description, see Page 742.) . 
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THE NEW CUNARD LINER “AQUITANIA.” 


CONSTRUCTED BY MESSRS. JOHN BROWN AND CO., LIMITED, SHEFFIELD AND CLYDEBANK. 


(For Description, see Page 728.) 
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THE NEW CUNARD LINER “AQUITANIA.” 
CONSTRUCTED BY MESSRS. JOHN BROWN AND (CO., LIMITED, SHEFFIELD AND CLYDEBANK. 


(For Description, see Page 734.) 

















Fic. 46. Horizontat Compounp Dupiex ReFriGERATING-MACHINE. 
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Fic. 47. ARRANGEMENT OF Brine-Piprnc 1N Beer anp Mutton Stores. 
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THE NEW CUNARD LINER “AQUITANIA.’ 


CONSTRUCTED BY MESSRS. JOHN BROWN AND ©CO., LIMITED, SHEFFIELD AND CLYDEBANK, 


(For Description, see Page 737.) 
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the Foundations of Electrical En neering” (Lecture I. ). Saterday, 
June 6. Mr. und Goetze, M.R.I., on “Studies on Expression 
in Art: (1) Origin and Development.’ ; 
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EGYPT AND THE SOUDAN. 


Se_pom indeed is it that a great public work is 
able to give proof so promptly of its utility as was 
the case last year with the Assouan Dam. At the 
close of 1912 we gave in EnciInrERING* a detailed 
account of the completion of th® great undertaking 
by the heightening commenced in 1907. Hardly 
had this been finished when its full resources were 
tested by the occurrence of a particularly low 
flood ; so that, had it not been for the additional 
storage rendered available in the nick of time, the 
results would have been disastrous for the country. 
That this was what happened in Egypt in 1913 has 
been known for some time. The fact is emphasised 
in Lord Kitchener's report on Egypt and the 
Soudan, just published. The flood of 1913 was the 
lowest recorded for no less than a century, and in 
former times this would have meant great distress. 
Now, thanks to the labours of British advisers and 
engineers, Egypt can face such conditions with the 
assurance that famine is a terror of the past, and 
that only comparatively small inconvenience will 
result. 

Probably most people in this country know 
something of the object and effect of the great 
irrigation works being gradually perfected in 
Egypt under British auspices. Further afield there 
is another and far greater country in which our 
country has done equally good work and on a vaster 
scale. It is astonishing to find people still fondly 
clinging to the idea that something in the way of 
irrigation might be done also in India, with the 
object of relieving the severities of famine. Egypt 
is near to us, and the works are séen by countless 
visitors in the winter. It isa country about which 
innumerable books have been written lately, and 
hardly one without making mention of irrigation. 
The excitement occasioned by the submergence of 
a a remains, and the weighing of anti- 

quarian treasures against the prosperity of a nation, 
ae ot the subject of Egyptian irrigation to the 
knowledge of the ordinary man at home in a 
manner of which the gress Indian works have 
never had the benefit. It is to be regretted that 
so little appears in the daily Press, with ite 
great educational opportunities, with to 
the latter. People would then learn that the 


753 | Paternal government of India has done, and is 


doing, far more than it is usually given credit for 
in the way of works intended to avert and relieve 
famine when rainfall fails. 

The mention above of the submergence of archwo- 
logical remains reminds one that the dire distress 
which would have occurred in Egypt in 1913 but 
for the raising of the dam at Assouan would have 
lain at the door of a few antiquarians. It would, 


760 | in our opinion, have been a very heavy price to pay 


in such an unappraisable coin as human misery, for 
the unaltered preservation of certain ruins. ow. 
ever anxious we may be to retain the links with the 
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past, when the mege is so great our duty must be 
to the future before us and the generations to come. 


Water was let out of the Assouan Reservoir last 
year from March 10 to July 31—altogether 144 
days, compared with the usual period of about 100 
days. @ flood, when it came, was not only low, 
as aha gigd — out, but was also the latest on 

lowness of the flood wave prevented 


be the “trigation of a good deal of land ordinarily 


laced under cultivation. Although the various 
nar built across the Nile now mitigate this 
effect to a considerable extent, there are still over 
600,000 acres not so protected, and only capable of 
protection at an expense which, for the moment, 
cannot be contemplated. No less than 400,000 
acres of this land were without water last year. 

It was not to be expected that the warning thus 
given would be wasted, with Lord Kitchener's 
progressive mind pares for almost any develop- 
ment. From all quarters come reports of the 
extraordinarily close touch which the British Agent 
and Consul-General manages to keep with the work 
of all departments, and of the amount of work 
which is accomplished at his initiative. His care 
for the people of the country is to be read 
all through his latest report, and it is pleas- 
ing that the people recognise the worth of their 
leader, and have put an end to the fruitless 
agitations of a few years back, and are concen- 
trating upon more useful forms of development. 
The improvement in the general feeling in the 
country has enabled much to be done which in 
former times was impossible. “The desire to listen 
to the political agitator has given place to the con- 
sideration of problems of internal economy. Roads 
are being built ; demonstration farms are at work ; 
the munici and provincial councils are in- 
augurating improvements which some years ago 
it would have seemed hopeless ever to expect. 
Water distribution, lighting, sanitation are re- 
ceiving a degree of attention in the towns which 
promises rapid improvement in the health of 
these communities. The case of the villages and 
scattered population is more difficult, but even 
these will, it is hoped, be found to be amenable to 
improvement. Something in this way is already 
being done by the filling-up of the insanitary 
birkas, of which each village usually has at least one 
in its vicinity. 

The conditions of last year have emphasised the 
need of further water-storage, and this it is pro- 
posed to arrange for on the White Nile at Gebel 
Auli, where a dam, which, it is estimated, will 
cost less than one million sterling, could be erected 
on a rock foundation. This dam would, in addi- 
tion to storage, be used to control the excessive 
height of the flood awere down the river, thus 
preventing damage to works and land. The im- 
provement scheme for the ‘Delta lands is now well 
in hand, About 2? million cubic metres of earth- 
work were excavated by hand last summer on the 
drains of the Central Gharbia and the Beheira 
schemes, and about nineteen dredgers were also at 
work. The expenditure last year on these works 
amounted to 267,200/. It may be mentioned that 
witha view to making the water supply go further, 
the ordinary discharge outlets from the canals are 
being replaced by pipes of dimensions suited to 
the area to be irrigated. This should tend to 
check the tendency to over-water the land, which 
has been so much in evidence of late years, since 
the summer supply has been largely increased. 
Water-logging is just as deleterious to cotton as 
lack of water; but the native, after years of 
scarcity, has yet to be convinced that he can have 
too much of this good thing. 

The cotton crop was last year not quite up to 
expectations, while the reduction of the land irri- 

ted resulted in an appreciable loss of revenue. 

e railway revenue for the year fell off slightly, 
owing to a decrease in cotton, cotton seed, and 
other traffic, and less internal er traffic. 
The development of the petroleum industry at Suez 
appears to be making progress. Among other im- 
portant matters the report states that the Cairo 
drainage scheme will be completed and in ~ arent 
tion by October of this year. Work is to be 
on new railway stations at Alexandria and at Pont 
Limoun (Cairo), while the contruction of bridges 
and of a couple of new lines on the State railways 
will be continued. 

We are not directly interested, of course, in 
primary education, except in so far as it places a 
people in a position to attain to a sehen 
otherwise impossible, in work with which we are 








746 





ENGINEERING. 








[May 29, 1914. 





more intimately concerned. In technical education 


matters are different. In this res a consider- 
able advance is being made in A new 
trades school is now at work at Tantah, and a 


weaving school at Mahalla el Kubra, and trades 
schools are contemplated at Minieh, Zagazig, and 
other places. The model workshops at Boulak, 
Assiout, and Mansourah continue to do good work. 
A model weaving factory is in contemplation at 
Damietta. All these efforts, by familiarising the 
native with improved methods and by raising his 
idea of the standard of excellence, will produce 
results in future years, provided the trades taught 
are carefully chosen with regard to the possibilities 
of the country. 

The Soudan, of course, was also affected by the 
low Nile, and none of the basins in the Dongola 
Province received water. There was, however, a 
large increase in the area under cultivation, 
accounted for by good rains in Kordofan. The 
country paid its way, and continues to make A og 

ess. A dam has been planned on the Blue Nile, 
5 miles south of Sennar, with a canal 70 km. in 
length, and the necessary distribution network for 
a block of land in Gezireh. The proposed dam at 
Gebel Auli, already referred to, though —— 
in the Soudan, will chiefly benefit t. Wi 
limited means, and in spite of the 3 million loan, 
the Soudan can only make comparatively slow 
progress. So long as this is steady and without 
serious set-back the results should be considered 
satisfactory. The country is vast and at present 
the means are comparatively very small, so that 
time must be allowed for any considerable advance. 
The state of the country is generally reported as 
satisfactory, and the increased area under cultiva- 
tion, though dependent upon rainfall, as well as the 
growth of traffic on the railways, may be considered 

ood signs. The net result of an unfavourable year 
9 in fact, been as good as could be hoped for in 
the present state of development of the country. 





RAILWAY ACCIDENTS. 

Tue technical Press has every now and then to 
deplore the exaggeration in which events are dressed 
for the benefit of the lay mind. For some unknown 
reason anything in the way of railway matters is 
conside peculiarly suited to treatment of this 
kind. Recently we have had an example of this in 
connection with the so-called ‘‘flying train.” At 
other times the irresponsible treatment is more 
harmful, and considerable injustice is done by 
the circulation of fantastic statements of a class 
which many people are only too ready to believe. 
The occurrence of a railway accident of any magni- 
tude at all is usually the occasion for an outburst of 
uninformed criticism, although, as we have often 
pointed out, the fatalities to passengers are infini- 
tesimal compared with those happening in the most 
ordi of our everyday actions in our own homes. 
The attitude too often adopted is that the railwa 
are careless of human life, and only want the 
passenger’s fare. 

As typical of this unjust attitude, we may 
cite an article which appeared in a recent issue 
of the London Magazine entitled ‘‘ Dividends +. 
Efficiency.” This article, according to a short 
summary, purported to show that the accidents of 
last year were ‘‘ the latest of a series directly trace- 
able to the parsimonious practice of railway com- 
panies,” and claimed to give ‘“‘damning evidence 
of this dividend-worship,” and to show ‘‘ how much 
safer and more efficient the railways could be made 
if the lives ef the public were put before the profits 
of shareholders.” This unmerited attack, pre- 
sented, by the way, to the public just when one of 
the busy travelling seasons was commencing, opens 
in this manner :—‘*The recorded history of railways, 
and the unending accidents in ‘vhich they have been 
involved, show a callous and astounding disregard 
for human life.” A little later we are told of ‘‘ the 
corrupt stupidity of railway officialdom, which the 

ublic have to pay for in blood, fire, and tears.” 

e ‘sacrifice of human life for the maintenance 
of dividends” is the theme running through the 
whole of this biassed production, which would 
be scarcely worth notice were it not for the fact 
that magazines of fiction of the in question 
have a considerable circulation, in these da 
obtain ready credence from a vast number of peo) 
unable or unwilling to trouble themselves to check 
the accuracy of what they read. Thus unjust 
stigmas are cast on the railways, and ideas actually 
gain a strong hold on the public which would never 





obtain a footing if our reputed love of justice and 
fair play held the ascendancy over sensationalism. 

No one regrets more than we do the occurrence of 
serious accidents from time to time on our railways. 
If, however, any lesson at all may be derived from 
statistics, it is that the number of accidents has not 
increased in proportion to the increase in travel- 
ling. The seriousness of an accident is to a 
great extent fortuitous, and the number of lives 
ost may be no gauge whatever of the real gravity 
of the occurrence. The real gauge should be 
the extent to which a remediable state of affairs is 
revealed. We may allow that such accidents are 
more frequent than we should like to see, but we 
must admit also that they have arisen in several 
cases from the failure of the human element, in 
some cases even to the misuse of safety appliances, 
rather than from faults in the recognised system of 
operation. To what these lapses on the part of the 
staff may be due cannot, of course, be stated. It 
may be that the unrest of the last few years has 
had, unconsciously, some influence in the matter. 
If men are at all inclined to nurse what they con- 
sider to be a grievance against their employers, the 
discharge of duty is bound to suffer. Be this, 
however, as it may, the cry of dividends versus 
efficiency cannot be sustained. Both the number of 
accidents and the average dividends are so small 
that the suggestion is ridiculous. If the railways 
were paying fat dividends and killing thousands of 
people yearly, the case might be worth investiga- 
tion. ith the average return at about 34 per 
cent., and the number of ngers killed some- 
thing like 1 in 70 or 80 millions, this idea may be 
dismissed at once. 

Last week, when recording the appointment of a 
Committee to inquire into the working of the Rail- 
way Employment (Prevention of Accidents) Act, 
1900, we stated that the annual returns of railway 
accidents for 1913 were not then available. In 
the interval they have been published, though the 
Board of Trade report is, as is now usual, deferred 
till a later date. These returns show that in 
1913 the passengers killed in trains in the United 
Kingdom numbered 33. This > is higher than 
for several years though it was largely 
exceeded in 1906. e past year was notable for 
one very serious accident and for several others in 
which a small number of fatalities unfortunately 
occurred. The year was certainly productive ina 
greater number of accidents than usual, but most 
of them were due to irregularities of working, a 
fact which strengthens the idea that discipline is not 
quite what it used to be. The number of passengers 
injured in train accidents last year was 723, some 
40 more than in the previous year. Passengers 
killed from other causes, such as falling off plat- 
forms, falling between trains and platforms, or 
out of carriages, &c., numbered 110, while the 
injured from similar causes amounted to 2224. 
These figures show an increase on the previous 
year, and might form the subject for investigation 

uite as reasonably as some others, with the 
ifference that it would be difficult to enforce any 
conclusions which might be arrived at. 

The employees killed and injured in train acci- 
dents were respectively 8 and 145, while those 
killed and injured in other ways connected with 
the movement of trains and vehicles numbered 
414 and 5608. As we pointed out last week, the 
largest number of casualties arise in other connec- 
tions. Last year there were 23,535 casualties to 
employees at work on railway premises, but not 
due to train movements or the movement of 
vehicles. It is the increase in these that the Com- 
mittee recently appointed is to investigate. What 
the actual increase been over many years is 
difficult to determine, for, in 1906, the Board of 
Trade requirements in the matter of reporting 
casualties underwent, alteration, so that the years 
1907 and onwards show an a t increase which 
has no foundation in fact. e general tendency, 
however, in recent years has been upward, but if 
the employees would exercise care, the number 
would promptly shrink very considerably. In 
America, the ‘‘ safety first ’’ movement, although it 
seemsto have been carried in cases to almost frivolous 
lengths, has certainly resulted in a reduction of 
casualties to the men themselves. We are glad to 
note that some of the i published on the 
railways here are drawing the attention of the men 
Se en ee 
might bea with care, with no loss of efficiency 
to the service. The more that can be done in that 
way the better. 





The safety movement should carry weight in all 
directions, of course. There is no reason why, for 
instance, 27 men not engaged in shunting opera- 
tions should be killed by being caught between 
vehicles, and 93 injured, as happened last year. 
Neither should there be, with proper care, sufficient 
cause for the death last year, while walking or 
standing on the line, of 33 men going to or from 
work, and the injury of 41 others. Again, the 
figures of 114 fatalities and 219 injuries to men on 
duty at stations and elsewhere while on the line 
seem much too high, and could, doubtless, by the 
avoidance of risks taken frequently and without 
thought, be largely reduced. In many of these 
matters no new appliances are necessary for safe- 
guarding the men. What is required is alertness 
on their part, and the actual official discouragement 
of risky practices before, and not by punishment 
after, the event. 





THE THEORY OF ELECTROLYTIC 
DISSOCIATION. 

Tue theory of electrolytic dissociation, still a 
kind of distrusted innovation to the old genera- 
tion, is almost a creed to the young scientist who 
is taught from the beginning that the theory, 
whether perfect or not, certainly enables the physi- 
cist and chemist to comprehend and to co-ordinate 
certain facts which appear peculiar and disjointed 
from other points of view. Yet Professor Svante 
Arrhenius, of the Stockholm Nobel Institute, took 
perhaps too ee a view of the general 
recognition of the theory with which his name is 
so intimately connected, when he delivered the 
Faraday Lecture before the Chemical Society on 
the 25th inst. Many chemists would not grant 
more than we have just stated, and retain the con- 
viction that electrolytic dissociation may yet have 
to make room for some other theory. 

Theories generally have many fathers or mothers. 
But the idea that the molecules of electrolytes 
actually split up into ions when dissolved un- 
doubtedly originated with Arrhenius. The data 
upon which he based his theory had, of course, 
been collected by others as well. In his lecture he 
showed how the importance of solutions had grown 
in the course of time. According to Thales, water 
was the origin of everything. The old Egyptians 
called lead and tin—the two metals were not clearly 
ps pe ore in that age—which were easily fused 
and which then dissolved and coloured other metals, 
by the name of their deity Osiris. In the fifteenth 
century Isaac Hollandus wrote that the philosophers 
had followed the direction given by Nature, and had 
first transformed everything into water—i.e., dis- 
solved it. Salts, with which acids and bases were 
classed, were also studied in the Middle Ages, and 
the well-known ‘‘Corpora non agunt nisi soluta” 
was supplemented by ‘‘Salia non agunt nisi dis- 
soluta, nec agunt si dissoluta nimis (salts do not 
act unless dissolved, neither do they act when too 
diluted). The philosopher's stone and life elixir 
was also the ‘‘alcahest ” of Paracelsus—the liquid 
which would dissolve everything. That dissolution 
was in a high degree connected with evaporation 
was recognised by Gay Lussac in 1839, forty- 
five years before Van't Hoff developed the 
analogy between matter in a dissolved and in 
@ gaseous state. Gay Lussac showed that when 
solutions of two salts, containing two acids and 
two bases, were mixed, all the four ible salt 
combinations really formed in the mixture. 
Williamson then suggested an exchange of radicles 
—we now say ions, Arrhenius added—as the 
cause of the precipitation of silver sulphate by 
hydrochloric acid. Then Clausius in 1859, when 
trying to explain the electric conductivity of salt 
solutions, proposed that all solutions (not only of 
electrolytes) were dissociated to a degree which 
was chemically insensible. That, however, chemists 
were and are reluctant to accept. 

The freezing-point determinations of Raoult and 
others led to other conclusions. Water freezes at 
0 deg. Cent. ; when a salt is added the freezing- 
point is lowered, and Raoult believed that every 
radicle had its own molecular depression of the 

ing-point. This depression, he stated in 1885, 
amounted in solutions of normal concentrations to 
2 deg. for univalent negative radicles (Cl, Br, NO), 
to 1s deg. for univalent positive Na, 
NH,), to 1.1 deg. for bivalent negative radicles 
(8O,, ar to 0.8 — for bivalent itive 
radicles ( Pt), and this depression, like the 
atomic volume, was an additive property. That 
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is to say, that a body like HCl should lower the 
freezing-point of water by (2 + 1.5) = 3.5 deg.» 
the 2 being due to the hydrogen, the 1.5 to the 
chlorine. ‘hat statement held for many solutions, 
but there were also many exceptions ; for instance, 
PtC), yielded a depression of only 2.9 instead of 
(08 + 4 x 2.0) = 8.8 deg., and weak acids, like 
hydrocyanic acid, yielded only half the expected 
value. Raoult explained this by assuming that the 
molecule of such a substance was twice as large as 
supposed. 

Investigating the increase in the electric conduc- 
tivity of electrolytes on progressive dilution of the 
aqueous solutions, Arrhenius himself had, in 1883, 
already concluded that the conductivity increased 
because the number of conducting (dissociated) 
molecules increased at the expense of the other 
non-dissociating molecules, and that at infinite 
dilution all the molecules of an electrolyte were 
conductors. According to this view, conductivity 
was an additive property for all electrolytes ; at 
infinite dilutions all acids should be of the same 
strength, the conducting molecules should be the 
same as the chemically-reacting molecules, the velo- 
city of reactions be proportional to the number of 
conducting molecules, and the heat of neutralisation 
of strong acids by strong bases should be the 
same for all acids at high dilution. These con- 
clusions, Professor Arrhenius admitted, were drawn 
from a small number of experimental data, and he 
did not wonder why his colleagues had refused to 
take notice of ideas which seemed absolutely in- 
compatible with the prevailing conceptions. But 
confirmation had soon come by Ostwald’s experi- 
ments on the conductivity of organic acids and on 
the velocity of reaction in certain catalytic ag 
(inversion of cane sugar), and in 1886 by Van’t 
Hoff’s revolutionising memoir on the analogy of 
dilute solutions with gares. 

In that memoir it had been pointed out that the 
influence of a salt molecule like potassium chloride 
on the freezing-point was double that of an un- 
dissociated molecule (ammonia, alcohol), because, as 
Arrhenius interpreted the facts, the KCl was split 
into K ions and Cl ions, both of which depressed 
the freezing-point, just as certain vapours, like 
ammonium chloride, exerted twice the gas pressure 
of common undissociated vapours, because the salt 
was split into ammonia and hydrochloric acid. It 
thus became ible to determine the degree of 
electrolytic dissociation by measurements both 
of the electric conductivity and of the freezing- 
point depression. In the hands of workers like 
Kohlrausch and recently A. A. Noyes and Falk, 
the two methods often gave results agreeing 
within 1 per cent. Often, however, the - 
ment was still unsatisfactory, and that could be 
explained by the hygroscopic nature of some salts, 
and by their forming complex compounds. The 
chief point was that salts (acids and bases included) 
consisting of two univalent ions gave the molecular 
depression 2 x 1.85 = 3.7; salts of one bivalent 
ion with two univalent ions gave 3 x 1.86 = 5.565, 
&c., whilst non-electrolytes gave 1.85—all at ex- 
treme dilution A third method, introduced by 
Arrhenius in 1889, the determination of the intensity 
of the catalytic action of acids, again pointed to 
the same degree of dissociation. 

Thus three methods are available for deter- 
mining the degree of electrolytic dissociation, and 
of these the conductivity method is, on the whole, 
preferred, because it remains applicable at the 
highest dilutions of 1 in 10,000. According to the 
investigations of C. Kraus, 1914, the degree of dis- 
sociation is still best calculated, after Arrhenius, 
from the ratio of the conductivity at molecular con- 
centration A to that at extreme dilution Ax. The 
pronouncedly additive character of the properties 
of electrolytes is a further argument in favour of 
the dissociation theory. The fact was r ised 
before the enunciation of the dissociation theory, 
which, indeed, easily explains why certain chlorine 
compounds do not give the ordinary chlorine re- 
actions; because they contain, not the chlorine ion, 
but a complex ion, like ClO,, e.g., which has pro- 
perties of its own. It must be conceded, however, 
that the old theory of radicles just as well 
accounted for this fact, and that the properties of 
all substances are, to a certain extent, additive ; 
mass, as Professor Arrhenius remarked, is an abso- 
lutely additive perty. 

In dealing with t e attacks on the ‘‘ wild army 
of the Ionians,” Horstmann’s ironical expression, 
Professor Arrhenius admitted that the difficulties 
inherent to the th®ery bad only been overcome 





within a very recent period, when the observed 


facts had been more closely examined, and he con- | bloc 


cluded his lecture by stating that it was the task 
of the scientist to investigate the causes which 
interfered with the simple laws in more concen- 
trated solutions, and to find those other theoretical 
laws which governed these deviations. Thus he 
considers the theory of electrolytic dissociation as 
firmly established. In that he went, perhaps, fur- 
ther than some of his hearers would care to go, as 
we said already. But he did not evade the difficulties, 
it is hardly necessary to state. One of the grave 
obstacles concerns the dilution of solutions of 
strong electrolytes. Weak acids follow the dilution 
law of Ostwald. But the dilution of strong electro- 
lytes is not in accord with the law of mass 
action or of chemical kinetics of Guldberg and 
Waage, and the many attempts made by Rudolphi, 
Van't Hoff, Storch, and others to account for the 
discrepancies have not altogether been successful. 
The general formula is (ca)*/c(1—a) = K +k (ca)", 
in which c is the concentration of an electrolyte 
dissolved in any solvent, a its degree of dissocia- 
tion, and K, k and m are characteristic constants. 
The product ca marks the number of ions, and 
c (1—a) the number of non-dissociated molecules. If 
k = 0, Professor Arrhenius pointed out, the formula 
expressed the law of Ostwald, and the power 
(ca)™ term disappeared if c were sufficiently small ; 
that is, the theory of Van’t Hoff was applicable to 
all electrolytes at very high dilution. But the 
power term might be very large, and was in any case 
merely empirical. The most recent work by us 
and Bray on strong electrolytes dissolved in twenty- 
six different solvents (inorganic and organic) showed 
that the Ostwald law held, in the case of stro 
electrolytes, only for very low concentrations, suc 
as 1 in 1000 or 1 in 10,000, at. which measurements 
became difficult, of course. For aqueous solutions 
of sodium chloride, the K, the dissociation constant 
of Ostwald, had the value of 0.012. The dielectric 
constant entered into these considerations. Water 
had a high dielectric constant (80) and the higher 
the dielectric constant, the greater the K, according 
to J. J. Thompson and Nernst. Walden con- 
sidered that the dielectric constant of the solvent 
was raised by the presence of dissolved strong 
electrolytes ; but the observations of different 
experimenters were not in agreement. 

Another difficulty was that of the ‘neutral 
salts.” The rate of inversion of cane-sugar by a 
strong acid (hydrochloric acid) was increased by the 
presence of neutral salts like sodium chloride, 
which did not react with the acid. It looked 
as if the undissociated molecules did, after all, 
take in the reactions — and not only the 
dissociated ape vag as ———— os 
asserted in the early days. e peculiarity 
been investigated in Professor Arrhenius’s labora- 
tory, and for diluted solutions, at any rate, the 
catalytic activity was proportional to the con- 
centration of the hydrogen ions present, as the 
theory demanded. Professor Arrhenius made other 
references to experiments demonstrating appa- 
rently that the ions in molecules have a certain 
degree of individuality, and act as if dissociated, 
even before the molecules are really dissociated. 
This meant probably that he himself would still 
make the possibility of a reaction dependent upon 
the presence of ions, a consequence which many 
chemists are not prepared to draw. 

Some optical observations are certainly what dis- 
sociationists would predict. Oxalic acid, for instance, 
contains two hydrogen atoms which differ as to 
their behaviour ; the one atom is inclined to dis- 
sociate-from the molecule and is easily replaced by a 
metal ion, the other not. The substitution of the 
metal for the one hydrogen now makes little differ- 
ence in the absorptive power of the acid, because 
the salt formed is again dissociated ; but the sub- 
stitution of some other atom for the second hydrogen 
has a strong effect on the absorptive power. On 
the other hand, the solid hydrated copper sulphate 
has the same colour as the concentrated and the 
diluted solutions of the salt; and this applies 
equally to cobalt salts. But the colour of the 
anhydride is not that of the hydrate, and dehydra- 
tion therefore seems to be more important than 
dissociation in these cases. 

The opinion that ions ought to have an entirely 
different absorption of light from that of undis- 
sociated molecules had been much exaggerated, 
Professor Arrhenius remarked. He naturally 
replied chiefly to recent criticisms in his lecture, 
and he did not touch at all upon the question, 





which was still a much-discussed severe stumbling- 
k to many a few years ago, where the energy of 

the electrolytic dissociation came from. We lave 

already mentioned his own concluding remarks. 





PHOTOMETRIC UNITS AND 
NOMENCLATURE. 

Ir the engineer feels less safe as to the units and 
nomenclature of any branch of his profession than 
of others, it probably is in regard to illumination. 
He reads of candle-power, intensity and brilliancy 
of light, luminous flux, illumination, brightness, 
&c., and he is to be pardoned if he has no clear con- 
ception of the meaning of these terms. The Balti- 
more Convention of the Illuminating Engineering 
Society of New York appointed in 1910 a Committee, 
consisting of A. Blondel, A. E. Kennelly, E. L. 
Nichols, E. B. Rosa, and C. H. Sharp, on photo- 
metric units in order to put a stop to a fairly 
general confusion. This Committee issued a report, 
and recommended in a second report, of December, 
1912, the tentative adoption of certain definitions. 
The subject was ieouae before our Illuminating 
Engineering Society by Mr. A. P. Trotter on 
May 21, in a meeting held at the Society of Arts. 
Mr. Trotter’s object was to examine those defini- 
tions and to elicit some discussion on them. The 
suggestions indeed seem to call for adequate 
discussion before any general adoption can be 
advised. The expert’s report, we agree with 
Mr. Trotter, may be scientifically accurate and 
logical, but the definitions do not appear to 
be sufficiently precise and clear for practical 
use. As the first and fundamental quantity the 
Committee chose ‘‘luminous flux,” the radiant 
power evaluated according to its capacity to produce 
the sensation of light. The ‘luminous intensity” of 
a point source of light is defined as the solid angular 
density of the lummous flux emitted by the source 
in the direction considered, or as the flux per unit 
solid angle from that source. ‘‘ Illumination on a 
surface ” is the most luminous flux density over that 
surface, or the flux per unit of intercepting angle. 
Candle- power is only defined in the seventh section 
of the report, and is there described as ‘‘ luminous 
intensity expressed in candles.” Mr. Trotter 
pointed out that ‘‘candle-power” was understood 
in two senses. In one sense it connoted an 
abstract idea, like area or pressure, and in the 
other a vector quantity denoting a definite physical 
magnitude. Professor Blonde) altogether objects 
to the terms ‘‘candle-power” and *‘ candles ;” it 
is as unscientific, he says, to call the unit of 
intensity an ‘international candle” as it would 
be to call the unit of electromotive force an ‘‘ inter- 
national battery.” We would submit that the 
popular English term “ voltage” is at least equally 
absurd; one might as well speak of ‘‘ footage.” The 
report further suggests the term ‘‘ exposure ” for 
the product of illumination by time. ‘‘ Bright- 
ness,’ Mr. Trotter rightly remarks, should be dis- 
tinguished as emissive brightness of a source of 
light, and as reflective brightness of an illuminated 
surface ; the report seems to consider the former 
only ; the emissive brightness would be the éclat 
wntrinsique of the French, and the priméire Hellig- 
keit of the German, whilst the rellective bright- 
ness would be Fliichenhelle or Schunddre Helligkeit. 
All these terms should precisely be defined and 
agreed upon, and the selection of terms should not 
be left to the word-coiner, who, in Mr. Trotter’s 
opinion, in which we concur, is too often a crank 
or a nuisance. When an international understand- 
ing has been arrived at, it will be time to settle the 
questien of the symbols to be used. The proposal 
of the symbols I[¢, Io, Io, for spherical candle- 
power and mean hemispherical candle-power in the 
upper and in the lower hemispheres respectively 
is excellent ; but these questions are not urgent, 
and the primary thing is the definitions. 





THE LATE SIR JOSEPH SWAN, F.BS. 

Ar the death of Sir Joseph Wilson Swan last 
Wednesday there passed away a venerable British 
scientist, a much respected and revered pioneer in 
two branches of — science, and one of the very 
few remaining links with the early days of those 
sciences. The engineer will probably think of him in 
the first instance as the inventor of the incandescent 
electric lamp. But before that was evolved Swan had 
made his name as the originator of the first carbon 
hy. Both these fields had 
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the master-mind to perfect the details and bring 
forth complete and practical results. 

Joseph Wilson Swan was born on October 31, 
1828, in Sunderland, and came of Scottish stock, 
his parents being John Swan and his wife, Isabella 
Cameron Swan. Both his father and his mother’s 
brother, Robert Cameron, were noted inventors 


parts more or less acted upon by light afforded a|collodion. The first plates were slow, however, 
/means of forming a metallic matrix by electro-|and the original collodion process predominated 
| typing or by pressure in soft metal, and the prints | until Swan, in 1877, prepared sensitive, dry, gela- 
| yielded from such a matrix constituted, by a species tine plates. Their sensitiveness at first displayed 
| of casting, facsimiles of the original carbon picture some annoying irregularities, which Swan traced 
|in colloid gelatine. Both methods, printing from back to the influence of the temperature at which 
|an electrotype matrix or from a matrix in soft the emulsion had been prepared. He found that 


of nautical appliances. His father devised a life- metal, reproduce the shading of the carbon by boiling the emulsion he obtained a degree 
— raftand launching apparatus, an anchor with | print, the difference in the thickness of the ef sensitiveness fifty times that of any emulsion 


mova 


le flukes, and a system of fog-signalling for | pellicle being the means of obtaining the corre-| previously made. Bromide printing - paper was 


reventing collisions at sea. His uncle improved the | sponding depth of colour. He modified the process | patented by Swan in 1879. The application of 
lifeboat and rope-making machinery. Joseph Swan |in such a way that an electrotype of a granular chrome alum to tanning was also due to him. 


had little schooling. 
A book on chemistry 
that fell into his 
hands was eagerly 
studied, and he was 
apprenticed to a firm 
of ch emiste in Sunder- 
land. When his chief 
died, before Swan had 
completed his appren- 
ticeship, he entered 
the firm of John Maw- 
son, whose er 
and brother - in - law 
he became later. At 
Swan’s instigation 
the firm took up the 
manufacture of che- 
mical and scientific 
apparatus, and collo- 
dion became one of 
their specialities. 
Scott Archer had pub- 
lished, in 1851, his 
discovery of the col- 
lodion process. Maw- 
son’s collodion soon 
acquired a reputation, 
and the name of the 
firm was changed into 
Mawson and Swan. 
On April 5, 1864, 
Swan read a paper on 
his new carbon pro- 
cess before the Photo- 
graphic Society. Sil- 
ver prints were apt 
to fade, and many 
attempts had been 
made to render the 
pictures more perma- 
nent. Ponton had 
discovered twenty- 
five years previously 
that gelatine became 
insoluble in water 
when impregnated 
with potassium chro- 
mate, and exposed to 
the action of light. 
Portevin had taken 
out a British patent 
in December, 1835, 
setting forth the prin- 
ciples of the carbon 
process. Pouncy had 
printed through 

per a few years 

ter. Niepce had 
obtained an excellent 
bitumen print asearly 
as 1827. Swan em- 
ployed a tissue ‘‘ as 
pliant as paper and 
as transparent. and 
smooth as ass, 
formed of collodion 
on the one side, and 
of gelatine impreg- 
nated withammonium 
bichromate, carbon (indian ink), and saccharine 
matter (sugar)on the other.” All the materials had 
been used before, and among his contemporaries, 
Blair, of Perth, also claimed the honours of the 
invention, But little more was heard of the other 
proposals, whilst Swan’s process was at once 
adopted, notably in France. The process is now 
known as the ‘‘ Autotype,” and is worked by the 
Autotype Company in London, and by Messrs. 
Braun, of Dornach, in (now German) Alsace. 

This process had a far-reaching effect ou cognate 
branches of photography. Swan found that the 
greater or smaller relief in carbon. prints in the 





In 1867 Mr. Swan’s 
partner, Mr. Maw- 
son, was killed by an 
explosion whensuper- 
intending the removal 
of some nitro-glyce- 
rine from Newcastle 
Town Moor, in his 
capacity as High 
Sheriff of Newcastle. 
The whole of the 
responsibility of the 
management then fell 
upon Swan’s shoul- 
ders until he found 
other partners. His 
scientific work had 
long before been 
directed into different 
channels. In 1845 he 
had seen Staite raise 
platino-iridium wire 
to incandescence by 
the electric current. 
In the same year 
Starr had used a car- 
bon rod as a ‘light- 
giving conductor, and 
in 1860 Swan was 
applying slender fila- 
ments of carbon of 
sufficient strength, 
elasticity, and con- 
ducting power toserve 
as light-giving mate- 
rial for incandescent 
lamps in vacuo. He 
ce cafes paper 
strips packed in char- 
coal powder in a kiln, 
and mounted his fila- 
ment in a glass globe 
exhausted by a me- 
chanical air - pump. 
Permanent success 
was, however, only 
attained when Swan 
made his filament out 
of cotton thread, turn- 
ing it into parchment 
by treating it with 
acid, and subsequent- 
ly carbonising _ it. 
But a great deal had 
to be done by others 
before Swan could 
first exhibit an elec- 
tric carbon - lamp at 
Newcastle in Febru- 
ary, 1879, at a lecture 
over. which Sir Wil- 
liam Armstrong _— 

rst 


sided. — The 
THe Late Sir Joserx Witsoxn Swan, F.R.S. SS lighting of a 
all by means of 


Swan’s lamps took 

place in the rooms of 

the Literary and Phi- 

losophical Society of 

Newcastle on :Ucto- 

carbon print could be adapted to ordinary copper- | ber 20, 1880. Meanwhile dynamos had been con- 
plate printing, thus devising the first practical structed, Hermann Sprengel had in 1865 improved 
photogravure process. The beautiful effects the mercury air-pump, and Swan had found in 
realised by means of the carbon process in its Mr. C. H. Stearn an able supporter in this most 
many varieties—e.g., when combi with a panto- important part of the lamp manufacture, which 
pram | and a ruling-machine to reproduce photo- he took up energetically. The preparation of fila- 
graphs in lines of varying width—have done much ments by squirting a jet of a solution of collodion 
to popularise art, and Swan's inventions involving |(in alcohol and ether) into a coagulating liquid is 
the use of line screens laid the foundations of the | due to Swan, and has generally been used for elec- 
present “half-tone ” process. —— os filaments. He showed the process 
The science of photography was further advanced | at the Inventions Exhibition, held in London in 
when Dr. R. L. Maddox introduced plates of | 1885, and exhibited not only threads and fibres, 
bromide of silver and gelatine as a substitute for | but woven fabrics of ‘‘ artificial silk.” He did not 
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follow this matter up, however, and the invention|his own s tions as to the deductions from | little more about these variations than was then 
of artificial silk by Chardonnet, and its later per-| theory, has silent. This deficiency the authors | taught. Yet similar- observations are now being 


fection by others, was independent. 

Swan’s name is also connected with other elec- 
trical inventions. He patented the cellular form 
of accumulator plates and devised the first miner’s 
electric safety lamp. During his researches on 
electrotyping he observed accidentally that the 
addition of a little gelatine to the electro-deposit- 
ing bath much improved the quality of copper 
deposit. The outcome of this investigation was 
the utilisation of currents of from 1000 to 1500 
amperes per sq. ft. of cathode, and the reeling 
of copper wire, during electro-deposition, from the 
bath through a die. 

Swan was thus active in many fields. He took 
out more than sixty paténts, some of the later ones 
in conjunction with his eldest son, Mr. D. Cameron 
Swan. He was successful in business, and acknow- 
ledgment of his scientific work was not wanting. 
He was elected a Fellow of the Royal Society in 1894. 
The University of Durham made him an honorary 
M.A. and D.Sc. The Legion of Honour was be- 
stowed upon him in 1881, at the close of the Paris 
Electrical Exhibition of that year. The Society 
of Chemical Industry, whose President he was in 
1900-1901, awarded him a gold medal, and the 
Institution of Electrical Engineers elected him 
President in 1898 99, and made him an honorary 
member. His knighthood dates from the year 
1904. In the same yesr the Royal Society granted 
him the Hughes medal ‘‘ for his invention of the 
electric incandescent lamp and various improvements 
in the practical application of electricity.” The 
Albert medal of the Royal Society of Arts was 
handed to him by the Prince of Wales in 1906, and 
the Royal Photographi¢ Society awarded him the 
Progress Medal for the invention of the carbon 
process. The newly established Faraday Society 
elected him their first President in 1904, and he was 
also a member of the Royal Commission for the 
St. Louis Exhibition of that year. 

Sir Joseph was a hard worker and an early riser. 
He revised his papers many times. Up to the last 
he was very busy in the private laboratory which 
he had fitted up for himself in his house at War- 
lingham. He took his many honorary duties very 
conscientiously, and his tall figure—he was 6 ft. 
in height—was familiar in all the learned societies. 
Most kindly and genial always, he was a great 
favourite with everybody, especially with the 
young, whom he delighted to encourage. Men of 
his type can ill be spared. 
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Flying : Some Practical i . By Gustav Hamen 
and Cuartes C. Turner. Illustrated. London: 
Longmans, Green and Oo. [Price 12s. 6d. net. ] 

Tue valuable addition to aeronautical literature 

now before us possesses a special interest in view of 

the sad fate which has befallen one of its authors in 
his flight across the Channel. At the time of our 
writing, little hope exists of the rescue of Mr. 

Hamel, and it cannot but be feared that, notwith- 

standing his exceptional knowledge and vast prac- 

tical experience, he has been claimed as another 
victim of progress in the art which he did so much 
to develop. 

In the problem of flying, the theorist and the 
engineer have usurped the attention of the public. 
With wearisome iteration the mathematician has 
insisted on the necessity of investigating the prin- 
ciples that should guide the construction of aero- 
planes, and the engineer has exhibited a growing 
distrust of elaborate formule that have provided 
little practical assistance. Since no small portion 
of the considerable success that has been attained 
has been due to the aeronaut, who has risked life 
and limb, it is well thathe should have a hearing 
when the object to be ‘secured is increased safety, 
efficiency, and usefulness. The information to be 
derived from the practical experiences of those who 
know both the capacity and the limitations of the 
machines when aloft, and what skill and knowledge 
of the pilot are able to effect, cannot but be of 
value. There have been descriptions of sensational 
flights, of the nature of sporting events, in which 
nerve, courage, and endurance had to supplement 
the deficiencies of faulty or injudicious construction ; 
but there has been little or no analysis of flight 
from the experimental side. The practical man 
who has done the work, who has seen the introduc- 
tion of successive improvemeuts, due as much to 








of the volume under notice are well able to supply, 
and their survey of aviation from the senctieal aie 
deserves, and should receive, careful attention. 

We may illustrate the difference of outlook by 
referring to the old question uf inherent stability. 
It is a problem that has loomed large in the study 
of the mathematician, and doubtless the public 
would regard its solution with satisfaction, as appa- 
rently it promises perfect safety to the pilot. Eve 
report of the construction of an aeroplane for whi 
automatic control is claimed, is hailed with delight 
as an advance, since the need of continual watch- 


fulness on the part of the pilot is made less neces- | be 


sary, and freedom from accidents rendered more 
probable. But the experienced pilot treats the 
question of stability as one of comparatively small 
importance, rather dreading that an unwise con- 
fidence in automatic adjustments will give rise to 
a sense Of false security, resulting in an increase of 
recklessness, entailing fatal consequences. Given 
sufficient altitude, ‘the authors maintain that it 
is always possible to regain control over the 
behaviour of the aeroplane, whatever angle 
the wachine may assume, or however . great 
the side-slip. When near the ground no 
stabilising device may save an accident. Auto- 
matically-stable machines, encountering a gust or 
an unexpected eddy within 100 ft. of the ground, 
may easily come to griet. Those who look for 
safety in the production of an inherently stable 
machine claim that the risks of aviation are 
reduced ; but, on the other hand, it may be urged 
that the, best-contrived machine will fall when its 
support is partially withdrawn, and if tilted up by 
a side gust it must necessarily lose altitude befure 
going on an even keel. Captain Bellinger, of the 
French Army, maintains that all automatic devices 
are fallible, ‘‘ inasmuch as the manceuvre necessa: 
to re-establish the equilibrium of an aeroplane does 
not depend directly upon the disturbance itself, 
but on the cause of that disturbance. Thus two 
identical positions assumed by a machine, but due 
to different causes, require diflerent manceuvres. 
An automatic device can never detect the difference 
between these causes,” This is put neatly, but, 
instead of settling the point, it emphasises the 
difference that separates the two classes of advisers 
—one aiming at cure, the other at prevention, of 
untoward conditions. Captain Bellinger fails to 
perceive that the contention of the advocates of 
stability.is that the aeroplane need never get into 
that extreme position in which a choice of alterna- 
tives is possible. 

Another science that has been thought capable 
of assisting or safeguarding the aeronaut is that of 
meteorology, but it may. be doubted whether, as in 
the case of mathematics, the hope has been realised. 
General conditions of the atmosphere derived from 
observations over wide regions are of little use or 
interest to the flying man. In the early days of 
feeble engines and dow flight, the force and direc- 
tion of the wind seemed of vast importance, and its 
uncertainties did much to, discourage mechanical 
flight. Mr. Orville Wright, itis said, would never 
ascend if there was sufficient wind to blow the 
smoke of his cigarette out of the vertical ; but now 
confidence in ‘the machine has increased to such an 
extent that a trained pilot will fly in any wind up 
to a gale, fearing nothing provided he can maintain 
sufficient altitude in which to~ recover lost balance. 
Conscious of this power of regaining mastery over 
his machine, he will continue to treat the vagaries 
of the wind with respect, but they have ceased to 
cause him great alarm. 

It is not improbable but that the demand or 
expectation for more exact information has, by 
stimulating inquiry, benefited. meteorology. More 
rigorous exploration of the upper air has been pro- 
moted ; anemometers with wider time-scales and 
more exact records have been utilised ; ingenious 
devices have been employed to note the variation 
in force and direction, and to trace the paths 
of aerial currents. All this is well, but what 
has been learnt from observation and deduc- 
tion the aeronaut has experienced in his own 
person. Much of the information that is now 
im to navigators of airships in schools of 
practical meteorology under Government supervi- 
sion, early experimenters acquired by bitter trial 
and personal risk. Years ago, when mechanical 
flight first appeared feasible, Professor Langley 
demonstrated the existence of startling and sudden 
changes in the velocity of the wind, and we know 


utilised to explain flie ‘‘holes in the air”—an 
expression that very adequately defines the exist- 
ence of conditions that cause a machine to drop 
suddenly 20 ft. or 50 ft. When an aeroplane 
suddenly into a current moving with a velocity 
differing in its component along the aeroplane’s 
course by some 20 miles an hour from that of the 
ing current, there will be a sudden loss, or 
gain, of lifting power, which will continue until 
the motor has accelerated the machine up to its 
normal velocity relative to the air, or permitted a 
corresponding drop in speed. The —— may 
as correct as it is obvious, but proffers little help 
to the practical flyer. It may be more important to 
note a contributing cause to which the authors direct 
attention, and one of which experienced airmen are 
more likely to be conscious than the meteorologist, 
a possible racing of the propeller, brought about by 
the overtaking gust or the opposing lull. We must 
agree with the authors, who intimate very plainly 
that aviation has received little assistance from 
the work of the metebrologist, who has necessarily 
had to carry on his studies under the grave dis- 
advantage of being unable to explore the upper 
strata of the atmosphere, and in the past’ certainly 
did not foresee the possibility that men would need 
to roam at will in the air. Still the authors en- 
deavour to systematise such facts as meteorology 
puts at their command, and politely express the 
belief that in the future the meteorological equip- 
ment of the aerial navigator will be so much 
superior to that at preeent available, that the 
results drawn from gn improved weather science 
will constitute an important factor in aviation. 
The greater the attention given to this interest- 
ing book, the more,¢ertain will become the con- 
viction that the degree of success attained in flying 


ry | has been due chiefly to the intrepidity of the aero- 


naut and the skill of the practical engineer. By 
accumulated information won from personal ex- 
perience aloft, pilots have improved, and acquired 
confidence. From the introduction of the ‘‘Gnome” 
motor and other mechanical devices, swift progress 
has followed. The assistance from pure theory has 
been of the slightest. Scientists do not appear to 
have sought a definite end with directness and 
decision. This becomes more evident when we 
remember that authorities have not succeeded in 

iding public opinion aright. They have allowed 
alse ideals to be created, and the problems that 
have been set for practical solution have not been 
those that would prove most beneficial to the science 
of flying or tend to the improvement of machinery. 
Prizes have been offered for the attainment of speed 
and high altitude, or for the exhibition of physical 
endurance, and though such spectacles may be 
attractive as sensations, they do not direct enter- 
prise into the channels that promise the greatest 
efficiency. Informative direction, which we have a 
tight to expect from the leaders of science, has 
been wanting. It does not seem too much to say 
that scientific authority did not p adequately 
what was needed, and was slow in acquiring that 
necessary expert knowledge which might have been 
turned to account. Possibly in military and naval 
circles, into which the popular and spectacular 
element does not enter, clearer and more definite 
guidance has been provided. 

‘The vagueness that has pursued progress in the 
past will probably continue in the future; and the 
absence of a definite goal makes an attempt to fore- 
cast the robabledevel>pusent especially hazardous. 
The authors point out various directions in which 
aviation may be profitdbly employed, but history 
records many occasions when new inventions have 
pursued a quite different line of progress from that 
anticipated. The obvious is usually wrong. It is 
easy to lay down a general rule that the efficient 
machine of the future will be that which conveys 
the greatest load in the shortest time for the least 
expenditure of power, but it may happen: that 
some one factor, as quickness of transport, out- 
weighs all other considerations. It seems not 
impossible but that, in times of peace at least, 
mechanical flight may develop in that direction, 
and that economic efficiency may well be sacrificed 
to securing rapidity of locomotion. But safety and 
reliable action will always be needed, and the 
authors point out some forms or modification of 
construction by which these necessary qualities 
will be secured: in the immediate future. Among 





these may be: mentioned the provision of dual 
power plant, making a cértain amount of power 
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available in case of the stoppage of one of the 
engines. Other improvements which may be looked 
for are machines with variable wing area and angle, 
and especially the introduction of devices that will 
enable a machine to land at very low speed on an 
accurately-selected spot. 

Space will not permit us to refer in detail to the 
numerous branches of the subject dealt with in this 
very useful volume, but we can strongly recommend 
ite perusal to everyone interested in the develop- 
ment of aviation. 





INDUSTRIAL NOTES. 

Tue African Trade Section of the Liverpool Cham- 
ber of Commerce held their annual meeting on Monday 
last. Among the various points to which attention 
was given were the efforte which the Chamber had 
made during the past year with a view to obtain a 
modification in the wording of bills of lading. It was 
urged that the power of steamship owners to insert any 
clause they wished, the effect of which was to free them 
from liability, should be curtailed by legislation. In 
the Atlantic trade there was a certain check upon ship- 
owners, but in other trades there was no check what- 
ever, and all the legal decisions on the matter had 

inted out that emg a shipowner could relieve 

imself of any liability whatever for goods damaged 
in transit. 

The most insidious of all clauses which had been 
put into bills of lading was, it was stated, the one 
which provided that ‘‘for the time being, for the pur- 
poses of this agreement, the servants of the steam- 
ship company shall be considered the servants of the 
shippers or consignees”” The result was that while 
the men were the servants of everybody who shipped 
goods, nobody was really responsible for any wrong- 

oing on their part. That was a state of affairs whic 
shippers would agree ought not to continue. The 
only way it could be stopped was by legislation. 
Under the circumstances, it was absurd to talk about 
freedom of contract. Such a thing as between ship- 
owner and shipper did not really exist. 





Ata meeting of the Surveyors’ Institution, held 
at York, on Friday, the 22nd inst., Sir Alfred Pease 
read a paper, in which he gave historical aspects of the 
land question, and said that one of the most e t- 
ing notions fixed in the mind of the city multitude, 
ou whoee attitude the future of agriculture in this 
country so largely depended, was that they looked on 
agricultural land as if it were created in the condition 
in which they beheld it. It seemed all but impossible 
to make them understand that the cultivated meadow 
and pasture lands were as much articles of manufacture, 
as distinct in their finished condition from the raw 
material, as pieces of cotton cloth were from the pods 
of cotton fibre on the cotton plants. 

With regard to work and wages, Sir Alfred asked 
what was meant by the advocates of a minimum wage. 
Were they really aftera minimum wage or a minimum 
income ? Parliament could not secure a minimum wage ; 
far more impossible was it for the Legislature to secure 
a minimum income, averaging the fixed minimum 
wage. All that Parliament could do was to enact 
that a man shall not work at less than a State wage 
rate. A State minimum wage without guarantee of 
continuous employment was useless ; it certainly was 
impossible of equitable oye We y re- 

uired plain answers to these questions: Was the 
armer to pay for work done, or was he to pay to keep 
someone else’s family’? If the latter, what was the 
minimum family he had to provide for ? Was the State 
to attempt to secure a minimum income for a labourer, 
or for a labourer plus a family’? If the latter, on 
what principle was the agricultural labourer differen- 
tiated from other employees? What was the time 
standard to be? The mere cash wage was no guide to 
the family wage of any individual labourer, and it left 
out of account the large advantageous wage received in 
kind. Fora fair adjustment between North and South, 
if they were to have a minimum wage, one of two 
things must be done: either the hours and standard of 
work in the South must be brought up to the Northern 
standard, or the Northern labourer’s wage should have 
& proportional advance—i.e., if the Southerner was 
advanced from, say, 15s. to a 20s. minimum, the 
Northerner should be advanced from 2ls. to a 28s. 
minimum. The Land Inquiry Committee pro 
that the landowner should contribute to the increased 
wage his tenant was compelled to pay, and sug- 
gested that the increased wage would not be a burden 
to the farmer owing to the increased efficiency pro- 
duced in the labourer. Uuder the Committee’s pro- 
posal to make the landowner contribute they placed 
the heaviest contributions from the owners of the 
lowest rente—that was, on the t land. The 
owning farmer was provided with no landlord from 
whom he could recoup himself for additional wages. 
Injustice could not go much further than it went 
im euch proposals. in eny application of these un- 





sound principles to agriculture, we were wu forward 
on the vicious course of first Glemumetbatenmnes 
wage, then to fixing the price for the raw material on 
which the labour was employed—viz., the land—by 
means of land courts, then fixing the price of the 
articles produced, till we ran our heads against the 
hard wall of this fact, that in tuning down the price 
of the land and in tuning up the price of its produce, 
the State had discouraged capital from entering the 
industry and decreased the demand for its produce, 
webs oe = demand cpa r. 
ing wi e position of the farmer, the speaker 
cnn the opinion that the position of the tenant 
was more favourable than that of the small cultivat- 
ing owner. Alluding to the complications which 
ensued from State interference in the business of 
rivate cit zens, he pointed out that in the North 
iding there were about 7800 holdings of under 50 
acres each farmed by free tenants, and some 40 
farmed by State tenants. The State tenant paid a 
much higher rent, and a do so unless = rate- 
payers were to pay part of his rent for him. To give 
the State tenants an equal chance with the Teo 
tenants, the free tenants must be rented up to the 
level of the State tenant. The further we went in 
the direction of this kind of State interference with 
liberty, the nearer we approached economic and 
social anarchy. 


At a meeting of the Conciliation Board, held in 
G w at the commencement of the week, a pro- 
put forward by the Scottish coal-owners to 
reduce further the wages of Scottish miners was con- 
sidered. Until the end of last year the miners 
received a series of advances which brought their 
average daily wage up to about 7s. 6d. In the interval 
the owners were partially granted a claim for reduc- 
tion. They had claimed ls., but were granted only 
3d. by the neutral chairman, Lord Balfour of Burleigh. 
The present a was for a reduction equiva- 
lent to ls., and was based partly on the ascertained 
falling prices of coal and on the increased cost 
of production alleged to have been incurred in conse- 
quence of legislation. To this latter claim of the 
coal-owners, the miners’ representatives offered a 
determined opposition, They stated that since they 
had no say in the management of the mines they 
should not be saddled with ite responsibilities, the 
cost of production being a ee which concerned 
the management alone. Although no formal action 
had been decided upon, the miners’ representatives 
were known to be in favour of resisting any attempt 
to lower the wages below the level of 7s. per day, 
which they were intent on considering as the minimum. 
No agreement was reached at the meeting of the 
Conciliation Board, and proceedings were adjourned 
for a fortnight. 





When we reported the Sheffield meeting of the 
British Association of 1910, we gave publicity to the 
statement made by Professor P. F. Kendall, of Leeds, 
at the Section of jeology, to the effect that ‘*. . . in 
Yorkshire and Derbyshire a great belt of i 
limestone concealed the best half of the eoatheda. 
They had to discover the other edge . . .” (see Enat- 
NEERING, vol. xe., 529). We are now informed 
that borings made at Newland, half-way between Goole 
and Selby, have nearly reached the Sooner seam, 
which is believed to lie at a rm of about 800 yards. 

results are also expected from test-borings carried 
out between Goole and Knottingley, and at other 
neighbouring places. 
his question formed the — of a paper contri- 
buted by Mr. H. S. Childe, M. Inst.C.E., F.G.S., 
Wakefield, to the pe the Surveyors’ Institu- 
tion, held at York on Friday, the 22nd inst. Mr. 
Childe stated that the further development of the 
coal-basin in question — fairly be described as 
one of nati interest, by reason of the employ- 
ment of at least 50,000 men and boys in the new area, 
and a ital ————— of not less than between 
5,000,000/. and 6,000,000/. So far as one could judge, 
as a minimum, there was sufficient Barnsley bed coal 
to provide for an output of, probably, 10,000,000 tons 
per year for at least the next century, and, in addi- 
tion to this principal bed, there were four or five other 
seams, which eventually would be worked, and would 
— coal for perhaps 200 years after the Barnsley 

d was exhausted. Several of these seams were 

above the Barnsley bed and three below (the Park- 


posed | gate and Silkstone), so that the problem would 


have to be solved how to work at # depth of 1300 or 
1400 yards below the surface, but he had little doubt 
but that with the use of compressed air as a venti- 
lating medium this would be done. The chief diffi- 
culty would be the lifting of, say, four tons of coal 
from a depth of ay 8, of the immense 
weight of the rope itself. To obviate that it would be 

to have two lifts, which would be very 
expensive, but as during the last fifty years many 
difficult mining problems had been solved, it was only 
fair to assume that the future generation would get 
over thin ene: 





At a special council meeting of the Northumberland 
Miners’ Association, held on Wednesday, the 20th 
inst., at Newcastle, Mr. W. Straker, on behalf of the 
Wages Committee, laid before the council a detailed 
report of the negotiation with the coal-owners of the 
county on the question of a sliding scale for regulating 
miners’ wage:. The report gave an account of every- 
thing that had transpired on the subject since the 
abolition of the Conciliation Board in the year 1911. 
In o letter received from the colliery-owners, and 
dated November 27, 1912, they proposed that wages 
should be governed by the following sliding scale :— 
** At @ selling price of 6s. 9d., or any figure below 
6s. 10d., the wages to be 15 per cent. above the basis 
of 1879. Counting from that figure an advance or 
reduction to take place at the rate of | per cent. for 
each ld. change in selling price. The changes to take 
place in this ratio up to a maximum of 60 per cent. 
above the basis of 1879.” 

From that date pro and counter proposals were 
put forward, and ultimately the men’s yep nating 
made a final offer to accept a minimum of 25 per cent. 
at a price of 7s. 4d., providing the percentage on 
surface-workers’ wages was made equal to the per- 
centage of an underground worker’s wages. 

The main principles of the proposed agreement are 
as follow.:— 

At a eelling wee of 7s. 4d., or any price below that 
figure, wages shall be 25 per cent. above the basis of 
1879. From that figure an advance or reduction to 
take place at the rate of 1 per cent. for each penny 
change in selling price. The changes to take place in 
this ratio up to a maximum of 65 per cent. above the 
basis of 1879 ; the percentage to be paid on the wages 
of surface-workers shall be the same as the percentage 
paid on the wages of underground workers. 





In its last issue, the Railway Review, the ‘‘ weekly 
newspaper for railwaymen,” continues a series of 
leading articles on ‘* The Conquest of Power,” and 
states that ‘‘so long as industry is organised on its 
present basis, however complete trade union organisa- 
tion may be, it can never go beyond making terms 
or bargains with the present owners and controllers 
of industry. In all bargains there are two parties, 
and the power of one party is necessarily and 
inevitably limited by the power of the other, 
and the use of force can and ought only to be 
brought in when it is impossible to make terms by 
arrangement. When it is used, it is a test of en- 
durance rather than a settlement on any basis of 
common-sense. The accepted scope of a trade union 
or group of unions’ activity, then, is to provide the 
sinews of war where force is used, and to be the medium 
by which peace is made when it is over ; or if a settle- 
ment is made without recourse to a strike, to form the 
medium for the bargain, whatever it may be. In the 
present state of industry then, and under existing 
conditions, the ‘ power’ which the working classes can 
obtain and use is and must be limited. Under such a 
system it cannot be otherwise. There have been many 
proposals to change this system, but whatever changes 
may eventually come, and whatever means may be 
— to bring about those changes, we are empha- 
tically of the opinion that nothing can ever justify any 
means which do not conform to the ~ seated of right, 
of honourable and straight dealing, of the keeping of 
agreements properly entered into, and the adherence 
to bonds which have been properly made. These 
standards have grown to be the accepted code of 
honour a men. For our part we are neither 

to advocate nor sanction any departure from 
these standards, believing that no success purchased 
by dishonour can either be lasting or worth 
SPs 


The ballot of the men involved in the London build- 
ing trades’ dispute closed last Wednesday. At the 
time of writing the figures for and against accepting 
the employers’ terms are not known, but it is geue- 
rally believed that the majority will be against 
accepting these terms. The voting of the masons, 
however, is said to show a two-thirds majority for a 
settlement. Should the masons retire frem the 
Federation of the unions and resume work, buildin 
operations in London, which have been at standsti 
for so many weeks, could be proceeded with to some 
extent. It is, however, idle to anticipate. The 
various councils met yesterday ; we hope to report 
the results of their proceedings in our next issue. 


At a conference of the Associated Society of Loco- 
motive En rs and Firemen, which was held in 
Leeds on Friday, the 22nd inst., a letter from Mr. 
Barns was read to the members. This letter was 6 
reply to a telegram which the Society had sent to the 
Board of Trade, complaining that it was not represented 
on the Committee of Inquiry on the Railway Employ- 
ment Act of 1900. The letter in — stated the 
following :—‘* I am desired by Mr. Burns to express his 
regret the members of Society should feel 

that the Society has no direct tative 
en the reeently apprinted Committee of Inquiry inte 
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the working of the Railway Employment (Prevention 
of Railway Accidents) Act, 1900. Mr. Burns, however, 
desires me to point out that your members appear to 
be under some misapprehension as to the scope of 
the inquiry of the Committee. It is not intended 
to cover the safe working of railways generally, but 
is limited to the question of accidents to railway 
employees in the course of their employment, and the 
appointment of the Committee was mainly due to the 
large increase in the last few years of the number of 
oath accidents reported to the department. This 
increase has, for the most part, occurred in the 
casualties not due to accidents to trains or to the 
movement of railway vehicles, and it would seem that 
locomotive men are not so largely concerned in 
these accidents as certain other classes of railway 
employees.” The Board of Trade secretary added 
that the Society would have ample opportunity of 
giving evidence before the Committee. 

The Society was not satisfied with the reply, and 
telegraphed reiterating its claim to representation. 
It also appointed a deputation to urge the Labour 
Party to move in the matter. 





At the same Leeds conference of the Associated 


Society of Locomotive Engineers and Firemen, the | had 


question of the provision by the railway companies of 

ilot-men to drivers over strange roads was discussed. 

t was stated that the companies had altered their 
rule-book so as to make it possible for men who were 
not competent engine-men to pilot drivers over such 
roads. It was that this practice was full of 
danger, and a resolution was carried demanding that 
the words ‘‘ competent pilot-men” in the companies’ 
rules be altered to ‘pilot drivers,” and directing 
members to refuse to accept anyone who was not a 
competent driver. 

e Society also registered an emphatic protest 
at having been ignored in the recent tye 
Workers’ Combine. It eer a resolution, which 
we give in abstract :—‘‘ That this meeting, represent- 
ing over 32,000 locomotive-men, hereby places on 
record its profound regret (as also its sense of in- 


justice) at the action taken : firstly, by the Miners’ | Royal 


Federation in omitting to extend to the organisation 
of which we are members an invitation to send its 
accredited representatives to the recent conference. 
We consider such an omission on the part of the 
Miners’ Federation to be a reflection upon our organi- 
sation, seeing that such contains within its ranks over 
32,000 locomotive-men, and, therefore, constitutes a 
factor which it is impossible to ignore so far as any 
subsequent action of an effective nature by the bodies 
composing the conference is concerned. 

‘* We venture to think that mere courtesy and fair 
play demanded that an organisation numbering 32,000 
members, and who, by virtue of their calling, are 
bound to be vitally affected in the event of any con- 
certed action of a practical character arising out of 
the deliberations of the conference in question, should 
at least have been afforded an opportunity of statin 
the views of the members whom it represents, a 
therefore earnestly regret that such was not given due 
consideration by the Miners’ Federation, seeing that, 
had it been given, the present unfortunate position 
—viz., the total exclusion of over 32,000 men from 
any opportunity of giving expression to their views in 
a matter vitally wap their future welfare, would 
not have arisen. Any further overtures must come 
from the other side.” At the last sitting the con- 
ference drew up a programme of demands which is to 
be placed before the various railway companies. The 
demands are the following :— 

1. An eight-hour day. 

2. Five shillings weekly advance to drivers, motor- 
men, firemen, and cleaners. 

3. The mileage clause to be retained, and all other 
conditions to remain as at present. 

It will be seen, therefore, that the two chief 
demands are identical with the corresponding ones in 
the programme of the National Union of Railwaymen. 
Notwithstanding this, the conference showed that the 
Associated Society is still against working in conjunc- 
tion with the men of the other grades until these 
latter make the necessary overtures. It even registered 
an emphatic decision against fusion, and the members 
were equally insistent on a separate conciliation board. 





The annual meeting of the Federation of Engineer- 
ing and Shipbuilding Trades was held at Nottingham 
on the 2ist and 22nd inst. The main business dealt 
with was the proposed reduction of working hours 
from 53 and 54 to 48. It was stated that the officials 
had been in negotiation with the Engineering Em- 
ployers’ Federation for some comulieniile time, aud a 
small committee, representative of both the employer’ 
and workmen’s interests, had been appoin This 
committee had met early in the present month, when 
the whole question of a substantial reduction in the 
hours of Se was discussed. The employers 
had then as to 


for certain tees with 
the diminished output which they an would 


follow reduction, and this question occupied the atten- 
tion of the delegates for a considerable time on the 
22nd inst. The meeting found that it would be quite 
impossible to give any tees as to the main- 


tenance of output under the eight hours day asked for, | pusi 


but expressed the belief that, with better time- 
keeping and a number of administrative economies, 
any diminution of the output following the establish- 
ment of an eight-hour day would be reduced to a 
minimum. In order to consider the matter further, a 
subsequent meeting was arranged to be held in London. 





Messrs. Ruston, Proctor anp Co., Limirep.—The 
gross profit realised by this company for 1913 was 119,118/. 
After allowing 17,931/. for de iation, 13002. for direc- 

remuneration, and 10, for interest on deben- 
tures, the 119,118/. was reduced to 89,887/.; but it was 
increased to 106,937/. by the balance brought forward 
from 1912. A dividend at the rate of 8 per cent. per 
annum is “a to be paid for 1913 ; this will leave 
16,8211. to be carried to the credit of 1914. The capital 
expended by the aoe on land and buildings stood 
in the books at the close of March, 1913, at 251,845/.; this 
been increased at the close of March, 1914, to 274, 5711. 
ture on the plant and machinery stood in 
at the close of h, 1913, at 158,8957. This 
been increased to 170,489/. at the close of March, 
1914. The balance at the credit of the reserve and equali- 
sation of dividend account stood at the close of March, 
1914, at 180,000. The stock in trade at Lincoln and 
abroad stood at 611,874/. 





Tue Navy ProcramMe.—The orders for the two battle- 
~~ to be given out to contract under the programme 
< 914-15 have just been placed. One of the vessels, to 
nal 


feld Shipbuilding and ‘Engineering Compane, Lamited, 
1 an ring m ’ ’ 
of Sinaia e and the other, the = Palmers’ 


Shipbuilding and Iron Company, Limited, of Jarrow-on- 
Tyne. Of two other battleships, to be built in the 
dockyards, Devonport will build a vessel to be named 
the Resistance. 

were given in ENGINEERING of A 
are to be of the Royal Sovereign c 
ordered under the precedi: 
eight of the class, and all of 


il 17 (page 534 ante), 

of which five — 
programme. is makes 
m take the names of eight 

yal Sovereigns laid down twenty-four years ago, and 
now obsolete ; some of them, ind have been sold out 
of the service. The fourth battleship of this year’s pro 
gramme, to be laid down at Portsmouth, is to be named 
the Agincourt. She will belong to the Queen Elizabeth 





Tuer AUTOMOBILE ASSOCIATION AND Motor Union.— 
Tn conjunction with the Ligue Internationale des 
Touristes, the Automobile Association and Motor Union 
have organised an International Map Exhibition at the 
Anglo-Spanish Exhibition at Earl’s rt. The Exhibi- 
tion is in the *‘ Section Tourism,” in the Ducal Hall. It 
will be — from yesterday until the end of the summer 
season. otorists who are members of the Automobile 
Association will find a special enclosure reserved for 
them, which they may use for meeting friends or writing 
correspondence. The Exhibition comprises a most com- 
plete and representative collection of maps, it gives an idea 


of the excellent work now being done by ers, and 
enables those interested to study the ucts and 
the standards prevailing in different countries with 


to map-making ; facilities are also afforded for comparin 
ancient modern m Among exhibits to whic’ 
—_— attention may be drawn are some ancient hand- 

rawn maps in the Japanese section. Other old maps 
exhibited include Rowe’s map of 21 miles round London, 
published in 1817, and some maps from an atlas published 
in England in 1812. 





SHIPBUILDING AND Surp-Reparrinc Comping. — An 
important arrangement has — been concluded whereby 
an exchange of shares is effected, and a community of 
interests ensured, between Messrs. Swan, Hunter and 
—— Richardson, Limited, Wallsend and Walker- 
on-T'yne, and Messrs. H. and ©. Grayson, Limited, 
Liverpool and Birkenhead. The Tyneside works of 
Messrs. Swan, Hunter and Wigham Richardson, Limited, 
cover — ight acres, and include shipyards at 
Wallsend alker, the Neptune Engine and Boiler 
Works at Walker, and the Dry Docks Department at 
Wallsend, comprising two graving-docks and two float- 
ing-docks. Last year they effected an exchange of 
shares with Messrs. Barclay, Curle and Co., Limited, 
shipbuilders and ineers, Whiteinch, G w, whose 
works include the Olydeholm anes, itei 
the Sto ine and Boiler 


pepe Dock, Scotstoun 
and Wigham Richardson, 
—— also have a large interest in the Wallsend Slip- 
way Engineering Company, Limited, Wallsend, and 
in the firm of Harris Brothers, Limited, owners of the 
two Cambrian Dry Docks, Swansea. 
Messrs. H. and O. Grayson, Limited, dates as far back as 
1765. They are owners of graving-docks, slipways, and 
pa works at Liverpool, Garston, and Birkenhead, 
which are ca) of dealing with all classes of repair 
work of the heaviest description. Mr. H. M. Grayson, 
the principal of the ——— is also « director of the 
firms of Clover, Clayton Co., Limited ; R. and H. 
Green and Silley Weir, Limited, ; and Jos. T. 





Eltringham and Co., Limited, Willington-Quay-on-Tyne. 
The management of the three businesses at Wallsend, 
Liverpool, and Whiteinch remains th® same as before: 


hese three ships, of which particulars | 5 


The business of | w 


NOTES FROM THE NORTH. 
d Guascow, Wednesday. 
Glasgow Pig-Iron Market.—Last Thursday morning 
the pig-iron market opened with a steady tone, but 
ness was confined to 1000 tons of Cleveland warrants 


— quoted 


tions for prompt lots are 11/. per ton Glasgow, and 
111. 2s, 6d. per ton Leith, these prices show a decline 
of 37s. 6d. and 35s. per ton respectively since the year 
commenced. 

Scotch Steel Trade.—The Scotch steel trade continues in 
a somewhat depressed condition, and the great scarcity 
of specifications for plates is telling its own tale in the 
different works, where the rolling-mills are only inter- 
mittently EE Ay and outputs are steadily fallin off. 
At the end of last week there was @ faint ray of hope 
that some little improvement was in sight, owing to a 
firming up of Continental prices, but it is very doubtful 
if there will be any change, as home prices are hi 
than what the foreign preducer will accept for his 
goods. Black-sheet makers are hard put to it to 
their establishments going, and the demand for galvani 
sheets is also very pre. Structural engineers are fairly 
well employed, with the result that there is a moderate 
request for sections, although it is not an exceeding] 
heavy demand, and is easily met. Prices are unchanged, 
and might be called rock-bottom. The export trade, 
while fair, is not very active. One or two markets are 
sending forward tolerably good lines, and it these 
may be mentioned Australia and New Zea , while 


Canada is also beginning to send along some decent 
orders. 


Malleable-Iron Trade. — The steady importation of 
material from the Continent still gives the malleable-iron 
makers in this district some concern, and they are only 
able to keep running for three or four days a week on the 
average, and that, too, with difficulty. The current 
price Ay Ma — “4 . no change Ae 61. 12s. 6d. 

ess 5 per cent.; but even at t low figure 
fistle fresh busin ess can be secured. ™ 

Scotch Pig-Iron Trade.—The Scotch pig-iron trade is 
rather quiet, and consumers are only ordering small lots, 
with the result that the present number of furnaces in 
blast are quite capable of meeting the demand, both for 


home and export. Prices are steady, and the following 
are the sunine’ uotations for rawr he (No. Ay — 
Clyde, 68s. ; i ummerlee, and 


, Gartsherrie, 8 Lang- 
loan, 688. 6d. = shipped at marie! ; Glengarnock (at 
Ardrossan), 71s.; Shotts we Leith OA, Cae ea (ae 
(at Grangemouth), 69s. Hematite iron is in very poor 


; | request, 80 quiet are the steel-makers. 





ConTRracts.—Meesrs Ed. Bennis and Co., Limited, 
state that the industries to which their machine stokers 
have been supplied during the past few weeks are remark- 
ably various. They include railways, collieries, brick- 
manufacturers, boiler-makers, xylonite works, flour-millere, 

orsted and manufacturers, dyers and bleachers, 
rolling-mills, &c. The list they have sent us comprises 
sixty-nine of their different machines for the above 
industries.—Mesers. Perman and Oo., Limited, 82-83, 
Fenchurch-street, London, E.C., state that they have 
received a contract from a firm of shipowners in London 
for a pair of four-cylinder ‘‘ Kromhout” engines to drive 
twin screws, each engine to develop 275 brake horse-power 
at about 225 revolutions per minute. The engines will 
be of and are to be fitted in a vessel 





eae tone dane of oil in 
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Ssots else will trade round the Picielot om 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

South Yorkshire Coal Trade.—There has been a further 
easing in the demand for house-coal. Although the out- 
put was considerably restricted, stocks have accumulated 
in large bulk at both collieries and dépéts. Many mer- 
chants have ear such a slump in orders that they 
are incurring charges for supplies at pit-sidi In some 
cases working has been uced to three days a week. 
This reduction threatens to become general. Not only has 


the local demand shrunk, but London buyers are taking | become 


nothing like the tonnage that is usually sent to them at this 
time of the year. This weakness, however, is not reflected 
in the current quotations, which are not quotably lower 
than a week ago. There is a fair volume of activity in 
steam coal. A decline in the local industrial demand has 
been more than counterbalanced by a natural expansion in 
export requirements, A condition of uncertainty prevails 
in regard to gas fuels. Annual contracting is usually 
well advanced at this period, but a deadlock has arisen 
in regard to values. Producers are asking for the same 
prices as they obtained to cover increased cost on produc- 
tion consequent upon the 1912 coal strike, but buyers are 
standing out for substantial concessions. Slacks show a 
Peers nd tendency. Little movement is evident either in 
blast-furnace coke or steel coke. Quotations : — 
branch hand-pi Barnsley best 
Silkstone; 138. to 148.; Derbyshire best brights, 12s. to 
138.; Derbyshire house, 10s. 6d. to lls. 6d.; large nute, 
10s. 6d. to 11s. 6d.; small nuts, 9s. to 10s.; York- 
shire hards, lls. to 12s.; Der re hards, 10s. 6d. to 
11s. 6d. ; best slacks, 7s. 6d. to 8s. 6d.; seconds, 5s. 6d. to 
63. 6d. ; smalls, 4s. to 5s. 

Tron and Steel.—The inquiry for pig-iron has been 
almost nil for upwards of five s. The scrappy 
nature of business in the open market, and the continued 
absence of contracting, are producing a sense of despai 
among local makers. Quotations have been redu to 
the lowest possible level, having reasonable regard to the 
existing price of fuel, but consumers will not be tempted 
from their long inaction. Not even the close approach 
of midsummer has effected the slightest improvement, 
though it is difficult to see how the renewal of half-yearly 
contracts can be delayed much longer. A weaker under- 
tone in the manufacturing trades is indicated in the 
reduction of specifivations. A striking contrast is afforded 
when the current quotations and the quotations for the 
corresponding week in 1913 are set side by side. The 
1913 figures were:—Lincolnshire foundry, 66s. 6d.; 
Lincolnshire forge, 654. 6d.; Derbyshire foundry, 64s. 6d ; 
and Derbyshire forge, 62s. o-day’s values are :— 
Lincolnshire foundry. 54s. 8d.; Lincolnshire forge, 53s. 8d. ; 
Derbyshire foundry, 55s. ; and Derbyshire forge, 51s. This 


year quotations have declined with as great rapidity as | Wa 


they advanced twelve monthsago. A fairamount of 
tite is going into consumption in the heavy constructional 
trades, and, with a few exceptions, makers are securing 
last week’s values. The market quotations are :—West 
Coast hematite, 73s. 6d.; East Coast hematite, 68s. 3d. 
nét, delivered in Sheffield or Rotherham. Production 
—— with a steady swing in the steel trades. 
ixtreme pressure ahd moderate activity are to be found 
side ne side. There is keener competition for orders, but 
virtually every section is working full time, and un- 
employment is the exception rather than the rule. Com- 
plaints are still heard in some quarters of the inability 
to secure the requisite amount of skilled labour to 
deal with current requirements. Armament, gun, and 
E> de ents are working at great ure. 
pain has with two of three big arma- 
ment firms part of a contract which is valued at several 
millions sterling. Sustained activity in the engineer- 
ing and shipbuilding trades is also bringing a lot of 
work to Sheffield. Unfortunately, depression a 
is not only stunting the —- trade, but is dictati 
2 pee bY — = cheap products to — 
orkshire. 6 release of wagons consequent upon t! 
decline in local traffic is not likely to benefit local build- 
ing, but a bright spot is furnished by the overseas demand 
for railway material. Big contracts are in hand, and 
others are only held up by political instability in the 
East. Tramway-material makers have a lot of work for 
an gan corp rations. Makers of agricultural implements 
and machinery are anticipating a ay opens in the 
requirements of Russian buyers. In the lighter branches 
of the steel trade work is plentiful. Billets meet with a 
better demand, though contract business is scarce. 





Tue InstiruTiIon: OF MercouanicaL Enoingers.—On 
Thursday, the 2ist inst., the annual conversazione was 
held at the Institution of Mechanical Engineers, Storey’s 
Gate, St. James’s Park, Westminster. Members were 
received by the President, Sir H. F. Donaldson, K.C.B., 
and Lady Donaldson, and the Members of the Council, 
The programme arranged for the evening proved a very 


easant one, and the improved accommodation at the | Me 


nstitution was fully taxed on this occasion. A feature 
of the evening was a cinematograph entertainment, 
which included both technical and non-technical subjects. 
One film showed scenes in iron and steel works at - 
bay, another the building of an aeroplane, and a third a 
visit to a colliery. To d variety, other subjects in- 
cluded the opening and closing of flowers, &c., these 
proving very attractive. Eleotrophones were installed in 


the committee-room, while refreshments, which were | Mr 


patronised, were arranged for in the basement and 
on the third floor. The musical programme was much 
a i , and included songs and violin solos. Alto- 

er the evening will rank well with its predecessors, 

advantage of the additional accommodation was 
clearly apparent for.such an occasion. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 

MippLesproucH, Wednesday. — 
The Cleveland Iron Trade.—There is very little busi- 
ness passing in pig-iron just now. Producers are kept 
busy on comming ennenees, but they are receiving very 
few orders for the second*half of the year, and prospects 
are anything but encouraging. Owing to restricted make 
there is not very much pig-iron available for disposal, 
and as makers are determined not to allow the output to 
considerably in excess of the requirements, more 
furnaces may be put out of blast shortly unless there is 
improvement in demand. The sent make is insuffi- 
cient fully to meet needs, with the result that both 
ers’ 8 iron in the public warrant stores, are 
being drawn upon to satisfy customers, and thus the 
already very excellent statistical situation is still growing 
hetter. The scarcity of iron checks values falling. 
No. 3: g.m.b. Cleveland pig is 5ls. 44d. to 5ils. 
f.o.b., business having been recorded at both figures. 
No. 1 was 53s. 104d. to 54s.; No. 4 foundry was 
fully 51s. 3d., amd was so scarce that No. 3 was said to 
have been delivered in its place. No. 4 forge was 50s. 9d., 


and mottled and white iron each 50s. 3d.—all for either | and 


early or forward delivery. Unsatisfactory accounts are 
given of the hematite branch of the iron trade, the slack- 
ness in the fini iron and steel industries 


and merchants are rather a Nos. 1, 2, and 3 
at 6ls., and would probably accep) rather less, whilst 
consumers consider that the price should be round about 
60s. After anidle market for some time past, a small 
business in foreign ore can be recorded, a cargo of best 
Rubio and a cargo of silicious ore having been sold, at 
what prices, however, has not t ired, Sellers still 
quote on the basis of 17s. 6d. ex-ship Tees for Rubio 
of 50 per cent. quality. Ooke is strong and scarce, not- 
withstanding rather heavy arrival of Yorkshire kinds. 
Durham blast-furnace coke, of medium quality, is fully 
17s. 3d. delivered at Tees-side works, and some manufac- 
facturers will not sell under 17s. 6d. 


Stocks and Shipments.—The stock of Cleveland pig-iron 


in the public warrant stores now stands at 86,157 tons, 
all of which is No. 3 quality. Since the nning of the 
month the stock has been reduced by 10,380 tons. Ship- 


ments of pig-iron from the Tees are only on a moderate 
seale. To date this month phey average 2897 tons per 
working day, the total a being returned at 66,652 
tons, 59,707 tons of which have gone from Middlesbrough 
and 6945 tons from Skinningrove. To the same date last 
month the loadings were given at 96,446 tons, or a daily 
average of 4193 tons, and for the corresponding part of 
y @ year ago the clearances: reached 78,192 tons, or an 
average of 3399 tons per working day. 


Manufactured Tron and Steel.—There is nothing new 
of moment to report concerning the manufactured iron 
and steel trades. New orders are scarce, but manufac- 
turersare kept busy on running contracts. The following 
are the principal market quotations :—Common iron 
71.; best bars, 7/. 7s. 6d.; best best bars, 7/. 15s.; best 
best best bars, 8/. 2s. 6d.; packing iron, 6/.; iron ship- 
plates, 6/. 15s.; iron ship-angles, 7/.; iron ship rivets, 
7l. 5s.; iron girder-plates, 7/. 5s.; steel bars (basic), 
61. 5s.; steel bars (Siemens), 6/. 5s.; steel ship-plates, 
62. 10s,; steel shi les, 62. 23. 6d.; steel boiler-plates, 
71. 10s.; steel joists, 62. 12s, 6d.; steel strip, 67. 5s.; steel 
hoops, 62. 10s.—all less the customary 24 per cent. dis- 
count; cast-iron columns, 7/. 78. 6d.; cast-iron railway 
chairs, 4/. 5s.; light iron rails, 7/.; heavy steel rails, 60. ; 
steel railway sleepers, 7/. 5s.—all net at works; a 
aised corrugated sheets, 24 gauge, in bundles, 11/. 5s. 


broad | £.0.b.—less 4 per cent. 





South Wages Coat anp~ Iron Companigs. — The 
Business Statistics Company, Limited, 12, James-street, 
Cardiff; have issued a eb giving financial statistics 
of the various coal and iron companies of South Wales. 

companies are treated separately, two pages being 
devoted to each. On the first page the names of the 
a ~_ aw = given, with the Fae yan of 
capital an ie tures, the approximate anni output, 
and other information of this nature. The second 
is devoted to a summary of the latest balance-sheet and 
profit and loss account, the profits made, dividends paid, 
and sums p! to depreciation, reserves, &c. In con- 
clusion, this little work (the price of which is 1s.) gives a 
list of the highest and lowest prices of the ordinary share 
in each company for the past fourteen years. 





Srxtu InreRNaTIONAL ConcRess OF MINING, Merat- 
LURGY, ENGINEERING, AND GmOLOGY.—We are asked to 
state, as’ already annonnced in our columns, that at the 
closing meeting of the International Congrees of Mining, 
urgy, &c., held at Diisseldorf in 1910, an invitation 
to hold ‘the next International Congress im London in 
1915 was unanimously accepted. In conformity with this 
preliminary arrangement next will be held 
in London from Monday, July 12, to Saturday, July 17, 
1915. It will be divided, as is customary, into the fol- 
lowing sections :—(1) Mining ; (2) Metallurgy ; (3) Engi- 
neering ; and, (4) mic logy. An Executive 
Committee has formed, consisting of :—Chairman, 
. Arthur Cooper, LL.D. ; Vice-Chairman, Sir William 
E. Garforth, LL.D.; Hon. Treasurer, Sir Hugh Bell, 
Bart., D.C.L , LL.D. ; and a number of other gentlemen 

i and provincial institutions. Any 
inquiries for further information should be addressed to 
the Secretary of the International Congress, 28, Victoria- 
street, London, 8. W. 


.|and No. 2smalls have made 8s. 6d. 2 





NOTES FROM THE SOUTH-WEST. 

oe er coal business has been confined within 
narrow limits, but transactions for forward delivery have 
shown a steady tone—especially as regards June. One 
of the leading Admiralty collieries has quoted as much 
as 22s. per ton for June shipments, but this price must 
= led J. —_ ional. Monmouthshire a 

ve ‘ec inadequate tonnage supplies; 
smalls have, however, shows a tendency to im rs sma 
The best Admiralty large steam-coal has ie 193. 6d. 


to 20s.; best secondary descriptions have brought 
18s, 6d, to 183. 9d.; other secondary qualities have made 
17s. 6d. to 18s.; best bunker lls. to lls. 3d.; 
and smalls, 9s. 3d. to 9s. 9d. per ton. The best 
h coal has been quoted at 19s. to 20s.; good 
households at 17s. to 188.; No. 3 Rhondda at 


17s. 6d. to 17s. 9d.; and smalls at 12s. to 12s. 6d. 
ton. No. 2 Rhondda large has brought 13s. to 13s. 6d., 


broad.—Purchases of 

been made at Cardiff for the Turkish Navy. The pur- 
chases extend to about 30,000 tons, and the price ave: 
20s. 6d. per ton, free on board double screened. 

Government has also taken 30,000 tons o oe 
Welsh Admiralty coal.. Tenders for 12,000 tons of loco- 
motive coal have beeu ‘invited by the administration of 
the Bulgarian State Railways. 


More Works for Ni .—The Whitehead Iron and 
Steel Company, Limited, has completed the ase of 
30 acres of land at Courtybella, Newport. © company 
proposes to erect works upon this site, and an early start 
1s expected to be made with the foundations. 

Rhymney Iron Company, Limited. — This company 
has had a good year’s business, the profit realised for 
1913 having been 131,902. The cost of new works 
carried out during the financial year was 39,805/., the 

rincipal items being expenditure in connection with the 
ardy pit (19,155/.), and electric -power installation 
(17,462/.). The output of coal at the company’s pits last 
— was 1,304,297 tons, against 1,240,698 tons in 1912. 
whole of the pits were worked last year, and the 
prices realised were satisfactory. 


The Neath Valley.—The preamble of a general powers 
Bill, promoted by the Great Western Railway Company 
this ion, which Bre the construction of new 
railways in the Nea alley, to accommodate the in- 
Sa of the @istrict, has been d proved 
by a Committee of the House of Commons. The engi- 
neers of the promoters,and other parties are, however, 
to consult regarding the headway and span of bridges. 


Portsmouth.—The extension of No. 14 dock has made 
such progress’ that a few days ago the dock was flooded 
from the main culvert. e coffer-dam in the basin 
round the entrance to the dock will shortly be removed. 
The dock has been so extended that it will have a length 
of 720 ft., and a width at the opening of 100 ft. 





AGRICULTURAL Macuingery.— The vslue of the agri- 
cultural machinery exported from the United Kingdom 
in April was 145,789/., as compared with 151,177/. in 
April, 1913, and 133,684/. in April, 1912. In the four 
months ended April 30, this year, the te value 
of the exports was 512,941/., as com with 392, 1982. 
and 398,327/. There has been a large increase in the 
European demand, which is, after all, the main —— 
of our exports of icultural machinery. The colonial 
demand was as follows in the first four months of the 
last three years :— 


Colonial Group. wr  % er 
British South Africa 6,714 12,912 11,224 
British India es 39,568 25,291 17,481 
Aust oe 10,986 13,734 24,689 
New Zealand 3,922 4,426 5,388 


The substantial increase in the value of the shipments to 


page | India is a good feature. 





Tue BRITISH ACETYLENE AND WELDING ASSOCIATION. 
—The thirteenth annual general meeting of the Associa- 
tion was held at the Westminster Palace Hotel on 
Friday, the 22nd inst., at 2.30 p.m. Mr. E. W. Sprott 
read a report of the work done du the year, and also 
mentioned that the membership had greatly increased. 
Mr. T. G. Allen was elected President for the age 
i. Mr. C. E. Bingham Vice-President, and . C. 


was re-elected Treasurer. Two popers were read 
—one on ‘*The Welding Schools,” by Mr. K. S. Murray, 
and ‘*The Testing af Carbide, ” by Mr. C. E. Bingham. 


With reference to the welding schools, it is very satis- 
factory to learn that whereas there was only one school 
last year, there are-now eleven, with 380 students, in 
different parts of the country. Theschools donot profess 
to turn out qualified welders, but to teach the students 
the use of the various types of blow-pipe, and how to 
tell the right from the wrong flame. In the evening 
the annual dinner of the Association, which was 
well attended, took place at the Trocadero, the newly- 
appointed President, Mr. T. G. Allen, being in the 
chair, vacated by Mr. E. W. Sprott. There were many 

and the evening passed off very 
Particulars as to the welding schools can be 
the “Association at 103-104, Cheapside, 


—— 
edined irom 
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THE BROWN-BOVERI CONTINUOUS-SERVICE CONDENSER. 








Fis, 1. 


Messrs. Brown, Bovert AnD Co., Baden, Switzer- 
land, and of Caxton House, Tothill-street, Westminster, 
8.W., have sent us the two views represented in Figs. 
1 and 2, above, of their ‘‘ continuous-service” con- 
denser, which can be cleaned while still in action. The 
surface-condenser is, without doubt, the most suitable 
for obtaining the high vacua indispensable to econo- 
mical operation, the principal reason for this being 
that with the surface-condenser the circulating water 
is kept entirely separate from the steam to con- 
densed. Hence the condensed steam can be utilised 
for making up the boiler feed, while practically any 
water available can be taken for circulating pur- 
poses. The use, however, of impure or dirty cir- 
culating water in surface-condensers of the usual 
type causes considerable inconvenience on account 
of the sediment or scale which is deposited on the 
inside of the tubes, and the deposits retard the 
transfer of heat from the steam on the outside of the 
tubes to the water flowing through them ; this leads 
to a reduction in the vacuum, and hence to an in- 
crease in steam consumption. In most instances, 
therefore, it is necessary, in order to overcome this 
trouble, to clean the tubes frequently, and this 
cannot be done, as a rule, without dismantling the 
condenser to a certain extent. In any case, the con- 
denser has to be put out of service during the pro- 
cess, and although it may be possible to run the 
plant and exhaust to atmosphere, this cannot always 
be done, ——- in the case of large units, on 
account of the great increase in steam consumption it 
entails. 

In order to overcome this disadvantage, Messrs. 
Brown, Boveri and Co. have developed what may be 
termed a multiplex surface-condenser, which can be 
cleaned without interrupting the operation of the 
plant in any way. It is so designed that the supply 
of cooling water can be diverted from one portion and 
the tubes therein cleaned, while steam is being con- 
densed in the other part, without causing any altera- 
tion of importance in the working conditions. This 
condenser, generally speaking, is a normal surface- 
condenser, but the water-chambers, which are of the 
usual pattern, are divided by a vertical partition, the 
branch pipes for the admission and discharge of the 
cooling water being duplicated. Each half water- 
chamber is fitted with a semi circular door hinged 
about the middle of the condenser, the doors being 
arranged so that either can be opened independently 
of the other. The steam space of the condenser, how- 
ever, is not divided. When working normally the 
multiplex surface-condenser only differs from the 
ordinary condenser in that the circulating water flows 
in two parallel streams, and the air and condensed 
steam are ejected from both sides. When it is neces- 
sary to clean one portion of the condenser, the admis- 
sion and discharge valves on the corresponding side 
are shut down, and any water remaining is drained off 
through suitable drain-cocks. The condenser door is 
then unbolted and swung open, whereupon the tubes 
can readily be cleaned. It has been found that the 
decrease in the working vacuum due to the cutting 
out of one-half of the condenser is very small, the 














decrease not exceeding 3 per cent. at full load, whilst 
at half-load, the vacuum, which is obtained when 
working under these conditions, is somewhat higher 
than at full load with both parts of the condenser in 
operation. 

Fig. 1 shows the condenser for a 6000-horse-power 
turbine arranged for normal working, and Fig. 2 illus- 
trates it with one side opened for cleaning. This type 
of condenser finds its application in all installations 
where the circulating water is impure, or of a sedi- 
mentary or scale-forming nature, since the tubes, as 
may be understood from the above, can be cleaned 
with the greatest ease at any time and as frequently as 
desired, thus enabling the whole plant to be operated 
continuously under favourable conditions of vacuum, 
yielding a better steam consumption and lower fuel 
costs. 

Messrs. Brown, Boveri and Co., inform us that 
down to March last they have built fifty-seven of these 
condensers, for a total steam-turbine rating of 218,120 
horse-power. 





THE DEVELOPMENT OF THE 
AEROPLANE.* 


By Dr. R. T. Guazesrook, F.R.S. 


I am honoured by the request of your Council to deliver 
the second Wilbur Wright Memorial Lecture, and for 
my subject have selected some points connected with the 
development of the aeroplane—that machine whose capa- 
bilities Wilbur Wright was among the first to recognise, 
and which hedid so much to create. 

I will commence with some well-known words :— 

‘“*IT have brought to a close the portion of the work 
which seemed to be specially mine—the demonstration of 
the practicability of mechanical flight; and for the next 
stage, which is the commercial and practical development 
of the idea, it is probable that the world may look to 
others. The world, indeed, will be supine if it does not 
realise that a new possibility has come to it, and that the 
great DS ee highway overhead is now soon to be 
opened.” 

These words were written in 1897 by Mr. 8. P. Langley, 
Secretary of the Smithsonian Institute, describing his 
experiment of May 6, 1896, when he launched a heavier- 

-air machine, which flew under its own power (steam) 
for about half a mile. —— ’s experiment had no small 
influence on the work of the Wrights. Let us take it as 
—_ starting-point, and follow the progress that has been 


e.+ 

Early Efforts.—We commence with Henson’s aeroplane, 
designed in 1842, and never constructed, and Ader’s, who, 
in 1897—the year after Langley’s experiment—succeeded 
in flying, or possibly rather hopping, short distances in a 
audkins weighing 1100 lb., driven by a steam-engine of 40 
horse-power, weighing 7 Ib. rr horse-power. Fifty years 
before this Strongfellow—in —had constructed a small 
model which flew some 40 yards under its own steam, while 
in 1868 he exhibited #¢ the Orystal Palace a triplane. 
Next came Langley’s aeroplane of 1896. Then we have 


* The second Wilbur Wright Memorial Lecture, deli- 
vered before the Aeronautical Society of Great Britain, 
May 20, 1914. 

+ The lecture was illustrated by a number of lantern- 
slides representing early machines. 














Fie. 2. 


Langley’s quarter-size model of 1901; in this he had 
Manley’s help. ry ay 4 large aeroplane of 1903—the 
same year in which the Wrights made their first flight at 
Kitty Hawk with a machine weighing 750 lb. and a 
16-horse-power motor; Ferber, in 1903; Phillips, 1904; 
Wright’s machine of 1905; and Santos Dumont of the 
following year, 1906. 

Development since the Wrights’ First Flight.—Let us 
pass on to more modern days. It is only some ten years 
since Wilbur Wright and his brother flew in their first 
machines at Kitty Hawk—seven or eight years since 
they astonished the world by the success of their flights 
in France, and yet how great has the change ! 
Compare the machines with those exhibited some six weeks 
since at Olympia. Development due to the labours of 
many workers, the thoughts of many minds, the skill and 


7 gg es of pilots in many lands, was shown on every 
si The task of tracing in all its details the growth of 
that development is too heavy for a single evening, and, 
indeed, if I could attempt it, I could not make it interest- 
ing. 1 wish to limit myself to one corner of the field— 
rhaps the title of my lecture is too wide—I D pm me to 
eal mainly with the work of experiment and scientific 
research in the development of the aeroplane. Labora- 
tories for the study of aeronautical problems exist in 
many p and each has contributed to our a ase 
knowledge. No small share belongs to the National 
a Laboratory, where Dr. Stanton, Mr. Bairstow, 
and their colleagues, have worked with so large a measure 
of success, and if — I am able to put before you 
any new facts connected with our subject, it is solely due 
to the zeal and skill with which the laboratory staff have 
attacked and soived the complex and most interesting 
problems proposed to them. 

The experiments I propose to consider are all con- 
ducted, as you know, in an air channel. A model of the 
aeroplane, or the part of the aeroplane whose behaviour 
it is desired to study, is supported in the channel on the 
arm of a balance, by means of which forces and moments 
acting on it when a current of air is produced in the 
channel by a suitable fan can bo measured. I will not 
attempt to describe the mechanism—many of my hearers 
have seen it. The vel city of the air-current is measured 
by a Pitot tube, and the precautions taken have secured 
a constant distribution of velocity across nearly the whole 
of any section of the channel. 

e wish, however, for information as to actual air- 
craft, not merely models, and our success in obtaining 
this will depend on the accuracy of our measurements 
and our knowledge of the law which connects the forces 
on ag model with those which act on the aeroplane 
itself. 

As to the accuracy of the resulte—there are now two 
channels, one 3 ft. square, the other 4 ft. square, in daily 
work ; a third leaps chancel, 7 ft. square, is nearly com- 
plete. Recently the lift and drift of the same aerofoil 
were measu different observers in the two channels. 
The results are shown in Fig. 1, page 754, those in the 
4-ft. channel being indicated by a x, those in the 3 ft. by 
a 0, the two series are practically identical ; the accuracy 
attained is very high. 

The Law of Siinilitude.—Next as to the means of step- 
ping from the model to the ;it is known that 
the force on a surface due to the wind may be written as 
K 8 V2, S being the area of the surface, V the speed of 
es Me and K a quantity _ for two ings a 
simi J gabe pe ly & constant, i t, 
that is, of the velocity and the area. If K were really 
constant the step from model to aeroplane would be 
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simple ; to obtain the force on the aeroplane at a given 
8) it would merely be to measure that on 
the model at some speed, and increase it in the ratio of 
the area of surface of the aeroplane to that of the model 
and of the squares of the respective velocities. But 
experiment proves that the force is not strictly peepee. 
tional to the square of the speed. If the lift and drift 
coefficients of an aerofoil—i.¢., the ratio of the lift er of 
the drift to the square of the speed—be determined, they 
are found to vary with the s . This is shown in 
Figs. 2 and 3, which represent result of such a series 
of experiments, and in which, as the speed 8 from 
10 ft. to 50 ft. per second, there is a gro in the 
coefficients. 

At an early point in the work of the Advisory Com- 
mittee for Aeronautics, Lord Rayleigh called attention 
to the fact that if K be not constant for similar surfaces 


it must depend on the quantity vs, or in mathematical 


terms be expressible as a function of ue, where V is 


the velocity of the current, L some linear dimension of 
the surface, and v the kinematic viscosity of the air. If, 
then, we plot the value of K as found for an aerofoil in 
a given vrs. but for different values of the velocity 
against V L, the spots ought to be on a smooth curve, 


fig. 2. VARIATIONS OF LIFT COEFFICIENT OF A MODEL AEROFO/L 
WITH CHANGES OF SPEED. 


resultant of the pressures due to the wind at all points 
of its surface. If these be tt pe a 


sufficient number of points, the pressure distribution can 
be plotted and the resultant force calculated. This has 
been done, and the results are shown in Fig. 5, where 
the values found by calculation are compared with those 


7. 


Lit Geffiaent (Absolute) 


JSFt. 
” ” 4, 


Dritt Geftiaent ( Absolute; 





20° 





(4038 4) Inclination of Chord 














¢ 
2 50 
, fw | ANS 
ne, Mee 
: a" | ya 











Y 





& 

YN 

ay 
am 





Litt Geftiaent (Absolute) 
rs : 


= 


























0 

















og o 2 72° 


(40248) 


Fig. 4. VARIATION OF “DB mier WITH LV. 


L-Length of Chord un Feet. 
V- Velocity in Feet per Second. 





20 26 


(3023.0) 





and the form of this curve will determine K as a func- 
tion of V L. is done in Fig. 4, where the 
values of the lift to the drift ratioare plotted against V L 
(or rather, for convenience, against log VL) for the 
series of experiments shown in the preceding curves. 
mi experiments have been e at the aerodyna- 
mical laboratory of the University of Paris on full-sized 
aerofoils. These have been repeated at the laboratory 
on models one-sixteenth of the scale, and when the 
results are reduced by the above law, the t in 
the lift experiments is practically complete ; lccnsnene- 
ment of the drift is more difficult and the agreement is 
less good, but the results for the ratio are given in Fig. 4, 
and it appears that at the highest value of VL yet 
reached in the model experiments, the value of the ratio 
lift-drift is somewhat less than for the full-scale experi- 
ments, but that values for the co-efficient found from the 
60-ft.-per-second observations in the channel do not differ 
ireatly from those belonging to the actual machine. 
his point can be checked more fully when the large 
channel is complete, and the necessity of checking it 
afforded a gone Lene for the building of that channel. 
There is ano method, however, of checking the 
accuracy of the model work, which has been pursued 
with great success. forces on an aerofoil are the 
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Angle of Incidence ( Degrees. 
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ance, but to utilise the results we require to know the 
numerical values of the constants just referred to, and to 
determine these we must have recourse to the model 
experiments. By means of the balance, the forces on the 
model can be measured; these forces can also be ex- 
pressed, as we have seen, in terms of the constants, and 
the wind velocity, and hence we can find certain of the 
constants applicable to the aeroplane considered. 

Further experiments of a somewhat different character 
are required to determine the values of the rest of the 
constants or coefficients in the energy expression—the 
rotary derivatives, as they are called; but by means of 
the model experiments all these can be found, and 
on substituting the values in the equations of motion, 
the nature of the motion can in many cases be determined 
by the solution of the equations. 

Determination of Stability Coefficients.—The next series 
of figures gives some of the results of this work. A model 
of an ordinary type of monoplane, such as is exhibited, 
is supported in the channel in various positions rela- 
tive to the direction of the air-current and the forces 
measured ; the axes or direction of reference are taken as 
shown in Fig. 6. The axis of X is along the length of the 
machine from head to tail in the direction which is hori- 
zontal during the normal horizontal flight of the machine, 
and opposite to the direction of motion. The axis of Z is 
at right angles to this in the plane of symmetry of the 
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measured directly. In the case of the lift the agreement 
is complete ; in the case of the drift it is less good, the 
calculated results are generally too low, and this would be 
expected, for in the calculation the air friction on the 
surface has been neglected. This would hardly affect the 
lift ; it would modify the drift and the ratio lift-drift 
considerably. 

Reference may perhaps be made to another result 
which follows from the plotting of the pressures, and to 
which attention has frequently been called. A very 
much larger proportion of the upward lift is due to the 
reduction of ure on the upper side of the aerofoil 
than is cau by the increase of pressure on the lower 
side ; thus, in designing a wing the shape of the upper 
surface is much more important than that of the lower. 

The Stability of prbcm nebo 74 me turn now to some 
further developments of the model experiments. The 
theory of the stability of an aeroplane has been develo 
by Lanchester, Bryan, and others, and is very complex. 
It depends on finding an expression for the energy of the 
machine in any position in terms of the velocities of its 
centre of gravity along the axes of reference, and of the 
angular velocities of the machine about these axes. This 
expression involves a number of constants, quantities 
which depend on the shape and dimensions of the 
machine, not on its motion. If we know the energy, 
values can be found for the forces and moments on 
machine—these involve the same constants—and the 





equations of motion can then be formed. Their solutions 
can be obtained, at any rate, im certain cases of import- 
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machine, while the axis of Y is at right angles to the two, 
parallel, that is, to the length of the wings. 

Pitching, Rolling, and Yawing.—We use the term “‘ to 
pitch ” to mean the angular motion up and down in the 
plane of symmetry—turning, that is, about the Y axis; 
**to roll,” or bank, to mean rotation about the length of 
the machine—that is, about the X axis; and “to yaw,” 
to turn to right or left about the axis of Z. The angle of 
pitch is positive when the nose of the machine rises, the 
angle of yaw is positive when the machine turns to the 
right, and the angle of banking which properly accom- 
panies this turn to the right will also be positive. 

Fig. 7 gives the forcesand moments which are produced 
in the plane of symmetry when the attitude of the 
machine to the wind changes, but without yawing, while 
in Fig. 8 are shown the forces and moments produced by 

awing without altering the angle of pitch, so that the 

ightis horizontal. The wind s for which the forces 
are given is 30 ft. per second. Starting from zero pitch- 
angle, the longitudinal force falls as the angle of attack is 
increased, reaches a minimum at about 8 deg., and then 
rises again rapidly. The normal force increases regu- 
larly as the angle of attack increases, while the pitching 
moment increases in amount, but is tive—that is to 
say, it tends to reduce the angle of atta The machine 
is stable longitudinally, so far as pitching moment on it 1s 
concerned, but further investigation is required before 
the motion can be completely determined. 

Turning now to Fie. 8, we see that as the angle of yaw 
increases the longitudinal and normal forces are some- 
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what reduced, though the changes are not at first large, 
but a considerable negative lateral force is brought into 
action ; if the machine turns to the right the side force 
is from left to right, the machine side-slips in the direc- 
tion in which it is turning. 





There is a yawing couple N | angle respectively, and so to disturb the machine. 


attack for horizontal flight would be slightly negative, 

but the machine in this state would be unstable; any 

increase or decrease in the angle of attack causes & 

moment tending still further to increase or emenga © Ly 
1 


which is negative—t.c., tends to reduce the angle of yaw | the tail plane the machine flies, though with no great 


Fug.7. VARIATION OF FORCES & MOMENTS ON 
MODEL BLERIOT TYPE MONOPLANE WITH 
ANGLE OF PITCH. 
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and turn the nose of the machine into the wind ; at the | longitudinal stability, when the elevator is not raised. | the new velocity. Rea gusts are much more 
itive rolling moment L is produced, the 
to bank as required for the turn, and also 


same time a 
ine 
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The effect of raising or lowering the elevator is shown in 
the curves. Positive angles correspond to an elevation 


and is free to act on the tail as though the main planes 
were absent. The wash from the main reduces 
the moment on the tail very greatly. This is shown in 
Fig. 10, which gives in the upper curve the moment 
about the centre of gravity of the machine as caloulated 
from a knowledge of the shape and position of the tail, 
the elevators being at a s positive angle. The lower 
curve gives the measured moment, which is of about only 
half the amount. To account for this, observations were 
made with Pitot tubes of the distribution of veloci 
round the tail, and the middle curve—marked calcula 
effective tail—was obtained from these. The ow 
of the measurement accounts probably for the outstand- 
ing difference, but the matter is still under investigation. 
As a result, we find that an alteration of the inclination 
of the machine to the wind produces an alteration of only 
about half the amount in the direction of the wash from 
the planes, and thus causes much less change in the 
moment due to tbe tail than would be anticipated from 
the change in attitude of the machine. The matter is of 
importance, and requires further study to determine the 
best position for the tail. So far we have been supposii 
the areoplane to be in steady flight in a uniform wind. 
Let me remind you what the mathematics show will 
happen if it be disturbed from this condition. 

Disturbed Flight in a Non-Uniform Wind.—In the 
first place we may deal separately with the motion of the 
machine in the vertical plane of symmetry, the longi- 
tudinal motion, as it is called, and its lateral motion or 
motion —— to that plane. If the longitudinal 
motion Ee ightly disturbed and the machine be stable, 
two kinds of oscillations are set up: one kind consists 
of rapid oscillations, both of the machine about its centre 
of gravity and of the centre of gravity itself. Ordi- 
narily, in a stable machine, these are quickly damped 
down and give no trouble. But besides these the centre 
of gravity of the machine itself describes an undulating 
path ; the period of these undulations is much longer 
than in the first series, though for a stable machine the 
amplitude of the oscillation is gradually reduced, and the 
machine, if no other changes have been made, gradually 
recovers its normal flight path. Mr. Lanchester has 
called these slower oscillations the phugoid oscillations. 
If the machine is not stable, when disturbed from its 
normal path, its motion will diverge more and more from 
the condition of steady flight, this divergence may 
take place continuously, or it may happen that a series of 
oscillations of increasing amplitude is set up, which 

ultimately me so large as to cause disaster. It is not 

| ultimatel la di Iti 

| possible to predict exactly what will happen in a given 
| case without a knowledge of the relative values of the 

constants or coefficients already referred to; but if these 

be known, the equations can be solved numerically and 
the details of the flight can be icted. 

We can go further than this, as Mr. Bairstow has 
|shown in the beautiful model experiments he carried 
}out recently before the Society, and determine the 
| alterations which must be made in the machine to produce 

definite modifications in the conditions of its flight. Now 
we have already seen in Figs. 7 and 8 the curves of forces 
and moments from which the constants can be determined 
for the model monoplane which has been exhibited. Mr. 
| Bairstow and Mr. Nayler have recently determined the 
coefficients for this ine, and used it to determine its 
motion under a variety of circumstances, and I propose 
to give some account of their results. 

The Effect of a Single Horizontal Gust in the Direction 
of Motion.—Let us suppose the machine is flying horizon- 
tally againet a uniform wind, and at a certain moment 
the horizontal velocity of the wind changes by a known 
amount, uv) say, and remains permanently at its new 
| value. What are the co: uences to the machine? You 

may say at once, What is the use of doing this? It is 
|rarely that an airman finds a perfectly steady wind in 
which to fly; it is practically impossible that that wind 
should change quite suddenly and remain steady with 











THE DISTURBED LONGITUDINAL MOTION OF AN 
AEROPLANE. 
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40 ft. per second. Without tho tail plane the angle of , air current is not ‘leflected | by t 


My ives the curves of pitching | the result of experiments of this kind, it appears that | ere 1 close how from the solution of some simple hy 
6 mi 


if it is sup 


ope to show you 


pe. 


Fig. 11 gives the solution of our problem; the longi- 


that the | happens in actual flight. 
he planes of the machine, 
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tudinal motion only is affected, and the results on the 
components of this motion are shown in the curves. The 
quantities we have to deal with are u, the change in the 
horizontal velocity relative to the surrounding air ; w the 
normal ryweee. @ the pitch angle or angle of attack, 
and q the angular velocity of the machine in the plane of 
symmetry ; ¢ is, of course, equal to ae 

Ata certain moment the velocity of the wind chan; 
by an amount u%. At that moment, therefore, the velo- 
city of the aeroplane relative to the air is increased by 
an amount up, but this increase rapidly dies away, and 
after 5 seconds has me zero; the velocity goes on 
decreasing for 5 seconds more, and at the end of some 
10.seconds has reached its minimum value, which is less 
than the original steady value by about 4u,. The velocity 
then increases again for some 10 or 11 seconds, and the 
changes follow a regular periodic curve of rapidly de- 
creasing amplitude, and after some 40 or 50 seconds are 
completely damped out. Dealing next with w, the normal 
velocity, we find it starts from zero, but rises rapidly 
in a fraction of a second to its maximum amount, about 
2-10 of u, and then dies away rapidly in the same manner 
as u. The angular velocity g is small, so small that the 
curve is drawn to give 100 times g, and this follows 
practically the same law as w, while @, the pitch argle, 
increases for 5 seconds and then decreases to pass through 

riod changes of decreasing amplitude and of about 
2) seconds period. The motion is stable; the complete 
calculations show that the rapid oscillations in this case 
only affect w and q, and that they die out in less than a 
second, while the other disturbances are those arising 
from the phugoid motion of the machine. Thus, in this 
case the machine when struck by the horizontal gust 
loses longitudinal speed at first, and after passing through 
a series of changes of velocity, settles down after a few 
oscillations in less than a minute to its original speed 
relative to the wind. This loss of is accompanied 
by an initial increase of normal velocity; the machine 
rises for a fraction of a second, acquiring a rapid posi- 
tive angular velocity, but these motions soon chan 
sign and die away like the horizontal velocity. T 
nose of the machine rises for 5 seconds, at first rapidly, 
then more slowly, and this oscillation dies down in the 
same manner as the others. 


(To be continued. ) 





THE MAGNETIC AND MECHANICAL PRO- 
PERTIES OF MANGANESE STEEL* 


By Sir R. A. Hapriecp, F.R.S., Sheffield, and Professor 
B. Hopkinson, F.R.S., Cambridge. 

THE present paper is mainly concerned with the well- 
known alloy of iron with about 12 per cent. manganese 
and 1} per cent. carbon, known as “ ese steel,” 
which was discov _by one of the authors in 1883. 
For ordinary commercial use this material is generally 
heat-treated, the treatment consisting in heating to about 
1000 deg. Cent., and quenching in water. It is then 
very tough and strong; a piece, § in. by § in. section, 
can be bent double without fracture, and Brinell hard- 
ness number is about 200. Its tensile strength varies from 
about 54 to 63 tons per sq. in., with 30 per cent., and in 
some cases 50 per cent., el tion. It is also practically 
non- etic, the permeabi ANY, in fields of high density 

H= or more), not ex ing 1.01. It was observed 
y one of the authors many years ago that by heating at 
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a high temperature followed by slow cooling, the material 
could be made magnetic and very brittle. In a recent 
paper by the authors some measurements of the mag- 
netism of the steel so treated were recorded, and it was 
suggested that the important part in the treatment was 

robably the speed of cooling, rather than the prolonged 

eating which preceded it. Ths present research is a 
further study of this problem. 

The tests were carried out or material made at the 
Hecla Works, different samples of which contained from 
1.2 to 1.3 per cent. of carbon and from 12 to 12.6 per 
cent. of m The magnetic tests were made by 
the differential method described in a previous ‘ 
The test-piece is a cylinder 4 in. in diameter an tis. 
long. This is placed between the parallel pole-faces of 
an electro-magnet along with a comparison piece of brass. 
The test-piece and comparison - piece were placed in a 
pe of testing-coils, consisting of sixteen turns of No. 30 

.W.G. copper wire, wound on a thin brass tube. The 
two coils were cemented together with their axes parallel. 
The areas of the coils were adjusted to exact equality, 





* Paper read before the Iron and Steel Institute, 
May 7, 1914. 
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Magnified 100 diameters and slightly reduced. 


Magnified 100 diameters and slightly reduced. 


Fie. 4.—Carbon, 1.28 per cent. ; man; ese 
cegeetion. 


ye pny haan thus be imme- 
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for the magnetic test-piece a standard iron 
same djmensions. The standard iron used for 


them in series and | was that known as “S.C.” and contained about 0.1 per 
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Magnified 600 diameters and slightly reduced. 
Fie, 3.—Carbon, 1.23 per cent.; manganese, 12.64 per cent. Original, water-toughened from 1050 deg. OC. Non- 





Magnified 600 diameters and slightly reduced. 
, 12.64 per cent. Reheated at 520 deg. C. for 12 hours. 30 per cent. 


brass dummy, is then proportional to the value of I, the | of error is that dependent on the measurement of the 
tising force term H in the flux for each coil(H + dimensions of the test-piece. Where a steel is only 
which is the same for the two coils being auto- slightly magnetic, however, so that this source of error is 


y without effect, the measurements of mag- 
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has no magnetism that can be detected by this method of 
testing, though in most specimens a slight attraction is 
perceptible with a hand-magnet if the specimen is in 
the form of a small rod suspended by a thread. Pi 
were heated at various temperatures which could be 
accurately controlled and kept constant. These treat- 
ments were carried out partly at Sheffield and partly at 
Cambridge. At Sheffield the water-toughened rod, 3 in. 
in diameter, was packed in lime and heated in a gas- furnace 
for the desired period ; it was then allowed to cool in air, 
and two magnetic test-pieces were subsequently prepared 
from it by grinding and tested for magnetism. In the 
treatments at Cambridge, the test-piece was first pre- 
pared from the original non - magnetic material and 
tested for magnetism. It was then placed in a hard glass 
tube, which was exhausted of air and sealed wp: The 
heating was done in a small electric furnace containing a 
recording pyrometer. It was found that by this pro- 
cedure oxidation was completely prevented at the tem- 
peratures employed. 

The results obtained by heating for various petiods to 
a temperature of about 500 deg. Cent. are shown graphi- 
cally in Fig. 1. This curve is shown in two parts, on 
different time scales. The heat-treatments corresponding 
to the curve marked ‘‘500 deg. Cent.” were carried out at 


temperature the material became more magnetic than it 
could be made by any other treatment. At 600 deg. 
Cent. the ebism went to 27 per cent. in ten hours, to 


Pieces | 33 per cent. in twenty-six hours, and to 34 per cent. in 


thirty-five hours. Heating at 700 deg. Oent. rendered 
the material only slightly magnetic. 

Experiments were then tried on the destruction of the 
magnetic quality which had been induced by the heat 
treatment just described. For this purpose a series of 
pieces of the water-toughened material were heated at 
520 deg. Cent. for a jperiod long enough to make them 
about half as magnetic as pure iron. After heating for 
@ certain period at the desired temperature each piece 
was quenched in water in its glass case, tested for mag- 
netism, sealed up again, and the treatment continued. 
It was found that :— 

1. Heating the magnetic material at 550 deg. Cent., 
or at any lower temperature, did not diminish the 
magnetism, which remained about half that of pure iron. 
It will be remembered that prolonged heating of the 
original non-magnetic water-toughened metal at 450 deg. 
Cent. or lower temperatures did not confer anything 
approaching this amount of magnetism. 

2. Heating at a temperature exceeding 640 deg. Cent. 
resulted in diminution of magnetism, the rate of diminu- 





750 deg. Cent. After 5 minutes, 1 per cent. 

780 deg. Cent. After 5 minutes, 0.5 per cent. 

Heating to 750 deg. Cent. for 1 hour followed by quench- 
ing or by cooling in air reduces the magnetism to a mere 
trace. 








_ Effect of Immersion in Liquid Air.—The effect of 
liquid-air temperatures on manganese steel is very in- 
tecesting. The water-tourhened steel remains com- 
Magnetism before Magnetism after 
mmersion. mmersion. Increase. 
per cent. per cent. per cent. 
0.0 0.0 0.0 
2.6 8.0 0.4 
9.2 18.5 9.3 
15.0 26.4 11.4 
25.0 39.0 14.0 
$1.0 88 0 7.0 
46.0 47.0 1.0 


pletely non-magnetic after immersion in liquid air, and 
steel which has been heated so long at 520 deg. Cent. as 





to a h the maximum susceptibility of which it is 
angalle is also unaltered by this treatment. But steel 


Fie. 5.—Heated 6 hours at 400 deg. C. Sp. Mag., Fie. 6.—Heated 6 hours at 450 deg. O. Sp. Mag., 


0.2 per cent. Angle of bend, 12 deg. Hardness 


0.8 per cent. 
No. 340, 


No. 321. 
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Sheffield, and the plotted points correspond 
to different pieces of material. The curve 
marked “ 20 deg. Cent.” was determined at 
Cambridge on four pieces, two of which had 
viously been heated for 60 hours at 500 deg. 
Oent., at Sheffield, while the other two were 
in the original water-toughened and non-magnetic condi- 
tion. These four pieces were used throughout the test, 
being heated together in the furnace, for a number of 
hours, taken out and tested, and then replaced and the 
heating continued. For the purpose of plotting, the two 
pieces which had been heated at Sheffield were credited 
at the start with 60 hours at 520 deg. Cant... There 
may have been a difference of a few degrees between 
the Cambridge and Sheffield temporature scales, as no 
special precautions were taken to get exact cor d- 
ence. It will be seen that the approach to the ultimate 
state of equilibrium follows the course usual in such cases, 
being rapid at first, and ey med becoming much 
slower. It would appear that the curve would, if suffi- 
ciently prolonged, become asymptotic to a line repre- 
senting the limit of magnetism possible at that particular 
temperature. The test was not sufficiently prolonged to 
enable an accurate judgment to be formed as to the place 
of this asymptote. It seems probable the c was 
still continuing even after 600 hours, and that the ulti- 
mate equilibrium form of thie steel would possess an 
amount of magnetism exceeding two-thirds of that of 
re iron. By heating at temperatures below 520 deg. 
t. the material could be rendered magnetic, but the 
change was much slower. After 50 hours at 450 deg. 
to 500 deg. Cent., the magnetism was only 7 per cent. 
of pure iron, but was still increasing. A piece which had 
been kept for twenty-three days at 300 deg. Cent. showed 
just perceptible magnetism. At higher temperature, u 
to about 650 deg. Cent., the change was relatively rapi 
but the asymptote to which the curve hes 
yo be lower than that proper to 520 deg. Cent, 


Fie. 


a 
ab which 


A. 


A.—Quenched from 1200 deg. C. Mag- 


Angle of bend, 10 deg. Hardness 





No. 387, 
18) 


C.—Quenched from 1200 deg. C. 
60 per cent. 
netism, 24 per cent. 


10.—1391 B. Carbon, 1.96 per cent.; silicon, 0.36 per c2nt.; manganese, 0.14 per cent. 


reduced in reproduction. Etch: 


becoming less as the temperature rose. The magaetism 


at 750 deg. Cent. ; and the resulting product approaches 
the water-toughened condition, but is less tough and 
shows distinctly more magnetic attraction to the poles of 
a@ magnet. At 655 dez. Cent. the magnetism does not 
entirely disappear ; it settles down to an apparently con- 
stant value of about 314 per cent. after thirty hours. It 
is interesting to note that by heating the non-magnetic 
material at 655 deg Cent. the magnetism is only raised 
to 16 per cent., and it would appear probable that, 
according as the material approaches equilibrium at any 
temperature (below 650 deg. Cent.) from the magnetic or 
from the non-magnetic condition, it may exist in either 
of two states, and that these two states cannot be brought 
into identity by prolonging the heating. ; 

The following are details of the effects of heating the 
magnetic material to various temperatares. Substantially 
the same results were obtained whether the material were 
quenched out from the high temperature or allowed to 
cool slowly in air. Initially the magnetism was in all 
cases about 50 per cent. :— 

640 deg. Cent. Reaches constant value of about 48.5 
per cent. in 15 hours. 

655 deg. Cent. Constant at 31 per cent. after 31 hours. 

670 deg. Cent. After 15 minutes, 28.5 per cent. ; after 
19 hours, constant at 16 per cent 

690 deg. Cent. After 10 minutes, 7.5 per cent. ; after 
1 hour, constant at 1.5 per cent. 

720 deg. Cent. After 5 minutes, 2 per cent.; after 





15 minutes, 1 per cent, 


Fie. 7.—Heated 48 hours at 400 deg. ©. Sp. Mag., Fic. 8.—Heated 15 hours at 530d 
2 per cent. Angle of bend, 2deg. Hardness 


is almost completely destroyed by a few minutes’ heating | 





- 0. Sp. Mag, 
23 percent. Angle of bend, 8deg. Hardness 
No. 387. 





B. 
B.—Quenched from 1200 deg. O. 
for 75 hours at 200 deg. ©. Magnetism, 90 
per cent. 
M 
2} per cent. solution of 


Magnetism, Reheated 


nified 200 diameters, and slightly 
Ol. 


tion becoming more rapid, and the ultimate value reached | which is in an intermediate condition, having been made 


artially magnetic by heating for a few hours to about 
Foo deg. Cent.. is made more magnetic by immersion in 
liquid air. These results are exhibi in the table 
above, the magnetism in the second column being that 
found at ordinary temperatures after removal from the 
liquid-air bath. 
he change here indicated seems to take place very 
rapidly, the time of immersion having no effect, so long 
as it is sufficient to allow the whole mass to acquire the 
temperature of the liquid air. That water-toughened man- 
anese steel remains non-magnetic after immersion in 
Fouid air, but that the same steel in the magnetic con- 
dition may be made more magnetic by this treatment 
was observed by one of us in 1905.* It is possible 
that this effect is really due to internal pressures pro- 
duced by unequal contraction of the magnetic and non- 
magnetic constituents. Manganese steel whith is par- 
tially 1 magnetic probably consists of a network of hard 
material enclosing separate masses of more ductile stuff. 
Any difference in the contraction of the two con- 
stituents will eg internal stresses in each, the 
magnitude of which depends on their relative amounts. 
A small quantity of either constituent will yield, 
and give small stress; maximum stress will be reached 
when the quantities are more or less equal. Thus 
cooling will produce a maximum effect when an in- 
termediate amount of magnetism is already present ; 
there will be no effect if there isno magnetic material, nor 


* Hadfield, Journal of the Iron and Steel Institute, 
vol. lxvii,, page 198 
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if most of the material has already been otherwise made 


magnetic. : 

It may be noted as bearing on this point that cold 
work makes the water-toughened steel elightly magnetic. 
A magnetic test-piece cut from a bar which had been 
broken in a testing-machine showed specific tism 
0.8 per cent., and hardness 540. It was also found by one 
of us that the non-magnetic form has ter density 
than the magnetic—there is an increase of volume on the 
acquisition of magnetism. In the same way the nickel 
steel containing about 24 per cent. nickel low carbon 
changes from non-magnetic to magnetic when broken at 
ordinary temperatures, and at the same time increases 
in volume.* 

Heating and Cooling Curves.—In all steels the change 
from the magnetic to the non-magnetic form, or vice 
versd, is accompanied by the absorption or evolution of 
heat. Water-toughened manganese steel remains non- 
magnetic when heated alove 750 deg. Cent., and the 
magnetic changes which occur at lower temperatures are 
excessively slow. It is therefore not surprising that no 
critical points have been detected in this material hitherto. 
No magnetic change occurs in the course of any ordinary 
heating or cooling of the non-magnetic material. The 
experiments just described, however, showed that steel 
which has been brought into the magnetic form by pro- 
longed heating at about 500 deg. Cent. loses its etism 
rapidly at a temperature in the neighbourhood of 700 deg. 
Cent. It was anticipated that this comparatively sudden 
change would be accompanied by a — absorption 
of heat. The heating curves in Fig. 2, page 756, ob- 
tained at Shetfield by the inverse-rate method, clearly 
show such a heat absorption, and confirm the existence 
in this material of a change-point at about 700 deg. Cent. 
No corresponding evolution of heat is apparent on cooling 
the material again through the critical point, because, 
with the rate of cooling adopted, there is not time for 
the change to occur. nly by excessively slow cooling, 
occupying several days, can the reverse change from non- 
magnetic to etic be brought about. With suffi- 
ciently slow cooling the change does occur at about the 
same temperature, and there can be no doubt that it is 
accompanied by evolution of heat ; but bing spread over 
such a long period of time, it is impossible to detect this 
evolution. 

The explanation of these effects appears to be that the 
stable form of the alloy at temperatures below about 
750 deg. Cent. is more or less magnetic, the proportion 
of magnetic substance present in the equilibrium state 
diminishing rapidly when the temperature approaches 
that figure. Above 750 deg. Cent. the magnetism is all 
gone. From above 650 deg. Cent. to 750 deg. Cent. 
there is a critical range similar to that corresponding to 
the loss of magnetism in ordinary carbon steel. If the 
alloy be cooled from above this critical range, the tendency, 
as it passes through any lower temperature, is towards 
the attainment of the amount of magnetism proper to 
that temperature. But the rate of approach to equili- 
brium is so slow that even when the cooling takes several 
minutes but very little of the magnetism is restored, and 
the effect produced is similar in kind to that produced 
by quenching a carbon steel. The important effect of 
the manganese is, apparently, this retardation of the 
attainment of equilibrium, rather than any very marked 
shift of the position of the critical 

It is important to note that the attainment of equi- 
librium in the manganese steel at temperatures below the 
change-point is opposed not only by resistances of the 
nature of fluid viscosity, which can be overcome bya very 
small force if continued long enough, but by a resist- 
ance of the nature of solid friction, which requires a force 
of a definite amount to be exerted before motion takes 

lace at all. Magnetic manganese steel heated at 650 deg. 

t. attains ultimately a magnetism about twice as 
great as that reached by the non-magnetic variety heated 
at the same temperature. The final condition at this 
temperature is different me it is approached, so 
to speak, from above or below, and, so far as it is possible 
to judge from observed facts, these two limiting con- 
ditions could never be brought into coincidence, however 
much the heating were prolonged. 

Mechanical Properties and Microstructure.—As stated 
above, manganese steel for commercial use is water- 
toughened by quenching from 1000 deg. Cent. Before 
this treatment—that is, after the ordinary cooling in air 
following casting or forging—it is comparatively brittle, 

, and non-magnetic. After water-toughening, it 
becomes “oa ductile, ae. of course, — 
magnetic. For the purpose o @ present research a 
number of bars, about g-in. by §-in. section, which had 
been treated in various ways, were broken by bending 
between supports 1} in. apart, and were also tested for 
hardness with a Brinell machine. The results obtained 
are given in the table annexed, which is arranged in 
such a way as to show the nature and extent of the corre- 
lation between tism and mechanical properties. 

The water-toughened material bends double without 
breaking, and has a hardness nvmber of about 200. An 
heat treatment of the water-toughened material which 
has the effect of making it magnetic, even to a com 
tively slight amount, also renders it brittle and . 
Pieces having 1 per cent. of the magnetism of pure iron, 
or even less, have so far lost their toughness as to be unfit 
for practical use. the magnetism increases, hard- 
ness usually increases also, but the addition to the 


hardness is small es compared with that accompanying | the 


the first traces of magnetism. The upper table in the 
a epee es mesteciel eee of various ———_ 
whic ve ma y magnetic. In every 
case the material before treatment was toughened by 


be J. Hopkineon, Proceedings 
vol. xlviii., page 7, and vol. 1., page 121, 








, of the Royal Society, | The 


quenching from 1050 deg. Cent., and was, of course, 
completely non-magnetic. 











Angle of Ball 
Treatment. — ~~ Movduses. Magnetism. 
| deg per cent 
7 days at 300deg. Cent. | 161 215 Less than 0.2 
23daysat ,, ” | 124 217 0.3 
16 days at 300 deg. Cent., 
followed by 5 hours at 
400 deg. Cent. .. wan 21 322 1.25 
1 hour at 750 deg. Cent.,| 
quenched in water... 294 277 ~—s Less than 0.2 
1 hour at 750 deg. Cent., 
cooled in air ma 21 267 Less than 0.2 
| 








Magnetic and Mechanical Tests. 
(Arranged in order of magnetic quality.) 


Specific Mag- i Angle of 





netism8.0.1.10| No. | Bend (Deg.) Treatment. 


Completely or Practically Non-Magnetic (less than 1 per 
Cent. Magnetism). 





*Non-magnetic 207 180 W.T. 
unbroken 
Do. 216 | 161 300/310 for about 1 week 
Do. 267 =| 21 | 750 ,, 1 hour (air) 
Do. 277 294 = a ly (water) 
630 ,, 15 hours 
ae _ 29 {750.7 “1 (water) 
0.2 and 0.2 337 | 8} 450 ,, ours 
Non-magnetic | 389 1 ee 
& 750 ,, 1 hour (air) 
0.2 | 340 | 12 400 ,, 6 hours 
0.2 and 0.2 408 j 3 650 ,, 3 » 
0.2 and 0.2 418 | 2 650 ,, pes 
0.6 340 S i? 4. a oe 
Partly Magnetic (1 per Cent. to 12 per Cent. Magnetism). 
0.3 217 124 300 for 7 + 16 days 
1.2 317 26 300/400 ,, 16 days 
1.2 328 17 Do. 
1.0 364 ? 400 for 24 hours 
1.2 361 4 450 ,, 18 ws 
2.0 487 2 400 ,, 48 ,, 
2. 387 8 | -o. ae os 
7.0 418 1} 450 ,, 48 ,, 
12.2 and 12.2 444—i 1 Ces 8 w 
Very Magnetic (20 per Cent. Magnetism and Over). 
19.8 and 20.2 | 418 | 1 600 ,, 12 hours 
20.0 | 418 1 oe « 
4 851 114 Sw © ow 
24.4 and 28.4 875 5 +. 
4.8 ,, 25.4 402 4 550 ,, 12 5» 
5.8 438 2 550 ,, 2% = ,, 
25.8 351 2 ma. BW ww 
29.8 and 30.2 430 2 Guwt 
30.0 ,, 31 418 3! 600 ,, 48 =, 
31.4 ,, 814 495 1 550 ,, 48, 
4 444 1 600 ,, 24 ,, 
40.2 and 41.0 438 1h 500 .., 48, 
42.0 ,, 48.2 | 444 Nil 500 ,, 60 


| 





* “ Non-magnetic” here means less than 0.2 per cent. of the 
etism of pure iron—that is,a degree of magnetism which 

uld not be detected by our method of comparison in strong 
fields. Most of these pieces are attracted faintly by a magnet. 


Heating for three weeks at 300 deg. Cent. makes the 
material perceptibly less tough. The loss of ductility 
caused by a few hours at 400 deg. Cent. is very marked. 
The last two treatments leave the material almost, if not 
quite, non-magnetic, but distinctly brittle. Probably they 
bring the material to much the same condition as that in 
which it leaves the foundry or forge, when, as we have 
seen, it is practically non-magnetic and very brittle. The 
further odiemenaal treatment of water - toughening re- 
moves the brittleness without affecting the absence of 
magnetic quality. As might be expected, though the 
mechanical properties are evidently connected with the 
magnetism, they depend on other variables as well. 

Finally, some bars of manganese steel were made mag- 
netic and brittle by heating for some hours to 530 deg. 
Cent. One of them was then re-heated for one hour at 
750 deg. Cent., and quenched out from that temperature. 
The following were the resu'ts of this treatment :— 





Angle of Brinell 
—_ Bend. Hardness, Magnetism. 





} 


| deg. | per cent. 
Beforereheating at 750deg.C.. 2to3 (390 to440 24 
a reheatiffg and quench- | 


29 277 Less than 0.3 


Comparing this with the last test in the table at the top 
of the column, it will be seen that the effect of heating to 
750 deg. Ceut. and quenching is to bring both the magnetic 
and the non-magnetic material into the same condition— 
a condition in which it is non-magnetic and fairly ductile, 
but not so ductileas when it is quenched from 1050-deg. 

The so from the ductile to the brittle form is 
accompanied by well-marked changes in the micro- 
structure of the steel. Fig. 3, page 756, is the usual 
water-toughened form with mag eae polygonal struc- 
ture. When the materia] has rendered magnetic 
and brittle by heating at 500 deg. to 600 deg. Cent., 

structure changes to the needle-like form shown in 
Fig. 4, page 756, which bears a considerable similarity 
to a martensitic steel. The cause of the change of 
mechanical properties, and the nature of its 
tion with the magnetic change, opgeans, however, more 
clearly in the series of photographs, Figs. 5 to 8, page 757, 
, i here shown were polished without etch- 
ing. Under this treatment the water-toughened mate- 





rial shows no structure whatever—the field of the 
microscope is absolutely blank. After heating for six 
= ah deg. Cent., o surface became covered 
with interlacing li as in Fig. 5, page 757. These 
represent plates rat material which is forming 
in the mass, and whose edges are left up-standing by the 
ing. The steel has now become brittle ; it bends 
about 13 deg. instead of bending double, and its hardness 
number is about 340 instead of 200. The magnetism is 
about x}, of that of pure iron—still very small, but quite 
pereeptibly more than in the water-toughened steel. 
arther heating at 400 deg. Cent., or at a slightly higher 
ay Siow poe causes a marked growth in the arount of 
the d constituent, as shown in Figs. 6, 7, and 8, 
page 757. There is a corresponding increase in mag- 
netism, but not much further change in mechanical pro- 
perties. Apparently the hard constituent forms a stiff 
unyielding network enclosing separate grains of more 
ductile material. So distributed, a very small quantity 
can py profoundly affect the mechanical proper- 
ties, and further additions do not producea proportionate 
additional change. In the same way a trace of lead 
added to gold forms a brittle eutectic layer between the 
crystals, and’ completely destroys the ductility. The 
hard constituent in the steel is, of course, not a eutectic, 
but it is so distributed as to have the same effect. 

The existence of a hard network in manganese steel 
which had been made magnetic by heating was observed 
in 1894 by Stead.* In 1910 Arnold and Read made a 
chemical and a analysis of annealed manga- 
nese steel (carbon about 1 per cent., ey: 11 to 15 
per cent.), which was brittle, and must, from its treat- 
ment, have been strongly magnetic. They isolated a 
carbide, or mixture of carbides, of iron and manganese. 
It seems probable that the effect of annealing in causing 
hardness and magnetism is due to some change in the 
relation of these carbides to the iron. It may be that in 
the water-toughened steel they are completely diffused or 
dissolved, whereas in the annealed steel they are in 
certain parts like the carbide of iron in 
pearlite. The correlation between microstructure and 
magnetism shown in Figs. 5 to 8, suggests that the seat of 
this change is the constituent which forms the network, 
and that the enclosed grains are unchanged, or only very 
partially changed. The network is certainly hard ; it is 
probable that it is also responsible for the magnetism. 

Magnetic Properties of Carbon Stcel. — Effects closely 
analogous to those which have been described have been 
observed in a steel containing only a small proportion of 
manganese. The alloy had the composition :—Carbon, 
1.96 per cent. ; silicon, 0.36 per cent. ; manganese, 0.14 
per cent. ; and after annealing at 850 deg. Cent. and 
cooling in the furnace it has 88.5 per cent. of the . 
netism of pure iron—a proportion corresponding closely 
with the amount of Fe,0 present under these conditions. 
By quenching very rapidly from about 1200 deg. Cent. the 
magnetism is greatly reduced. The amount of reduction 
varies much in different specimens, depending apparently 
upon the precise rate of cooling. In one instance the mag- 
netism fell as low as 24 per cent. In another, in which 
the treatment was nominally the same, but the quench- 
ing apparently in reality less effective, the magnetism was 
reduced to 60 per cent. By re-heating the quenched 
steel to 200 deg. Cent. the magnetism is gradually 
restored, as shown in the curve, Fig. 9. The change is 
practically complete after seventy hours, when the mag- 
netism has been restored to its original value of nearly 
90 percent. There is, however, a perceptible change in 
ten minutes. Heating to 100 deg. Cent. for one hour 
produced no perceptible increase in magnetism. 

The magnetic chan in the carbon steel are accom- 
ied by well-marked changes in constitution, as revealed 
the microscope. Fig, 10, page 757, shows these 

changes. The specimens were polished, and each was 
etched for 24 minutes in a 1 per cent. solution of HCl 
in alcohol. A is the quacded and with 24 per cent. of 
magnetism ; B is the same steel after heating for 
seventy-five hours to 200 deg. Cent.—magnetism 90 per 
cent. It will be observed that in A the greater part 
of the material is austenite, which is- left light by 
the etchirg reagent. In B aye | the whole of 
this has been converted to dark etching martensite, 
which is magnetic. C isan imperfectly-quenched steel, 
not reheated, in which the magnetism is 60 per cent. 
This is intermediate in constitution between A and B, 
about half of the ground mass consisting of dark etching 
martensite, the other half of austenite.  correspond- 
ence between the proportion of austenite and the reduc- 
tion in magnetism seems to becomplete. _. 

Reference may be made in this connection to the steel 
es — be per cent., ae — per -_. 

manganese per cent., pre y one of the 
authors. Maurer found that if quenched from 1050 deg. 
Cent. in iced water, this steel is rendered non-magnetic. 
It is intermediate in composition and properties between 
the nearly pure carbon steel referred to in the last two 
Paragraphs and the steel containing 12 percent. of man 
nese. In all three cases the magnetic form is the stable 
form at ordinary tem tures, and the non-magnetic at 
temperatures above change-point. Probably, also, in 
these cases the change on slow cooling may be described 
as analogous to the precipitation of crystals from a solu- 
tion, while the effect of sufficiently rapid cooling is like 
the formation, from the same solution, of a jelly or glass 
which is for practicable purposes stable at low tempera- 
tures, but becomes crystalline if heated for a sufficiently 
long time to s temperature which may be considerably 
below the melting-point. The principal effect of addi 
manganese is to make the latter change take place wit 
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greater difficulty. It probably also has some effect upon 
the position of the point (the analogue of the 
melting-point), but not so great an effect as has been sup- 
posed hitherto, since even with 12 per cent. 

the change-point is certainly above 650 deg. Cent. 

The experimental work on which this paper is 
extended over about three years, and was carried out in 
detail by our assistants at Sheffield and at Cambri 
We desire especially to place on record our sense of the 
value of the work done by Messrs. Milne and Main, who 
did the mechanical testing and the heat treatment at 
Sheffield, and by Mr. H. Quinney, who carried out at 
Cambridge all the magnetic tests. 





COLONIAL- AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and 
foreign engineering projects, taken from the Board of 
Trade Journal. Further information concerning these 
projects can be obtai from the Commercial Intelli- 

mee Branch, Board of Trade, 73, Basinghall-street, 

ndon, E.C. 

Canada: The Imperial Trade Correspondent at 
Toronto, reports that an electrical and mechanical engi- 
neer, with a good connection throughout Canada, wishes 
to get into touch with United Kingdom electrical and 
mechanical engineering firms desirous of transacting 
business in Canada. The name of the inquirer may be 
obtained by United Kingdom as rms from the 
Commercial Intelligence Branch. Any further com- 
munication regarding the inquiry should be addressed 
to the Imperial Trade Correspondent, P.O. Box 176, 
Toronto. 

Newfoundland : The = ee Trade Correspondent at 
St. John’s has forwarded a copy of the Train-Ferry 
Syndicate Act, which was in the recent session of 
the Newfoundland Legislature. Under this Act the 
Newfoundland Railway and Train-Ferry Syndicate, 
Limited, is permitted to construct and work a railway 
across the Isthmus of Avalon from some port in Trinity 
Bay to Little Southern Harbour or some other port in 
Placentia Bay, with the right to put in a train-ferry slip 
in connection therewith at some point at or near Burin ; 
and also to construct and work a railway from Humber- 
mouth, Bay of Islands, to South-West Arm, Green Bay, 
with a branch therefrom to White Bay. The Isthmus of 
Avalon Railway must be completed within four years 
of the date of the Act, and all constructional material, 
machinery, and supplies will be admitted free of duty 
during a period of twenty years. 

Australia: H.M. Trade Commissioner for Australia 
reports that tenders are invited by the Victorian Railways 
Commissioners for the supply and delivery of three air- 
cooled petrol-engine sets and equipment of about 8 brake 
horse-power cock tor railway inspection cars. Copies of 
the specification, form of tender, &c., may be obtained 
from the Victorian Railway Offices, Spencer-street, 
Melbourne. Sealed tenders will be received up to 11 a.m. 
on July 22 by thesecretary at the above address. Tenders 
must accompanied by a deposit of 4 per cent. of the 
total amount of the offer. A copy of the specification 
and form of tender may be seen by United Kingdom 
manufacturers of petrol-engine sets at the Commercial 
Intelligence Branch. It will be observed that the time 
for the receipt of tenders is limited, and owing to forms 
having to be obtained from Australia, this intimation 
will be of use only to firms having agents in the Common- 
wealth who can be instructed by cable. : 

South Africa: According to information received by 
H.M. Trade Commissioner for South Africa from the 
Commissioner of Customs and Excise at Pretoria, the 
Town Council of Germiston, Transvaal, has decided to 
raise a loan of 400,000/. for municipal works, of which 
sum 85,0002. is intended for tramway construction, 
142,320. for sewerage works, 7500/. for abattoir exten- 
sion, and 39,960/. for storm-water drainage. A further 
report from the same source states that a company has 
been formed in Maritzburg with the object of manufac- 
turing wattle extract in solid form. It is estimated that 
the cost of installing the necessary plant would be 
20,000/., and that the cost of dealing with 6000 tons of 
raw material per annum would be . 

Straits Settlements: The Registrar of Imports and 
Exports at Singapore (the Board of Trade Correspon- 
dent for the Straits Settlements) reports that tenders are 
invited by the Government of Perlis for drilling a single 
deep bore through the tertiary rocks at Buki Arang for 
the purpose of testing the oil and coal-bearing rocks of 
the State of Perlis. A diamond-core drill, with a core 
diameter not less than 14 in., is to be used. Further 
particulars may be obtained from the Adviser to the 
Government of Perlis, Perlis, Malay Peninsula, via 
Penang, by whom also tenders will be received up to 
noon on July 1. 

Australia: With reference to the pro improve- 
ment of the suburban railway system of Sydney. H.M. 
Trade Commissioner for Australia has forwarded an 
extract from the local Press which states that the Minister 
of Pablic Works intends to ask Parliament to pass a Bill 
early next session to authorise the construction of an 
underground railway through the city, at an estimated 
cost of 4 800,000. A large amount of preliminary work, 
such as surveying and boring, has, however, been carried 
out in anticipation of the early passage of the Bill. In 
order to connect North Sydney with the proposed new 
underground railway, a bridge will be built across the 
harbour from Milson’s Point to Dawe’s Point, a design 
for which has been recommended by the Public Works 
Committee for adoption. This proposed bridge will be 
the third largest in the world as regards length of span, 





and the first as regards headway for shipping. It will 
consist of nickel-steel cantilevers supporting centre | 


irders, also of nickel steel. The shore-arms of the canti- 
evers will be 500 ft. long, and the cantilever arms 
520 ft., the length of the centre girder being 560 ft. The 
main piers su the cantilevers will be 1600 ft. 
apart, and the total length of the steel work will be 
ft. A minimum headway of 156 ft. at high water is 
vided for over the whole fairway. Provision is made 
tween the main girders for four lines of electric railway, 
and a roadway 35 ft. wide. Outside the main girders on 
the eastern side is a motor roadway 18 ft. wide, and on 
the western side a footway 15 ft. wide. The approaches 
to the bridge will consist of steel arch spans, of the 
three-hinge spandrel braced type. At the end of the 
arch spans on the southern end the roadway will be 
carried on a viaduct and between retaining walls until 
the natural surface is reached. The bridge is estimated 
to cost 2,750,0002,, to which should be added 250,0007. to 
provide for power, rolling-stock, and electrical equip- 
ment. It is stated that owing to the cost of importing 
material, and also the cost of the work turned out by 
private firms in Australia, the New South Wales Govern- 
ment is making inquiries with a view to deciding whether 
it would not cheaper to erect its own works for the 
a of the material required for the railway and 
ridge. 

Russia : H.M. Embassy at St. Petersburg reports that 
the Council of Ministers has approved the raising of a 
loan by the town of Kiev of a nominal value of 25,000,000 
roubles (about 2,640,000/.) to purchase and develop the 
existing tramway system in that town, and H.M. Embassy 
also reports that the municipal authorities of St. Peters- 
burg intend, subject to the sanction of the Government, 
to raise a new loan of 68,000,000 roubles (about 7,178, 0007.) 
towards carrying out the proposed scheme of supplying the 
city with water from Lake Ladoga. The Bulletin Commer- 
cial, Brussels, states, on the authority of the Belgian - 
tion at St. Petersburg, that the Government has autho- 
rised the preliminary works in connection with the con- 
struction of a new railway line from Alexandrov-Gai to 
Tchartchai. This line, which will be about 1100 miles in 
length, will join up the cotton-producing district of Khiva 
with the cotton-manufacturing centres of Russia. Plans 
for a branch line from Tokno to Novki, which the Olonetz 
Railway Company has submitted with a view to con- 
necting St. Petersburg with the Volga, are being 
examined by the Ministry of Ways and Communications. 
A committee has been formed, under the presidency of 
M. Tchoukine, to study the question of fitting all goods 
wagons in Russia with automatic brakes. e work of 
providing and fitting these brakes would be spread over a 
period of six years. tr hog 

Greece: With reference to the propened linking of 
European and Greek railway systems, H.M. Consul for 
the Pirzeus, in his report on the trade of that district in 
1913, which will shortly be issued, states that a second 
line, 181 km. in length, is under consideration, which, 
leaving Larissa, will also join, via Tirnovo and Diskati, 
the Salonica-Monastir line, which it would meet at 
Verria, about 80 km. from Salonica. The opening up of 
these lines is considered an essential condition to the 
general development of Greece. Another me ye being 
studied is a line about 200 km. to 300 km. long, crossing 
Epirus from east to west. This line will unite the “gean 
to the Ionian Sea. The Harbour Board is studying the 
practical means of enlarging the Port of the Pireus. At 

resent vessels disch: in the stream, and passengers 
ve to land in boats with their baggage. It is proposed 
to build a new custom house, moles, and jetty-heads, and 
erect special appliances of a modern type for discharging 
cargoes at the quays. (Kilometre = 0.621 mile.) 

Ecuador : With reference to the grant of a concession 
for a railway from Huigra to Cuenca, it is noted that the 
Registro Oficial, Quito, of March 2 publishes the text of 
a contract concluded between the Government of 
Ecuador and the firm of Orenstein and Koppel, of Berlin, 
for the construction of the line in question. Under the 
terms of the contract the Ecuadorean Government re- 
serves the right to invite tenders for the supply of the 
necessary permanent-way material and rolling-stock in 
either Europe or the United States. 





THe QurENsLAND Mininc Inpustry.—The value of 
last year’s mineral output was 3,857,881/., a decrease, 
when com with that of the preceding year, of 
317,4742. Fires and industrial disputes have interrupted 
the regularity of copper smelting at Cloncurry, and delay 
in the delivery of machinery, together with paucity of 
skilled labour, has postponed the prom increase 
from Mount Morgan. Tin, wolfram, and molybdenite 
have fairly maintained their positions, but it is in 
coal alone that any pronounced and satisfactory advance 
is apparent, the year’s output of more than 1,000,000 
tons being 100,000 tons in excess of that of the pre- 
ceding year. 





Turkish Dexstrorers.—The Chantiers et Ateliers 
Augustin Normand, Havre, inform us that they have 
received from the Imperial Ottoman Government an 
order for twelve destroyers, six of which are to be 
delivered forthwith and six in three years. prin- 
cipal features are the following :—Length between per- 
ory menage 87.50 m. (287 ft.). _ Displacement in service, 

040 tons, with 200 tons of crude petroleum (mazout) in 
the bunkers. The boats are to develop a of 32 knots 
during a six hours’ trial. They are to be pelled by 
22,000 horse-power Parsons turbines, supplied with steam 
from four boilers having a total heating surface of 
2400 sq. m. (25,833 sq. ft.). The armament is to consist 
of five guns, 100 mm. (4 in.) in calibre, and six torpedo- 
launching tubes for 533 mm. (21 in.) torpedoes. Each boat 
will cost approximately 4,000,000 francs (160,000/.). 





CATALOGUES. 


Turret-Lathes.—Messrs. Alfred Herbert, Limited, of 
Coventry, have issued a catalogue section of combination 
turret-lathes, giving ifications, dimensions, and other 
particulars of five models, in which the heights of centres 
range from 9 in. tol4in. Full particulars of chucks and 
— tools for use with these machines are also 
included. 


Pulleys, many d&c.—We have received from Messrs. 
Harpers, Limited, of Aberdeen, a copy of their new 
pocket catalogue of accessories for the transmission of 
mechanical power. In it prices are stated for belt and 
rope pulleys, pit-head pulleys, gear-wheels, shafting, 
couplings, es: hangers, wall-boxes, and stools. 
The catalogue, which is bound in strong cloth-covered 
boards, also contains some reproductions of photographs 
of the firm’s works. 


Grinding - Machines and Seapine. okinn. Sires. 
Fish and ,of Polygon Works, — eo have 
issued a catalogue giving particulars of diso- i 
machines and shaping-machines, sold under the trade 
name ‘* Pol 4 @ disc-grinders are made in seven 
sizes, with discs ranging from 10 in. to 24 in. in diameter ; 
one size listed has a 16-in. disc at one end and a 10-in. 
ring-wheel at the other end. They are all fitted with 
dust-proof ball-bearings, and have automatically-balanced 
tables. The catalogue also deals with a 14-in. ball-bearing 
wet and dry tool-grinder, with hand and power-driven 
shaping-machines, and with a combined key-seater and 
hand ing-machine. General dimensions are given, 
in English and metric units, of all the machines listed. 


Small Tools.—The Coventry Ordnance Works, Limited, 
of Coventry, have sent us a copy of their latest catalogue 
of small tools, including twist-drills, shell-drills, chucking- 
drills, collets, sockets, screw-gauges, milling-cubtters, 
metal-slitting saws, tg pe m1 ta) dies, 
chasers, &c. The catalogue is well and fully illustrated, 
and prices are stated in most cases. The users’ con- 
venience also seems to have been studied more than is 
usually the case in such publications. The various classes 
of twist-drills, for instance, are all arranged under the 
decimal ae of their diameters, so that the user 
finds all drills of one size together. It is also clear! 
indicated which articles are kept in stock and whic 
have to be made to order. These features will doubtless 
be appreciated by the firm’s customers. 


Gas-Engines and Suction-Gas Producers. — From 
Messrs. Ruston, Proctor and Co., Limited, of Sheaf Iron 
Works, Lincoln, we have received a copy of their latest 
catalogue of suction-gas plants. The —T first gives 
full particulars of suction-gas engines, which are e in 
two series for industrial _— and electric lighti 
respectively. Single-cylinder engines are lis in 1 
sizes, capable of giving 8} to 130 horse-power con- 
tinuously, while double-cylinder engines are made in seven 
sizes, ranging from 78 to orse-power. Similar 
engines are made for use with town gas, the power with 
this fuel being somewhat ter of course. Suction pro- 
pone 7 use —_ -_ _ coke, of pane and 
suitable for supplyin above-mentioned engines, are 
illustrated and described in the _— e 5 ow are made 
in ten sizes. special type o ucer for gasifying 
wood refuse is also dealt with. The catalogue, which, as 
is customary with this firm’s publications, is well printed 
and illustrated, contains much useful information on 
suction-gas plants, illustrates numerous installations, 
and prints a number of testimonials from users. It also 
calls attention to the desirability of installing boilers for 
utilising the waste heat in the exhaust of gas and 
oil engines, mentioning that, in plants of 100 horse-power 
and over, up to 2 Ib. of steam per hour can be generated 
for each horse-power of the engine. 


M ic Separators, <&-c.—We have received from the 
Rapid Magnetting Machine Company, Limited, 18, The 
Crescent, Birmingham, a catalogue of machines for 
rating iron from metal turnings, powders, ref e- 
structor clinker, foundry sand, ores, cotton, seeds, &c. 
The firm have made a speciality of these machines, two 
examples of which were i)lustrated and described in our 
issue of February 7, 1913, on page 183. They make over 
a dozen different machines, of the rotating-drum or ip- 
clined-trough t: , in upwards of eighty different sizes. 
All types are illustrated and described, and full parti- 
culars, including prices, of each size are given in the 
catalogue. One of the machines described is intended to 
deal with liquid materials such as potters’ slip, Glass, 

in 


n-cotton, 1 &c. It consists of an 
trough, the bod of which is provided with a number 
energised a 
ow 


of projections by electro-magnets. 

jections serve the double purpose of obstructing the 

of liquid and of arresting all magnetic material which 
collects on the projections and can be removed at intervals, 
The machine is fitted with a device to divert the flow of 
liquid, and also to give audible warning to the operator, 
in the event of a failure of the current, Some such 
fitting is an obvious necessity for machines of this class, 
as otherwise an interruption of the current would not 
only permit untreated material to but would also 
allow all the accumulated iron les to be swept for- 
ward possibly with disastrous consequences. Other 
machines are provided with somewhat similar protective 
arrangements, and any of them can be fitted with the 
current-failurealarm. Another useful magnetic appliance 
listed is a scrap-tester, which is used when sorting brass 
scrap before melting. It serves to detect brass-covered 
iron objects from those of solid braes. The catalogue 
also deals with electro-magnets for hand on, eegee 
chucks, magnetisers for permanent magnets, horse-shoe 
magnets, potters’ magnets, &c. 


inding 











ee eer 








760 


ENGINEERING. 





[May 29, 1914. 








THE OXYLENE PROCKSS OF FIRE- 
PROOFING TIMBER. 


Every now and then an occurrence draws promi- 
nent attention to the desirability of rendering fire- 
proof timber and other materials used in structural 
work or internal fittings, &c. Especially is this the 
case where a mishap may directly lead to risk of fire. 
Although this risk is often unduly exaggerated in 
the public mind, there is no doubt that under many 
circumstances precautions of this kind are advisable. 
The treatment of wood and other materials with this 
object is not new, but many methods tried have 
proved disadvan owing either to their effect 
on the wood iteelf, or their corrosive action on metal 
fastenings, screws, &c., inserted in it. 


w 
Prolonged experience has shown that these defects 


do not necessarily es such processes. The 
facts that the Metropolitan District and London Elec- 
tric Railways have used such a treatment for upwards 
of eight years, and that the Admiralty, after eet 
lon tests, is adopting the same method for 
proofing wood-work, may, we think, be taken as 
proof of this. In the case of the above railways 
the wood treated has been used for coach-building, and 
its success in this direction has led to its employment 
on other railways. The Midland Railway, for instance, 
is contemplating the erection, at Derby, of plant for 
treating the timber used in its carriage works, and in 
the meantime has had orders of considerable magnitude 
executed by the Timber Fireproofing Company, 
Limited, of Townmead-road, Fulham, the proprietors 
of the Oxylene process. The Great Eastern and 
the London and North-Western Railways are taking 
the same process up for iage and other work. This 
treatment is, moreover, in use by the War Office, while 
the Admiralty and numerous builders employ wood so 

repared for motor-boats, and orders have been placed 

tely for the treatment of teak and other timber for 
use on H.M.SS. Queen Elizabeth and Warspite. The 
Oxylene process has been used, further, in connection 
with wood for air-filters, for scenery in theatres, and by 
Messrs. Henley’s ae Works for the tape-binding 
for electric cables. Other uses are too numerous to 
specify, but it may, pores, be added that the wood- 
work in Messrs. Ged ury’s new factories has all been 
rendered fireproof in this way. 

The Oxylene process consists in impregnating the 
wood with a mixture of phosphate of ammonia and 
boracic acid. The w to be treated is packed 
on trolleys; and run into a cylinder of much the 
same character as those used in creosoting. Here 
it is subjected to a thorough steaming for some six 
or more hours in order to soften it and to draw 
the sap-water out of the pores, after which a vacuum 
is produced in the cylinder and maintained for 
one or two hours at about 27 in. At the end of 
this time the treating solution is drawn in by the 
vacuum, and the pressure is eae A raised to an. 
amount dependent upon the c of wood, and kept 
up for from twenty-four to forty-eight hours. The 
pressures used range from 120 Ib. per sq. in. for soft 
woods to 500 lb. for teak and oak. The next step is 
for the surplus solution to be let out of the cylinder 
and pum back into the supply-tank, the wood 
being allowed to drain for about six hours before being 
removed to the open air. It is then stacked in the 
open, the pieces being ted by 1-in. laths, and 

ter some few days is ly dried in a kiln provided 
with artificial hot-air circulation. This circulation is 
derived from a 6-ft. electrically-driven fan, which 
forces the air down ducts to the far end of the kiln. 
It returns circulating through the wood, and leaves 
the kiln by a large duct, in which are placed cold-water 
pipes, on which the moisture in the air is deposited and 
thence drained off. The air then comes in contact with 
steam-pipes, is heated, and sent into the kiln again. 

The process is thus like some others, but 
the uct is eminently satisfactory. In addition to 
having no effect on metals, it leaves the wood in a 
condition equal to untreated timber as regards finishing 
by French polishing, varnishing, or painting. It does 
not discolour either wood or textiles, and has more than 
a surface effect. The Admiralty require penetration 
right to the centre of 6-in. teak, so if damaged, 
no inflammable splinters shall be produced. The 
chemicals employed are non-volatile, so that the effect 
is permanent. They are not of a nature toproduce sweat- 
ing or any other objectionable result, while they have 
" tive as well as a fire-proofing effect, being 
unfavourable to the development of fungus, dry-rot, &c. 

The company’s plant includes one 7-ft. cylinder, 
70 ft. long, so that sills for bogie stock and other long 
pieces of work can be treated without difficulty. On 
the occasion y our visit to the works we had the 

portunity of inspecting, among other thi two 
file cabinets for South Aasrien. One was of aaiagen, 
French polished, while the other was of oak, varnished. 
In both cases the metal fittings were perfectly clean 


and gave no indication of having been subjected to 
the fre proofing treatment. as 








THE “ VISLOK” LOCK-NUT. 

ProsaBLy no mechanical contrivance has received 
so much attention from inventors as have lock-nuts and 
nut-locking devices. The Patent Office records must 
contain hundreds, 7 a oer of 9 on inne me 

ious solutions of the apparently simple problem o: 
preventia a nut from Coooustag chick. There can, 
owever, be little question of the still existing need 
for a reliable lock-nut in these days of high-speed 
machinery, and any doubt that may exist on this 
point would be quickly dispelled by an inspection of 


any of the main streets of London, in the wood paving | the 


of which dozens of nuts that fall from motor vehicles 
can be seen embedded within the course of s short 
alk 


The latest attempt at the solution of the problem 
is known as the ‘‘ Vielok” lock-nut. It is the in- 


vention of Mr. W. Clay Peters, and is manufac- h 


tured and sold by Messrs. Vislok, Limited, of 3, 
St. Bride’s House, Salisbury-square, London, E.C. 
From the accompanying illustrations it will be seen 
that the nut is made in two parts, of which the upper 
part has a projecting spigot, while the lower part has 
@ socket into which the spigot fits. Figs. 1 to 3 show 
& nut in section, while Fig. 4 is a photographic view 
showing the two parts as turned from the bar. It 
will be seen that the outer surface of the spigot (Fig. 1) 
is cylindrical, while the hole through the — part of 
the nut is tapered, so that the metal is thicker at the 
lower end. e two parts are placed with the spigot 
in the socket, as shown in Fig. 1, ressed 
together, the metal of the spigot being, at the 


) Fig. 7. 
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same time, expanded laterally by forcing a taper 
pin through it, so that it completely fills the 
socket, as shown in Fig. 2. The two parts of 
the nut are thus inseparably connected, but they 
are still free to turn one on the other. The nut is 
then tapped, and during this operation a line, parallel 
to the axis of the hole, is marked across a pair of flate. 
When applying a nut to a bolt the two parts must be 
arran, so that the ends of this line are coin- 
cident, when the thread will, of course, be con- 
tinuous. In this position the nutcan be tightened up 
by turning both parts together with an ordi 
spanner, and when this has been done, the nut is 
locked by turning the upper part, by itself, as far as 
it will go. 

So far, the ‘‘ Vislok” is the equivalent of an ordi- 
nary pair of lock-nuts, with the exception that one 
aoe ayy be lost. The inventor, however, makes a 

r claim that the pressure of the lower nut 
against the upper, acting on the end coned surface, 
compresses the upper nut so that it embraces the 
bolt more tightly, and thus gains a frictions] hold 
which prevents it rotating er vibration. Another 
possible explanation of the same kind is that the 
pressure of the inclined surfaces at a caures the 
outer nut to grip the inner, and thus prevent relative 
motion. We, however, are not to accept the 
theory of any substantial deformation of either nut 
under the pressures and angles available. We should 
prefer to ascribe the success of the nut to the con- 
siderable degree of friction which exists between 
= two parts, due to one being expanded into the 
other. 

It is in the fact that relative motion between 
the two F wy is prevented that. the superiority of 
the ‘‘Vislok” nut lies. The effect of vibration on a 
pair of separate nuts is first to slacken the locking 
nut, so that its locking action is removed, and the 
_ nut can then a peg ra net nuts 

parts cannot easily move independently of each 
other when locked, so that they are quite secure under 
severe vibration. They can, however, easily be re- 


moved by first turning the upper of the nut so as 
to brin "the marks into line, parts then being 
eorowed off together, 


In pitch, diameter, and width across flats the nuts 
are made to conform to British standard Whitworth 
and British standard fine thread (automobile) specifi- 
cations. For use their depth is approximately 
one and a-half times that of an ordinary nut, but 
thinner nuts are made for use in confined spaces. The 
— is also applied to wing nuts, and to nuts 

trom many different parts of motor-cars and cycles. 





ROYAL METEOROLOGICAL SOCIETY. 
Tue first of the afternoon meetings of this Society for 

present session was held on y, the 20th inst., 
at 70, Victoria-street, Westminster, Mr. C. J. P. Cave, 
M.A., President, in the chair. 

Mr. E. Gold read a paper on “‘ The Reduction of Baro- 
meter Readings in Absolute Units, and a New Form of 
Barometer Card.” The Meteorological Office, having 
now employed the O.G.S. units in their publications, this 
as necessitated the preparation of new tables for the 
reduction of the barometer readings and for the adjust- 
ment of the effect of difference between the standards of 
tem ture 62 deg. Fahr. and 273 deg. A. 

r. A. Hampton Brown also read a paper on “A 
Cuban Ruin Record and its Application,” in which he 
dealt with the rainfall records of the Belen College 
Observatory, Hav for the a? 1859 to 1912, and 
-— iculars of the monthly, yearly, and seasonal 
rain 

The average yearly rainfall for the fifty years 1861 to 
1910 is just under in., but during the past fifteen 
years there has been a marked tendency to diminished 
amounts. March is the driest month, with 1.91 in., 
and October the wettest, with 6.92 in., followed closel 
by June, with 6.71 in. The most phenomenal endl 
was April, 1869, when 22.57 in. was recorded, falling 
on six days. On the other hand, a 1896, was 
entirely rainless. The rain-fall year can divided into 
two seasons; a wet, from May to October, and a dry, 
from November to April. During the former, 35.36 in., 
or 71 per cent. of the rain falls, the remaining 14.60 in., 
or 29 per cent., being recorded in the dry months. The 
author has endeavoured to trace the connection between 
the wet season at Havana, during May to October, and the 
———- in England, south-west, and South Wales 

uring the three months January to March following, and 
he has found that from 1878 onwards, when the first reports 
for this country are available, that an excessive rainfall in 
Havana during May to October was generally followed 
by a deficient rainfall in England, south-west, at the 

inning of the next year, and vice versd. For the eight 
years 1888-1895, when the rainfall at Havana was con- 
tinuously in excess, in England, south-west, the figures, 
with one exception, were the reverse. During the next 
five years, 1896-1900, there was a deficiency at the Cuban 
station, and, excepting 1897, an excess in this country. 
There were many years when the application failed, but 
the general continuance of the see-saw movement was 
so persistent that it could hardly be regarded as 
merely coincidental. 





Prrsonaut.—Mr. J. Allen Pickard, B.Sc., A.R.C.Sc., 
A.LC., 50, Crooms Hill, Greenwich, 8.E., informs us 
that he has commenced tice as an analytical and 
metallurgical chemist at the said address. 





AmmMontuM SULPHATE AND Sopium Nitrate In 1913.— 
The international market for ammonium sulphate and 
Chili saltpetre was, in 1913, unfavourably influenced by 
the conditions of the preceding autumn. Although the 
spring of 1913 encouraged, on the whole, the use of 
manure, the demand fell off in the latter part of the year, 
and more material remained finally stored than had been 


inary }on hand at the beginning of this year. These remarks 


spply both to ammonium sulphate and to sodium nitrate 
its substitutes. The world’s production of ammonium 
sulphate is steadily on the increase, and had, in 1913, risen 
to 1,365,700 tons, against 1,214,400 tons in 1912. Germany 
leads in this uction with 549,000 tons in 1913; the 
United Kingdom comes next with 420,000 tons; then 
follow the United States with 177,000 tons, and France 
with 75,400 tons. We take these figures, which do 
not include British India, from the report of the 
German Ammoniak Verkaufs- Vereinigung for 1913. 
As regards consumption, the lead of Gemmeg is still 
more striking, the being for 1913:—Germany 
460,000 tons, United States 335, tons, Japan 115,000 
tons, England 97,000 tons. Thus German consumption is 
much higher, especially for agricultural purposes, than 
that of any other try; but the United States are 
rapidly following that country, both as regards produc- 
tion and demand. This is, of course, an important factor 
in the international market. One feels some doubt 
about the future of the nitrolim and the synthetic 
ammonia considering that the recovery of 
ammonia from coal-gas, the demand for which is not 
likely to decrease, is becoming more and more perfect. 
The manufacture of synthetic ammonia passed into the 
practical s last year; some 50,000 tons of nitrolim 
and about tons of Norge saltpetre were ‘supplied 
last year. at the experiments on the oxidation of 
een, te by long electric arcs, which seemed so promising, 
have given up, and ipod yo bpernd Loe ~se4 — 
tion processes will be able to e com 6 
old-established products seems doubtful, though the 
further development of electric-power aj tion and 
distribution may turn the scale in favour of electric pro- 
cesses. uction of Chili saltpetre, for the first 
time almost since 1885, decreased last year, from 2,552,770 





tons in 1912 to 2,450,000 tons, 
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connected to the member, so as to be of a | rotated or oscillated, the sleeve terminating in a nozzle having a 
**ENGINEERING” ILLUSTRATED PATENT | limited retative moti pect thereto, the onld ectaave spray orifice or orifices and formed wii a coned coating to 
RECORD motion taking place against the action of a when the ve conical end of the spindle, said sleeve being formed 
° contact-making member meets a projection in its path as it is| with a longitudinal duct and an annular channel extending to the 
SELEOTED ABSTRACTS OF RECENT PUBLISHED SPEOIFT- | being moved from one position to another position, the quick | termination of the sleeve adjoining the nozzle, and the conical 
OATIONS UNDER THE ACT OP 1907 make or break, or make and break, as the case may be, occurring | end of the spindle havi Onn re aes SS ae 
. . as soon as the contact-making member comes out of engagement movement of the oplndic to ests nication between 
The cuaber Guo um Gea a eens with the said projection. "This invention in switches | said annular channel and the sprayi orifice or orifices. The 
in each case ; none is mentioned the Specification is having a quic mabe andier-treak arran t of the Lm npestion waive ¢ competoare wie AL. to be stated « ve 
: ‘ F herein referred to, combination a pivotally-moun' chronously e engine cycle n a sleeve or 
Se tet a cated from abroad, the Names, éc., aes member, of a contact-making member plvtally con- | terminates in a = neatle 6, and which is formed with a 
of the Communicators are given i the P 0 Sales nected , ® pin and slot connection e said mem- | duct 7 for the supply of fuel to an annular chamber 8 surrounding 
Ci Oe ethomat, obtained at ‘atent hes, f bers, and a mounted on the pivotal be' the end portion of the spindle, in proximity to the nozzle. The 
the ; of cots the said —~ Jy - Pieud canted ty rene 
" con a i 
The date of the advertisement tg me me A Bey tact- member. The contact-making member 1 is pi call 
is, in each case, given after the abstract, wnless con to an actuating member 2, so as to be capable of a 
atent has been sealed, when the date of sealing is given. limited relative motion limitation of 
Any person may wg bmn fy ae Py te the relative motion is obtained by a pin-and-slot connection, the 
; es r) 6 pin 8 carried by the act: member 2, and working in a 
give —— db mya ts grant of @ | siot 4 in the con ing member 1, or vice versd. A stud or 
atent on any of ot. lube projection 6 is mounted on the contact-making member, and 
a surrounds a stud also connects 
AGRICULTURAL APPLIANCES. onthe T aah ¢ ageien 8 of the spring 6 


5893, J. Bamford and C. 
Side- -Rakes. 


very (6 Figs.) 
This invention has reference to siddeitvesy hay-rakes 
type in which there are two reels or spiders 
ly to each other and connected together by 
carrying the tines, which latter always point downwardl: 
revolve, the reels or ers and rake-bars being 
of the road-wheels with the axles of the reels 
at some little distance above the horizontal 
wheels, and inclined, or at right angles thereto. 
consists in the combination with the road-axle and 
axle, of an intermediate vertical or upwardly-inclined 
towards the 


J.Bamford, Uttoxeter 
6 March 10, 19 
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shaft mounted above the road-axle and 
spider-axle, the upper end or part of the vertical or u 

with the reel 
vertical or in 
with the road-axle, for 
from the 


i 


inclined shaft being connected to or 
axle, and the lower end or part of 
being connected by 
of transmitting rotary motion and power 


i 
i 


i 
é 








the reel or spider-axle to rotate the links carrying the tines 
across the of the machine. In one arrangement of carryin 
out this invention, there is a bevel-wheel 1 mounted on the coal 
wheel axle 2, and preferably connected thereto by an ordinary 
clutch furnished with a clutch-lever 4 for operating the same, and 
this bevel-wheel 1 gears with a bevel-pinion 5 arranged above the 
road-axle 2, and mounted on a vertical countershaft or 
which is preferably non-rotating, and can conveniently be 
by being fixed in the vertieal bess 7 of the bracket 8, which is 
fixed to the bar 9 of the machine-frame. Mounted on this 
vertical or shaft 6 and turning as one piece with the bevel- 
inion 5 there is another bevel-pinion 10 which gears with a 
vel-pinion 11 on the end of the substantially horizontal axle 12 
of the reel or spider 13, which carries one end of each of the 
rake-bars, this axle 12 being suitably —— as by the 
brackets 8 and 14 0n the machine-frame. arrangement is 
particularly convenient for use where the reel or spider-axle 12 is 
not at it angles to the road-axle 2, as in the arrangement 
illusti . (Sealed May 7, 1914.) 


ELECTRICAL APPARATUS. 


802/13. G. Marconi, 
Generators. [4 Figs.) January 


invention is to MW Ah - 4%. 
invention provide improved apparatus for gen - 
nating currents, and ly currents of frequency, such 
as are employed in wireless telegraph and t e itters. 
Apparatus for generating al curren ing to this 
invention, com: a circuit of a number of 





inner cylinder a may be 
or teeth, between wh 


er. also to to be rotated at « high opted, ten centres be 
Preterably similar to that of cylinder d. (Accepted February 18, | ion 


the winding is 
cy 


1914. 

A. P. Lundberg, G. C. P. 
Lun and G. Pegs. Londen. = 
{1 Fig.) March 25, 1913.— invention has relation to electric 
switches, and more provided 
with a quick make-and-break movemen’ 


to construct electric switches ha’ - 
movement in which the contact-making’ mater te on 


z 





are bent so that they cross each other and lie on opposite sides of, 
and in contact with, both the pin 3 and stud f above referred to. 
Under normal conditions the stud 7, pin 3, and stud 5 are in a 
is ht line, as shown in full lines on the drawing. When the 
mem 2 is moved, relative movement between the members 1 and 
2occurs, the end portions 8 of the spring 6 are forced apart by the 

n Sand stud 5, and the spring is stressed. 9, 10 are fixed contacts. 

he movement of the switch as a whole is limited by the position 
of the contacts 9,10. Midway between the contacts 9, 10, and in 
the path of the contact- member 1, is a projection 11. 
When the actuating member is operated to break connection 
with one contact (say contact 9), and make conn with 
another or other contact (say contact 10), the tact-making 
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My 


shown, the pressure is lied by a spring 11 enclosed in a cylin- 
r whede the intervention of a lever 13 bearing 
< 


irectly inst a collar 14 on the 
quenes mounted on the collar by means of a ball- f° 
seating 10 is provided with one or more floes 
leading to the interior of the cylinder 1, fuel being 
annular chamber 8 to the orifice or orifices in the desired sequence 
me FRR in the spindle 4. The rotation of 
the 4 may be effected in any suitable manner, as through 
may, for instance, be 


lay-shaft or from the main é: 
rotated 
means of a worm-wheel 19 ym with 


ndle, or, as shown, 


i 


at un 





member 1 and actuating a 2 move as one until the 





extremity of the tact con with the 
ee 11. Relative motion then occurs between the mem- 
rs land 2, and the stressed. When the pin 3 ie 


ng 6 is 

almost in contact with the end of the slot 4, the tip of the 
member 1 is about to pass the projection 11, as is shown in dot- 
and-dash lines ; and when the pin 3 engages the end of the slot, 
the member 1 is suddenly pulled by the spring 6 past the projec- 
tion 11, out of en nt with contact 9 and into e: ent 
with contact 10. e dotted lines show the final position of the 
members land2. A similar cycle of operations is gone through 
when the switch is actuated so as to return it to the position 
shown in full lines. (Sealed May 7, 1914.) 

13,844/13. W. Phillips, Lee, and L. W. Smith, 
Lewisham. Electric Instruments. 
(3 Figs.] June 16, 1913.—This invention relates to electrical 
instruments of the air-core dynamometer in which the 
electrical quantity to be measured or recorded produces mecha- 
nical forces on a movable coil or coils by means of the inter- 
actions of currents in the fixed and movable coils of the instru- 
ment. The invention consists in the method of winding the fixed 
coils in which the windings are continuous along the sides, but 
are spaced for the passage of the su the 
moving coil or coils. In g the inven 
turns of wire in the fixed coils are in such 
that when a section is taken through a coil at right angles to the 














le may, th , be rotated wi . 
tie’ tested of uniform, angular velocity. A suitable packing- 


22 may be provided d the end of th here it 
Sahil. Gham 
3493/13. The Wharrad Com: » 
simak alah. XWintrad Megdiece, eden: 
Com! Engines. 


— According to the present invention, one or 
strips, bands, or sheets to be detachably 
Sealing of tonguen, tooth, ef tbe projections Compossd ef por. 
ity es, , or pro, com por- 
Sy SEs ay 
pro: out at an ang! reto e oO! 
strip or sheet is attached. A strip of chest Cheek or a is 
employed, having parallel sides or edges, and said sheet oF metal 
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reversal of the seat-back simultaneously moves or tilts the seat 
in such manner that whichever way the seat-back is swung over, 
the seat-member as well as the back will have a convenient slope 
for the sitter. According to this invention, the rockers that 
support the seat-member, and which have inclined under-faces 
at their ends resting upon inclined upper faces of the sills, are 
wided with toothed racks in the cut-away or off-set 
tween the inclines, and one or both of the cross-shafte which 
support the seat-back through the substantially parallel links 
are provided with pinions or toothed nte, which co-act 
with the racks to operate the rockers when the seat-back is 
swung over in either direction. 1 is the rocker, there being a 
rocker adjacent to each of the side frames. The under-side of 
each rocker at its ends is provided with inclines 7, 8, which co-act 
with the inclined uw surfaces of the sills 3, 5, so that by slidi: 
the rockers one way in the direction of their length, the inclines 
at one end slide down the sill 3, and the inclines 8 at the other 
end ride up the other sill 5, and this tilte the rockers (and con- 
sequently the seat) to a convenient sl in one direction or the 
other. ween the inclines each rocker has a cut-away or off- 
set portion formed with a toothed rack 9. In order to direct 
the movement of the rockers upon the reversal of the seat, the 
inclines 7, 8 at each end of the rockers are provided with lateral 
flanges at both sides, and the inclined upper surfaces of the silie 
8, 5 have affixed thereto co-operating guides 2, 4 which overlap 
the flanges, Guy holding the roekers ge | against vertical 
displacement, while guiding them in their wise movement, 
also holding them against ral displacement away from the 
side frames. The upper surface of the rockers is provided with 
upstanding projections 6 angular in cross-section, which enter 
the corners of the frame of the seat-member so as to hold the 
seat-member in position, and ensure the seat-member moving 
with the rockers. The inclines 7, 8 and the rack 9 are preferably 
curved so as to have a suitable convexity, the curve of the 
inclines and the curve of the rack being struck from the same 





19 


or about the same centre. The rack is curved to allow for the 
tilting of the rockers. 22 are the arms of a bracket secured to 
each side-edge of the seat-back 10, to which arms are pivoted at 
16, 16, the upper ends of substantially parallel links, the lower 
ends wh are secured to de amy -y 18, 14 below the seat- 
member, and journalled in bearings in the side frames. These 
arme or levers hold the back at a convenient slope for the 
sitter, with the arms 11 (for the time being underneath) 
supported by rests. The back is reversed by being swung over, 
so as to bring the other arms 12 on to the opposite rests 18, 
and this reverses the slope of the seat-back, and causes it 
to take 2 an exactly converse position to that it occupied 
before. e swinging over of the seat-back turns the spindles 
13, 14 part of a revolution, and this by means of toothed 
oy or segments 19, keyed to one of the spindles 14 gearing 
nto toothed pinions or segments 20, freely mounted on the other 
spindle 13, and which in turn gear with the toothed racks 9 on 
the rockers 1, slide the rockers in the direction of their length, so 
that the inclines at one end slide down their guides and the 
inclines at the other end ride up the other es, and thus tilt 
the seat to the required inclination. The loose pinion or . 
ment 20 is wide enough to mesh both with the rack 9 and wit 

the fast segment or pinion 19. _———— 2, eoacting with the 

. fe toothed 





lateral flangee on the 8, k racks in gear with 
the too’ ents 20, these toothed ents being slidable 
the 8, but keep in y re 
split pins. In use, therefore, all the sitter has to do to reverse 
8 the back over from one side to the other. not 
only turns the back 10 to the ite side of the seat and re- 


rine kind in which a battery is hermetically 
enclosed ina a dete, lamp, enclosed in a and 
provided with a switch to be by a device fitted 


externally to the lamp. According to inven’ a submarine 
lam Fike seen eee ee el lamp fitted 
to , & switch ene te of current to the 
lamp, an outer shell or case in which the 


the holder ¢, and strip cl with the b,and thence with the 
spring strip or switch i and j is mounted in, but 
insulated from, the casi finally Pt 


shell or case m, in which it is enclosed in a water-tight manner, 
through the medium of the joint provided between the detachable 
back n and the rear edge of the case. q is a gland provided on 
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the top of the shell or case m, and r is the spindle which passes 
through the gland, and the lower end of which is screw-threaded 
to tha cemmepentney screw-threaded hole in the lower 
end of the gland. The end of the spindle r below the screw- 
threaded portion r} extends into the interior of the shell or 
case m, and is made of, or cased with, an insulating material. 
The upper end of the spindle ris furnished with a wheel t, by 
means of which the ie can be turned and so raised and 
lowered in the gland. e — of the gland g and spindle r 
is such that the lower insu! end of the latter is adjacent to 
the switch i upon the top of the battery casing b, and it will 
therefore be obvious that by turning the handle ¢t on the spindl 


| 


to the plate 24, and the holes in the plate 30 are on a circle 
of the same radius as that on which the holesin 24 are placed 
but at a different distance apart, so that by giving el 
ment to the plate 30 the number of the holes in registra’ may 
be varied, and the amount of steam — the holes 
regulated. Tolock the plate 30 in the position in w it has been 
set in relation to the plate 24 the latter is provided with a tubular 
boss 33, and the former with a notched u ig flange 34, a 
key 85 being ye and adapted to pass through slcts in the 
boss 33 and the spindle 2, and at one of its ends to enter the 
desired notch in the flange 34, the key 35 being secured in place by 
a split or other pin. The function of the port 28 and the holes in 
the plates 24, 30, and the passages between the part 25 and the 
flange 26, is to afford a restricted, though constant, opening for 
the escaping steam, which is thereby held in compression, and 
thus a pressure is set up inside the casing and underneath the 
secondary area—i.e., the plate 24—which varies in direct propor- 
tion to the volume of steam discharged. When the valve is in 
service, the above-mentioned rest: opening remainsconstant, 
but such opening can be regulated as required by setting the plate 
30. To guard inst the setting of the plate 30 being tampered 
with, or the vedging or tying down of the secondary area and 
valve-spindle, consequently the valve proper, a perforated 
cap or cover is provided, adapted to be secured on to the main 
portion 8 of the valve-casing, this cap or cover comprising an 
annular outer wall 40, an inner annular wall 41, a conical top 42, 
an annular horizontal internal flange 43, tying or strengthening 
ribs or websand annular ports 45. The cap or cover hasa tubular 
boss 46, through which a pin 47 is J agen said pin 47 also passing 
through a hole formed partly in the cap and partly in the main 
portion of the valve-casing, the lower end of the pin 47 being pro- 
vided with a hole through which a padlock shackle ye fe sono 
The positions of the annular ports 45 and the wall 41 flange 
43 permit access to the valve-spindle. (Sealed May 7, 1914.) 


TEXTILE MACHINERY. 
3701 Tomlinsons (Rochdale), Limi’ and J. 
Wi Mas 


Standeven, Rochdale. hines. 
(1 Fig.| February 13, 1913.—The invention refers to the feed- 
rollers of waste-breakers, in which the top roller is weighted by 
means of a loaded lever acting on rods having bent or hooked 
ends engaging with the bearings of the roller. It is necessary at 
somewhat frequent intervals to relieve the roller of the load, such 
as when the rollers need cleaning, and it is customary to remove 
the heavy weight from the levers. This is a tedious operation, 
and not conveniently effected, particularly when the loaded 
levers are —_ on the inside of the frame of the machine. 
The object of the invention is to provide means whereby the 
hooked rods may be relieved of the load in a more convenient 
manner, and consists in disposing a cam beneath each loaded 





the latter can be lowered so as to cause its end to bear upon the 
spring-switch i and depress the same, thereby bringing it into 
contact with the stud j, and so completing the circuit through 
the lamp d. (Sealed April 80, 1914.) 


STEAM-ENGINES, BOILERS, EVAPORATORS &c. 


12,605/13. R. L. Ross, and R. L. Ross and Co., 
s “Valves. [1 Fig.) May 30, 

1913.—This invention relates more particularly to safety-valves of 
the kind in which, to — for the ready escape of large volumes 
ot steam from the boiler when excess of pressure obtains therein, 
a pressure area is arranged in the valve-casing adapted 
to assist the pressure area of the valve proper in overcoming the 
load of its spring when the valve has been initially lifted from its 
seat by excess pressure in the boiler, to thus give an increased lift 
to the valve proper. The invention consists in the combination 
with a main v: No-call pee a valve —— a 
valve-spindle projectin; ugh the of the main valve. ng, 


" 'y pressure-plate carried by the valve-spindle, means for 
adjusting the load of the spring and the opening past and effective 
area of the secondary pressure-plate and exhaust ports from 
the main valve-casing, of a cap secured to the main valve-casing 
80 as to enclose the upper end of the valve-spindle and the secon- 




















lever, and providing means, outside the frame of the machine, 
whereby these cams may be rotated so that they will raise and 
support the loaded levers and relieve the rollers of the weight. 
The loaded levers a are of the usual description, and are adapted, 
by resting on the point b of a rod c, whilst bearing against the 
fulerum d, to pull down the rod ¢ and load or weight the top 
rollers in the usual manner. A cross-shaft e is mounted in suit- 
able bearings in the frame of the machine, each cross-shaft having 
aecam f th , disposed b th each loaded lever. Outside of 
the frame of the machine the ends of each cross-shaft are pro- 
vided with a lever g. The shaft ¢ can be rotated by means of the 
lever g, and the cams will then serve to lift the loaded levers a, 
as shown in dotted lines, and support them, taking the load from 
the rod ¢ and the top rollers. (Sealed April 30, 1914.) 





MISCELLANEOUS. 


21,232/13. Vickers, Limited, and G. H. Challenger, 
on. es. (8 Figs.) September 19, 1913.— 

This invention relates to detachable fastening devices for flexible 
stays and the like, such as are used in ae es and other 
rial craft, particularly for connecting the wings of aeroplanes to 
the framing of the structure in a manner to permit of readily 
disconnecting the stays to enable the wings to be moved or 
folded into a closed position against the framing, the object of 
the invention being to provide a simple fastening device for con- 
necting or disconnecting the stays without the wr! of un- 
intent{onal disconnection occurring in the event of the stays 
becoming slack. According to this invention, the improved 
fastening device is of the hook-and-eye type, in which the 
engaging parts are so shaped and are of such dimensions that 
they can only be dise: when one of them is inverted rela- 
tively tothe other. A is the hook which is securely attached to 








one end of the flexible stay Al, and B is the eye which, in the 
example shown, is in the form of a bent piece of metal attached 
to a portion of the framing of the aeroplane, and having a hole 
therein for engaging with the hook. The size of this hole is 
such that it is only slightly greater than the diameter or width 
ot the bent portion a aie 2 that — = - i 
engaged little, if any, play existe between them. e " 
tion a of the hook is so shaped that the gap es om the 
nose or extremity a! and the body of the hook is tly greater 
than the thickness of the eye body B, so that before the parts of 
the fastening device can be disconnected they must assume the 
position shown in . 2—-that is to say, with the hook inverted 
the hook body and within the said gap. 
In order to permit of the parts being moved into this position. 
Se cap & pee’ ih 0 tue Seslee Sn te 
device for enabling it to be intentionally slackened. Accepted 
February 18, 1914.) 
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Factory Administration and Accounts: A Book of 
Reference, with Tables and Reference Forms, for 
Managers, Engineers, and Accountants. By Epwarp 
T. Exsovrne. With Contributions on the 
Problem of Industrial Works Design, by ANDREW 
Home-Morton, and on Financial Accounts, by JOHN 
MavcHFiinec. London: Longmans, Green and Co. 
[Price 25s. net.] 

Tue purpose of Mr. Elbourne’s book is to fill a 

lace in the literature of engineering which has 
not hitherto been satisfactorily tenanted. In all 
matters of practice or design, in pattern-making, 
casting, forging, machining, fitting, drawing, and 
even in estimating, we are well posted with works 
of reference. But of books on scientific works 
administration and accountancy, there has of 
recent years been a singular dearth. For this 
reason Mr. Elbourne must claim our special in- 
terest, particularly since, as works accountant of 
Messrs. Vickers, Sons and Maxim, he speaks 
ex cathedra. Such a position ensures that the writer 
has had all the experience, and possesses all the 
information, which are required for compiling a 
book of this kind, and it limits the function of 
the critic to the consideration of whether the sub- 
ject has been adequately and conveniently pre- 
sented to the reader. To this task, in view of the 
comprehensive nature of the subject, his attitude 
must be a sympathetic one. 

The book, which has 598 pages, is in 
six sections, of which the first, on Industrial 
Works Design, is by Mr. Andrew Home-Morton, 
and the last, on Financial Accounts, is by Mr. 
John Maughfling, secretary to Messrs. John I. 
Thornycroft, Limited. For the remaining four 
sections on : (2) General Administration ; (3) Works 
Administration ; (4) Works Account ; (5) Routine 
Forms, Mr. Elbourne himself is responsible. The 
planning of these sections leaves nothing to be de- 
sired. | rhe if it were necessary to prove by 
internal evidence alone that Mr. Elbourne is well 
used to systematic organisation, the admirable way 
in which the book has been divided and indexed 
would be all-sufticient. The subdivisions and mar- 
ginal paragraph headings within each section, which 
are carefully followed out in the front index, make 
reference to any fact which the volume contains a 
matter of extreme simplicity. 

In a book of this kind, written by a man whose 
work is concerned with systems rather than with 
actual production, there are two faults which may 
be suspected. They are: firstly, the over-emphas- 
ising of the importance of routine, and the undue 
elaboration of system ; secondly, lack of flexibility 
in the systems proposed, rendering them suitable 
for one particular class, or for one particular size 
of works only. From the first of these snares a 
certain broad human sympathy, which Mr. Elbourne 
evidently possesses, has freed him. He has never 
underestimated the value of the personal equation. 
‘* Reorganisation,” he says, ‘‘ that touches the 
habits of men should hasten slowly. The taking 
on of new habits, and the shedding of old habits, 
should be made natural by stimulating the interest 
of those concerned in the new methods.” Again, 
‘Organisation can never be a substitute for good 
men and . . . while organisation ought inevitably 
to weed out the inefficients, it ought not to 
hinder the full exercise of the best qualities of 
the best men, be they employed as foremen or 
in any other capacity.” But on the second count 
we cannot altogether acquit him. Although, as 
he points out, it is possible to adopt some of 
his routine forms and to neglect others, it would 
be, in our opinion, a matter of considerable diffi- 
culty and labour for a man in control of a small 
or medium-sized works to evolve for himself a 
suitable system of works accounts from that which 
Mr. Elbourne proposes. The system is too elabo- 
rate for any but large works, and, while it could no 
doubt be easily simplified to suit the needs of the 
smaller manufacturer, the simplification should not 
be left to the reader. That it has been so left is 
unfortunate, since it is the small man who more 
particularly needs every assistance within his 
reach, which will increase his works efficiency. To 
this Mr. Elbourne’s answer would be that—as he 
states in his introduction—the problems in different 
sizes of works differ, not in kind, but in degree only. 
With such a statement we cannot agree, as the 
problem in smaller works is undoubtedly altered 
altogether by the fact that the expense of running 
& too elaborate system is not recouped by the gain 





in efficiency which results. The system should, in 
fact, be run for the works, and whenever there is 
a suspicion that the works are being run for the 
system, further elaboration should cease. 

With this single exception, Mr. Elbourne’s work 
deserves nothing but praise. The writing is dis- 
tinguished throughout by a clear and business-like 
conciseness, and the information is always pre- 
sented in the shortest and most easily assimilated 
form, without unnecessary verbiage. Diagrams, 
tables, schedules, and typical headings are, when- 
ever ible, employed to assist the text, and a 
useful feature is the blank sheet for the reader’s 
comments, which is arranged opposite each of the 
routine forms. Orderliness and straightforward- 
ness are, in fact, the keynotes of the book. 

The sections follow one another p ively, 
and, taking the main body of the volume, Mr. 
Elbourne’s first section deals naturally with general 
administration. By a kind of genealogical tree, 
with the Board of Directors at the root, he indicates 
the responsibilities of the various officials, in- 
cluding the sales and works staffs, and the financial, 
accountancy, and estimating departments. Hethen 
traces out how best the staff asa whole can work 
together, and deals in a general fashion with the 
functions of the various members; with the 
‘* publicity ” campaign ; with the estimator’s duties; 
and with the positions of all the important men on 
the staff, such as the general and works managers, 
the chief designer, the works accountant, and the 
financial manager. In his survey he does not 
forget those important details which link a works 
together, such as, for example, the works post- 
office, and the arrangement of staff committees ; and 
he shrewdly remarks that the highly necessary daily 
meeting between departmental chiefs can best take 
place over the common-room tea-table. An instance 
of Mr. Elbourne’s breadth of view is the attitude 
he takes up towards the engagement of new em- 
ployees. ‘‘A clean bill of good behaviour,” he 
says, ‘‘is, in a measure, only a negative virtue. 
The real virtues from which the staff derives its 
strength are positive ones of initiative, ability, and 
loyalty.”” In dealing with the estimator’s func- 
tions, he very rightly points out that, where there 
is an established antiquated method of estimating 
current in the trade, it is useless for one firm to 
g0 too far ahead of that method. This is obviously 
true, for a more accurate estimating, that graded 
prices on a widely different scheme, would result in 
only the orders at prices lower than the current 
ones being obtained, with serious effects on the 
turnover. 

Mr. Elbourne’s second section is concerned with 
works administration. After giving a specimen 
list of works regulations, and texts of the various 
Acts—Factory, Truck, and Accident—which affect 
the works manager, he deals fully with the question 
of fire insurance, the works’ fire brigade and 
ambulance corps, and with the management, in- 
struction, and encouragement of apprentices. He 
then treats in great detail the various problems 
connected with labour, including the taking on of 
new hands, time-keeping, labour records, wages, 
the provision of incentive on the premium, piece- 
work, and co-partnership systems, national insur- 
ance, and trade-union agreements, the last two 
being illustrated by actual texts of the Act and of 
the agreement. Coming next to design, consider- 
able attention is given to systems of drawing refer- 
ences and assembly lists, patterns, new designs, 
and the making-up of standard fittings. The 
author naturally proposes that all fittings should 
be, as far as possible, standardised; but this 
unification could, we think, be with advantage 
extended to groups of parts of machines, which 
naturally fall together. Such are eccentrics, with 
sheaves, straps, and rods complete ; connecting- 
rods, &c. In one Scotch works these parts are 
made up in batches and stored in bins, with proper 
indexing and assembly drawing references. For 
the sake of standardisation, the same group of 
parts is made to serve for two or more sizes of 
machines, the extra weight being more than 
counterbalanced by the increased ease of produc- 
tion. 

Another point, which might perhaps have been 
more fully elaborated, is the useful inter-connection 
which can be simply established between such 
groups of parts and the works costing system. In 
the remainder of the section, after dealing with 
materials, stock, stores, purchases, and control of 
supplies, the author gives a useful study of produc- 
tion efficiency, comprising tools, plant, the issue of 
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orders, control of production, eo ene super- 
vision and inspection. The rate-fixer’s functions 


are naturally very important ones, and considerable 
space is rightly devoted to showing how, in addition 
to his o oa | duties, he can well be made com- 
ponent cost clerk, as well as settle what tools 
shall be made for a job, and co-operate with the 
chief designer in arranging for a design to conform 
as far as possible to the use of tools already in 
existence. The section finishes with a subdivision 
on testing, packing, and despatch. 

Mr. Elbourne’s third section on works accounts is 
an important one. Briefly, the main lines which 
he follows are that the keeping of works accounts, 
instead of being merely an investigation of costs 
for the estimating de ent, should be a serious 
business, demanding all the attention of a skilled 
accountant engineer; a business, in fact, which 
should provide a full set of statistics and abstracts, 
say, once a fortnight, to the administration, while 
at the same time accounting accurately to the finan- 
cial department for all moneys expended. The 
commercial expenses and works expenses are sepa- 
rated, and while the former are expressed as per- 
centages, the correct incidence of the latter is 
discussed at great length. Specimen standing 
orders are given for the booking of works expenses 
to the various accounts, which are a under 
three main heads—works additions, works repairs, 
and works general expenses. The cost of production 
is treated under the heads of net production cost, 
cost of drawings, jigs, &c., cost of errors and 
defects, and cost of final inspection and packing. 
A full examination is made of the various aathele 
of keeping, booking, and taking stock, and it is 
shown how properly-kept works accounts minimise 
the dislocation of business which is generally caused 
by the annual stock-taking. The author's remarks 
on the incidence of the shop charges are very closely 
reasoned, but it is fair criticism to say that refine- 
ments such as he suggests are necessary only in the 
largest factories. or most small works, particu- 
larly in estimating, as apart from the collection of 
efficiency statistics, a percentage on to wages, or 
even on to wages and materials together, will be 
sufficiently accurate. 

It is true that the percentage system is not quite 
correct where much overtime is worked, or where the 
piecework system is employed, but there can be no 
doubt that it saves much trouble in the keeping of 
the accounts. Also it is only in the bigger concerns 
that the expense of determining the correct inci- 
dence is counterbalanced by the increase in 
efficiency made possible. 

As Mr. Elbourne’s section on ** Routine Forms” 
gives specimen routine forms (filling 124 pages) for 
every possible contingency, it will be seen that his 
work is very complete. 

The final section by Mr. Maughfling is as con- 
cisely written as the rest of the book, and deals 
with the financial accounts, devoting particular 
attention to the interlocking between these and 
the works accounts. The books to be employed, 
with typical headings, balance-sheets, and abstracts, 
are adequately discussed. This section is necessary 
for the purpose of the book, but we cannot see that 
the first section on Industrial Works Design, in- 
teresting as it is, fails in with the general scheme. 
It goes over in a necessarily general way the 

lien of works lay-out, and is virtually a plea 

or the employment on such work of an inde- 
pendent works designer. Ar a whole, the book 
should certainly prove a valuable work for reference. 





The Cutlery Trades: An Historical Essay in the Eco- 
nomics of Small-Scale Production. By G. J. H. 
LioypD, A. London: Longmans, Green and Co. 
[Price 12s. 6d. net. ] 

Tue object of this book is to illustrate the course 

of industrial evolution from simple handicraft to 

machine industry, by tracing the history of develop- 
ment in a particular case. The cutl trade has 
been selected, since it has been long established 
and embraces a group of industries in which the 
survival of the characteristic features of the domestic 
system can be recognised. These features have 
not been suppressed by the rise of the modern 
steel industry, which overshadows the more modest 
cutlery trade. The methods and organisation 

uliar to each exist side by side, circumstances 

ving operated to enable the outworker and the 
little master to resist the forces which have tended 
in other groups of trades to drive the artisan into 
factories. Foremost amongst these must be placed 
the great variety in type and design found in the 
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manufacture of small articles. Exact repetition of 
particular form is neither so desirable or so pos- 
sible as in other industries. Custom, fashion, 
taste, local uirements, are determining factors 
that continually change and compel goods to be 
roduced in such small quantities that stan- 
rdisation becomes difficult, and the adaptation 
of automatic machinery well nigh impossible. 
Another peculiarity that militates against the 
factory system in its integrity is the intermediate 
= which the cutler or grinder occupies 
etween the handicraftsman and the wage-earner 
pure and simple. By the custom of the trade, he 
gets neither the total value of the product nor a 
definite amount in wages, but rather a gross sum, 
from which has to be deducted compensation for 
his necessary incidental expenditure, both on 
account of tools and materials provided by himself, 
and also the cost of shop-room, power, and working 
appliances which he is obliged to hire. The well- 
nigh universal custom in the Sheffield trades has 
been for the forger to pay the rent for his ‘‘hearth,” 
the grinder for his ‘‘ trough,” and the cutler for his 
‘**side.” This custom prevails even where the 
workers are employed entirely on one master's 
remises, and utilise his tools and appliances. 
uch arrangements, the survival of ancient custom, 
are clearly opposed to the factory form of organi- 
sation and must in time disappear, since they are 
inconsistent with the demands of true economical 
production. Efficiency will insist on the greatest 
possible output, and social progress on regular and 
continuous employment. 

The conditions that obtain in organised factory 
work on a large scale are frequently misrepre- 
sented, and the resulting evils exaggerated. Com- 
parisons are drawn with the more primitive and 
uncontrolled form of domestic handicraft, very 
much to the advantage of the latter. The author 
puts before us accurately the circumstances under 
which work was carried on in the far back days of 
the industry ; and such an unvarnished picture is, 
as we think, needed, for not a little sentiment is 
wasted by the insufficiently informed, who look 
fondly back on those haleyon days when labour was 
not systematically organised. It is easy, and 
perhaps tempting, to multiply the apparent advan- 
tages enjoyed by the handicraftsman, and to over- 
look those pertaining to the factory system. The 
evil that is with us is so patent and irritating that 
it obliterates the remembrance of the past, of 
which we have had no experience. The antagonism 
between capital and labour is in these days so 
manifest and disquieting that we easily persuade 
ourselves of the happy conditions that ruled when 
each man worked A his own roof-tree. More- 
over, we are invited to consider each worker as a 
master craftsman, happily engaged in producing 
artistic work of which his conscience could ap- 
prove—not simply performing a dull mechanical 
grind, in which the constant repetition of some 
small operation gives to the hand the facility 
and rapidity of a machine. An all-round profi- 
ciency is supposed to be exhibited in the produc- 
tion of sincere work, not an unhealthy stimulus 
for the swift multiplication of the cheap and worth- 
less. 

Under such happy surroundings it is contended 
that the craftsman developed a finer type of 
character than is possible in the degenerate artizan 
who plays a subservient part in a vast mechanism. 
By giving a disproportionate attention to such 
arguments or suggestions, a demand goes forth for 
the creation of a new Utopia, which will consist in 
the revival of handicraft and a return to artistic 
work, with the re-establishment of village indus- 
tries. Alongside of this pretty picture we are 
invited to contemplate the robust physique of the 
contented workman, and compare him with the 
stunted and anemic produc’ of the existing factory 
system : the substantial cottage with climbing roses, 
the well-trimmed garden, and the bevy of happy 
children playing around, are contrasted with the 
mean streets, the slatternly children and the squalid 
conditions on which the shadow of the factory falls. 
It is an idyllic picture, it is a pity it is so far removed 
from the truth. Such were not the Arcadian condi- 
tions that prevailed under the rule of domestic handi- 
craft. Where poetry and imagination see a cottage, 
history and contemporary description can only 
discern a hut, in which a family lived without 
comfort or decency, in a vitiated atmosphere, and 
with insufficient food. Alas, too, for those who 
look for sound artistic production and originality 
in manufacture ; intelligence and capacity were 





alike wanting in the artizan. Before the days of 
the capitalist era, the Sheffield cutler and grinder 
was a rough, uncouth artificer, gaining by severe 
toil few of those comforts and alleviations which 
are now considered the birthright of all. His home 
was a small abode with a workshop in the base- 
ment, and a lean-to smithy in the yard behind. 
His living-room, in which ‘‘the pot was boiled 
once a week” and roast meat rarely seen, had a 
mud floor, whereon stood a ladder that led to a 
sleeping Fag mam above, which was open to the 
slates. e houses of the more prosperous boasted 
casement windows, but in the poorer homes oiled 
Paper took the place of glass. 

t is well to hear both sides. When a comparison 
is made between domestic employment on the one 
hand and factory organisation on the other, with 
the intention of disparaging the latter, all the evils 
consequent on a new and untried departure are 
magnified, and placed in the worst possible light. 
It is part of Pockennee Lloyd’s scheme to set forth 
what the factory system has effected, and how 
gradual evolution has modified and improved the 
early beginnings. There is no necessity to recapitu- 
late here what has been achieved by legislation and 
the exercise of enlightened public opinion. It is 
sufficient to say that it is only where labour is 
massed that supervision is possible, a:.d the tyranny 
of the strong and selfish held in check. The em- 
ployment of female and child labour, which dis- 
graced the factory system in its early days, was not 
the invention of the capitalist and the company 
director. It was the relic of an older system, in 
which ignorance and cruelty flourished without 
hindrance, as without remedy. The social and 
ethical benefits that many well-meaning people 
believe were the consequences of the handicraft and 
domestic employment are really the outcome of 
the factory system. Nowhere is the superiority 
of the latter more manifest than in the reduction 
of irregular and intermittent employment, with the 
removal of much undeserved suffering. ‘‘ Regu- 
larity,” says the author, ‘‘ is, after all, the keynote 
of factory employment, and the beneficial effects of 
the orderly discipline of a modern factory are 
strikingly evident wherever factory organisation 
is found side by side with older forms.” 

To trace the growth of the flourishing industry 
and the vicissitudes through which it has > 
both in its development and mode of government, 
is the task that Professor Lloyd undertakes. He 
tells a story of abounding interest in a most graphic 
manner, some of whose features are repeated, or 
are traceable, in all the main industrial centres. 
The most valuable and important part for the 
social historian is the account of trade regulations 
and the method of self-government pursued by 
members of the trade. We are apt to think in 
these days, when trade unionism is so rampant and 
80 aggressive, that it is a new birth, the outcome 
of the acquisition of political power, and had no 
counterpart in those bygone times, over which so 
many unavailing regrets are uttered. Mr. Lloyd 
carries us back as far as possible, and there does 
not seem ever to have been a time when there was 
not a struggle, more or less pronounced, between 
the wealthy traders and the toiling masses of 
labour. It is easy to trace the process by which 
the trade union of modern time grew out of the 
old guild system, and to perceive the modifying cir- 
cumstances that operated in different trades or in 
different sections of any one trade. Details are, 
of course, impossible, but it may be said that the 
cutlery industry was always a very close union. 
The continual aim of the trade directors—essen- 
tially an oligarchical government—was to exclude all 
who did not enter through the narrow door of local 
apprenticeship. At time of trade depression this rule 
might be enforced without friction, but it led to 
recrimination and defiance of authority when such 
restrictions, possible in manufacturing infancy, 
fettered the progress and hindered the expansion 
of industrial evolution. But, as the author ob- 
serves, ‘‘nowhere did the practice of formal appren- 
ticeship longer survive its legal abolition ; nowhere 
was the restriction of admission to the trade to 
members’ sons more continuously and successfully 
enforced ; nowhere has interference with tradi- 
tional trade observance been more jealously re- 
sisted.” On these grounds, the examination of the 
organisation of the ancient cutlery trade, ing 
as it does features that are rapidly tending to dis- 
appear, owing to the direction assumed by the 
modern Jabour movement, is particularly opportune 
and desirable. Professor Lloyd is fortunate in his 





subject, which he has handled in a thorough and 
masterly manner. 


Enciclopedia de la Américu del Sur. Edited wy W. H. 
KoksgL, author of ‘‘ Argentina Moderna,” ‘‘ Uruguay,” 
** Pasado y Presente de la Argentina,” ‘‘ En la Tierra 
de los Jesuitas (Paraguay),” “Chile,” ‘‘ América del 
Sur,” &c. With numerous illustrations, maps, and 
plans. Buenos Aires: Compafiia Anénima Anglo y 
Suraméricana de Publicacién; London: Anglo and 
South American Publishing Com , Limited, Broad- 
way House, 68 to 74, Carter-lane, EG Four Volumes. 
[Price 62. 6s. net. ] 

Tus encyclopsedia in the Spanish language will be 

found useful and interesting to a very wide circle ; 

it appeals in a very large measure to manufac- 
turers, merchants, and traders. All references 
are arrange’ alphabetically as to states, towns, 
roducts, trades, &c. The laws ruling in each 
tate are entered into in detail. Thus we find 
under Agentes Auxiliares de Comercio (commercial 
brokers) that in the Argentine Republic the con- 
dition required of a broker is that he have been 
domiciled in the locality for one year, and be at 
least twenty-two years of age; he must, further, 
have been in the wholesale trade on his own 
account, or employed by a broker in the capa- 
city of partner, manager, or, at least, book- 
keeper. He has also to be registered at the 
Tribunal of Commerce. In Bolivia ‘‘ the number 
of brokers iv each chief town of a district is 
limited by Government according to population and 
volume of traffic, and each broker has to be at 
least twenty-five years of age.” Similar rules apply 
to the other South American States. Detailed 
information is also given with reference to the 
different classes of merchants and agents estab- 
lished in the various States. With regard to the 
Customs throughout South America, we find it 
stated, under Aduanas, that a large, and fre- 
quently a preponderating proportion of the revenue 
of individual South American nations is obtained 
from the proceeds of the Customs. These include 
not only the dues payable on import and export, 
but also a certain number of other imposts, such as 
wharfage, warehousing in merchants’ and Govern- 
ments’ stores, lighthouse, sanitary, port, and other 
dues. All the shipping documents, some of which 
are required in quadruplicate, have also to be made 
out on stamped paper, and the stamp adds to the 
revenue. In most of the States foreign-owned 
ships are forbidden to carry on any coastal traffic. 
The working of the Customs in the different States 
is entered into in detail. Under Derechos will 
be found information as to the civil laws, duties, 
company rules and regulations, &c., enforced in 
each State. The information concerning each 
individual State gives the area, limits, provinces, 
climate, rainfall, hydrography, number of inhabi- 
tants, — harbours, railway systems, and 
detailed information concerning agriculture, cattle- 
raising, and industry, these latter points being 
enlarged upon under their various headings. 

A history of. each State, from its discovery 

and first colonisation down to the present date, 

is also given, the data covering particulars of 
the public debt, general and fiscal laws, educa- 
tion, army, navy, &c. Very clear coloured ma 

and a large number of half-tone blocks of the 
principal buildings, main streets, scenery, and pro- 
ducts illustrate the book throughout. The trade in 
wheat (trigo), coffee (café), india-rubber (caucho), 
and in other staple agricultural products of South 

America is entered into in detail, as are also the 

cattle (ganado) and meat (carne) trades. 

With reference to minerals, the book states that 
the South American continent has generally been 
considered as being comparatively poor in the 
matter of coal (carbén) deposits. There are, how- 
ever, in the continent, coal-beds of considerable 
es mange but, so far as could be ascertained 
hitherto, they are situated in localities far apart, 
the largest fields being in the eastern districts of 
Brazil, and on the opposite coast—i.e., in Peru and 
Chili. Smaller fields occur in the north of the 
continent, in Colombia and Venezuela, and a few 
seams of very good coal have been encountered in 
Ecuador. Lignite is met with in Uruguay and 
Patagonia. As will be seen, all these points are 
situated at a very great distance from each other. 
The Chilian coal-beds are the only ones worked on 
a commercial basis. The most important coal- 
beds hitherto found in Chili are close to the Pacific 
Coast, and the best known are those of Lota and 
Coronel, located in the south of the State, between 
the bay of Araucoand Talcahuano. The Chilian coal 
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is not of first-class quality, but it is the best which is 
extracted in any quantity in the whole of the South 
American Continent. As a rough comparison, the 
book states that ‘* 120 tons of Chilian coal give the 
same results as 100 tons of foreign coal.” The 
three principal mines at Lota yield about 1,000,000 
tons of coal per year, about half of which is burnt 
in the steamers which touch at the ports, the other 
being supplied to the Chilian railways. The other 
coal consumed in Chili is imported from Australia 
and from Great Britain. The Lota collieries com- 
menced working in 1852. The Arauco collieries, 
in the same region, are worked by a British com- 
pany and are said to produce about 200,000 tons per 
year. Peru is stated to be richer in coal than Chili, 
but its coal-beds have hitherto hardly been worked 
at all. The resources of the continent in the matter 
of oil-fuel (petrdleo) remain so far a matter of con- 
jecture only, except perhaps in regard to deposits 
in Peru ; up to the present time, prospecting on a 
commercial scale for petroleum has not received 
much attention. Indications showing the pre- 
sence of this mineral oil exist, however, in Colombia, 
in the eastern provinces of Bolivia, and on the coast 
of Venezuela between the mouths of the Orinoco 
and the Tigre Rivers, whilst in the south of the 
Argentine Republic some was discovered in 1908 by 
a Commission of Government engineers who were 
sinking an artesian well. The Peruvian petroleum 
deposits are in the hands of three main companies : 
the London and Pacific Petroleum Company, the 
Compaiia Lagunitas, which works in conjunction 
with the former company, and the Lobitos Oil Com- 
pany. The two former companies import and export 
from the port of Talara, the latter from the port of 
Lobitos. 

There are considerable deposits of iron ores, 
hierro (minerales de), distributed over the whole 
of the South American Continent, both on the 
Atlantic and Pacific Coasts and on the coast of the 
Caribbean Sea, the most extensive being located, in 
order of their importance, in Brazil, Chili, Peru, 
Venezuela, and Colombia. Brazil has even been 
described by several authorities as one of the 
richest countries in the world in iron ores; owing, 
however, to the high cost of transport and to the 
laws which govern mining in Brazil, this source of 
richness to the country has been hitherto practi- 
cally neglected. The proportion of iron in Brazi- 
lian ores may be said to average about 76 per 
cent. Five mountain ranges in Brazil, having 
a total length of 400 km. (250 miles), have been 
found to contain more ironstone than the whole 
of Europe, whilst other districts in Brazil show 
further enormous quantities. Hematites at Gan- 
dallera have been found to yield 99 per cent. of 
ore. So far Brazilian coal has not been worked 
commercially to any extent, but as water power is 
abundant, electric reduction of the iron ores might 
be carried out comparatively easily and cheaply. 
Chili is the only South American State in which 
iron and steel manufacture has hitherto been 
attempted ; our readers will find particulars of the 
Chilian works in several of the later volumes of 
the Proceedings of the Iron and Steel Institute. 

In the other States mentioned—Peru, Colombia, 
and Venezuela—large deposits of rich ironstone are 
met with also, but nothing has been done so far to 
work them. Manganese (manganeso) is found in 
large deposits in Brazil, Chili, and Uruguay, and will 
constitute in the future a large source of revenue 
for these States. Molybdenite (molibdita)—i.c., 
molybdenum disulphide (MoS,)—is encountered in 
Chili, at Santiago point, in the mountains of Polpaico 
and Caleo, in Coquimbo, Andreollo, Castillo, and 
Tambillos. It is also encountered in the mineral 
regions of Peru. But, as in other parts of the 
world, Australia mostly, it is no doubt met with by 
chance and in kets only; a find of a few of 
these pockets in South America would have for effect 
to reduce the high price now demanded for this 
mineral, 

South America is rich in copper (cobre); in 
1911, Chili produced 29,500 tons, and Peru 25,500 
tons, the total production throughout the world 
being in that same year 873,000 tons. Most of 
the copper ore deposits are on the western side of 
the continent, in the mountainous regions of the 
Andes, and in the countries crossed by that range 
of mountains—i.e., Chili, Peru, Bolivia, Ecusdor, 
Colombia, and Venezuela. Copper is also found 
in the other States of the continent, but in a much 


smaller quantity. Chili is the State which contains | 7% 


the most ancient copper works. At the commence- 
ment of the seventeenth century copper was ob- 


tained from the Chillin mines and used locally in 
Chili and Peru. The production increased in the 
nineteenth century, and, in 1876, it exceeded 
52,000 tons, from which year it has been on the 
decrease. It has been calculated that from the 
time Chili commenced to treat her copper ores 
down to the year 1911, the Chilian production has 
amounted to 2,275,000 tons of copper. It is 
added that the fluctuations and decrease in the 
Chilian production of copper are not necessarily 
due to the exhaustion of the Chilian deposits 
of copper ores, but to the low prices of the metal 
and to the setting aside of the mineral compara- 
tively poor in copper. ‘‘Chilian copper has 
hitherto generally been obtained from ores of at 
least double the e of those worked in the 
United States.” e tendency in Chili will be in 
the future to work her minerals of lower standard 
on a much more extensive scale than has hitherto 
obtained ; she is, however, continuing to extract 
minerals having a high degree of richness. Peru 
has always tried to rival Chili in the production 
and export of copper, and the development of 
Peru in this respect has been an extraordinarily 
rapid one, as shown by the fact that in 1897 her 
production was only 1000 tons, reaching 25,500 
tons in 1911. The book deals with the manufac- 
ture of copper in Peru, and also with that carried 
out, on a small scale so far, in other South Ameri- 
can States. 

Detailed illustrated information is also given on 
nitrates (salitre), on fluvial navigation on all the 
rivers (navegacién fluvial), and on a very large 
number of items of commercial and industrial 
interest, including gold (oro), silver (plata), &c. 

In regard to archeology (arqueologia) and 
architecture (arquitectura), since the encyclopedia 
deals only with the South American continent, it 
naturally leaves out Central America and the ruins 
to be met there, at Yucatan mostly ; but this por- 
tion of the work is full of most interesting data. 
The ethnography of the South American continent 
forms also a most interesting subject, and under 
this head we may mention the article on the tribe 
of Amazons which is supposed to have lived at 
some remote period in the central portion of the 
continent, and to have given its name to the mighty 
Brazilian river. The Amazons in question (which, 
according to the statements made in the book, we 
must qualify as uxor) received once a year the visit 
of a tribe of men, the female infants only remaining 
with the Amazons. The point, however, is still in 
the realm of legends. Notwithstanding, it is quite 
probable that such a tribe of female recluses once 
existed in South America, for every country can 
tell a similar tale. In fact, Amazons (which we 
shall, on the other hand, qualify as mulier) exist 
among us to the present day—but they are known 
under another name. 
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THE NEW WATER SUPPLY FOR THE 
CITY OF NEW YORK. 


By Caries Pretint, C.E. 
(Continued from page 702.) 

Pipe-stpHons have been used to convey the 
water of the Catskill Aqueduct across several 
narrow valleys encountered along the line. There 
are fourteen altogether, aggregating a length of 
33,030 ft. Seven are in the northern depart- 
ment, with a length of 19,367 ft., and the rest in 
the southern department, with a total length of 
13,663 ft. In Figs. 39 to 47, page 766, are shown 
typical sections for meeting various conditions of 
foundation, &c. 

With few exceptions the inner diameter of the 
siphon-pipes is 9.5 ft.; steel plates were used 4 in. 
thick, bent and riveted. The pipes were made in 
sections of 15 ft., composed of two rings 74 ft. 
each, and were constructed by the Jersey Pipe 
Company, of Patterson. In order to prevent rust- 
ing the ——— procedure was adopted :—The 
plates were first dipped in a hot solution of dilute 
sulphuric acid until the scale was removed, and they 
had assumed a bright-grey steel colour. They were 
then dipped in clear hot water to remove the acid, 
after which they were bent to the required shape 
and riveted together. They were then given a 
heavy protective coat of whitewash, which was only 
removed just before the application of either the 
cement mortar of the lining or the exterior cover- 
ing of concrete. 

e pipes were set up on concrete cradles built 
in the s _ of an inverted arch, with a radius 
equal to the exterior radius of the steel pipe, 
and provided with grooves to receive the butting 
= of the pipe. Only one cradle was built 

tween the ends under each ring, so that they 
were peer 74 ft. apart from centre to centre. A 
view showing a pipe under construction, and the 
concrete cradles, is given in Fig. 48, page 766. The 
concrete covering was protected by means of an 
earth embankment 10 ft. wide on top and sloping 
down with an inclination of 1} to 1. A typical 
siphon-pipe ready for the concrete covering is 
shown crossing a valley in Fig.49. The pipes were 
lined internally with a layer of cement mortar 2 in. 
thick (Fig. 50, page 767) made up of one of cement 
to two of sand, poured in as a grout from holes cut 
in the uphill side of the pipes. The exterior covering 
of concrete varied from 6 in. at the top to 18in. on 
the horizontal diameter and incre towards the 
bottom. 

Manholes for the inspection of the pipes of the 
siphon were inserted at distances of 700 ft. These 
mavholes (Figs. 52 and 53, page 767) were placed 
on one side of the axis, and were made of steel 
pipes 2 ft. in diameter, riveted to the main pipe 
and covered with a tight-fitting cast-steel cover. 
The cover is encased in an ordinary concrete man- 
hole of the usual type. There is a blow-off chamber 
at the lowest point, provided with valves for 
draining the pipe into a neighbouring creek. 
Chambers with valves are also erected at each 
end of the siphons, connecting the grade tunnels 
with the siphons. ‘This facilitates the modification 
of the cross-section of the aqueduct. 

Work on the siphons was carried out in the 
following manner:—A trench was first excavated 
to the required depth, and then the concrete 
cradles were built at determined distances from 
one another. Great trouble was experienced in 
keeping the cradles at grade when loose soil was 
met with. The various sections of the pipes were 
then erected on the cradles, riveted together and 
caulked. When the siphon was completed, a 
timber bulkhead was built at each end, and the 
pipe filled with water to the hydraulic pressure of 
the aqueduct, and any leaky points repaired by 
hand caulking. While the pipe was yet full of 
water, concreting was started by filling in the 
spaces between the cradles and forcing in grout, so 
as to have a thorough connection between the 
invert and the pipe, after which the concrete 
was built all around the exterier of the pipe 
by means of steel frames with wooden lagging 
and steel bulkheads. The steel frames were 
5 ft. apart, erected in sections of 30 ft. each at u 
time. They were similar to the frames used for the 
exterior of the cut-and-cover aqueduct described in 
@ previous article The inside cement lining was 
applied by hand for a strip along the bottom. 
Circular forms were then erected on this strip, and 





the grout forced into the 2-in. space between the 
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form and the pipe, from the holes ieft on the uphill 
side of each section of the pipe. 

Several experiments were made by the Board of 
Water Supply before deciding to line the pipes 
with cement mortar as a protection against rusting. 
It is rather surprising that water-proofing was not 
used, especially as Mr. R. H. Gaines, chemist to 
the Board, discovered as far back as 1907 that a 
small percentage of clay added to cement mortar 
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makes the mixture impervious to water. The dis- 
covery was protected by patent; and in some of 
the early contracts given out such water-proofing 
was prescribed. The Romans employed the very 
same method, a description of which will be found 
in Vitruvius. 

Other distinctive features of the southern de- 
partment of the Catskill Aqueduct are the con- 
nection with the present water supply, which is 
effected at Croton Lake, the Kensico Dam and 
Reservoir, and the Hill View Reservoir at Yonkers. 
The last two have already been described, but 
in reference to the Kensico Dam we may add 
that it is being built of cyclopean masonry, 
consisting of stone of large dimensions embedded in 
concrete. The up-stream face will be in concrete 
blocks, as in the Olive Bridge Dam of the Ashokan 
Reservoir, while the down-stream face will be in 
concrete below ground, and cut granite above 
ground. To relieve the monotony of a granite 
wall 1380 ft. long, the down-stream side will be 








Croton Lake Biow-Orr. 









provided with numerous small! buttresses. A high- 
way on the top will allow communication between 
the two abutments. A by-pass aqueduct will also be 
constructed to connect that portion of the aqueduct 
which is above Kensico Reservoir with the part 
below, so that water can be brought to the city 
without passing through the reservoir. 

The connection of the new aqueduct with the 
actual water supply is made at Croton Lake, the 
main storage reservoir of the present system. It 
was to relieve the present stringent situation, and 
to secure as soon as possible an abundant and 
reliable supply of water for the city, that the con- 
nection at Croton Lake was made. By this means 
water from the Catékills will replenish this lake, 
and reach the city through the existing aqueduct. 
For this a blow-off has been constructed 
near the northern shaft of the Croton pressure- 
tunnel, which will supply Croton Lake with addi- 
tional water. Figs. 54 to 59, above, show the plan, 
profile, and details of the blow-off, whilst Fig. 51 
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is a view of the same structure. By means of 
gates located in a chamber near the downtake 
shaft of the Croton pressure-tunnel the water can 
be made to pass either under the lake or to enter 
the lake, as required. The Croton Lake pressure- 
tunnel is 2639 ft. long, and the two shafts—the 
downtake and the uptake—are about 500 ft. in 
depth. 

ie the work now stands, the aqueduct is com- 
pleted as far south as the cit; undary. The 
work thus finished includes the Olive Bridge Dam, 
Ashokan Reservoir, the cut-and-cover and tunnel 
sections of the aqueduct, and the Hudson River 
tunnel. For the city portion the excavation is 
completed, and the lining is finished for 12 miles 
out of 18} miles of aqueduct. A description of the 
latter section of the undertaking will be given in 
our next ard concluding article. 


(To be continued.) 





THE DESIGN OF ROLLING-MILLS FOR 
COLD METAL. 

Tue rolling-mill, especially those smaller sizes 
which are commonly used for cold work, does not 
offer great opportunities for variation in design. 
It is comutiall of simple construction, with few 
working parts, and generally, in this country, 
providing that there is ample strength to withstand 
the very severe working loads, the design does not 
receive much consideration. After some years of 
experience in designing mills for cold-metal rolling, 
the writer has come to the conclusion that the 
most important details in a mill are the roll bear- 

















ings, and it is proposed to deal with these in the 
present article, ignoring for the moment the driving- 
gear and pinions, which are worthy of some atten- 
tion. 

In the older form of mill the bearings carrying 
the rolls are very crude indeed, with the result 
that the brasses wear very rapidly and require 
frequent renewal, and also that the power absorbed 
in friction is a vcry large rtion of the total 
power required by the mill. Both these condi- 
tions mean increased working costs, and it would 
appear to be worth while to consider the design of 

e bearings with a view to reducing these losses. 
As will readily be understood, the direct pressure 
on the roll-neck bearings is very considerable 
indeed, and this is especiaily the case when rolling 
very thin metal, as it is then necessary to screw 
down the rolls until great pressure is obtained 
between the two, before the metal is inserted. 
This initially puts a very heavy load on the bearings 
before any useful work is done, and when the 
metal is introduced between the rolls, even if only 
a few thousandths of an inch in thickness, this 
load is increased to a very serious extent. Now 
with all bearings it is essential, in the first instance, 
to see that there is ample bearing surface to carry 
the load, and also, with the exceptionally heavy 
pressures, such as are met with in a rolling-mill, 


that there is provision for carrying away the heat 
which must inevitably be generated. 

Fortunately, under ordinary circumstances, the 
speed of such rolls as we are dealing with is low, 
usually 50 ft. to 60 ft. per minute at the roll surface. 
This low speed makes high bearing pressures per- 
missible, and with mills of very modern design the 
pressure per unit area of bearing surface must be at 
times at least 4000 lb. per sq. in. The effective 
bearing area is, of course, dependent on the dia- 
meter of the roll-necks and the length of the bearing 
‘** braes.” It is not advisable to have the roll-necks 
too large, as this would mean a higher velocity of 
rubbing between the surfaces in contact, and, con- 
sequently, a higher rate of heat generation. The 
minimum diameter ible is a question of 
strength, and, with the chilled cast-iron rolls in 
common use, is —s about 07 of the roll dia- 
meter ; this is generally satisfactory. It is, how- 
ever, surprising to note the comparatively short 
length of such bearings, The following figures 
give the bearing proportions for various small and 
medium-sized modern English mills for cold roll- 
ing :— 


Length of Roll- 
Neck. 








Diameter of Length of Roll Diameter of 
Rolle. rrel. Roll-Neck. 
>» in. in. in. 
8 5 4 
9 9 o Hy 
10 10 7 6 
12 12 8 7 
16 16 11 9} 
18 18 12 104 
Fig.2 | Fig. 4. 
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course, vary considerably in proportion to the 
diameter, but this dimension does not influence 
to any extent the size of bearings necessary. The 
length of roll-neck given is the effective bearing 
length—i.e., the length of the bearing ‘‘ brass.” 
length 
iameter 
neck is less than 1, and, in the writer’s opinion, 
the ratio could be inereased with very beneficial 
results ; if, for example, the bearings were made of 
a length at least equal to their diameter, the bear- 
ing surfaces, as compared with the dimensions 
given above, would be increased 15 to 20 per cent., 
with a corresponding decrease in bearing pressure 
per unit area. As a matter of fact, it would ap 
that the length of bearing has usually been decided 
by the thickness of the housing casting, the total 
length of the bearing being the depth through the 
housing plus the thickness of the flange of the brass, 
and usually a slightly-raised facing on the inner side. 
To increase this housing secticn throughout would 
be adding unnecessarily to the weight and cost of 
the mil], but a deeper facing could be arranged 
without difficulty. Tn doing this, care should be 


It will be noted that the ratio of roll- 








The lengths of the roll-barrels given above, of | 





taken to allow ample radial depth to take the load, 

which is bound to be greatest on the inner side. 

— facings on both sides of the housing would be 
t. 


Increasing the length of a bearing of a given 
diameter has another advantage, in affording a 
larger surface exposed for radiation of heat. It must 
be noted that when comparatively long bearings 
are adopted, it is imperative that they should be 
carefully bored, fitted, and bedded to the roll-necks, 
to ensure an even bearing over the whole length. 
It is necessary to emphasise this point, as even 
now some users fit brasses which have not been 
machined at all, leaving the rolls to wear themselves 
into a good bearing. However, up-to-date mill- 
builders invariably carefully machine and align the 
brasses. Mill brasses are usually of gun-metal, 
and should be of good quality ; Admiralty mixture 
or, better still, phosphor- bronze should be specified. 
A little extra in first cost will be found to be true 
economy, owing to the longer life obtained and the 
less frequent stoppages for renewals. 

For larger rolls, when, owing to the large size and 
weight of the brasses, the cost of replacement is a 
considerable item, and a large proportion of the 
metal is wasted and thrown on the scrap-heap, 
there is reason for recommending the lining of 
such bearings with white metal. In the writer’s 
opinion a gun-metal shell lined with a good anti- 
friction metal is the ideal bearing for rolls. To 
save expense the white metal might be run into the 
casting of the housingsand chocks without a loose 
shell; it is, however, an advantage to have the 
bearings independent of the main castings for 
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convenience in re-lining. Spare shells ready lined 
can be kept, and the renewal of bearings thus be 
effected in a very short time. There is no difficulty 
whatever in getting a white-metal alloy which will 
withstand the heavy bearing pressures without 
squeezing out ; at the same time there is a prejudice 
among some mill-users in this country against its 
employment. Their objections cannot, however, 
be supported, and must be put down to a conserva- 
tive habit of mind. White-metal mill-bearings are 
very common in America, and many large and 
important British mills have adopted them entirely. 

Cumeg to the form of bearing-brass, in the older 
English mills it is quite usual to see flat strips of 
gun-metal, three to each journal, as shown in Fig. 1, 
the two side-pieces A, A being fitted to take the 
side thrust, and adjusted by means of metal pack- 
ing at the back to take up wear. The bottom piece 
B, of course, takes all the bearing load, and is left 
to wear down to a bearing. The unsatisfactory 
nature of this design will be obvious. Usually 
the brass is now made circular in form, ially 
encasing the roll-neck, and a satisfactory design of 
brass of this type is shown in Fig. 2. In this case 
the brass encircles more than one-third of the 
circumference of the journal, and is provided with 
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a projection or key fitting a recess in the main 
casting, to prevent turning in its bored seating. 
The thickness T will not be less than @ in. for the 
smallest sizes, and should never be less than 
0.07 d + } in., where d is the diameter of the 
roll-neck. A substantial flange is provided on the 
inner side to take any end thrust, and is usually 
about equal to T in thickness. Bearings of this 
form are in very general use, and if of sufficient 
length, well-machined, and properly fitted to the 
journal, they give satisfaction. 

An obvious defect in this design will at once be 
noticed by an engineer—namely, that the upper 
surface of the journal is exposed, and every facility 
given for the accumulation of dirt and grit, which 
must be carried between the bearing surfaces, and 
so cause rapid wear and increased friction. It would 
seem advantageous to enclose the bearing entirely 
or to fit something in the nature of a dust-cover on 
the unloaded sides of the bearings. This, however, 
involves consideration of the questions of lubrica- 
tion and cooling. The majority of mills at work in 
this country having bearings similar either to Figs. 1 
or 2 are arranged to have astream of water directed 


Fig. 5. 
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between the bore of the roll and a brass tube, by 
which it returns through a flexible tube to the 
bottom roll, through which it passes in a similar 
manner, finally flowing away to waste. 

Details of the water connection to the rolls will 
be made clear by reference to Figs. 5 and 6, which 
show a section through the top roll and an end 
view. The steel roll is bored through the centre, as 
shown, this bore either stopping short of the inner 
end of the roll or bored right through, and closed at 
that end with a screwed plug. A gun-metal gland 
A is screwed in the outer end, having a spherical 
seating for the gun-metal spigot-pipe B, which has 
a spherical nose to suit. A water-tight joint is made 
by the spigot-pipe being pressed into the seating in 
the roll end by means of a steel compression spring 
E, which bears against the cast-iron cross-bar D. 
The spigot-pipe is prevented from rotating by means 
of flats machined on its sides, which fit a slot in the 
cast-iron cross-bar D, this cross-bar being sup- 
= by steel studs or columns screwed into the 

ousings on each side, as shown in end view. The 
brass tube C is sweated into the spigot-pipe, leav- 
ing, as shown, an annular space round the tube, 
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users prefer to retain the old type of bearing with 
all its disadvantages, claiming that it is not pos- 
sible to deal with as heavy a load without over- 
heating in a mill fitted with enclosed bearings and 
central water-cooling. The writer is, however, 
inclined to think that comparisons have not always 
been quite fair, as naturally it is not usually pos- 
sible to have two mills of exactly the same size, one 
with old and one with new type bearings, for com- 

ison. It is, of course, important, in order to 
obtain the full benefit of the enclosed bearing and ite 
efficient lubrication, that the roll-necks should have 
reasonably sufficient bearing area for the load they 
are called upon to bear, otherwise the intensity of 
pressure will be such as to squeeze out the lubri- 
cant. This means, in other words, that the mill 
must be large enough for its work, and it is surely 
better to have rolls large enough, so that the 
heaviest work can be done without waste of power 
in bearing friction rather than to overload a small 
mill, and dispose of the excessive heat generated in 
the bearings by flooding them with water. A pro- 
perly designed mill of the type described above will 
well repay the buyer for the slightly higher first cost. 
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on to the roll-necks to dissipate the heat generated 
both by bearing friction and that resulting from the 
molecular friction caused in displacing the metal 
rolled. This water supply, led through the top chock, 
comes into actual contact with the journal surfaces 
and flows away through drains to waste. It must 
be admitted that this method effectively disposes of 
the heat, but, at the same time, it also entirely 
interferes with any proper system of lubrication. 
In fact, except for the application of some solid 
grease, the water is itself the only lubricant, and, 
as may be imagined in the dusty atmosphere of a 
mill with a plentiful supply of grit and scale, the 
frictional losses are considerable. 

The alternative is to adopt a design which has 
been long in use on the Continent and is now 
coming into favour in this country. This entirely 
encloses the bearing, provides a proper system of 
automatic lubrication, and arranges for the cooling 
of the rolls by means of circulating water through the 
centre of the rolls. Figs. 3and 4 illustrate this type 
of bearing with the water-cooling system. It will 
be seen that A is the gun-metal or phosphor-bronze 
half bush, and B the cast-iron cover, these two 
together enclosing the bearing. The covers of the 
top and bottom rolls respectively are kept in con- 
tact with the journals by means of springs, which 
also serve to take the weight and we rm the top 
roll. A recess is formed in each cover, containing a 
felt pad, which is kept saturated with oil by means 
of a drip feed from a small oil-tank supported 
between the housings. The oil, entering cups in 
top chocks, is led round the top half bearing by oil- 
grooves to the felt pad in the cover, and overflows 
through the connecting oil-pipe into the pad in the 
cover of the lower roll. is method of lubrica- 
tion has been found to be the best possible to suit 
the conditions of working, ensuring a film of oil 
over the ing surfaces. The Teheleution re- 
quires little or no attention, and the bearings are 
kept free from dirt and grit, with the result that 
the life of the brasses is extended considerably, and 
the horse-power absorbed by the mill on heavy 
loads materially reduced. It has been found that, 
by converting the bearings of an old mill to the 
above type, the horse-power consumed has been 
reduced nearly 20 per cent. The only possible 
objection is on account of the water-cooling system. 
From further examination of Figs. 3 and 4, it will be 
seen that a water-supply pipe is led to the top roll 
through the ron pe eonnection, and carried up 
the centre of the roll through the annular space 
































thus providing a passage for the watersupply. This 
design of connection has been found to be highly 
satisfactory, as it allows free play to the adjustment 
of the roll, and at the same time there is very little 
fear of leakage at the joint if the surfaces in contact 
are carefully ground in ; another advantage is that 
by simply drawing back the spigot-pipe against the 
pressure of the epring the flow of water from the 
opened joint will show that the water supply is 
unintercepted. The connections to the bottom 
roll are exactly similar. With an ample flow of 
cold water, the heat is dissipated rapidly by this 
method, but there is, of course, a limit to the 
quantity of heat which can be carried away in a 
given period ; and if the heat is generated by friction 
at a higher rate than this, the bearings are bound 
to overheat during a run of any considerable time. 
The old method of applying the water externally 
to the journal will very probably dispose of the 
heat more rapidly, and for this reason many mill- 
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The subject of roll bearings cannot be concluded 
without a word respecting the use of roller-bearings. 
Bearings of this class are usually considered to 
be impracticable for mills ; nevertheless, the writer 
is inefined to think that a roller-bearing could be 
designed to take the heaviest loads, and if such is 
the case, there is no doubt a great economy of 
power would result from their use. For lighter 
work and small mills roller-bearings are not only 
practicable, but have proved to be highly satisfac- 
tory. Wire-flattening mills fitted with roller- 
bearings are capable of heavier reductions with 
less power consumption than the same size and 
type of mill having ordinary gun-metal bushed 
bearings. These mills have steel rolls, which are 
hardened at the journals as well as at the working 
barrel. 

The journals referred to each run in a cage contain- 
ing a number of hardened-steel rollers, which are in 
turn “ey ¥ by a hardened-steel bush in the 
castings. Fig. 5 illustrates a bearing of this descrip- 
tion for a mill having rolls 6 in. in diameter. Owing 
to the small size of the rolls there is very little space 
available for the roller-bearing, and the diameter 
of the rollers is necessarily limited ; in this case 
they are only ,5, in. in diameter. A mill of this 
size with roller-bearings has been run for two years, 
and on examination after this period has shown 
no appreciable signs of wear in the bushes or on 
the roll-necks. With mills of a larger size there 
is more clearance between the roll-necks for the 
accommodation of the bearing. The obstacle in 
the way of experimenting with roller-bearings 
on & scale is that none of the manufacturers 
specialising in roller-bearings can, so far as the 
writer’s experience goes, put forward a bearing of 
suitable dimensions. 





Repvorion in Rattway Rates tn Germany.—In order 


to encourage the use of goods wagons of and above 
15 tons capacity, a reduced charge, according to distance 
and size of , of from 1 to 4 marks was introduced 


towards the end of 1912. This arrangement has worked 
very satisfactorily, and whereas it has hitherto been 
applied only to the home traffic, it is now about to be ex- 
tended to traffic between Germany and foreign countries, 
that with Austria being first dealt with. Negotiations 
have also taken place with reference to the German- 
Russian and the German-Belgian traffic. There were 
naturally some difficulties to be overcome, but these 
appear to have been surmounted. The trend of goods 
wagon construction in Germany is in the direction of 
increased capacity. 
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INDUSTRIAL NOTES. 
Tue ballot of the men engaged in the building trade 


dispute, referred to in our last issue, gave the following 
res:—In favour of a settlement, 5824; — 
21,017 ; giving a majority inst of 15,193. Of the 


fifteen unions, six voted in favour of a settlement— 
i.e., the stonemasons, machinists, hot-water fitters, 
navviee, and two crane-drivers’ unions. The nine other 


unions gave & majority against a settlement, the 
figures being as follows :— : 
ore d For. Against. 
Amal a iety of Carpen- 
nb ane Joiners ... aa on St 4163 
Gas Workers and General 
Labourers ... a bes .. 878 3203 
Builders’ Labourers’ Union 593 2819 
Bricklayers ... a es 683 2572 
United Order of Labourers 393 2428 
Painters i ves Se ‘ 182 2195 
ome en = i = 32 1470 
ene Tnion of Carpenters an 
Joiners a we as ... 430 1044 
Plumbers’ Union 180 450 


We believe that the London Building Industries’ 
Federation, which represents the trade unions con- 
nected with the London building trades, claims to 
have a membership of about 35,000. The above 
figures would therefore show that about 10,000 men 
did not take part in the ballot. 

Business in the London building indu remains 
at a standstill in the meantime, apart from one 
instance, where work, we understand, is to be pro- 
ceeded with. We refer to the new head-quarters of 
the Theosophical Society, Tavistock-square, for com- 
pleting which, it is stated, the Federation has signed 
the necessary contract. The original contract was 
with Messrs. W. Cubitt and Co., but work under this 
was stopped and the contract cancelled immediately 
the present dispute commenced, last January. The 
Federation is to supply the necessary labour and 
material, and to guarantee the proper carrying out of 
the work. 

As will be remembered, the dispute was caused by 
the employers insisting upon union non-union 
men working peacefully together. They specified that 
no man was to leave his work for the reason that any 
of his fellow-employees was or was not a member of 
any trade soviety. The man committing a breach of 
his agreement was to be liable to a fine of 20s. The 


union men refused to accept these terms. Now, 
according to Mr. 8. B. Depree, the secre’ of the 
London Master-Builders’ Association, the union men 


demand the further following conditions :— 

1. The w of all classes of workmen (both skilled 
and unskilled) to be advanced a further ld. per hour. 
(Is should be noted that this further advance would 
increase the wages of the unskilled labourer during 
the past eighteen months from 7d. to 9d. per hour— 
30 per cent. advance. ) 

2. No overtime to be worked unless . ope is 
made to the trade union, and to be paid for at the 
rate of time and a half for the first two hours, double 
time after. 

3. Workmen employed outside the London district 
to receive 2s. 6d. per . extra, with 15s. per week as 
&@ maximum, with travelling money and time occupied 
in travelling in addition. 

4. Rules to be terminated at three months’ notice, 
such notice not to terminate during the winter. 

5. Workmen employed at a height of 60 ft. to be 
paid ld. per hour extra. 

No conciliation for the settlement of disputes. 

Another condition is that the men who have 
remained at work since the dispute commenced should 
ultimately be discharged, these men being considered 
as ‘* blacklegs.” 

Further conferences are being held, but the pros- 
pect of a settlement appears further off than ever. 





At the annual meeting of the British Section of the 
International Association for Labour Legislation, held 
at Caxton Hall, Westminster, on the 27th ult., Lord 
Milner said he regarded the Association’s work as a 
necessary branch of the great campaign against sweat- 
ing, by which he meant not only under-payment, but 
bad and unhealthy, and therefore uneconomic, condi- 
tions of labour. He was convinced that there was no 
industry worth maintaining wich required sweating 
for its preservation or even for its prosperity. In- 
dustry carried on under these conditions was, from 
the national point of view, thoroughly bad business. 
There might be branches of industry where, owing to 
oten competition, reforms which ought to be carried 
out all round might be diffioult of attainment. There 
were means available for protecting ourselves against 
such cases. At the same time the struggle to raise 
the standard of industrial conditions was going on all 
round, and the conscience of the civili world was 
being thoroughly roused. It was therefore neces- 
sary to have a means of communication and of ex- 
change of ideas between workers in the same field in 
different countries. Our own Trade Boards Act had 
had an effect in raising the standard in other coun- 


tries, and there could be no doubt that an immensely 
greater output of remedial and ive legislation 
must result from the fact that the reformers in dif- 
ferent countries were advancing in line and in 
communication with one another. He was not an 
internationalist. He did not want to see the different 
national types, characters, and aspirations flattened 
out all over the world. One of the best channels into 
which the national instinct could be directed was that 
of raising a nation to a high and honourable place in 
respect to conditions of industry. ‘‘ Just think what 
the position of a nation would be that could say there 


does not receive sufficient remuneration to enable him 
to live a decent, tolerable human life.” 





The Nationalisation of Railways Bill was issued a 
few days ago. It is backed by Mr. Chiozza Money, 
Mr. Alden, Mr. J. E. Brunner, Mr. Ellis Davies, Mr. 
Denman, Mr. C. Edwards, Sir Charles Henry, 
Rowntree, Liberals; Sir Richard Cooper, Unionist ; 
and Mr. Hudson, Mr. Thomas, and Mr. Wardle, 
Labour M.P.’s. ‘The Bill seeks to give power to the 
State to purchase the railway system of the United 
Kingdom either as a whole or in instalments. A 
Minister for Posts and Railways is to be formed, in 
whom is to be vested the present powers of the 
Postmaster-General as well as the control of the 
State railway system. It provides for the State acqui- 
sition, as going concerns, of any one or more of 
the existing railway undertakings. The terms of 

urchase are entered into, as also are the provisions 
or the payment of the purchase price in State railway 
stock, pm for the redemption of this stock witkin 
sixty-three years throvgh the operation of a sinking 
fund. The Government railway stock is to be as freely 
negotiable as Consols. 

he Government would purchase railway stocks in 
the market in the ordinary way; by this means it 
would be possible gradually to obtain control of rail- 
way undertakings by purchasing a sufficient interest 
in ordinary and other voting stocks. 

The control and management of the State railways 
are dealt with. The Minister for Posts and Railways 
would be given supreme control of the State system ; 
a railway board would be formed to operate the 
system, together with a railway council, representa- 
tive of local authorities, industry, agriculture, com- 
merce, and labour, having power to make representa- 
tions which would become effective after approval by 
the Minister for Posts and Railways. 

The members of the Board would be paid (as the 
present railway directors are), but would have to give 
their whole time to their duties. 

The members of the railway council would be 
unpaid, but would have free passes over the State 
system. 





In this connection it is interesting to note that the 
National Union of Railwaymen—who are, of course, 
in favour of State ownership of the British railways— 
sent, a short time ago, three of their members, includ- 
ing Mr. J. E. Williams, the secretary, to the Conti- 
nent, to report upon the German, Belgian, and Dutch 
State Railways. These members have now returned, 
and Mr. Williams is reported to have stated that, in 
his opinion, the British railways had not much to 
learn from any of the systems which he had seen on 
the Continent. Some of the stations in Germany were 
far in front of anything that we had in this country, 
the accommodation being almost unlimited, and the 
general arrangements excellent ; but a large propor- 
tion of the staff at these stations received very scanty 

y, being left to secure what additions they could 

tom the passengers. Outside the great stations there 
was little worth copying, the ordinary wayside stations 
being far inferior to ours. Germany was well in front 
of both Holland and Belgium, but even in Germany the 


permanent way was bad, and not com ble with that 
of our own trunk-lines. The signalling arrangements 
were not nearly so good as ours. The railway- 


men’s pay was comparatively low, and his hours com- 
paratively long, and there was so much red tape that the 
men found it very hard to get any grievance considered, 
or, indeed, promptattention to any matter which affected 
them. On the other hand, the question of locality was 
remembered in determining wages, and thus a man 
who was compelled by his duty to live in a large town, 
and had to pay a higher rent than would the man 
whose work enabled him to live in ao rural district, 
had an allowance which, to some extent, compensated 
him for the higher rent. In Germany, according to 
Mr. Williams, the man who was injured as the result 
of an accident was always found some employment on 
the system at w which were not less than those 
which he was earning prior to his injury. The pension 
system, a was & ee while 

ere was far greater anence of emplo t. 
Notwithstanding all thie he. considered oa scbway- 
men in England to be better off and to have far greater 
liberty than their German confréree. In Belgium and 
Holland the conditions were generally below those 
which obtained in Germany. 





is no degrading work, and no one in the country who 





The cucrent issue of the Moniteur Industriel states 
that among the numerous ——_ which weigh upon 
the French Budget, the 100,000, francs (4,000,000 .) 
for the provident fund is the heaviest. Like all other 
socialistic laws, that dealing with State relief has been 
surrounded with numerous miscalculations, and has 
had bad effects upon the minds of a part of the popula- 
tion. To-day, after five years’ experience of the 
measure, the actual sum spent is double the one which 
was originally announced as a total. There is no 
need, therefore, to be astonished at the difficulties 
which the Minister of Finances always finds in drawing 
up his Budget. We do not criticise, adds our con- 
temporary, laws which provide special relief for the 
infirm, the incurable, and even for old age; but we 
do not agree with any legislation that creates a right 
based solely upon the age of the beneficiary, for 
such legislation is dangerous and unjust. If the re- 
quired funds were obtained at the expense of alcohol we 


Mr. | should have no reason to object, but since they are 


deducted from acquired fortunes and from revenue we 
may be allowed a tew remarks. The number of persons 
in receipt of State aid increases year by year, and the 
habit of having recourse to public funds is growing. 
Personal effort is growing correspondingly less, and 

rsonal effort is the essential condition of human 

ignity and the element of all success. Children now 
consider that they have no duty to fulfil in regard to 
their parents, since the law has stepped in and has 
taken charge of old age ; and the growing generation 
takes no further interest in private providential 
measures which are now becoming useless. It may be 
necessary to aid those who work and save, but it is 
disastrous to remove from their mind all care for the 
future. The Moniteur deeply regrets that State aid 
is defeating the action of mutual benefit private 
societies ; the fight is unequal between the State and 
these societies, for the former uses funds indiscrimi- 
nately, and these funds are provided by the tax- 
payers. The societies have always given complete 
evidence of the good work they carry out; they are 
the result of private initiative and devotion ; they have 
never faltered in their task, and should be maintained 
in the first place. Social education should be directed 
to foster private schemes for solidarity, which alone 
keep man’s energies on the alert, and sustain life. 
What the State undertakes in this respect may spell 
the ruin of a nation. 





AcoIDENTS AT LEvet-Crossincs.—Some interesting 
figures are published ina recent issue of the Rastlway Age 
Gazette, — on the Baltimore and Ohio South- 
Western and the Cincinnati, Hamilton, and Dayton 
Railways. In America level-crossing accidents are com- 
paratively frequent, owing to the number of such crossings 
unprotected. As a rule, in default of a gate, there is a 
pene bearing the words, *‘Stop ; k; Listen.” 

ow rarely these instructions are followed by the public 
may be gathered from observations made on the Baltimore 
and Ohio South-Western Railway. At various points 
recently the conduct of the public was watched in 29,5&6 
cases, including 6406 teams and motors, the remaining 
23,180 being foot-passengers. In only 295 of thee 
29,586 cases did the person stop and look in both direc- 
tions; that is to say, in ~~ cent. only. In 4404 
cases (14.9 per cent. of the total) the person kept moving, 
but looked in both directions. In 7988 cases (26.9 per 
cent. of the total) movement was not interrupted, but a 
look was only taken one way. In no less than 57.9 per 
cent. of the cases (in actual numbers, 16,899) forward 
movement was maintained, and the observation directed 
ahead only. On the Cincinnati, Hamilton, and Dayton 
Railway the percentages are of the same order, but only 
0.1 per cent. — and looked in both directions. Yet 
the railroads are blamed for accidents, and the elimination 
of grade crossings at huge ex; is demanded on the 
ground that they are prolific of accidents. 





_ “THe Anusg oF Roaps.”—A pamphlet bearing this 
title has been issued by Messrs. W. and T. Avery, Limited, 
of Soho Foundry, Birmingham, with the object of show- 
ing how the Aveling and Avery axle-weight ascertainer 
may be used to assist road authorities to reduce the cost of 
road maintenance by preventing the use of illegal axle- 
loads by heavy motor vehicles. The pamphlet first gives 
extracts from the various Locomotives Acts affecting the 
question of axle-weights, and then explains the legal 
position of road authorities with regard to the weighing 
of heavy motor-cars. A brief description of Aveling and 
Avery’s axle-weight ascertainer is then given, and its 
more important advantages are pointed out. Among the 
latter it is mentioned that no weigh-house is necessary, 
as the machine is portable, and can be used in any part 
of the district. It consists of two 8-ton weighing-plat- 
forms, which themselves igh only 27 owt., can be 
taken from place to place, erected by one man in 
threehours. The foundations for the machine a 
nently fixed at suitable positions on the main is, and 
the portable platforms are erected on any of the founda- 
tions as required. When not in use the foundations are 
covered wi' chequered plates. In conclusion, 
the pamphlet reprints a number of Press extracts illus- 
trating the prevalence of illegal loads, which it is the 
object of the axle-weighing machine to prevent. Its 
proper use should check the increased cost of road main- 
tenance without in any way hampering the legitimate use 
of motor vehicles. 
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NOTES FROM THE UNITED STATES. 
PHILADELPHIA, May 20. 

SLuGGIsH trade conditions in iron and steel still 
continue throughout the country. Orders are showing 
up in larger volume, but not of a magnitude to inspire 
confidence. Prices have gone off a trifle during the 
week. The railroads continue to order from one-third 
to one-fourth their usual quantities. ing April 
structural orders amounted to 150,000 tons, and so far 
this month have been at the rate of 200,000 tons. The 
restricted demand for months past has been laying the 
sure foundations for compensating activity in the 
future. A decision in the rate case calling fora 5 per 
cent. advance, it is believed, will be made before 
June 30, as the commission adjourns on that day. 
Business interests are kept in constant turmoil by 
the pending drastic trust legislation in Congress. Rail- 
roads in many cases are renewing their short-term 
notes for one year, hoping by that time conditions 
will be favourable for long permanent loans. The long 
talked-of award for the Portamouth-Ohio Bridge will 
not be awarded until June 2. Projected oil-tanks in 
Oklahoma will absorb 3250 tons of structural material. 
During the week 50,000 tons of basic were ordered. 
An order for 1500 tons of Southern pig was taken 
in Italy. Crude iron will go no lower. Furnace 
interests have refused business at shaded offers. Tin- 
plate mills are crowded, but bar-mills are slack, and 
sheets are less active. During the past week 50,000 
tons of foundry and steel-making irons were ordered, 
and 25,000 tons are under negotiation. About 40 per 
cent. of Eastern blast-furnace capacity is engaged. 

May 27. 

Orders secured during the week do not indicate 
that the anticipated general improvement in iron and 
steel has yet cet in. The event of the week is the 
placing of an order by the Standard Oil Company for 
600,000 boxes of bright tin plate for oil-cans for 
export, instead of ,000 boxes. Railroads so far 
this month have ordered 17,000 tons of structural 
material, 60,000 tons of rails, 13,000 cars, 200 coaches, 
and 135 locomotives, representing an expenditure of 
some 22,000,000 dols., of which two-thirds was for 
cars. The tin-plate mills are working practically to 
fullcapacity. Up to this time the lower tariff duties 
have not made any pronounced influence. The most 
encouraging feature is the submission of bids on an 
unusually large lot of structural material, to be 
accepted or held over according to whether a 
freight-rate decision will be rendered within two 
weeks. The entire country is in an attitude of 
anxious expectancy as to whether Congress will 
crowd its pending anti-trust legislation to a final 
vote. 

Steel-makers report knowledge of enormous with- 
held requirements. The country needs much more 
steel than it is using. During the week orders were 
booked for some 150,000 tons of all kinds of gis: 
iron, and numerous inquiries are now pending. n- 
sumers, as @ rule, have very little pig-iron on hand. 
Hesitancy in buying mill products is manifest every- 
where. 

Liberal rail and locomotive orders are confidently 
expected in June. Among very recent orders are 

freight-cars for the Illinois Central, 1400 for the 
Great Northern, 900 freight and 107 passenger cars 
for the Union Pacific, Canadian Pacific, 62 cars to be 
built in their own shops, all of which call for about 
50,000 tons of steel. 





THE PHYSICAL SOCIETY OF LONDON. 

At the meeting of the Physical Society of London, 
held on the 22nd ult., at the Imperial ae Science, 
Dr. A. Russell, Vice-President, in the Chair, a paper 
entitled ‘‘ Volatility of Thoriwm Active it,” by 
Messrs. T. Barratt, B.Sc., and A. B. Wood, M.Sc., was 
read by the former. On heating thorium active deposit 
to various accurately measured temperatures up to about 
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1250 deg. Cent., it is found that B and U each commence 

to volatilise at 750 deg. Cent., but the volatilisation is 

not complete until 1 deg. Cent. is reached, the mea- 

surements being made by an a-ray electroscope. The C 

curve is peculiar, being similar to two of the B curves 

placed end to end, the inflexion occurrin 750 

deg. and 900 deg. Cent, where about 35 

@ activity is removed. measu 

C. is not volatile until a temperature of 900 deg. Cent. 

ae D commences to volatilise at 500 deg. 
In explanation of these results it is assumed that the 
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part of O, which produces 8 rays—viz., O pis 8 separate 
product, which is not so readily volatile as C,, and the 
preceding scheme of disintegration is suggested. 

Discussion.—Dr. R. 8. Willows congratulated the 
authors on their able treatment of the subject. The 
suggested scheme met most of the requirements of the 
case, and was not in contradiction with any of the other 
known properties of the thorium series. He hoped the 
authors would extend their work to other radioactive 
series. 

Dr. S. Russ drew attention to the apparent lack of 
parallelism between the characteristics of the thorium 
and radium series. The volatility of thorium B —_ 
to be not very different from that of thorium CO, w 
in the radium series radium B is the most, and radium O 
the least, volatile of the series. Again, the authors con- 
cluded that there was no appreciable difference in the 
volatility of the thorium active deposit from a quartz 
or @ platinum surface, whereas there was an appreciable 
difference in the case of the radium active deposit, as 
Dr. Makower had shown. 

Mr. D. Owen observed that one of the products was 

stated to have a period of 10—" second. e thought it 
hardly possible to catch a product which only lived for 
that time. . 
Mr. Barratt said that only two surfaces were use i, quartz 
and platinum, on account of the high temperatures to 
which they had to be subjected. In these cases there had 
certainly been no difference. When different acids were 
used, considerable differences were observed in the tem- 
perature of volatilisation. The period, 10—" second, 
assigned to Th C, was simply in order to fit the Geiger- 
Nuttall relation. The curve connecting log (y) and log 
(Range) is a straight line, and the period 10—" second was 
necessary to make the product fit the curve. 

A paper entitled “‘ The Passage of a Particles through 
Photographic Films,” by Messrs. H. P. Walmsley, M.Sc., 
and W. Makower, M.A., D.Sc., was read, in the sieann of 
the authors, by Dr.S. Russ. It has been shown by Kinoshita 
that when an a particle strikes a grain of silver halide, 
that grain is cleat capable of photographic de- 
velopment. It therefore seemed probable that the path 
of an a particle projected tangentially to a photographic 
film should, after development, be visible under a micro- 
scope. This was shown to the case, and micro- 
photographs Gaeeg Se tracks of a particles through a 
photographic plate have been obtained. The effect of 
** scattering” of a particles can also be seen in the photo- 
graphs, and this method may a of use in studying 
the scattering of a particles by heavy atoms, such as 
silver. This method of studying the path of an a particle 
possesses the advantage of great simplicity. 

A paper ‘Ona Null Method of Testing Vibration 

Galvanometers” was read by Mr. S. Butterworth, M.Sc. 
The methods usually employed in the determination of 
the constants of a vibration galvanometer involve the 
measurement of a deflection under three different condi- 
tions. Two of these deflections can only be obtained 
bas approximately. 
__ By extending the theory of the vibration galvanometer 
it is shown how the constants may be determined by 
methods which involve only the measurement of one 
deflection. The remaining measurements are carried out 
on an alternating-current bridge, and the results obtained 
are practically independent of the wave-form of the 
source. 

_The principle of the method depends on the fact that a 
vibration galvanometer behaves as a parallel combination 
of a conductance, a capacity and an inductance, in series 
with a resistance. It is shown how to balance such a 
combination, and the method isillustrated experimentally. 
The constants of various vanometers are quoted in 
order to show the applicability of the meth Other 
uses of the bridge are suggested. 

Discussion.—Mr. A. Campbell remarked that it was 
most interesting to find that the electrical behaviour of a 
circuit capable of dynamical resonance could be imitated 
exactly by putting in parallel a resistance, a condenser, 
and an inductance. It was a pity that this combination 
could not be realised in practice, since the inductance 
must have zero resistance. However, Mr. Butterworth 

t over the difficulty by his special form of bridge. The 

imitations of this bridge somewhat lessened the range of 
application to practical cases, and he ho that the 
author would be able to modify the bridge, so as to 
remove these limitations. 

Mr. D. Owen stated that he had found no difficulty in 
maintaining the frequency of the source sufficiently 
steady to maintain the vol sensitivity of a vibration 
galvanometer constant within 1 or 2 per cent. for a con- 
siderable time. The author’s analysis of the vibrating 
coil was very i ious, but one would like to know 
whether sensitivities calculated by his rather complex 
a agreed with those obtained by the usual direct 
me’ , 

Dr. R. S. Willows asked whether the method could be 
used to find the dielectric constant of a — conduct- 
ing liquid ; if so, was it sensitive enough to be practically 
ueeful, and did the ess of the required inductance 
again limit its applicability. ‘ 

Mr. Butterworth, in reply, stated that the method 
would apply to any vibrating system, provided that the 
conditions mentioned in the paper could be satisfied. It 
was true, as Mr. Owen had pointed out, that the voltage 
sensitivity of certain galvanometers could be determined 
very y. This held in the case of instruments 
capable of developing a high back electromotive force. 
uction of current at resonance would then prevent 
any considerable rise in the vibration in spite of 
increase in current sensitivity. The application 
method to the measurement of small capacities required 
Investigation. 
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” ‘ with an Incandescent ” were 
described and exhibited by Mr. O. W. S. Crawley and 
Dr. 8S. W. J. Smith. The first of these experiments was 
due to Mr. Addenbrooke who, using a 100-volt lamp filled 
with paraffin oil (after removing the tip) as a convenient 
high resistance in a 200-volt circuit, noticed that some of 
the many bubbles forming on the t behaved in a 
curious way. Instead of rising at once to the surface from 
the point at which they formed they ran down the legs 
of the filament, against gravity, and then escaped at the 

Dr. Smith, led a mag this experiment by Mr. Craw- 
ley, discovered er, more striking, phenomenon. 
Placing the 100-volt lamp in a 100-volt circuit in series 
with a variable resistance (conveniently a water trough) 
it was found possible, by momentarily cutting out most 
of the resistance, to obtain a single bubble u 
wire. The behaviour of such a bubble is very interest- 
ing to watch. of escaping at either terminal, 
as in Mr. Addenbrooke’s experiments, it travels back- 
wards and forwards between the two, “looping the 
loops” of the filament in a fascinating way during 
every journey. ; 

he liarities of this phenomenon, which can be 
obtai with either direct or alternating supply, have 
analysed by examining the size and motion of the 
bubble under various conditions and also by using fila- 
ments of different materials and liquids of different 
boiling points. 

Tt was shown from the experiments that a rapid fall of 
temperature from the wire through the liquid, in the 
region which the bubble moves, is an essential 
condition of the phenomenon, and also, from theoretical 
considerations, how this condition can be used to explain 
why the bubble moves in the manner described. 

Mr. Crawley pointed out, in connection with the first 
experiment, that the lamp proved most satisfactory, being 

e not only to absorb more power than with a vacuum, 
but also to stand momentary overload much better. 


CHEMICAL METHOD OF WATER- 
MEASURING. 
To Tae Epiror or KNGINEERING. 

Srr,—Mr. F. Van Iterson, on page 743 of your last 
issue, claims that as this method of water-measurement 
has now been in use in Holland ‘‘for several years,” it 
is incorrect to ascribe its invention to Boucher. I think 
he will find the credit of originating it is due to Mr. 
C. E. Stromeyer, the very versatile chief engineer of the 

A iesee ty bi wrod in 1896, on page 226, 

paper written by him ap; in on 
vol. xxxvii., of the P: ings of the Institution of 
Naval Architects, in which he described its application 
to the measurement of feed and circulati water. 
Another, in 1905, on ‘Gauging Streams by Chemical 
Means,” will be found on 349, vol. clix., of the 





Proceedi of the Institution of Civil Engineers. In 
this Mr. Stromeyer described a simple method of ensur- 
ing constancy of flow of the chemical solution into the 


system, obviously a very important point. 

Yours fait fully, 
C. H. Winorre.p. 
28, Victoria-street, Westminster, 8.W., May 27, 1914. 





THE INSULATION OF FURNACES. 
To THe EpitTor or ENGINRERING. 

S1r,—M. Adolphe Greiner, in his recent presidential 
address to the Iron and Steel Institute, made reference to 
the importance of the heat losses due to radiation from re- 
heating furnaces, a waste which all a: to recognise, 
but which no one tries to remedy. In an article pub- 
lished in age issue of November 14, 1913, I pointed 
out how, by the use of an efficient ing, @ saving 
of 45. per annum would be effected in the case of a 
furnace with an exposed surface of 430 sq. ft. My 
object in — to ask whether any reader of Enct- 
NEERING can offer any valid objection to the use of such 
a lagging; and, if not, why this ventable waste is 
permitted to continue. It is to be hoped that some 
manufacturer, who has furnaces in course of construction, 
will give a lead to others by submitting the matter toa 


Yours faithfully, 
Cras. R. DARLING. 





Tue Fire Resistance or Partitions.—The British 
Fire-Prevention Committee has issued a book recording 
the results of its earlier fire tests with partitions. These 
results are presented in lar form, which facilitates 
comparison and makes the record useful for reference 
—- The tests in question were conducted between 

and 1905, and deal with many materials used to- 
day of which particulars may be useful. The seventeen 
partitions referred to are grouped according to their 
classification under the British Fire-Prevention Com- 
mittee’s Standards of 1903. They vary in thickness 
2 in. to 54 in., but for modern every-day uses 
those of from 2 in. to 3} in. in thickness merit primary 
i these a 2. porous terra-cotta 
partition obtained the 2-hour ification of affording 
‘full protection,” and a 3$-in. pumice slab partition the 


2. “ ‘+ on a 
2-hour test. The fire tests Ny oh to temperatures 
of about 2000 deg. lica- 
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WEIGHING-MACHINE FOR GUNS. 

In modern gun-shops it is , in connection 
with ballistic calculations, to know the weight of the 
finished gun with considerable accuracy, the most 
convenient method of determining the weight is to lift 
the gun by a crane fitted with a weighing-machine. 
The design and construction of a reliable weighing- 
machine to deal with the heavy ordnance now in use 
is not a simple problem, especially as the machine has 
to resist the unavoidable shocks which | occur during 
the lifting operation. 

The difficulties have, however, been egg | 
dealt with in the weigher illustrated below. It 
has been designed and constructed by Messrs. S. 
Denison and mn, Limited, of Hunslet Foundry, 
Leeds, for use at Woolwich Arsenal. This machine 
is of the compound lever type, and its capacity is 100 
tons, so that the heaviest guns constructed can be 
handled by it; its sensitiveness is such that the 
weights can be ascertained to within 7 lb. It will be 
seen from the illustration that a safety seat, which can 








be folded up when not in use, is provided for the 
weighman, who is lifted with the | He is thus in 
a comfortable position to take the weight as soon as 
the gun is clear of the und, instead of having to 
reach the weighing-machine by means of a ladder, 
which has several obvious drawbacks. A relieving 
arrangement is provided by means of which the 
load can be taken off the knife-edges. It is thus 
not necessary to remove the machine from the 
crane after each weighing operation, as ordinary 
lifting can be carried on quite independently of it 
unless the greatest possible neight of lift is required. 
As shown in the illustration, the machine is suspended 
by a pair of hinged shackles, which can be attached to 
a ram’s-horn hook on the crane. The gun hangs from 
a single heavy forged-steel shackle, which is partly 
covered with a thick sheath of phosphor-bronze in 
order to protect the lifting ropes from injury ; the 
distance between the hanging points of the shackles is 
8 ft. 10 in. é 

We understand that Messrs. Denison are construct- 
ing @ weighing-machine of this type, but of a somewhat 
— - ity, for use in Messrs. Vickers’ gun-shops 
at Sheffield. , 








Tue Farep. Krurr A.-G.—We are informed that 
Herr Krupp von Bohlen und Halbach, the head of the 
Krupp establishments in a. we described 
in recent issues, is coming to England shortly on a visit- 
ing tour to the principal British metallurgical and engi- 
neering works. The tour includes the Birkenhead 
works of Messrs. Cammell Laird and Co., Limited ; 
the Barrow works of Messrs. Vickers, Limited; works 
in Glasgow; the works of Messrs. "ms Whitworth 
and Oo., Limited, Newcastle; and the Brown, Cam- 
mell, Firth, Hadfield, and Vickers works in Sheffield. 
In this latter city, the German ironmaster is to be the 
guest of Sir Robert and Lady Hadfield. 
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WATER-DIVIDER. 
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Ir is usual in the measuring of the supply of feed- 
water to a steam-generator, or the discharge from the 
condenser of a steam-engine, to weigh or measure 
the whole of the water supplied or used, and if the 
volume thus to be dealt with in a given time is large, 
as in the case of the feed-water supply of a generating 
station containing one or more units of large size, the 
necessary apparatus will occupy a considerable space, 
and involve a large capital outlay. The apparatus illus- 


trated above has been designed to overcome this diffi- | h 


culty, and at the same time to enable metering to be 
effected in a reliable manner. All measurements of 
large electrical currents are made by taking a known 
proportion of the whole, and as it is difficult and 
costly, as has been pointed out, to deal with large 
quantities of water, but comparatively simple and in- 
expensive to weigh quite accurately small quantities by, 
for instance, the Leinert meter, it seems an obvious 
solution of the problem to follow the electrical analogy. 
In the apparatus illustrated, the water to be 
metered is through a vessel of special design, 
and is subjected therein to the action of means 
designed to prevent or remove eddies or other dis- 
turbances, and to permit or impart a steady and 
quiescent flow. When such a flow is attained the 
water is discharged from the vessel, the discharge 
being divided into several equal portions, and one 
portion only led to the meter. The steady and 
quiescent flow is obtained by a throttling or baffling 
action, such action being uniform in all directions. 
In Fig. 1 the apparatus will be seen to comprise 
three concentric cylinders, A, B and C, the inner- 
most cylinder A being provided at the bottom 
with a fine-mesh copper-gauze extension D. The 
water is admitted by pipe E, and passes through the 
copper gauze D, which filters out air-bubbles and 
steadies the flow. In the event of a bubble breaking 
through the gauze, it passes into the annular chamber 
formed between the cylinders A and B. The outer- 
most cylinder C hasa number, in the present case 12, of 
V notches (Fig. 4) formed around it, and these notches 
lace the annular chamber formed between the cylin- 
ers B and C in communication with a chamber F. 
This chamber F extends all round the periphery of 
the cylinder C, and is provided with three outlets, 
two of which lead to the hot-well or feed-tank, and 
the third, which is se ted from the rest of the 
chamber by plates G, Fig. 5, to the Leinert meter. 
The apparatus thus provides, in conjunction with a 
watt-meter, a simple means of ascertaining the pounds 
of steam consu' per unit generated over any period. 








The chamber F and the annular chamber between the 
cylinders B and C are covered with a wind-shield, 
having a few air-holes, so as to equalise the pressure, 
to prevent wind or draughts affccting the surface of 
the water. All parts are made cylindrical in order to 
get a practically mathematically accurate sub-division, 
and tests have shown that an accuracy well within 
1 per cent. can be obtained. The vessel illustrated is 
capable of dealing with about 200,000 lb. of water per 
our, 

The apparatus is made by the sole licensees, Messrs. 
Holden and Brooke, Limited, of Sirius Works, Man- 
chester, and has been designed by Mr. T. M. Aitken, 
of the London Electric Supply Corporation, Limited, 
Stowage Wharf, Deptford. 





Contracts.—Messrs. Palmers Shipbuilding and Iron 
Company, Limited, of Hebburn and Jarrow-on-Tyne, 
are building for the Deep-Water Engineering Company, 
Limited, of 17, Victoria-street, London (the managing 
director of Bows - . Mr. a’ G. Fitzgerald), a diving 
apparatus esign or operations at unusual 
depths.. The epecual feature of this machine is that it 
facilitates operations being carried on continuously by 
divers, shift after shift, and will do away with the 
dangers of compression and decompression. 





PassENGER TRANSPORT IN SovuTHAMPTON.—On the 
26th ult. a paper was read before the Southampton 
Chamber of Commerce by Mr. H. Parsons, advocating 
the use of motor-omnibuses in Southampton as more 
flexible and less obstructive than tram-cars. The many 
advantages of motor- buses over the tram-car were 
pointed out, among them the smaller capital cost, the 
advantages in traffic, the possibility of diverting the route 
in case of repairs to and so on. The electricity 
supply at Southampton is ted both for tramway 
purposes and lighting at the same station, and it is 

‘thav a day -load for i &c., might 
ually be built up, and the tramway load in time 
abolished, motor-buses and trams being for the time run 
side by side. A number of towns with tramway systems 
were introducing motor-buses, and this form of propulsion 
was nowadays used for fire-brigade, ambulance, scaveng- 
ing, and other vehicles. It would be possible to build a 
double-deck motor-bus which would go through the Bar- 
gate, but there is a proposal afoot to open out a second 
to one side of the t one, in which case motor- 
buses would take the double curves much more easily 
than would street-cars. The author suggested the use of 
a road graded down towards the centre—a form, if we 
remember rightly, suggested once by Colonel Crompton, 
— annua for fear of the vehicles skidding into each 
other. 
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76-TON STHAM-SHOVEL. 


On Plates XCIX. to CII., and on the present 
and 778, will be found illustrations of a 76-ton 
steam-shovel, of which several examples have recently 
been constructed by Messrs. Ruston, Proctor and Uo., 
Limited, of Lincoln. The machine has been designed 
to deal with large outputs and heavy material, and 
marks the culmination of an experience extending 
over thirty-eight years. It is almost needless to say 
that Messrs. Ruston, Proctor and Co. build the crane- 
navvy, or full-circle type of machine, as well as the 
limited-swing steam-shovel of the class we now illus- 
trate. Their range of crane-navvies covers weights 
from 18 to 60 tons, and their range of steam-shovels 
20 to 76 tons. The firm has recently purchased the 
excavation business and patents of Messrs. Whitaker 
Brothers, of Horsforth, Leeds, and are now in posses- 
sion of a body of experience in excavating problems 
that it would be difficult to rival. The machine we 
illustrate, as we have said, has been designed for large 
outputs and heavy material. It is normally fitted with 
a bucket of 34 cubic yards ——, but for exception- 
ally heavy or light material a smaller or larger bucket 
would be fitted. A machine of the type shown, ex- 
cavating very heavy rock used in making Portland 
cement at the quarry of Messrs. The Aberthaw and 


Fig.13. 


Bristol Channel Portland Cement Company, Limited, 
of Aberthaw, and operating on a working face 30 ft. 
deep, is loading 7-ton wagons in from one to one and 
a-half minutes. 

The general lines of the machine are well shown in 
Figs. 1 to 3, on Plate XCIX. It consists of an under- 
frame built up of heavy joists and plates and supported 
on two four-wheel bogies. The jib and its turntable 
are mounted at the front end of the underframe and 
are balanced by the boiler carried at the other end. 
Separate hoisting and slewing-engines are mounted in 
the centre. The travelling gear is operated from the 
hoisting-engine. The jib carries a bucket-arm, the 
movement of which is controlled by the main chain 
and by a racking-gear mounted on the jib. A rack 
formed on the under side of the bucket-arm — 
with a pinion, which is gear-driven by a racking- 
engine mounted on the jib. This gear determines 
the projection of the bucket-arm from the jib, and 
hence the depth of the cut taken from the working 
face. The force required for —* supplied by 
the hoisting-engine, which hauls the bucket upwards, 
the arm in the meantime swinging round the centre of 
the rack spur-wheels. Various possible positions for 
the bucket and arm are indicated in Fig. 1, which 
gives the maximum digging height, range of dis- 
charge, &c. The bucket. is discharged by releasing a 
door, which forms its bottom, this being controlled 
by @ rope, which is operated by the man who looks 
after the racking-gear. Views of the machine in 
operation are given in Figs. 4; 5, and 6, on Plates 
C. and CI. 

This brief description should be sufficient to make 
the working of the machine clear in a eral way, 
and we may now proceed to deal with the details of 
its construction, leaving any further account of ite 
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method of operation to the end of the article. We 
may begin with the hoisting and slewing-engines, 
which are well shown in Fig. 7, on Plate CI., and of 
which detail drawings are given in Figs. 8 to 10, on 
Plate CII. These engines are to some extent built 
together, as will be clear from Figs. 8 and 9. The slew- 
ing-engine lies between the side-frames of the hoisting- 
engine, and the slewing-drum and second-motion shaft 
are mounted on these same side frames, which carry 
the crank-shaft bearings of the hoisting-engine. The 
upper drum—.e., the left-hand one of the two in Fig. 9 
—is the slewing-drum, the hoisting-drum being in front 
and ata lower level. The hoisting-engine has cylin- 
ders 10 in. in diameter by 14 in. stroke, and is fitted 
with link reversing gear. It is one of Messrs. Ruston, 
Proctor’s standard type, which they build in very 
large quantities for crane-work and similar services. 
Crank discs are employed to add fly-wheel effect. 
The slewing-engine has cylinders 7 in. in diameter by 
7 in. stroke. It is controlled and reversed by a single 
lever, which operates a change-over valve. he 
engine is practically a duplicate of the racking-engine 
which is illustrated in Figs. 11 and 12, and to which 
we refer below. 

The operation of the hoisting and slewing-engines is 
under the control of the driver, who stands at the 





front of the machine close to the hand-levers, which 
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is pivoted to the spur-wheel in such a way that when 
it is tightened on the clutch-drum the whole arrange- 
ment drives ether. As will be clear from Figs. 13 
and 14, the strap is tightened or released by the 
movement of a toggle which is operated by a bell- 
crank lever lying at right angles to it. The bell-crank 
lever is pivoted to the spur-wheel, and the end of its 
inner arm lies in a slot in the shaft. A steam cylinder 
is mounted at the end of the shaft and axial with it, 
as is well shown in Figs. 7 and 14. The cylinder 
piston-rod is directly connected to a plunger working 
in @ hole in the end of the shaft, the plunger having 
a slot at its inner end. in which the end of the bell- 
crank lever-arm fits. It will be clear that the move- 
ment in or out of the cylinder piston will move the 
bell-crank lever, and so expand or release the clutch- 
strap. The piston is controlled by a simple slide-valve, 
which admits steam to either end of it, the valve 
being operated by the hand-lever already mentioned. 

At the other end of the hoisting-drum from the 
steam-clutch there is a brake-drum with a wood-lined 
band-brake, operated by the foot-pedal already men- 
tioned. This is used to sustain the load while the jib 
is slewing preparatory to the dicharging of the 
bucket. e© main drum itself is grooved for the 
hoisting-chain, as shown in Fig. 1. It works on long 
brass bushes. The travelling-gear for the machine is 
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Fics. 13 to 15. Sream-Ciutcn. 


1 and 2 and in Figs. 5and7. As 


can be seen in Figs. 
fi . 7, there are three main levers: a 


is best shown in 
smaller lever, a 
side of the platform, which can be seen to the left in 


Fig. 7. This far-side lever is for the purpose of 
operating the travelling- clutch. It is not used 
during the ordinary working of the machine, and is 


purposely — well away from the control-levers 
proper. Of the three main levers, one rates the 
steam-clutch of the hoisting-drum, which we will 
describe in a moment, another controls the link motion 
of the hoisting-engine, and the third the change-over 
valve for the slewing-engine. The smaller lever, to 
the right in Fig. 7, is for the operation of the throttle- 
valve for the hoisting-engine, while the pedal is con- 
nected to the brake of the hoisting-drum. The driver 
has a further lever under his control, which is not 
shown in Fig. 7. It can, however, be seen in Fig. 5. 
It is pivoted above his head, and tes the throttle- 
valve of the racking-engine which is carried on the jib. 

The steam-clutch is a very interesting feature of 
the hoisting-engine. It forms an easily-operated and 
powerful gear by which the load can be taken up in- 
stantaneously — the driver pulling over the hand- 
lever. It can put into action with the engine 
running, and no special care is required, as the action 
is automatic as soon as the lever is pulled over. The 
clutch will transmit the full power of the engine and 
lift a test-load of 30 tons. It is well shown in Fig. 7, 
and is detailed in Figs. 13 to 15. As will be seen from 
Figs. 8 and 9, the crank-shaft of the engine drives 
the spur-wheel on the hoisting-drum shaft t h 
& pinion. The spur-wheel is secured to the t, 
but the hoisting-drum is free from it. The 
hoisting-drum carries a clutch-drum at one end, which 
is embraced by a wood-lined clutch-strap. The strap 


1, and a further lever on the far | This 
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worked through a spur-geari mB» situated at the brake 
end of the hoisting-drum, and shown in Figs. 8 and 9. 
i is thrown into connection with the main 
shaft by a dog-clutch when it is desired to bring it 
into use. From the second-motion shaft of this gear 
er is transmitted to the travelling-wheels by flat- 
ink chains, as shown in Fig. 1. The chains allow fore 
certain amount of side swing of the machine. The 
bogies are of the diamond-frame type, of specially 
heavy construction, and heavy compression springs are 
fit to absorb the stresses due to digging and 
travelling. The bogies are best shown in Fig. 4. 

The boiler is of the locomotive type, which possesses 
many advan for this class of work, of which not 
the fast important is that steam can be raised quickly. 
The design allows ample facilities for cleaning, which 
is an important point, as frequently bad water may 
have to be used. The working pressure is 125 lb. per 
sq. in., and the hydraulic test pressure 220 lb. per 
sq. in. A special feature in the construction of the 
boiler is the method adopted for staying the fire-box 
and the foundation-ring. The pressure on, and weight 
of, the fire-box are taken from the go egcete bu 
a system of radial fos ig | of the boiler-shell. e 
foundation-ring is e from Z-bar. There is only 
one weld in the frame, and the corners are bent 
in an hydraulic press. The combination of the 
radial roof-stay and the Z pr mag engl a Rr 
an elasticity which amply provides for the th- 
ing of the fire-box. Steam for each of the three 
engines is taken from the steam-dome by a separate 

ipe. Each pipe is fitted with a stop-valve and regu- 
lating valve, fo reduce fuel consumption and avoid 
strains caused by cold-feed, an exhaust-steam feed- 
water heater is used, the temperature of the feed 
being raised to nearly 212 deg. Fahr. Two water- 
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tanks are fitted, one on each side of the boiler, which 
is mounted centrally on the framing, as shown in 
Fig. 2. This figure shows the tanks, each of which 
holds 750 gallons. Feed is byaduplex pump. The boiler 
is fired from a platform at the rear end, as shown in 
Fig. 4, and the whole of the body of the machine is 
covered by a housing as a protection against bad 
weather and flying material when blasting is being 
carried on. 

The jib, as will be seen from several of the illustra- 
tions, is mounted on a turntable carried at the front 
of the machine. The turntable is built up of mild- 
steel plates and angles, into which a heavy steel cast- 
ing is fitted to receive the foot of the jib. The whole 
rotates on a steel pivot casting bolted to the main 
framework. Slewing is performed by two wire 
ropes which pass round the rim of the turntable, 
and are carried through guide-pulleys to the spirally- 
grooved slewing-drum. The guide-pulleys can 
seen in Figs. 1, 2, 7. In addition to the 
heavy steel casting forming the pivot there is a 
further casting built into the front part of the 
machine. This forms the base of the A frame 
which carries the tie members supporting the outer 
end of the jib. The A-frame legs are solid mild-steel 
forgings of square section. At the bottom they are 
pivoted to the casting mentioned above, as is clearly 
shown in Fig. 7. At the top the A-frame members 
are bolted to another steel casting, on which the 
tension-stay crosshead rotates. A back stay connects 


the top of the A frame to the under-frame below the | th 


boiler. The casting to which the bottoms of the 

-frame members are pivoted carries two brackets 

lted to its ends, one of which is well shown in 
Fig. 7. To these brackets are pivoted the main 
members of the jack-arms which serve to take the over- 
turning forces which come into play when the jib is 
swung to one side or the other. The legs are shown 
in Figs. 2 and 3, and in all the views of the machine 
in operation. As will be seen, they carry adjusting- 
screws at their outer ends, which rest upon wood 


blocks or packings. When the machine has to be|N 


moved the screws are slacked back, so that the 
packings can be removed and re-set in the new posi- 
tion. When travelling, the jack-arms are folded 
against the sides of the under-frame by removing two 
pins and releasing the connecting-links. 

The jib is illustrated in Fig. 16, on page 778. It con- 
sists of two oak members reinforced on all sides with 
mild-steel plates. This form of construction has been 
found to be the best to withstand the severe stresses 
set up by slewing ata highs with a loaded bucket. 
Heav wnild-steel plates and angles are riveted to the 
top of the jib to carry the chain-pulleys and take the 
ends of the tension-stays. A mild-steel plate is fitted 
to form a seat for the racking-engine, while a 
similar plate carries the bracket for the lower chain- 
pulley. The bolts for the racking-bearings and 
the engine are taken right through the jib. The 
racking-gear is operated by a double set of spur- 
driven direct from the engine crank-shaft. The rack- 
ing-shaft, which carries the spur-wheels and racking- 

inion, is of large diameter and is formed with squares 
or the wheel-seats instead of keys being used. This 
eliminates ible trouble through loose keys. The 
racking-engine is illustrated in Figs. 11 and 12, Plate 
CII. It has cylinders 7 in. in diameter by 7 in. stroke, 
and, as before stated, is controlled and reversed by a 
single valve. Reverse is obtained by altering the 
direction of flow of steam to the engine, the steam-pipe 
being made the exhaust-pipe, and vice versa. 

The bucket-arm is shown in Fig. 17, 778. Like 
the jib, it is built up of oak reinforced with steel plates, 
the rack being a steel casting. The arm is kept in 
position on the jib by a guide-plate, which is pivoted 
about the same centre as the racking-pinion. The 
plate can be seen in Fig. 5. The arrangement allows 
the arm to swing to any necessary angle, as shown in 
Fig. 1, and allows it to travel endwise, while at the 
same time keeping the rack always in with the 
pinion. The bucket is built up of mild-steel plates, 
while thearm, braces, &c., are steel casti The teeth, 
which are carried almost the full depth of the bucket, 
consist of mild-steel shanks with renewable manganese- 
steel points, and are fitted on a renewable lip-plate. 
The teeth can be renewed in half an hour. The 
hinged bottom door of the buoket is provided with a 
catch, which can be released for discharging by the 
jib-man pulling a rope, as shown in Fig. 6. e door 
automatically closes and locks itself after discharging, 
as the bucket-arm is lowered into a vertical position 
for the inning of a new stroke. The jib-man 
stands on the small platform carried by the jib, and 
also controls the racking-engine by operating the 
change-over valve. Steam is conveyed to this engine 
by an overhead pipe, which has a gland joint to allow 
for the slewing of the jib. The pipe and joint can be 
seen in Fig. 1. 





Of our three illustrations of the steam-shovel in | ?° 


operation, Figs. 4 and 5 show a machine in a chalk 
quarry of Messrs. G. and T. Earle (1912), Limited, at 
Hessle, near Hull. and Fig. 6 shows a machine work- 
ing oa the new Hull Joint Dock. We have had an 





the Hessle installation. 

chalk was of quite a hard nature, but the shovel 
dealt with it easily. The material was dumped b 
the bucket into trucks brought up alongside, muc 
as in Fig. 6. The arrangement by which the three 
main motions are dealt with by separate engines 
appeared to be excellent, and the control of the 
ov and hoisting worked admirably. The situa- 
tion of the man on the jib-platform enabled him to 
see exactly what the bucket was doing, so that he 
could regulate the extension of the bucket-arm to 
a nicety, while the easy control of the steam-regulator 
enabled the driver to humour the bucket up the work- 
ing face if it came in contact with large boulders 
or other obstacles. There appeared to be not the 
slightest difficulty in so controlling the machine that 
a full bucket was obtained at every stroke. The 
slewing was very rapid, and the shovel could have 
delivered material considerably more rapidly than 
the wagon service could carry it away. 
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Tue Evecrric VeHicte Commitrer.—At a meeting of 
the Electric Vehicle Committee of the Incorporated Muni- 
cipal Electrical Association, held in Birmingham, on the 
22nd ult., consideration was given to the method of 
gripping the flexible cord and the earth connection to the 
charging-plug, which has already been adopted as a 
8 . It was decided to recommend that plug recep- 
tacles should be fixed under the driver’s seat of vehicles, 
so that the driver could not take his place without seeing 

e charging connection in case it had not been discon- 
nected. were on record of considerable damage 
being done by drivers starting vehicles without discon- 
necting after charging, in instances in which the plug 
receptacle was placed at the rear or side of the vehicle. 
A communication in reference to standard accumulator- 
pag was read, the proposed dimensions being 88 in. by 

? in. with 42 in. long centres. 





New Raitway Brincr at Rica.—The new railway 


bridge which crosses the River Diina, at Riga, is a 
double-track bridge of a total length of 770 metres. 
ear one shore is a bascule which has a len of 


40 metres, so that the bridge length, supported by ten 
iron arches, is 730 metres. The maximum span of any 
arch is 90 metres. The bridge was built according to the 
design of Messrs. Rudzki and Co., of Warsaw, and the con- 
struction was begun in 1910. The new bridge is close 
to the old bridge of iron-lattice girder work, built by the 
Government more than fifty years ago, for rail and 
other traffic. The bridge piers were sunk by compressed 
air by the firm of Zimmermann, of Petersbu The 
docks for sea-going steamers are below the new bridge ; 
smaller craft will pass under the bridge or wr ee 
the opening s after the bascule, which is electrically 
operated, has been raised. During the year 1913 twelve 
other large railway bridges were completed in the Russian 
Empire. One crosses the Neva on four arches of 100 
metres span. The Volga Bridge at Kasan has six spans 
of 159 metres, and that crossing the Dnieper, near 
Zerkassy, ten spans of 109 metres. 





TRIALS OF Pumpinc-ENGINES FOR LINCOLN WATER 
Works.—We have recently received particulars of the 
trials of a pumping plant at Elkesley, near Retford, for 
the City of Lincoln Water Works. The plant was con- 
structed by Messrs. Ashton Frost and Co., Limited, of 
Blackburn, to the specification and under the supervision 
of Mr. Neil McKechnie Barron, and the tests were carried 
out by the British Engine, Boiler, and Electrical Insur- 
ance Company, Limited, who believe that the results 
obtained constitute a record in economy. The plant 
— of two } a = ~ 

lensing engines of the vertical inverted type, workin 
high lift pumps by side rods from the crossheads, 
deep-well pumps by overhung cranks. The cylinders, all 
of which are jacke have diameters of 26 in., 45 in., 
and 68 in. respectively, with a stroke of 4 ft., and the 
receivers between the cylinders are fitted with rehea’ 
— The a —_ cones are used ar. are eac! 

esigned to deliver 000 gallons in ours against 
a total head of 724 ft. when running at their normal speed, 
but at full speed the delivery is increased to 3,600,000 
a omy Steam is supplied by one of three Lancashire 
ilers fitted with downtake superheaters and working in 
conjunction with a Green’s economiser. With steam at 
a gauge pressure of 173.3 lb. per sq. in., superheat of 
158.6 deg. Fahr., and a vacuum of 28.27 in. of mercury, 
the mean steam consumption obtained on a twelve-hour 
trial was 9.8 lb. per indicated horse-power hour, which is 
equivalent to 10.495 lb. of dry saturated steam ; the steam 
consumptions per a eengewes and per water horse- 
wer were 11.09 lb. and 11.32 lb. per hour respectively. 

n this trial the mean indicated horse-power was 403.1, 
the pump horse-power (neglecting slip) was 356.2, and 
the water horse-power (including slip) was 349. The 
mechanical efficiencies therefore come out at 88.4 per 
cent. when calculated on the pump horse-power, 
86.6 per cent. when calculated on the water horse-power. 
The thermal efficiency works out at 21.75 per cent, and 
the efficiency ratio at 75.5 per cent. The coal used was 
Nixon’s Navigation with a calorific value (dried) of 14,589 
B.Th.U. lb., and the consumption was 0.98 |b. per 
indicated horse-power hour, and 1.13 lb. water horse- 
wer hour. The duty obtained was 193,400,000 ft.-Ib. 
per 112 lb. of coal. The figures given are the mean 
results of the trials of one set of engines carried out on 
omy bated re? pee On the following day the other set 
was tested with very similar resulta, hut we have not 
anfiicient space to give the figures in this case: 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
quietness which has characterised the pig-iron market for 
some time was me in evidence, the turnover was 
limited to one Cleveland warrant at 51s. 24d. five days. 
The closing prices were firm at 51s. 34d. cash, 51s. 44d. 
one month, and 51s. 6d. three months sellers. In the 
afternoon no i was transacted, but the tone 
remained firm, with sellers’ quotations unchanged. On 
Friday morning Cleveland warrants were stronger, but 
again the d was confined to one lot at 51s. 34d. six 
days, and w j sellers named 51s. 4d. cash, 51s. 54d. 
one month, and 5ls. 7d. three months. Although the 
afternoon session was quiet, the tone continued firm, and 
Cleveland warrants marked a further advance. The turn- 
over consisted of one lot at 51s. 5d. six days, and at the 
close sellers named 5ls. 54d. cash, 51s. 7d. one month, and 
51s. $d. three months. On Whit Monday the market was 
closed. It reopened with a good tone on Tuesday morn- 
ing. Business was at a standstill, but sellers of Cleveland 
warrants were firm at 51s. 74d. cash, 51s. 84d. one month, 
and 51s. 104d. three months. In the afternoon Cleveland 
warrants were quiet, and only one lot was done at 51s. 6d. 
cash, with closing sellers at 51s. 64d. cash, 51s. 8d. one 
month, and 51s. 104d. three months. The market opened 
to-day (Wednesday) with a slightly easier tone, but no 
business was transacted, and sellers of Cleveland warrants 
named 51s. 6d. cash, 51s. 8d. one month, and 5ls. 10d. 
three months. The afternoon session was also dead idle, 
and the prices quoted by sellers of Cleveland warrants 
showed a decline of from 2d. to 24d. = ton, being 
5is. 4d. cash, 51s. 6d. one month, and 51s. 74d. three 
mon 


Sulphate of Ammonia.—The demand for sulphate of 
ammonia having fallen away very appreciably, the price 
has eased off considerabiy, and this week it is 5s. per ton 
down. The current quotation for prompt lots is now 
107. 15s. per ton Glasgow, and 10/. 17s. 6d. per ton Leith, 
marking a decline of 42s. 6d. and 40s. per ton respec- 
tively over the year to date. 


Scotch Steel Trade.—No change has taken place in the 
Scotch steel trade and the present state of affairs is 
rather serious, and owing to the great scarcity of specifi- 
cations many of the mills are only on for part of the 
week. Prices cannot reasonably be expected to go much 
lower under existing circumstances, and some buyers, 
alive to that fact, are quite prepared to fix well ahead, but 
makers are unwilling to commit themselves very far into 
the future. What is wanted at present is prompt 
specifications, but most of those in the market are 
for very limited quantities. Black and galvanised 
sheets are also in poor demand, but sections continue 
fairly active. At the meeting of the associated makers 
this week several matters were discussed, but no altera- 
tions were made in prices. The export side of the 
industry is rather quiet, but some moderately good orders 
come dropping in week by week. India, Australia, and 
New Zealand are at present sending home fairish lines, 
and are among the brightest spots in that respect at the 
moment. 


Scotch Pig-Iron Trade.—The demand for the ordinary 
qualities of Scotch pig-iron has not varied very much of 
late, with the result that makers are still rather quiet. 
The export trade is fair, but it is doubtful if the present 
output of the furnaces is all bei t rid of without 
storing. Prices are unchanged, and the following are the 
market quotations for makers’ (No. 1) iron :—Clyde, 68s.; 
Cal ant Gar jon and a, 68s. “ 

ip at ow); Glengarnock (at Ardrossan), 
71s.; Shotts (at Leith), 68s. 6d.; and Carron (at Grange- 
mouth), 69s. Hematite iron is in very poor demand. 


Wages inthe Iron Trade.—Mr. John M. Macleod, C.A., 

gow, has made the following intimation to Messrs. 
James C. Bishop and James Gavin, joint secretaries of 
the Scottish Manufactured-Iron Trade Conciliation and 
Arbitration Board:—‘‘In terms of the remit I have 
examined the employers’ books for March and April, 
1914, and I certify the average net selling price at works 
brought out is 6/. 12s. 2.95d. per ton. is means no 
change in the wages of the workmen.” 


Malleable- Iron Trade.—The West of Scotland malleable- 
iron makers are still experiencing very dull conditions, 
and no change of any kind can be reported. Prices 
show no change, and are called 6/. 12s. 6d. per ton, less 
5 per cent. for ‘‘ crown” bars. 


Scotch Shipbuilding.—The Scotch shipbuilding output 
for the past. month amounted to 40 vessels, totalling 
42,846 tons, which is rather under the average monthly 
tonnage for the year to date. The share of the Clyde 
ship was 27 vessels, of 40,012 tons, making the total 
for the five months 109 vessels, of 193,997 tons, and that 
figure compares badly with the output for the corre- 
sponding period of last year, when the total was 293.997 
tons. It seems strange that the falling off amounts 
exactly to 100,000 tons, but it shows very clearly that 
the shipbuilding boom is about over for the present. 
r thing which points to chis conclusion is 
the great scarcity of fresh iness, as very few new 
contracts have been fixed up this year, and although 
shipbuilders have, in many cases, quite sufficient work to 
keep them employed for some time, they are unable to 
fill up many of the berths being emptied. Several 
contracts have been secured during the past few weeks, 
and one of no little importance was for a battle- 
ship, one of the four included in the 1914-15 programme. 
The vessel will be built by the Fairfield ee on 
Engineering Company. at Govan, ve 
displaceme es of 25,000 tons, and will have » speed of 
214 knots. Besides a number of 6-in. guns, she wil! 
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have eight 15-in. guns. The other orders reported include 
general cargo vessels, trawlers, and t but the amount 
of new work is small, considering how many yards 
throughout the country are open for new contracts. 





NOTES FROM SOUTH YORKSHTRE. 
SHEFFIELD, Wednesday. 

Trade Depression Foreshadowed.— Despite optimistic 
expressions on the part of lesser lights in various trade 
quarters regarding the conditions of trade in the near 
future, those in authority are very consistent in the pre- 
diction that a cycle of severe depression is not very far 
distant, something similar to that which was experienced 
before the recent ‘‘boom.” Not only is this view ex- 

ressed by responsible people up and down the country, 
Pat the heads of large amalgamations of trades unions see 
the shadow, and are, in fact, making practical prepara- 
tions for the period of depression. 


South Yorkshire Coal Trade.—The industrial consump- 
tion has shown a considerable falling off, and shipments 
of steam coal are by no means extensive when compari 
is made with the conditions prevailing at this period of 
last year. As increased outputs are the rule at present, 
the market consequently betrays a weakening tendency ; 
but there is reason to anticipate that, now that the 
holidays are over, an improvement will set in during the 
next few days. The amount of forward i is 
hardly appreciable, and collieries are more eager to 
accommodate the prices mentioned by buyers. Quotations 
are on the down grade. On contract account gas fuels are 
experiencing activity, but the open market is rather 
quiet. Slacks are weak, and stocks have so increased that 
rates are low. Gas-coke is plentiful and cheap. London 
merchants are taking small tonnages of house-coals, and 
business is below the normal. Prices are generally steady, 
though reductions have been made in a few instances. In 
view of contract renewals, collieries are endeavouring to 
maintain quotations on a level with contract prices. 


Tron and Steel.—Business in pig-iron is very poor just 
now, aad figures have slack: owing to the practice of 
underselling. Raw-material specifications generally are 
of small import. Basic sorts are meeting with a 
demand. East Coast hematite is quoted at 67s., forge 
at 503. to 5ls., and foundry sorts are mentioned at 
533. to 54s. Business in bar iron shows little change from 
the recent slackness. Generally, iron foundries have a 
fair amount of work on hand, though in a few instances 
attenuation prevails. Bar-mills find conditions con- 
siderably worse with the suspension of rolling-stock 
building by home companies. Builders’ material founders 
are much affected by the London dispute. Among the 
steel firms home trade is fairly good, and large orders 
are being execu on account of shipbuilding, general 
engineering, and automobile construction. ere is & 
very large demand for stores by home and foreign govern- 
ments, municipalities, and collieries. The armament and 
projectile departments have a remarkable amount of 
work on hand, and the prosperity of their order-books has 
benefited smaller firms, who have received many orders 
for general work which would otherwise have been 
executed by the armament firms. Railway work is fairl 
ae especially on foreign account. The New Sout 

ales Government have placed orders locally for fifty 
steel crossings, and extensive — are being taken by 
colonial companies. South Africa and New Zealand 
figure prominently am t the railway orders, whilst 
the East India Railway is in the market for large numbers 
of railway engine tubes. Home ilway orders are fair, 
contracts having been placed in the city for a thousand 
springs and tyres by the London and South-Western 

way. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—The Cleveland iron market 
was re-opened to-day after the Whitsuntide holidays, 
but few traders attended ’Change, and very little business 
was recorded. In the forenoon a small sale of No. 3 

.m.b, Cleveland pig occurred at Sis. 9d. f.o.b., but 
ater 51s. 74d. was accepted for the ruling quality, and 
at the afternoon market 5is. 6d. became the general 
quotation.; whilst the other qualities of Cleveland, which 
had moved more or less in proportion to No. 3, settled by 
the close to 54s. for No.1, 51s. 3d. for No. 4 foundry, 
50s. 9d. for No. 4 forge, and 50s. 3d. for mottled and 
white iron—all for either early or forward deliv So 
far as could be ascertained there was nothing at all pass- 
ing in East Coast hematite pig. Both makers and mer- 
chants offered Nos. 1, 2. and 3 at 61s. for practically any 
delivery, and some merchants would ibably not have 
hesitated to make contracts at a little below that figure had 
such offers been made. Though business in foreign ore was 
at a standstill, sellers were not disposed to make conces- 
sions, especially as they had reason to believe that some 
consumers will shortly be in the market once more. At 
the same time, however, it was understood that several 
large users were still ~ he considerable stocks and 
were well bought ahead. Values were still on 
17s. 6d. ex-ship Tees for Rubio of 50 per cent. quality. 
Coke was said to be still somewhat scarce and very firm 
in price. Av blastfurnace Durham kinds were fully 
17s. 3d. deli at Tees-side works, the recent buying 
of Yorkshire sorts having sgpereatiy Sod no weakening 
influence on the Durham market. Middlesbrough iron 
warrants closed to-day 5ls. 3d. cash buyers, 5le. 4d. cash 
sellers, both quotations being 14d. below the rates ruling 
just prior to the holidays. 

Stocks and Shipments.—The stock of Cleveland pig-iron 





in the public warrant stores now stands at 83,820 tons, all 
of which is No.3 quality. During the month of May the 
stock was reduced by 13,301 tons. Shipments from the 
Tees during the month of May were only on a moderate 
scale, averaging 3600 tons per working day, the total 
despatches being returned at 93,617 tons, 85,073 tons of 
which went from Middl-sbrough, and 8544 tons from 
Skinningrove. For the previous month tbe clearances 
reached 127,943 tons, or a daily average of 5117 tons, and 
for the corresponding month a year ago the loadin 

were given at 96,874 tons, or an uverage of 3875 
tons per working day. Of the pig-iron cleared from 
Skinningrove last month, 8031 tons went to Scotland 
and 513 tons to Holland. Of the iron shipped at 
Middlesbrough, 49,400 tons went foreign and 35,673 
tons coastwise. Scotland, as usual, was the largest 
buyer, importing 17,995 tons, whilst Wales received 
12,280 tons ; Sweden, 10,407 tons; Germany, 6700 tons ; 
France, 5983 tons; Holland, 4750 tans; Belgium, 370u 
tons; Denmark, 3520 tons; Japan, 2810 tons; and 
Spain, 2100 tons. Tees loadings of manufactured iron 
during the month just ended were returned at 18,215 tons, 
of which 11,543 tons went abroad and 6672 tons coast 
wise ; those of steel at 48,992 tons, 42,703 tons of 
which went a and 6289 tons to home buyers. The 
Argentine was the largest buyer of manufactured iron, 
importing 5452 tons, whilst India took 5359 tons. The 
largest buyer of steel was India, with an import of 
20,323 tons ; and other large buyers were West Australia, 
4690 tons ; Victoria, 3406 tons ; New South Wales, 3310 
tons ; the Argentine, 2672 tons; and Natal, 2203 tons. 

Manufactured Tron and Stecl.—There is little new to 
report concerning the manufactured iron and steel 
trades. Works have been closed for the usual Whitsun- 
tide holidays. The following are the principal market 
quotations :—Common iron bars, 7/.; best bars, 7/. 7s. 6d.; 
best best bars, 7/. 15s.; packing iron, 6/.; iron ship- 

lates, 6/. 15s.; iron ship-angles, 7/.; iron ship rivets, 

1. 5s.; iron girder-plates, 7/. 6s.; steel burs (basic), 
61. 5s.; steel bars (Siemens), 6/. 5s.; steel ship-plates, 
61. 10s.; steel ship-angles, 67. 2s. 6d.; steel rg Ae 
71. 10s.; steel joists, 6/. 12s. 6d.; steel strip, 6/. 5s.; s' 
hoops, 6/. 10s.—all less the customary 24 per cent. dis- 
count; cast-iron columns, 7/. 7s. 6d.; cast-iron railway 
chairs, 4/. 5s.; light iron rails, 7/.; heavy steel rails, 6/.; 
steel railway sleepers, 7/. 5s.—all net at works; re 
nised corrugated sheets, 24 gauge, in bundles, 11/. 5s. 
f.o.b.—less 4 per cent. 

Iron Trade Wages.—The report of Messrs. Price, 
Waterhouse and Co., accountants to the Board of Con- 
ciliation and Arbitration for the manufactured iron and 
steel trade of the North of England for the two months 
ended April 30, shows that the average net selling price 
per ton of manufactured iron was 6/. 14s. 9.33d., as 
against 6/. 18s. 9.59d. per ton for the previous month. In 
accordance with the sliding-scale arrangement there will 
be a reduction of 3d. per ton on puddling, and 24 per 
cent. on all other forge and mill wages, to take effect 
from the 1st inst. 


A World’s Record.—For the first time in thirty-eight 
years Messrs. Cochrane and Co., Limited, have blown 
out their No. 2 furnace at the Ormesby Iron Works, 
Middlesbrough, for re-lining. The furnace was blown 
in on May 8, 1876. This constitutes a record of life for 
a blastfurnace lining throughout the world. The total 
make of pig-iron by this one furnace for this period has 
been 1,365,387 tons, entirely Cleveland iron. The furnace 
shell is capable of taking a 45,000-cub.-ft. furnace, 
which makes it the largest furnace in existence. It was 
“damped down” during the Cleveland miners’ strike, 
the Durham coal strike, the first North-Eastern Railway 
strike, and the National coal strike. 





PersonaL.—We are informed that Mr. W. Ewart 
Jackson, director and secretary of the Judson-Jackson 
Company, Limited, of 50, Sieatbemcteneh, Westminster, 
has resigned his position. 





LAUNCHING OF THE Twin-SorEw Tuc “‘ Ona,” FOR THE 
ARGENTINE Navy.—The twin-screw ocean-going tug Ona 
was launched from the Southampton yard of Messrs. Jobn 
I. Thornycroft and Co., Limited, on Thursday, the 28th 
ult., mow | — qu ny! woes is =e a ° 
very powerful ty uilding by Messrs. ornycroft, 0} 
the Glovies aimsnsiens : — Len between perpen- 
diculars, 130 ft.; breadth, moulded, 28 ft.; depth, 
13 ft. 11 in.; draught, 12 ft. 6 in. They have been 
built under Lloyd’s survey and the inspection of Mr. 
Tomas Parfitt, resident overseer for the Argentine Com- 
mission, and are to Lloyd’s highest clases for towing pur- 
p"ses. An important part of their service will be the towage 
of battleships of the Argentine Navy. Two sets of triple- 
expansion surface- ensing engines are fitted, giving a 
total of 1200 indicated horse-power at 130 revolutions. 
The cylinders are 13} in.. 22 in., and 35 in. in diameter, 
with a stroke of 27 in. Steam is supplied by two Scotch 
single-ended boilers working under natural draught, 
13 ft. 6 in. in diameter by 11 ft. long; working pressure, 
180lb Steering is effected by means of band and steam 

placed in the wheel-house, controlled from the flying- 
Fridge. Electric lighting is fitted throughout, power 
being supplied by a steam-generator installed in the 
engine-room. A 45-cm. search-light projector is fitted 
on a platform on the fore-mast. Bunker capacity has 
been provided for about 100 tons of coal, giving a | 

e of about 1500 miles. The second veesel, wh 
will be named the Querandi, will be launched in the near 


future. Two steam-tugs of about the same Cue 
were recently built by Thornycroft for British 
Admiralty 





NOTES FROM THE SOUTH-WEST. 


Cardif.— The steam-coal trade has been generally 
quieter, most buyers having completed their require- 
ments for the next week or ten days. Colliery-owners 
have maintained oo for Admiralty descriptions 
with firmness up till the middle of June, full order-books 
being reported for that period. The best Admiralty 
large has made 20s. 6d. 7 ton, and even a trifle more in 
some instances, although supplies have been obtainable 
from some merchants at 20s. per ton. Thu hest secondary 
descriptions have made 18s. 9d. to 1%. 6d., and other 
secondary qualities 18s, 6d. to 188. 9d.; hest bunker 
smalls, 9d. to 11s. 3d.; and smalis, 83. to 8s, 9d. 
per ton. House coal has shown little change ; the best 
descriptions have been quoted at 19s. to 20s. ; 
households at 17s, to 188.; No. 
17s. 6d. to 178. 9d ; and smalls at 
ton. No. 2 Rhond has 
and No. 
Special foundry coke has 
foundry coke, 3 


3 Rhondda large at 
to 12s. 6d. per 


The South Wales ineers.—An interesting paper was 
read by Mr. Ageworth, at a meeting of the South Wales 
Institute of Engineers, at Cardiff, on Thursday, on the 
fourth report of the ‘‘ Explosions in Mines Committee.” 
In the ensuing discussion Mr. George Hann (of the 
Powell Duffryn Company) made suggestions for dealing 
with the dust problem. is tions were :—Firstly, 
any dust coming down a shaft ld be prevented, and 
could be prevented to a large extent by a dust-collecting 
plant, or by other means, on the svreens when they were 
close to the shaft ; secondly, a considerable amount of the 
dust was made in transit up the shaft, which could not be 
prevented. is and any other dust which came down 
the shaft must pete pe meg oo soe of shaft- 
signalling apparatus for mines, specially designed to meet 
the pore dn on of the New Mines Regulation Act, got 
together on the initiative of the Council of the Institute, 
was opened by Mr. H. T. Wales, President. 


Dowlais. — Rather more activity bas prevailed at 
Dowlais, ~~ 5 during the last few days business has 
been interrupted by the Whitsun holidays. The blast- 
furnaces, as well as the Siemens and Bassemer plant, 
have been fully employed, and there bas been a good 
average output. oat Mill has turned out heavy 
steel rails in large ——, as well as billets, ingots, 
and steel sleepers. The Big Mill has produced, as usual, 
fish and sole-plates, colliery and light rails. 


Welsh Companies.—The Cardiff Channel Dry Docks 
and Pontoon Company, Limited, has announ a divi- 
dend of 8 per cent. per annum for the year, free of income 
tax; the company also carries forward 88,806/. During 
the past year the directors dealt with 2,325,020 tons of 
shipping. The Bute Shipbuilding, Engineering, and 

Dock Company, Limited, provides a dividend of 
6 per cent. for the past year, carrying forward 33,1021. 


More Welsh Coal.—Negotiations are pending for the 
eyo of the Ystradowen colliery, Upper Cwmtwrch, 

y a Yorkshire colliery capitalist. A new plant is pro- 
— to he opened to develop the property near Cwm- 

ynfell. The area proposed to be worked is about 400 
acres. 





Tux CommMeErciaAL Moror- Users’ AssocraTIon, LimitTep. 
—On Monday last, the Ist inst., for the eighth successive 
year, this Association held its parade of vehicles engaged, 
as the name in the transportation of merchandise 
of all descriptions. The parade is only a part of the 
scheme of education and advancement of the work of 
mechanical haulage undertaken by the Association. 
They award points for general condition consistent with 
the work done and the upkeep of the vehicles going on 


all the year round. The inspecting engineer, Mr. G. W. 
Watson, visits and takes trips without giving 
warning. Ano feature of the Aesociation’s work is the 


written technical examination for drivers ; itisdivided into 
two sections—for steam and petrol respectively—and in 
connection with these examinations there is a preparatory 
course of lectures delivered by the inspecting engineer. 
The parade had a total entry of 508 vehicles, of which 384 
were petrol-driven, 111 steam-driven, and 13 had electric- 
motors; this year proved a record for the number of cars, 
for prizes, and the excellent condition of vehicles. There 
being prizes for different classes, the entries embraced 
all kinds of vehicles, including the heavy, slow-movin 
pa for the use of brewers, market-gardeners, an 
millers, also the lighter vans for tradesmen’s local de- 
livery. The red Royal Mail parcel-vans were prominent, 
ready for their journeys to Birmingham, Ipswich. &c. 
Waring’s furniture-vans, marked as ing subsidised 
for War Office tr showed the wide range of use to 
which these vehicles are now put. numerous ambu- 

ance-wegons on view could hardly be termed ‘ commer- 
cial” ve The “team” section bad an entry of 
thirty-three teams of six vehicles each, ‘‘ The Commercial 
Motor” challenge cup for the set in the hest condition, 
&c., being omeeied to Messrs. Spiers and Pond for their 
petrol motor-vans. Mileage as well as upkeep count in 
the competition, and many of the cara had more than 
100,000 miles to their credit, whilst one had gone beyond 
150,000 miles. So enormous has the space necessary for 
the parade become, and so pressing the invitation from 
the provinces, that it is nearly certain that the gather- 
ings for the next few years will be held im country towns 
im rotation, 
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76-TON STEAM-SHOVEL ; 


JIB AND BUCKET ARM. 


CONSTRUCTED BY MESSRS. RUSTON, PROCTOR AND OO., LIMITED, ENGINEERS, LINCOLN. 
(For Description, see Page 775.) 











MINING IN LAPLAND AND SWEDEN. 


Tuer Gringesberg-Oxelisund Company has issued 
its report for last year dealing with the Luossavara- 
Kirunavara and other mining concerns, besides other 
pecs worked and controlled by the above 
company. The profits on last year amount in round 
figures to 1,800,000/., against 1,500,000/. for the 
previous year; from the said profits, taxes, 72,500/., 
and other expenses have to be deducted, leavin 
1,727,500/. available, against 1,444,000/. for 1912. It 
is pro to > pry a dividend of 32 ner cent. on the 
capital entitled to dividend (4,200,000/.)—against 
27 per cent. for the preceding year—to add some minor 
sums to various funds, and to carry 360,000/. forward. 

During 1913 an aggregate of 4,567,251 tons Lapland 
ore have been broken, of which 1.247,089 tons were 
Gellivara ore, and 3,320,161 tons Kirunavara ore. Of 
this quantity 4.418,940 tons have been shipped. respec- 
tively 1,151,418 tons Gellivara ore and 3,267,521 tons 
Kirunavara ore. Of the ore shipped from Oxelisund, 
Lulea, and Narvik, 55.63 per cent. have been shipped 
by Swedish vessels, and of this 28.83 per cent. by the 
company’s own vessels, and 17.65 per cent. by 
Norwegian vessels. The aggregate shipment of 
Gringesberg ore amounted to 624,185 tons, on board 
157 steamers, of which 109 were Swedish and 9 
Norwegian. 

In Kirunavara ore has been broken in 21 working 
places above surface, and the ore amounted to 88.4 per 
cent. of the broken rock. Ore loading with electric 
shovels has proved extremely satisfactory ; three of 
these appliances have been in use, and three more will 
be installed in the course of the present year, and an 
additional large crushing-mill has been ordered from 
a Swedish com 








Fie. 16. Jre Looxine rrom Botrom Enp. 
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Fie. 17. Bucket 
amounted to about 400,000/., against 380,000/. during 
1912. The total sum paid in taxes for the Gringes- 
berg and subordinate companies amounted in 1913 to 
216,000/., about double what it was in 1911. The 
bulk of the gross profits—viz., about 1,260,000/.—is 
derived from the Luossavara-Kirunavara Company, 
and from the Gellivara working 405,000/., an aggre- 
gate of 1,665,000/., against 1,230,000/. for 1912. After 
various deductions, taxes, Swedish and Norwegian 
royalty, &c., 1,530,000/. remain available, of which 





y- 

At Malmberget (Gellivara) 1,244,406 tons of export 
ore have been broken, which represents 55.8 per cent. 
of all the broken rock. Of this ore, 58 per cent. have 
been — above ground and 42 per cent. under- | 
ground. 

Via Narvik, there were shipped during last year | 
of the company’s own and other ore 3,183,966 tons, 
on board 487 steamers, of which 276 were Swedish, | 
106 Norwegian, 69 English, 30 German, four Austrian, 
one French, and one Dutch. The shipments via Lulea | 
of the company’s own and other ore during 1913) 
amounted to 1,383,683 tons, on board 276 steamers, | 
three motor-vessels, and 49 sloops 


and 24 English. 


; of these 328) 4: ra. Sewes ee 
vessels, 179 were Swedish, 75 German, 50 Norwegian, | national Fire-Service Council is holding an executive 
: - | tion of the British Fire-Prevention Committee, when the 
The gross receipts of the company’s railways! principal items under consideration will include the 


110,000/. are paid to the Swedish State as preference 
shareholder. 

The profits on the Visterdala River power-station 
amounts to 8600/., and then come the revenues 
from the different railway concerns, from the Lulea- 
Ofoten Steamer Company, from the Express Dyna- 
mite Company, from the New United Electric Com- 
pany. &o. It will be seen that it is a vast and varied 

usiness which the Gringesberg-Oxelésund Trafik- 
aktiebolag controls. 





Dictionary OF Fire Tecunicat Trrus.—The Inter- 


ting in London on June 15, 16, and 17, at the invita- 


ARM AND BUCKET. 


eee of an International Fire Dictionary—i.e., a 
ictionary of fire technical terms in three languages—and 
the arrangements for a conference on certain fire-service 
and fire-preventive subjects, to be held at Copenhagen 
in 1915. The meeting is to be presided over by Com- 
mandant Meier, Chief Officer of the Amsterdam Fire 
Brigade, the vice-presidents being Major Westphalen, of 
Hamburg, and Mr. Edwin O. Sachs, of London. 


Wotsecey Moror-Oar Manvat.—The Wolseley Tool 
and Motor-Car Company, Limited, of Adderley Park, 








Birmingham, have sent us a copy of the seventh edition 
of their manual of hints and directions for the care 
and management of Wolseley 16-20-horse-power, 24-30- 
| horse-power, and 30-40-horse-power motor-cars, all of 
| which have been fully dealt with in Encrneerine. The 
| book is admirably printed and copiously illustrated, and 
the descriptive matter and illustrations, most of which 
are reproduced from —— are such as can easily 
be followed by anyone without any previous experience 
of motor-cars. The construction of all parts of the cars 
is illustrated and described in detail, and the methods of 
cleaning, lubricating, and adjusting them are very clearly 
explained. There can be no doubt that neglect or 
igaorant interference will soon ruin the best of cars; 
hence the necessity for an instruction book such as the 
Wolseley Manual. By studying this, and following its 
directions, an ine , person can be sure of gettang 
the best results from his car. 
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SHove. WorkKinG IN A CHALK (JuaRRY AT HESSLE. 








~ 














Fie. 5. 


SHoveL WorkKING IN A CHALK QuaRRY aT HESSLE. 
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176-TON STEAM-SHOVEL 
CONSTRUCTED BY MESSRS. RUSTON, PROCTOR AND CO., LIMITED, ENGINEERS, LINCOLN. 


(For Description, see Page 775 ) 





























Fic. 6. Srover Excavatine at Hurt Jomr Dock. 

















Fic. 7. View sHowrnc Horstinc-ENnGIne AND Borer. 
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AGENTS FOR ‘ ENGINEERING.” 


Australia: Gordon and Gotch, Limited, Melbourne; Sydney; 
Brisbane; Perth. Turner and Henderson, Sydney, 
N.S.W. T. Willmett and Co., Townsville, North Queens- 
land. W. O. Rigby, Adelaide, South Australia. 
Melville and Mullen, Melbourne, Victoria. 

AvustTria-Huneary, Vienna : Lehmann and Wentzel, Kartnerstrasse. 

Beweium: E. F. Satchell, 45, Avenue de Terneuzen, Brussels. 

Canaba, Toronto, Ont.: Wm. Dawson & Sons, Manning Chambers. 
Montreal: Sells, Limited, 302, Shaugnessy Building, 
McGill-street. 

Epinsur@H : John Menzies and Co., 12, Hanover-street. 

FRANCE, Paris: Boyveau and Chevillet, 22, Rue de la Banque. 
For Subscriptions and Advertistments, Librairie B. 
Tignol, 53bis Quai des Grands Augustins, Paris. Also 
for Advertisements, Agence Havas, 8, Place de la 
Bourse. 

Germany, Berlin: A. Asher and Co., 13, Unter den Linden. 
Leipzig: F. A. Brockhaus. Mulhouse: H. Stuckelberger. 
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THE LOSS OF THE “EMPRESS OF 
IRELAND.” 


Tue loss of the Empress of Ireland, through 
collision, on Thursday, May 28, has awakened 
universal sympathy, because of the appalling toll 
which the sea has once more taken, and has brought 
home the lesson that the forces of Nature can 
never be completely conquered by man. At the 
same time, profound disappointment must be felt 
by all interested in the science of naval architecture 
in the realisation of the fact that, however much 
vf scientific knowledge, of wide experience, of 
sound workmanship, and of thoughtful care is put 
into the design and construction of our great ocean 
liners, they are still subject to disastrous effects, 
due either to the slightest error of judgment on 
the part of the officers who control them or to 
the immeasurable and unconquerable power of the 
forces of Nature. The Empress of Ireland was built 
only seven years ago, by a firm and for a company 
ready to bring to bear upon the design and con- 
struction a desire to meet every possible contin- 
gency, and the fullest expert knowledge, whereby 
the lessons garnered from experience may be fully 
embodied in ships. And yet in one of a series of 
fog-clouds, when the ship was either at rest or 
proceeding at very slow speed, she was rammed 
by a collier of much less size, with the result that 
in a quarter of an hour she heeled over and went to 
the bottom, involving a loss of over 1000 lives. 

We do not propose to animadvert upon the 
recriminatory statements as to the relative measure 
of blame to be attached to the navigation of either 
ship. Nor has the time come for considering the 
lessons in ship design which every disaster more or 
less affords to the careful student of the science of 
naval architecture. The former will be subject 
of very careful and judicial investigation, and all 
are glad that Lord Mersey, whose mind is trai 
in the sifting of evidence, and who has now vast 
experience of the causes which bring about dis- 
astrous effects on the seas, is to be a member 
of this court of inquiry. In the meantime one can 
only deprecate, in the strongest language, the 
tendency to prejudge the case in the ne 


795 | with more or less excitable, and certainly ex parte, 


statements. There is equal cause, too, for dis- 


couraging the volume of immature and uninformed 
suggestions of means to obviate similar disasters in 
the future. Such a flood of ideas follows upon all 
disasters ; and although, to a certain extent, sug- 
estions of this kind may enco' reflection, the 
ifficulty is that they sometimes lead to premature 
decisions on the part of the general — the 
islature, or others w uainted with scientific 
problems relating to the management of — On 
the whole, in fact, such su tions are but too 
often further instances of a little learning being a 
dangerous thing. 

We take, for example, the idea that when a 
vessel rams another ship, particularly on the broad- 
side, it is invariably a desirable thing for the 
ramming ship to keep her bows in the hole caused. 
This may appear advantageous under certain con- 
ditions ; one can conceive that the ramming shi 
might possibly fit like a cork to prevent the inrus 


of water. But an important factor in the problem 
is that the movement of both ships must be rela- 
tively at the same rate, and this is practically 


impossible in a case where one ship is moving 
ahead or astern and the other broadside on. The 
ramming ship cannot travel laterally at the same 
angle relatively to the ship rammed. The result 
otherwise must be disastrous, perhaps to both, 
aay | owing to ee in the rate of pro- 
gress, the ramming ship may tear a great rent in 
the side of the ship nenel Can this have been 
what happened to the Empress of Ireland, resulting 
in a very rapid loss of buoyancy ? 

The suggestion has also been made that hori- 
zontal bulkheads or flats would limit the area into 
which the sea is free to enter, but the Empress of 
Ireland seems to have been struck on the broadside 
in the region of, if not exactly at, one of the machi- 
nery compartments, and it is well known these are 
about the largest in the ship. Horizontal flats cannot 
well be introduced where there is an uptake to the 
funnels, or a ventilating shaft from the engine or 
turbine-rooms. The introduction of longitudinal 
bulkheads is a subject offering more promising 
results, particularly as the adoption of turbines 
working on four shafts allows of wing compart- 
ments, the cubical content of either of which is 
small relative to those of the central and the other 
wing com ents. The flooding of a wing 
compartment therefore need not involve the same 
cubic capacity, and consequently does not involve 
the same angle of heel, as was considered in former 
years a serious objection to the introduction of a 
centre-line longitudinal bulkhead, dividing the ship 
into two compartments, respectively for a port and 
a starboard reciprocating engine. 

Fortunately, the Empress of [reland has sunk in 
relatively shallow water, and even although the ship 
may not be raised, divers will have no difficulty in 
okie a thorough investigation of the damage 
done to the hull, and of the effect of the flooded 
compartments on the water-tight bulkheads. Thus 
it may be possible to ascertain, not only how the 
accident was caused, and whether all available 
means were taken to minimise the loss of life— 
which from a scientific point of view are matters of 
relatively little importance—but to determine the 
effects resulting from the collision, and to decide 
from such ascertainment the conditions which may 
be introduced into subsequent ships, in order to 
minimise, if not to obviate, such a disastrous result, 
This, after all, is the subject of first import- 
ance, because, however regrettable the loss of 
life, and however humane may be the desire to 
multiply the means of saving life when accidents 
happen, the primary aim of every votary of every 
branch of naval science is to achieve every possible 
means of rendering ships as immune from disaster 
as it is humanly ble to make them. The 
function of Lord Mersey’s inquiry here, as in the 
case of the Titanic, is concerned merely with causes, 
with responsibilities for the collision, and not 
with the effects measured from the standpoint of 
naval architecture. That is to be regretted in a 
measure, but is unavoidable under the circum- 
stances. Existing Board of Trade Committees on 
bulkheads and kindred subjects ought to, and no 
doubt will, take the matter up, and may arrive 
at some useful suggestion ; but the difficulty may 
present itself that such Committees have no locus 
standi, since the owning company is not a British, 
but a Canadian concern, and that the Board of 
Trade have no right to call for evidence or reports. 
Their action in seosating Nam Mersey follows 
only upon a request by the Government of the 





Dominion, a request dictated in part, no doubt, by 
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the fact that many of the victims of the disaster 
were British-born, and that it would be a source of 
satisfaction to their relatives to feel that there 
was upon the commission of investigation one 
whom they knew by reputation far better than 
either of his Canadian colleagues. 





IDENTITY OF CHEMICAL AND BIO- 
CHEMICAL LAWS. 
THR average educated man of the present age 
robably believes that, whilst it has long since 
Caeete impossible to draw a demarcation line 
between organic and inorganic compounds, the 
general laws of chemistry cannot be applied to the 
hysiological problems affecting living organisms. 
he argument that vital force is not mechanical or 
chemical force, is considered sufficient to termi- 
nate any discussion of attempts to solve the 
roblem as to the origin of life on general scientific 
heen. Hundreds of organic compounds have been 
prepared synthetically from substances which can 
themselves be built up in the laboratory from the 
chemical elements. But it is rightly objected that 
the methods applied differ ically from those 
with which Nature works. If a particular organic 
substance can be produced in the laboratory by 
submitting other compounds to the action of 
strong acids and to high temperatures and pres- 
sures, that form of synthesis certainly does not tell 
us anything as to the way in which the plant 
assimilated its food and prepared that particular 
substance. It would be wrong to claim any analogy 
in such instance. But we know now, for instance, 
that the abstraction of the carbon dioxide from the 
air, and the restoration of oxygen to the air, can 
be effected by ultra-violet light, without the inter- 
vention of plant chlorophyl, hitherto deemed indis- 
pensable, and experimental science seems to have 
sufficiently advanced to assert that the general laws 
of chemistry and biochemistry are identical, instead 
of being opposed to one another. ; 

To prove this was the aim which Professor Svante 
Arrhenius, Director of the Nobel Institute of 
Phyical Chemistry at Stockholm, had set himself in 
delivering three Tyndall lectures on ‘‘ Identity of 
Laws in General and Biological Chemistry,” at the 
Royal Institution, on the three Thursdays before 
Whitsuntide. Professor Arrhenius has himself 
chiefly investigated this field of late. We cannot 
follow him into the details of those researches ; but 
we will refer to the chief results, He showed in 
the first lecture that certain chemical reactions had 
been observed which seemed to be incompatible 
with the laws of general chemistry, but which had 
their analogies in biochemistry. The difficulties 
in the latter cases were therefore not character- 
istic of vital processes, as had been assumed, 
and the chemical study threw light on the bio- 
chemical processes, and vice versd. In the coagu- 
lation of proteins and in the decay of organic sub- 
stances, for instance, the catalytic effects mainly 
depended upon the presence of hydrogen or of 
hydroxyl ions, and this again depended upon the 
presence of small traces of acids or bases. The 
acidity changed during the progress of the decay, 
the character of the digestion (by means of pepsin) 
changed with it, so that the digestion did not pro- 
ceed proportionally to the time, but proportionally 
to the square root of the time, just as in the 
analogous chemical case of the action of ammonia 
on ethylacetate ; the products of this reaction were 
ammonium acetate and alcohol. The peculiar 
deviation from the general laws in the inversion of 
cane-sugar by the aid of invertase (the yeast 
enzyme) was a similar case. 

These digestion experiments, &c., had been 
made in vitro, in glass vessels. In the living body 
the reactions were more complicated, but they 
followed the same laws. That had been proved 
from the inversion of cane-sugar by living yeast- 
cells and by digestion experiments with dogs, 
studied especially in St. Petersburg by Pawlow and 
his pupils. We confess that we were much more 
struck by the general regularity and similarity of 
the digestion curves than by certain i ities 
to which Professor Arrhenius directed attention ; 
considering that as many as forty fistule were 
placed in the alimentary ducts of the same dog, one 
could only wonder that normal results were ob- 
tained at all. But the fermentation of milk by 
rennet, the destruction of bacteria—studied eepe- 
cially here in London by Martin and Miss Chick— 
followed again the same laws, and the influence of 
® temperature rise of a few degrees was as remaik- 





able = in se gam ex building | the 
possibility of the syntheti uilding up of or- 

ic substances by the aid of enzymes had finally 
Coa demonstrated, Professor Arrhenius explained 
in the third lecture. Enzymes as a rule broke up 
complex compounds into — of simpler 
constitution. In 1898 Van’t Hoff had predicted 
that it should be ible to build the original 
substance up again by the action on the decom- 
position products of the same enzymes which had 
effected the decomposition ; the confirmation of 
this prediction had long been delayed, but had 
been realised. quite recently. When casein was 
decomposed by pepsin, ¢.g., and the pepsin after- 


wards allowed to act on the resulting albumoses, a | ga 


protein substance had indeed been obtained, but 
it was not the original casein; the success 
therefore only been partial so far. 

Again, the lecturer continued, the equilibrium 
laws concerning the partition of a substance 
between the different solvents or substances with 
which it could react were not different for general 
chemistry and for biochemistry. It had, for 
instance, long been known that blood corpuscles 
took up a very much larger proportion of certain 
salts or poisons than the blood serum; but 
similar enormous differences were observed when 
different salts were brought intou mixtures of ace- 
tone and alcohol, for instance. Thus the blood 
corpuscles took up 450 times as much silver 
nitrate, 590 times as much acetic acid, 750 times as 
much caustic soda, and more than 2000 times 
as much mercuric chloride (one of the most deadly 

isons) as the so-called physivlogical salt solution 
0.9 per cent. solution of sodium chloride in 
water) did. These researches had a very important 
bearing on the action cf poisons, on the ope hand, 
and on the immunisation against bacterial or other 
poisons, on the other. The diphtheria poison, or 
toxin, was neutralised in the system by the anti- 
toxin injected, just as a base was neutralised by 
an acid. The peculiar phenomena of hemolysis 
and precipitations (injecting the bluod of one 
animal into another), even the peculiar immunity 
phenomena connected with the names of Ehrlich 
and of Danysz, had their parallels in ordinary 
chemistry ; the growth and decline of a fever gave 
the same curve as the growth and decline of the 
respective bacteria ; and both the active immunity 
(secured by the injection of an anti-toxin) and the 
passive immunity (by injection of a weak culture 
of the same bacterium, as in vaccination against 
small-pox and against rabies) could be accounted 
for on general lines. Though, therefore, science 
remains far removed from the possibility of ex- 
plaining vital phenomena, Professor A1rhenius 
was able to make out a good case for his claims as 
to the identity of the laws of general chemistry 
and of biochemistry. 





AUSTRALIAN RAILWAY AFFAIRS. 
WRITING some years ago on the above-named 
subject, we might aptly have entitled an article 
‘** Railway Inactivity in Australia;” now-a-days 
matters are different. Although changes in the 
interval have not all been for the good, they have 
meant material progress in the development of the 
great continent. Tracts of country which, by 
Government apologists, were once pronounced to 
be not worth penetrating are now in communi- 
cation with the seaboard, while the programme of 
construction in hand, or in prospect, is on a com- 
paratively ambitious scale. The greater, therefore, 
is the regret which must be felt by all really inte- 
rested in the future development of Australia, that 
so little is being done to improve the general 
situation from the continental point of view. 
Nearly four years ago we pointed out that 
development was following lines quite unworthy 
of a continent to which so great a future is pro- 
mised. Happily the provincial spirit then much in 
evidence has given way toa more far-sighted policy. 
A lack of unity, however, still exists, the effect of 
which will be cumulative, since yearly the difficulties 
to be faced are increased by the very tp of 
extension, otherwise so commendable. e refer, 
of course, to the perennial gauge question, which 
is little nearer settlement than in the past. On the 
adoption of the 4-ft. 84-in. gauge for the Kalgoorlie- 
Port Au trans-continental line, the vial 
il, 1912, stated :—‘* This now 
ard of the continent, and the 
States, other than New South Wales, will have to 
undertake eonversiun te it.” How ridieulously 





erroneous a view of the situation this was is well 
exemplified by recent events. The Commonwealth, 
in addition to the east-and-west trans-continental 
line, has, since it took over the Northern Territory, 
been pledged to the completion of the north-south 
trans-continental railway. The two existing ends 
of this line—from Terowie to Oodnadatta in the 
south, and from Palmerston to Pine Creek in the 
north—are of 3-ft. 6-in. gauge, so the Common- 
wealth first decided to continue the line on this 
gauge, introducing a Bill in the Federal Parliament 
to that effect. ad any finality been reached, as 
has so often been suggested, there could have been 
no suggestion of adding new mileage on this small 


uge. 
It was certainly decided that this northern line 


had | should be so constructed that it might later be con- 


verted, at minimum expense, to some gauge of not 
less than 4 ft. 84 in., but this does not affect the 

int that for the moment the Commonwealth 
itself contributed to the general embarrassment. 
When the Federal Government's Bill was ing 
through Parliament the Commonwealth strenuously 
opposed the introduction of reference to any specific 
gauge to which the 3-ft. 6-in. line might subse- 
quently be enlarged. The reason for this was not 
clear at the time, but it has since appeared that the 
Commonwealth desired freedom to convert the 
narrow-gauge line to the 4-ft. 84-in. gauge at its own 
discretion, unhampered by Parliamentary fetters. 
Subsequent events have proved somewhat astonish- 
ing. Having obtained its Bill to construct this 
3-ft. 6-in. line, with permanent works suitable for a 
subsequent change over to something not less than 
4 ft. 84 in., and having argued, moreover, that it 
was impossible at the moment to do otherwise than 
build to this small gauge, the Government, in 
recess, has announced its determination to construct 
the line straight away to the 4-ft. 84-in. gauge, thus 
ensuring by backstairs methods what it ap tly 
felt itself unable to-do in a stenightforwaid way. A 
4-ft. 84-in. line will prove most serviceable if linked 
up with New South Wales and Sydney, and it 
seems that the bias so often evident in Australian 

litics has determined the Federal Government, 
if possible, to force the conclusion of this matter in 
favour of the gauge of that State. 

The Commonwealth had thus to resort to what 
amounts to a subterfuge, largely as a result, we 
believe, of the reluctance of the various parties 
involved to appoint an independent commission of 
the first rank to decide the gauge question on the 
broadest possible lines suggested by railway 
economic laws, rather than by matters of present 
expediency. The real efficiency of railway engi- 
neering is, as a matter of fact, based on economic 
laws more than on construction costs. A costly 
railway conforming to proper principles as regards 
selection of route and methods of operation 
may be much more remunerative than one in 
which low capital expenditure has been the main 
consideration, to the exclusion of efficiency in 
operation. It is, therefore, futile to decide such a 
large question on one point, when several—some 
of them of greater importance—are ignored. Any 
discussion of the case which fails to take this fully 
into account will ultimately prove unsatisfactory 
from a railway — of view. Hitherto Australia 
has treated its land communications as pure civil 
engineering problems, if we ignore the slight influ- 
ence allowed to the defence question. Systems of 
communication really constitute economic problems 
in which civil engineering only forms part of a 


— whole. 

ow small a part this is may be judged by refer- 
ence to some of the yearly reports of the Australian 
railways. Particularly apposite are certain para- 
gtaphs in the reports from Western Australia. It 
is the custom in Australia for much of the new 
railway work decided upon by the Governments 
to be constructed by Public Works Departments. 
This means that they are treated as civil engineering 
problems divorced, often far too completely, from 
operating uirements. The effect in Western 
Australia has been that several lines have been con- 
structed with insufficient regard to climatic condi- 
tions and the class of traffic to be handled. They 
have been built cheaply enough, and ibly 
expeditiously, but, when handed over to the rail- 
~ department, they have had to be reballasted 
and relaid at that department’s expense, in order 
that the traffic might be carried over them. This 
is merely one example of the false policy of dis- 
regarding the fact that railways are not simply 
civil engineering structures which, at the dictation 
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of a government, can be built at so much per 
mile. 

In view of facts like these it is not surprising 
there should be a demand for the railways to be 
made more self-contained, so that the whole railway 
view may be considered instead of one branch of 
it. It is this broader aspect which is required for 
the satisfactory settlement of the gauge question in 
Australia. So far, inquiries have been restricted to 
matters of construction, and even so, have not been 
too logically handled in some quarters. It has, for 
instance, been contended that since the United 
States employs the 4-ft. 8}-in. gauge, that should 
suffice for Australia. One might as well argue that 
because England and the United States have the 
same gauge, we here must be able to handle trains 
such as are employed in North America. Until the 
discussion is of a more competent character we shall 
not be surprised at the continued reluctance to put 
into practice such recommendations as may appear. 

At the present moment the direction taken can 
certainly not be regarded as satisfactory. The gauge 
question came up recently before the Premiers’ Con- 
ference, and, after a good deal of discussion, it was 
decided, in preference to asking for a Royal Com- 
mission, to refer the whole matter to the recently- 
instituted Interstate Commission, a body which 
promises to do much excellent work, but which in 
this particular instance does not seem to be in any- 
thing like a position to secure that widespread infor- 
mation which is so essential to a correct decision by 
non-experts in railway matters. The debate from 
which this move emanated brought out some 
interesting points. The Federal Prime Minister 
assumed a previous decision in favour of the New 
South Wales gauge, and considered that all that 
remained to be settled was the matter of how 
unification should be brought about. Mr. Cook 
based his argument for a uniform gauge on the 
defence question. We have before pointed out 
what a perversion of fact it is to suppose the 
4-ft. 84-in. gauge is favourable to defence. One 
has only to look round at the possible invaders of 
Australia to see that the adoption of that gauge 
would be favourable to hostile operations by the 
nations she most fears, whereas a wider gauge 
would be favourable to the home force, and would 
impede the enemy. The Premier of New South 
Wales adopted the attitude that that State already 
had a uniform gauge, and that they wanted no 
change. If change had to be made, it was a 
Commonwealth matter, and the Federal Govern- 
ment should pay for it. New South Wales ‘did 
not want to touch its gauge,” but apparently would 
like others to be brought to its standard if the 
Federal Government would pay the bill ! 

What may be the outcome of the Commission’s 
investigation we do not yet know. We must say 
that the conclusion of the matter in this way strikes 
us as altogether inadequate treatment for so vital a 
subject. If, however, anything more suitable is 
unattainable, we trust that every effort will be 
made to secure as complete information as possible 
being brought to the notice of the Commission, with 
regard to the gauges and loading gauges in other 
countries. We cannot conceive of any individual 
of a judicial turn of mind, providing the facts are 
fairly placed before him, deciding in favour of the 
existing 4-ft. 8}-in. gauge and loading gauge in 
Australia. The obliquity of many of the arguments 
in favour of the gauge adopted in New South 
Wales must be apparent to anyone able to procure 
proper information on railway practice, and we 
hope this will be made plain to the Commission. 

In particular, we trust that it will be borne in 
mind that the carrying efficiency of a railway is 
not to be measured by the gauge of the rails alone. 
A matter of almost equal importance is the loading 
gauge. We, in this country, are feeling severely 
the inadequacy of our standard loading-gauge, as 
compared with that, for instance, of the United 
States. In Australia the 4-ft. yy gauge is simi- 
larly crippled, and any scheme for the unification 
of the various State lines should give full weight to 
the fact that, even if the 4-ft. 84-in. ga were 
adopted throughout, extensive works would have 
to be carried out to render the existing lines of 
that gauge fit to fulfil continental reavirements. 

In the meantime, as we have shown above, the en- 
tanglement increases. New mil to the amount 
of 868 miles was added in the year 1912-13, while 
the prospective work then amounted to something 
oe — All these — are to be con- 
stru , according to present plans, to the 
already adopted, so that the claim that che guage 





question has been settled for some time seems foolish 
enough. But there are some bright spots in the 
scene. There has been a rapprochement in the south- 
western corner of the continent, and some progress 
is being made there along economic lines, with less 
regard than formerly for political frontiers. For 
instance, steps are being taken to link up the South 
Australian and Victorian systems by two new lines, 
the main system from Adelaide to Melbourne 
having been the only connection hitherto. Near 
the coast there is to be a connection from Heywood 
to Mount Gambier, while about 220 miles inland 
another is to be made across the border from 
Pinaroo, in South Australia, to Murrayville, in 
Victoria. This, we believe, is to be constructed by 
South Australia, though 17} miles of it will be 
actually in Victoria. In the former case the terri- 
torial frontier coincides approximately with the 
economic division separating the Adelaide from the 
Melbourne port area. In the latter case a good 
portion of Victorian territory will be brought 
economically nearer Adelaide than it has been 
hitherto to Melbourne. This, it is pleasing to 
note, conforms with editorial views set out at 
length in EncringErine in 1910.* 

In another direction also a breach is to be made 
in the political division wall, though in this instance 
not by the State to which this action should rightly 
belong. The move is, however, to be welcomed, 
since each such action will make easier the next, 
and so in time, perhaps, there may come about con- 
ditions approaching those necessary for the best 
development of the country asa whole. We refer 
now to lines to be built in New South Wales. The 
area into which they will extend should properly be 
developed from Adelaide, but South Australia’s rail- 
ways do not yet reach out far enough in that direc- 
tion. The new lines will form continuations of 
the Victoria system. Though the negotiations are 
temporarily suspended, we believe it is almost 
certain that plans will be adopted whereby the 
Victorian 5-ft. 3-in. gauge railways will have 
access to the Riverina across the Murray at Went- 
worth, at Euston, and a third at Echuca. A large 
tract of country, which up till now has been left 
to its own resources owing to its distance from 
Sydney—the only port within the purview of the 
provincial policy which till recently dominated 
railway development in New South Wales—will 
thus be put into rail communication with a sea- 
port. This question of the Victorian railways 
crossing the Murray was dealt with very fully in 
our columns in the articles above referred to. We 
showed that even where facilities were few, a large 

rt of the Riverina trade flowed towards Mel- 

urne, and the proposal to build these new lines, 
together with the decision to complete the railway 
link between Finlay and Tocumwal, form the most 
complete vindication of the correctness of the atti- 
tude which we then adopted, though it may be 
remembered we were at the time taxed with little 
knowledge of the subject. 

Of the proposed lines, that crossing the Murray 
at Wentworth will run into the neighbouring 
State a distance of about 40 miles in a north- 
easterly direction. The line crossing at Euston, 
will trend eastward towards Balranald, while the 
third will follow for a little way the Moama- 
Deniliquin railway (built years ago, in New South 
Wales, largely by Victorian capitalists), and then 
will strike north-west: for a distance of about 
90 miles. These lines show what difficulties State 
ownership has to encounter. Victoria is not to 
build them ; they will be constructed and owned 
by New South Wales itself, although not to her 
standard gauge, for they will be built to the 
Victorian gauge, and will be operated by Victoria, 
which will guarantee the interest on cost of 
construction. It cannot be doubted that private 
enterprise in any other part of the world would 
have met fewer difficulties, while it again points 
to the immense advantage which a broad-minded 
working of federal ownership would bring with it, 
when the lesser differences would be sunk for 
the greater good. At the same time, it must be 
admitted that federal ownership, as it exists to-day 
in Australia, has not risen to the occasion. Unless 
it is possible to raise it to a higher level, it would 
be fatal to entrust it with so great a responsibility 
as the railways of the continent would entail. 

We have before referred to the decision, after 
about thirty years’ waiting. to connect Finlay and 
Tocumwal, in New South Wales, and also to the 





* See ENGINEERING, vol, xc., pages 741, 833, &c. 





determination to push through the back blocks to 
—— Hill wry, Be eee There are other 
ines in prospect ; but the greatest ese 
(excepting the Commonwealth work) is that under- 
taken by Queensland. In this State, after several 
trunk lines have been pushed a little further into 
the interior, it is the intention to join up the inland 
termini by a north west-south east trunk line. It 
has been contended that the north-south trans- 
continental route should link up with this line, but 
it cannot, we think, be contended that it would 
alone serve the purpose intended. The minute 
extension of the Pine Creek Railway decided upon 
—no more than 54 miles, though another 70 are 
said to be contemplated—leaves the way open to 
alterations in plans, should it be ultimately decided 
to deviate after crossing the Katharine River. But 
now that it has been decided to construct this line 
on the 4-ft. 8}-in. gauge there will be less thought 
probably of linking up with Queensland than with 
New South Wales. 

We might dwell on many other interesting points, 
but at the moment will only refer to one other 
Australian railway matter. Some time ago the 
Commonwealth required a permanent engineer-in- 
chief. The position was advertised in Australia, no 
qualifications, we understand, being specified, or 
conditions named. The salary was placed at 18001. 
perannum. Subsequently it was decided to limit the 
appointment to men holding a similar State i- 
tion in Australia. Mr. N. 6. Bell, of Queensland, 
appears to have been the only applicant satis- 
fying this condition, and he received the appoint- 
ment. The Government then decided to add 
to the position the privileges, pension, Xc. 
which had accrued to Mr. Bell in his former 
position as a State employee, and to improve 
the status of the position in the future. Such an 
action is extraordinary. The final conditions of the 
appointment were very different from those adver- 
tised ; and, without wishing to suggest that Mr. 
Bell might not have been equally successful in any 
event, it would have been only fair to others to 
have made the final arrangements before advertising, 
so that all might have had the choice of applying with 
a correct knowledge of what their status would be if 
successful. Again, why limit the applications to 
those already in such service in Australia? The 
number of such positions in the country is small, 
while it is surely desirable in making an appoint- 
ment of this kind to have as large a choice of 
experience as possible. 





THE SCIENCE OF AERONAUTICS. 

Tue report which has just been issued by the 
Advisory Committee for Aeronautics, dealing with 
the researches carried out by them during the year 
1912-13, is a volume of the greatest interest and 
importance.* It covers the work done by the Royal 
Aircraft Factory in conjunction with the National 
Physical Laboratory in the investigation of the 

roblem of both the aeroplane and the dirigible 

lioon, not only by experiments on models, but 
also on full-sized machines. Naturally the aero- 

lane, like most other machines, develo at first 

y means of trial and error on actual full-sized 
machines, and there can be no doubt that the final 
word must always be with this method, for no 
model or other experiments can exactly reproduce 
the conditions of actual daily work. The time has 
now come, however, when abe can obviously be 
obtained from models an immense amount of infor- 
mation which will very much simplify the work of 
full-sized trial and error, and also minimise the 
risks of carrying out such trials. 

The question of the relation of the model experi- 
ments to the full-sized machine has quite recently 
been dealt with in a ag = by Dr. Glazebrook, 
which formed the Wilbur Wright memorial lecture. 
We commenced to publish this valuable lecture in 
our issue of May 29, and we complete it this week ; 
me therefore need not deal further with this matter 

ere. 

In the volume before us details are given of a very 
large number of such experiments on various sub- 
jects. Thus there are details of a great many 
experiments on various wing curves. The requiie- 
ments of an aeroplane wing are very complex. 
The first requirement is obviously that it should 
lifc as much weight as possible for the driving 
power, but it is also necessary that it should be of 





* The Fechnion Report of the Advisory Commits for 
Arronautics, 1912-1 London: Wyman and Sons, 
Limited, [Price 10s.) 
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such a form that the centre of pressure does not 
shift more than- is unavoidable, and also that 
it should be of such a section that there is depth 
for spars of the necessary strength. These require- 
ments are in many cases somewhat antagonistic, 
and there is much information in the report as 
to the results obtained with different sections. 
Numerous other experiments on warped wings, on 
the distribution of pressure on the wings, &c., are 
uoted. 

b A great deal of interesting experimental matter 
is also recorded in connection with the resistance of 
aeroplane bodies, struts, &c. Experiments have 
likewise been made on the forces acting on various 
parts of aeroplanes when the wind meets them at 
an angle instead of directly head on, and the results 
of these experiments should considerably help in 
solving the question of stability. 

Experiments with dirigible models and other 
experiments of various kinds have also been made 
in the wind channel at the National Physical 
Laboratory, and details are given of the construc- 
tion of the wind channel. These are of considerable 
interest, as the problem of obtaining a uniform 
current over the section of the channel with the 
least possible effort and complication is not an easy 
one to deal with. 

In addition to the accounts of model experiments 
the report gives particulars of the work done on 
full-sized machines. This includes the experiments 
on propellers, and it is interesting to note here that 
it is found in practice that the surface curve of the 
propeller-blade should follow the same lines as that 
of the wings ; that is to say, that itis the curve of the 
back of the propeller-blade which most influences its 
performance, and that this curve should be generally 
similar to that of the top of a wing. It is shown 
also that the curve of the driving face is not of very 
great importance, and that the efliciency of a 
propeller with a flat face is practically the same as 
that of one with the best curve, 

The account of the full-sized experimental work 
on aeroplanes deals also with the construction of 
four types of machines—namely, high-speed scouts, 
reconnaissance machines, large and small gun-carry- 
ing machines, and seaplanes. Much of this work 
is still uncompleted, and perhaps the most interest- 
ing part of the record is the account of the various 
alterations and improvements in the ‘‘ BE” ty 
of aeroplane. In this connection, various grap 
showing curves of the resistance and available 
power at different speeds, as calculated from model 
experiments, are published, and figures are given 
showing that these correspond very nearly to the 
results obtained in the full-sized machines. 

One interesting experiment was the testing of a 
wing to see to what extent it was damaged by 
warping. It has been considered by some con- 
structors that the warping of the wing was an 
inferior means of balancing to the hinged aileron, as 
the wing must necessarily be distorted, and that 
its strength would deteriorate in use. A wing, 
therefore, was loaded to double its flying load, and 
continuously warped by machinery to its full 
extent in opposite directions. After 350,000 warp 
movements, it was found to be quite unharmed, and 
as this is estimated to represent ten to fifteen years’ 
flying, it is clear that the warping is satisfactory 
within the limit of the wing tried, at all events. 

It is mentioned that the fin area of the aero- 
plane and its distribution have great effects on the 
inherent stability of the machine, and ope oy 
are given of one of the ‘‘ B E” type, fitted with fins 
on the vertical struts for experiment. These experi- 
ments appear to have resulted in the stable aero- 
plane which we referred to in our issue of May 22, 
page 714. No details of the stability of this type 
are given in the report, as it appears to have been 
perfected since the report was issued. Its dimen- 
sions are, however, given, and are as follow :— 


Span... 34 ft, 
Chord 48 ,, 
Gap ... 55,, 
Stagger 134 deg. 
ying, eves a — a 
eight, empty 

» loaded 1580 ., 

Engine 70-h.-p. Renault 


The expected performances from calculation 
were :-—— 


Maximum speed ... ... 78 miles per hour 
Landing speed... ... 43 miles per hour 
Climbing speed ... . 600 ft. per minute 


No details of the performance are given except 
that the speed is actually 82.8 miles per hour. This 





machine is known as the ‘‘ R.E. 1,” and is a distinct 
improvement on the ‘‘B.E.” type, from which it 
has developed, as the speed of the latter varied from 
69 miles per hour, as originally made, to 73, as 
improved. 

A very striking instance of the importance of 
inky & surfaces is; given in the trials of the 
new scouting machine. This, as originally made, 
was fitted with a nominal 100 - horse - power 
**Gnome” engine, giving about 82 actual brake 
horse-power, and with “this attained a speed of 
91.7 miles per hour, and a climbing s of 
900 ft. per minute, carrying a 12-stone pilot, and 
fuel nd oil for 3 hours. It was found that the 
rudder was somewhat small, and a larger one was 
put in hand. Meanwhile a puncture in one of the 
wheels led to a workman replacing the wheels with 
larger ones. As these wheels were filled in at the 
sides this increased the fin area forward, and made 
the combined effect of the fin area forward too 
much for the rudder area aft. The result a 
to have been that the machine behaved Tike a 
boat does when much by the head, and yawed 
round, side-slipping outwards, with the result that 
it fell and was wrecked. It was rebuilt ard fitted 
with, a. nominal 80-horse-power ‘‘ Gnome,” with 
which it is anticipated that 85 miles per hour will 
be obtained, and the landing speed reduced from 
51 to 47 miles per hour. No dimensions of this 
machine are given. Some details are given of the 
gun-carrying aeroplanes, but these will be of greater 
interest when proper trials have been completed. 

We have in the present notice indicated briefly 
some of the leading features in this report, but 
want of. space prevents our referring to other 
matters contained in it, such as a large amount of 
meteorological work and investigations into the 
direction and speed of gusts, &c. The testing of 
materials, including the fabrics used for covering 
planes, and many other matters of practical import- 
ance, are also dealt with at considerable length, 
while abstracts of yarious papers, both English and 
foreign, relating to aeronautics are also given. 
The volume is, in fact, full of detailed information 
of a most valuable kind, and we hope in future 
issues to be able to deal at greater length with 
several sections of the report which are of special 
interest to engineers. 





NOTES. 
State Rartway Rt.venves. 

THE vicissitudes to which Government railways 
are subject are well illustrated by the reports of 
the Australian States for 1913. Asa rule, when- 
ever a system does fairly well the Government 
immediately upsets the financial situation by grant- 
ing numerous concessions to the public, so that the 
railway has to fight against a decrease of revenue, 
or to the staff, so t ever-increasing working 
expenses have to be met. In three out of the five 
States the net revenue from the railways was, in 
1912-13, far below what it had been in the previous 


year. In New South Wales a surplus, after paying 
worki ex and interest, of 415,513]. in 
1912, dropped to 186,9041. in 1913. This fall was 


attributable to increased working expenses. Higher 
wages accounted for 222,8751., while a further 
increase of 111,008. on this account is in sight. 
In Victoria the railway surplus fell from 265,7911. 
in 1912 to 22,2501. in 1913. The State of Victoria 
runs a publicity department over here. The surplus 
of 268,000/. in 1912, and of 282,9751. in 1911, figure 
to-day, with other statistics, in official advertise- 
ments published in this country, as affording 
evidence of the State’s prosperity. This, occurring 
many months after the less favourable figures of 
1913 have appeared, does not seem — a straight- 
forward use to make of statistics. Victoria’s falling 
off is due ly to increased working expenses, 
caused by additional train-mileage required b 

Government, to higher wages and price of fuel, 
&c. While the working expenses in in 
1912-13, the gross revenue fell off slightly. Had 
the rates of pay, obtaining in 1908-9, still held in 
1912-13, the working expenses would have been 
less by 208,900. than they 5 scan | were. Although 
in former years much has been done in this direc- 
tion, we do not find that any of the shrinkage last 
year in Victoria was due to a lowering of rates or 
concessions of this kind to the public. Again, in 
Western Australia, a net credit balance of 224,4411. 
in 1911, which fell to 101,4741. in 1912, dropped 
further in 1913 to 25,3281. In this case the ratio 
of working expenses to revenue, maintained at 








about 66 cent. for a time, has lately risen 
to 74 per cent., largely due to wages conces- 
sions, and non-paying services conducted at the 
instance of the Government. Queensland and South 
Australia alone maintain their ition. Queens- 
land almost doubled its net nce, while South 
Australia had the commendable surplus of 335,7541., 
which, for the first time since its inception, leaves 
the system with a credit balance. 


Mettinc-Ports or Some Rerractory OxipEs. 


Having determined the melting-points of fire- 
bricks in an Arsem vacuum furnace, C. W. Kanolt, 
of the Bureau of Standards, Washington, has care- 
fully redetermined the melting-points of magnesia, 
lime, alumina, and chromium oxide, oxides which 
are ee used as refractory insulating mate- 
rials. ost of his values lie higher than those 
previously found, and he ascribes this fact chiefly 
to the care he has taken to remove all vapours from 
the furnace which would be likely to interfere with 
the temperature estimates by means of the optical 
pyrometer of the Holborn-Kurlbaum type which he 
employs, as in the previous research. e noticed 
that research on page 677 of our issue of May 16, 
1913. The new experimental arrangements, as 
described in Reprint No. 212 from the Bulletin of 
the Bureau of Standards, vol. x., have not been 
much modified. The furnace is tubular, the sub- 
stance being placed vertically inside the heater ; the 
so cover of the furnace is surmounted by a fairly 
high conical part, which forms a water-jacket, so 
that the glass window on the top of the cone, 
through which the pyrometer sissnvalenn are 
made, remains cold. The material is generally a 
cylindrical tube ; the pyrometer is sighted down 
the cone mentioned and down the tube, and the 
vapours and smoke forming in the hot furnace are 
withdrawn downward. Some inert gas, hydrogen, 
nitrogen, or carbon monoxide, had to be introduced 
to sweep out the vapours. The crucibles were 
made of graphite or tungsten. Graphite, it was 
found, did not form a carbide with magnesia, nor 
did it attack alumina or chromium oxide until they 
began to melt. The tungsten crucibles were made 
from fine tungsten powder. Moistened with water, 
the powder was pressed into rods or moulds 
and heated in graphite crucibles ; but the thin- 
walled tungsten could not be separated from the 
graphite mould; the inner parts of the mould 
were hence made of metal. Before the actual 
determinations began the furnace was calibrated 
with the aid of the melting-points of antimony, 
600 deg. Cent. ; copper-silver eutectic, 779 deg. ; 
silver, 960.5 deg. ; copper, 1033 deg. ; and the 
mineral diopside, 1391 deg. Cent. ; these results 
were checked by a determination of the melting- 
point of platinum (1755 deg. Cent. found), which was 
melted in tubes | ange by the Royal Porzellan 
Manufaktur, of Berlin), inserted in a vertical elec- 
tric iridium furnace. The observed melting-points 
were :—Magnesia, 2800 deg. Cent. ; lime, 2572 deg. ; 
alumina, 2050 deg. ; and chromium oxide, Cr,O,, 
1990 deg. Cent. The magnesia evaporated before 
melting when heated in a vacuum; but the 
observed melting-point is much higher than those 
of Hempel, 2250 deg. Cent., Goodwin and 
others, whilst Ruff, to whose researches we referred 
some time ago, found that alumina melted above 
2500 deg. Cent. Lime had to be fused in tungsten 
crucibles, which fused at the same time as the 
lime ; but observations made with a long lime tube, 
held by a graphite collar round its upper portion, 
gave the same melting-point ; again, Kanolt sup- 
ports Ruff rather than Hempel. As regards 
alumina, Saunders, Ruff, and Kanolt are in fair 
agreement. In the case of chromium oxide, Ruff 
had found a higher value, 2C60 deg. to 2080 deg. 
Cent., than Kanolt; the oxide soaked into the 
tungsten crucible and attacked graphite when fused 
under reduction ; there is thus some uncertainty. 


SranpaRp Orn anp CHINA. 


The development of the Standard Oil Company, 
not only in the United States of America but in 
er countries, is one of the wonders of modern 
commerce and ind , and the influence which 
it is able to exercise raises many difficult economic 
problems. Its most ambitious effort is the recent 
arrangement which it has made with the Chinese 
Government for the development of the oil ind 
in China, and it is being watched with interest by « 
engaged in the oil trade, as it may have a most im- 
portant effect om that trade, and very varied opinions 
are being expressed regarding it. The New York 
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Times observes that the Chinese are now awake 
to the possibilities of wealth in their. natural 
resources. They have sought aid ‘* where it could 
be most efficiently given,” and it adds: “* By the 
grant of liberal or css in protits they secure 
the co-operation of what is commonly considered 
the most efficient industrial o isation in the 
world. They buy experience y-made, and with 
it unequalled capacity for solving the problems of 
production and manufacture and distribution, and 
that ingenuity in making every edge cut which the 
Standard Oil Company has shown in the profit- 
able use of its products.” Directly or indirectly, 
the Standard Oil bargain will, in the opinion of 
the New York Journal of Commerce, ‘‘tend- to 
the manifest increase of national wealth, to the 
quickening of national energy, and the promotion 
of national industry.” The Hartford Courant calls 
it the best stroke of business done by the Chinese 
Government for the good of China since the 
Manchu rule was overthrown. The arrangement, 
however, is causing protests, not only from the 
Japanese, who are apparently outmanceuvred, but 
from influential Chinese, who demand the cancella- 
tion of the contract, and declare that it is daily, 
almost hourly, growing more patent that China is 
being sold up, and that a general scramble is 
beginning. Our present object, however, is not 
to discuss all the aspects of the arrangement with 
the Standard Oil Company, but to give some idea 
of its nature and extent. It is stated that the 
work of development is to proceed under a Chinese- 
American Company, in which the Standard Oil 
Company holds a majority control, with the Chinese 
Government sharing the profits of development as 
its partner. The Standard Oil Company gets the 
right of exploration and development in the two 
great northern provinces of Chihli and Shensi 
to begin with, besides other provinces. It has 
the vitally-essential privilege of building railways 
and pipe-lines, in addition to the sinking of 
oil-wells, establishment of warehouses, storage- 
tanks, and all that accompanies oil -develop- 
ment. One of the most far-reaching grants 
is the guaranty of the Government that it will 
assume control of all lands needed for the develop- 
ment, and, in turn, will give these to the partner- 
shipcompany. The Standard Oil officials expect to 
spend from 6,000,000 dols. to 10,000,000 dols. in this 
partnership in the near future, and to reap large 
profits. They believe that the Chinese Government 
also will find itself well repaid, that the United States 
will gain commercial prestige in China, and that 
trade between the two countries will be reawakened. 
The officials of the Standard Oil Company express 
absolute confidence in China and the Chinese. 
During’many years it has been doing business in 
China with the consumer, and during that time, in 
over 100,000,000 dols. of business, with the yearly 
business now reaching nearly 20,000,000 dols., 
and with over 20,000,000 dols. permanent invest- 
ment in the country, they have only lost in bad 
accounts about 450 dols. The use of oil is of 
wing importance, and the arrangement made by 
the Standard Oil Company may greatly influence its 
future development, and British manufacturers and 
merchants should note what is going on in China. 





Tue Unrrep States RecLaMATION Sekvice.—A report 
published in the Morning Post of Wednesday last states 
that Sir William Willcocks has been retained by the 
United States Government as consulting engineer for 
the reclamation service. 





British Locomotive Exports. — The foreign and 
colonial demand a British = still —— 
good, the value of the engines parts of engines shi 
in April having been 221,154/., as compared with 184 Bi. 
in April, 1913, and 170,321/. in April, 1912, A tina 

red in these totals for 79,520/., as com with 

684. and 75,371/. respectively. British South Africa, 
for 3961/., 1008/., and 10,220/. respectively ; British India 
for 63,755/., as compared with 57,651. and 36,867/. respec- 
tively; and Australia, for 10,107/., as com with 
48,537/. and- 94861. nye so The ral result for 
the four months ended April 30 this year is remarkably 
good, the value of the shipments having been 1,445,826/., 
as compared with 751,913/. and 713,156/. in the corre- 
ow four months of 1913 and 1912. Our deliveries 
of locomotives and parts of locomotives to Argentina in 
the first four months of this year were valued at 408,2161., 

with 172,587/. and 143,860/. 


as com respectively. 
The ial demand was as follows in the first four 
months of the last three years :— 
Colonial Group. 1914. 1913. 1912. 
& £ £ 
British South Africa .. 36,542 47,336 124,196 
British India .. -«. 695,325 218,084 137,045 
-» 190,924 108,135 140,121 


A NEW REAGENT FOR ETCHING MILD 
STEEL.* 


By Watrer Rosenuaty, B.A., D.Sc., F.R.S., and J. L. 
Haveurton, M.Sc., from the National Physical Labora- 
tory. 


In attempting to etch a copper alloy which was attached 
to a plate of mild steel, the authors employed the ferric 
chloride reagent ordinarily used for etching brass and 
bronze, and they noticed that while the steel was ex 
to the reagent, as would have been anticipa 


the 
copper alloy was not acted upon, but the 


t exerted 
@ distinct eo on a portion of the attached 
steel which had m polished. The appearance of the 
steel surface thus etched was so interesting that the 
authors were led to examine the behaviour of this etching 
reagent, when applied to steel, more closely. Fimding 
that the reagent gives a series of interesting results, a 
brief account of these is here given, although it is obvious 
that the detailed behaviour of this new reagent and the 
possibilities of its application in many respects offer 
promising fields for further investigation. So far as their 
results have yet gone, the authors have found that in 
practically pure carbon steels the new reagent yields 
a pattern which is the reverse of that obtained with the 
ordinary etching reagents, such as picric acid. On 
hardened steels, especially those of low. and moderate 
carbon contents, the reagent yields very clear. results, 
particularly in the etching of martensite, although in this 
case the patterns ‘are not reversed as com with 
those obtained with picric acid, sulphur dioxide, &. The 
rincipal interest and importance of the new reagent, 
owever, lies in the fact that it reveals in a clear and 
striking manner the distribution of phosphorus, particu- 
larly in mild steels, yielding results which compare 
favourably with those hitherto obtainable only by the 
heat-tinting method devised by Stead.+ It may be stated 
at once that the action of the new reagent consists in the 
deposition on the surface of the steel of thin films of 
metallic copper. In the reagent as first used, the copper 
was present owing to the fact that the acidulated ferric 
chloride solution had been repeatedly employed for the 
etching of copper alloys; in the reagent described below 
the copper is introduced into the solution in definite 
proportions. The use of solutions of copper salts for the 
etching of iron and steel is not, of course, new, the 
reagent described by Heyn,} consisting of a 12 per cent. 
solution of copper-ammonium chloride in water, being one 
ag ge ee J 2 Stead a informed re ¢ authors that 
e employed copper solutions as etching reagents. 
Doubtless others have be experimented in that direc- 
tion. In Heyn’s method the deposition of the copper 
is of quite secondary importance; in fact, the thin film of 
copper is not adherent, and must be removed before the 
effect of the etching becomes apparent. With the new 
reagent described in this paper, however, the deposited 
film of copper, although very thin, is adherent, and is 
itself the cause of the formation of the ‘‘ etched ” pattern. 
The process is thus to some extent analogous to that 
si heat-tinting, which consists in the deposition in varying 
degrees of a thin coating of oxide, sulphide, or other 
compounds; with the authors’ process this is simply 
replaced by a thin film of copper, byt-with the concurrent 
advantage that this takes place in the presence of an acid 
reagent whose action is sufficient to ensure the removal of 
the surface layer due to polishing. The new process, 
therefore, combines some of the advantages of etching 
and of heat-tinting. 

Although the authors were unaware of it when under- 
taking their experiments, their attention has been drawn 
to the fact that a somewhat similar etching process 
has been employed by Giolitti§ in the etching of tin- 
copper alloys, but an extension of the method to steel had 
not been s' ted by that author. 

Composition of the Reagent.—In order to secure satis- 
factory and uniform action, it is necessary that the com- 
position of the new t should conform with consider- 
able exactitude to the following formula :— 


Ferric chloride (Fe, Ol.) 30 grammes 

Hydrochloric acid (conc.) ... 100 cub. cm, 

Cupric chloride (Cu Cl,) 1.0 gramme 

Stannic chloride (Sn Cis) 0.5 gramme 
ater ... ~e b. 1 litre. 


The proportions have been arrived at after a consider- 
able number of trials in which the composition of the 
reagent was somewhat widely varied. Success, however, 
— to depend upon an acturate balance of the dis- 

ving effect of the hydrochloric acid present and the 
rate of deposition as determined by the concentration of 
copper ; if there is too much acid and pede oar 
the effect is a mere ordinary etching by the h ic 
acid in which the pearlite is attacked while ite i 
tarnished by too thin a deposit of copper. 
other hand, the concentration of copper is too high, or 
that of the acid too low, the result is a uniform ition 
of copper over the entire surface. . The of the 
small amount of stannic chloride to be helpful. 
The use of the reagent requires a little care. It is parti- 
cularly 7 to have surfaces when prepared for 
etching perfectly clean ; this is best secured by finishing 


* Paper read before the Iron and Steel Institute on 

May 7, 1914. 
tead, ‘‘Iron and Phosphorus. Journal of the Iron 
and Steel Tnstitute, vol. lviii., page 60. 

+ E. Heyn, “Bericht iiber Atzverfahren zur makros- 
kopischen Gefiigeunt hung des schmiedbaren Eisens 
und iiber die damit zu erzielenden Ergebnisse.” Mitt. 
a. d. Kgl. Materielpriifungsamt, heft 5, 1906. 

Giolitti and Tavanti, . Chem. Ital., 1906, 








XXXVi., ii., page 142; 1908, vol. xxxviii., ii., page 352. 
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ciated 
referred to in greater detail at the end of the paper. 
of the Reagent.—This is best described under two 
separate headings, first, as to the action of the 
reagent on extremely pure where we have to dis- 
tinguish only between the well-known constituents of the 
iron-carbon system, and, secondly, in regard to commer- 
cial steels containing various impurities in connection 
with which the new reagent is 2 eran useful. 
1. ‘* Pure Steels.”—In a mild steel exhibiting the usual 
a seme + Howe ne it is b that, whereas the 
imary @ ts, such as nitric acid, picric 
acid, &c., rapidly darken the pearlite by ettecking and 
roughening it, leaving the ferrite tically unaltered, 
new reagent reverses this ure. The lite is 
left untouched, ageseeng white and bright under normal 
light, while the ferrite is covered with a film of copper, 
having a slightly rough surface texture, and therefore 
spoaming ek under normal light, particularly if the 
period of etching has been somewhat long. The resulting 


effect is striking; it is shown in Figs. 1 and 2, e 784, 
in comparison with the etching pattern by 
sg acid, the action of the new reagent heing shown in 

ig. 2. The two figures are photographs of the same 


area which has been marked by means of three scratches 
enclosing triangle which can be readily recognised in 
both photographs, and which facilitates the identification 
of individual ferrite an. lite patches. It will be seen 
that the two photographs bear the relation of positive 
and negative ee one — os 

applied to qu steel, the new reagent 
yields — which are of the same kind as those pro- 
duced my, other means, that is, there is no reversal in this 
case. The new reagent, however, develops the strueture 
of martensite, particularly in low-carbon steels quenched 
from a high temperature, in a remarkably clear manner. 
An example of martensite thus etched is shown in Fig. 3 
under a magnification of 600 diameters. An example of 
somewhat coarser martensite under the seme magnifica- 
tion is shown in Fig. 4.. These figures under a high 
magnification are of ticular interest.as showing the 
sharp outlines of the deposited copper films in conformit 
with the constituents upon which they are deposited. 
This in itself is a somewhat striking and surprising 
effect. Troostite and sorbite are also darkened by the 
new reagent. 

An interesting observation has been made by the 
authors on a sample of mild steel containing approxi- 
mately 0.4 per cent. of carbon which was quenched while 
passing through the temperature of Arl. The resultin 
structure, as revealed by picric acid, is shown in Fig. 5 
under a magnification of 600 diameters. This presents 
the ordinary appearance of troostite (possibly sorbite) and 
ferrite. Between the “white” areas, however, of this 
pyrene appears to be « slight difference, one group 
of grains showing a somewhat more mottled surface than 
the others. On repolishing and etching this surface with 
the new. t, a negative pattern was again obtained, 
such as is always found with hypo-eutectoid steels which 
have passed through the critical range. appearance 
of the same area after re ——o etching with the 
new reagent is shown in Fig. 6, © curious fact, how- 
ever, is that while both the black and white areas as 
seen in Fig. 5 appear black in Fig. 6, the slightly mottled 
areas in Fig. 5 have remained white under the action of 
the new reagent, which thus affords a clear distinction 
between the two constituents which under ordinary modes 
of etching appear very similar. The exact meaning to be 
attached to this differentiation will, however, require 
considerable further investigation ; the observation is 
described here in order to indicate the possibilities of 
the new reagent in studying the transition constituents 
of hardened and tempered steels. 

2. Commercial Steels.—On applying the new reagent to 
lished longitudinal pA seh 7 bom ee steels, it was 
ound that the —s action resulted in the a 


order to indicated 
by the new reagent 8 with that produced by 
heat-tinting, the authors undertook careful compari 
: the — obtained by the — methods. Dr. J. E. 
tead, F. , very kindly supplied a specimen of phos- 
phoric steel which had Leon ‘hest-tinted by bine and 
after photographing a marked area of this specimen it 
was repolished and etched with the new reagent. Similar 
comparisons were also made on other specimens of steel, 
Gosia well-marked banding and subjected to heat- 
y the authors. The result of their observations 
is to show conclusively that if the new t is applied 
until a certain well-defined state in the development of 
af ang = is reached, that pattern is identical, even in 
its details, with that obtained by heat-tinting. The 
acouracy of the com 2 between the two methods is 
illustrated in the tomicrographs, Figs. 7 and 8, the 
former showing the obtained by heat-tinting, the 
latter that d by the new reagent; tally scratches 
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are visible in both figures. It is interesting to i 
that the stage of etching with the new reagent represen 

by Fig. 8 is not the first stage of that process; if thespeci- 
men is removed from the reagent after a short time (ten 
to thirty seconds, according to the phosphorus content of 
the steel), a pattern like that shown in Fig. 9, on the oppo- 
site pese, is obtained. If this iscompared with Figs. 7 
and 8, 1t will be seen that the core or nucleus of each ot 
the dark areas in these figures is represented by a dark 
patch in Fig. 9. This indicates that the new reagent is 
extremely sensitive to the presence of phosphorus, and 
possib!y to other dissolved impurities, so that the first 
effect is to darken that portion of the ferrite which con- 
tains the smallest amount of phosphorus in solution ; as 
etching proceeds, this dark area spreads until a stage 
is reached where the pattern corresponds exactly with 
that obtained by tint-heating. More prolonged etching 
beyond this point does not appear to cause any further 
spreading of the dark areas, and after a time merely 
produces a roughening of the surface. 

Figs. 7, 8, aud 9 show this pattern under very low 
magnifications (10 diameters); the correspondence be 
tween the two, however, can also be t under much 
higher magnifications. This is shown in Figs 10 and 11, 
where the two modes of developing the pattern are 
compared over the same areas under magnifications of 
100 diameters. In this particular example the action 
of the new reagent has not been pushed quite to the limit, 
and co uently the white streaks in Fig. 11 are still 
ge wider than those obtained by heat-tinting in 

‘ig. 10. 

The great delicacy with which the new reagent reveals 
even the more minute details of phosphorus distribution 
in mild steels affords an interesting means of studyiug 
that distribution. The study has not as yet carried 
very far by the authors, but a few interesting observations 
may be recorded. 

In Fig. 12 is illustrated a typical example of the phos- 
phoric banding of a mild steel as revealed by the new 
reagent. If this steel is etched in picric acid, only a few 
of the largest bands are indicated, these being cases where 
the concentration of phosphorus and other impurities has 
been high enough to expel the carbon from that region, 
thus leaving a carbon-free band, sometimes called a 
microscopic “ghost,” in the steel. Many of the wider 
bands, as revealed by the new reagent, however, are not 
accompanied by any serious diminution in the carbon 
content ; these would not be revealed by etching with 
picric acid, but are clearly shown by the new reagent 
whose action is independent of the presence or absence of 
pearlite. In Fig. 12 it will be seen that the pearlite areas 
can be seen faintly even in the large white bands which 
run across the figure. A transverse section of a steel 
possessing this banded structure shows under the new 
reagent patches of more or less irregular shape which 
represent the transverse sections of long bands seen in the 
other surface. An example of this kind is shown in 
Fig. 13. This appearance in transverse sections suggests 
the mode of onmgin of this distribution of phosphorus, 
The structure seen in Fig. 13, particularly if viewed 
from a little distance, so that the pearlite detail becomes 
more or less obliterated, suggests the outlines of dis- 
torted dendritic cores similar to those seen in brass or 
German silver before complete homogeneity of the solid 
solutions had been attained. This suggests that the 
phosphoric bands are lineal descendants of the phosphoric 
»ortions of the austenite (or y-iron) crystals which were 
eoued when the steel first solidified from fusion. These 
would be la: crystals containing a high proportion of 
phosphorus in the peripheral region, wae as the 
crystals of cast brass have a higher zinc content in their 
outer portions. During subsequent rolling or forging 
operations these crystals became elongated into long 
bands, the bands corresponding to the phosphorus-free 
cores alternating with those corresponding to the phos- 
phorus-rich outer layers. The inner structure of these 
crystals is, of course, broken up and replaced by a multi- 
tude of new and smaller crystals both as the result of 
mechanical work and annealing, and as a consequence of 
repeated through the critical temperatures. But 
this recrystallisation cannot affect what may be termed 
the apa ge distribution, which can only be altered 
by the action of diffusion, and it is well known that the 
rate of diffusion of phosphorus is very slow. If this 
explanation be correct, it follows that the width and 
distribution of the phosphoras banding in mild steel is a 
direct consequence of the size and arrangement of the 
crystals of the original ingot. 

Another interesting feature in conneetion with the 
phosphorus bands of mild steel is the manner in which 
the arrangement of these is affected by plastic 
deformation. This again de is upon the fact just 
referred to, that the ‘‘ geographical” distribution of phos- 
phorus can onl altered by diffusion, and not by 
recrystallisation ; this is illustrated by an experiment 
made by the authors on a samp’e of mild steel (boiler 
plate) which exhibited banding in a very marked degree. 
An impression was made on the surface of this steel by 
means of a Brinell hardness-tester, in the direction at right 
angles to that of the banding. A section cut through this 
impression shows the manner in which the bands have 

displaced by the plastic deformation of the metal. 

This is illustrated under a very low ~ poe (9 
diameters) in Fig. 14. The specimen was annealed 
for one hour at 800 deg. Cent. In this b myn 4 case 
the pee Oy materially reduced width and 
of banding, the obtained 


sented at that stage. It 


indeed the identity of the bands ves, has 
unaltered, although there can be no doubt that vigorous 





re-crystallisation must have occurred, particularly in the | bar supplied to the authors by the kindness of Mr. 
vicinity of the ball impression. J.C. W. Humfrey, of Sheffield, the whole central region 

Pittung.— Mention has already been made of the of the bar was thickly covered with these patches, and 
frequent appearance of black spots surrounded by dis- this recurred on all specimens that were examined. On 
coloured patches in specimens of steel treated with the studying these patches more closely, it is found that, as 





Fic. 1. Maonirirep 100 Diameters. Fic. 2. 





Fie. 4. Macniriep 600 Diameters. 





Fia. 5. 





Fic. 7. Maonirrep 10 DrtaMeTERs. Fie. 8. Macenirirep 10 Drameters. 


new t. The authors endeavoured by extreme care | a rule, they centre about a slag enclosure of some kind, 
in ishing, by various methods and materials, to elimi- | although cases have been observed in which slag en- 
nate this feature, but found that it could not be eliminated | closures are not surrounded by these patches, and others 
in that way if once present, and it also became evident | in which no sign of enclosure could be found ab the eantre 
that these patches represent definite features in the steel, of the patch. The explanation probably lies in the sensi- 
since they reappear in the same ~~ on | tiveness of the new reagent to impurities present in the 
repolishing. In one instance of a badly segregated steel steel, and it is not surprising to find that there is a con- 




















June 5, 1914.) 





ENGINEERING. 











SPECIMENS OF ETCHINGS BY A NEW REAGENT. 














Fic. 12. Macniriep 100 Diameters. 





Fic. 13. Macnirirep 100 Diameters. 
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Maentiriep 9 DIaAMeTERS. 


centration of such impurities in the immediate vicinity of 
slag enclosures; it may indeed be that these enclosures 
are themselves more or less soluble in the steel immedi- 
ately surrounding them, and that it is the presence of an 
“aura” of such dissolved matter which gives rise to the 
patches under the action of the reagent. Where en- 
closures of sulphide of m:nganese are present, these will 
be attacked by the hydrochloric auld contained in the 
reagent, and the resulting hydrogen sulphide will blacken 
the copper deposited in vicinity of the enclosures. 
This point, like manv others which have occurred in the 
study of the reagenc, opens up possibilities of much 
further interesting inquiry. 

The authors are indebted to Dr. J. E. Stead, F.R.S., 
for his kindness in supplying a specimen of heat-tinted 
phosphoric steel ; to Mr. J. C. W. Humfrey, for supply- 
Ing specimens of eee? segregated steel; and to 
Dr. R. T. Glazebrook, C.B., F.R.3., Director of the 
National yo - Laboratory; and to their colleagues on 
the staff of the Laboratory, for many facilities in connec- 
tion with the work. 





INTERNATIONAL ENGINEERING ConGREss, 1915.— The 
subjects to be treated before the International Engi- 
neering Congress at San Francisco, from September 20 to 
25, 1915, in regard to materials of engineering construc- 
tion, are as follow :—1. Timber. 2. Preservative Treat- 
ment of Timber. 3. Substitutes for Timber in i i 
Construction. 4. Brick in Engineering Structures. 5. 


Fria. 15. Maoniriep 9 Diamerers. 


Clay Products in Engineering Structures. 6. Probable 
and Presumptive Life of Concrete Structures made from 
Modern Cements. 7. Aggregates for Concrete. 8. Slag 
Cement. 9. Water-Proof Concrete. 10. Cements Con- 
taining Additions of Finely-Ground Foreign Material. 
11. Economics of the World’s Supply of Iron. 12. The 
Life of Iron and Steel Structures. 13. The Employment 
of Special Steel in Engineering Construction. 14. The 
Place of Copper in the Present Engineering Field, and 
the Economics of the World’s Supply Thereof. 15. Alloys 
and their Use in Engineering Construction. 16. Alumi- 
nium in Engineering Construction. 17. The Influence of 
the Testing of Materials upon Advances in the Designing 
of Engineering Structures and Machines. 18. Cement 
Testing. 19. Testing of Metals. 20. Testing Full-Sized 
Members. 21. Proof-Testing of Structures. Full in- 
formation concerning the may be obtained from 
the International Engineering Congress, 1915, Foxcroft 
Building; San Francieco, Cal., U.S.A. 





ITALIAN AND EnGiisH ComMMERCIAL CORRESPONDENCE, 
—We have received a copy of 
above title, which is edited 
Todesco and W. Chevob-Maurice, and is 
Messrs. E. Marlborough and Co., 51, Old Bailey, London, 
E.C., at the price of 1s. It gives a large number of 
examples of commercial letters, circulars, and announce- 
ments in two commercial terms, and 
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Beveian Trave Unions.—The Belgian Sesretary of 
State of Industry and Labour has recently issued a book 
‘entitled ‘‘Rapport relatif 4 l’exécution de la loi du 
31 Mars, 1898, sur les Unions Professionnelles pendant 
les années 1908-1910,” which contains about 400 pages 
of tabulated statements on the working of the Belgian 
trade unions for the three years from 1908 to 1910. 





Tue MANUFACTURE OF ENcing Waste.—Messrs. 8. D. 
Stead and Son, 24, Strand-street, Liverpool, state that 
owing to the very high cost of raw material during the 
last few years it m im ible to offer a clean 
waste at anything less than per cwt. In order to 
| produce a cheaper waste, all kinds of material are now 
| being used. One method of cheapness is to add a very 
| heavy liquid chemical; in another a powder is used. 
| The effecs of the adulteration is to yield Pad waste, which 
| is a ae to re ~ Yr very 
generally object to paying a high price for an article 
termed ‘‘ waste,” adulterated waste is being used in 
increasingly large quantities. Messrs. Stead have found 
that waste paper can be cut into threads and so treated 
that it will be absorbent and blend with the pure cotton 
waste, thus giving a perfectly clean article at a moderate 
cost. The paper, after being treated, blends very easily 
| with the cotton fibre; it yields a pure waste of double 
| the bulk and about one-half the cost. 











Tue Corrzen Marxet.—In their monthly report, 
| dated the 2nd inst., Messrs. James Lewis and Son state 
that transactions in Standard copper during the ) 
month have been unusually limited, amounting to oheut 
16,000 tons. Opening at 63/. 17s. 6d. for cash, the price 
fell to 62/. 15s. on the 11th ult., but recovered to 63/. 7s. 6d. 
on the 19th, falling again to 62/. 17s. 6d. on the 22nd ; 
it advanced to 63/. 7s. 6d. on the 27th, and declined to 
632. on the 29th. On the 2nd inst. closing values were 
621. 6s. 3d. cash and 62/. 18s. 9d. three months prompt. 
Very little refined copper had been sold, 144 to 14} cents 
per pound and 65/. 5s. to 65/. 10s. per ton c.i.f. being 
accepted for American electrolytic. The chief part of 
the warrants for Standard being held on American 
account, there had been but little “ bear ” selling, while 
with the probability of steadily Lemmon stocks there 
was little inducement to buy for forward delivery. The 
quantity of “‘ secondary” or scrap copper recovered last 
year in the United States was estimated to have amounted 
to about 136,500 to: ual to about 22.4 per cent. of the 
**primary” copper smelted from domestic ores. 





NaPigR TERCENTENARY CELEBRATION.—On July 24 to 
27, 1914, there will be held a celebration, under the 
auspices of the Royal Society of Edinburgh, of the ter- 
centenary of the publication of Napier’s Mirifict a 
rithmorum Canoms Descriptio, the work which embodies 
the discovery of logarithms. The Right Hon. Lord 
Moulton, LL.D., F.R.S., will deliver the presidential 

ress on July 24; and many distingui mathe- 
maticians, astronomers, actuaries, and engineers will 
make communications on July 26 and 27. An exhibi- 
tion of ing-machines, apparatus, and books, and of 
| objects associated with Napier and the history of mathe- 
matics, will be held in connection with the celebration. 
I iately following the Napier celebration, a mathe- 
matical por A te will be held on July 28 to 31, under 
the auspices of the Edinburgh Mathematical Society. 
The following courses have been for in connec- 
tion with the colloquium :—Two lectures on ‘‘ Nomo- 
graphy," by M. d’Ocagne, Professeur 4 I’Hoole Poly- 
technique, Paris; four lectures on ‘Infinity in Geo- 
— 5 Md Mr. H. W. Richmond, M.A., F.R.S., Fellow 
and urer of King’s College, Cambrid and Uni- 
versity Lecturer on Mathematics; four lectures on 
‘*Oritical Studies of Modern Electric ee 5 by Mr. 

. Cunningham, M.A., Fellow and Lecturer of St. John’s 
Cambridge lectures on ‘‘ The Solution of 
See iereae eam te 

X r. 4 i . in 

F.R.8:, Professor of Mathematics in the University of 
i Further information can be obtained from 
Mr. P. Comrie, M.A., B.Sc., 19, Oraighouse-terrace, 
Edinburgh. ‘ 
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MANCHESTER STEAM-USERS’ © 
ASSOCIATION. 


Ar the annual meeting of this Association, held at the 
offices, 9, Mount-street, Manchester, on bs eC May 26, 
the President, Mr. Adam Dugdale, of Blackburn, in 
the chair, ee et ty oe a the past year was 
presented. It was the fifty-ninth ann re and 
stated that the Committee were gratified at being able to 
state that at the close of 1913 the number of boilers under 
inspection, and the revenue for the year, established a 
record in the Association’s history. There were 2138 
members, with 10,079 roger Mane the total income 
amounted to 20,994/. After ing allowance for various 
items of ial expenditure the net balance was 1461/. 
This had carried to the reserve fund, which now 
amounted to 46,527/. . 

As many as 9942 “internal,” “‘flue,” and “entire” 
examinations of boilers were made, the highest number 
ever attained. No boiler under the Association’s care 
burst during the year, and the Committee are glad that 
they can say, at the end of fifty-nine years, that no 


THE 


life has ever lost from the explosion of any boiler 
— the Association has ins and guaranteed as 
safe. 


Outside its ranks the Association has noted throughout 
the United Kingdom during the year the occurrence of 
57 explosions, killing 35 persons and injuring 41 others. 
Of these, 13, killing 1 and injuring 10 others, may 
be termed ‘ boiler explosions proper,” while the remain- 
ing 44, killing 17 persons and injuring 31 others, may be 
termed ‘“‘ misce! 8 explosions”—1.¢., those arising 
from steam-pipes, stop-valves, kiers, drying-cylinders, 
bakers’ ovens, economisers, &c. In addition to the above, 
ee yn arose from the bursting of Lng kitchen 

ilers, resulting in two persons being injured. 

The report stated that in some of the oe submitted 
for enrolment defects had been met with which, if not 
detected, would probably have led to serious conse- 
quences. This showed clearly the importance of sub- 
mitting boilers to competent independent inspection. 

The Association’s special work department had had an 
exceptionally active year in preparing specifications for 
new boilers, steam-pipes, economisers, calorifiers, &c., 
and in superintending the construction and in witnessing 
the test at the makers’ works. This service is found to 
be of much practical value when boilers are required for 
use ab home or abroad. A series of tests on a torsion 
fatigue-testing machine has now been completed, and a 
new machine on which fatigue tests can be conducted, 
both as regards torsion, bending, and push and pull 
stresses, has been fitted uP on the Association’s premises, 
and will shortly be available for the carrying out of such 
tests. ‘ 

In moving the - ¥ of the pepert, the Chairman, 
after referring to the death of Mr. Harrison, who 
had been an active member of the Committee for the 
last twenty-three years, co! tulated the members 
on the sound financial ition of the Association, 
the number of boilers Se inspection and the income 
for the past year being higher than ever before. It was 
a matter for > thankfulness to the Committee that 
they were able to say that during the past fifty-nine 
gee no life had ever been lost by the bursting of any 

iler under the Association’s care. Sir William Fair- 
bairn founded the Association in 1854, not for dividends 
and money-making, but for the purpose of stopping the 
enormous sacrifice of human life from boiler explosions 
due to gross ignorance as to how to construct boilers and 
how to use them. Sir William demonstrated the fact 
that by following sound lines of construction, and by 
having careful inspection, boilers were quite safe, and that 
explosions need not occur. He (the President) was proud 
to have been under Sir William Fairbairn’s leadership, 
and was most anxious that the Association should stall 
show the way in instructing steam-users as to the con- 
struction and use of boilers, The Association did not 
believe in accepting boilers as a “‘risk,” and no boiler 
had ever yet nm guaranteed unless it had received 
a thorough examination and found to be in safe condi- 
tion. e assurance of safety by careful inspection was 
the very best insurance policy > a steam-user could 
have for his boilers. If the Association had not been 
founded, it was very probable that the Government 
would long since have introcuced some ‘‘cast-iron” system 
of compulsory inspection, te the great detriment of engi- 
neering and commercial progress. 

In seconding the adoption of the report, Mr. Harold 
Lee said that the report, and the fact that no life 
had ever been lost, spoke volumes for the work 
that the Association had done. The chief engineer 
would, he thought, as time went on, do much to 
reveal difficulties and weaknesses, in order to make 
boilers even more effective in the future than they had 
been in the past, because the question of steel was one 
which was not thoroughly understood from a scientific 
standpoint. By the tests which were being conducted 
valuable lessons would, hé thought, be re to those 
who produced steelamd those who had to use it. The 
Association was ing on the right lines, as founded by 
Sir William Fairbairn, and he (the speaker) it 
would not be allowed to depart from them in any degree. 

The resolution was then put to the meeting and 
carried oe me 

A resolution for the appointment of the Committee for 
the —— , after having been moved by Mr. John 
Clarke ( esers. Hi Tate and Sons, Limited, 
London) and seconded by Mr. J. M. Wood, C.E. (of the 
Metropolitan Water Board), was carried, as was a vote of 
thanks to the Chairman, moved by Dr. Edward rs a 
and seconded by Mr. 0. 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 
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prices are per ton. Heavy steel rails are to Middlesbrough quotations. Tin-plates are per box 


torsion-testing machine for the proposed fatigue tests 
and other matters connected with — 


water - hammer, ex- 
ploded boilers, &c., and in which great interest was 
manifested. 





Open-HkaRTH AND BesseMeR Rats IN AMERICA.— 
Writing in these columns in 1907 (see ENGINEERING, 
vol. Ixxxiv., page 688), we pointed out how ual 
working out of the good Bessemer ores in America had 
led to the production of rails y high in phos- 
phorus. It was also then suggested that the future would 


showed that, in 1905, of 3,375, cons of enlls Giied th 
the United States, only 183,264 tons were of -hearth 
The figures, Te- 





steel, the remainder Bessemer. 
cently available, for 1913 a remarkable confirmation 
of our forecast. 


Last year 3,502,780 tons of rails were 





of I.C. cokes. 


rolled in the United States, of which no less than 
2,527,710 tons were open-hearth, the Bessemer pro- 
duction having, of course, fallen off in proportion. 





Summer Scuoot or Town PLannine.—The first course 
of lectures in town ing to be given in the Univer- 
sity of London will take in August, when a Summer 

ool of Town Planning will be held from the 3rd to the 
15th. The lectures will be given at the new School of 
Architecture at University College. A similar summer 
school has been held for the two previous years at Hamp- 
stead Garden Suburb, and this year several demonstra- 
tions will be = at the suburb, where the large area 
of land being developed on town- ing lines serves as 


an excellent oo for study. 
President of Local Government Board, has accep 
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THE DEVELOPMENT OF THE 
AEROPLANE.* 
By Dr. R. T. Guazesroox, F.R.S. 
(Concluded from page 756.) 

A Single Downward Gust in the Plane of Symmetry.— 
The next figure. Fig. 12, gives the changes due to a down- 
ward gust w. Relatively to the air the machine acquires 
an upward velocity wy, which dies down in about 1 second, 
and is followed by the slow phugoid changes as before. 

& other quantities are shown in the 


turbance. This motion, in the particular machine dealt 
with, is unstable. Its expression involves three terms. 
One of these corresponds to a periodic oscillation rather 
heavily damped, having for one machine a period of 
about 6 seconds; the second, to a considerable dis- 
turbance in certain of the co-ordinates, which, however, 
subsides or dies out very rapidly; and the third to a 
gradually increasing disturbance, which gets with 
the time, according to an exponential law. The sub- 


sidence depends on terms such as Ac M and the 





The ch in ti 
curves, a the motion of the machine can be traced as 


Fig.i2. 
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8 
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divergence on terms involving Be +a ¢ where \,, \, are 
roots of a certain equation. 

ide Gusts.—In Fig. 14 is 
shown the effect of a side wind 
Uo striking the machine on 
left-hand side. The curves 
show chiefly the effect of the 
slow oscillation, though the 
rapid increase in the value of 
p, the velocity of rolling, is 
due to the subsidence term. 
The machine quickly picks up 
the velocity of the wind ; after 
some seven seconds v, the 
relative sideways motion, is 
very small, but it gradually 
increases, and after about forty 
seconds has reached some 6 
per cent. of the original dis- 
turbance. Unless the controls 
are altered the side-slip will 
continue to increase. A large 
angular velocity of roll p is 
started almost immediately, 
and at first this gradually dies 
down, but after 6 seconds or so 
the divergence term begins to 
tell, anc the rolling continues 


to increase unless checked by 
when t-0 


13. THE DISTURBED LONGITUDINAL MOTION OF AN AEROPLANE. 


0 


‘ 
: 
E 


(4023.4) Time tr Seconds. 


: THE DISTURBED LATERAL MOTION 
Fig.#4. OF AN AE 


' * 
eaost 8 GAH GD ASD 


Fractions of V» 


-5 


-7 


(4023. m.) 


Time iw Seconds. 
before. By combining the results of these two diagrams 
we can find the effect of a steady gust striking the | 
machine in any direction in the plane of symmetry. In| 
a similar way, we can find the effect of a change in the | 
direction of the wind, or of an alteration in the v4 
thrust or of the position of the elevators. 6 last is 


shown in Fig. 13, in which it is supp that the 

elevator is turned so as to cause the machine to dive. 
Lateral Disturbance.—The next two figures indicate 

what the motion will be in two cases of lateral dis- 





* The second Wilbur Wright Memorial Lecture, deli- 
vered before the Aeronautical Society of Great Britain, 
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the pilot. in, r the velocity of yaw is at first nega- 
tive, the ine yaws to the left, a motion opposite to 


that which corresponds to the bank; after a time this 
is reversed, and yaw and bank increase together. 
Sudden *‘ eo Fig. 15 we have recorded the 
effect of sudden ing through an angle ¢. The 
effects of the subsi and oscillation terms are not 
large, but those of div ce terms are very great ; 
after 40 seconds the angle of ng exceeds its origi 
value by 63 per cent., while r, the velocity of yaw, also 
increases rapidly, as does v, the oe ee which 
takes in the negative direction. us the machine 
the angle of banking and 





May 20,.1914, 


place in the negative : 
turns to the right, increasing ; 
side-slipping outwards and downwards at the same time. 





THE 











In all the descriptions above it has been assumed that the 
controls are nob touched, but a comparison of Fig. 15 
with the curve obtained when the effect of ing or of 
turning the rudder are considered show that control 
of a machine is not easy. 

us Messrs. Bairstow and Nayler have solved the 
following problems :—An aeroplane is in flight in the air : 
(1) At given instant the wind changes either in speed 
or direction, or both, and the new conditions remain for 
a time steady. The motion of the aeroplane is determined 
by the curves given in the paper ; (2) at a given instant 
the controls of the aeroplane are altered. ‘he ensuing 
motion is defined by other curves; and (3) by a suitable 
combination of the curves the effect of change of wind and 
change of control occurring simultaneously can be deter- 


mined. 

The Effect of Successive Gusts.—They have, however, 
gene much further than this. The wind does not change 
instantaneously, and remains steady. Let us investigate 
the effect of supposing that at the end of each consecutive 
second there is a change, but that during each second the 
wind is steady. Olearly this is a closer representation of 
the facts ; and if we go further, and take as our divisions 
of time not seconds, but small fractions of a second, we 
get @ proper representation. 

We start with a knowledge of the motion of the aero- 
plane and the air at the commencement. Certain 
changes occur suddenly, and then for one second the 
atmospheric conditions remain steady. Wecan determine 
the motion of the aeroplane at the end of that second ; 
then further atmospheric changes occur, treating the 
commencement of the second second as our origin of time; 
we know the motion of the aeroplane at that instant, aud 
our curves ied again will give it at the end of the 
second , and we can proceed thus for each con- 
secutive second, and so find the resulting motion. The 
operation is, of course, a very tedious one if the motion 
has to be investigated over any long period of time ; its 
value consists in the fact that we can thus predict what 
will be the motion of an aeroplane having « definite 
amount of stability when moving in gusty air, if we 
analyse it thus for a few minutes, and we can-thus deter- 
mine whether either the safety of the machine or the 
os of the passenger require a modification of the 
stability. 

The Motion of an Aeroplane ina Gusty Wind.—Now, 
for some experiments of Dr. Stanton, variations of 
the horizontal velocity of the wind at the Kew Observa- 
tory were taken on a quick-running anemograph, and 
thus an open scale record of the velocit a 
obtained. The velocity from 11 ft. to 33 ft. per 
second, the ave be: ft. per second, and an aero- 
= moving with s' y speed over the ground of, say, 

ft. per second in the 20-ft. per second wind, meets this 
gust. Messrs. Bairstow and Nayler have analysed this 
motion for a complete minute, assuming that the velocity 
of the wind changes at each second of minute. 

Figs. 16, 17, and 18 give the result. In Fig. 16 the 
upper ourve shows the changes in the wind velocity during 
the minute. Starting at 20 ft., it rises suddenly for some 
four or five seconds, then there is a sudden drop, followed 
by an equally sudden rise, to drop again after some eight 
or nine seconds to the original 20 ft. per second, and so 
on ~Y - the minute. e lower curve gives the varia- 
tion in the velocity of the air relative to the machine 
during the same minute ; the similarity of the two curves 
_ -~ ae veloci 

in air ity relative to the seroplane 
are much the same as those relative to the ground. The 
inertia of the machine and its small resistance prevent it 


L MOTION 


Time we Seconds 


from taking up the rapid changes in the air motion, and 
it feels the gusts much as though it were fixed. If we 
take the of the aeroplane over the ground in still 
air as 80 ft. second, its speed relative to the gusty air 
varies from 10 to 94 ft. second, while the speed of the 
air varies from 11 to * yee oe. The aeroplan 
has not time to respond to the rapid s. The atti- 
tude of the aeroplane to the wind alters during the time 
considered ; it acquires a normal velocity at right angles 
to itsown axis. The variations of this and of the vertical 
velocity relative to the ground are shown in Fig. 17. The 
vop curve represents, as before, the changes in the wind 
velocity. 

Fig. 18 are shown the variations of the aeroplane 
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velocity over the ground obtained by combining the two 
curves of Fig. 16, giving the variations of the velocity of 
the machine relative to the air and of the air relative to 
the ground, and also the variation in height of the aero- 
lane obtained from the vertical-velocity curve of Fig. 17. 
hile the changes in the actual horizontal velocity of the 
aeroplane are considerable, they occur much more slowly 
than in the wind-velocity curve, the minor alterations 


are wiped out; a rise in the wind velocity causes a fall in 
the velocity of the machine, provided the changes are 
sufficiently prolonged, but a very rapid rise and fall of 


the wind velocity is hardly noticeable. This aeroplane 
would take care of itself, probably without undue dis- 
comfort to the pilot, and without any manipulation of 


the controls in a gust such as is indicated, provided at, is the maximum stress 
least it had height in which to do it; but the changes of | have to bear, and then take as the factor of safety the 


height involved are fairly considerable, and amount, as 
will be seen from the figure, to rather over 60 ft. in the 
course of the minute. It 





| 


is assumei, of course, that the fections of workmanship or of material, not of the vary- 


tant results, and, first, what do we mean by the term 
** factor of safety ” ? 

What is the *‘ Factor of Safety” /—It is often used, I 
think, in aeronautical writi in a manner not quite 
consistent with that in which it is employed by engi- 
neers. no stress gy ay any part of the 
machine is taken as that which it to bear in steady 
horizontal flight, uced, that is, by a loading equal 
to the weight of the machine, and if the breaking stress 
is N times this, then N is called the factor of safety. 
But a machine in its ordinary use may frequently have 
to carry a much in excess of that which it bears in 
steady horizontal flight. It would be more consistent 
with engineering practice to estimate as best we can what 
the machine in its daily use may 


ratio of the breaking stress to this maximum stress. 
The factor of safety would thus take account of imper- 


ing load. Thus, if we 
suppose that the maxi- 
mum stress we ought 












































through some 10 deg. If such a change could take place 
suddenly before the machine had time to change its 
attitude and adapt itself to its new conditions, since 
the lift coefficient is increased four times and the velocity 
is unchanged, then for the moment the stresses thrown 
on the machine are four times as 6 as those it 
experiences in steady horizontal flight at maximum 
speed.. Now experiments on vertical air currents are not 
very numerous, but direct experiment shows that 
upward velocities of 10 ft. to 15 ft. per second have been 
Seaeved, and these, if suddenly experienced, might be 
sufficient to alter the —_— of attack by some 10 deg. 
Moreover, it ap; possible that owing possibly tosome 
obstacles or to the conformation of the ground the direc- 
tion of the wind may alter—without change of speed— 
sufficiently in a distance comparable with a few lengths 
of an aeroplane to produce this change in the angle of 
attack. ore careful investigation based on solutions 
of the equations of motion would give from three to 
four as the factor by which the loading may be increased, 
due toa sudden change in the angle at which the wind 
strikes the machine. 
























































Fig. 16. to allow for isthat due| Another cause of serious sudden increase in loading is 
130 to a loading equal to| rapid flattening out after a dive. 
| N; times the weight of; Let us again take the case of a machine in which by 
Wind Velocity over Ground the machine — the/ analteration of the angle of attack the lift coefficient may 
normal loading in hori- | be increased in the ratio of 4 to 1. Calculation and, in 
_ zontal flight—and that | one or two cases, observation have shown that it is 
8 the breaking stress is| possible for such a machine in a long, steep dive to reach 
£ times this, so that n/a speed approaching twice its maximum flying speed ; 
5 is the true factor of| the stresses are everywhere increased four times in 
8 safety, then the ratio | consequence, since they vary as the square of the s ’ 
a LJ tf : q 20 of thebreakingstress to | Suppose, now, the elevators are put over quite suddenly 
W/ § that occurring during | as far as ible, so as to check the speed and bring the 
steady horizontal flight | machine into the attitude relative to the air appropriate 
3 is n Nj, and—calling | to minimum s: ; the lift and hence the stresses are 
» . Time, (Seconds) 4 i A *. this N, so that N = again inc fourfold. Thus, if this could be done 
0 15 30 0 |) . 
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controls — not eon Nay ae ne ~ ow is in 
Pl course the aeroplane can nae con- 
trolled by the pilot during a gust, and in skil hel hontie 
the elevator can, witheut difficulty, be so manipulated 
as to cancel the effect of the gust, The curves obtained, 
of course, deal only with the longitudinal motion of the 
machine. I may claim, I think, that they constitute a 
distinct advance in our knowledge of what happens to 
an aeroplane in flight, and may ulate Mr. Bair- 
stow and Mr. Nayler on the success of their calculations. 
They are now engaged in the similar problem for the 
lateral motion of the machine, and when that is com- 
pleted, pose to attack in the same way the motion 
of aS yy - 7 ard form. = ; -~ 

1) oy” ere 1s another matter 
besides stability on which recent investigations throw 
considerable light. What are the stresses to which a 
machine may be subject in flight? How strong ought it 
to be made’? What is a proper factor of safety to adopt? 
The matter has, during the past six months, received 
much attention from the Advisory Committee on Aero- 


nautics. Let me briefly state some of the more impor- | 








0 
(4023. P) 


n N,—then N and not n is the factor of safety as ordi- 
narily (but I think mistakenly) used in aeronautics. The 
procedure gives a fictitious value to the factor of safety. 
The Determination of the Maximum Flying Stresses.— 
The value of N has been determined by calculation, and, 
in some cases, by direct experiment for a number of 
machines, and appears to ra from three to seven. 
Let us consider briefly whether these figures are sufficient 
and ask ourselves, in the first place, what are the maxi- 
mum stresses a machine may be expected to experience 
in flight, and what value we ought to give to N), the ratio 
of these maximum stresses to thore arising from 
ight of the machine. We may perhaps call N, the 
1 factor, or factor of loading. Let us consider first a 
machine flying at its maximum speed, and suppose the 
speed range is equal to the minimum speed, so that the 
minimum speed is half the maximum. When flying at 
minimum speed the angle of attack is, of course, a 
large one, and the lift coefficient in this attitude must be 
four times as great as when flying at its maximum 





speed. This might mean that the angle of -ttack was 
increased from some 3 deg. to 12 deg. or 14 deg., say 


instantaneously without gradually checking the speed, 
the stresses would be sixteen times those due to normal 
loading. Such sudden action is, no doubt, out of the 
question, but calculations, so far as it has been possible 
to carry them, show that stresses from eight to ten times 
those due to normal loading may be caused. ’ 
The Factor Required in Ordinary Flying.—Such high 
stresses, of course, do not occur in the ordinary condi- 
tions of flight if a machine is Bad handled, and 
pilots should be careful never to allow the speed of their 
machines to exceed the maximum flying speed by more 


the | than some 15 per cent. or 20 per cent., and then only to 


put on the —- _. I — os —_* 
@ recent paper dealing with upside-down flying, said tha’ 
this was the instruction to which M. Bleriot attached 
the greatest importance. It is clear then that it is 
essential to make an effort to strengthen machines 80 
that they may bear the stresses due to six times the 
normal loading at least, and that even then occasions 
may occur in which this will be insufficient—occasions, 
that is, in which the real factor of safety will not exceed 
unity, even if it resvhes that amount. An engineer 
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would certainly think 2 too low a factor for his work, and 
this implies that if N,, the possible load factor,* bs taken 
as 6, the value of N would be 12. 

The Need for a High Standard of Construction and of 
Piloting. — No doubt there are t difficulties in 
attempting to reach so high a value at present, and 
indeed there are circumstances in which the advantages 
to be gained by saving weight carnot be neglected, and 
which may always preclude its attainment. If it is not 
possible to secure that the machine cannot stand stresses 
more than six or eight times as great as those due to 
normal loading, all the more need is there for care in 
selecting the material and for skill in using it; all the 
more need for pilots to remember the conditions under 
which their machinesare safe, and to take care as far as 
possible to remain within the bounds set by those 
conditions. 

A prudent yachtsman does not sail his boat during the 
winter storms, or risk its safety by an Atlantic passage ; 
he knows its limitations. It may occasionally happen 
that a rapid dive and a sudden recovery are necessary, 
but these occasions are rare, and constructors can, I am 
confident, give our airmen machines which, if properly 
handled, have an ample margin of security. 

I may be told I am asking for too high a standard. I 
am not capable of designing a machine and I have never 
flown, but I do not think the degree of safety I have 





specified is beyond our grasp, and I leave it to British 
manufacturers to reach ib. 

A man does not lose his reward either in this world or | 
the next by setting a high ideal as the standard of his | 
work and striving with his might to attain unto it. | 
Wilbur Wright did that when he determined to fly. 








MUNTZ METAL. 
Muntz Metal : The Correlation of Composition, Structure, 
Heat Treatment, Mechanical Properties, &c.t 


By J. E. Sreap, D.Sc., D. Met., F.R.S., and 
H. G. A. SrepMan. 


Part I. 
ALTHOUGH a great amount of general work has been 





done on brasses, there is still necessity for more. As the 


in the furnace, amounting to between 17 deg. and 50 deg. 
Cent. The structure, however, varied proportionately 
to the mean temperature, and, our object being to corre- 
late microstructure and mechanical properties, the bars, 
after heating over ranges instead of at fixed tompera- 
tures, answered the purpose. Two bars were heated at 
the same time in each trial; one was quenched as soon 
as removed from the furnace, and the other was allowed 
to cool in the air. The bars most highly heated cooled 
down to below 400 deg. Cent. in ten minutes. 

The following table gives a record of the temperature :— 





’ No. Maximum, | Minimum. Mean. Range. 

deg.C. | deg. ©. deg. CO. deg. C 
1 495 462 475 33 
2 580 | 556 565 24 
3 685 665 675 20 
4 742 715 720 27 
5 757 740 749 17 
6 783 765 773 18 
7 835 785 812 50 
8 $45 820 833 25 
9 830 846 860 34 


As will be shown in Part II. on the microstructure, 
the 8 constituent of the bar heated to about 475 deg. 
Cent. was apparently in less proportion than was present 
in the 1 to9 series. It was decided to heat other bars 
ata much lower temperature for a longer time, to deter- 
mine whether it was possible to effect the complete 
absorption of the § constituent. Having found a heated 
flue at the Middlesbrough Gas Works, where the tempe- 
rature varied between 430 deg. Cent. and 500 deg. Cent., 
an iron pipe closed at one end was inserted in the flue; 
the bars of brass were placed in it, and were allowed to 
remain there for three months. Strips of zinc were also 
introduced, and when the specimens were removed it was 
found that the bar nearest the outer wall of the flue had 
not been heated to above 430 deg. Cent., for only the 
inner end of the zinc strip had melted. 

In order to determine the effect of still lower tempera- 
tures another bar was put into a superheater at one of 
the Cleveland and Durham Power Company’s stations 
operating at 270 deg. Cent., and kept there for 984 hours. 


ness of the quenched specimens rises with the temperature 
of goons. the calculated tenacity is too high. 

The appearance of the broken test-pieces is shown in 
Figs. 1 and 2. The surfaces of the normal cold-drawn 
piece of brass and Nos. 1 to 3 were smooth. No. 4 was 
crinkled on the surface, No. 5 was very uneven, and, 
owing to the peculiar orientation of the crystals, the test- 
piece had during extension become elliptical in section— 
6.5mm. through the longer axis and 5.4mm. through 
the short axis. The length of some of the crystals 
could be traced on the surface, and varied between 
4 in. and 1 in. No. 6 test-piece, quenched in water, 
owing to the small extension, was smooth on the sur- 
face, but the fracture consisted of several termina- 
tions of very age crystals, which had evidently 
not been st ly held ther, or which had enve- 
lopes surrounding them of a weaker substance than 
their mass. The test-piece of No. 6, cooled in air, had a 
crinkled surface, due to the presence of large crystals 
which flowed unequally during the extension in the test- 
ing-machine. Nos. 7 and 8 were less crinkled on their 
surfaces than Nos. 4 and 5, and Nos. 8 and 9 were oval in 
section, 6.7 mm. by 5.7 mm. and 6.5 mm. by 5.7 mm. 
respectively. With the exception of No. 6 all the frac- 
tures were fibrous. 

**A.”—The bar heated for three months at about 430 
deg. Cent. broke with a fibrous fracture, and the surface 
was smooth. 

“B.”—The bar subjected to the influence of super- 
heated steam also yielded a fibrous fracture. 

The result of heating upon the physical properties of 
the metal is most marked. In eral terms, the effect 
of heating followed by quenching, as compared with 
heating followed by cooling in air, is to raise the tenacity 
and to reduce the elongation and contraction of area at 
the a of fracture. On comparing the results obtained 
on the two bars of No. 1, heated to just above the critical 
point, it will be noticed that there is practically no differ- 
ence in the tensile strength, the tenacity of the quenched 
bar being only 0.45 ton greater, the elongation 5 per cent. 
less, and the reduction of area at the point of fracture 
is 0.6 per cent. more than the re tive results obtained 





on testing the air-cooled ma > 7 
e mechanical preperties of the highly-heated air- 





Fig. 1. 


structure of Muntz metal varies according to the heat 
treatment and rate of cooling to which it has been 
subjected, we decided on making trials to correlate the 
composition, microstructure, heat treatment, and physical 
properties of metal containing about 60 per cent. copper 
and 40 per cent. zinc. Our scheme was to heat duplicate 
series of the metal of determined composition for forty- 
eight hours ab temperatures between 470 deg. Cent. and 
860 deg. Cent., allowing one set of bars to cool in the air, 
to quench the other set in cold water, and then to 
examine them afterwards. 

Mr. F. Tomlinson, of the Broughton Copper Company, 
Limited, Manchester, most kindly supplied the bars of 
brass in the form of cold-drawn round bars, 4in. in 








7 . 9 Original 


Fic. 2. Broken test-pieces of the 20 bars used in the experiments. 


Mechanical Properties.—The bars were tested by the 
Sheffield Testing Works, Limited, Blonk-street, Sheffield, 
with results shown on page 792. 

Hardness Tests.— All the specimens were also tested by 
the Brinell method, using a 10-mm. and a pressure 
of 500 kilos. By dividing the average tenacity by the 
ave hardness numbers a ratio factor of 0.365 for air- 
cooled brass was obtained, which is very useful, for by 
multiplying the hardness numbers by this factor the 
approximate breaking load is obtained. The actual and 
calculated tenacities, together with the Brinell number, 
are given in the following table :— 


Quenched. Air-Cooled. 











cooled bars are surprisingly , and not what was ex- 
pected. The best results, so far as ductility is concerned, 
are those obtained in the case of the bar heated for three 
months at 430 deg. Cent. The lowest tenacity is found 
in the bar heated to 720 deg. Cent., while that heated to 
773 deg. Cent. has the lowest ductility. The most 
astonishing results, however, are those produced on heat- 
ing to 860 deg. Cent., which show only 1.1 ton less tena- 
city and 2 per cent less elongation than the bars heated 
to 475 deg. Cent. Generally speaking, the ductility of 
the air-cooled bars decreases with rise of temperature 
until 773 deg. Cent. is reached, and then increases with 
higher heating—a remark which is equally applicable to 
the bars quenched in water, for the elongation decreases 





diameter. The apparatus for heating the metal was he from 45 per cent. in the bar heated and quenched from 
supplied by the Cambridge Scientific Instrument Com- Description. 475 deg. Cent. to 10 per cent. in that heated and quenched 
pany, Cambridge, xX ., #3 —— : « bea lo 2 a | from 778 deg. Cont., and riess with higher heating to 
electric furnace and a Whipple pyrometer. e bars in Bac (ss. . ; per cent. in the bars heated to and quenched at 860 deg. 
duplicate were placed in the centre of the furnace and the | 4 4. received - 28.18 Cent. In the quenched bars, however, the tenacities oa 
pyrometer-tube placed over —_. eo in mend the | 1 to 9 as received 39.10 pared —oe duplicate So ~ oe, em the ex- 
f re closed by loose as See 25.85 | cept o. 6, greater, as isehown i ta : 
ener ponciccns hg the eupastetate it was found | B — - 22.90 — pre mes “ — e hereunder 
impossible to maintain a constant degree of heat owing to | ! a = = : a > a: Difference of Tenacity 
changes in the room temperature. ry yee | there : 98.67 83 | 80.8! 2664 67 | 244 | — Between the Quenched and 
was considerable variation during the 48 hours’ heating | 4 2. 40 80 33. 5 24 43 67 24 4 | Air-Cooled Respective Bars. 
5 7 9 2 | t 5 Sn 
- . om | plus minus. 

* It should be noted that in calculating the stresses | © 23.20 | 100 | 96.5 | 26.00 | 7 | 26.5 _ 
produced by @ loading equal to, say, N, times the weight | ¢ 30.68 | 100 | 26.5 | 36.60 | 70 "| 25.5 | ore heated to 475 deg. Cent. - ee 
<7. nS is -_ —y~ © a  - er 9 2722 «©93:«|- 389! 2450 70 | 265 | . 6a a 0. £0 a 
t weight o © machine and multiply by NN). | ” 6 D 
factor of loading N, must be settled before the calcula- | ~—~—~~—~_ ~~ 2 ares ” a ase 
tions are beguo, and they must be made for a loading; Column 1 gives the determined tenacity in tons per | 773 yes ‘ee 
equal to N, times the weight. Moreover, allowance | Square inch, column 2 the determined Brinell hardness | s12 4.08 
must be made for the motion of the centre of pressure as | number, and column 3 the tenacity calculated from the : 833 3.78 
the attitude of the machine varies. | hardness number and the factor already mentioned— | , 860 2.80 


+ Paper read beforé the Institute of Metals. | namely, 0.365. It will be observed that while the hard- 
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It is obvious from these results that in the neighbour- 
hood of 773 deg. Cent. there is a critical or brittle point 
for this particu Some authorities maintain that 
750 deg. to 780 deg. Cent. is a us zone. Tass 
heated in that zone has been described as “‘burnt”—a 
term, however, obviously inappropriate, for, on higher 
heating, the material again becomes ductile. 





Part II. 
Microstructure of the Alloys. 

All the specimens referred to in Part I., after polishing, 
were etched with a dilute solution of ferric and hydric 
chloride. The § constituent was fully developed in about 
10 seconds. After etching, the surfaces were dried with a 





clean linen ag. Speaking broadly, as the temperature 
rises above 470 deg. Cent. the 8 constituent increases in 
accordance with the equilibrium diagram of Shepherd, 
and when the temperature of heating is a little above 
773 deg. or 812 deg. Cent. the metal specimens consist 
wholly of the 8 constituent, which is retained as such— 
after quenching. . 
“A” Alloy.—In the bras: designated ‘‘A” the f con- 
stituent gradually diminishes during heating to about 
430 deg. t. until most of it disappears, and it seems 
to be probable that if the heating had been prol< 
for six months instead of for three, all the § constituent 
would have been absorbed, or, in other words, the alloy 
would have become entirely a. The result apparently 
indicates that the curve 62-3 in Shepherd’s diagram 
should make an abrupt turn to the right after passing 
about 500 deg. Cent. The gradually diminishing size of 
the § segregations does not suggest that the § constituent 
changes to the + and a constituents, but that the change 
is similar to what occurred on reheating to 500 deg. Cent. 
one of the specimens that had heen heated and quenched 
from 700 deg. Cent. or above, for by such treatment the 
8 constituent gradually diminishes, and the a constituent 
increases. Oareful microscopic examination of the § 
constituent in the long-heated alloy failed to detect any 
clear evidence of ted y, and one is therefore 
tentatively inclined to hold the view that the § con- 
stituent which disappeared simply dissolved in the a, 
my its total mass and producing the a with a less 
amount of copper than 62 per cent. 

~—_ - heated for 984 hours at 270 deg. Cent. 
(Fig. 4a). The structure of this alloy is but slightly 
different. Some of the a particles ap in globular form 
embedded in the 8 —— which were not present 
in the original alloy. The m ical properties are but 

ightly different from those of the original annealed bar. 

os. 1 and 2 bars, heated respectively to 475 deg. and 

565 deg. Cent, (Pigs 5a and 5d, annexed, and Figs. 6a 
and 6b, page 791). Here the structure is that of 
of the § constituent embedded in a, and gen y sepa- 


Percentage. 


icles 





rated from each other. The a is in greater mass, and the 
amount of § is about the same in both the quenched and | 


With the exception of Nos. 14 and 15, the whole of the 
magnifications of 50 diame 





No. 3. Disintegrating rod of Muntz metal, overstrained_by cold-drawing. 





Original hard-drawn bar. 


Serie: 1—9. 


Alloy A. 


air-cooled material. These facts explain why there is little 
difference in the physical properties of the quenched and 


air-cooled bars, the quenched bars ha & greater tenacity 
of SO ont 0.8 ton respectively than the duplicate bars 
cooled in air. 


Nos. 3, 4, 5, and 6 bars, heated respectively to 675 deg., 
Hayton 749 deg., and 773 deg. Cent. (Figs. 7a and fi, 
8a _ 8b, 9a and 9b, 10a and 10d, page 791). 
proportion of 8 in the quenched bars increases with 
the temperature of heating, which accounts for the in- 
creased tenacity of the quenched bars, because § is the 


following photographs represent 
ters. 





Heated for 3 month at 430 deg. C. 


The | No. 





harder constituent. The elongation decreases consider- 
ably with tho appearance of strips of a connecting the 


larger grains of the same substance. The envelopes 
of a in No. 6 account for the great weakness. Fig. 17 
shows that on bending this alloy it is the a which first 
gives way. 

Nos. 7, 8, and 9 bars, heated respectively to 812 deg., 
833 deg., and 860 deg. Cent. (Pies. lla and 11), 124 
and 12), 13a and 13), page 791). Heated at tempera- 
tures sufficiently high to produce —_— B con- 
stituent, free from any a, these alloys, after quenching 


Fig. 3. 
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RESULTS OF MECHANICAL TESTING. 
MUNTZ METAL-SLOWLY COOLED. 
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Fig.4. RESULTS OF MECHANICAL TESTING. 
MUNTZ METAL- QUENCHED IN WATER. 
< 
60 
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No. 4. Alloy A. 





Series A and B. 


in water, are, as one would ex of higher tenacity 
than those heated to, and pe at, lower tem- 


peratures, | 
_ No. 8 alloy, quenched from 833 deg. Cent., hasa greatly | 
increased tenacity and ductility as compared with No. 6 
alloy. The tenacity has risen 6 tons, the elongation 
cone. 'anet the contraction of area 11 per cent. 
9 alloy, w removed from the furnace, 
of incipient —s 
microstructure of the air-cooled alloys resemble 
each other, and are all of the banded type, consisting of 
strips of a separated by §. The same type of structure 
can be traced in the quenched specimens when highly 


ee. 
Normal. 
No. 5a. Quenched. 


Bar No. 1. 


showed bars 


what resembles the martensite structure of hi -heated 
and quenched low-carbon steels. It is possible that had 
the _—= of metal been smaller and the quenching more 
sudden the § constituent would have been more homo- 

us, for, in our opinion, the structure shown in 

‘ig. 14 is caused by incipient separation of the a consti- 
tuent, due to insufficient rapidity of cooling. The struc- 
ture is analogous to that of steels containing 0.20 per 
cent. carbon, quenched in water from 1000 deg. Cent., in 
which the triangular markings, in lighter shade, represent 
the incipient separation of ferrite, or free iron, from the 
martensite. 

When a bar of brass containing about 60 per cent. 
copper is heated to 860 deg. Cent. at one end, and to 
about 500 deg. Cent. at the other, and is then cooled 
in the air or quenched in water, all the structures 
illustrated in Figs. 5 to 12 are obtained in one piece. 
When a bar is heated and cooled alternately for thirty 
or forty times in the range of temperature between 
600 deg. and 700 deg. Cent., and is cooled slowly after 
each heating, the independent particles of a constituent 
increase to a great size, and suggest by their sbape a 
tendency to form idiomorphic crystals. One is not 
pre to give a definite reason for this; it is prob- 
ably due to the very slow cooling after each heating. 
Before the larger bars were heated for mechanical test- 
ing small pieces were heated to approximately the same 
temperatures, and it is remarkable how close the corre- 
—_s structures really were. It may be concluded, 

erefore, that —, structure of 60/40 brass, the 
temperature of annealing between 500 deg. and 860 deg. 
Cent. may be judged approximately. 

The whole of the illustrations in this r, excepting 
those of Part III., were obtained by slight y etching the 
metals, so as to show only the a and § constituents. On 
stronger etching the orientation of the 8 constituent can 
be developed. In the specimens heated to above 500 deg. 
Cent. and under 812 one Sent. the 8 constituent develo; 
into larger crystals, which are readily detected by the 
reflections from the etched surfaces when the specimens 
are rotated and illuminated by rays of incident ligt t. 
The a particles ap as islands in the f crystals, but 
the orientation of the a has not been determined. 

Ina eated and cooled many times gradationally, 
the 8 crystals extended continuously side by side in long 
parallel columns for a distance of nearly 3 in. within the 
temperature range of 550 deg. and 800 deg. Cent. The 
crystalline orientation was heterogeneous in the } ys of 
the metal heated above 800 deg. Cent. and below 550 deg. 
Cent. Heating at about 812 deg. Cent. does not appear 
to lead to the growth of such large crystals as are formed 
below 800 deg. Cent. They do, however, steadily in- 


magnified, as is shown in Fig. 14, page = which some- 





No. 4a. Alloy B. Alloy A after heating for 
984 hours at 270 deg. C. 





No. 5b. Cooled in air. 
Heated to 475 deg. O. 


crease in size as the temperature is raised above 800 deg. 
Cent. On straining the crystals of § of No. 6 quenched 
alloy slip-bands a: , a8 shown in Fig. 15,-page 792. 
The Proper in Resisting Oxidation on Heating 
in Air.—Incidentally during this research it was found 
that on heating yellow brass in air, even for 48 hours, the 
scaling and oxidation was remarkably low. The 
used for mechanical testing were weighed and 
measured before and after heating, and the losses in 
weight were determined, with the following results :— 
os. 1, 2, 3, and 4 lost less than 0.2 per cent. 
Nos. 5 and 6 lost about 0.3 per cent. 
Nos. 7, 8, and 9 lost about 0.8 per cent. 


loss by 
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Bars of cupro-nickel heated at 860 deg. Cent. for 
48 hours lest nearly 12.5 per cent. by scaling, or about 
eighteen times more than the yellow brass that had been 
heated under the same conditions. The scale from the 
yellow brass consisted entirely of zinc oxide free from 
even @ trace of copper. The analyses of the bars before 
and after heating were as as follow :— 


ENGINEERING. 


the basis of the loss of 0.8 per cent. zinc. The outer 
layer of the alloy, Nos. 3 to 12, consisted of a only, Fig. 16, 
792. As the bars were placed close together during 

ting, and free circulation of air was restricted by 
the plugs of asbestos at each end of the heated furnace- 
tube, other trials were made in which pieces of brass and 
copper, of the same shape and dimensions, were heated 
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After the trials of Professor Turner, in which he heated 
brass in vacuum and obtained a much greater removal of 
zinc than is here shown, it must be concluded that pres- 
sure plays an important part in preventing the escape of 
zinc from such materi The remarkable feature 
proved is that the presence of zinc completely prevents 
the oxidation of copper. 











No. 6a. Quenched. No. 6b. Cooled in air. 


No. 7a. Quenched. No, 7b. Cooled in air. 
Bar No. 2. Heated to 565 deg. C. 


Bar No. 8. Heated to 675 deg. O. 





No. 8b. Cooled in air. 


No. 8a. Quenched. 
Ba Heated to 720 deg. C. 


r Ne. 4. 


No. 9b. 
r No. 5. Heated to 749 deg. C. 


a aa: 


Cooled in air. 


No. 9a. Quenched. 
Ba 





No. 10a. Quenched. No. 106. Cooled in air. 


No. lla. Quenched. 
Bar No. 6. Heated to 773 deg. C. 


No. 11b. Cooled in air. 
Bar No. 7. 


Heated to 812 deg. ©. 


No. 12a. 
































Quenched. No. 12). Cooked in air. No. 18a. Quenched. No. 18). Cooled in air. 
Bar No. 8 Heated to 833 deg O, Bar No. 9. Heated to 560 deg. O. 
‘ Ne cian yo by a be Ae peer! aye at oboe des. Cent.,in| Summary of Results.—It is sufficient to state that :— 
Hard-Drawn After Heating Bars lor | a large gas-heated muffle furnace. e muffle was not} 1 Cold-drawn Muntz metal is obtai ; 
— Original Bar, \to 860 Deg. C. Series A and : : : » ay metal is obtained in the most 
Sees tom forse Horn Bs | Suey roms and ar freely cient round the mal | ductile condition by annealing ot 490 deg. Get, for thre 
i os r cent. removing them from the muffle, the scale was carefully | “9 : 
Copper Peo4o 088 Pel of detached from each bar. The scale from the Muntz ». 3 i ee. een Tee oe wt 
Zine .. 39.43 38 93 38.72 metal weighed 0.49 grammes, and consisted entirely of | ome enveloped with a—a stru pe l $ cond 4 
Lead .. 0.09 0.09 0.09 zinc oxide free from the slightest trace of copper. : bri in bo hile ra! asrangemens conde- 
Arsenic 0.01 0.01 0.01 The ecale from the copper weighed 2.88 grammes. The cive to brit in both chilled and air-cooled material. 
Iron .. 0.05 0.05 0.05 ene taae tis eaten 3. Heating to between 800 deg. and 830 deg. Cent., 
ee ncn ae gat: Per Cent. followed by quenching, leaves the metal as hom us 
Total .. 99.98 99.97 99.91 Oc 4.60 8 constituent, which has a tenacity of about $9 tons 
Pe EE a LA nosiiemandl 7m pper 0.80 per sq. in., as compared with 26 tons per sq. in. in the 
The increase of copper shown in the second column oe, So FO go oe cy ; metal annealed at 500 deg. Cent., with an elongation of 
corresponds most closely with the analyses calculated on Ratio of loes, copper to brass, 5.7 to 1. 25 per cent, in 2 in. 
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; : chloride, the 8 constituent being acted upon to a greater 
Mecuamical Tests or Sraciuans or Muwrz Mera. = extent than the a, and remains in slight depression. There 
aks ~~~ | can, however, be little doubt that itis better to have per- 
Heat Treatment. QuENcHED In WATER. CooLep In Am. fectly flat surfaces for microscopicexamination. All etching 
on ; - —- ~ —-| - - reagents make thesurfaces more or less uneven. Tinting 
Tempera-| Duration yield (Maximum Elongation Reduction Yield Maximum_ Elongation |Reduction | bY oxidation or by any other means is not open to that 
ture. | Heat Stress. Stress.  inlin. | of Area. | Stress. | Stress. inlin. | of Area, | 00jection, the surfaces remaining perfectly flat. The aim 
ing. | of meng 5 sae bem — ore a to oe the 
- a. ont, | tinting methods wherever possible. e useful brasses 
tons tons per t. r it. | to toi | t. ss ° A 
Normal bar of A 8q. “ sq. ‘mq oe ee — . “yy Per cent. | Per cent. | and those containing small portions of the ‘y constituent 
eadB.. ..| = — _ — _ — | 15.24 | 26,18 44 | 540 |cam be very rapidly tinted by blowing air containing 
A 270 =| 984 hours -- _ - _ 13.76 25.85 54 | 63.0 traces of ammonium sulphide, chlorine, bromine, &c., 
es B 430 8 months _ -_ _ — | 1182 22.9 56 63.4 a the specimens when in a heated condition. Evenin 
Hard a alae on Pt. oe on08 s as | ap a. = | roe the cold state the a constituent is tarnished by that means, 
Z 565 ; 16.15 25.91 41 688 | 1356 | 25.11 51 | 631 |8ndthe more rapidly the higher the content of copper. 
3 675 ~ 14.64 28.67 38 43.8 13 41 26.64 47 58.8 Tinting in the cold, however, is open to the objection 
4 720 * 15.89 27.40 26 37.8 12.27 24,48 40 48.6 that minute specks of moisture are liable to condense on 
5 749 se 19.67 28.78 20 32.6 14.42 26.38 42 43 8 the polished surface and produce a spotted and false 
6 773 - 20.47 23.26 10 26.6 13.62 25.00 38 438 colouring. 
; | ot | BE BSB BS BE BEE BE. | he taple method T havo now adopted consi in 
9 860) “ 18.45 27.22 30 32.1 14.93 | 24.50 | 48 582 | finishing the polishing on a very wet block, drying the 
eS the a with a clean __ rag before the 
water has eva f t of 
The Lars for A and B were d fferent, from those of Nos. 1 to 9. 7% ee ca 





No. 14. Same as No. 13a. 


Magnified 
330 diameters. 





No. 15. No.6 bar after straining, showing slip 
bands in 8. Magnified 330 diameters. 


No. 16, 
layer of a. 


No. 5 bar, showing external 





metal, heating to 80 deg. or 100 deg. Cent., and rubbing 





No. 17. No. 6 bar, quenched, strained, showing 


weakness of a envelope. 





No. 17a. Polished only. No. 170. 


No. 17. y in @ (white in dark). 

4. Heating to between 800 deg. and 833 deg. Cent., and 
cooling in air leaves the metal almost as good as it was 
after annealing at 500 deg. Cent., and heating the metal 
at just above 800 deg. Cent. causes it to recrystallise into 
finer grains than are formed at between 500 deg. and 
800 deg. Cent. 

5. Brass is remarkably immune from oxidation during 
heating, and vps nary per cent. was oxidised on heating 
for 48 hours at about 860 deg. Cent. compared with 4 per 
cent. for copper heated under similar conditions. 

6. It is only the zinc which is oxidised on heating 
Muntz metal, and the scale detached from heated bars 
consists entirely of pure zinc oxide. 

What still requires investigation is :— 

1. The minimum percentage of zinc, when alloyed with 
copper, which will prevent the oxidation of the latter 
during heating. 

2. Whether very prolonged heating of 60/40 brass at 
temperatures below 470 deg. Cent. will cause it to become 
pure a constituent, free from 8. 

3. The correlation of the composition, 


hysical pro- 
ecw structure and heat treatment of ail 
TAsses. 


the useful 


4. A similar research to what has been done on 60/40 
brass, but in which the bars of Muntz metal should be 
heated before testing for a much shorter period than 
48 hours. 

In conclusion, we must express regret that we have 
left so much work still to do, and therefore request that 
this short communication be regarded as an introduc- 
tion to more exhaustive trials. 

We thank Mr. F. Tomlinson, of the Broughton Copper 
Company, Limited, Manchester, for havin 
necessary material on which to work ; 
and his assistant, Mr. Blincoe, for making special arrange- 
ments for facilitating the heating of some of the bars at 


0. 
Fumed with ammonium sulphide. 


supplied the 
bg oy ted 


No. l7e. No. 18a. Polished only. 





No, 18d. 


Etched with ferric chloride, y black. 
No. 18. ying. 

the Middlesbrough Gas Works; the Sheffield Testing 
Works, Limited, for so carefully testing the experi- 
mental bars; and the Cleveland and Durham Electric 
Power Company for supplying the necessary current 
used in the annealing tests. 





Part III. 
A Simple Method for Distributing the a, B and y, when 
Associated in 33. 
By J. E. Sreap. 

In 1900 I suggested that certain polished alloys could 
not only have their structure developed by ‘‘ heat-tinting,” 
|or heating in air until they assumed tints of various 
| colours, but that by heating in other than air the 
structures might be equally well developed. The a and 8 
constituents, when associated in relatively large masses, 
are readily identified by etching with acidulated ferric 





No. 184. Fumed by new 
method ammonium sul- 
ph:de. 


No, 18¢. Fumed by new 
method bromine. 


| with a piece of soft chamois leather, floating the metal 
on molten tin or lead, and then directing upon the metal 
la — mixture made by blowing air through a weak 
solution of ammonium sulphide placed in an ordinary 
wash-bottle with reversed tubes until the desired tints 
appear. The a constituent passes through the range of 
colour dark yellow, brown, carmine, blue to slate grey. 
The y constituent, when associated with the a con- 
stituent, remains unaltered, and appears white on a 
brown, ted, or blue ground, according to the degree the 
fuming has been carried. In order to demonstrate the 
value of this method, a specimen of 70/30 brass was 
polished, and into its face was crushed particles of pure 
sprinkled on a hard steel plate. By that means some 
of the particles became embedded in the metal. After 
polishing, the 7 constituent was seen to be of a dove 
colour on a yellow ground. 

Fig. 17a, above, represents one of the areas con- 
taining ‘y surrounded by a, as seen on the polished alloy. 
The metal was then heated by floating it on melted tin, 
and a stream of air carrying ammonium sulphide was 
blown upon its surface. In two seconds the surface 
changed toa red colour. It was cooled, examined, and 
photographed, with the result shown in Fig.” 17), 
above. The specimen was thereupon floated on liquid 
lead and sulphurised a second time, until the a con- 
stituent appeared nearly white but variable in colour. 
The 7 constituent still appeared much the lighter, as 
shown in Fig. 17c, above; but in addition to y there 
appeared primary dendrites in nebulous form. Figs. 18a 
“a 18), above, illustrate the y and £ constituents 
in juxtaposition before and after sulphurising. The 
contrasts are slight in the polished, and clear in the 
fumed, specimen. In developing the structure of f in 
the presence of + it is preferable to use air containing 





traces of bromine instead uf ammonium sulphide, as it 18 
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more rapid in its action. The evidence és conclusive that 
by this simple method:— nye Aer 

1. The slightest variations in the distribution of copper 
in brasses containing between 90 and 64 cent, can 
detected by fuming the heated polished surfaces for a 
few seconds with air impregnated with ammonium sul- 
phide, bromine, &c. ; 

2. Even in worked and long-annealed commercial 
po eee of the dendritic primary crystallites can be 
detected. 

3. The y constituent can be detected when associated 
with the a constituent. 

4. It is applicable to the development of the structure 
of bronzes and other alloys rich in copper. 


Part IV. 
The Development of Brittleness in Hard-Drawn Brass. 


Occasionally brittleness in old brass wires has, in our 
experience, been noticed, and we have never been able to 
account for it. 

Mr. F. J. Johnson, when discussing the paper on “ih 
New Critical Point in Copper-Zinc Alloys,’ by Professor 
H. C. H. Carpenter and Mr. C. A. Edwards,* remarked 
that it was well known that brass which has been finished 
hard (that is to say, hardened by mechanical treatment) 
was susceptible to ‘age cracking” or ‘secular brittle- 
ness.” A remarkable example of this was afforded in a 
specimen of hard-drawn brass rod, which had been used 
as a conductor for high-tension electric current through 
the concrete floor of one of the Cleveland and Durham 
Power Company’s substations. After long use—about 
three years—these rods m to crack. A number of 
them were removed, and a careful examination made. 
In Fig. 3, page 790, full size, there is reproduced a longi- 
tudinal section of a piece broken from one of these rods, 
which was originally 23 in. by § in. in diameter. When 
removed, the cracks were found to be filled with a bluish- 
white powder, consisting of nitrates of copper and zinc, 
which had been produced by the effect of electrical dis- 
charge across the air space between the charged rods and 
the surrounding insulator, which, in passing through the 
air, produced the higher oxides of nitrogen, which then 
attacked the brass. This powder had accumulated in 
the cracks, and had evidently exerted pressure, which 
would, of course, tend to extend the fractures. The 
portions of the brass enclosed by the threaded nuts on 
each end of the bar were perfectly sound and free from 
incipient cracks—an indication that the bar itself when 
put to use must have been of the same character. The 
direction taken by the cracks clearly indicates that it 
was along the planes of weakness produced by cold 
drawing, for, as will be seen in the phovigrens, they 
travelled in such a way as to produce the well-known 
cup and cone fracture, often seen in so-called ‘* cuppy 
steel wire ”—sometimes the result of over-drawing. Over- 
drawivg leaves the metal weak along conic surfaces, and 
when the reduction of area is too great, fractures of the 
cup and cone type occur when passing through the draw- 
plate. If the reduction of area is just insufficient to 
cause rupture, the internal stresses must be excessive. 

The conductor rods when in use were in a constant 
state of tremor, and there can be no doubt that where they 
were not securely held at the ends by the screwed nuts 
this tremor gave impetus to internal rupturing, and 
eventually caused the rod to break into pieces. The 
analysis of the brass rod was as follows :— 





Per Cent. 
Copper ... 58.61 
Zinc 38.61 
Lead 2.49 
Tin 0.25 
Tron 0.08 
99.95 


The presence of lead is conducive to weakness, and it 
is possible that had lead been absent failure would not 
have occurred. The hardness by Brinell’s machine was 
119, and on heating to 440 deg. Cent. for one hour it fell 
to 109; but after heating to 700 deg. Cent. for one minute 
and cooling, this fell to 77, or a drop of 42 hardness 
degrees, showing tbat all the hardness produced by co!d 
working was removed | this simple treatment, and we 
have no doubt that had the rods been so heated before 
being put into use the internal stresses would have been 
destroyed, and in spite of the lead present the bars would 
not have broken down. 
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Unirep States Steet Corporation.—The unexecuted 
orders on the books of the United States Steel Corpora- 
tion at the close of April showed an aggregate of 
4,277,068 tons, as compared with 4,513,767 tons at the 
close of September, 1913, and 6,978,762 tons at the close 
of April, 1913. The total for April this year showed a 
contraction of 376,757 tons as compared with the corre- 
——— orders in hand at the close of March. The 
plants of the corporation were worked during April to the 
extent of about 70 per cent. of their productive capacity. 





Fast Trains on A Rack Rattway.—On the Hillen- 
talbahn-Hellvale Railway, between Freiburg in Baden 
and Donaueschingen, international through cars are now 
run at ae speed for the service between 
Miilhausen in Alsace and Ulm and Munich. Freiburg is 
situated in the low plains of the middle Rhine, not far 
from Basle, where the Rhine makes a bend, just at the 
foot of the Schwarzwald; the Hillental rack railway 
leads into the highest part of the Black Forest mountains, 
which there rise to 5500 ft. The length of the Hiéllental 
tection of the railway is 35 km., and the rack line itself 
has a length of 7 km., and passes over gradients of 55 in 
1000, and curves of 240 radius. Since 1908, through 
trains of 62 tons maximum weight have been run over 
this section. Since the summer of 1912, trains of 15 axles 
and 121 tons weight have been run on the rack at a speed 
of 30 km. per hour, whilst the s over other parts of 
the Hiéllental line is 65km. The trains are hauled by 
tender engines of 63.5 tons weight, fully equipped, and 
special rack locomotives act as helpers on the rack 
section ; the down journey is performed without the aid 
of the special rack engines, all the carriages being pro- 
vided with double Westinghouse brakes. 





Tux DEVELOPMENT OF THE Murray River System.— 
Detailed information has reached land concerning the 
agreement between the three riparian States of New South 
Wales, Victoria, and South Australia and the Common- 
wealth Government, for the economic joint use of the 
waters of the Murray River system. The conference 
decided that locks and weirs should be constructed on 
the Murray from the mouth to Echuca, on the Murrum- 
bidgee up to Hay, or alternatively ‘to the works on the 
Murrumbidgee, an equivalent length of the River Darling. 
The cost of the works was estimated at 4,663,000/., of 
which the Commonwealth is to pay 1,000,000/., and the 
three States the balance in equal shares. Included in 
the scheme is the establishment of big water storages at 
Lake Victoria, on the South Australian border, and 
Cumberoona, or some other suitable site on the Upper 
Murray. The navigable length of the Murray system is 
in all over 3000 miles, composed of 1366 miles on the 
Murray, 666 miles on the Murrumbidgee, and 1180 miles 
on the Darling. This navigable mileage is, of course, 
dependent on the locking of the streams. The new 
development is expected to give an enormous impetus to 
the Murray River trade, and also to agricultural settle- 
ments along the bie 0 It is decla that 14 million 
acres of agricultural land still remain to be settled and 
irrigated along this river, and there is room for tens of 
thousandsof settlers still on the areas to be thrown open 
in the three States. The importance of the ment 
lies in the conclusion of interstate rivalry and dissension 
over the use of the river waters, which has hitherto 
retarded the we ~~ of the riparian lands in the dis- 
tricts concerned. nder the joint scheme now arranged, 
all three will work together. 





Tue LemnisoaTE AS A TRanstTION Curve.—A paper 
was read some time ago before the Australasian Associa- 
tion for the Advancement of Science by Professor R. W. 
Pay eee M.A., in which he recommended the use of 
the lemniscate instead of the cubic parabola for transi- 
tion curves on railways. Professor Chapman pointed 
out in this contribution that particularly when the circular 
curve was of small radius the geometrical construction 
used in setting out cubic parabolas might easily lead to 
appreciable errors. In searching for a curve which could 
be fitted in perfectly under all circumstances, capable of 
exact setting out, his notice was attracted by the lemnis- 
cate of Bernoulli, whoce radius of curvature varies 
inversely as the radius vector. The use of this curve 

ad been advocated by Paul Adams in the Annales des 
Ponts et Chaussées in 1895. The lemniscate was in its 
complete form a figure 8. Part of the curve only was 
used for transition curves. Its equation could be written 
in the form r® = a? sin 2 6, where r was the chord between 
& point on the curve and the point of origin where the 
curve touched the tangent, and @ the angle between this 
chord and the tangent. If the super-elevation of the 
outer rail were made to run out on a certain grade, the 
constant a? became the same for all curves on a given 
line, provided that the super-elevation of the outer rail 
was in cases that given by the ordinary formula. A 
suitable grade might be chosen so as to make a? a con- 
venient square, and all the elements could be ex 
in terms of a, and arranged in a simple tabular form of 
general application. Professor Chapman led to 
show how a circular curve could be joined to two pieces 
of straight by lemniscate transition curves at either end, 
and how a double lemniscate could be inserted between 
two pieces of atraight. Various other matters were then 
touched upon, the paper concluding with a description 
of the metho! of setting cut a |-mniscate, 





COLONIAL AND FOREIGN ENGINEERING 
PROJECTS 


We give below a few data, taken from the Board of 
Trade tages several colonial and foreign engineer- 
ing projects. Further information on these pro can 
be o from the Commercial Intelli Branch, 
Board of Trade, 73, Basinghall-street, ion, E.O, 

New Zealand: The Imperial Trade Uo dent at 
Dunedin reports that the Borough Council of Milton has 
under consideration three schemes for providing the 
borough with a water supply, two of them by gravitation, 
and the third involving use of a suction-gas pumping- 
plant. The question will be submitted to the ratepaye 
and it is probable that one of the gravitation schemes will 
be authorised, at a cost of about 15,000/. 

Russia: With reference to the extension of a grain 
elevator at Moscow, H.M. Embassy at St. Petersburg re- 
o-~ that, according to the Vyestnik Finansov, St. Peters- 

He the State Bank intends to proceed during the present 
bui ding season with the erection of in-elevators at 
Moscow, Rybinsk, and Nijni-Nov, , of a capacity of 
3,000,000 8, 2,000,000 poods, and 1,500,000 poods 
respectively. It is stated that the elevator will be one of 
the largest in Russia, and will be equi with all the 
latest technical improvements in machinery, &c. (1000 
poods = 16 tons, about.) 

Italy; The Gazzetta Ufficiale, Rome, publishes a Royal 
Decree (No. 393, of May 3), authorising the grant of a 
concession to the Societa Italiana Ferroviaria Anonima 
Costruzioni ed Esercizi, of Milan, for the construction 
and working of a railway from Massalombarda, through 
Imola, to tel del Rio. Thesame Gazzetta contains a 
notice inviting tenders for the supply of material and 
accessories required for the construction of a conduit for 
drinking water to be obtained from Morgia Sfarinata. 
Tenders will be received, up to June 10, 3 the Muni- 
cipio de Pescocostanzo, inthe Province of Aquila. The 
upset price is put at 101,381 lire (about 4050/.). Although 
this contract will doubtless be awarded toan Italian firm, 
nevertheless the carrying out of the works may involve 
the purchase of materials outside Italy. 

Spain: With reference to a projected competition of 
_ for the construction of a railway from to 

aminreal, it appears from the Gaceta de Madrid that 
the Royal Assent has been given, authorising the 
Ministerio de Fomento to present to the Cortes a Bill 
announcing a competition for plans for a normal-gauge 
railway between these two towns. 

Morocco: H. M. Ohargé d’Affaires at Tangier reports 
that tenders are invited by the Special Committee of 
Public Works for the construction of a stone lighthouse 
ee ery 9 buildings (but not including the we | at 
Sidi Bou Afi, near Mazagan. Tenders, accompanied by 
certificates of competency, will be received by M. le 
Président du Comité Speciai des Travaux Publice, Dar 
en Niaba, Tangier, up to ll a.m. on August 6. The 
estimated value of the contract is placed at 214,755 francs 
(85901.), and a deposit of 3500 francs (140/.) is required to 
qualify any tender. The contractor must elect domicile 
in the neighbourhood of the works. 

Chili : The se information is from the report by 
H.M. Consul at Antofagasta on the trade of that district 
in 1913, which will shortly be issued :—A Bill has been 
before yen om x for some time, and has been finally 
passed, authorising the Municipality of Antofagasta to 
raise a loan of 200,000/., to be guaranteed by the Chilian 
Government. It is intended to cover the loan by in- 
creasing local taxation for a period of years. The money 
is to be utilised as follows :—136,000/. for street paving, 
30,0007. for the erection of a market place, 20,000/. for 
the construction of a road to the sporting club, 4000/. for 
improvements in Mejillones, 8000/. for rubbish-incine- 
rators, and 2000/. for the erection of public baths. 
Tenders for carrying out these works will be invited by 
means of announcements in the Antofagasta and Santiago 
newspapers. 

Brazil : With reference to the proposed harbour works 
at Porto Alegre, H.M. Consul at that place reports that 
the President of the State of Rio Grande do Sul signed a 


contract on April 18 with a French mh for the 
execution of the works, at a cost of 1,240, . e work 
is to be begun on January 1 next, and finished by January 1, 


1919 ; it includes excavation work and filling-in and dredg- 
ing, also the provision of granite paving, rain-water 
sewers, iron fencing, railway tracks, eight warehouses, 
twenty-six electric cranes, electric My mes, 4 
system, &c. The Diurio Official publishes a decree, No. 
10,851, of ry 15, authorising an expenditure of 1,046,823 
milreis by the Compagnie Auxiliaire de Chemins de Fer 
au Brésil on the installation of automatic brakes in 101 
locomotives, 150 carriages, and 910 wagons. maxi- 
mum cost for each locomotive is to be 1921 milreis, and 
for each carriage or wagon, 766 milreis. The Diario 
Official also contains a Decree, No. 10,872, of April 29, 
authorising an expenditure of 1,428,527 milreis on 20 km. 
12 miles) of line just outside on the branch of the 

tral Rai Wt of Rio Grand do Norte, between Lages 
and Macdéo. (Milreis = 1s. 4d.) 





More YorKSHIRE Coat. —Borings at Newland, midway 
between Goole and Selby, have nearly reached the 
Barnsley seam, which is expected to be met with at a 
depth of 800 yards. At Pollington, between Goole and 
Knottingley, test borings which have been made induce 
equally sanguine anticipations, and there is now every 
Pp’ t of a profitable expansion of colliery en i 
in the northern portion of the eastern extension of the 
South Yorkshire field. Further borings which have 
been made in portions of the area have proved the exist- 
ence of coal-measures, but at a depth at which it would 
be difficult to work them remuneratively. 
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CATALOGUES, 


Magnetic Apparatus.— We have received from the 
Magnet Schultz, G.m.b.H., of Memmingen, i/Schwaben, 
Germany, & catalogue of electro-magnetic pliances for 
industrial purposes, includi tic-ch and fixing- 
plates for machine-tools, lifting-magnets for cranes, 
magnetic separating-machines, hand-magnets, magnets 
for surgical purposes, brake-magnets, and other appa- 
ratus. 


Petrol-Engines.—We have received from Messrs. J. W. 
Brooke Co., Limited, Adrian Works, Lowestoft, a 
of their latest catalogue of petrol-engines for indus- 
triad purposes. Prices and — are given of 
engines ranging from 3 to 65 horse-power. on cast-iron 
-plates, with pulleys, or with extended bed-plates for 

on the 


hoists, joes, &c. These all operate 
four-stroke cycle, except the 3- power size, 
which is of the two-stroke type. The catalogue also deals 
with portable and — pumping , electric- 
erating sets, petrol-locomotives, an way -inspec- 
Son — Prices are mentioned for these, and also for 
marine motors up to 300 horse-power, but a separate 
—— of marine motors and motor-boats is issued by 
the firm. 


Grinding-Machines.—We_ have received from the 
Judson-Jackson Company, Limited, 50, Marsham street, 
Westminster, 8.W., a ——. of grinding-machines 
manufactured by Messrs. A. H. Schiitte, of Cologne and 
Berlin, for which firm the Judson-Jackson Company are 
the sole agents. Plain wet tool-grinders are first dealt 
with, particulars being given of floor-machines for 20-in. 
by 24-in. wheels, and of a bench-machine taking a 12-in. by 
thin, wheel. We then find particulars of Se gee 
machines with ball-beari Three sizes are listed, wi 
discs 20 in., 24 in., and 28 in. in diameter, and the 20-in. 
size is also made with a 12-in. ring-grinding wheel in 
place of one of the discs. Only two other machines are 
dealt with in the catalogue. These are twist-drill grinders, 
of the floor and bench types. The former is capable of 
grinding drills ranging from in. to 2? in. in diameter, 
while the latter is for ,',-in. to §-in. drills. The particulars 
given include specifications, dimensions, weights, &c., of 
all the machines, and all of them are illustrated by repro- 
ductions from photographs. 


Screwing Machinery.—We have received from the 
Landis hine Company, Incorporated, of Waynes- 
boro, Pa., U.S.A., a copy of their latest catalogue of 
screwing machi . The catalogue first illustrates and 
describes the Landis die, in which four chasers set tan- 
— to the bolt are used. The c are milled 
rom @ fist bar of high-speed or carbon steel, one face 
being forfmed with suitably-shaped serrations of the 
correct shape to cut the thread. The chasers are hardened 
for the whole of their length, and are sharpened by simply 
grinding the ends; the same chasers can be used for 
cutting either right-handed or left-handed threads. 
Several other important advantages are mentioned in the 
catalogue, and particulars are given of die-heads in nine 
standard sizes for screwing bolts i os tin. to 
4in. in diameter. Single and double-bolt screwing- 
machines for screwing bolts and ta ae up to 4 in. 
in diameter are also dealt with. We noticed parti- 
culars of special machines for making stay-bolts, bolt- 
pointing machines, pipe and nipple-screwing machines, 
and various accessories. The catalogue is well printed 
and fully illustrated, so that it makes a useful and 
attractive publication. 


Induction Motors.—We have to acknowledge the 
wees Sem Messrs. Bruce Peebles and Co., Limited, of 
Edinburgh, of a copy of their latest catalogue of large 
polyphase induction motors. This publication is divided 
into two of which the first deals with machines of 
the open bed-plate type, while the second part relates to 
machines in which pedestal ngs are carried by the 
end hoods.. Machines of the latter type, being particu- 
larly compact and quite self-contained, are especially 
suitable for direct coupling to fans, pumps, &c. The 
catalogue gives a very complete specification of the con- 
struction of the machines, illustrating and describing 
many of the details, and it also includes tables of speeds, 
outputs, weights, dimensions, and other data for three- 
p motors on 25 and {0-cycle circuits, at pressures 
ranging from 110 to 6600 volts. The outputs of these 
machines vary between 70 and 1900 horse-power, and the 
8 range from 1500 to 150 revolutions per minute. 

e bed-plate machines are made in forty-one frame sizes 
to cover the above-mentioned range of speeds and out- 
puts, and the first thirteen of these can also be supplied 
of the self-contained type. Ae is usual with this firm’s 
publications the catalogue gives in a handy form all the 
Spy eed to be required by possible customers. 
It is also (power and illustrated, so that it makes a 
very useful and creditable produu'tion. 


Uses of Alwminium.—Several pamphlets and circulars 
dealing with the uses of aluminium have reached us from 
the British Aluminium Company, Limited, 109, Queen 
Victoria-street, E.C. One of these phlets deals with 
the use of the metal for chemical ts, and points oud 
= re fryms = for en rpose. It is senpane 
0 y the autogenous welding vessels of an 
size and shape can be contuansbased. and that these vanin 
can be used to hold practically anything ex hydre- 
chloric acid, halogen soluti or caustic alkahes. Alu- 
minium vessels and plant have successfully employed 
in connection with brewing, varnish-making, 
refining, jam-making, dyeing, and in the manufacture 
of explosives. The pamphlet illustrates examples of 
tanks, stills, condensing coils, rectifiers, and other plant 
constructed of aluminium, and also includes tables of 


-| wireless telegrapbic apparatus for ships. 
i uench: 





weights of sheets and tubes; tables of safe pressures for 
tubes are also given. One of the circulars relates to 
aluminium moulds and mandrels for rubber manufacture, 
and illustrates a pair of mandrels for vulcanising inner 
tubes of motor-car tyres. Aluminium is stated to be the 
only commercial metal that will successfully resist the 
action of the sulphur contained in vulcanised rubber ; 

lass was ly used for this purpose before the intro- 

uction of aluminium. Other circulars are devoted to 
the use of aluminium for the field-coils of electric motors, 
aluminium netting and gauze, and aluminium accessories 
for the construction of motor-car chassis. 


Motor-Cars.—A most attractive catalogue of Wolseley 
motor-cars for 1914 has been published by the Wolseley 
Tool and Motor-Car Company, Limited, of Adderley 
Park, Birmingham. Only t models are now made by 
the firm—a four-cylinder 16-20 horse-power model and 
two six-cylinder models of 24-30 and 30:40 horse-power 
<p ee All three models have been illustrated and 
fully described in recent numbers of ENGINEERING, so 
that we need say nothing about their construction here, 
except perhaps to mention that all are equipped with 
dynamos for electric lighting, and both the six-cylinder 
cars are fitted with com -air self-starters. The 
chassis are all separately illustrated, and a specification 
of each is given. chassis is also shown fitted with 


Each 
several different types of bodies, and prices are stated for | ¢ 


cars complete with these bodies. Prices are also men- 
tioned for various extra fitments and alternative arrange- 
ments, as well as for lamps, tyres, spare wheels, and 
other ies. The catalogue gives all the informa- 
tion likely to be required by customers in a concise and 
convenient form, and contains nothing that can be 

ed as ‘‘padding.” As is usual with the firm’s 
publications, it is éxtremely well printed and illustrated, 
so that altogether it makes a most creditable production. 
The firm also issue an abridged ——. in which, by 


using smaller pages and thinner paper, they have been 
able to mre practically the same information in a con- 
siderably smaller book. 


Electrical Apparatus.—In order to keep their | 
four-volume catalogue — and up to date, t 
General Electric Company, Limited, 67, Queen Victoria- 
street, E.C., have issued a set of progress-sheets, as the 
are called, giving particulars of the new articles added, 
and of alterations in prices and designs which have been 
made since the catalogue was issued. The publication, 
which will in future be issued at quarterly intervals, is 
divided into two parts, the first dealing with entirely 
new articles, while the second gives particulars of altera- 
tions and cancellations affecting the bound catalogue. The 
customer can either file the publications as it stands in 
the binder previously provided, or can correct his cata- 
logue in accordance with the information given in the 
second part, and file the first partonly. We imagine that 
the first alternative would be adopted in the majority 
of cases, as the alterations in a work of this mag- 
nitude are necessarily rather numerous. In any case we 
are glad to find that a complete general index to the cata- 
logue will be given with each set of sheets, and that this 
index will contain references to both the bound volumes 


and the sheets. By using this index the customer can | g 


see at once whether or not there is anything in the progress 
sheets relating to the goods he wants. It would obviously 
not be possible to revise the catalogue itself at very 
frequent intervals. At the same time, owing to the im- 
mense number of goods dealt with, changes are constantly 
being made, and some scheme for acquainting customers 
with these changes is therefore essential. That adopted 
seems to meet the case in a most satisfactory manner. 


Engine-Counters, Presswre-Recorders, and Gauge-Cocks. 
—Three catalogue sections relating respectively to engine- 
counters, recording: pressure A pn! and cocks for pres- 
sure-gauges, have been issued by Messrs. Schiffer and 
Budenburg, Limited, of Whitworth-street, London-road, 
Manchester. In the first of these full particulars are 
given of a large variety of ordinary engine-counters for 
reciprocating or rotary motions, as well as of many 
special counters for spool-winding machines, paper- 
machines, wood-planing machines, steam road-rollers, 
turnstiles, cream separators. lifts, doors, &c. Attention 
is called to the firm’s new ‘‘ Universal ” counter for either 
reciprocating or rotary motion, at speeds up to 800 revo- 
lutions per minute ; another counter listed is, however, 
available for rotary motion up to 6000 revolutions per 
minute. The same catalogue gives particulars of pocket- 
counters, tachoscopes, and of a special gas-engine counter 
which records both the number of compression and 
explosion strokes. This counter is actuated by the pres- 
sure in the engine-cylinder, and not by the movement of 
the gas-valve, so that misfires are not counted. The 
second catalogue section, devoted to recording-pressure 
gauges, includes instruments of the disc, drum, and con- 
tinuous types for steam and hydraulic pressures, and also 
for vacuum. Recording-pressure gauges for railway- 
wheel presses, and other hydraulic presses, are also 
included in this section. one remaining catalogue 
deals with cocks, iron and brass siphons, regulating-valves 
for hydraulic gauges, poummpodhedin, and other acces- 
sories 0 palaces. The catalogues are all fully 
illustrated, and prices are stated for all the listed. 
The articles in stock are also distinguished from those 
which have to be made to order. 

et epee tg 4 Apparatus.—From Messrs. Siemens 
Brothers and . Limited, of Woolwich, S.E., we have 
received a copy of the latest edition of their catalogue of 
The apparatus 
is on the q ed-spark, or “Telefunken,” system, 
since its manufacture was taken up by the firm in 1911, 
over ninety British vessels have equipped. The 
pamphlet explains the system and calls attention to its 





many advantages. Among them it is mentioned that no 
tpecial sound-proof cabin is necessary, since the working 
is practically noiseless even in the case of large installa- 
tions. The energy radiated is also said to be twice as 
great with the quenched-spark as with the open-spark, 
and the musical note produced in the receiving apparatus 


by the former system renders the signals easily distin- 
guishable from atmospheric disturbances. The latter 
of the ca’ is taken up with descriptions of stan 


shipsets. In the smallest of these sets, which is intended 
for use on launches, &c., the whole apparatus is mounted 
on aboard measuring 20 in. by 30 in., which can be fixed 
to the bulkhead. ith this set communication can be 
maintained over distances varying from 18 to 30 miles. 
— —r sets, or small vessels, yachts, 
ium large-si passenger-steamers or cargo- 
boats, are also dealt with. Inall these sets the range is 
aranteed, that of the largest being 550 miles. This is, 
wever, a much larger set than is usually installed, 
even on the largest mercantile vessels. The guaranteed 
range in all cases is the distance over which communica- 
tion can be maintained under practically all conditions, 
and this range is often very largely exceeded ; instances 
are mentioned in the catalogue where signals have been 
transmitted four or five times the guaranteed distance. 
The larger sets are supplied in two forms, known respec- 
tively as the “‘ tropical” and “‘standard” forms. In the 
ormer the condensers used in the excitation circuit are 
of the Leyden-jar type, while in the latter oil condensers 
are used. The tropical sets are also built — of 
metal, and are thus more suitable than the standard form 
for exposure to a tropical atmosphere. The catalogue 
includes numerous illustrations of vessels and apparatus, 
among the latter being the excitation circuit of a large 
naval station, having a guaranteed range of from 800 to 
2000 miles. descriptive matter is clear and concise, 
and will be found both irteresting and useful. 


Registration of Foundry Patterns. — Mr. Edward 
Flower, of 19, Cooper-streeb, Manchester, has sent us a 
circular giving some particulars of the ‘‘ Nomis” system 
of registering the whereabouts of patterns when these 
are sent to various outside foundries for the production 
of castings. According to this system a cabinet contain- 
ing a number of ow drawers, which fall into an 
inclined ition when pulled out, is employed. The 
bottom of each drawer is marked with 100 vertical lines, 
numbered 1 to 100, and 10 horizontal lines, the spaces 
between which are numbered 100, 200, &., to 900, except 
the first space, which is left blank. The t of a 
vertical line between any pair of horizontal lines thus 
refers to a particular pattern number, of which the 
units and tens are given at the top, and the hundreds 
at the side. A number of differently-coloured tallies are 
provided, each colour corresponding to one of the foun- 
dries employed, and, when a pattern is sent out to any 
particular foundry, a tally of the corresponding colour is 
affixed to the line representing the number of the pattern 
sent ; the tally must, of course, be removed as soon as the 
pattern is returned. If duplicate patterns are sent to two 
or more different foundries, tallies of the colours for each 
of these foundries can be used, as there is sufficient s 
for this purpose, Thus, by merely glancing at one of the 
rawers, it is possible to ascertain the whereabouts of 
any particular pattern. A cabinet for registering 5000 

tterns measures 3 ft. 9 in. long, 1 ft. 10} in. wide, and 

ft. 5in. deep. It contains six drawers, of which the 
five upper ones each register 1000 patterns, and the 
bottom one is divided into several compartments to store 
the different-coloured tallies. Each com ment is pro- 
vided with a detachable board, on which a tally of the 
selected colour can be fixed beside the name of the foundry 
to which that colour refers. It will be seen that the 
system is extremely simple to work, and doubtless it 
would be found very useful in works which purchase a 
large number of castings from outside firms. We think, 
however, that it would be necessary to place it under the 
charge of a reliable map, who could be depended upon 
always to place the proper tallies in the drawers as the 
patterns are sent out, and not to f t to remove them 
when the patterns are returned. oO system can, of 
course, be expected to give good results if carelessly 
worked, and in this, as in other time-saving devices, the 
information given must be quite reliable, or considerable 
annoyance will be caused, and the time saved will be 
greatly reduced, or may even be turned into a minus 
quantity. 





QUEENSLAND MingraL WEALTH. — The Queensland 
annual mining report states that the sutisfactory 
prices — for tin thronghout the year, and the pros- 
pect of still higher — during the current year, 
stimulated activity which, in the Herberton district, 
resulted in favourable development in established mines, 
and in the discovery of somé new mines of considerable 
promise. With regard to copper, the report states that 
although the year’s output (738,222/.) of the Cloncurry 
district, by far the most important of the copper fields, 
fell somewhat below that of 1912, this fact was the result 
of special causes in no way affecting the intrinsic wealth 
of this extensive area. Indeed, had it not been for a fire 
that occurred at the Consols Mine, and for the stoppage, 
for about a month, of work at the Mount Elliott and 
Hampden mines, owing to an industrial dispute, the 
weg for the year oom in the opinion of the warden, 
ve again established a record. Another satisfactory 
year had to be added to the history of the Anakie sap- 
phire field, where I gegen business was establis 
and had so far pro a success, A notable feature of 
the year was the high price of molybdenite. A find of 
mica has been , and there was an increased out- 
adh nag the Marmor limestone quarry, in the Rock- 

pton district, 
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“ENGINEERING” I LLU STRATED Pp ATENT is inserted in the shunt-field circuit J of the dynamo, thereby | shunt between the terminals of the dynamo, 
REC 


is used for t- 
bringing down the voltage to that of the supplied circuit ; also | ising the vibrating pallet while the other is dameguatiiing. 
ORD simultaneously with this action, and by the removal of the con- | According to the present invention, the demagnetising or resist- 

*. nection between 7 and 8, the short circuit is removed from the | ance coil is connected directly to the switch terminals and in 

ABSTRAOTS OF RECENT PUBLISHED SPBOIFT- | series field winding I, converting the hine into a pound | series with the field windings of the dynamo, so as to form a 

OATIONS UNDER THE AOT OF 1907 one. i by the closing the contacts 5 and 6, the lamp | powerful self-induction coil, which at the moment of rupture 

> ? - ! A - ‘ resistance is short-circuited, and the lamp circuit is now | of the current is traversed by an extra current, which, added 

The number of views given in the Specification Drawings is stated supplied direct from a compound dynamo in parallel with the to the shunt-field current, instantly demagnetises the vibrator. 

in each case ; where none is mentioned the Specification is not | eovemalators C. Whee the demand for current in the supplied Inside the itabe 1, upon which the potential coil 2 is wound, a 

illustrated. . reuit D ceases, or when it falls off sufficiently to lower the ener- | support 3 is arranged. A lever 5 is pivoted on a pivot on this 

eo are epee tomy ye abroad, the Names, &c., gisation of the lamp relay E, the condition of affairs, as shown in | support, and one of the extremities "a this Ay which is of 

npn of Speciation may Se cota Le ey the Patent Office, Sales the drawing, will be re-established, with this exception, that by | soft iron, comes into gry eo & protuberance 6 integral 
the ’ 











Arts the operation of the relay G the motor-starter F may be kept | with one of the poles 7 of electromagnet formed by the 
Southampton Buildings, Chancery-lane, W.C., at enengined and the engine kept running, and the dynamo con- | coil 2. The other extremity 8 of the fever’ A, which is of ue 
| magnetic material, supports at its extremity a contact piece 9, 
| preferably of carbon, which bears against a fixed terminal 10, 
| to close the excitation circuit. A spring 11 with tension 
screw 12, provided with a milied-head, bears upon the contact 9, 
in order to close the circuit. As shown in Fig. 2, the coil 2 is 
arranged in shunt between the terminals of the dynamo, owing 
to its connections at the points 18, 14. In order to improve the 
action of the regulator a resistance coil 16 is arranged in shunt 
between the terminals 13 and 15. This coil is of fine wire, which 
is wound upon the coil 2, so as to act in opposition to the coil 2 
and in conjunction with the spring 11. The operation is as 
follows :—During the normal operation of the dynamo the 
current passes through the coil 2 and magnetises the pole 6, 
which tends to cause the attraction of the lever 5, but this 
k attraction is counterbalanced by the spring 11, the tension of 
= which has been previously nlated by means of the screw 12 in 

(e) A order to correspond to a given voltage. When the vol 
= eos exceeds a given value the lever 5 is attracted to introduce the 
resistance of the coil 16 into the field-circuit of the dynamo, and 
owing to the excitation of the coil 16 the lever 5 is immediately 
returned to its “‘on” position. This operation is repeated as 
eee as the potential of the dynamo exceeds a given value. 


iform of 8d. 

The date of the advertisement of the nce of a Complete = 
——- is, in each case, given after abstract, unless the 

‘atent has been sealed, when the date of sealing is given. } 
NN eS ee eee 

eet od - nn so nts the aret f 8 
ive notice at ‘atent opposition grant of a 
Fetent on ane of the quews mentioned in the Act. 


ELECTRICAL’ APPARATUS. 


7600/13. The British Thomson-Houston Company, 
Limited, London, and F. H. Clough and L. Dunker, 
y. Dynamo - Electric Machines. [8 Figs.) H 
March 31, 1913.—This invention relates to dynamo - electric 
ma‘thines, and more particularly to machines, such as turbine- 
driven alternators, in which the stator windings consist of large 
conducting bars lying in slote. In such machines the eddy 
currents set up in the windings during operation cause con- 
siderable trouble, and the object of the present invention is 
to provide improved means for removing this drawback. Ac- 
cording to the present invention, the winding consists of more : 
than two rectangular ponent bars transposed in the slot, 478 
the two outer bars being bent at two places, and the inner ermore, us the lines of force due to the coil 2 follow the 
bar or bars being bent at three places, the bars being flat- : | path, represented in broken lines in . 1, it will be understood 
tened and broadened between the places where the bends | nected with the battery until such time as the latver has attained | that the sparks which may be produced between the contacts 9 
occur. The bars are shaped in this way by forging in a die or | its fully-charged voltage. This is accomplished by providing a and 10 would have a direction more definitely ndicular to 
otherwise, and cross one another at the places where they are | circuit through the two contacts h, hl for the solenoid i, which | the direction of these lines of force, which act with great effi- 
circuit is independent of the contacts 1 and 2 of the relay E, being | ciency for preventing the continuity of these sparks. (Accepted 
2 @ derived from the contact-bar 10 of the motor-starter itself. The | March 25, 1914.) 
Fia.7. c —s is so arranged that the armature g is not attracted until 
f 4 matory haneaneiee its Sully changed voltage ; wee as penta as GAS-ENGINES, PRODUCERS, HOLDERS, &c. 
is es p , the attraction of the armature brea e con- 
nection between A and h!, whereby the solenoid i is de-energised, 1 —4 7 Ce! Milne and 1 Earusted, end 
and the connection between the dynamo and the batter: through rt, —_ ate ws 3 Governess, [ .) 4 the like of 
the arm j is broken. Simultaneously a solenoid k, which is in | Th yy we On na ; Pa ayn hw! aD bell e ‘ 
series with i, is de-energised, thereby putting a short circuit on | the ty La h ‘th one aaa oat (or 7 — ~4 smatioal “ 
F the sparking-plug / of the engine A, and causing the latter to | C@tes with the governed gas, and is automatically 
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Fig.2@1 Fig3 Fig4 
2 3 stop ; the stoppage may, however, be effected by other methods, control the governor-valve (or valves), whilst a second bell, for 
; , compensation purposes, communicates with the ungoverned gas. 
ek 4 euch as acting on the fucl supply. (Sealed May 1, 1914.) haswedin to this invention, the governor is provided with an outer 
(760 6462/13. B. Heap and the Chloride Electrical] | bel! which works in a comparatively liquid seal, whilst the 


pan ted % inner bell depends from the dome of such outer bell and works in 
flattened and broadened, so that the superposed ends occupy | Batteries. "2 Fige} March 15, 013. This invention relates | 8 comparatively small seal, and such seale are separated only by 
relatively opposite positions at the opposite ends of the slot. to the positive plates of secondary electric batteries, its object | means of a thin annular wall of sheet-metal or the like, whilst 
Fig. 1 represents a built-up bar assembled for insertion in a slot. | being to provide effective means for retaining the active material | such seals communicate with each other by means of one or more 
Figs. 2, 3, and 4 are sectional views taken on the lines A B, © D, | in position upon such plates whilst permitting of its employment | holes or equivalent in such wall, so that any oscillation set up in 
and EF, of Fig. 1. It will be seen from the drawings that the | in ‘a more porous condition than Easseeteek thereby ensuring | the sealing liquid of the ae bell by the ungoverned 
individual conductors rae relatively reversed positions at | an increase in the electrical capacity of the plates. According to | £48 is prevented from interfering with the accuracy of the main 
oprosite ends of the slot. Thus 1 is at the top at the left-hand | this invention, the positive plates are made in two parts adapted | Or regulating bell. a is the pipe connection for the ungoverned 
end of the slot, and at the bottom at the right-hand end. It will | to be secured together by inter-engaging rivets and eyelets, and | <a8 and / is the connection for the governed gas, whilst c is the 
als> be seen that with a four conductor bar, such as shown, | yon each or grid-like member is secured, during the process 
only two different dies or patterns are required, as bars 1 and 4 | of, casting the grid, a sheet of finely-perforated vulcanised rubber 
are exactly the same shape, as also are bars2and 3. It is not, | or other insulating and acid-resisting material, the grid passin 
however, desired to limit the invention to a four-conductor | through some of the perforations and securing or eeetios iteel? 
= ee be ae oe = Sircnghout the to the perforated sheet. By the employment of the aforesaid 
substantially the same cross-~ cage- ‘ ‘ —e 
length in the slot, because at the places where they cross one like grid of antimonial lead with perforated ebonite cover 
ther eac P t bar has substantially half the thickness 
and double the width of the dimensions at the end of the bar. Fig i. m 
(Accepted April 1, 1914.) 


1413/13. H. ma, [s Fige) Automatic Electric 





Supply Systems. (4 Figs.) . January 17, 1913.—This inven- 
tion relates to electric supply systems of the type comprising an 
internal-combustion engine, a dynamo, and a battery of accumu- 
lators, with means for automatically controlling the starting and 
stopping of the engine, for charging the batteries, and for regu- 
lating the voltage of the dynamo and of the supplied circuit. 
According to the present invention, means are provided whereby 
in systems of this class a dynamo may be made use of which is 
partly employed asa shunt machine and partly as a compound 
machine, in such a manner that the bulk of the supply will be 
furnished by the dynamo when acting as a compound machine ; 
that is to say, that at light loads the dynamo will be working as 
a shunt machine, and at a —— voltage than the normal volt- 
age of the lamp or supplied circuit, so as to chai the accumu- 
lators as well as to supply current for the lamp circuit, but that | 
after a certain demand for current, say anything greater than a | sheets, it is possible to effect a considerable reduction in the | 
quarter of the full output, the dynamo will be working as a com- | weight of the plates from what is at present usual, for the fixing 
pound machine at, or a little higher than, the normal voltage of | of the perforated insulating and acid-resisting sheets to the grids 
the lamp or supplied circuit. A is the internal-combustion | adds greatly to the rigidity of the plate, enables a reduction 
engine, B is the dynamo, O is the battery of accumulators, D is | to be effected in the horizontal strengthening ribs usually Ee 
the supplied circuit, E is the lamp relay, F is the motor starter, | vided in pasted itive The active material is also held 
G is the relay for controlling the latter, and H is the resistance | in good contact with the conducting ribs. The plate is formed 
which is — os e —- and = pa o- from —_ =, one A . together ay, Sennen 
D, in series with the latter. 8 the series winding 0! e | rivets and eyelets b, c. a lorated e cover 
dynamo, J is the shunt winding thereof, and K is the resistance | d secured ‘thereto during the process of casting the grid. The | pe ay ep De means at —_ repolting bel. thie ean mlentes 
in series with the latter. In the arrangement shown, the lamp | rivets and eyelets are to alternate one with another, so | lating bell dis of the float type and works in an annular ii a 
relay E is constructed with an electromagnet a, having a core b, | that one mould will serve for forming the two sides of one plate, | geal ¢ in the known manner, and secured on the fixed beteons of 
an armature c, a coarse-wire winding d which is in series with | each grid having cast thereon two lugs ¢, one of which is removed | the liquid chamber are ower concentric walls or projections / 
the lamp or other supplied circuit D, and two sets of contact- | when the grids are assembled. Ii desired, the strengthening or | of cylindrical form, and having therebetween an anoular 9 
making arms or bruaees é, el, insulated from the core 6 and from | horizontal ribs on one may alternate with those upon its), .ai ted to serve as a liquid chamber for the seal of oy and 
each other, and designed to connect the contacts 1 and 2, 3 and | neighbour, as shown in dotted lines in Fig. 1. In the form of grid | penulliag bell i, which di 1 nds from the dome or top d! of the 
4, 5and 6,7 and 8 respectively, 3 and 4 being connected when 7 | shown at Fig. 2, the ribs g are di in the known diagonal | main regu ng bell d 2 outer wall or jection f f “4 
and 8 are connected, and 1 and 2 being connected when 5 and 6 | direction. Strengthening ribs h may be provided if desired. | Givision'wall between the seal ¢ for the reyrulati, bell d and thet 
are connected. In the position shown in the drawing, the motor- | (Sealed May 7, 1914.) for the compensating bell i, and vided in this wall f isan 
aster A ‘th ay Ay . me a4 oa mae hich 7156/13. W. J. Mellersh-Jackson, London (M. Eyquem, aperture (or apertures) by means of which the liquid in the outer 
pn = * —- pw te in the th fn gone ae ‘iL | Paris, France). Voltage- tors. (9 Figs.) March 25, and inner seals communicate with each other. The rod j 
a Se oe aS oe P resistance “2 | 1913.—The present invention relates to automatic voltage-regu- | necting the dome or top d! with the governor-valve j! is 
8o that the current from the battery C has to pass this resistance | cont within the inner wall g the base-plate or bottom of 
as well as through the winding d of the lamp relay E. It should | the liquid chamber is provided with an ¢ ing j? for the “ 
be noted that in the tion of the contact- ¢, el, as shown, | of such rod, the arrangement being such that the opening j? also 
there is a short circuit across the resistance K in series with the permits of free communication between the interior of the com- 
shunt field-winding J of the dynamo B, and also a short circuit | pensating bell i and the ungoverned gas. ‘(Accepted February 25 
across the series field-winding I of the dynamo, which series field- POI 4.) ry 20, 
winding is in the return-lamp circuit only, and not in circuit z 

between the dynamo and the battery. Under these conditions 926/14. W. Schmidt, Cassel-Wilhelmshohe, Ger- 
the dynamo is a simple shunt machine. The action of the appa- many. nternal - Combustion (8 Figs.) 
ratus is as follows :—As soon as there is sufficient demand for | March 13, 1913,— The invention relates to improvements in 
current in the supplied circuit D to cause the lamp-relay E to be | reciprocating engine valves of the automatic t; which are 
sufficiently — sed, the armature c will be raised, and the con- | opened by the compression pressure in the cylinder, and closed 
tacts 3 and 4 7 and 8 will be diseonnected, whilst the contacts by the throttling to which the working fluid is subjected when 
1 and 2 and 5 and 6 are connected. The effect of this is, in the | flowing through the valve, the latter being provided with a piston 
first place, by the connection of contacts 1 and 2, to energise (relief lege bp 1 a cylinder connected with eg eg 
the solenoid i of the motor-starter F, thereby raising the | chamber (relief chamber). According to this invention, flow 
connecting-arm j, and joining the accumulators C to the dynamo of working fluid through the annular clearance between the relief 
B, whereby the latter is motored, and causes the e e A to | lators for dynamos formed by a switch for the excitation current | piston and its cylinder is interrupted during the part of 
start and drive it asa dynamo. Simultaneously with t' and by | of the dynamo vibrating under the action of a spring in opposi- the time taken by one revolution of the engine, this interruption 
the removal of the connection between 8 and 4, the resistance K | tion to a coil having two windings, one of which, arranged in being effected by closing an auxiliary valve-seat on the 
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when the main valve itself is closed. The relief piston f of the 
annular or ring valve c is rote with valve-seats a and b, 
arranged respectively on the lower side and on the upper side of 
ap: iate projecting flanges, the former seat acting to prevent 
flow from the annular clearance space g to the relief chamber e¢, 
when the main valve ¢ is closed (as shown in the drawing), while 
the latter acts to prevent flow from the admission-chamber d to 
the annular clearance space g, when the main valve ¢ is open. 
The valve-seats a and /) also serve to limit the stroke of the main 





valve. When the valve c is closed, a certain amount of workin, 
fluid at the pressure ruling in the admission-chamber d is presen 
in the clearance aae g, this working fluid expanding to the 
pressure of the relief chamber ¢ on the valve c opening. orking 
uid, therefore, can only flow from the adm n- ber d to 
the relief chamber ¢ directly during motion of the main valve c, 
the amount of fluid which passes consisting for the most part of 
that present in the annular space g between the two valve-seate 
aand b. (Accepted March 25, 1914.5 


29,764/13. BR. H. Fowler and H. Livsey, Leeds. 
Traction-Engines. (3 Figs.) December 24, 1913.—In Specifi- 
cation No. 14,242 of 1892 is described a construction for per- 
mitting relative movement in the vertical direction between the 
driving-wheel of a traction-engine or other mt a ng engine 
and the shaft driven by this wheel. This construction consisted 
of a driving-plate or frame having on one face, at each end of a 
diameter, a projection en ng in @ co! nding radial groove 
on the driving-wheel ; and on the other face, at each end of the 
diameter at right angles to that first named, a projection en- 
gaging ina ding radial groove in a flange on the road- 
wheel pinion, keyed to the aforesaid driven shaft. In this con- 
struction, the amount of surface on the driving-plate through 
which the drive occurs is relatively very small, and the brass 
slippers with which the projections are provided require frequent 
renewal. Moreover, the pressure between the driving-faces is so 
great that efficient lubrication is practically impossible. By the 

resent invention these disadvan are avoided by construct- 
ng the driving plate with as much driving surface as possible. 
For this purpose, each face of the driving-plate has across it as 




















many parallel grooves as is compatible with a suitable width of 
t angles to those on 


groove, the grooves on one face being at 
the other face. The portions of the plate (hereinafter called pro- 
ections) between these grooves in corr: jing grooves 
n a plate fixed to or integral with the driving-w! 


1 on the one 

and in a plate fixed to or integral with the road-wheel 
inion on the other . The driving-wheel a is driven from 
he driving-shaft (not shown), and is free to turn on the boss b 


mounted on the side- plates of the engine. The intermediate 


shaft c extends thro’ the boss } and is free to move in the 
vertical direction within the boss, The driving- d is of 
anoular form, across each es ¢, f, those on one 


face being at right angles to those on the other. The projec- 
tions g between the grooves ¢ engage between correspo iz 
ae ay hon a ring i fixed to the wheel a, while the fm a 


ions k between the grooves / eé' correspondi 

on a flange / of the nave of the -wheels Pinion a dished 

ring n fastened to the wheel a serves as a cover to enclose com- 
dished wheel a, 


ly the i d contained within the 
so that an oil- may be formed in which the plate may work. 
At the same time this ring m, being securely fastened to wheel a, 
pl end thrust due to wear. (Accepted March 25, 
1914. 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 
762/13. F. L. Croft, F. Croft, and A. Croft, 
preaferd, {4 Figs.) Dec- 
ember 12, 1913.—This invention relates to improvements in 
flexible couplings pg y in which the two shafts or o 
aS 


parte, such a shaft ley or wheel, which are to be 
coupled, are provided with diece which are arranged with 





leather or similar flexible connections to engage at different 
points on both discs. The present invention relates to the method 


of securing the leather or other flexible to the 
Hitherto it has been common practice to arrange projections on 
both the faces where the leather or other is secured 


thereto, and secure the leather or other material to these pro- 
jections by means of pins, bolts or the like, which are to 
_ washers firmly on to the leather or other material to hold 
same in position. The faces of these projections have hitherto 
been flat. —— the present invention, these projections 
are formed with or curved surfaces, or with recessed or 
convex surfaces, and the nut or washer which is held on the 
other side of the leather or the like is formed so that its face has 
the reverse contour to that given to the face of the projection. 

— 17. 

S Vk oo 


Fig./. | we 


| we 











p | 


Y, 















cy | hg 







VY \ 
Hoy 
hej 


The projections a on the faces b of the two discs are dished or 
formed concave, as at c, while the adjacent surface of the washer 
d or the like is formed correspondingly convex. On the other 
hand, if desired, the face of the projection a may be formed 
convex, and the adjacent face of the washer made concave. In 
the a shown in Fig. 2 the leather or lengths of leather 
e or the like are made multiple or divided, in which case the face 
of the projection @ can be formed concave while the intermediate 
washer /, which comes between the two pieces ¢ of leather, may 
be formed with the face adjacent to the projection convex and 
with the other face also formed convex, while an additional 
washer g with a concave face is placed on the bolt h on the far 
side of the second piece or length e of leather or the like. 
(Accepted March 25, 1914.) 





RAILWAYS AND TRAMWAYS. 


ms W. M. Still and Sons, Limited, and 
A. G. Adamson, on. Steam Heating Systems. 
{1 Fig.) May 8, 1913.—This invention relates to the stop- 
valves of steam heating systems for railway carriages, an 
object being to release the pressure on the — side of the 
stop-valve when the latter is,closed ; a further object is to admit 
air to the se controlled by the valve in the event of the 
ressure falling below that of the atmosphere, thus preventing 
he formation of a jal vacuum, which in the case of steam 
me a frequently results in freezing and blocking of the 
ipes. invention consists in the combination of a stop-valve 
ocated on the ingress side of the valve-seat, so that pressure on 
that side tends to close it, and a release-valve adapted to control 
a small leading from the egress side of the valve-seat to 
the atmosphere, the release-valve, so long as the stop-valve is not 
closed, being free to open or close the Lara according to the 
pressure, but which, when the stop-valve is closed, is moved so as 
to open the passage, and “| <r from closing it again until 
the stop-valve is again opened. The valve comprises a valve-body 
at with a seat b for a vertically sliding stop-valve c, which 
may conveniently consist of a single disc, as shown, carried by a 
link d coupling it to an arm ¢ pro within the valve-body 
from a zontal operating spindle /, a spring g being provided 
at the joint between the link and arm whereby the disc is lightly 
Pp towards its seat. On the egress side of the stop-valve 
seat a pocket A is formed in the metal of the valve-body, and 
contains a ball-valve i ; a small passage j extends from this pocket 






NX SA QA 
MS 


LN 
E\ 
\S 


s 


WY 


_ Madcap. 
y \ 


4 
Sit 


to the atmosphere, whilst, remote from the , the pocket 
isin free communication with the valve-body on the egress side 
of thestop-valve seat. A bent lever k is mounted on a pivot / 
extending across the pocket, the shorter arm of the lever project- 
ing over the ball-valve *, and the longer arm extending down- 
wardly into the path of the stop-valve ¢ in suchwise as to be 
da when the valve is shut, and to thus move the ball-valve 
i from its seat in the mouth of the release passage j ; a spring 1 
tends to press the lever into the path of the stop-valve. Prefer- 
ably the pocket is formed so as to extend downwardly towards 
the -valve, the aperture being formed in its inner end so that 
the tends to fall from its seat, but lies in the pocket in 
proximity to the aperture ; the outer end of the ket is closed 
with a screw-plug, removal of which enables the -valve to be 
got at. The bottom of the valve-body beneath the stop-valve is 
also formed with an ning, also closed by a screw-plug, to allow 
the parts to be placed in tion. The parts are shown with the 
valve ¢ closed and the ball-valve i held away from its seat in the 
mouth of the passage j, so that the pressure on egress side of 
the valve c is re’ . In this position of the parts the hose 
cou of a steam heating train-pipe can be disconnected with- 
out risk of a discharge of steam such as might injure the person 
them. If, now, the pressure on the side of 
below that of the th the steam 
on the side 
the action of sprin; 
f atm ic re wi 
of any water of condensation. 
e valve c is open and pres- 


9 
will permit of the disc! 
If the steam seeety bo cbut of on 


Pg 





sure in the train pipe falls below atmospheric pressure, the ball- 
valve i will fall from its seat and allow air to enter the valve- 
casing a through the passage j. (Accepted March 25, 1913.) 


SHIPS AND NAUTICAL APPLIANCES. 


10,998/13. A..F. Yarrow, Blanefield. Steam-Turbine 
{1 Fig.) May 9, 1913. —This invention relates te 
instal ‘ationsof steam-driven machinery which include as elements 
steam-turbines and a steam-engines, wherein exhaust 
steam from the auxiliary machinery is utilised for doing work 
before entering the condenser. According to the present inven- 
tion, the exhaust steam from the aux! inery of the 
steam installations of warships is taken directly to a heater or 
sui ter wherein its temperature is raised by heat derived 
either from the furnace gases or from the live steam of a high- 
pressure steam-generator, or from a separately-fired heater inde- 
t. of the steam-generating plant, or from the exhaust gases 
of an internal-com engine, should the installation com- 
prise such an element, and thence pa ses to the low- re side 
of the main propelling turbines of the system. One 
ment embodying the invention is shown diagrammaticall. 


7 in the 
drawing, 


in A rep ts one of the boilers which pro- 





4] 


a 





vide steam for the main propelling turbines B, B, and for the 
auxiliary machinery of a warship. represents the exhaust-pipe 
connections from the auxiliary machinery to the steam-turbines 
B and condensers D, D! being automatic or shut-off valves con- 
trolling admission of exhaust steam to the condenser. According 
to the present invention, a heater C is provided (as shown in the 
drawing within the furnace casing of one of the boilers A), and 
this heater is connected, on the one hand with exhaust-steam 
pipe E and, on the other hand, with a pipe F leading toa valve F'!, 
and thence to the low- re side of the propelling turbines 
B, B. As shown, the valve F! controls the supply of the exhaust 
steam, whether heated or not, from the auxiliary machinery to 
the main turbines, the valve being of such a character that either 
heated exhaust steam only from pipe F can be delivered to the 
main turbines from the auxiliary machinery, or the exhaust steam 
from the auxiliary machinery can be delivered through pipes E, Ee 
to the main turbines without passing through the heater, or a 
mixture of heated and non-heated exhaust steam from pipes 
F, E, Eo can be delivered to the turbines. (Sealed May 7, 1914.) 


6200/13. KR. D. Roberts, Falkirk. Boat Tackle. 
(10 Figs.) March 13, 1913.—This invention relates to improve- 
ments in the —— and construction of wire jack-stays in 
tension which hold ships’ lifebo.ts or the like close to the sides 
or plating of vessels while boats are being lowered from a boat- 
deck to the water or vice vers. It is in general safer to lower a 
boat as close to the vessel’s side as possible than to suspend a 
possibly loaded boat well away from the vessel's plating, 80 that 
it may swing as a pendulum out from and back against the plating 
with varying force, according to the movement of the vessel; 
and, furthermore, the ter the outreach a davit has, its 
strength is correspondingly less. The improvements, according to 
this invention, consist of a len of wire rope, which is stretched 
vertically from a point below the water-line to the boat-deck. At 
the point below the water-line this wire is a tached to the plating 
in such a manner that when tightened from the boat-deck by 
means of a stretching device, sufficient clearance is given between 
it and the plating so that a hook attached to the boat may loosely 





























i 


grasp the wire, and thus hold the boat to it, and yet be able te 
move vertically with the boat. Fig. 1 is an elevation of a part 
section view of a vessel showing the boats carried as usual on the 
uppermost deck. The two decks immediately below the boat- 
deck are covered e-decks, partly open at the side. The 
vertical wire or wires, indicated by A, cross this side opening, and, 
in addition to holding the boat close to the side, it, or they, may 
prevent the bulge of the boat from entering this opening. 
According to Fig. 1 the vessel is shown upright, and also 
rolling and listed, and a boat is shown at different 
from the boat-deck to the water, the stage 
the beat oo ssteneed trom the whe A. Zhe wie & 
may have tected eyes at each of its ends, so may 
fastened at ite lower end to an eye carried the shell of the 
vessel by means of a hook, screw shackle, or like, and at ite 
reverse end fastened to the stretching device or to a fixed eye or 
ring-bolt at the boat-deck. At the boat-deck the wire A may be 
wound over a roller H carried in bearings E. F is the tightening 
or stretching device. (Accepted March 18, i914.) 
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THE HAMBURG-AMERIKA LINER 
“ IMPERATOR.” 


Atmost exactly a year ago, on June 11, 1913, 
the great German steamship company, the Ham- 
burg-Amerika Line, sent, on her first voyage to 
America, a new fast steamer, surpassing as to capacity 
and arrangements for the comfort and safety of the 
passengers and crew everything so far attempted. 
For nearly a year this great production of the 
Vulcan- Werke at Hamburg and Stettin held 
the triumphant position of being the biggest and 
finest vessel afloat. But the Vaterland, a sister- 
ship of the Imperator, had already been launched, 
and has since then accomplished her maiden passage 
to New York. Moreover, a new great Cunarder, 
the Aquitania, practically as big a giant as the 
Imperator, started on her maiden journey almost 
on the same day as the Vaterland, while a sister- 
ship to the Vaterland, and larger than all others, 
is shortly to be launched. The performances of all 
these vessels will be watched with interest. Mean- 
while, the details of their designs offer interesting 
subject for study. We have recently completely 
described the Aquitania, and now are able to sup- 
plement the particulars we gave of the Imperator 
in our issue of June 20, 1913, when she was on her 
maiden trip across the Atlantic, by publishing 
drawings illustrative of the details of her hull, 
machinery, and accommodation. 

Table of Chief Data 


of the ‘* Imperator.” 
Year ofcompletion .. - $e 


1913 


Builders es Vulcan-Werke 
Owners .. aa - hi . Hamburg-Amerika Line 
Length over all oa - .. 280.30 m. (919 ft. 9 in.) 
Length between perpendiculars .. 268.22 m. (880 ft.) 
Breadth . 29 87 m. (98 ft.) 


Depth from upper keel edge to 
hy deck amidship “ - 19.20 m. (63 ft.) 

Depth from upper keel edge to 
top of mast .. oe - ve 

Depth from upper keel edge to top 
of funnels .. ee " - 

Number of decks 

Gross tonnage .. . 

Draught with full load on 

Displacement at fullload .. 


75 m. (246 ft.) 
53 m. (174 ft.) 
ll 


51,000 tons 
10.82 m. (35 fr. 6 in.) 
5 tons 


’ 
Maximum draught .. 11.28 m. (37 ft.) 
Type of engines Curtis-A.E.G.-Vulcan 
turbines 

Number of propellers 4 
Shaft horse-power 61,000 
Speed, in knots ae 22.5 

lst class 706 
Passengers + 2nd class 611 

3rd class 27382 
Crew... ee o 1178 

Total 5227 


Thanks to the efficiency of the propelling machi- 
nery of the Imperator, the Hamburg-Amerika Line 
has been able to recover the German record for its 
flag. On the last journey home the Imperator 
reached a mean speed of 23.96 knots on the ocean ; 
this was realised by raising the engine power from 
the contract figure of 63,000 horse-power to 75,000 
effective horse-power, with peaks up to 84,000 
horse-power. 

On Plate CIII. we give a longitudinal view of the 
ship (Fig. 1) and a plan of each of the decks (Figs. 
2 to 14), but Figs. 11 and 12 are half plans, port 
and starboard parts being in each case symmetrical. 
On page 798 is a half cross-section through one of 
the boiler-rooms (Fig. 15) with the scantlings noted 
in detail. The general arrangement of the pro- 
pelling engines, with the four shafts and propellers, 
are shown in elevation, plan, and sections on 
Plate CIV. (Figs. 16 to 22), while on page 800 are 
elevation and plan (Figs. 23 and 24) of three of 
the boiler-rooms, the forward boiler-room being 
omitted owing to lack of space on the page. The 
cross-sections through the boiler-rooms are given on 
page 801 (Figs. 25 and 26). The last of our series 
of illustrations published now—on page 812—is a 
view of the low-pressure ahead turbine in the 
erecting-shop at the Hamburg works, and is 
especially interesting as it shows the arrangement 
of the motors and bevel-gear shafts and screws, for 
lifting the upper part of the casing and the rotor 
when it is desired to inspect or overhaul the blading. 

The Imperator was built to the highest class of 
the rules of the Germanischer Lloyd as a full-deck 
boat provided with ice bracing ; as it also conveys 
emigrants, the ship had likewise to satisfy the 
German, British, and American laws concerning 
emigrants ; the new rules of the See-Bernfogenor- 
senschaft as to bulkhead stiffening and prevention 
against accidents, and of the Seemannsordnung, as 
to the accommodation of the crew, had also to be 
observed. The keel of the Imperator was laid on 
June 18, 1910; the vessel was launched and 
christened by the German Emperor on May 23, 





1912, and left the yard on April 23, 1913. The 
chief dimensions of the Imperator are annexed. A 
comparative table of the chief dimensions of some 
large British vessels will be found on page 737 ante. 


Tue Hott. 


The ship has a straight keel, straight stem, 
slightly inclined forward, and a vertical heel-post 
The keel is built up of an inner plate, with con- 
tinuous vertical girder and with bar outer keel. 
The girder is riveted water-tight, except within 
the forward and after tanks, where lightening 
holes have been provided. The joints of the plate- 
keel are staggered with those of the bar-keel, of 
the centre and double-bottom plates, and of the 
adjacent outer-skin strakes. he bar-keel runs 
batee’ the plate-keel in the dimensions of 400 mm. 
by 100 mm. (16 in. by 4in.), the full length of 
the ship. The riveting of the keel was done by 
hydraulic power throughout; hydraulic riveting 
has, indeed, been adopted wherever possible in the 
construction of the ship—for instance, in the trans- 
verse frames, in joining the intercostal plates with 
the transverse frames, in the sheer-strakes, in the 
deck stringer-plates, and in connecting the rudder- 
plate with its arms. 

The double-bottom, the rivets of which are coun- 
tersunk on the upper surface, extends from frame 
30 to frame 305 (Fig. 1), and has amidship a width 
of about 26 m. (85 ft.). The margin-plates are 
flanged, and a continuous stringer-plate 1000 mm. 
by 18 mm. (40 in. by 0.71 in.) runs along the 
sides, being singly riveted to the margin-plate. 
In the holds angles of 65 mm. by 50 mm. by 12 mm. 
(2.56 in. by 2 in. by 0.5 in.) are riveted to the 
stringer-plate to serve as abutment for the bilge 
(Fig. 15). 

The double bottom is divided into 30 compart- 
ments, the first and last of which extend from 
board to board ; thus the number of water-tight 
divisions is 32. In the various compartments of the 
double bottom there may be carried ballast water, 
fresh water, and feed-water for the boilers. The 
capacities for water in the double bottom, the 
peaks, and the tanks are :— 

Cub. M (Gals.) 
the double 


bottom ue on a ... 8800 (836,000) 
Ballast water in the fore and aft 


water in 


- me on ‘i ... 280 (61,600) 
Ballast water in lower space I. ... 500 (110,000) 
Ballast water in lower s) II. ... 750 (165,009) 


Boiler feed-water in double bottom 900 (198,000) 
Fresh water in the double-bottom 

tanks an wet te ... 1800 (396,000) 
Fresh water in the double bottom 170 (37,400) 


The frames are from 570 mm. to 850 mm. 
(22.45 in. to 33.47 in.) apart, and some of them 
are one piece in a length of 31 m. (102 ft.). The 
construction of the water-tight longitudinal and 
transverse bulkheads was commenced simulta- 
neously with the erection of the frames. Twelve 
transverse bulkheads divide the hull into thirteen 
water-tight compartments. Two angle-frames with 
staggered rivets connect the bulkhead with the 
tank-top and with the outer shell, and one angle, 
carefully riveted and caulked, connects it with the 
decks. The boilers are installed between the five 
bulkheads and the frames 232, 205, 178, 151, and 124 
(Fig. 1); the main engines are installed between 
the last boiler-room frame (124) and the two adjoin- 
ing compartments, frames 99 and 64. In addition 
to the transverse bulkheads, there are longitudinal 
bulkheads in important parts of theship. The one 
extending from the collision bulkhead, frame 305 
to frame 232, will be mentioned again in connec- 
tion with the safety arrangements. Amidship the 
bunker bulkheads reach from frame 232 to frame 
124. The forward engine-room, which takes up 
the whole breadth of the ship, is protected by 
longitudinal bulkheads extending from frame 124 to 
frame 99, the electric generating engines and the 
refrigerating machinery being arranged respec- 
tively on starboard and port sides between the 
longitudinal bulkheads and the skin of the ship. 
Another longitudinal bulkhead extends along 
the middle line of the aft engine-room, frame 99 
to frame 64; thus there are three separate main 
engine-rooms. Aft another longitudinal bulkhead 
extends from frame 30 to frame 19 through the 
tunnel for the two inner propeller-shafts. 

The deck construction advanced together with 
that of the bulkheads. There are altogether eleven 
decks, illustrated, along with the hold plan and the 
partial deck (No. 7), on Plate CIII. 

The deck beams consist, up to the seventh deck 





inclusive, of channel steel ; for the upper prome- 
nade-deck, T-bulb steel, and for the structures on 
the boat-deck angle steel and bulb-angle steel, have 
been used. Where the beams pass through bulk- 
heads, &c., welded angles have been fixed. On 
their upper surfaces all the deck rivets are counter- 
sunk, e construction of the decks progressed 
from amidship towards both ends, the decks being 
finally joined to the stern-post and stem. 

The stem is a four-part steel casting ; the chain- 
hawse of the middle bow-anchor is at the level of 
the first deck. The connection between the stem 
proper and the flat keel is cast in best steel. The 
stern-post is a two-part steel casting, which is 
joined to the aft edge of the t, by means of 
horizontal flanges and a vertical key, between the 
third and fourth rudder-eyes. Where the decks and 
bottom approach the post, ribs are provided and 
are riveted to the deck-plates. The cast-steel knee 
has a very broad base aft, in order to secure a 
seat for docking ; a vertical central rib of this knee 
is riveted to the water-tight longitudinal bulkhead 
in the tunnel recess aft. The four shaft pedestals 
were fixed to the hull at the time when the deck 
and bulkheads were connected with the stern-post. 
In most cases all the plates of the outer prec" poe 
riveted with overlapping joints, except in those 
parts in which the classification of the ship demanded 
the use of straps. The plates of the outside shell 
are not feather-edged, the butts and free ends are 
planed, and the corners were rounded off by cutters. 
Between the stem and frame 280 the outer shell- 

lates are as strong, from the keel up to the load- 
ine, as in the main framing. 

A bilge-keel is provided on both sides between 
frames 123 and 194 ; it has a depth of 550 mm. 
(21.7 in.), is triangular in section, and consists of two 
plates of 12 mm. (0.5 in.) thickness, and a flat bulb 
of 120 mm. by 12 mm. (4.7 in. by 0.5 in.) riveted be- 
tween them. The forward tunnel between frames 
282 and 232 is entirely water-tight ; it is connected 
to the boiler space, and has a tubular shaft up- 
wards to serve as an emergency exit. The spacious 
shaft-tunnels aft are separate; from the end of each 
a ventilating - shaft, water-tight, provided with 
ladder-runs, and serving as exit, extends up to the 
promenade-deck or to the bridge-deck. The uptakes 
from the boiler spaces and the engine-room, to 
which the elliptical funnels, 5.5 m. by 9 m. (18 ft. 
by 294 ft.) are connected, end about 1000 mm. 
(40 in.) above the boat-deck structures. The 
masts are fixed in the ‘‘G ” deck; their maximum 
internal diameters are 1100 mm. (43 in.) in the case 
of the main-mast, and 950 mm. (37.4 in.) in the 
case of the fore-mast. Three e holds, 6m. by 
5 m. (20 ft. by 164 ft.), extend from the inner 
bottom up to ‘‘G” deck, and there are further two 
smaller holds, 3.4 m. by 4.5 m. and 3.4 m. by 3 m. 
The launching weight of the hull, to which the 
figure-head of 12 tons had not then been attached, 
was 26,500 tons. 


Tue Propetiinc Enoines anp SHartina. 


The general arrangement of the machinery is, 
as already stated, shown on Plate CIV. There 
are four shafts, each with an independent ahead 
and astern turbine. The turbines on the inner 
shafts are arranged in a central water-tight com- 
partment forward, and the turbines on the wing 
shafts are in separate compartments with a centre- 
line longitudinal bulkhead. The ahead turbines 
are, as will be seen, on the triple-series system, 
the intermediate exhausting to both low-pressure 
turbines; but the astern turbines are on the 
compound system. It will be seen that the high- 
pressure ahead turbine is forward of the astern 
turbine on the port inner shaft, while on the 
starboard inner shaft the intermediate ahead 
turbine is aft of the astern turbine. On both wing 
shafts the low-pressure ahead turbine is ahead of 
the low - pressure astern turbine. This arrange- 
ment, anit the placing of the condensers at a higher 
level than the turbines, facilitated the steam-pipe 
arrangements. 

The four ahead turbines, with a steam 
of 16 atmospheres (228 lb. per sq. in.), transmit 
61,000 effective horse-power ~ty F four shafts ; 
the four astern turbines develop 33,500 horse- 
power. Particular care has been bestowed upon 
rendering the working of the turbine adapt- 
able to many different combinations, and to 
facilitate the control of the connecting steam- 
pipes. When the ship is going ahead, the steam 
works successively in one high-pressure turbine, 
one intermediate-pressure turbine, and two low- 
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pressure turbines, the latter being coupled in 
parallel—all are of great dimensions ; for steaming 
astern there are two high-pressure and two low- 
pressure turbines. The turbines on the four shafts 
can be regulated to develop equal powers; every 
shaft may also be driven by iteelf independently 
of the others. We reproduce in Fig. 27, on 
page 812, a photograph of one of the turbine sets, 
taken in the erecting-shop, showing also the gear 
for lifting the upper of the casing and rotor. 

The manceuvring operations are effected from 
the starting platform on the forward bulkhead of 
the central engine-room. This bulkhead also carries 
the steam-valves (Fig. 18, Plate CIV.). The 
steam flows through the main valves to the water- 
separators, one on each side, and these again 
are combined with rapidly-acting shut-off valves. 
From the separators the steam flows further to 
a group of eight conveniently distributed man- 
ceuvring-valves, noteworthy among which is the 
main valve for steaming ahead, on account both 
of its design and its large dimensions. The 
valve is rigidly connected with a tubular expan- 
sion-joint, and c»mbined with a small balanced 
valve ; the latter enables the high-pressure boiler 
steam to pass into the space between the slide and 
the valve, which is thereby balanced before the 
boiler steam can enter through the tubular joint. 
To protect the starting-platform against the heat 
radiated from the valves and steam-p‘pes, an air- 
tight bulkhead has been interposed. All the man- 
ceuvring and indicator mechanisms for the machinery 
are mounted on this bulkhead, and the position, 
open or closed, of the various manwuvring-valves 
of the turbines can be seen at a glance at the 
electrically illuminated diagrammatic model board. 
Near this board are grouped the speed-indicators, 
pressure-gauges, fire-alarms, telegraphs, and tele- 
phones. 

The turbine rotors may broadly be described as 
bucket-drums. In the high-pressure turbines a 
Curtis wheel, provided with three or four rims of 
buckets, is placed in front of the drum; in the 
intermediate-pressure turbines a Curtis wheel, fed 
directly with boiler steam, is mounted on the 
drum. The drum-blades are reaction buckets, 
except in the first four groups of the high-pressure 
astern turbines, where impulse blades have been 
adopted. The nozzle-boxes of the high-pressure 
and intermediate-pressure turbines are steel cast- 
ings, which are fixed from the front into the 
casing-bottoms, so that the nozzles remain easily 
accessible. The nozzle segments, which are 
pushed into an annular groove, are of bronze, and 
the guide-vanes are solidly fixed brasses. The 
high-pressure ahead turbine has five such nozzle- 
boxes, three on the upper and two on the lower 
half of the casing ; the three former may separately 
be cut out. In the high-pressure astern turbines, 
the three nozzle-boxes are in the upper portion of 
the casing, and this applies also to the three boxes 
of the low-pressure astern turbines. The vane 
segments of the Curtis wheels are steel castings, 
and are, in the high-pressure ahead turbines, made 
removable without necessitating any lifting of parts 
of the casings: this is partly so in the other tur- 
bines. To prevent any nuts from becoming loose 
in the turbine-casings they are titted with a special 
form of spring-washers. 

The drums and their discs are steel castings, 
and are interconnected by circumferential flanges 
and bolts; the drums are shrunk on long cylin- 
drical flanges of the discs and are secured by radial 
smooth dowels, riveted inside and outside, and by 
screw-bolts. All the glands are of the labyrinth 
type, and special care has been taken to prevent 
any thermal distortion of the packings in the large 
balancing pistons ; for this purpose the two faces 
of the rings are in contact with steam of the same 
temperature ; in some cases a oarbon ring has 
further been added, part of the steam leaking out 
between the labyrinth packing and this carbon 
ring. 

The turbine-casings are of cast iron and are 
stiffened by circumferential ribs. The horizontal 
casing flanges are provided with grooves, into 
which boiler steam is introduced when there is 
@ vacuum in the casings, or in which a vacuum is 
maintained when there is excess of pressure in- 
side. Manholesare provided in the casing bottoms 
or in the jackets. The feet of the casings rest 
on wrought-iron guides, which allow them to 
expand laterally and longitudinally ; the guides are 
riveted to the turbine foundations, and the anchor- 
bolts cannot cause any jamming. 





The thrust-blocks are inte between the 
respective ahead and astern turbines on each shaft. 
The rings forged on the shaft press against collars, 
which consist of a horseshoe-shaped upper portion 
and an inserted part which completes the ring 
surface. The collars are steel castings, lined with 
white metal, and are internally water-cooled. 
One collar in each thrust-block is fitted, on the 


























to a shaft, &c., an emergency governor has been 
added to each turbine; as soon as the turbine 
speed exceeds 250 revolutions, this governor auto- 
matically closes the rapidly - operating valves, 
already mentioned. This closing is effected by the 
aid of a Brown engine, and the engineer on the 
starting-platform sees at once which of the four 
shafts is not running normally ; the valve is after- 





Fig. 15. SECTION THROUGH BOILER ROOM. 
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inserted part, with special safety faces of bronze, 
which recede about 1 mm. from the white metal, 
and which would keep the rotor securely fixed in 
the event of the white metal running out. The 
thrust-blocks and the turbine bearings are rigidly 
interconnected and bolted to the common founda- 
tions, the longitudinal thrust being transferred to 
the hull. 
thrust-blocks and bearings lubricated. In order 
to prevent racing of the turbines in cases of injury 


Six vertical duplex oil-pumps keep the | 











| lol 3 
ener el 
wards reopened by hand with the help of the Brown 
engine. 

The gear for hoisting the rotors and upper parts 
of the casings for inspection purposes is electrically 
worked, and so coupled that the axes of the parts 
remain always parallel to one another. The gear 
is shown in the view on page 812. 

The four pear-shaped surface-condensers are 
mounted in pairs, one behind the other, on both 
sides of the longitudinal bulkheads, on which they 
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have their wrought-iron supports at a high level. 
The cooling surface of each condenser is 1525 sq. m. 
(16,400 sq. ft.). The mild-steel shell-plates have a 
thickness of 16 mm., and are air-tight riveted with 
angles and stays. The sluice-valves in the arched 
eduction-pipes from the turbines are hydraulically 
operated. The pipes through which the four circu- 
lating pumps take the sea-water from both sides of 
the ship extend along the double bottom ; the two 
pumps of a set are driven by a —= engine 
erected between them, and they work with steam 
at 10 atmospheres (142 lb. per sq. in.). The same 
pressure is used in the four dual air-pumps of the 
vertical Weir type. A pair of auxiliary condensers 
in the aft engine-rooms, each of 200 sq. m. (2150 
sq. ft.) cooling surface, deal with the exhaust from 
the auxiliary engines. The centrifugal cooling-water 
pumps of these condensers are fitted with sea- 
valves in their intakes, and one of these pumps— 
larger than the others—serves also the Frahm anti- 
rolling tank and the swimming-bath. 

The turbine-shafts have a minimum external 
diameter of 452 mm. (17.8 in.), and the hollow 
core has a diameter of 200 mm. (7.87 in.). The 
shaft-bearings are cast iron, and lined with white 
metal in their lower portions. The lubrication is 
by oil under pressure ; drip lubricators are also used, 
and provision is made for indirect water-cooling. 

The stern-tubes are made in two parts, because 
of their great length. The stuffing-box screws are 
fitted with nuts, the rims of which are provided 
with teeth; they can thus all simultaneously be 
tightened by the aid of a worm and a toothed rack. 
At both ends of the tubes boxwood bushings, 
20 mm. (0.8 in.) in thickness, have been inserted. 
To keep sand and dirt out of the tubes and bear- 
ings, when the ship is in shallow water, a cushion of 
water under pressure is produced at the exit of 
each shaft ; this protects these bearings, which are 
then specially lubricated. Out on the high seas 
this device is put cut of action. 

The propellers have four blades, in one piece of 
manganese bronze together with the boss. Blades 
and boss are carefully finished, and the boss is fixed 
water-tight on the shaft cone, and secured by a full- 
length key ; this key is held by a strong wrought- 
iron nut, which is itself protected by a cast-iron cap. 


Tue Borer INsTALLaTION. 


The boiler installation consists of forty-six 
single-ended water-tube boilers, all of the same 
size and design, with drum, two headers and 
two systems of tubes. They were made by the 
Vulcan Company, and are of the Yarrow type, 
and the fact that six large liners have been, or are 
being, built in Germany with this type of boiler 
should tend to awaken British steamship com- 
panies to its advantages not only as regards high 
evaporation per unit of weight generally, but to 
the ease with which excess speed can be realised 
in emergency. Inthe Imperator this may equal an 
addition of 14 miles per hour. In this ship the 
boilers have done well. The boiler space is, as 
already mentioned, subdivided into four water-tight 
rooms, of which three contain each twelve boilers, 
in four groups of three boilers, as shown in the 
elevation and plan on page 800, whilst the forward 
boiler-room (not shown except in Fig. 14, Plate 
CIII.) contains ten boilers in three groups of three, 
and one isolated boiler in the middle of the ship. 
This distribution leads to there being eight stoke- 
holds. The boiler pressure is 16 atmospheres, 
(228 lb. per sq. in.); the tests were made under 
double that pressure. The boiler seats are made 
easily removable ; they consist in the lower part of 
strong sheet iron and angles, and in the upper 
as of a steel casting. Of these seatings, each 

iler possesses four, and the lower and upper 
portions are so connected that the latter can 
shift laterally under thermal expansion. The 
different seatings are connected with one another 
and with the hull, and they are kept in the longi- 
— line by means of anchors fixed by hinged 

ts. 

The bunkers hold about 8200 tons of coal, for 
the transport of which in the boiler-rooms rails 
have been laid. The Howden system of draught 
is installed with four fans, two of which are 
mounted in the forward boiler-room, and the 
other two next to the one isolated boiler. The fan- 
wheel diameter is 4200 mm. (nearly 14 ft.); the 
air enters on both sides through suction-pipes of 
3000 mm. (9 ft. 10 in.) internal diameter. The 
fans are driven by vertical compound engines 
running at 160 revolutions per minute, the casings 





of the engines being oil-tight. The air-trunks are 
of ample dimensions, and ial care has been 
bestowed — the way in which the delivery air- 
pipes are taken through the bulkheads ; slides are 
provided at these points and are connected to the 
hydraulic bulkhead-closing gear. Two of the fans 
are fed with fresh air through the ventilating 
shafts, the two others with warm air from the 
engine-room. Six separate flues take the fuel 
gases from all the fires to the funnels, which rise 
to a height of 50 m. (165 ft.) above the grates. 
Four vertical, double-acting pumps, system Oddie 
(Maschinenfabrik Odesse), provided with simplex 
gear, and steam-cylinders of 500 mm. (20 in.), and 
pump-cylinders of 350 mm. (13} in.) diameter, pass 
the feed-water from the tanks and double bottom 
into the surface pre-heaters of 110 sq. m. (1180 
sq. ft.) heating surface. Most of the auxiliary 
engines, feed-pumps, ash-ejectors, &c., have been 
placed in niches which project from the boiler-space 
into the coal-bunkers (Fig. 26). 

The main steam-pipe system consists of four pairs 
of steam-pipes—one for each boiler-room—leading 
to the starboard and port group valves on the 
water-tight bulkhead which separates the engine 
and boiler-rooms. The two group valves are joined 
to the shut-off valve, so that a ring system is 
formed. The auxiliary steam-pipes are likewise 
connected to a ring system forward and aft. 


GENERAL MACHINERY. 


The steering-gear deck-house is built on the ‘* E” 
deck (Fig. 7). The two steering-engines, one of 
which acts as a reserve, are two-cylinder engines, 
540 mm. (21.27 in ) in diameter and 350 mm. 
(13.78 in.) stroke. Working with steam at 10 
atmospheres, they can throw the helm over in 
30 seconds, the extreme angle being 35 deg. each 
side of amidships. The rudder quadrants are driven 
from either engine through two worm - wheels 
actuated by double worms with right and left- 
handed threads; an intermediate wheel imparts 
the same series of movements to both the wheels. 
The worm-shaft has been provided with a thrust- 
bearing. The two engines rest on a common 
base, fitted with sliding faces, so that the whole 
machinery may be shifted out of gear by means 
of a screw spindle. 

The steering-gear has been constructed by the 
Atlas-Werke, of Bremen. A double telemotor with 
common gear-box has been mounted on the for- 
ward bridge; the coupling with the one or the 
other motor is effected by the operation of a lever. 
The two motors have, however, entirely separate 
leads in the space between the bridge and the 
steering-house. In the latter the leads are joined 
to a reversing valve-box, by the aid of which the 
telemotors may actuate the one or the other 
steering-engine. A single telemotor has been fixed 
in the telephone-house above the steering-house ; 
the leads for this motor are connected with the 
same reversing valve-box. 

The rudder is a steel forging, consisting of a 
35-mm. (1.38-in.) plate held by six arms, which are 
shrunk on the rudder spindle. All the pins, except 
the top one, which is provided with a thread and 
nut, serve as supports. The first and second arm, 
counting from above, are fitted with stops. Eye- 
plates are attached to the stern in sufficient number 
to allow of fixing hoisting gear for repairs of the 
rudder and propellers. The rudder spindle con- 
sists of two parts, which, above the plate, are coupled 
by horizontal flanges with 5-in. screw-bolts ; the 
bolts are relieved from the torsional stress by a key 
placed between the flanges. The diameter of the 
rudder spindle, 710 mm. (27.95 in.), is increased to 
740 mm. (29.14 in.) within the deck bearing and 
gland. 

The tiller is immediately above the stuffing-box. 
On the two arms of the tiller rests the rim of the 
rudder quadrant, the connection of which with the 
arms of the tiller comprises powerful spiral springs. 
The two parts of the quadrant consist, the boss 
and arm of Siemens-Martin steel, and the rim of 
wrought iron. The toothed segments in the rim 
are of wrought iron, and provided with cut teeth. 
A spare tiller, one-armed, but likewise forged, is 
mounted above the quadrant, on a shoulder of 
the rudder-shaft ; this tiller is connected with the 
quadrant by a loose tie-bar and rubber buffers. 
Shackles for emergency steering are attached to 
the end of this tiller. 

The anchor equipment consists of a bow anchor of 
12 tons weight, with a chain of 102 mm. (4 in.) links, 
300 m. (1000 ft.) long ; of two smaller bow anchors 


of 8 tons weight, on 93 mm. (3.66 in.) chains, 600 m. 
(nearly 2000 ft.) long ; and of a stream anchor of 
5} tons, and a kedge anchor of 2} tons, held by 
64 mm. (2.5 in.) chains. The middle anchor on 
the poop is handled by the aid of a crane, the foot- 
step of which is on ‘‘E” deck. The anchor 
winches, from the Atlas-Werke at Bremen, are 
mounted below deck. Hand-wheels are provided 
for operating the change-over slides of the four 
two-cylinder donkey-engines driving the winches. 
Of these engines, two are directly coupled and 
mounted across the ship, and the two others are fixed 
lel to the longitudinal axis, and are coupled 
y bevel-gearing; the drive of the winches is 
through clutch-couplings. Another two-cylinder 
engine, and two more in the rudder-house, work 
the stern anchors. 

The ventilation problem has received the most 
careful attention. Four fans are installed in the 
boiler spaces, two of them being fixed above the 
isolated boiler in the forward boiler-room, and the 
other two above the last group of boilers in the room 
aft. The fans suck fresh air from above deck and 
lead it through trunks to the stokeholds ; the warm 
air is discharged between the outer and inner casings 
of the first and second funnels. The three engine- 
rooms are each equipped with a set of ventilators, 
comprising a fan and a vertical single-cylinder 
engine, encased oil-tight. Part of the hot air is 
taken through a shaft surrounding the engine-hatch 
to between the casings of the third funnel ; another 
part is withdrawn from the hottest portions of the 
rooms by the aft blowers of the Howden installa- 
tions. e ventilation of the other parts of the 
ship is effected by fans actuated by eighty-seven 
electric motors, aggregating 850 electrical horse- 

wer. 

The refrigerating plant comprises three double- 
acting carbon-dioxide refrigerators of equal size, 
each of a capacity of 80,000 calories, placed on the 
starboard side of the forward engine-room. The 
carbon-dioxide compressors are tested to a pressure 
of 300 atmospheres (4266 lb. per eq. in.), and are 
driven by compound engines, having cylinders of 
305-mm., (12-in.) stroke and 254-mm. and 508-mm. 
(10-in. and 20-in.) diameters. The condenser for the 
carbon-dioxide vapour is built into the cast-iron 
foundations of the engine, and is divided into two 
sections, which work independently of each other ; 
the cooling water for the condenser is supplied by 
two pumps. Thecarbon dioxide is evaporated, and 
its heat transferred to brine in two refrigerators, and 
four vertical steam-pumps of equal designs send 
the brine to the provision stores, cargo-hatches, ice- 
cupboards, potable-water coolers, &. A network 
of seamless tubes, galvanised hot, of 1} in. external 
diameter and 5 mm. (0.2 in.) wall thickness, carries 
the brine along the walls and ceilings. 

The electric generating station for light and 
power is on the port side, as shown in Fig. 14, 
Plate CITI., and Fig. 17, Plate CLV. The five 
turbo-dynamos, each of 220 kilowatts, are all 
coupled to the main switchboard in the engine- 
room. The heating of the cabins being by steam, 
except in a few first-class suites, the switchboard 
is not complicated by these devices. The electric 
lifts are only intended for the passenger service and 
for small loads. 

The main-mast carries five derricks worked b 
four winches, and the fore-mast six derricks with 
as many winches. Heavy loads are dealt with by 
four revolving cranes, each of 2 tons capacity. The 
bilge-pumps in the engine and boiler-rooms are 
duplex pumps of the Atlas- Werke of Bremen, each 


capable of dealing with 140 tons of water per hour 
at about forty double strokes per minute. The sani- 
tary pumps, &c., were supplied by George Niemeyer, 
of Hamburg. 


GENERAL AND Sarety ARRANGEMENTS. 


When we described the Imperator last year we 
dwelt particularly on the exceptionally perfect and 
manifold ways in which the safety of the ship was 
guarded. Some of these features deserve further 
notice. We should, in the first instance, mention 
that the Imperator is navigated by a gyrostatic 
compass with four accessory gyrostats ; the ordinary 
magnetic compasses are supplementary. All orders 
are issued from the navigation centre on the bridge- 
deck by electric and hydraulic devices, and are 
automatically checked and controlled by indicator- 
boards, light-signals, &c., while everything has been 
done to quicken the signal service Thus there are 





in the steering-house, among other appliances, a 
large fire-alarm board, a bulkhead-indicator board, 
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THE HAMBURG-AMERIKA LINER 


“ IMPERATOR ;” 


BOILER-ROOMS. 


CONSTRUCTED BY THE VULCAN-WERKE HAMBURG UND STETTIN ACTIENGESELLSCHAFT, ENGINEERS AND SHIPBUILDERS, HAMBURG. 


Fig. 25. SEC 


which shows the momentary position of eve 
bulkhead-door of the ship, and the master-cloc 
of the electric central time-pieces. Before the 
wheel are four tele-indicators, which tell the man at 
the wheel at a glance which way each propeller shaft 
is turning, and how many revolutions it is making. 
Loud-speaking telephones keep the officers on the 
bridge in direct communication with the engine- 
rooms, the forecastle, the stern, the crow’s-nest, 
the poop, and the engineers’ office. This office is 
on the second deck, and from there the engines 
are controlled ; the most perfect communication and 
signal arrangements have been provided for this 
purpose, and loud-speaking telephones extend, for 
instance, also into the stokeholds. The look- 
out man on the forecastle can push a contact when 
he notices anything suspicious ; the signal ‘‘ danger 
ahead” then appears simultaneously on the bridge 
and in the engine-room ; and the engineers are 
prepared for orders that may come the next 
moment. The navigator on the bridge also 
receives submarine warning by acoustic signals 
from apparatus placed in the forward part of the 
ship in a compartment which extends from side to 
side ; we have referred to these submarine signals 
on former occasions. The steam-syren and the 
searchlight of 32,000 candles help to ward off col- 
lisions. The strong searchlight beam is turned on 
when icebergs are feared ; the light falling on the 
mist generally surrounding icebergs would betray 
their presence by a luminous cloud before the 
bergs themselves could be seen. The searchlight 
is placed on the fore-mast, and is worked by a 
telemotor ; the shutters of the lamp can also be 
— from a distance. 

f a collision should happen in spite of all caution, 
the collision bulkhead forward and the longitudinal 
bulkheads which extend from the double bottom 
up to above the load-line at a distance of 1.5 m. 
(6 ft.) from the skin of the hull throughout the 
machinery part of the ship, would prevent any flood- 
ing of large spaces, The wing compartments on 
opposite sides of the ship are cross-connected by 
overflow conduits, so as to prevent the ship from 
taking a list. The transverse bulkheadg should 
keep the vessel afloat even if four of the compart- 
ments forward should be flooded, in which case the 
fore part of the ship would be full of water aft 
to the forward boiler-room. This fourth water- 
Py bulkhead is carried up to the bridge-deck. 
All tie doors which lead through the bulicheads, 
ss those within the engine-rooms and stoke- 
holds, indispensable for the fuel transport, can be 
closed automatically by hydraulic devices operated 
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from the bridge ; the doors can also be opened and 
closed by hand. The hydraulic pipes are, for this 
purpose also, as already stated, connected to the 
sluice-valves of the air-trunks for the ventilation of 
the boiler-rooms and to those belonging to the 
Howden blowers. These devices are controlled from 
the manceuvring-platform in the engine-room, after 


communication with the bridge. All ay 
pipes, &c., discharging into the sea are fitted wit 
— flap-valves, which inrushing sea-water would 
close. 

The special subdivision of the ship with regard 
to fires deserves accentuation. The upper decks 
are fitted with three or four fire-proof transverse 
ae made of thoroughly tested materials to 
special, approved designs. @ passage openings 
i thee paseat wale are closed by Seoul 
‘Imperial ” doors which can stand a temperature 
of 1 deg. Cent. The main companion-way is 
especially secured by fire-proof walls, each vestibule 
forming a kind of smoke-proof air-lock. A fire 
brigade is in charge of all signalling and fire-extinc- 
tion devices. e alarms comprise forty dia- 
phragm instruments. Every hold, comprising 
stores, cold-rooms for provisions and cargo, and 
every fourth-class passenger-room is equipped with 
a fire-extinction pipe on the Rich system. All 
these pipes lead to one or two fire-indicator appa- 
ratus, of which one is on the captain’s bridge, 
and the other on the second deck in front of the 
engineer's office. Underneath the extremity of a 
pipe is a fan, which causes the smoke from any 
room in which a fire has broken out to issue from the 
corresponding pipe. The man in charge then intro- 
duces the nozzle of a carbon-dioxide hose, close at 
hand, into this pipe, in order to stifle the fire. 
The first and second-class cabins are all equipped 
with automatic fire-alarms, and sprinklers Tom 
been put up in the bunkers of the crew. This 
system of pipes contains water under pressure ; 
roses provided at small intervals discharge the 
water as soon as an alloy of low melting-point 
fuses, and at the same time the alarm sounds in 
the fire-station, because the water-pressure has 
been reduced. 

If the main electric generating machinery should 
stop from any cause, an emergency generating set 
on the top deck will keep the electric signal service 
going, including the radiotelegraphic apparatus, 
the electric life-boat hoists, and the emergency 
lighting. The power is supplied by a four-cylinder 
Gardner benzene-motor, with compressed-air start- 
ing gear and dynamo. In order to render the cool- 
ing of the motor independent of the other machi- 
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nery, a cellular radiator, cooled by the blast of an 
electric fan, has been added to this installation. 
The emergency lighting circuit comprises 570 lamps, 
placed in passages, stairwaye, and on the decke, 
particularly near the life-boats. The signal service, 
alarms, fog-horn, stern-buoy detecting device, &c., 
are also coupled with this circuit. 

The radiotelegraphic outfit was described in these 
columns when Mr. Bredow spoke on radiotele- 
graphy on board ship before the Schiffbautech- 
nische Gesellschaft last winter. The essential 
feature of the very complete outfit is that there are 
two emergency circuits, the antennw of which are 
joined to the funnels, to be worked by the first- 
mentioned electric-power installation, in addition 
to the main outfit and circuits. A final third 
power source, for calling up help, issupplied by an 
accumulator battery. ‘The usual rockets and other 
expedients for giving danger signals are, of course, 
also provided. 

The ample provision of boats, and the excellent 
arrangements adopted for their distribution and 
working will most strongly appeal to the pubic, as we 
explained a year ago, when we entered into details. 
There are 83 boats, accommodating altogether 
52565 persons—that is, more than the total maxi- 
mum equipment of 5227 persons, counting - 
sengers and crew. Forty of these boate are life- 
boats of oak, diagonally built, and 43 covered 
Engelhardt boats, likewise of oak ; the two motor- 
boats alone can carry 110 persons. We pointed 
out on the previous occasion that Welin davits and 
steel-wire ropes have been adopted for the hoist- 
ing and lowering of the boats by means of four 
electric motors, two on each side, each of which 
can lift two boats atatime. A noteworthy feature 
of the davits and of the special adjustment is that 
the boats will remain horizontal whatever the 
inclination of the ship. 


Sociat Rooms, Casins, IntrerwaL ARRANGEMENTS, 


That the arrangements for the comfort and wel- 
fare of the passengers on a first class German 
liner stand second to none no longer needs repeti- 
tion ; nor need we dwell upon the superiority of 
the style of the decorations and fittings. We will 
content ourselves with a few words on this occa- 
sion, as we sketched out the main features Jast 
year, and illustrated at that time also several public 
rooms. The grand dining-hall extends through 
three decks, with a length of 29.5 m. (964 ft.) and 
29 m. (95 ft.) breadth; the lower hall is on the 
“F” deck (Fig. 8), the upper hall on the “E” 
deck (Fig. 7), and the dome, which overtops 
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the hall at a total height of 3.35 m. (27 ft. 5 in.), 
lies in the “D” deck’ (Fig. 6). The decoration 
of the hall in Louis XVI. style is by the firm of 
J. D. Heymann, of Hamburg. The smoking-saloon 
on the ‘‘ A” deck, in Tudor style, decorated by 
Messrs. Thornton Smith, of London, consists of a 
central room between two symmetrical ante-rooms 
divided into bays. Underneath it is the ladies’ 
saloon, which takes up the whole breadth of the 
ship in its three divisions. The social hall, deco- 
rated by A. G. Schneider and Hanau, of Frankfort- 
on-the-Main, rivals the banqueting-hall of modern 
hotels. The winter garden, private dining rooms, 
swimming-bath—the latter by Gebriider Bauer, of 
Berlin, and Bamberger, Leroi and Co., of Frank- 
fort—and gymnasium, are well-known features of 
modern liners. There are two Imperial suites 
(Kaiserzimmer), 12 state-rooms, 113 cabins de luxe, 
and 274 cahins for one and two berths in the 
first-class; there are only bedsteads in the first-class 
cabins—no upper berths. 

The second-class accommodation is nowhere 
nezlected now on good ships. More remarkable 
and very praiseworthy are the relatively superior 
arrangements made for the third and fourth-class 
passengers. The third-class has its dining and 
smoking-rooms, and even the steerage passengers 
are given a dining and a social room, the former on 
the ‘‘ F” deck, the latter on the ‘‘E” deck. Of 
the fourth-class cabins on the ‘“‘G” and “H” 
decks, Figs. 9 and 10, two are for eight bunks, 231 
for four bunks, and 58 for two bunks. 


The accommodation for the crew is entirely | P 


separated from the passenger departments, and the 
arrangements are such that the officers and men are 
as near as possible to the spots where they are doing 
duty. Thus captain and officers have their cabins 
near the navigation centre on the ‘‘ A” deck ; the 
engineers find their cabins near the engine and 
boiler-rooms ; and the sailors, who number more 
than 1100, are -accommodated partly amidship and 

rtly in the foreship, according to their work. 

he spaciousness and comfort provided for the crew 
contrast in a pleasant way with the arrangements 
made on older ships, and contribute much to the 
contentment of the crew. 





EMPLOYERS AND THE Roya Fieer Reserve.—Notice 
is given to employers of men belonging to the immediate 
class, Royal Fleet Reserve, that men of this class will be 
requi to train on His Majesty’s ships from 
Monday, July 13, to Saturday, August 8, inclusive. 


Tue Rennerrert Eveoraic MeratiorGicaL For- 
NnAcEk.—The electric furnace for iron and steel of Ivar 
Rennerfelt, of Halstahammar, Sweden, is provided with 
three electrodes. Two of these are mounted horizontal 
in the same plane and line, above the charge; the third is 
vertical and ends in the gap between the two others; the 
former two are of the same polarity. The arrangement 
is such that the two-phase current of any frequency, or 
continuous current, produce a compound arc in the s) - 
of a V or of an arrow, which is deflected down upon the 
metal. Theelectrodes themselves do not come in contact 
with either the metal or the slag. The furnace forms a 
cylinder with a horizontal axis, about which it can betilted. 
The inner wall acts as a reflector. The first of these fur- 
naces was tried by its originator in 1912 ; by last winter 
seven of them were in use at Halstahammar, and orders 
had been received from other countries. Some of these 
furnaces take charges of 600 kg. of iron, copper, glass, &c. 


Tue Yarrow Convatescent Home.—This institution, 
which does such an excellent work for the professional 
and educated middle classes where funds are exceedingly 
limited, has just issued its eighteenth annual report. 
From a perusal of this, it is obvious that the high stan- 
dard of the Home and its work is well maintained, and 
that it continues to be a boon to a class of ple 
who are so badly provided for in the matter of Fenes. 
cent institutions. Apart from the above institution, 
there seems to be nothing for children whose parents 
are of a higher social status than the artisan class, 
and yet are possessed of only very small means, or 
where heavy medical expenses render it impossible 
for them to carry out the doctor’s instructions in 
sending the child away to complete its recovery after 
illness. In former issues we gave information on the 
Home, the Committee of Management of which is formed 
by members of the Institution of Civil Engineers ; it is 
situated at Broadstairs. Boys are received between the 
ages of four and twelve, and girls between the ages of 
four and fourteen; but in cases where special treatment 
is required these ages are extended by two A 
nominal sum of 5s. a week only is c’ reference 
at all times is given to children of engineers, although 
the work of the Home is not confined solely to such. The 
necessary qualifications for admission are that the children 
be refined and of superior education; they must be in 
bad health, or | have paiaee o sesane illness ; and their 
parents must be possessed of only very small means. Full 

artioulars are obtainable from the Secretary, 6, Holborn 

iaduct, London, E.C. 


LITERATURE. 


————~.>—_——_ 
The Elementary Principles of Illumination and Artificial 
Lighting. By Artuor B1ok, B.Sc. Eng. Lond., A.M. 


London: Scott, Greenwood and Son. 
[Price 3s. 6d. net. ] 


Tuis little book focusses attention on a subject 
that has hitherto been little considered from the 
scientific or economical point of view. The public, 
needing both guidance and information, have been 
long suffering in the matter of adequate lighting. 
Evils have been endured, or defects have been 
tolerated, for which better knowledge could have 
provided effective remedies. A certain amount of 
restlessness and dissatisfaction with antiquated 
methods of lighting is, however, making itself felt. 
This discontent is indicated by the appointment of 
a Departmental Committee under the Home Office 
to inquire into the conditions of lighting factories 
and workshops, and to make rec tions for 
the better protection of the eyesight of the 
employees. There are other signs that the hap- 
hazard methods of illumination, whether of the 
interior or externally, are disappearing, and that 
the correct principles governing artificial lighting 
are becoming better recognised, with the result 
that phototechnics is acquiring a deserved 
prominence. One indication is the far greater 
attention that is now being paid to accurate 
photometry. Hitherto progress has been handi. 
capped, not so much by the want of an efficient 
hotometer, as by the failure to apprehend its 
intelligent use. Efforts have been too much 
restricted to the measurement of the intensity of 
light at the source, whereas the more practical 
information would have been derived from an exact 
estimation of the diffused distribution over a con- 
siderable area, or the correct determination of the 
candle-power per square foot of illuminated area. 
The knowledge that a concentrated light of 20 or 
30 candle-power is placed in the centre of a room 
of given dimensions affords very little guide as to 
the light effects in different parts of the room in 
which it is installed. The indirect lighting by 
reflection from walls, ceilings, and other objects, has 
almost invariably been ueglected. It is doubtful 
what meaning the public usually attach to estima- 
tions of candle-power. Oftentimes, apparently, 
the impression is created that the effective light is 
the same as that from an equal number of separate 
candles scattered about the room. 

Another direction in which it is permitted to see 
signs of improvement is in the increase of the 
luminous efficiency of illuminants, though there is 
still large room for further advance. The efficiency 
attained in the best technical practice is exceedingly 
low. The ‘‘ waste” frequently amounts to more 
than 95 per cent., and therefore as the illumination 
increases the ‘‘ waste” increases in an alarming 
manner. Taking as a standard the inverted gas- 
mantle, the luminous efficiency of the tungsten- 
filament electric lamp is about ten times as great, 
while the efficiency of the flame arc is still greater. 
Progress in this direction depends apparently upon 
increasing the temperature of the light source, and 
ingenious attempts have been made to pump into 
the burner air which nad been previously heated 
by the flame. This, however, is a direction from 
which the author does not contemplate the subject. 
He does not enter into the competitive merits of 
particular illuminants. His object is to exhibit the 
principles underlying artificial illumination and 
the methods of measurement, whatever illuminant 
is employed. Only in a final chapter does he 
touch upon the character and properties of different 
sources of light. 

The modern and more satisfactory method of 
epee the problem of illumination is through 
the conception of the ‘* flux of light,” not perhaps 
a very happy expression to define the entire 
luminous a from a light source. Whatever 
nomenclature be used, it is easily perceived that the 
illumination will be uniformly distributed only 
from a point source ; and that as the area of the 
illuminant becomes more asymmetrical or the 
light is interrupted by supports or screens more 
or less opaque, zones of varying brightness will be 
created. Such effects have been too often neglected, 
and problems have been treated on the simple 
rule that light varied inversely as the square of 
the distance. It has always been known that the 
candle-power varied according to the direction in 
which the source was viewed, but no practical im- 








portance was attached to the fact, and what is now 





known as the ‘“‘ polar curve of intensity” was not 
derived, or, if drawn, regarded simply as a curiosity. 
With increased intensity more exactness is de- 
manded, and in the case of electric lamps it is now 
usual to specify the mean horizontal power, but the 
mean spherical candle-power would convey more 
information. 

The term ‘‘candle-power ” itself has long been a 
stumbling-block, and we are afraid the English 
Parliamentary candle has been a fair subject for 
ridicule. The author treats, quite adequately, the 
subject of photometers, that have superseded the 
use of the spermaceti standard. He describes with 
particular care the Vernon Harcourt pentane lamp, 
the Hefner standard, and the Carcel lamp, that have 
been fruitful wow of many others. Even the 
impracticable Violle standard, in which one square 
centimetre of the glowing surface of molten plati- 
num, at the temperature of solidification, serves 
as a light source, does not escape, though Mr. Blok 
is careful to add: ‘‘it is obviously a standard 
requiring a considerable amount of auxiliary 
apparatus, and one which is not easily reprodu- 
cible.” Notwithstanding the distrust with which 
‘* flicker” photometers are viewed in certain 

uarters, they are commended here on account of 
the consistent results they furnish, and the assist- 
ance they afford in comparing lights of different 
colours. But wherever a lamp-fiame is used the 
illuminating power is affected by the atmospheric 
pressure, the humidity, and the amount of carbon 
dioxide present. Ingenious experiments have been 
made to determine the amount of fluctuation 
arising from these causes, but owing to the difficulty 
of estimating small differences in light it is doubt- 
fulif any practical use has been or can be made of 
such researches, for graver errors are introduced 
by physiological causes and the exercise of indi- 
vidual judgment. The limit of accuracy in photo- 
metry is soon reached. The eye can judge of the 
equality of two lights, but is incapable of judging 
of differences with any degree of accuracy. In 
other branches of physics, where delicate and exact 
measurement is needed, the scales and standards 
are trustworthy, and it is generally possible to 
magnify small amounts till they become easily per- 
ceptible. In light measurement no such aids are 
practicable. A flame or other source of light is not 
constant and reproducible in the sense that a 
metre measure or a pound weight is, and it must be 
admitted ‘‘that the agreement attainable in 
measurement of light and illumination or the 
accuracy obtainable in their calculations, cannot be 
expected to equal that of many other branches of 
engineering.” Why, then, we would ask, does 
the author — in working out results to 
the thousandth part of a foot candle? Most prac- 
tical men will admit that, whatever photometer is 
used, it is impossible to distinguish between light 
of 20 and 21 candle-power. el the author 
admits with perfect frankness that ‘‘ readings may 
very well vary 5 or 6 per cent. either way from the 
mean.” 

If one has to regret that numerical results still 
leave much to be desired, it must be admitted that 
the problem of correct lighting and the methods 
of research have improved enormously. This is par- 
ticularly shown in the chapters devoted to illumina- 
tion calcu'ations, that constitute the real value of 
the treatise. The importance of the derivation of 
the mean spherical candle-power from polar curves 
of intensity ; the discussion of the integral of the 
Rousseau curve; the practical modifications of 
Russell, Kenelly and Bloch, all handled in a com- 

rehensive manner, tend to raise the general pro- 

lem of artificial illumination to a higher plane 
than it previously occupied. If the author should be 
soceeadiek in convincing responsible authorities of 
the comparative ease with which the ‘‘polar curve” 
of any lighting source can be derived with suffi- 
cient accuracy for practical purposes, he will have 
accomplished much. Overlighting as underlightirg 
are equally objectionable to the scientific engineer. 
He should aim at equality of distribution, keeping 
the maximum and minimum of illumination within 
a range which experience shows to be satisfactory 
for comfortable vision. The numerous examples 
given, both for indoor and outdoor lighting, indicate 
very practical methods that should be of consider- 
able assistance to the novice. 

The author does not overlook the «esthetic side 
of lighting Besides the efficiency of light trans- 
mission and diffusion, artistic design has to be 
considered. Globes and shades, which are obvi- 
ously inefficient from a purely utilitarian point of 
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view, have to be accommodated to a colour scheme 
and to the attainment of harmony in style. He 
looks with sympathy on the dictates of taste, and 
assures us that artistic value and a measure of 
efficiency in the utilisation of light need not be 
mutually exclusive. ‘‘ A sense of balance and the 
relativity of interests is as essential in good lighting 
as in good architecture or good furnishing.” He 
does not scorn to deduce the polar curves of a few 
typical fancy fittings, and shows schemes of illumi- 
nation in which shop fronts are made to assume a 
dazzling brilliancy, or others in which all sense of 

lare is reduced to an agreeable minimum. The 
iceso vacuum tube, into which nitrogen has been 
introduced, or, perhaps, neon, is still more luxuri- 
ous, and must be the delight of the happy possessor 
and the envy of those who cannot achieve it. 





Text-Book on Highway Engineering. By ArrTuur H. 
BLANCHARD, CL. A.M., and Henry B. Drownz, C.E. 
New York: John Wiley and Sons, Inc.; London: 
Chapman and Hall, Limited. [Price 19s. net. ] 

Tue advent of the swift-moving motor vehicle has 

introduced a new set of problems into road con- 

struction, and altered the conditions of road main- 
tenance. Under these circumstances, the appear- 
ance of a practical treatise making available a vast 
amount of varied experience is not only justified, 
but welcome. The authors write mainly for 
Americans, but many problems that have to be 
decided are not greatly different in the two 
countries. The one great difference lies in the 
fact that the Americans have to consider both con- 
struction and maintenance, while, owing to the 
longer development of the highway system in this 
country, we are more especially concerned with 
maintenance and possible improvement. We are 
more hampered by past errors, and have not such 

a free hand in original design as in the United 

States. A general similarity consists in having to 

adapt roads, constructed to accommodate a parti- 

cular kind of traction, to carry a traffic for which 
they were not intended. For years, one might say 
for centuries, in this country, there has been dis- 
agreement between the makers of roads and the 
users of vehicles, one contending that the traffic 
should adapt itself to the road, the other that the 
road should be fitted to carry any weight or vehicle 
that is put upon it. Endless has been the legisla- 
tion on these points. The breadth of the tyre, the 
weight of the cart, the amount of merchandise that 
might be carried, have all been legally restricted. 

The introduction of another factor—rapidity of 

motion—reopens the old controversy, and we still 

have to decide whether the road should be made 
for the vehicle or the vehicle for the road. 

For the moment, victory rests on the side of the 
vehicle, and the roads are to be improved. To 
effect this desired end a variety of methods is at 
the choice of the engineer, and the judicious selec- 
tion, depending upon a number of variables, is diffi- 
cult. It would be hard to find better guides than 
the authors, who have had practical experience in 
highway engineering in both hemispheres, and are 
now engaged in tuition. This book has been pre- 
pared largely from lectures to their students. It 
has also made use of papers presented to technical 
societies, and information collected by specially 
appointed committees. The subject-matter has 
therefore had the advantage of a considerable 
amount of free criticism. The arrangement is quite 
satisfactory, and the information is apparently as 
exact as it is extensive. On each subject sufficient 
detail is given to make the student acquainted 
with the principles and practice of modern high- 
way engineering. But the plan goes beyond that 
point. It is a vade mecum for the engineer, 
entering into details of the specifications and cost, 
discussing the choice of materials, suggesting plans 
for construction, and the functions of maintenance. 


A special feature is the exhaustive treatment of | i 


bituminous materials, indicative of the large part 
these are likely to play in the construction of the 
roads of the future. Signs are not wanting that 
the macadamised road is doomed as unsuitable to 
rapid traffic, owing to the inconvenience of dust. 
But we think the authors are a little unjust to the 
inventor of this form of roadway, though it must 
be admitted they are supported by the decision of 
the International Road Co . who asserted 
that the roads constructed by the methods of 
Tresaguet and Macadam were liable to cause dust 
and mud, and were only suitable, in large cities, 
for streets where the traffic was neither great nor 
heavy. But, in the same sentence, these roads are 





called ‘‘ water-bound roads,” and this implies some 
confusion of thought. Macadam’s main object was 
to keep the water out—to prevent it entering the 
crust. ‘‘ Every road,” he wrote, ‘‘is to be made 
of broken stone, without mixture of earth, clay, 
chalk, or any other matter that will imbibe water, 
and be affected with frost ; nothing is to be laid on 
the clean stone on pretence of binding; broken 
stone will combine by its own angles into a smooth 
solid surface that cannot be affected by the vicissi- 
tudes of weather or displaced by the action of 
wheels, which will pass over it without a jolt, and, 
consequently, without injury.” It was the use of 
the heavy steam-roller that robbed the macadamised 
road of its peculiar value, and made us familiar with 
the water-bound road. No one who can remember 
the discomfort of consolidating a freshly-made road, 
in which the flints stood up in the most uncompro- 
mising fashion, and had to be forced into place by 
the wheels of the passing vehicles, wool regard 
the method of formation as ideal. The steam- 
roller did the work expeditiously, and produced 
rapidly a fine smooth road in appearance, but it 
concealed evils against which Macadam obstinately 
fought. To get a finished appearance it was neces- 
sary to fill in the interstices with some form of 
packing, and a mud formed of loose earth soaked 
in water—that was anathema to Macadam—was 
found a fatally easy method of overcoming what 
was undoubtedly a weak point in the original plan. 


Unfortunately, in wet weather this soil reappears i 


as mud, and in dry weather as dust, but it is the 
demand for rapid execution and finish that should 
be blamed, not the stern old engineer who thought 
much of good work but little of the ease and com- 
fort of passengers. 

The cause of the excessive dust raised by motors 
on water-bound roads is a matter of some uncer- 
tainty, or rather the proportion attributable to the 
suction action under the tyres and that due to the 
driving wheels remains undecided. The authors 
are inclined to attach little importance to suction, 
urging that photographs prove that the front 
wheels raise little dust. They insist that the 
destructive action of the back wheels becomes 
markedly apparent with the increase of speed. 
Possibly the true destructive agent is a shearing 
force, developed between the wheel and the road, 
causing the wheel to act as a grindstone on the 
surface, increasing in efficiency with the speed of 
the car. A point of equal or greater importance 
is how to prevent the dust becoming a nuisance. 
The authors do not look with favour on any so- 
called palliatives or surface treatments. Even the 
periodical watering of roads to lay dust is asserted 
to be fundamentally wrong in principle, as the fine 
dust which necessitates sprinkling should not have 
been allowed to accumulate. They look forward 
to the time when the economics of construction 
and maintenance will be better understood, and 
the inherent value of the various methods for the 
elimination of dust so fully recognised that there 
will be no field for the use of palliatives. 

What then, we are tempted to ask, will be the 
nature of the road of the future? We know some- 
thing of the conditions it will have to fulfil. Its 
surface must be strong enough to resist the pressure 
of traffic without disintegration, and reduce friction 
to a minimum ; it must neither allow the formation 
of puddle-holes, nor exude mud in wet weather and 
dust in dry. The camber will be reduced as far as 
possible, permitting the traffic to be uniformly dis- 
tributed over the roadway ; the surface must prevent 
skidding, and be suitable to both hoof traction and 
wheel traction. Luxury will, no doubt, demand 
other qualities, such as silence, resilience, and an 
esthetic appearance, while financial considerations 
will compel permanency in character and economy 
in maintenance. 

Judging from recent experiment, it is not at all 
impossible but that these requirements will be 
~~ spery and possibly some others of a less 
importance, by the adoption of a truly-bound sur- 
face. The crust of the road will be held together 
by some pitchy or bituminous material, possessing 
such a degree of cohesion that water cannot pene- 
trate. Bitumen is likely to answer better than 

itch or tar, but bitumen needs careful selection. 

his material can be applied in various ways on 
different foundations. Such a surface on broken 
stone or macadamised roads gives good results, 
but pavements of concrete, asphalt block, cement 
concrete, or brick and w block, can all be 
treated by “‘ penetration” methods. The advan- 
tages of such constructed roads are patent, the 





disadvantages are not so apparent. The principal 
drawbacks are due to increased slipperiness, ren- 
dering such roads unsuitable in Milly districts. 
Also asphaltic oils can form a greasy slime quite 
as objectionable as the ordinary mud. Uneven 
penetration may lead to want of uniformity in the 
wearing surface, but this can be overcome by 
greater care in construction. Much practical ex- 

rience is still needed to ensure the best results, 

ut it is eminently satisfactory to note the amount 
of attention that road-making has secured, the 
ingenuity that is being exhibited, the success that 
has attended experiment, and the rapidity of 
improvement that has followed. 





Nomography : or, the Graphic escntation of Formule. 
By Garteke B. K. = Ra Woolwich : Printed 
and published at the Royal Artillery Institution. 
[Price 2s. 6d.) 
Tue present reviewer had, for some time back, 
projected and worked at a general treatment of 
nomography. Thus, to him, the appearance of 
Captain Hezlet’s monograph was especially in- 
teresting, but not more so than its contents. The 
book contains 54 pages, and gives some very 
elegant methods of graphical representation. It 
is orm | based on the work of d’Ocagne on the 
same subject. In the first chapter are given the 
ordinary methods of representing two-variable 
dependencies—i.e., the methods underlying the 
indicator diagram and the slide-rule. The second 
chapter deals with three interdependent variables 
by methods well known in principle to most 
people ; we mean the methods of indexed con- 
tours—i.e., a singly parametric family of curves. 
Interesting anamorphoses are given, special cases 
of which are familiar to most physicists and many 
engineers. In Chapters III. and IV. alignment 
methods are used for the representation of three 
or more variables ; here and throughout the book 
functional scales play the fundamental part. Those 
parts of the book which contain matter and 
methods new to the general reader are based on 
mathematical operations not familiar to most 
people—e.g., the principle of duality and deter- 
minant equations. Yet the author gives a number 
of well-chosen examples from which a great many 
non-mathematical men might be able to glean a 
good deal. ‘The book is a welcome addition to 
the English literature of applied mathematics. 
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LAUNDRY MACHINERY. 


In the following article it is intended to give a 
brief and general survey of the machines and 
appliances used at the present time in commercial 
and public institution laundries, making some refer- 
ence to recent improvements which have taken 
place in the construction of these machines. The 
most common and important machines only will be 
referred to, too much space being necessary to deal 
with what might be termed auxiliary or highly 
specialised machines, such as are necessary in large 
commercial, laundries for high finish on the linen. 

Steam-power laundries are now established in 
many places and in connection with a variety of 
trades in which, twenty years ago, such installations 
were unheard of. Steam or electrically - driven 
laundries are found on board ocean - going liners 
for dealing with the ship’s and passengers’ linen, 
on board private cruising yachts, on battleships, 
and in large country houses. The outfit in such 
special laundries may consist only of one small 
washing - machine, a hydro-extractor, a drying- 
chamber for indoor drying, and perhaps, if space 
permit, a single-roller ironing-machine or calender, 
all driven by a small engine or motor, and 
having steam generated from a small vertical 
cross-tube boiler. Nevertheless, a plant of this 
kind has all the elementary qualities possessed by 
those in larger establishments having more elaborate 
_ varied appliances for carrying on a commercial 
trade. 

In the early days of the steam laundry the 
driving power was, in almost every case, a steam 
engine, but this medium, although «still very 

pular, has now a powerful rival in electricity. 

as and oil, while used in isolated instances, may 
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safely be left out of account. In seeking to 
make a comparison of the relative merits of the 
two chief sources of power, it must be borne in 
mind that steam is absolutely essential in a power 
laundry, quite independent of the driving power, 
such appliances as the washing-machine, the dry- 
ing-chamber, ironing and finishing-machine, and 
many of the smaller machines, being steam-heated. 
When, in addition, it is taken into account that 
the exhaust steam from an engine can be used for 
heating the water and also for the drying-chamber 
air-heater, the steam-engine as a prime mover 
appears specially suitable and economical. Electri- 
city, however, is very cheap in some places, and 
where the power is divided into units, i.e., separate 
independent motor-drives to the principal machines, 
it provides a very simple and convenient arrange- 
ment. In a steam laundry many of the machines 
are used only intermittently, such, for instance, 
as the ironing and finishing-machines, which are 
often employed on certain days of the week only. 
It is more convenient to drive machines of this 
description by direct-coupled motors, obviating 
thus the running of the whole line of shafting 
in order to use one single machine. Generally 
speaking, the choice of steam or electricity as the 
prime mover in a laundry is decided by ciroum- 
stances, and where an electric supply can be easily 
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and cheaply obtained the motor-drive is the more 


popular. | 

The washing - machine may be considered the | 
most important machine in the laundry, and, with | 
few exceptions, is designed in one form. The| 
inside shell, or washing compartment, Fig. 1, above, 
consists of a horizontal perforated brass cylinder, 





with brass \/-shaped beaters or lifters, Fig. 2, 
riveted to it, and brass hinged doors for loading 
and unloading the linen. This cylinder revolves 
inside a second fixed cylinder of galvanised-steel 
plate, Fig. 3, fixed by rivets (or a joint, according 
to the type) to cast-iron ends, which the 
gearing, Figs. 4and 5; it has also brass sliding-doors, 








805 








*MOLOVULXY-OUGAH] NEAIUQ-EAGN() ONIONVIVG-ATEG “ZI OL OT “sorg 





















— S 


























po Befpew eee "0 














—— 























ENGINEERING. 


JUNE 12, 1914.] 





“ENIHOVJQ-ONIHSVAA ONV ONILOZANISIG] NANI'T-1007 


6 “oly 























AYMYUNIHOVW AYAUNAVT 





—---—. Lal 
| ‘ Sees Ss fe 


= —== — i 





























al 


‘Or Ong 











O 












































806 


ENGINEERING. 





[JUNE 12, 1914. 








opposite which the doors of the inner cylinder are 
fixed for loading and unloading purposes. The 
internal brass cylinder makes two and a half turns 
in each direction alternately, which prevents the 
load of linen twisting, or ‘‘ roping ” as it is usually 
termed. 


A modern washing-machiue is usually built with 
ny long brass shell of medium diameter, the object 
being to provide as much rubbing surface as 


sible for the linen, and thus to increase the washi 
power of the machine. The earlier machines were 
usually built of large diameter and short length, 
with the outer cylinder constructed to carry a low 
ressure of steam, and the inner cylinder of per- 
‘orated brass, with horizontal ribs or ledges fixed 
on the inside periphery to act as lifters to the linen. 
Such machines, although efficient as washers, were 
costly to manufacture, besides being clumsy to 
handle and requiring large floor space. Washing- 
machines with inside cylinders of wood, which 
were largely used at one time, can be cheaply 
built, and possess certain hest-retaining qualities, 
but, as can readily be imagined, do not fulfil 
present-day nner | requirements, and, what is 
equally important, have not the lasting power of 
the all-metal machine. 

In. the modern type of washing-machine the 
driving-gear with open and cross-belts to provide 
the reverse action on the revolving inner cylinder 
is of considerable interest (Figs. 6, 7, and 8, 
page 805). There are three pulleys on the spindle 
close together, with the fast pulley between the 
two loose ones. One of the latter has a worm 
fixed to it coaxially, and has also a wider belt-face 
and belt than the other, this belt being the open 
one. The worm meshes with a wheel having 
a crank disc-pin to move a lever, the latter giving 
its movement to the belt-slide. The fixed pulley 
drives the machine, and has its face narrower than 
the open belt, but equal to the width of the crossed 
belt. When the belts are moved on to the fixed 
pulley alternately, the open belt on the worm- 
pulley, being wider than the fixed pulley, must 
necessarily drive the former continuously, and by 
this means a positive reverse is obtained, as the 
worm-pulley is continually driven in one direction. 
The lever has a cam-shaped opening to engage the 
worm-wheel pin, and gives two reversals for each 
revolution of the wheel, which opening allows the 
worm-wheel pin to rotate idly for a part of its 
revolution, in order to give a rapid movement to 
the lever when in motion. This lever, called the 
reversing-lever, is of T-form at its junction with 
the belt-slide, the T-head having a gap in the 
centre, and the belt-slide having a small tumbler- 
lever pivoted to it, this latter engaging in the gap 
on the reversing-lever, to act as a connecting-pin 
between the reversing-lever and the belt-slide. In 
order to stop the machime, the tumbler-lever is 
dise ed from the reversing-lever, and pushed 
into a fixed V-shaped rest, by which means the 
belt-slide is forced into mid-position, the reversing- 
lever then moving idly. To start the machine, the 
tumbler is withdrawn from the V and dropped on 
the T-head of the reversing-lever, which, being 
always in motion, causes the tumbler-lever to drop 
into the reversing-lever gap. 

In addition to the standard type of all-metal 
washing-machines, to which reference has just been 
made, a machine called the Foul-Linen Disinfecting, 
Washing and Cleansing Machine (Fig. 9, page 805) 
has within recent years become very popular in 
a a laundries, such as asylums and 

ospitals. This machine has only one cylinder, which 
contains the liquid and revolves in a similar manner 
to the ordinary washing-machine, being driven in 
the same way. The machine is employed solely in 
the washing of the foul and inf linen from the 
patients’ beds, which is not allowed to mix with 
the regular loads. The old-fashioned method of 
dealing with this class of washing was to place it in 
a long, flat tank, called a ‘‘sparger,” and play on it 
with a hose-pipe, after which it was washed with 
the regular batch of goods in th» ordinary washing- 


machines. From a sanitary point of view, the 
foul-linen machine is undoubtedly an acceptable 
innovation. 


For the washing of -woollens and flannels, in 
connection with which it is not desirable to employ 
steam, many unique machines have been designed 
within recent years. Quite satisfactory results can 
be obtained employing the ordinary rotary 
washing-machine for this of goods, provided 
the speed of the periphery is reduced, and hot and 
cold water only are used. 





Following the regular routine of work in the 
laundry, the hydro-extractor, or centrifugal, may 
now be referred to. of this machine 
is to extract, by centrifugal action, the loose water 
after washing and prior to the linen being dealt 
with in the drying - chambers or calendering- 
machines, to whichever it may go. In other 
words, the hydro-extractor is an improved form of 
wringer, capable of doing much more work with no 
manual labour whatever and without damage to 
the linen. From an engineering point of view 
its construction is simple, consisting of an inner 
revolving basket of galvanised steel, Figs. 10 to 
12, page 805, perforated with ,4,-in. diameter holes 
and balanced on a steel spindle ; it is surrounded 
by a fixed outer casing of steel boiler-plate. The 
inner basket, in which the linen to be treated is 
placed, runs at a speed of 1200 revolutions per 
minute—in a 30-in. basket—the effect being to 
extract the loose water from the load and throw it 
eut of the cage through the perforations, from 
which point it is carried away by a drain-pipe fitted 
to the outer casing. The machine is driven from a 
countershaft, carried by the cast-iron sole-plate, 
by a belt on to the spindle-pulley. The machine 
is thrown in and out of action by means of a belt- 
shifting lever, and a foot-brake is provided to 
bring the revolving basket to a standstill. 

The principal features of this machine are very 
simple, but at the same time merit brief description. 
The basket spindle revolves in the footetep bearing 
on the base-plate, and the bush is supported verti- 
cally between two rubber buffer-rings to allow 
flexibility and balancing action to the motion of the 
basket. The rubber buffers or rings are adjusted 
by a metal ring screwed into the top of the bearing- 
boss, and locked by a small screw pin. The spindle- 
pulley covers the bearing from view, and is pro- 
vided with an oil-hole on the top for lubricating 
the bearing. The foot-brake acts on the belt-face 
of the pulley. 

Although much improved in detail and consider- 
ably —— in construction, the hydro-extractor 
has not changed in principle within recent years. 
For laundry purposes this machine may be divided 
into two classes—i.e., the under-driven type, as 
above described and illustrated, and the top or sus- 
pended type, both usually designed to be self-balanc. 
ing. In some instances—such as in public baths 
and wash-houses—the older style of extractor of the 
rigid type with fixed bearing, and not self-balancing, 
is still employed; put on account of its adaptability, 
cheapness and safety, the self-balancing type is 
more popular. 

(To be continued.) 





CHAMBERS EPICYCLIC MOTOR-CAR GEAR. 


THE idea of an epicylic gear for a motor-car has 
always been an attractive one, since such a gear allows 
of an arrangement by which the wheels are always in 
mesh, so that there is no ibility of injuring them 
when changing over, while the change can be made 
noiselessly and without chock. Atone time and another 
a fuir number of epicyclic gears have been developed, 
but it must be admitted that the majority do not seem 
to have survived. This fact, however, adds additional 
interest to a gear which has been in existence for six 
or seven — and has been fitted to some hundreds 
of cars. Such a gear we are illustrating this week on 
pages 807 and 808. It is manufactu by and fitted 
to the cars built by Mesers. Chambers Motors, Limited, 
of University-street Works, Belfast. The gear in its 
original form was fitted to chain-driven cars, but about 
five years ago was adapted for a propeller-shaft and 
worm transmission, which Messrs. Chambers then 
adopted for all their cars. The latest type arranged 
for this form of transmission is shown in our illustra- 
ey th f all 1 — 

t is in the nature o' epicyclic to a 
somewhat complicated when shown on drawings. y uch 
complication is usually, however, more imaginary than 
real, and although a glance at the succeeding pages may 
suggest that the Chambers gear is somewhat difficult to 

erstand, we think that a study of the drawings, in 
conjunction with the description that follows, will 
render it clear in every detail and will show that 
essentially there is little complication in the matter. 
It should be stated at once that the gear as shown 
incorporates the differential. This has two important 
advan In the first place it means that two units 
of an ar ones by one in the Chambers 
system, which decreases weight and adds considerabl) 
to the simplicity of the chassis. In the second _ 
as the change-speed gear comes behind the worm-drive, 
the driving pressure on the worm, worm-wheel and 
their bearings is no ter when working on low 
gears than on high. is is a state of affairs not 





attained when the gear is in front of the worm. 
Its advantages lie in dec wear and no possi- 
bility of overload or overheating of the worm-gear. 
A further advantage of the Chambers epicyclic gear is 
that as the various speed connections are ay an into 
play or released by means of expansible-ring clutches, 
they take up their work pa ag and smoothly, and 
with a complete absence of shock. The change-speed 
wheels are continually in mesh. There is only ‘one train 
of wheels, and the gear gives three speeds forward and 
- reverse, and on the top forward speed the drive is 
irect. 

Turning now to details of construction and arrange- 
ment, we | refer, in the first instance, to Fig. 1, on 
page 807. is shows the gear complete, except that 
the cover of the aluminium casing, in which the gear 
is situated, has been removed to show the internal 
parts. This casing forms the main housing for the 
whole arrangement, and to it are secured the hollow 
fixed axles, one of which can be seen in the fore- 
ground of Fig. 1. The driving-axles are free from 
these fixed odes, and run inside them, carrying none 
of the weight of the car, on the lines of the well- 
known form of construction. The ball-bearings for 
the propeller-shaft are carried in the upper part of 
the casing, the bearing, which is carried by the cover, 
being shown in position on the end of the shaft in 
Fig. 2. The inner thrust-bearing, which is fixed in 
the main casting, can be seen in Fig. 6, in which view 
the worm is removed. The main ball-bearing for the 
worm-wheel and its attached parts is also carried by 
the casing, and is shown in Fig. 2. As will be 
gathered from this figure, a groove is machined in 
the casing, into which fits a ridge which is formed on 
the outside of the fixed race. The race, with its 
ridge, is well shown in Figs. 4 and 6, while a cross- 
section of the bearing can be seen at a in Fig. 8, on 
page 808. The inner race of this large bearing is 
secured to the worm-wheel, and the bearing takes the 
whole of the weight of the revolving parts of the 
gear. It will be noted from Fig. 8 that in addition to 
its work in connection with the main bearing, the 
ridged race also acts as part of two ball-thrust bear- 
ings fixed on either side of it, which take all end 
pressure which comes from the worm-drive. 

The main revolving portion of the gear may be con- 
sidered as consisting ot four parts. Three of these are 
shown separated from each other in both Figs. 3 and 5. 
The centre part in each ame is the differential-box, 
which carries the planet wheels of the epicyclic train 
on one of its ends. The other two parts in Figs. 3 
and 5 are the first and second speed-member?. The 
first speed-member, shown at the left-hand side, carries 
the sun wheel of the epicyclic train, while the second 
speed-member, on the r‘ght - hand side, carries an 
internal gear-wheel, which also meshes with the planet 
wheels. The external teeth on these members, caus- 
ing them to look like spur-wheels, do not form any part 
of the three-speed gear, and, in fact, do not act as gear- 
wheels at all, as far as the forward running of the car is 
concerned. Their purpose will be referred to later. 
The final part of the four elements forming the main 
revolving portion of the gear is the outer barrel carrying 
the worm-wheel. This part is not shown separately in 
any of the figures, but can be seen in cruss-section in 
Figs. 8 and 9. In order to simplify the understanding 
of the arrangement, this fourth part is indicated by 
double cross-hatching in these figures. It will be 
understood that the differential-box, speed-members 
and outer barrel, which we have called the four main 
parts of the get. are not in themselves each a simple 
part made of a single piece of metal. The four of 
them, each complete with such details as go to make 
it up, ry + however, be looked upon as the four main 
parts of the three-speed gear proper. 

The operation of the three-speed train will best be 
explained with reference to Figs. 3,5 and 8. In the 
first place it should be made clear that the grooved 
pulley-like parts, shown in Fig. 3, are actually the 
outer surfaces of the expansible rings, which serve as 
friction-clutches. When the gear is assembled these 
rings lie inside the outer barrel carrying the worm- 
wheel, as shown in Fig. 8. The rings are indicated 
by } in this figure. They are arranged so that they 


r|may be expanded or contracted as desired. When 


one of them is expanded it grips the barrel, inside 
which it works, so that the whole member, as 
shown in Fig. 3, is driven by the outer barrel. The 
friction-rings may be expanded or contracted either 
independently or ther by mechanism, which we 
will Saber tatee. t will be fairly clear by now that 
the drive from the engine to the road-wheels takes 
place from the propeHer-shaft through the worm- 
gearing to the outer 1, which, in turn, drives one 
or other of the speed-members thro 
ring. The gear-wheel on the speed-member then drives 
the differential-box through the epicyclic train, and 
the differential- box drives the wheel-shafts through the 
bevel differential-gear. 

The mechanism, by which the friction-rings are 
expanded or contracted, works in connection with a 
second mechanism, by means of which one or otber of 


h its friction- 


the speed-members may be locked and prevented from 
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THREE-SPEED AND REVERSE EPICYCLIC MOTOR-CAR GEAR. 
CONSTRUCTED BY MESSRS. CHAMBERS MOTORS, LIMITED, ENGINEERS, BELFAST. 
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turning. This second mechanism operates by means | For the first speed, the -member shown 
of a pivoted catch, which can be moved so as to lock | at the right-hand side of Fig. 3, and indicated 
between the teeth forming the spur-wheels on the | by ¢ in Fig. 8, is locked, while the friction 
outside of the speed-members. Leaving the details of | band of the other speed-member, marked d in 
this mechanism for the moment, we may now trace | Fig. 8, is pthanere to 4 so that it is driven by 
through the series of operations by which the three the worm-gear. For the second s the Fic. 6. Froyt View sHowrne Reverse Gear. AXtes 
forward speeds are obtained from the epicyclic train. state of affairs is reversed, and d is locked Wrraprawn Reapy Tro Apmit THE Gear-BLocg. 

















[JUNE 12, 1914. 


ENGINEERING, 


808 








THREE-SPEED AND REVERSE EPICYCLIC MOTOR-CAR GEAR. 


ENGINEERS, BELFAST. 


LIMITED, 


CONSTRUCTED BY MESSRS. CHAMBERS MOTORS, 





mu 

















3763.6 





4 é, 
WLLL 





M 











won -—-------- 9) 


4," 


quitatinttminnowiabadend ae 


I 























~ 
. t 
bled 
_ 
S | 
S 


























JUNE 12, 1914.] 


ENGINEERING. 


809 











while c is driven. For the top speed both clutches are 
driven, and the locking mechanism m is out of action. 

To follow the ——— by which these three 
combinations give the three different speeds, it will 
be well to refer to Fig. 7, in which, for convenience of 
reference, the sun wheel and the internal wheel are 
marked respectively d and c, to correspond with the 
members of which they form part. One of the planet 
wheels is marked e. The sun wheel has twenty- 
four teeth, the internal wheel fifty-two.teeth, and 
each of the planets fourteen teeth. For the first speed, 
as already stated, wheel c is locked and sun wheel d 
drives planet e. As the planet ¢ makes one complete 
revolution round the centre o, it will cause the sun 
wheel d to make a corresponding revolution, the two 
being always in gear. In addition, however, the sun 
wheel d must revolve, owing to the revolution of the 
planet on its own axis. The revolutions of the planet 
on its own axis will be determined by the num of 
teeth in the fixed outer wheel c. The consequence is 
that the further revolutions of the sun wheel will be 
determined by the number of teeth in the internal 
wheel c. The result is that for one revolution of the 
planets round the centre o, which corresponds to 
one revolution of the road wheels, the sun wheel d 
must make 1 + $? = 3.16 revolutions. This is ac- 
cordingly the first gear ratio, the driver making 
3.16 revolutions for one revolution of the driven. 
A similar argument and calculation will show that 
the second gear ratio is 1.4615. The third, top speed, 
ratio is, of course, unity, since in that case both the 
sun wheel d, and the internal wheel c, drive the 
planets ¢, and as they tend to revolve them in opposite 
directions, there is no rotation of the planets on their 
axes, and the whole arrangement locks together and 
drives as a solid part. The worm drive is so propor- 
tioned that at 1100 revolutions per minute of the 
engine the road speeds of the car are about 8, 17.5 and 
26 miles an hour. 

Turning now to the details of the friction-clutches 
and operating mechanism, we may first refer to 
Figs. 3, 5, 11, and 12. One of the rings in posi- 
tion is well shown in the left-hand speed-clutch in 
Figs. 3 and 5, while it is shown independently in 
Fig. 11, and in cross-section in Fig. 12. The ring 
is secured to the member in such a way that it has 
free play to expand and grip the outer drum when 
the drive has to be taken up. It is expanded 
by means of two clutch-levers, one of which is 
detailed in Fig. 13. The levers are secured to and 
carried by the ring, and are not fixed to any other 
part of the mechanism. Their position in relation 
to the ring, when it is mounted on the speed-member, 
can be seen from Figs. 1, 3, and 5. The free ends of 
the clutch-levers, which carry rollers, lie one on each 
side of, but free from, the car axle. This is shown 
in Fig. 8, in which the clutch-lever rollers are indi- 
cated by double circles at f. It will also be clear 
from the right-hand view in Fig. 5. The friction-rings 
are expanded when the free ends of the levers are 
forced apart by a collet which slides on the shaft, and 
which is shown at g in Fig. 8, and can be seen in Figs. 
4and 6. The collet is also shown in detail in Fig. 18. 
The detail of the connection between the clutch-levers 
and the friction-ring is shown to a large scale in Figs. 
25 and 26, annexed. The parts marked f in these 
figures are the ends of the clutch-levers. As will be seen, 
each lever is formed with a rocking edge on its inner 
face, and a feather on its outer. This feather fits intoa 
groove in the ring, which, as shown in Fig. 11, is 
provided with a hard-steel seating. Between the two 
clutch-levers there is a distance-piece made up of three 
parts, the inner one of which is wedge-shaped. This dis- 
tance-piece forms an adjustment for the friction-ring, 
and by slacking off the wedge or screwing it tighter 
the width of the distance-piece, and so the diameter of 
the ring, is altered. The expansion of the clutch- 
ring, which is necessary when it has to take up the 
drive, is obtained, as already explained, by rocking 
the clutch-levers, owing to the collet forcing its way 
between their free ends. The effect of this rocking 
is to tend to open the ring, as will be seen from 
Fig. 25. The levers rock on their inner rocking faces, 
and the feathers on their outer sides move slightl 
upward and carry the ends of the friction-band with 
them. As will be clear, the whole arrangement shown 
in va. 25 and 26-is locked together by the flanges on 
the distance-piece and the pins through the dutch. 
levers, and by the inward spring of the ring, so that 
there is no likelihood of it coming adrift. It is neces- 
sary forcibly to open the friction-ring to take it apart. 

The movement of the collets is controlled by two 
hollow rocking-shafts, the ends of which can be seen 
in Figs. 2,4, and 6. The shafts are also shown at h, 
in Figs. 8 and 9, while one of them is detailed sepa- 
rately in Figs. 19 and 20. Each shaft has two upward 
projecting-arms, which form a fork between the prongs 
of which the collet rotates. Pins, with flat elongated 
heads, carried by the arms serve to move the collet 
along theshaft. Levers shown at k, in Figs. 7, 8, and 20, 
ee Geta ae oe These are connected 
up © foot-pedal , 80 that the operating of the 
pedal moves the csliste along the shaft and oomeee one 





or other or both of the -members to grip the outer 
drum. The motion of the rocking-shafts is spring-con- 
trolled. They tend always to move the collets inward, 
outward movement being made by the pressure on the 
pedal overcoming the spring tension. The springs are 
very neatly arranged inside the hollow shafts. The 
arrangement is shown in Fig. 7, while various details are 
given in Figs. 14to 17. As will be seen a flat-wire spiral 
spring is used, which locks at each end into slotted 
holders. Theinner holder, which is detailed in Fig. 14, 
fits over a pin which passes through the hollow shaft. 
This pin, which is shown at / in Fig. 19, locks the 
holder and shaft ther, and yet allows the spring 
and holder to be withdrawn from the other end of the 
hollow shaft when desired. ‘The other holder is free 
from the hollow shaft, as is n to allow the 
spring toact. It is pinned toa collar, which lies in 
line with the shaft, and is shown at ite right-hand 
end in Fig. 19. This collar is secured to the outer 
casing, which contains the whole gear, and the square 
end of the holder projects to the outside of the casing. 
This allows the tension of the spring to be adjusted 
without dismantling the gear. The end of the holder 
is made with two pin-holes at right angles, as shown 
in Fig. 15, and two in the collar at 45 deg., so that it 
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may be adjusted by one-eighth revolutions. The square 
end as it projects from the casing can be seen in Fig. 1. 

It will be remembered that the operation of the 
epicyclic-gear demands the locking of one speed- 
member, while the other drives. This locking is 
carried out by the pivoted bar shown at m in Figs. 8, 
9, and 10. e bar has a range of motion from the 
position shown in Fig. 9 to that shown in Fig. 10. In 
the former position it is locking the left-hand speed- 
member by engaging between the spur-wheel teeth 
formed on the outside of it. In the latter position it 
is similarly locking the other speed-member. The bar 
is moved by a lever shown at n in Figs. 9 and 10, 
which is connected up to the hand-gear. The inter- 
lock between the bar and the collet - operating 
mechanism is formed by the catches on the rocking- 
shafts h. The catches e with the stepped ends 
of the bar, as shown at p in Fig. 9. Details of the 
catch are shown in Figs. 19 and 26. The only remain- 
ing feature of the mechanism to which we need refer 
is reverse gear, which is shown in Figs. 7 and 10, and 
can also be seen in Fig. 6. It is of the sliding type, 
and operates through the spur-wheels on the outside 
of the speed-members. Details of the gear are shown 
in Figs. 21 to 24. When the reverse-gear is in mesh, 
the sun-wheel member drives from the outer-worm 
barrel and the internal-wheel member is revolved 
backwards. The locking-bar is out of action. The 
reverse train is proportioned so that the internal- 
wheel member makes one revolution for every 1.5 revo- 
lutions of the sun wheel, but in the reverse direction. 
The result is that the differential-box, carrying the 
planet wheels, revolves slowly backwards. 





Tue Concrete InstitoTs.—Professor Henry Adams, 
M. Inst. C.E., M. Inst. M.E., F.S.1., &c., was appointed 
President of the Institute for the ensuing two oe of 
office, at the fifth annual general meeting held on 
Thursday, May 28. The Institute medal for the 1912-13 
session, which is awarded annually for the best pret 
read in the previous session, was presented to Mr. 8. 
Bylander for his paper entitled “‘Steel-Frame Buildings 
in on.” 

**T ug Soctat Guipg, 1914.”—This guide, edited by Mrs. 
Hugh Adams and Edith A. Browne, and published at 
the price of 2s. 6d. net, by Messrs. Adam and Charles 
Blacke, deals alphabetically with the social associations 
in London, the London and provincial shows, reviews, 
exhibitions, &c. It gives also information on the various 
British races and other fixtures for the year, on the 


ipal social gathering 
Binet. and Switeeriand among others. 





INDUSTRIAL NOTES. 


A MEETING of the executive officials of the Miners’ 
Federation of Great Britain, the National Union of 
Railwaymen, and the Transport Workers’ Federation 
was held on Thursday, the 4th inst., at the West- 
minster Palace Hotel, on, under the presidency 
of Mr. Robert Smillie, to consider a scheme for a 
joint working ment between the three organisa- 
tions. At the close of the meeting, which lasted four 
hours, Mr. J. H. Thomas, M.P., supplied the follow- 
ing official statement of the proceedings :— 

‘“*The primary object of the conference was to 
receive a report from the consultative committee 
which was appointed to consider the whole question 
Sapuaass and rules for the guidance of the three 

es. 


‘*The scheme submitted by the sub-committee was 

agreed to unanimously, with the exception of one or 
two slight minor alterations, and it was further agreed 
that there should be a national conference called at an 
early date of the whole of the trade unions involved, 
to consider and endorse the proposed working agree- 
ment. — 
‘* Briefly it may be stated that the agreement pro- 
vides for joint action on all national questions and 
other matters of vital importance to the trade-union 
movement. Provision is made that will in future pre- 
vent differences and the friction between the trade 
unions which have been so prevalent in the past. 

‘* Shortly stated, the scheme provides for the work- 
ing together under a joint control of these national 
trade-union organisations. 

‘*A consultative committee was formed with powers 
not only to discuss questions of detail, but, if neces- 
sary, to convene a full conference of the executive 
committees in the event of any question arising which 
in their opinion warrants national action being taken.” 

The consultative committee is composed of the presi- 
dent and general secretary of each of the organisa- 
tions represented at the conference, viz. :— 

Messrs. Smillie and Ashton (Miners). 

Messrs. Gosling and Williams (Transport Workers). 

Messrs. Bellamy and Williams (Railwaymen). 

The three unions have a combined membership of 
about 1,350,000. 





We read in L’Jndustria, Milan, that the last eleo- 
tions to the Italian Parliament were fought on the 
promise of social laws in favour of the working classes. 
A number of the elected members who made the 
promise have no conception of the weight that attaches 
to it ; it — means that Parliament has contracted 
a duty tow the large mass of the working classes 
which it will have to meet in some way or another. 
The Italian industrial employers have not so far exer- 
cised, in the preparation of social laws, the moderating 
influence which should be expected of them; it is 
necessary that in future they take a more active part 
in the framing of social legislation, and attack the 
problem from the point of view of the cost of uc- 
tion. It is a well-known fact that all social laws 
lead to increased costs, and the expenditure they 
involve has a tendency to rise to unforeseen propor- 
tions. Our contempo quotes examples to illustrate 
the point, and states that doctors have demonstrated 
the existence of a nervous disease due to the econo- 
mical advantages to be derived from insurance against 
accidents. What the Germans term ‘‘ pension hysteria” 
does not occur with full effect in countries. like 
Italy, where a lump sum is paid for an injury, and 
nota sion ; but in such countries there are no means 
of fighting other effects of the law against accidents, 
such as the slowness of cures, and the tendency to 
e rate the effects of an accident. A Dutch doctor, 
Dr. Fortweg, has stated that, previous to 1901, the 

ear in which the law on accidents started working in 
olland, sprains and fractures occurring to Dutch 
workmen were cured much quicker than those occur- 
ring to German workmen ; since 1901, however, sprains 
fractures incapacitate a Dutchman quite as long as 
they do a German. 





We take the following from a recent issue of the 
Manchester Guardian :—*‘ A great shortage of labour 
was again experienced at the Cockermouth hirings for 
farm servants a few days ago. Farmers complained 
that they could not get men at any price—all seemed to 
have gone abroad or found work in the towns—while 

irls, as usual, were equally difficult to obtain. 

rts from many other agricultural districts in the 

North of England indicate that the shortage is wide- 

spread, and appears to become more acute as time 
n 


on. 

** A well-known agriculturist who lives near Cocker- 
mouth, but who did not wish his name to be made 
public, told our Cockermouth correspondent that the 
scarcity of labour was likely to be permanent in rural 
Cumberland. The living-in system, he said, was 
breaking down, and what was wanted was a supply 
of ontiagee, so that the farm hands might remain on 
the after marriage, and rear children who would 
take readily to farm work. At present many of the 
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farm lads and girls were drawn from the pit villages, 
and on gutting, taencied returned there. the living-in 
system, moreover, resulted in the gross overworking 
of the small farmer’s wife, who had several men to 
cook for in addition to ing for her family and 
attending to the calves, pigs, dairy, and poultry.” 


In a book recently published by Mr. Pierre Caziot, 
Cnief tor of the Crédit Foncier de France, on 
**The Value of Land in France,” the following state- 
ments are made :—‘‘. . . Formerly the agricultural 

rofession was the most useful, fruitful, and sure pro- 
ession. The farmer lived exceedingly well upon his 
roperty, surrounded by his personnel, all born on the 
arm, and they pone Be each other from father to 
son. Now the situation bas oc! Agriculture 
has become industrialised, and requires a capital the 
remuneration of which swallows up a part of the 
profits. Labour has become scarce and costly, owing 
to the emigration to the towns, and to a decrease in 
the birth-rate. . . The decrease in the value of the 
land is due both to temporary and to permanent disad- 
vantages. Among the former we may note the diseases 
of the vine and cereals, atmospheric disturbances, the 
diseases of cattle, and lack of sales. Among the per- 
manent disadvantages which now obtain may be 
mentioned the decrease in capital in land, the parcelling 
out of land into small ownerships, the decrease in the 
rural population, scarcity of labour, increase in wages, 
fiscal . burdens, 
investment purposes, and the competition of countries 
which have comparatively recently followed agricul- 
tural pursuits.” 
rance, an agricultural country par excellence, 
having a very large variety of products and being 
largely protected by customs tariffs, suffers from the 
complaints outlined above, it is not to be wondered at 
that rural Cumberland should be in a similar difficulty. 
We must confess to having been surprised on first 
reading to see among the permanent disadvantages 
which make for a decrease in the value of French land 
‘*the parcelling of it into small ownerships.” But 
this corresponds with the removal of capital from the 
land—capital and labour, no doubt, left the land at 
one and the same time; it corresponds also with the 
industrialising of agriculture. If centuries ago the 
land in France had been divided up as it is now, the 
rural population would have flocked to the towns to 
exactly the same extent as it gradually has done ; the 
small holdings would most probably have been pur- 
chased wholesale, and would now be worked industrially 
on a large scale. 





On Thursday, the 4th inst., the text was issued of a 
Bill to provide for the approval of a living wage by 
local authorities, aud for the registration of employers 
who pay less than approved wages. 

The Bill applies only to England and Wales ; it has 
been put forward by Sir Richard Cooper, Colonel 
Pryce-Jones, Mr. Montague Barlow, and Sir Mathew 
Wilson. Itstates that the approved rate of wages for 
a district is to be deteraninnd, by order made by local 
authority, but provides alsoa number of certain hourly 
rates varying for men and women respectively, and 
for districts with a population of more or less than 
20,000, which are to have effect until the final rates 
have been determined as the minimum rates by a local 
authority. The local authority is required to appoint 
an officer to be called ‘‘the registrar of labour” to 
keep the registers required by the Bill, and generally 
to supervise the enforcement of the Bill within the 
district of the local authority. The Board of Trade is 
authorised to appoint officers to secure the observance 
of the Bill, and is required to make annual returns to 
Parliament. 

The Registrar of Labour may call on an employer 
to declare that he ——e no one at wages below the 
approved rate. The hourly rates of wages to be fixed 
shall be as nearly as possible equivalent to such an 
hourly wage as with a working week of not more than 
54 hours and without any other source of income 
would be adequate in the district, (a) in the case of 
the men’s rate, for the support of a man of the labour- 
ing class and his wife and children, and () in the case 
of the women’s rate, for the support of a single 
woman of the labouring class alone; provided that 
men’s and women’s rates shall not be less than, for the 
City of London, for any metropolitan or municipal 
borough, or for any urban district with a population of 
20,000, 44d. per hour for a man and 3d. per hour for a 
woman, and for any other area or district 4d. for a 
man and 24d. for a woman. 





The proceedings on both sides in the building trades’ 
dispute are surrounded with so much secretiveness 
that it is difficult to report upon them. Meetings of 
the men with the Conciliation Board, and meeti of 
the employers alone and with the men, were held on 
Monday and on Tuesday last. The only result that 
can be reported is the following statement, which the 
employers’ Council issued on Tuesday night :— 

“Whereas a deputation representing the head 
executives of ten trade unions has conferred this day 


the unattractiveness of land for | 1900 





with the National Conciliation Board, and subsequently 
with a deputation of this Council, and a basis of agree- 
ment has been arrived at, it was resolved that this 
Council meeting be adjourned until such time as the 
President may determine, in the hope that in the 
meantime the provisional agreement may be carried 
into effec ” 


This does not point to a settlement, near or distant, | the bus 


of the dispute ; it shows, however, that the general 
lock-out which was threatened is deferred. It is now 
ann that another ballot of the men is to be 
taken, all the papers of which are to be in on Friday 
next, the 19th inst. 





Following a meeting of the Liv 1 Cathedral 
Committee, held on Monday, the 8th inst., it was 
stated that in —a of the recent eae < 
wages to masons and others engaged in the building o 
the Cathedral, the cost of the portion now being built 
would exceed by 5,200/. the estimated cost. This will 
increase the Nelense still required to 37,500/., and an 
appeal for further funds is shortly to be made. 


An interesting statement was made by Colonel 
P. G. Von Donop, R.E., the Board of Trade In- 
specter. at the first meeting, held in London on 

esday last, of the Committee appointed by the 
Board of Trade to inquire into the working of the 
Railway Employment (Prevention of Accidents) Act, 
Colonel Von Donop said the work of the staff 
of inspectors had since 1906 mainly consisted in hold- 
ing inquiries into accidents to railway servants. The 
number of inquiries had risen from 717 in 1904 to 871 
in 1913, resulting in some 313 recommendations, of 
which 244 were adopted, 38 not adopted, and 31 still 
outstanding. He did not think the railway companies 
ever refused to adopt the recommendations without 
going very fully into the matter and giving their 
reasons for not adopting any one of them. In a great 
number of cases, however, the object aimed at by the 
inspecting officer in making the recommendation had 
been attained in a different way, although the actual 
recommendation might not have been carried out. 
He called attention to the large number of men 
fatally injured during shunting operations, remarking 
that every year between 70 and 80 were killed. Shunt- 
ing was one of the most dangerous operations carried 
out on the railway. Although he much regretted 
those fatal shunting accidents, it was very difficult to 
see how any marked reduction could be expected in 
them. He suggested that, with a view to preventing 
accidents, ‘‘ fly shunting” should be abolished. This 
consisted of wagons being pushed forward by an engine 
on & line where there were points leading to different 
lines, and then the engine uncoupled, allowing the 
wagons to proceed along one line and the engine along 
the other. Another suggestion made was that railway 
companies should be required to cover all cog-wheels 
on cranes, for a good many accidents occurred every 
year owing to men getting their fingers caught in the 
cog-wheels. Many of these accidents might be avoided 
if even ordinary care were taken by the men. 








Italy, which had just emerged from a railway strike, 
is now threatened with an upheaval of far ter 
gravity. The trouble arose through the Premier pro- 
hibiting anti-militarist demonstrations which had been 
fixed for last Sunday, the 7th inst., the day of the 
national holiday. Trouble appears to have commenced 
at Ancona. Protest meetings of workmen have been held 
at Rome, Genoa, Turin, and other cities, the demon- 
strators causing all shops and business houses to be 
closed. Conflicts have arisen in many towns between 
the strikers and the police. 


According to the Reichsarbeitsblatt the number of 
workmen applicants in Germany per hundred vacancies 
amounted in March last to 173, as against 218 in 
February, and 234in January. The figure for March 
of last year was 168. The figures for the current 
year Fy to an improvement. The situation has 
slightly improved in the building trades, leading to 
better conditions in the brick and tile industries and 
in wood-working. The same could be said for the 
textile industry, although cotton-spinning and weav- 
ing firms complained of lack of orders. ‘There was a 
slackening in the activity in coal and lignite mining, 
as also in that of the iron and steel industry and engi- 
neering, except in the case of special machinery. e 
electrical a chemical trades continued to be satis- 
factorily employed. 








AuBert Mepat or THE Royat Society or ArtTs.— 
The Council of the Society, with the approval of the 
President, H.R.H. the Duke of Connaught, have 
awarded the Albert Medal for the current year to Chevalier 
Guglielmo Marconi, D.Sc., LL.D., ‘‘for his services in 
the development and tical application of wireless 
The al was instituted in 1862 as a 

ince Consort, and is awarded annually 
for distinguished merit in promoting arts, manufactures, 
or commerce. The first recipient was Sir Rowland Hill, 
who received it in 1864 ; the last His Majesty King 


George V., to whom it was presented last year. 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market opened with a steady tone, but no deal- 
ings of any kind were recorded, and Cleveland warrants 
were quoted by sellers at 5ls. 44d. cash, 51s. 6d. one 
month, and 51s. 74d. three months. In the afternoon 
iness was limited to one lot of Cleveland warrants 
at 51s. 6d. one month, and at the close the quotations 
were the turn harder, with sellers at 51s. 5d. cash, 51s. 7d. 
one month, and 51s. 9d. three months. On Friday morn- 
ing the market was weaker, and 2000 tons of Cleveland 
warrants were put through at 51s. 44d. and 51s. 4d. cash, 
and 5ls. 64d. three months, and closing sellers named 
51s. 44d. cash, 51s. 64d. one month, and 5ls. 7d. three 
months. The afternoon session was dead idle, and 
Cleveland warrants were steady at 5ls. 44d. cash, 
51s. 64d. one month, and 51s. 74d. three months’ sellers. 
There was no increase of business on Monday morning, 
and the turnover consisted of one lot of Cleveland war- 
rants at 51s. 4d. cash, with sellers over at 51s. 44d. cash, 
51s. 7d. one month, and 51s. 8d. three months. In the 
afternoon there was again nothing doing, and quotations 
for Cleveland warrants were a shade easier at 5ls. 4d. 
cash, 51s. 6d. one month, and 51s. 7d. three months sellers. 
On Tuesday morning there was little change in the tone 
of the market, and no dealings took place. Sellers of 
Cleveland warrants named 5ls. 34d. cash, 51s. 6d. one 
month, and 51s. 7d. three months. In the afternoon Cleve- 
land warrants were a shade easier, and two lots were done 
at 51s. 24d. cash, and 51s. 5d. three months, with closing 
sellers at 51s. 3d. cash, 51s. . one month, and 5is. 54d. 
three months. When the market opened to-day (Wednes- 
day) there was an absence of business, and there was 
tically no change in the prices of Cleveland warrants, 
or which sellers named 51s. 3d. cash, 51s. 5d. one month, 
and 51s. 6d. three months. The afternoon session was 
also quite idle, and sellers of Cleveland warrants made 
no change in their prices. Buyers named 51s. 2d. cash, 

51s. 34d. one month, and 51s. 5d. three months. 


Sulphate of Ammonia.—Little change has taken place 
in the sulphate of ammonia demand, and the price is 
about 2 102. 15s. per ton for prompt delivery, 
Glasgow or Leith. 


Scotch Steel Trade.—The dull and somewhat depressing 
state of the Scotch steel trade continues, and the outlook 
is far from reassuring, ee is still of a very limited 
nature, and is largely confined to more immediate re- 
quirements, while inquiries do not amount to anything 
approaching a tonnage commensurate with the possi- 
bilities of the local steel works. Shipbuilders are busy on 
old contracts, but the quantities of foreign plates, &c., 
which have come into the markets here are very consider- 
able, and have Jessened the demand for home steel. 
Prices are steady, and it is difficult to see how they can 
be further reduced, as there is very little beyond the turn 
of the penny in them at the present time, and some say 
not even that; although the English rates have been 
lowered, it is doubtful if the Scotch steel-makers will 
follow suit. Indeed, some openly state that it would be 
more sensible for them to close down their works for a 
yy than to entail further loss in that respect. In point 
of fact, two establishments are closed meantime owing 
to labour strikes, and it is a great pity that workers 
do not seem to realise the gravity of the situation at 
present, and endeavour te encourage the managements 
to keep the works running rather than precipitate a 
crisis. All branches of the trade are quiet, and short 
time is general. Makers of black and galvanised sheets 
report a dearth of business, and there is keen com- 
petition for any orders coming into the market. A 
similar state exists among section makers, and for export 
material there is only a moderate demand. In the latter 
connection there are, of course, one or two brighter spots, 
of which Australia is one, but some of the other markets 
are passing a goodly share of their requirements to the 
Continental makers. The outlook is really not very 
bright, and little hope is entertained of any revival before 
the autumn sets in. 


The Malleable-Iron Trade.—In the malleable-iron 
trade the conditions are akin to those ruling in the steel 
trade, but the 4 has been of longer duration, 
and is, perhaps, keener. Fresh business is extremely 
scarce, and the foreign competitor always seems able to 
step in and capture the largest proportion of what is 
going. Prices are unchanged, and can hardly be reduced 
any more unless raw material and working expenses are 
considerably lowered. 


Scotch Pig-Iron Trade.—The demand for the ordinar 
qualities of Scotch pig-iron is rather dull this week, bot 
on home and export account, but the number of furnaces 
in blast has not been reduced. Prices are inclined to ease 
slightly, and the followi are the current market 

uotations for makers’ (No. i iron :—Clyde, 68s.; Calder, 
Sootchonin, Summerlee, and loan, 68s. 6d. (all 
shipped at Giaagow) ; Glengarnock (at Ardrossan), 71s.; 
Shotts (at Leith), 686. 6d.; and Carron (at Grange- 
mouth), 69s. 





AusTRIAN AERONAUTICAL INsTITUTE.—The “ Austrian 
Flugtechnische Verein” resolved, on May 12, to estab- 
lish an aeronautical experimental institute, the interests 
of which are to be guarded by a special branch of the 
Verein, known as the Flugtechnische Versuchsanstalt ; 
this name means aeronautical experimental institute. 
Dr. Exner, the President of the Austrian Office for 
Testing Materials, has been elected president of the new 
Institute, and Dr. R. Knoller, professor of automobilism 
and aeronautics at the Vienna Technical High School, is 
the director. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

World-Wide Slackness. — Substantiating the forecast 
contained in this column a week the belief 

el Reports to hand pointi 
likely. poin 
aan of foreign and colonial e confirm this ; for it is 
upon that branch that Sheffield is largely dependent for 
its pope Canada and South America have for 
some time shown reduced requirements, and the slacken- 
ing is slowly, but certai Ph world - wide. 
Facilities for more prompt delivery would seem to have 
come ~~ too late, = ~ a in this .—- 
duri year prov armful to engineers, 
loss of orders, and undoubtedly is reflected in the present 
state of tbat branch of business. 


South Yorkshire Coal Trade.—Steam coals are the 
medium of very poor business at present. The abnormally 
low position has been contributed by the long holiday, 
croutien at pits, and the reduced industrial consumption. 
Some amelioration io gains, ge —_ the — 
tory ton i or shipment, prospect 
on lacvgnael demand on Continental and Baltic account. 
There is little likelihood of prices increasing, however, 
for the E ag home consumption will in some measure 
steady the market. Oontract renewals are in process, 
and whilst arrangements cover a reduced ton last 
year’s pricesare being quoted. Demands for gas uels are 
fairly normal, but slacks are not readily being disposed of. 
Low rates are being quoted for special lots, and stocks 
are accumulating. Coking smalls are cheap and plentiful. 
House coals meet with a poor demand for the time of the 
year, London merchants ordering much lower quantities 
than usual. It > —— that, with me, working F. 
low pressure and stock growing, a price uction 
scon be necessar. Quotations : — Best branch hand- 


best Silkstone, 

12s. to 13s. ; 
. to lls. 6d.; small nuts, 9s. to 10s.; York- 

shire hards, 11s. to 12s.; Derb 6d. 


lls. 6d. ; best slacks, 7s. 6d. to 8s. 6d.; seconds, 5s. 6d. to 
6s. 6d. ; smalls, 4s. to 5s. 


Tron and Steel.—Though little business of importance 
has passed in the local raw-material market during the 
week, prices remain unaltered; nor will they undergo any 
early change, for producers state that the lowest level 
consistent with remuneration has reached. Forge 
rules as low as 50s., and the ys oy quotation for 
foundry iron is about 53s. 6d. alues so low as these 
should have added briskness to buying; but, contrary 
to expectations, contract makers are ing fire. Little 
profit is likely to ensue from this — policy, how- 
ever, for makers ly have decided that lower 

uotations will not reached. Pig iron is in moderate 

emand. The request for hematite is light, and East 
Coast sorts are being delivered at 68s. Regarding the 
industrial situation a prominent feature is the falling off 
in over-seas trade. ien iness is at a low ebb at 
present, and United States orders remain at a much 
reduced level. Little forward business is being done in 
the heavy ~~ branches, and specifications are = be 
couraging. irms are worki generally at u 
pressure on small orders. The igiter branches are in a 
more satisfactory position, however, the home demand 
for tools and steel ruling firm. Theeffects of the London 
building trades’ dispute is reflected in the paucity of 
business in builders’ ironwork. One result has been the 
cancelling of various good orders. The situation, how- 
orn a be relieved by an improvement in provincial 

uilding. 








Contracts.—The City of Toronto authorities have 
accepted the joint tender of the John ver Mehr Engi- 
neering Company, Limited, of Brunswick House, West- 
minster, as engineers, and William Cowlin and Son 
(Canada), Limited, a branch office of William Cowlin 
and Son, of Bristol, as contractors, for the new mecha- 
nical filtration plant at Toronto Island. The work to be 
done, in addition to the pressure-filtration plant (em- 
odying Ransome continuous filters), includes the erec- 
tion of the following structures :—(1) Filter-house build- 
ing; (2) a building ; (3) suction-well 
building ; (4) chemical s and mixing-house; (5) 
coal-storage building ; (6) -water tank ; (7) chimney ; 
(8) wharf. It is, we understand, the largest single order 
ever placed for an installation of this description, the 
filters themselves being 


q uired to treat 60,000,000 
imperial gallons of water per day of twenty-four hours. 


ABERDEEN - AUSTRALIAN TRIPLE- Scrsw STEAMER 
** Euripipes.”—Thi constructed by Mesars. 





This steamer, 
Harland and Wolff, Limited, Belfast, for Mesers. 
Thompson and Co.’s Aberdeen - Australian Ls 
and cargo service, left the builders’ yard on Saturday, 
the 6th inst., and after satisfactory trials, to 
for coaling. The Euripides is of about 15,000 
tons register, generally similar to the Demosthenes, buil 
for the same line in 1911, but is of larger dimensions, 
being 569 ft. 9 in. in length over all, 67 ft. 44 in. extreme 
beam, and with a displacement of about 24,500 tons. The 
new vessel has large cargo capacity and nineteen steam- 
:— compart- 


t|H. T. Montague 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIpDLEesBRoucH, Wednesday. 
The Cleveland Iron Trade.—There is very little new 
ascertainable concerning the pig-iron trade. Values all 
round show a downward tendency, and prospects alto- 
gether are certainly not encouraging, although it is some- 
prey nore tery to hear of less unfavourable reports from 


tinent and from America. Producers of pig best A 
wi 


complain that present cost of output is unprofitable 
current market quotations as they are, and under such 
circumstances it is not surprising to learn that some 
firms contemplate blowing out more furnaces. At pre- 
sent there are 74 blast-furnaces in operation on the 
North-East Coast, 40 of which are manufacturing 
ig, and the remainder making hematite, 
basic, spiegel, and other special irons. The output is 
= about equal to requirements, and stocls are very 
w, so that any further reduction of production 
would quickly strengthen the already very healthy 
statistical state of the staple industry, as to satisfy 
customers the warrant stores would in all probability 
have to be ogy sg drawn u No. 3 ee. 
Cleveland pig is 51s. 6d. f.o.b.; No. 1 is 54s.; No. 4 
foundry, 5is. 3d.; No. 4 forge, 50s. 9d.; mottled and 
white iron, each 50s. 3d.; and mixed numbers of East 
Coast hematite pig, 60s. 6d. —all for either early or 


forward delivery. Some sales of hematite to Sheffield | bered 


customers are understood to have been made at below 
the foregoing quotation. Foreign ore is lifeless, but 
sellers are very firm, and some of them intimate that 
they are not prepared to accept recognised market quota- 
tions. Values are nominally based on 17s. 6d. ex-ship 
Tees for Rubio of 50 per cent. quality. Ooke is scarce 
and dear. Local consumers complain of difficulty in 
obtaining adequate supplies. A a deal of Yorkshire 
coke is coming Saenil but this does not detrimentally 
affect prices of Durham kinds, which, in fact, are moving 
upward. Durham blast-furnace coke of medium quality 
is now quite 17s, 6d. delivered at Tees-side works. 


Stocks and Shipments.—The stock of Cleveland pig-iron 
in the public warrant stores now stands at 85,424 tons, 
all of which is No. 3 quality. Since the beginning of the 
month the stock has been increased by 2188 tons. Ship- 
ments of pig-iron from the Tees are on only a moderate 
scale. To date this month they average 1893 tons per 
working day, the total despatches being returned at 
17,038 tons, 14,240 tons of which have gone from Middles- 
yarn sagen 2798 tons from Skinningrove. To the same 
date month the loadings were given at 20,774 tons, 
or a daily average of 2596 tons ; and for the a 
part of June a year ago the clearances reac! 28,94 
tons, or an average of 3216 tons per working day. 


Manufactured Iron and Steel.—In the manufactured 
iron and s' trades business is still very quiet, and the 
recent reductions in steel ship-angles and plates have nob 
led to new business. Reductions in prices of other de- 
scriptions of finished iron and steel may be announced at 
any time. In the rail trade one local firm has this week 
booked an order for 10,000 tons of heavy steel rails for 
Australia, and from Lancashire and the Midlands there 
is an improving demand for joists and constructional 
steel. Princi market quotations stand :—Common 
iron bars, 7/.; best bars, 7/. 7s. 6d.; best best bars, 72. 15s ; 

ing iron, 6/.; iron ship-plates, 61. 15s.; iron ship- 
angles, 7/.; iron ship-rivets, 7/. 5s.; iron girder-plates, 
71. 5s. ; steel bars (basic), 62. 5s.; steel bars (Siemens), 
61. 5s.; steel ship-plates, 67. ; 


steel shi Bl. 15s.; 
Dip dny ag sy 


chairs, 42. 5s.; light iron rails, 7/.; heavy steel rails, 6/.; 
steel railway sleepers, 7/. 5s.—all net at works; va- 
nised ted sheets, 24 gauge, in bundles, 11/. 5s. 
f.0.b.—less 4 per cent. 





MancuesterR CorPoRATION TRamMwAyYs.—The annual 
report of the of the Manchester Corporation 
jem y os : t _ ear Y | new a — 
opened for traffic, the to ength new single trac 
— 6 miles 318 yards. The te length of single 

open for traffic at the close of March, including 

lines over which the City Council has running powers, 

was 194 miles 969 y: The revenue collected for 

1913-14 was 925,310/., while the working expenses of the 

year were 224/., leaving a gross t of 340,086/., 

of fay ty Bt “t 

© year were , leaving a surplus o' 

200,505. of which 100,000. has been applied to the 

relief of local rates, 97,2191. being absor by alloca- 

tions to the reserve, renewals, depreciation account, &c. 

The number of mgers carried last year showed an 
increase of 17,933,558. 


“Tue Onna Yxrar-Boox, 1914.”—This year-book, 
which is edited by Messrs. H. G. W. W<« and 
ll, B.A., and is published at the 

rice of 10s. net by Row 


Messrs, George and 
ited, London, deals extensi 


with the Republic of 
China, its products, commerce, industry, internal means 
of communication, government, constitution, &c. 
The various chapters show the dev + of the 
country, a development which is confirmed in the majority 
of instances by the tables the book gives of the trade 
statistics for a period of years down to 1912. The imports 
and exports China are in great detail ; 
her agricultural, mineral, and other resources point to an 
important future. The book contains close upon 800 
of carefully-classified information which pers 
large circle of business men. 


Sons, | tests to be undertaken 





NOTES FROM THE SOUTH-WEST. 


Cardiff. —Admiralty qualities of steam-coal have showr 
strength, but other descriptions have been irregular. 
Tonnage arrivals over the week-end were heavier than 
for some time past. Owners of Admiralty coal state tha 
being heavily booked over the month, they are obli 
to decline orders. holding small quantities for 
immediate disposal have been aski i 

dmiralty large has made 20s. 


Trevethick.—Mr. D. A. Thomas, who sat for Merthyr 
for nearly 22 years, has decided to present that town 
with a statue of Richard Trevethick, honourably remem- 
in connection with the early development of the 
locomotive. In 1804 Trevethick built a locomotive and 
set it to work on Penydarren-road, Merthyr, and there 
= still some remains of an old railway in the neighbour- 


The Bristol Channel.—The exports of coal from Bristol 
Channel ports last year were 29,875,936 tons. This 
agsregate compares with 23,023,810 tons ex during 

year from north-eastern porte, and 8,883,353 tons 
exported from Humber ports. 


Welsh Companies.—The Ebbw Vale Steel, Iron, and 
Coal Company, Limited, report that after allowing for 
increased wor costs occasioned by recent coal-mining 
legislation, the company’s collieries realised last year 
a reasonable profit, an output of nearly 2,000,000 tons 
having been effected. Tho iron and steel departments, 
in ——- of increasing importations of fore'gn 
steel, worked last year atonly two-thirds of their produc- 
ing capacity for nine months of the year; but the profit 
realised was fairly good. For the first time in the history 
of the the wages paid during the past twelve 
months amounted to upwards of 1,000,000/.—viz., 
1,143,994. The a expenditure for the past year was 
204,001/., of which 53,116/. was charged against the 
revenue. The profits realised for the past year were 
166,873/., and a dividend is pro upon the ordinary 
share capital at the rate of 10 per cent. per annum, 
carrying forward 11,9997. The directors of Tredegar 
Iron and Coal Company recommend dividends upon 
the “‘ A” and ‘‘ B” shares at the rate of 10 a4 cent. per 
annum, with a bonus of 24 per cent. for 1913-14, alloca- 
tions of 40,0007. being made to the reserve and 10,007. 
to the depreciation fund. 


Newport.—Colliery outputs have been limited in con- 
sequence of holiday ge ey but the stocks pre- 
viously held were so heavy t holders have not been 
seeking fresh orders for prompt delivery ; for the second 
half of the month thcy are hoping for better things. Both 
—|_~¥ steam coal has been offered freely. House 

has shown little improvement, but patent fuel has 
exhibited rather more strength. 


_ Profit Fluctuations.—The uncertainties of the Welsh 
iron and coal trades are strikingly illustrated by the 
violent fluctuations in the profits year by of the 
aonee Iron and Coal Company, Limited. In 1908 
the balance of profit was 183,236/.; in 1909, 93,419/.; in 
1910, 112,112/.; im 1911, 127,349/.; in 1912, 68,369/.; in 
1913, 127,1690. 

A Great Western Loop.—A new Great Western loop 
line between Llanelly and Skewen, built specially for 
Cunard ocean passenger traffic, was opened on M y: 





Tue BremincHam Excuancr.—We have received from 
the Birmingham Exc a copy of their Directory for 
1914, which is issued at price of 2s. 6d. It gives the 
ibscribers, and i 


Inp1an Go_p Mininc.—There is no decline in the 
output of gold in the famous Mysore district. The yield 
in 1907 was 531,829 oz.; in 1908, 534,377 oz. ; in 1909, 
544,007 oz.; in 1910, 546,230 oz. ; in 1911, 573,569 oz. ; in 
1912, 584,838 oz. ; and in 1913, 589,109 ov. The output of 
the Mysore id -  ® Company increased from 
209,441 oz. in 1907 to 232,100 oz. in 1913. 





Tue British Free-Prevention Commirrex.—Arrange- 
ments have been made for an extensive series of fire- 
7 British Fire-Prevention 

, and will include tests with non- 


Committee in Jul: 
eget st oi» Seze oinang mers 
wi resisting ¢ y with some petrol-extin- 
guishers. The Committee will issue shortly a further 
reports in to tests and other work completed 
during the few months. uring the current month 
Teusgupetete aeinn me ol tetas oothentoes 
arrangements for some ing au ties 
Sa ae oe and on Tee Lye who are visiting 
> soap teen le in country in matters 
relating to fire research work and fire - prevention 
generally. 








ai 


CEULRCTAT LPL ARAL HARES 
0 | 


10 ACCC CAC(HU 


O 
Zz 
od 
es 
2) 
Zz 
0 
Zz 
ie 


(“16L abv vas ‘wondissaq 40z) 
‘OUNGNVH ‘SUACTIINGdIHS GNV SUBANIONA ‘LAVHOSTIASIYNALLOV NILLALS AN 


UVANONILAIT HLIM ANICGHUOL GVAHV ANYOSSHUd-MOT .*‘HOLVUAdMWI» UANIT VAIMANV-DUYNAANVH AHL 


QO SYOGAVH AMYAM-NVOTINA AHL Ad CALONULSNOO 



























| ——w errs ame ‘ H 
SSVI? ost / 
SSVT2 and “a | 4 
| SY 7A owe L 


SSVID ond 
























o % . ° 
a (@) #930 390188 *9 bxz 
eS 
} m-| | 
i . SVI2 owe 
me i me 
S FINONI ITIL 
z \ ° 
oe a 
~~! mm 
/ 








¥9I0 FOVNINOY 4IM07'S br,7 





A)! las vee/7 2 














' 
! 
r 7IvH ‘ & 7 
@}u \ #004 9g [S24 00" INIONF 
7. a xy 2. ma or law TS, vA 
@|7 thiaiseell | 7wI208 in = go Sauer 














S37/0v7 — ~-ik H 
a a , 





























M290 FOVNIMOHS HIddN > 627 








- 
<—-—> <Sav&é- $a <> <—S-— T 
! £7. 
; ~ 
¢ ry) woou 7704 WIISUNWAS) , 











eo ony r-- > 
Fars cee) da CdS oll Doe! [Sag] ol em 

















wavldn NIOUVI-4310M 






















































































oh 
i | H ea ah 
\ Ss INIHOWS 7vI20S f-—~ 
\ : T T - 
.<— 5 a sam (v) #930 Loe ¢bnz 
a oO om 
4n7 , 
Steet (7 wz S Lng ES ost + om | i OL 
m |7 : Aas. » NST UNS 







































































("261 20g aas ‘uorjdrsosay 40g) 





‘DHOAANVH ‘SHadIINGdIHS ANY SHAGNIONA “IAVHOSTIGSHDNALLOV NILLALS GNQ SYNdNVH AMYAM-NVOIOA 4HL Ad GALONULSNOO 


SNVId MOY GNV MIA IVNIGOLIONOT « UYOLVAAdWI,, AYANIT VAIYANV-ONNANVH AHL 














‘TIO G2LV Td ‘FIGI ‘I 4NO¢ ‘ONTYRANIONA 




















7v02 7vo9 SOLVEIIIGIIA 
S = i val 


1 a 



























































3 ae UL LU U UU ow ous 004 06 oe las waivaae a 
th FHS OI abot ble 2 5 | Remmme om munemnens a == = ae 
= ee S A U0 U Ul DU U LU OU 0 LU 7¥O 10 oauns, , eee Ea ——— O70H $f O27 





















nwoOow 
ra) Ssnwnoo# 3:7 £47 © INIIONT 





FINISSWd TI nid 


_KA71 


Ov 



































— a a ‘Oe _Om a a a 96 08 





woow ! 
anrong| 





SUTINTSSVd 


& 





TI ma? 





Se 


(na wo30 $ ‘O27 





/ | 





INIINT 


(W) M970 & OW 


\ 
V 


(o)woz0e GOL 





SUmwOLls 





? 
TLIdSOH 








+ 





S9E 
Fyoou ININIG 





NOOTYS ININIC 





SLVIS OSS 


i, * 








SSv72 asl 





WOOY ININIDTI is? 





t 


)woz0 2p Ory 





























4 ‘eg[Mi) cae elie sia 
elizie 2 C-mm JOVNINONd 
elle ei\zizle z 






















































































2 
IN/9 a : 
i 7 ¢ Ob 
ee AL 1nd ct 
> 


A | 
slelololeols élel [2 } 
Lis 
. awaswaw) 9|| & p. *\* C+ S317) out 
2 
' zlellelelle hells ore 1 
pt-t 


























(7 wo70 4 «yp buy 





FOVNININd 






wooTvs 








Or 


SSVI? oud 


Av7TV9 


ff 


SSVTI wa wa 


—~L 
’ ssv 





rs 








SSVI? ovt 
San 





SST) af SSVTI and 





SPVIA ovb 





SSVID ond 











<sseaeeanme===-=- §3LNS BXNI 3----—---- ‘96 
i ate ilialiad a : (Q) 4930 39Glw#s *9 Ox 
| a a on oe | ee ee T Tr T Tr T T a ae vw lees ¢ ano call, cl ee —> ~ ~~) « <r ww a 








ENGINEERING, June 12, 1914. 











al 


“a 
THE HAMBURG-AMERIKA LINER “IMPERATOR;” GENER 


A 


CONSTRUCTED BY THE VULCAN-WERKE HAMBURG UND STETTIN eTIENG 


(For escriptionlye Page 













































































































































































Fig. 76. 
: = 

—— | ——3.0E¢ 
— 
—— —_——_._] — 

" |__F —sosad 

Y | 6 otc 
3 rt 4: 
Vi Yas | ses | ee | a —— ow 
F 77 *\ 2: | | om ms | 2 A fins 


























































































































| | 
— AN tf merce =. hi —}- folaht talent igigh — “$3 =< fah———tin nh | qlal carne alah iat agh- = tanh —— 


==> s\oe—= 











3995.0 ‘s 
\ 4 
x 













56 «658 60 62 4 é 





| Hows 
” ==seasamee = 
; Sao 
eal 
\ a 
= 
= a 








Fig.78.| ( | SECTION AT FRAME 124. a. 
tro aT tT) a: ieee cee: - es: ted en Fig.19. FRAME 86. 
ani * a ’ 
= 



































































































































(39954, 

















RAL ARRANGEMENT OF PROPELLING MACHINERY. 


‘TIENGESELLSCHAFT, ENGINEERS AND SHIPBUILDERS, HAMBURG. 


PLATE CIV, 


Page 797.) 




















Fig.2l. FRAME 99 





Fig. 20. FRAME 76 
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AvsTRaia: Gordon and Gotch, Limited, Melbourne; Sy ; Brisbane ; 
Perth. Turner and Henderson, Sydney, N.8.W. T. Willmett and 
Co., Townsville, North Ww. Cc , Adelaide, 
South Australia. Melville and Mullen, Melbourne, Victoria. 

Ausrreia-Huycary, Vienna: Lehmann and Wentzel, Kartnerstrasse. 

Bevoium : E. F. Satchell, 45, Avenue de Terneuzen, 

Cawnaba, Torouto, Ont.: Wm. Dawson and Sons, Manning Chambers. 
Montreal: Sells, Limited, 302 Shaugnessy Building, McGill-street. 

EpixsurcH : John Menzies and Co., 12, Hanover-street. 

France, Paris: Boyveau and Chevillet, 22, Ruede la Banque. For Subscriptions 
and Advertisements, Librairie B. Tignol, 58bis, Quai des Grands- 
— s. Also for Advertisements, Agence Havas, 8, Place 
de la Bourse. 


Geremavy, Berlin: A. Asher and Co., 13, Unter den Linden. Leipzig: F. A. 
Brockhaus. Mulhouse: H. Stauckelberger. 

Giascow : William Love. 

Inpta, Calcutta : Thacker, Spink and Co. 

Itaty: U. Hoepli, Milan, and any 

LrveRrPooL: Mrs. Taylor, Landing Stages. 

Mancuester: John Heywood, 143, Deansgate. 

New Zea.anp: Gordonand Gotch Proprietary, Limited, Wellington, Auckland, 





Bombay: Thacker and Co., Ltd. 
ce. 


an itehurch. 

Norway, Christiania: Cammermeyer’s Boghandel, Carl Johans Gade, 4] and 43. 

Rorrerpam: H. A. Kramer and Son. 

Sourm Arrica: Central News Agency, Limited, Head Office—Johannesburg ; 
and Pretoria, Cape Town, Port Elizabeth, Bloemfontein, Durban, 
and their various b hes and bookstalls throughout South Africa. 
Also Cape Town : Wm, Dawson and Sons, 31, Long-street. 

Tasmania : Gordon and Gotch Proprietary, Limited, Launceston ; Hobart. 

Unrrep States, New York: W. H. Wiley, 432, Fourth Avenue. 
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ADVERTISEMENT RATES, 





The charge for advertisements is three shillings for the first four 
lines or under, and suptpenne for each additional line. The line 
averages seven words. ‘ayment must accompany all orders 
for single advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on the wrapper 
and on the inside may be obtained on applieation. The 
are 12 in. deep ol 9 in. wide, divisible into four columns of 2} in. 
in width. Serial advertisements will be inserted with all practicable 
regularity, but absolute regularity cannot be guaranteed. 


Advertisements intended for insertion in the cur- 
rent week’s issue must be delivered not later than 
5p.m. on Thursday. In consequence of the necessity 
for going to press early with a portion of the edition, 
alterations for standing advertisements should be 


received not later than 1 p.m. on Tuesday in each 
week. 


SUBSCRIPTIONS, HOME AND FOREIGN. 





“ ENGINEERING ” can be supplied direct from the Publisher 
post free, for twelve months, at the following rates, payable in 
advance :— 


For the United Kingdom ............ ai 98 2 
For Canada— 
Thin PEE icnsndcans 
eae, Soe Zi ie 9 (sa78 
For all other places abroad— 
Thin paper copies £1 16 0 
Thick i .“" wbbasnegue 22 0 6 


When forei; subscriptions are sent by Post-Office orders, 
advice should be sent to the Publisher. 

Foreign and Colonial subscribers receiving incomplete copies 
through newsagents are requested to communicate the fact to the 
Publisher, together with the agent’s name and address. 

All accounts are payable to ‘* ENGINEERING,” LIMITED. 
Cheques should be crossed ‘‘ Union of London and Smith’s Bank, 
Limited, Charing Cross Branch.” Post-Office Orders should be 
made payable at Bedford-street, Strand, W.C. 


Offices for Publication and Advertisements, 
35 and 36, Bedford-street, Strand, London, W.C. 





We desire to call the attention of our readers 
to the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing some- 
what similar titles. 
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Appress f ENGINEERING,” WESTRAND, LONDON. 
TELEPHONE NumMBERS—3663 and 8598 GERRARD. 


READING - Cases. — Reading-cases which will hold twenty-six 
numbers of “ ENGINEERING” may be had of the Publisher or of 
any newsagent. Price 6s. each. 


The APRIL EDITION of The Classified Directory ot 
Current Advertisements in ENGINEERING, with a 
List of Telegraphic Addresses, &c., &c., to same, in 
compact book form for handy reference, may now be 
obtained gratis from the Publisher. 
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NOTICES OF MEETINGS. 


at LwcorPORATED MonicipaL ELEcrRicaL Association. —Annual 
C sntion, Birm! \. onday, June 15, 8 p.m., informal 
re and smoking concert, Grand Hotel, Birmingham. 
_—-. June 16, 10 a.m., opening of the Convention at the 
Large Theatre, Midland Institute; Address by the President, 
Mr. R. A. Chattock ; paper on “‘ The Commercial Development 
of Electrical Supply in Towns of Moderate Size,” by Mr. W. A. 
Vignoles ; 2.30 p.m., visits, excursions, &c. ; 7 p.m., annual dinner 
at theGrand Hotel. Wednesday, June 17, 10 a.m., meeting at St. 
Mary’s Hall, Coventry ; paper on “‘ The —. and Operation of 
Modern Boiler-House Plant,” by Mr. 8. E. Fedden ; 2.30 p.m. 


, 
visits, excursi: &c. ; 8.30 p.m., reception and dance at the 
Council House, Birmi Thureday, June 18, 10.30 am., 
meeting at the Memorial Lecture-Room, Waterside, Stratford-on- 
Avon ; ron the “‘ Standardisation of Tariffs,” by Mr. J. 
Horace Bowden ; 2.30 p.m., excursion to Warwick Oastle ; 8.30 p.m., 


m-air féve and concert at the Botanical Gardens, ‘baston. 
, Jane 19, 10 a:m., annual general meeting at the Midland 
Institute, Birmingham ; 2.30 p.m., visit to tion Electric 
Generating-Station, Summer-lane; 8 p.m., erella Dance at 
the G Hotel. Saturday, June 20, 8.40 a.m., excursion to 
Worcester, &. 
Tar InstrrvTion oF Gas Enoiyenes.—Tuesday, Wednesday, 
and Thursday, June 16, 17, and 18, annual general meeting, at 
St. George’s Hall, Liverpool. Order of proceedings :— 
June 16, at 10am. Welcome by the Lord Mayor of Liverpoo 
and the Chairman of the Liverpool Gas Company ; Address by 
the President and preseutation of the Council’s Annual Report ; 
Report of the Refractory Materials Committee ; Re’ of the 
Ventilation R h CO it Reports of the Institution Gas 
Research Fellows :—Mr. Harold Hartley, M.Sc., on “‘ The Elec- 
trical Condition of a Gold Surface During the Absorption of 
Gases, and their Catalytic Combustion,” describing work carried 
out under the supervision of Professor W. A. Bone, F.R.S. (late 
Livesey Professor); Mr. Harold Hollings, B.Sc., conaisting of two 
commuhications—(a@) ‘‘ Thermal Phenomena in Oarbonisation ;” 
() “* Influence of Red-Hot Coke and Radiant Heat on the Gaseous 
Products of Carbonisation,” both by Mr. Hollings and Professor 
John W. Cobb, B.Sc. (Livesey Professor), contributed from the 
Department of Coal-Gas and Fuel Industries of the University of 
Leeds.—Tuesday, at 8 p.m., at the Adelphi Hotel, Ranelagh- 
place, reception and dance.—Wednesday, June 17, 10 a.m. 
Lecture (illustrated by experiments) on “ Purification by Heat : 
A Century’s Progress and Its Lessons,” by Dr. Charles Carpenter, 
of London ; Paper, “ Some Special Features in Gas-Works Prac- 


es 





tice from Norway,” by Mr. K. Schieldrop, of Bergen. —Wed- 
nesday, at 8 p.m., to the Town Hall, reception a dance. — 
Thursday, June 18, at 10a.m. Papers to be read and discussed : 


Calorific Power as a Standard,” by Mr. Jacques Abady, of 
London ; ‘‘ The Application of Coke-Ovens and ‘ Otto’ Direct 
Ammonia Recovery to Gas-Works Requirements,” by Mr. Geo. T. 
Purves, of Chryston ; ‘“‘ Lime and Sulphate of Ammonia as Ferti- 
lisers and How to Increase Their ie,” by Mr. John West, of 
Southport. On Thursday afternoon and on Friday there will be 
excursions. 

Tue Royal Mereoro.oeicaL Socisty.—Wednesday, June 17, at 
4.30 p.m., at 70, Victoria-street, Westminster. Papers to be 
read :—‘‘ The Rainfall of the Southern Pennines,” by Mr. B. O. 
Wallis, B.Sc., F.R.G.S. ; ‘‘ The Relation Between Wind Direction 
and Rainfall,” by Mr. H. J. Bartlett. 


THE “AQUITANIA.” 


In view of the great demand for the succes- 
sive issues of ENGINEERING containing 
detailed description of the Aquitania, it has been 
decided to reprint in book form all the articles, 
with the complete drawings. Details are given in 
our advertising pages. 
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THE FUTURE OF THE SUBMARINE- 
BOAT. 


Keen interest has been re-awakened in the 
subject of the relative importance of the submarine- 
boat and the battleship by the publication in the 
Times of a letter from Admiral Sir Percy Scott, 
because this distinguished naval officer has taken 
the view that the ‘“‘ building of any more battleshi 
now will be a misuse of money subscribed by the 
citizens for the defence of the Empire,” as he can 
see ‘‘no use tor battleships and very little chance 
of much employment for fast cruisers.” For a long 
time it has been recognised that the submarine-boat 
must take an increasingly important part in war 
tactics, and there is no doubt that in those peace 
manceuvres where war conditions are simulated 
the submarine-boat has taken a place of growing 
significance and success. But the storm of criticism 


m—_£, rn Fa. geen Apponanpepahenen £17 | which Sir Percy has raised in the columns of our 
Literature etataniwas 802 |‘* Critical Loads for Ideal contemporary shows that the change he advocates 
Laundry Machiner; * iiis.} 7 | kone Columns” ....... 819 | now must be of gradual growth, and not a volteface, 
Chambers’s Epicyolic Motor. ‘Sherrie’ © 100-Ton |and that the acceptance of his view, as quoted 
Car Gear (Illustrated re thiesd THe f : 
wine D ss one Denn 8 Shipyard (JUus- would be a grave danger to the defence of the 
Note rom the Rost". 10 |aNOSer air cit'iaie ™ | Empire, Tt certainly cannot be said that he has 
Notes trom South Yorkshire 811 | Scale (Illustrated) ...... 1 | adduced convincing reasons for the complete change 
Pp ne Bey Dy a Costrfeetion to the in naval policy which he advocates. 
Notes from the South-West 81i| (Illus) marguiie. His view is that at the beginning of ‘hostilities 
me yotere a the Sub- “ Colonial and Engi- submarine-boats will be able effectually to bottle- 
ractors of tai iro: “| pat or Betviag goa ™” | Pit harbours all surface craft, and that» ‘battle 
_— coat Grgeigiiig: and Steel ion ship is not immune from attack even in a closed 
cae..." ne era | odliustrated) «....... 2040 828] harbour, for the so-called protecting boom at the 
Smoke and Fume Abate- ENotrgeRine Patent Record entrance can easily be blown away.” Thus, if a 
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829| battleship is not safe on the 


high seas or in 
harbour, he asks: ‘‘ What is the use of a battle- 





ship?” Moreover, he says, submarine-bvate are 


difficult to destroy, because “‘ it is difficult to attack 
what you cannot see.” Thus he contends that what 
we require is an enornious fleet of submarines, 
airshi - and aeroplanes, and a few fast cruisers, 
provided we can find a place to keep the latter in 
safety during wartime. We are at one with Sir 
Percy Scott in his view that we should have a great 
fleet of submarine-boats, but until other Powers 
decide to cease building battleships and other 
surface craft, it would be fatal for Britain to dis- 
continue the present policy so far as these are 
concerned. A ‘* Naval Officer,” who has written 
most cogently on the weaknesses of Sir Percy 
Scott’s contention that we must cease building 
battleships, controverts the mise on which Sir 
Percy founds his conclusion. e booms protecting 
harbours have never been destroyed by submarine- 
boats, and although torpedo-boat destroyers have 
been able to enter harbours thus protected, they 
have done so by ‘‘ jumping the boom,” with con- 
siderable damage to themselves. Moreover, if 
the enemy’s surface ships succeeded in escaping 
from harbour, there would be serious menace to 
Britain, and pee! to our food supply, in 
consequence of the depredations which they might 
effect when unopposed by vessels of equal modernity 
and corresponding speed. No doubt for a few 
years our present surface boats would equal in 
tactical quality those of the enemy. ut if, 
at Sir Percy Scott’s. injunction, we ceased build- 
ing such vessels, while other Powers continued 
to do so, we should be placed in jeopardy in a 
very short time. It may not be easy to fight 
submarine-boats except by their opposites; but 
by reason of their comparatively low speed, they 
would never overtake a surface boat which might 
escape from harbour. Besides, it has not been 
established by Sir Percy Scott that the torpedo, 
practically the only weapon of the submarine-boat, 
would be effective. Again, the radius of action of 
such boats when, submerged is very limited, not 
much more than 100 miles, so that in taking a 
voyage across the North Sea th. y would have to 
proceed ‘‘ awash,” and would th.n be subject to 
attack by torpedo-boat destroyers and other surface 
craft, and by aerial vessels. 

Our intention in discussing this matter is not so 
much to consider the tactical qualities, but to 


the|regard the problem of the future potentialities 


of the submarine-boat from a mechanical stand- 
point. Until such craft are made more powerful, 
are given a higher speed, and have a anth gchar 
radius of action, their success must be limited, 
even in es vessels in harbour, particularly 
in the presence of the latest system of submarine- 
mine defence. All of these qualities call for 
increased dimensions, which increase their cost and 
reduce their handiness, especially in harbours and 
comparatively shallow waters. That progress is 
being made in the design of submarine-boats to 
attain the advantages desiderated is undoubted. 
The British Admiralty are fully alive to the possi- 
bilities of this new type of craft. They are vigilant 
in their study of progress in other navies, and are 
acting with enterprise in the encouragement of 
developments, particularly in respect of propelling 
machinery and torpedo design. The interests of the 
nation preclude us from giving information regard- 
ing the latest British experimental vessels, but it 
may be said that in the one case the size exceeds 
that of any submarine-boat yet ordered, and that 
in another case the aim is for higher speed. 
When these two vessels are cckaghvhel their trials 
will disclose to the technical officers of the Admi- 
ralty the lines along which further development 
may be made. 

irst, in regard to size, it may be said that the 
largest of the German boats nearing completion 
has a displacement on the surface of 750 metric 
tons, and submerged of 900 tons, the length 
being just over 214 ft. It is propelled by two 
sets of Diesel engines, together of 4000 brake 
horse-power, working twin screws, and it is 
anticipated that the speed on the surface will be 
about 20 knots, and submerged about 10 knots. 
Russia is understood to be building a vessel of 
considerably over 1000 tons, and proposals for 
ships of as much as 1700 and 2000 tons displace- 
ment are being considered by other Powers. ese 
larger vessels will be able, of course, to carry a 
greater offensive armament, either by increasing 
the number of torpedoes, or by fitting larger guns 
with disappearin iages, for which cavities are 
formed in the deck. It is understood that, so far, 





only 12-pounder guns are contemplated. If,” 
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however, four guns of 4-in. calibre were adopted, 
the displacement would require to be increased, 
while the adoption of 6-in. guns would necessitate 
an increase in displacement of 18 per cent. over 
the vessel with 12-pounder guns. Increase in size, 
too, demands greater power, even if the s be 
constant, and the aim is to get still higher speeds. 
So far practically all modern submarines are pro- 
pelled oe heavy-oil engines, and little difficulty 
need be experienced in supplying to a submarine- 
boat engines of 4000 or 6000 horse-power without 
increasing to any appreciable extent the size of the 
individual cylinder. Moreover, progress has un- 
doubtedly been made in the reliability of engines 
with cylinders of much higher power, and one may 
anticipate in the early future cylinders of 1000 
horse-power. No trouble need be anticipated on 
this score excepting that the size of the ship must 
go on increasing if higher speeds are desired than 
are at present anticipated. 

There is, however, a growing disposition to 
experiment with steam-turbines in submarine- 
boats, and it will be remembered that France many 
years ago adopted a flash boiler for developing 
steam for driving submarine-boats, but the results 
were such that the system was discontinued, largely 
because of the time required to damp down the 
boiler preparatory to diving. With the perfection 
of oil-fuel-burning apparatus for water - tube 
boilers, and the great gain in the introduction of the 
steam-turbine, opinion in France has undergone a 
change, and at the present time there are being built 
a large number of submarine-boats, with express 
boilers of the Yarrow type, having specially small 
tubes, in order that the water contents may be less 
than is the case even with destroyers. The turbines 
are of the Parsons type, to run at very high spee1, 
gearing being introduced between the turbines and 
propellers. The four submarine-boats of this type 
most advanced are those built at Rochefort, of 900 
tons displacement, and with turbines to give 4000 
shaft bhorse-power—namely, 2000 on each shaft. 
Two others are building at Cherbourg, and in this 
case the displacement is 950 tons, the wer 
being 5000 shaft horse- power. There will be 
electric motors for propulsion when submerged, 
as in existing vessels. It is understood that 
even larger steam-driven submarines are about 
to be laid down, the power of the turbine machi- 
nery being 10,000 shaft horse-power, and the 
speed anticipated over 20 knots. It is under con- 
sideration in this latter case to fit, for low-speed 
running, oil-engines for cruising on the surface. This 
would conserve the oil-fuel supply, as the oil-engine 
has a less consumption than the steam installation. 
Thus the radius of action at cruising speed would 
be very greatly increased. It is a case of balancing 
advantages and disadvantages from the weight 
point of view. It remains to be seen whether 
the oil-engines for cruising at low speed would 
save, under given strategic conditions, an amount 
of fuel corresponding to the excess consumption at 
low speed of the steam-engine, and thus compen- 
sate for the weight of the oil-engine, which must 
be dead-load when running at full speed. But there 
still remains the fact that greater power of offensive, 
higher speed, and wider radius of action — all 
necessities of the case—involve increase in size. 

Every increase in the size of a submarine-boat 
not only adds to its visibility when running 
awash, but increases the time and distance re- 
quired for disappearing if the vessel has to dive, 
and not to sink on an even keel, unless the angle 
at which the vessel dives is made much steeper. 
The difficulty in such case has reference to the 
electric storage batteries, and to other vessels con- 
taining liquids, where alterations in the level in- 
troduce disturbing influences. The acuteness of 
the angle of dive, too, intensifies the difficult; 
of subsequently bringing the vessel to an even keel, 
and increases the er of the vessel striking the 
bottom, a danger which has involved the loss of 
one or two submarine-boats of comparatively small 
size. Greater depth of water is required for such 
operations, so that only small vessels can be used 
in attacking ships in harbour. 

These various developments in the mechanics of 
the submarine show that progress is being made, 
but the problems have so many variants and 
demand such careful experimental research that it 
would be a mistake to hasten unduly those respon- 
sible for the evolution of design. t is demanded 
on the part of our naval authorities is to move with 
as much rapidity towards improvement as is consis- 
tent with the ensurance of reliability in each vessel 





built, and at the same time to maintain as much 
secrecy as possible. From the mechanical point of 
view the submarine is undoubtedly in a transitory 
state. To accept any design at the moment, and build 
a great number of vessels in excess of the require- 
ments as measured by our opposing forces, would 
be unduly to tax the citizens’ responsibility for 
the defence of the Empire, with the extreme 
probability that the vessels thus built would be 
obsolete in a very short time. For this reason we 
advocate an active policy by the Admiralty, but 
would as a tactical blunder the neglecting 
of the building of ships-of-the-line, particularly 
when all other Powers are continuing to add to 
their fleets battleships and cruisers. 





FACTORS OF SAFETY IN 
AEROPLANES. 

Ir is an unfortunate fact in many ways that the 
determination of the necessary factor of safety in 
an aeroplane cannot be made in the same manner 
as has generally been the case in other structures. 
In most cases of new types of machinery it is 

ible to begin by making everything on the 

eavy side, and to reduce the weights as experience 
is gained. In aeroplanes this has not been possible, 
for the simple reason that no experience could be 
gained in an aeroplane which would not fly, and 
that, in the early days especially, unless the very 
lightest possible construction was used, the machine 
could not lift itself from the ground with the 
power available. Further than this, it does not 
at all follow that the machine with the highest 
factor of safety in the parts will be the safest 
in the air, as it may fly so sluggishly that 
it is not easily handled, and therefore is more 
liable to get into dangerous positions. It is 
therefore hardly the fault of the constructors if, 
in developing such a new science as flight, some 
failures of wings occur, more especially as we find 
that the art of flying has improved so rapidly that 
machines have often been flown in weather far 
worse than was contemplated when they were 
designed. 

e@ question of the proper margin of strength 
is, however, a most important one, and we have 
several times referred to it. The usual method 
of stating the margin of strength of a machine 
has been to name a ‘‘ factor of safety,” this being 
the ratio of the calculated breaking stress to 
the static stress produced by the weight of the 
machine in level flight. In discussing the question 
of the strength of wings in our issue of November 15, 
1912, we pointed out that this was not the most 
satisfactory method, and that it would be better to 
estimate as far as ible the greatest load which was 
likely ever to be brought on the wings, and to design 
the machine with a limit of working stress at that 
load. Data from which to calculate the maximum load 
were at that time not easy to get, but from what 
was available we suggested that the load on the 
wings in flight might, under the circumstances of 
flattening out after a steep dive, be at least 44 times 
the static load, and possibly six times. Any factor 
of safety stated should therefore be the ratio of 
this to the breaking stress. At the time it appeared 
to be considered that this was a very high estimate, 
and one maker stated in our correspondence columns 
that it was impossible, under any circumstances, 
for the load on the wings to exceed 24 times the 
static load. 

Since that date a great deal of experimental work 
has been a oe well as much fyi ; £ com- 
muniqué of the War Office, prepared by the Advisory 
Ocmnanitten for Aawentatiles, and published by our 
contemporary, Flight, dealing with the question, is 
therefore of considerable interest. In this the futility 
of stating factors of safety by comparing the breaking 
stress with the static load is pointed out, and the 
importance of taking the a probable load as 
the starting point is emphasised. An attempt is 
made to estimate the greatest probable load from the 
experiments on planes and the probable conditions 
of flight. Thus it is estimated that the effect of a 
ust may be to increase the load on the wings to 
_ times the weight, while the effect of cote 
may increase it to 1.4 times. These might come 
together, when the load would be 5.6 times the 
weight. It is considered that in the case of a steep 


dive the load due te flattening out might be eight 
times the weight, though it is stated that with 
proper care in flying this should not exceed six 
times the weight. It will be seen that these esti- 
mates slightly exceed those we made, though the 


method of estimating them is very different. It is 
stated that the ratio of breaking load to static weight 
in actual machines which have been placed before 
the Committee varies from 3 to 7. In the case of 
machines having the lower figure being flown in bad 
weather, therefore, a failure of the wing would 
hardly be surprising. 

Dealing now with the factor of safety, the 
Committee consider that in the near future this 
should not be less than two, taking the maximum 
load at six times the static weight. To an engineer 
this seems very small, but it must be remem- 
bered that the conditions are very different from 
those of any other machine in ordinary use, and 
that the factor of safety would not in this case 
have to include anything for the load being in 
excess of that fiw j Further, at present 

ying-machines are not expected to have the same 
length of life that most other machinery has ; and 
as parts are frequently replaced, this means that 
very little has to be allowed for deterioration. 
The breaking stress can also often be deter- 
mined by actually loading a complete wing till it 
breaks, a ms | which is obviously more accu- 
rate than calculation. Thus in the Advisory 
Committee’s report it is stated that after the 
original ‘‘B. E. 2” had been in use for some 
6000 miles, and was considerably weather-worn, 
the wings were tested to destruction by loading 
with sand in a manner somewhat more ing 
than the conditions of actual flight, and that they 
carried a load of over six times the weight of the 
machine before failure. It might therefore be 
expected that this would nearly represent the 
actual breaking load in the air. It is admitted in the 
communiqué referred to that it is impracticable to 
expect the factor of safety to be twelve times the 
static load in the immediate future, as in machines 
on the market it varies from three to seven ; but 
it is recommended that no machines should be 
accepted in which the factor is below six, and that 
this should be raised as soon as possible. Mean- 
while it appears that the successors to the original 
‘*B.E.” are being made with stronger wings. 





X RAYS AND CRYSTALLINE 
STRUCTURE. 

THE discourse on ‘‘X Rays and Crystalline 
Structure,” delivered by Professor William H. 
B , F.R.S., of Leeds, at the Royal Institution 
last Friday, concerned, as he remarked in his con- 
clusion, experiments which lay the foundation for 
a new science. The experiments enabled the scien- 
tist to determine with an extraordinary accuracy, 
on the one side, the wave-length of X rays, and, on 
the other side, the structure of the crystals and the 
motions of the atoms or molecules in them. To 
begin with something visible, Professor Bragg 
repeated in his introduction some simple experi- 
ments which Lord Rayleigh had shown in the 
same place thirty years ago. Some crystals of 
potassium chlorate were shown on the screen. They 
were illuminated by a beam of white light, but 
appeared, in the reflected light, green, red, purple, 
&c., each crystal in its own colour. The colours 
of the crystals—which he had obtained from Pro- 
fessor Wood—were of extraordinary purity ; that 
is to say, the range of the light rays which they 
reflected was of the order of the wave-length range 
between the two sodium lines. When the card to 
which the crystals were attached was turned in the 
beam, the colour of each crystal changed, from green 
to yellow and red, e.g., and vice versd on revers- 
ing the motion. The explanation which Rayleigh 
had given for this phenomenon was that the 
crystals of potassium chlorate were all twins, con- 
sisting of very thin parallel layers of the salt, in 
which the growth of the crystal was reversed. The 
planes between the layers hence could reflect light; 
why the planes were spaced with such remarkable 
regularity was not known. If a ray of light fell on 
such a crystal, each plane would reflect it at the 
same angle, and the issuing light would be a com- 
pound ray composed of waves from a series of 
reflections from the first, second, and third plane, 
&. These waves would interfere with one 
another, and it was a general rule in optics that 
light reflected from many parallel surfaces was 
destroyed, because the conditions would rarely be 
perfectly uniform hout. But if they were 
— light of one particular wave-length would 

reflected, and the colour depended upon the 
wave-length of the incident , the 





ight. le of 
incidence, and the spacing of ‘ke parallel wanes. 
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When the crystals were turned the angles changed, aeonaly resembled one another assylvin, KCl, and _‘ Finally, the lecturer just touched upon one more 
and hence the colour, and if the conditions were | rock salt, NaCl. Both these and other crystals of very important point. He had spoken, he said, 


perfect for green, they would not be perfect for blue. 

When X rays from a target of some metal fell 
upon a crystal, Professor Bragg continued, the 
phenomena were analogous, and yet very different. 
For the things were 1000 or 10,000 times smaller ; 
the X rays had only ;g55 of the wave-length of 
visible light, and the spacings were given, not by 
planes of twinning, but by the arrangement of the 
molecules or atoms in layers, the thickness of 
which corresponded to the order of the size of atoms. 
When X rays entered a crystal, reflection of rays of 
definite wave-length took place, and the apparatus 
used in these researches was a kind of spectrometer 
dealing with things about 1000 times smaller than 
in the ordinary spectrometer. 

Passing to the history of the research, Professor 
Bragg remarked that A. Schuster had, eighteen 
years ago, predicted that X rays might, after all, be 
of the nature of transverse-light vibrations, if only 
of very short wave-length, though at that time, 
and for a long time afterwards, all attempts to 
obtain reflection, diffraction, and interference 
effects of the X rays had failed. The lecturer 
himself had long doubted that X rays could be of 
the nature of light rays; the non-observation of 
these phenomena had seemed to tear the electro- 
magnetic theory of light asunder. But possibly light 
itself had peculiar properties which were attributed 
to X rays. The great difficulty of our age was to 
explain how a continuous wave-motion (of light) 
passing through an apparently continuous ether 
could yet appear to depend upon quanta of energy. 
Yet the quantum theory had greatly extended 
the general range of the wave-length theory, and 
some solution would be found. M. Laue, of Ziirich, 
was the originator of the new line of research with 
which the lecturer dealt. Trying to analyse X rays 
by means of a grating, Laue had considered that, 
though it might be im ible to produce gratings 
ruled with lines 1000 times closer than those avail- 
able (with about 20,000 lines to the inch), Nature 
had provided such gratings in the arrangements of 
the atoms in crystals. Laue sent X rays through 
crystals and looked for diffraction effects, and found 
them. Professor Bragg showed some origi 
photographs of Laue. On these a central black 
spot, marking the path of the beam, was surrounded 
by other spots or patterns, dark or faint, showing a 
distinct symmetrical a ement, four-sided in the 
case of cubical crystals, sixfold or threefold with 
quartz, or twofold only with quartz when the 
light passed along the optical axis, up or down. 

Laue, Professor Bragg proceeded, had succeeded 
in accounting for the positions of the spots by 
mathematical deduction, but it had occurred to the 
lecturer, and to his son, W. L. Bragg, of Cam- 
bridge, that the phenomena might be explained 
on the principle of Rayleigh’s explanation of the 
colours of the potassium chlorate crystals. In 
their own experiments they had passed the X rays 
from a bulb through a slit in a heavy lead screen 
(to protect the experimenter) to the crystals 
mounted on a table, and further into an ionising 
chamber connected with an electroscope, which 
served as a telescope. As the crystals were slowly 
turned, certain rays were particularly reflected, and 
thus a kind of spectrum curve, generally a short 
curve with not more than two peaks corresponding 
to angles of 6.2 deg. and 5.8 deg., ¢.g., was 
obtained ; the height of the peak depended upon 
the intensity of the reflection. That was the first- 
order spectrum. The apparatus constituted a 
spectrometer for determining either the wave-length 
of the X rays or the spacings of the atoms in the 
crystals. To elucidate the problem, Professor 
Bragg made use of a number of gratings, especially 
ruled for him at the National Physical Laboratory. 
When an ordinary grating (of 17,000 lines) was 
exposed to the normal beam, the reflected beam 
produced a bright band, fringed on both sides by a 
series of spectra of different orders, decreasing in 
intensity. When another grating, with about 
2000 lines only, was substituted for the first, the 
spectra were shorter and much more close to- 
gether. Similarly, the rays gave different order 
spectra, and comparative measurements could 
easily be made ; but how were they to begin to make 
absolute measurements ? 

Examining the photographs of Laue and his 
collaborators, and studying the relative intensities 
of the spectra of various orders in different crystals 
by his own method, W. L. Bragg had been struck 
by the differences displayed by crystals which so 





similar compounds were cubical. In perfectly 
symmetrical cubical crystals the atoms might be 
at the corners of cubes, or there might also be an 
atom in the centre of each face ; there was a third 
pe. into which the lecturer did not enter. 

he X-ray examination did not reveal to which of the 
two crystal types the one or the other salt belonged. 
Nor did any difference appear when the crystals 
were sliced off in planes parallel to a face or to one of 
the cube edges. But when a cut was made at right 
angles to a diagonal of the cube—that is to say, when 
the reflection in that plane was studied—the spectra 
of different orders showed differences in the two 
cases. Why should there be this difference between 
the crystals of KCl and NaCl? The KCl consisted 
of atoms of potassium K (atomic weight, 39), and 
of chlorine & (atomic weight, 35.5), while Na Cl 
consisted of atoms of sodium Na (atomic weight, 23), 
and of chlorine (35.5). Thus the atomic weights of 
the two constituents were nearly the same in the 
case of KCl, but not so in the case of NaCl. If, 
then, the atoms were so arranged in the crystals 
that successive planes (diagonally) contained only 
K (or Na) atoms and only Cl atoms, then the mass 
particles in the planes of sylvin would practically 
be of the same weight, but not the mass particles 
of rock-salt, where planes with light and with heavy 
masses alternated. Now the second-order spectrum 
of the NaCl crystals was much stronger than the 
first-order spectrum, and the third-order spectrum 
was missing ; the intensity differences in the case 
of KCl were much smaller. The same differences 
in the intensity of the spectra of different orders, 
Professor Bragg showed, were observed when a 

ating was ruled with alternately heavy and light 
ines. As the weights of the atoms were known, 
calculations could be made, and the conclusion was 
that the distance between the spacings in rock salt 
was 2.81 . 10-* cm., and that KCl had the simpler 
structure (atoms at corners only), since the masses 
of the atoms were fairly equal, whilst the atoms of 
rock salt lay on the face-centred lattice. 

Coming to another point, Professor Bragg 
coghiant that the X-ray spectra also depended, 


riginal|as stated, upon the wave-length and thus upon 


the nature of the target, the metal of the anti- 
cathode in the bulb. This part had chiefly been 
studied by H. Moseley, who had experimented 
with targets of brass, copper, nickel, cobalt, iron, 
manganese, chromium, vanadium, titanium, and 
of the platinum metals, and had shown that the 
spectra produced consisted mostly of two lines 
only (some were close doublets, however), which 
were the characteristic rays of Barkla. ith the 
atomic weight the wave-length changed, and when 
the wave-lengths or the square roots of the fre- 
quencies were plotted, it appeared that the change 
of the atomic weights was accompanied by some 
characteristic change in the substance which was 
not merely proportional to the mass. In some of 
the metals lines of apparent impurities were very 
persistent ; thus, for instance, cobalt always gave 
a third line identical with an iron line. The 
analysis also brought out gaps in the periodic table 
of the elements. 

Turning, in the few minutes left at his disposal, 
to the structure of the diamond, one of the crystals 
which had most closely been examined by these 
methods, Professor Bragg demonstrated by pic- 
tures of actual crystals and diagrams of researches 
that there was only one possible structure of the 
diamond crystal, the tetrahedron, in which every 
carbon atom was the centre of four other similarly- 
grouped atoms. When a diamond crystal model, 
consisting of rods (made detachable) and balls on 
them, was placed on any face, there were always 
atoms in one plane, and again atoms in a second 
plane near it, but the third plane at the same dis- 
tance was empty. The X-ray examination gave 
spectra of the first, third, and fourth order, but the 
spectrum of the second order was missing, and 
such a spectrum was produced when a grating was 
ruled with pairs of parallel lines close to one 
another, separated b The model of the 
structure of zinc-blende (ZnS) looked more com. 
plicated with its atoms of zinc and of sulphur ; 
by removing a few sulphur atoms, Professor Bragg 
showed that the structure was like that of the 
diamond, but that successive planes containing 
zinc and sulphur atoms alternated ; looked at in 
other directions the Zn and S atoms, of course, 
a mixed. The atoms were lying on a face- 
centred lattice. 





of the positions of the atoms as if they were fixed. 
In reality all the atoms oscillated about their 
average, equilibrium positions. When the crystals 
were heated the oscillations were more rapid, and 
that affected the reflection in the spectra of higher 
erders particularly. The spectra became less dis- 
tinct and closer, as if the ruling of the grating 
were wider, as should be expected from the expan- 
sion of the crystals. In this way expansion 
coefficients might be determined, and even the 
motions ef the atoms in the crystals could be 
studied. There was very much room for further 
work. But the measurements seem to be reliable 
within 10-°cm., and that is an extraordinary 
accuracy in the study of solids about which so little 
is known comparatively. 


SMOKE AND FUME ABATEMENT. 


A rew weeks ago the President of the Local 
Government Board appointed a Departmental Com- 
mittee ‘‘to consider the present state of the law 
with regard to the pollution of the air by smoke and 
other noxious vapours, and its administration, and 
to advise what steps are desirable and practicable 
with a view to diminishing the evils still arising 
from such pollutions.” The committee, of which 
the Hon. Mr. Russell Rea, M.P., is chairman, and 
Mr. E. A. Faunch, of the Local Government Board, 
Secretary, has already taken evidence, and the 
appointment will be welcomed by the public. We 
confess, however, that the phrase ‘‘evils still 
arising” does not appear to suggest energetic 
measures. 

Many a technical nuisance might be mitigated, 
if not entirely removed, if the laws were rigorous] 
enforced. There are already statutes dealing with 
the discharge of gases into the atmosphere, but the 
authorities do not always enforce them, remember- 
ing, no doubt, that whilea clear atmosphere is very 
conducive to health, want of employment leads not 
only to disease, but also to moral decline. 1t would 
be quite possible to prevent all evolution of smoke, 
but this result could only be attained in many 
cases by such drastic measures that it would not be 
worth while to continue the use of fuel at all, since 
it could not result in a profit. Laws are made for the 
entire country, while the conditions vary immensely 
in different places. It would be absurd to endeavour 
to enforce the same standard in a town full of 
metallurgical furnaces as might well be applied in 
one given up to cotton-spinning. Immense strides 
have been made of late years, and it is now 
comparatively easy to prevent the emission of 
poe from boiler furnaces. This branch of the 
subject is well understood, but when it comes to 
the escape of sulphurous fumes and fine dust from 
metallurgical works, the chemical engineer may 
have to admit that the remedies which he can 
—— are poor makeshifts. The diverse, more or 
ess, novel proposals of the last few years have 
not a very Ho pny i 

8 ing generally, one may per istinguish 
hebben smoke centralisation As poe y noe soe 
lisation. On the former plan the engineer collects 
so far as possible all obnoxious gases and allows 
them to escape through one common big chimney. 
In the chimneys and in the flues leading to it the 
gases are suitably treated so as to precipitate or to 
remove solid and condensable particles, and they 
are finally diluted with a sufficient quantity of air 
to admit of their discharge being either already 
harmless, or made harmless by further spontaneous 
dilution in the atmosphere. e latter object may 
fail ; smoke columns issuing from a high chimney 
do not readily disperse, and may strike near and 
distant localities in almost originalconcentration. To 
facilitate the dilution of the smoke, H. Wislicenus, 
of Dresden—to mention one novelty—provides the 
upper portion of the chimney walls with dissipators, 
several rings of oblique passages, through which the 
outer air rushes in tangentially, setting up a vortex 
motion in the smoke and thoroughly mixing it with 
air. Decentralisation aims at subdividing the sources 
of bad fumes and at dealing with them separately, 
by simple dilution or by other means. To classify 
a plant as a centralisation or a decentralisation 
plant would, in most cases, serve little purpose; the 
general idea is often centralisation combined with 

ial decentralisation. 

Thus the big smoke stack is an almost indispen- 
sable necessity, and chimneys rise to remarkable 
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heights. The Anaconda Copper Mining Company 
at Great Falls, Montana, built in 1909 a chimney, 
506 ft. in height, and 50 ft. internal diameter at its 
summit, the biggest in existence, and the flue system 
already working was extended on a grand e and 
combined with a Roesing baffle-wire chamber, the 
whole improvement costing a million dollars. The 
plant includes blast-furnaces, McDougall roasters, 
reverberatory furnaces and converters. In the 
bafile-wire chamber, which has a length of 317 ft., 
1,200,000 steel wires are suspended in two 
groups (to be used alternately) by hooks from the 
intersecting points of a —, ire netting ; the 
wires, of No. 8 or No. 10 W. and M. gauge, 
are 20 ft. or 16 ft. long, and are hung 2.3 in. apart, 
from centre to centre. The dust settles on these 
wires in a coating of triangular section, the apex 
facing the gas current, and the wires are shaken at 
intervals of 60 days or more. Considering that 
the average flue gas temperature in the wire cham- 
ber is 163 deg. Cent., and that it has occasionally 
risen to 258 deg. Cent. (496 deg. Fahr.), and that 
50 tons of dust are deposited in that chamber per 
day, in addition to 124 tons settling in the old 
flues, it is remarkable that C. W. Goodale and 
J. W. Klepinger, in describing the plant before the 
American Institute of Mining Engineers, could in 
1913 speak of a successful, practically uninterrupted 
run of the plant since 1909 at quite the expected 
efficiency. The dust has to be deposited to prevent 
a nuisance, and it is valuable, since it also con- 
tains gold and silver; the amount recovered had 
risen from 3.6 to 12.9 per cent. Elsewhere the 
dust is utilised for making ore briquettes, or as 
a fertiliser, or as an addition to cements. 

Another method of dealing with dust makes use 
of dust-filter bags of cotton, wool, and other mate- 
rials. An interesting paper on this subject was 
read by Mr. Fritz Miiller, of Brebach, near Saar- 
briicken, before the Iron and Steel Institute* this 
May. The method was first tried in connection 
with the blast-furnaces of the Halberhiitte at the 
mentioned place, and has since been adopted in 
dozens of metallurgical works in Germany and in 
other countries. If possible, the dry gas is drawn 
upward through filter-bags ; when the gas has to be 
cooled by water injéction or by surface coolers, or 
to be treated with water for some other reason, con- 
siderable power is required for working the process, 
which thus becomes more expensive. In the Brebach 
instance one of the main objects was to*produce a 
clean gas, suitable as fuel for internal-combustion 
engines. The use of bags for filtration is, of 
course, old; they were first used on a large scale 
in zinc works. 
ing with copper-ore dust was installed in Denver, 
in 1887, and a very big plant, comprising 4000 
bags, 30 ft. long and 18in. in diameter, was erected 
in some lead-silver mines in Utah in 1907 ; parti- 
culars of this and other installations were given by 
Eilers at the Cleveland meeting of the American 
Institute of Mining Engineers in 1912. The bags 

eneraily last seventeen months and longer, accurd- 
ing to Eilers ; Miiller does not touch upon this point. 
Attempts made to stop acid vapours by blowing 
zine oxide into the flues have not been successful, 
because much oxide is wanted, and the filtration 
through the bags is too much impeded thereby. 

A simple system of dealing with smoke and acid 
fumes has been under trial by the Smoke-Abate- 
ment Commission of Saxony, at some brick works 
near Schneeberg. Here the fumes, which contain 
hydrofluoric acid in addition to sulphur dioxide, 
are first turned into a damp mist by blowing 
moisture into them and then passed through a 
conduit, 250 metres long and 80 centimetres deep, 
which is simply a ditch dug in the ground and 
covered with brushwood, earth, and stones; the 
escaping fumes are said to be fairly harmless, but 
the cost of power is again important. 

The Saxon Smoke-Abatement Commission, the 
experimental station of which is attached to the 
old. Freiberg Mining Academy, has also tested and 
tried to improve three American processes which 
have been worked out during recent years—the 
Thiogen process, the Hall ore-desulphurising pro- 


cess, and the electric precipitation process of 
Cottrell. The Thiogen process of Professor S. W. 
Young, of Stanford University, California, aims at 


reducing the sulphur dioxide escaping from smelter 
furnaces to elementary sulphur by the aid of hydro- 
carbons or oils—ethylene, for instance. A catal 

is added to quicken the reaction ; the usual cata- 


_—— -_ 


* See ENcivexaing, page 688 ante. 
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lyst is barium or calcium sulphide, and this catalyst 
is itself converted during the reaction into a sul- 
phite, CaSO,, which the ethylene again reduces to 
CaS. When the proper proportions are observed, 
the reduction of a mixture of air and sulphur 
dioxide can indeed easily be effected in the labora- 
tory on these lines, especially when the gases are 
gently, but not strongly, heated. But when the 
percentage of SO, fluctuates, and other gases are 
present, the control of the process becomes diffi- 
cult. Yet Young claimed last year* that various 
runs, for ten or twelve days, of the Thiogen pro- 
cess had given satisfaction at the Penn Smeltery, 
Campo Seco, California, where the fumes from a 
battery of six - hearth McDougall roasters are 
treated in this way. The gases pass successively 
through a dust-settler, a fore-chamber, into which 
some oil is introduced, and into the contact- 
chamber, 
atomisers ; the subdivision of the oil-feed is to 
keep the temperature down. The flues are of 
brickwork and the chambers are set with a chequer- 
work of bricks, the hollow spaces being filled with 
the catalyst, which is prepared by mixing plaster 
of Paris with sawdust and a little iron salt, break- 
ing the hard cake up and calcining the lumps. 
One charge of contact material is said to last the 
campaign of ten days. The chief difficulty is that 
the contact mass is so easily ‘‘ poisoned,” partly by 
the reduced sulphur itself, which is to be condensed 
beyond the contact-chamber. Young acknowledged 
that he had not yet had time to investigate the 
recovery of the sulphur. The air should contain 
at least 8 per cent. by volume of SO, to make the 

rocess profitable. In a similar process, patented 

y Haenisch and Schréder in 1885, the use of 
carbon monoxide or glowing coal was proposed in 
order to complete the reduction of the SO,, and 
such suggestions have also been made by the 
Thiogen Company ; but the success of the process 
for large works has not been demonstrated. 

On the principle that prevention is better than 
cure, William A. Hall proposes to conduct the 
roasting process in such a way that the sulphur is 
at once expelled as such, and condensed, instead of 
being first burnt to SO, or allowed to escape as SO,, 
H,S, COS. In his small experimental furnaces 
at Brooklyn, where two furnaces of 16-in. and 
32-in. diameters were installed, Hallt roasted 
diverse pyrites in a reducing atmosphere, fed with 
an insufficient amount of air and with some hydro- 
carbon (water-gas, producer-gas together with 
steam, oil-gas), at a temperature above 700 deg. 
Cent. (distillation point of sulphur), and below 
deg. Cent.; the temperature might thus 
fluctuate over a range of 200 deg. Cent. The 
escaping yellow fumes of sulphur can be washed on 
the Feld or Thiesen systems, to extract the sulphur, 
or through Cottrell apparatus, presently 
to explained. The process, which pre- 
viously been tried in England and France, is said 
to have been taken up by the First National 
Copper Company, of California; in the experi- 
mental plant a sulphur of from 98 to 99.5 per cent. 
was recovered, but dealing with large masses may 
be a very different thing. 

The Cottrell —— goes back to the old experi- 
ment that the electric high-tension brush discharge 
will coagulate vapours like ammonium chloride or 
steam to flakes or larger drops, which will adhere 
to the opposite electrode or sink and settle. The 
positive electrode is provided with points ; the 
negative is a plate or a cylinder concentric to 
the axial positive electrode. Smoke treatment by 
these means was tried by Hohlfeldt in 1824. 
Oliver Lodge attempted to clear the atmosphere of 
fogs and of the fumes from lead works in the 
eighties, and F. G. Cottrell resumed these re- 
searches recently in the University of California, 
to which he first offered his patent rights. As the 
investigation assumed big dimensions, the Smith- 
sonian Institution at Washington was interested, 
and a Research Corporation was founded in 1912 at 
New York for the development and exploitation of 
these researches. By that time the process had 
been tried on a large scale in several big works on 
behalf of Cottrell and of the International Precipi- 
tation Company of San Francisco.} Inthe Hercules 
Works of the Du Pont Powder Company, where 
sulphuric acid is made by the Mannheim contact 
process, the electrodes were concentric cylinders ; 


* Engineering and Mining Journal, February, 1913. 

+ Ibid., 96, pages 35 50. 

t See Journal of Industrial and Engineering Chemistry, 
August 1911, pages 542 to 550. 
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two cylinders consisted of wires twisted with mica 
and asbestos, a third cylinder, intermediate between 
the other two, was sheet iron. The air and acid- 
aqueous vapours, containing 4 per cent. by volume 
of SO,, passed through the annular spaces, first up 
and then down. The partial success obtained there 
induced the Selby Smelting and Lead Company, of 
Vallejo Junction, Cal., to treat its smoke from 
the big stack of the roasters, which discharged 
SO,, SO,, and arsenic and lead vapours. These 
vapours were not retained by the filters in use 
there. In this case, lead-covered iron rods, wound 
with asbestos and mica, were placed in a lead flue 
between lead plates, and three-phase currents were, 
by means of a rotary contact-maker driven by a 
synchronous motor, converted into intermittent 
currents of 17,000 and 30,000 volts. The flue was 
only 32 ft. by 6 ft. by 6 ft., whilst the old bag flue 
had very much larger dimensions, and enough 
sulphuric acid was — to make the process 

y; the gases had to be cooled to 150 deg. 

ent. 

The next installation was erected at the Balaklala 
Smelter at Coram, California, where zinc-biende is 
smelted, and where bag filtering was in use. Nine 
precipitation chambers were built in parallel, each 
fitted with twenty-four rows of twenty-four pairs 
of electrodes, double wires twisted with asbestos 
between strips of sheet iron, 10 ft. high and 6 in. 
wide. About 85 per cent. of the zinc-oxide dust 
were removed, but the SO, could not always be 
reduced to the 0.75 per cent., the maximum per- 
mitted by the United States law ; hence litigation 
arose, and the plant was discontinued. The 
system was, however, after experiments by F. W. A. 
Schmidt, introduced into the works of the River- 
side Portland Cement Company,* which has ten 
kilns in operation ; a raw mixture is burned, and 
the smoke is rich in lime. The process is said to 
give complete satisfaction. Some 5 tons of dust 
are collected daily ; the dust comes off easily when 
the wire electrodes are shaken. Other installa- 
tions have been erected in copper works and lead 
works at Garfield, Utah, and Salida, Ohio, and in 
the Raritan Copper Works at Perth Amboy, New 
Jersey. Cottrell has also experimented on the 
electric precipitation of soot, which has more or 
less successfully been solved by several workers. 

When we look at the results of the electric 
precipitation, we find that very humid vapours 
should be cooled down to 100 deg. Cent. or below. 
With dry gases higher temperatures can be tole- 
rated ; in the cement works the temperature is 
said to have attained 450 deg. Cent. sometimes ; 
but trouble arises then, and dry gases should 
a be cooled down to about 150 deg. 

ent. he main difficulty is caused by the dust 
or mud adhering to the electrodes, so that the 
discharge will no longer pass, and by the growing 
deposits finally producing short circuits between 
the electrodes, ry dust can, as a rule, be shaken 
off the electrodes, the mud has to be washed or 
scoured off ; zinc-oxide mud is often very trouble- 
some. Lastly, the removal of obnoxious gases, 
like sulphur dioxide, is incomplete, as we men- 
tioned already. The electric treatment may, all 
the same, pay, as it had done for more than three 
years in the Hercules works mentioned. The 
object of experiments made at Freiberg, to which 
we alluded above—they are described by Professor 
C. Schiffner, together with other features with 
which we have been dealing, in Metall wnd Erz 
of April 22, 1914—was to find absorbents for acid 
vapours of sulphur, chlorine, fluorine, and their 
compounds. The electric precipitation of solid 
particles was also investigated, and good results 
were obtained with the antimony oxide Sb, O,, 
which is frequently giving serious trouble. But 
the chief experiments, which are being continued, 
are not very encouraging. 

One of the devices tried was the patented pro- 
posal of H. Priining, of Miinster, to clear gases of 
smoke, dust, fog, and bacteria by means of water 
jets discharged from positively electrified nozzles, 
so that the gases would through a jet or water 
curtain and spray of highly-charged drops of water. 
The mixture of air and SO, was sent up a vertical 
cylinder 12.5 cm. in diameter, in which water issued 
from one or four nozzles at a potential of 30,000 
volts, the cylinder and nozzles forming the elec- 
trodes. It was found that with that potential the 
tube should not be wider than stated, the jet not 





* Bulletin of the American Institution of Mining Engi- 
neers, 1912, pages 667 to 675. 
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too thick, and that the water flow should not 


exceed from 6 to 12 litres per hour. Even in the 
best cases, however, with gas currents of from 1 to 4 
metres per second, the water never absorbed more 
than 3 or 4 per cent. of the SO,, of which the air 
contained up to 10 per cent. These experiments 
were conducted at ordinary temperature (about 
16 deg. Cent.), and with air and water free of other 
substances, like carbon dioxide, which would impair 
the solubility of the SO, in water ; at higher tem- 
perature, and in the presence of other gases, the 
results would have been more unsatisfactory still. 
On the other hand, the addition of caustic soda or 
of sodium carbonate to the water improved its 
absorptive power ; such water conducts electricity, 
however, and its atomising or condensing power 
was reduced. By using larger bulks of water, the 
percentage of SO, absorbed was raised above 10 per 
cent. But. it-was clear that the Priining process 
(which is not intended for SO,, it should be remem- 
bered) did not allow the SO, to remain in suffi- 
ciently long contact with the water. It was there- 
fore attempted to produce real acid fogs, laden 
with moisture, for further treatment by a kind of 
Cottrell process, and the gas mixture was, for this 
purpose, either bubbled through water or sent up 
coke towers, irrigated from above. The results were 
again unsatisfactory. Introduction into the cold 

es of moisture by the aid of the wet fans 
of Friedrich, and supersaturation of the hot gases 
with steam, are to be tried. But so far the out- 
look is not favourable for the precipitation of 
fumes of sulphur dioxide. 

That sulphur dioxide fumes cannot: be arrested is 
regrettable, for another general reason which is 
little understood as yet. Ina memoir on ‘‘ The 
Sun as Fog -Producer,” presented to the Edin- 
burgh Royal Society in 1912, Dr. John Aitken, the 
veteran pioneer of smoke and dust abatement, 
pointed out that the rising sun, generally credited 
with dispersing fogs, actually produced fogs on 
bright mornings at Falkirk, especially when a 
gentle wind brought the impure air of the manu- 
facturing districts south of Falkirk to that neigh- 
hourhood. Experimenting on these observations, 
Aitken found that the fog formation was favoured 
not only by the dust nuclei in the air, but also by 
the presence of the combustion products of sulphur. 
The investigation was not completed; and the 
evidence against the fumes under suspicion was 
not quite conciusive. But Aitken showed that 
filtered air containing as little sulphur vapour as 
would result from the burning of a fair household 
coal, would tend more to fog formation than air 
free of such combustion products. No factory 
inspector could proceed inst such a minor 
contamination of the atmosphere by domestic fire- 
places, and the confirmation of these researches 
would not render the solution of the smoke and 
fume nuisance problem any easier. 





CELESTIAL SPECTROSCOPY. 

THE two lectures on ‘‘ Celestial Spectroscopy,” 
which Professor A. Fowler, F.R.S., of the Imperial 
College of Science and Technology, South Kensing- 
ton, delivered at the Royal Institution on the 2nd 
and 9th inst., dealt with ‘‘ Experimental Investiga- 
tions in Connection with the Spectra of the Sun, 
Stars, and Comets.” In generally introducing his 
subject, Professor Fowler pointed out that, as all 
the incandescent solids and liquids gave the same 
continuous spectrum, a continuous spectrum di 
not afford any distinctive information. Thes 
of the gases and vapours of the elements, on the 
other hand, were distinguished bright lines, 
characteristic for each element. e number of 
lines was very large sometimes, and the bands seen 
could be resolved out into many fine lines, often 
arranged in groups or flutings. The wave-lengths 
of the visible spectrum, expressed in tenth-metres 
(10-" m.) or Angstrém units, ranged from 7000 
(red light) to 4000 (violet). The variety of the 
spectra was very great, and every element and 
er moreover, gave different spectra when 
produced in the Bunsen flame, in the electric dis- 
charge tube, tlie arc, or the spark. Thus, calcium 
chloride showed bands in flame spectra and 
bright lines in the arc. The flame m was 
generally understood now to mean the s m 
produced in the oxy-hydrogen flame; it was also 
seen in the arc ing between electrodes of the 


respective metal. In the latter case the core of the 
arc ey ve a spectrum differing from the spec- 
trum o 


e surrounding luminosity. Still greater 





changes appeared when the electric spark was 
produced in a circuit containing a condenser, when 
particles of the electrode metal were torn off and 
volatilised ; the lines observed under these latter 
conditions of high energy expenditure were known 
as the ‘‘ enhanced ” lines of Lockyer. 

The complications introduced by these features 
into spectroscopy, Professor Fowler. proceeded, 
were really of great value in the interpretation of 
the physical conditions which caused those varia- 
tions. The recent experiments of A. S. King, of 
the Mount Wilson Observatory, were most interest- 
ing in this respect. He made use of an electric 
furnace consisting of a tube of graphite, which was 
closed at the ends by glass plates and directly 
heated by the current passing through it. The 
substance to be investigated was placed in the fur- 
nace, and as the temperature was raised, the tube 
would sometimes burn through at the spot where 
the substance rested, and arcing would occur ; at 
that moment only a few bright enhanced lines 
would be seen. As the temperature of the furnace 
was raised the line spectrum of iron was extended 
towards the shorter wave-lengths ; but King could 
distinguish six classes of lines apparently asso- 
ciated with temperature changes, and some lines 
of the same spectrum became brighter, and others 
fainter. If those variations were really due to 
temperature changes only, they were difficult to 
understand. Professor Fowler believed that the 
nature of the spectrum depended upon the energy, 
both thermal and electric, spent in producing the 
spectrum. As the energy was increased, the flame- 
lines faded and gave way to arc-lines of shorter 
wave-lengths; those again gave way to the enhanced 
spark-lines, and these, in their turn, possibly to a 
fourth state of the spectrum; but there was a 
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certain continuity in these four kinds of spectra. 


Modern view inclined to the belief that lines were 
due to atoms, bands and flutings to molecules. 
Absorption bands were a different phenomenon. 
They were produced when the light passed 
through a coloured screen, ¢.g., of didymium glass, 
or simply through the vapours of the element 
emitting the light. In the latter case the bright 
lines of sodium, e.g., were reversed into dark 
lines. In celestial spectroscopy the identifica- 
tion was generally by those dark lines. Some- 
times it was doubtful whether the absorption 
lines were not merely due to something in our 
terrestrial atmosphere. As regards the sun, the 
identification was facilitated by the circumstance 
that the light coming from the eastern limb (which 
was approaching us in the sun’s rotation) was dis- 
plead towards the violet, and that from the 
western (receding) limb was displaced towards the 
red, whilst the central light did not undergo any 


d| displacement. By this Doppler effect oxygen had 


finally been shown to exist in the sun, a fact long 


doubted ; nitrogen itself had not been directly | ¢ 


identified, but it certainly existed in solar com- 

unds. Great progress recently been made 
in the identification of formerly unknown lines, 
especially as to enhanced lines, and it did not 
appear very probable now that the sun contained 
other elements than the earth. Yet some thousands 
of mostly faint lines remained unidentified, many 
of which might be due to one or two substances. 
Phosphorus and bromine had not yet been found 
in the sun, but might be there all the same, and it 
looked on the whole as if the earth, if heated to 
the temperature of the sun, would give a spectrum 
like that body. As to the light from the internal 
hot depths of the sun, nothing was known, for 
that light did not enter our instruments. 

Referring to the use of grati for the study 
of spectra, Professor Fowler exhibited a very in- 
structive model of an arrangement (Fig. 1). A ring 
of wood, 3 ft. in diameter, was fixed on a board, so 
as to form a vertical cylinder of » height of a few 





inches. At one spot a small grating was fixed to the 
inner surface of the ring curved to the same radius 
as the ring ; the vertical slit might be in any part in 
the ring. Light falling through the slit on the 
grating was reflected back as a bright line, and gave 
to the right and left of that line, on the inner sur- 
face of the ring, a series of spectra of different 
orders, all of excellent definition and purity. The 
sequence of the spectra of different orders depended 
upon the position of the slit with regard to the 
grating. wland had with his gratings covered a 
wave-length range of 4000 Angstrom unite ; gratings 
— been ruled with more than 20,000 lines to the 
in 

Returning to the sun in his second lecture, 
Professor Fowler said that the appearance of 
the dark Fraunhofer lines on the continuous 
8 m (due to the bright sun ball) proved 

t the sun was surrounded by vapours of sub- 
stances which, if alone present, would have given 
bright lines. The sun’s atmosphere was not visible, 
being less bright than the diffused light of the sky. 
When the sun was obscured by the moon in 
in front of it during a total eclipse, and the Sittused 
sky light was cut off by the moon’s shadow, the 
corona became visible ; but it showed only a few 
bright lines, which had nothing to do with the dark 
Fraunhofer lines, and the chemical origin of the 
corona lines was unknown. Close to the sun's edge 
was o Seen portion of the solar atmosphere, 
about miles in depth, called the chromosphere, 
and there the bright lines occurred corresponding 
to the dark Fraunhofer lines. But the agreement 
as to the positions of bright and dark lines was not 
perfect, though there was certainly a general agree- 
ment, and some of the bright lines were compara- 
tively much stronger than the corresponding dark 
lines. Some of these abnormal lines were due to 
helium, which did not give any dark lines at all 
ibly because there was not enough helium in 
the chromosphere), and the others been found 
to be enhanced lines of calcium, strontium, iron, 
titanium, &, 

Why should these enhanced lines be abnormally 
bright in the chromosphere ? The prismatic camera 
(in which a prism was p in front of the 
object-glass, and a collimator not used) was very 
useful Se these studies. To explain its working Pro- 
fessor Fowler moved, in a model, a dark moon disc 
over a slightly smaller sun-disc, surrounded by the 
chromosphere, in which a lower (reversal or flash 
layer) and an apes stratum (chromosphere proper) 
were distinguished. At the moment of totality a 
chromosphere crescent would remain visible (Fig. 2), 
and this crescent served asa curved slit for the pris- 
matic camera, so that the Fraunhofer or bright lines 
appeared as circular arcs (instead of the straight 
lines obtained with a straight slit). Now on the 
em some of the arcs were longer (extended 

urther up or down) than others, because the respec- 
tive substance was found at higher elevation, and 
those same lines were abnormally bright. The 
great brightness could be explained by the source 
of light being at great height ; but why should the 
euhanced lines reach greater heights? It had been 
assumed that the physical conditions of the upper 
chromosphere favoured the development of spark- 
lines, and those of the lower chromosphere (reversal 
layer) favoured the development of arc-lines. But 
the bene per sece arc-lines, fessor Fowler had dis- 
covered, extended to great heights where the cha- 
racteristic spark-line 4481 was only faint, whilst 
the opposite held for calcium and other metals 
(Fig. 3), ——— all the enhanced lines of the 
ere appearing both in the arc spectrum 
and in the spark spectrum. Hence Professor Fowler 
did not believe in any essential differences in the 
conditions of the two layers of the chromosphere. 

The experimental investigation of this question 
had led him to the study of series lines in spectra— 
that is to say, the grouping of certain lines of one 
of the same spectra in different series subject to 
certain laws, with which Professor Fowler had 
dealt some weeks ago before the Royal Society.* 
He had particularly studied the series of enhanced 
lines, and he concluded, in accordance with Bohr’s 
theory, that atoms producing arc-lines might be 
regarded as electrically neutral, and those pro 
ducing spark-lines as Fea nat charged. 

t view, the sun’s surface was positively 
charged (because it lost electrons at high tempera- 
tures), and there would be a process of atom-sort- 
ing, sending the charged atoms to the highest 


-_~ 


* See Encineering, April 10, 1914, page 495 ante, 
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strata. This view, Professor Fowler stated, would 
also account for the peculiar or mysterious fact that 
clouds of calcium vapour seemed to occur at higher 
levels in the sun rs clouds of hydrogen and 
helium, so far as photography in H and K light 
permitted to ascertain. For if arc-lines alone were 
considered, the clouds of H, He, Mg, Ca, Fe, Sr, 
&c., he found, really appeared at different levels 
in the order of their atomic weights, and there was 
again a correct sequence if the spark-lines were 
taken alone. The assumption that enhanced lines 
extended to higher levels (than arc-lines), owing to 
the electric charges of the atoms producing them, 
seemed to afford an explanation of the peculiar 
phenomena. 

Sun-spots, the lecturer proceeded, were only 
dark by contrast. Their spectra had been photo- 
graphed by Hale and others, and many formerly 
peculiar facts now appeared explicable. When the 
spectrum of a sun-spot was placed between the 
spectra of the adjoining parts of the sun, some of 
the spot-lines appeared strengthened, and others 
(belonging to the same element) weakened. Experi- 
ments demonstrated that this was to be expected, 
if the spots were cooler than the sun’s general 
surface; in the laboratory the flame-lines were 
strengthened, and the arc-lines weakened by the 
absorbing cooler vapours. The appearance in the 
-— of chemical compounds, which would form as 
the temperature fell, and which were characterised 
by band spectra, was in accordance with this view. 
Three such compounds bad been identified. The 
first was magnesium-hydride, probably an unstable 
compound, best produced by passing the arc ina 
hydrogen atmosphere at low pressure between mag- 
nesium electrodes. The experiment (due to the 
lecturer) was demonstrated by letting the are burn up 
the oxygen left in the bulb ; some magnesium oxide 
was thus formed, and when the Gaede pump was 
kept going, later the hydride ; the colour of the 
discharge changed, and a high dispersion prism 
showed the many fine lines of the magnesium 
hydride bands seen in sun-spots. The other two 
compounds were calcium hydride and titanium 
oxide, the latter characterised by flutings. The 
cooling in sun-spots might be due to expansion 
conseyuent upon explosions, which had sent the 
vapours far away from the sun’s surface. 

Passing to comets, and first to the heads of 
comets, Professor Fowler showed that the spectra 
were emission spectra in which Huggins (1868) 
discovered three bands in the yellow, green, and 
blue, which were also seen in the blue cone of the 
candle flame, and which were ascribed to carbon 
monoxide, though they might possibly be due to 
carbon alone, as they occurred also in Swan’s 
spectrum of the carbon. Other bands occurred in 
the ultra-violet of comets’ heads; there were also 
the cyanogen bands (always seen when the CO 
contained some nitrogen), and Slipher (Arizona) had 
even found indications of sodium. The whole 
appearance of the comets’ spectra strongly re- 
sembled that of CO, impure with nitrogen when 
experimented with at different pressures. 

e spectra of the tails were very different from 
those of the heads of comets. Taken with the 
prismatic camera the tail spectra consisted of four 
or more faintly bright bands or double bands, not 
starting from the bands of the head, visible on the 
same plate. If the tail were derived from the 
head, Professor Fowler argued, these differences 
= be due to differences in the gas pressures, 
and experimenting with CO at a pressure of 


joo Stmosphere, he had at once obtained the 


spectrum like that of the tail of a comet, as shown 
in recent years by the comets of Halley, Brooks, 
and Moorhouse. us the tail might be formed by 
gases expelled from the head, and be renewed at. 
the expense of the head, and the theory was con- 
sistent with the view that the head consisted of 
a swarm of meteorites (not luminous) and gases in 
the interspaces. 

Coming to stars, Professor Fowler first referred 
to the classification of star —— of Secchi, 1864, 
proposed before the days of stellar photography, 
which had later, at Harvard and elsewhere, brought 
out marvellous detail, considering the faintness of 


the stellar light. These studies, extended to a 
— number of stars, su that the very 
striking, great differences in the s of different 


stars were not primarily due to differences in the 
chemical composition of the stars, but to their 
having reached different stages in an evolutionary 
process. Thus the sun was once probably a star 





like Sirius, and Sirius would some day give a 
m like the sun. On the now most-widely 
opted Harvard system—though it might not be 
correct—the stars were classified as of the t; 
O, B, A, F, C, K, M, N. In arriving at the in- 
terpretation of these classifications, certain fea- 
tures had been of great value—for instance, the 
titanium-oxide flutings studied by the lecturer. 
Whether they were really due to the oxide TiO,, 
or simply to titanium in the presence of oxygen, 
was not certain yet; titanium chloride did 
not give the flutings. Another important ques- 
tion had been the existence of the so-called 
cosmical modification of hydrogen. Certain lines 
had been observed in the spectrum of ¢ hs, 
and on the strength of Rydberg’s series-lines 
formula had been ascribed by Pickering to a modi- 
fication of hydrogen, unknown in the laboratory 
and not producible there. Professor Fowler had 
himself P won this opinion until he had passed 
very strong electric discharges through helium 
tubes, not containing some hydrogen as impurity, 
ong in the earlier experiments. Those researches 
ad then convinced him that the lines in question 
were due to a modification of helium, designated 
proto-helium.* 

These lines, Professor Fowler finally remarked, 
played also an important t in the emission 
spectra of the Wolf-Rayet stars (type O), which 
were the first in the order of development. The 
spectra of nebule represented a still earlier stage. 
According to J. W. Nicholson, the nebulz con- 
sisted of atoms of very primitive forms, and the 
stellar sequence might possibly indicate the order 
of evolutions of the chemical elements as well as 
that of the stars themselves. 

Concluding, Professor Fowler said that the great 
modern progress in the identification of the lines 
had not been made by the discovery of new 
terrestrial elements, but by the investigation of the 
s of known elements under varying condi- 
tions. As the experimenter passed through the 
stellar series from red through yellow and white 
stars to the Wolf-Rayet stars, he found that he 
had to increase the energy of the exciting source. 
The surprising thing was that the resources of our 
laboratories were adequate to ae so many 
lines, even of stars believed to be at the highest 
temperatures. Some lines remained obscure. But 
the conclusion seemed justified that the matter 
composing the celestial bodies was substantially the 
same of which the earth was built up, and the 
chemical unity of the Universe was the most 
impressive conclusion to which the study of 
astrophysics had led. 





NOTES. 
Use or Miners’ BreaTHING APPLIANCES, 

In accordance with a resolution passed by the 
International Congresses for Salvage and Preven- 
tion of Accidents, records should kept of all 
cases in which miners’ safety apparatus are used. 
In the Westphalian collieries no large explosion, 
necessitating the use of such apparatus, occurred 
in the year 1913. Yet the appliances were required 
in twenty-six cases, some of which are of general 
= . one instance, three men were = 

own to clear a clogged e, owing to whic 
fire-damp was cnmuntien, “eThe leader of the 
three complained of not being able to breathe, 
and finally tore off his helmet ; immediately after- 
wards he fell and died. It appeared subse- 
quently that, his helmet being uncomfortable, he 
had loosened a screw, and had thus admitted some 
of the foul air into his helmet ; his head then began 
to ache, and in his distress he interfered in other 
ways with the apparatus, which he would not have 
done if he been fully conscious. Quite a 
number of cases of fire were successfully dealt with. 
In one instance, eight men worked with portable 
and hose-fed apparatus for six hours at a stretch. 
In another fire, the appliances were needed for ten 
days ; the helmets were preferred in very bad 
smoke, the mouthpieces in air which was less 
impure, especially when hard work had to be done. 
The erection of partitions, 15 metres high, to localise 
a gob fire near Bochum, occupied five weeks, day 


and night, without interruption. Some of the men eu 


stood the work four hours at a time ; a few men 
were, by the comparative clearness of the air and 
the absence of explosive gas, tempted to open their 
helmets, and this led to fainting; but no fatality 
occurred. Une of the fires was caused by the ignition 





* Compare the above-quoted article. 





of the oil in an electric switch ; this fire was only 
— after a lapse of five weeks. On the 
whole, the apparatus answered in all these fire 
cases, and it is quite clear that the fires could not 
have been combated without the aid of artificial 
breathing devices. One fatal accident happened, 
unfortunately, during the regular training of the 
men. A collier, who had already taken part in 
many exercises, and who was a member of the 
salvage corps, sat down—tired, apparently—and 
succumbed suddenly ; he died nine hours after- 
wards, in spite of all attempts to sustain life. 
The medical man iv sttendance testified to death 
hy poisonous gas; the post-mortem examination 
revealed, however, that a blood-vessel had burst 
in his brain. We take these particulars from a 
recent issue of Glick Auf. When commenting 
on some novel devices of this kind some time 
ago, we expressed the opinion that such apparatus 
would probably become more popular if it should 
prove to be useful, not so much in the rare cases 
of great explosions, but in the more frequent 
instances in which work had to be performed in 
poisonous atmosphere. To establish this fact the 
collection of such statistics is very desirable. 


Tue First Voyace or THE ‘* AQUITANTIA.” 


The Aquitania, on her first voyage from Liver- 
= to New York, has done splendidly. It will 
remembered that the aim of the design was to 
ensure a mean speed on the Atlantic of 23 knots 
within a year from the entrance of the vessel in 
service. Although the vessel had only been under 
steam for forty-eight hours, on her way from 
the Clyde to Liverpool, before she left the Mersey 
on her voyage to New York, she made the trip of 
3181 nautical miles in 5 days 17 hours 43 minutes, 
which gives an average speed throughout the whole 
voyage of 23.1 knots. It must be remembered, 
moreover, that the vessel slowed down for three 
hours to a very low speed owing to fog, which 
presaged the presence of ice in the vicinity. This 
is clearly brought out in the runs per day. For 
the first day out the average speed was 23.17 
knots, on the second day 23.07 knots, on the third 
day 24.24 knots ; while on the next day, when the 
fog was experienced, the average speed was reduced 
to 21.34 knots by the stoppage. On the last com- 
vere day of the voyage the average was 24.26 
nots. On the two days when the weather condi- 
tions admitted of the full speed being run the 
distance covered from noon to noon was 602 miles. 
There is thus every promise that the vessel will 
attain an average of 24 knots throughout the whole 
Atlantic voyage. A feature noted by the passengers 
was the absence of vibration. The Aquitania, not- 
withstanding her great size, was berthed in New 
York Harbour within 20 minutes of her arrival. 
She left on her return trip on Wednesday. 


Norweoian Coast DEFENCE. 


It is a fact significant of the spirit of the times 
that, from the Elswick Yard, a coast-defence 
armour-clad ship for the Norwegian Navy should 
be launched on the hundredth anniversary of 
a blockade by the British Fleet on the Norway 
coast, and also in the centennial year of the grant- 
ing of a free constitution to Norway, although 
the kingdom dates from 872. The launching of 
the ship is but one more indication of the great 
friendship subsisting between Great Britain and 
the Scandinavian kingdoms, and is, moreover, a 
proof of the appreciation of Norway for the work 
of Sir W. G. Armstrong, Whitworth and Co., 
Limited. All the armoured ships of Norway to-day 
have been designed and constructed by this com- 

ny, and the vessel launched on Tuesday is the fifth 
built within the last seventeen years, while a month 
hence a sixth, a sister ship, will be sent afloat. 
The two latest ships, like their predecessors, are of 
a type which is rarely constructed in this country, 
but which, nevertheless, is found to be of great ser- 
vice for the defence of the coast of Norway. They 
are relatively small, but carry an effective arma- 
ment for their size. The two coast-defence armour- 
clads built in 1897 were of 3450 tons displace- 
ment, and mounted two 8.24-in. and six 4.7-in. 
ns. These two vessels were succeeded by a pair 
of slightly larger vessels in 1900, the displacement 
being 3847 tons and the armament two 8 24-in. guns, 
in addition to six 6-in. weapons instead of the 4.7-in. 
guns in the preceding ship. The two vessels now 
being built, the Nidaros and Bjorgvin, are of 4825 
tons displacement, and in their case the armament 
consists of two 9.45-in. guns, four 6-in. and six 4-in. 
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ns, all of 50 calibres in length. Apart from 
fhe increase in the bore of the guns, there has been 
a great advance in their energy. Thus the 8-in. 
gun of 1897 had a muzzle energy of about 10,600 
foot-tons, whereas the 9.4-in. gun now fitted has a 
muzzle energy of over 20,000 foot tons. The 9.4-in. 
guns in the later ships are mounted in pairs, two 
in an armoured gun-house forward and two in a 
corresponding position aft, while the 6-in. guns 
are singly mounted within a citadel. Machine 
and landing guns are also carried, and the vessel is 
fitted with two submerged tubes for discharging 
18-in. torpedoes. The new vessels have a length 
of 210 ft. over all, and of 290 ft. between per- 
pendiculars, the breadth (moulded) being 75 ft., and 
the depth 26 ft.; the draught in service is 26 ft. 6 in. 
The earlier ships were fitted with reciprocating 
engines, whereas the new ships will have turbine 
machinery. The manufacturers of the machinery 
for all six ships have been Messrs. Hawthorn, Leslie 
and Co. The designed speed is 15 knots, which 
corresponds with that of the earlier four ships, so 
that these six ships, forming the main squadron of 
the Norwegian protective navy, have a uniform 
speed. The new ships are protected by a water-line 
armour belt of 7 in. in thickness, tapering to 4 in. at 
the ends, while the barbettes for the 9.4-in guns are 
of 8-in. armour. The citadel in which the 6 in. 
guns are located is of 4-in. armour, and is above the 
main belt. There is also deck protection of 2 in. 
thickness. It will be recognised, therefore, that 
the two ships, which are well advanced (all the 
boilers and funnels being in position before the 
launch), will constitute very efficient weapons for 
the money expended upon them. 





Haprretp ResgarcH Prizes.—The American Insti- 
tute of Mining Engineers states that through the gene- 
rosity of Sir Robert Hadfield, it is enabled to announce 
a Hadfield Research Prize of 1000 dols. for the best 
contribution to the publications of the Institute upon 
the general subject of ‘‘ The Different Forms an 
Combinations of Carbon with Iron, including those in 
Iron Alloys.” The prize will be awarded at the annual 
meeting of the Americin Institute in February, 1916, for 
the best paper upon this subject which is presented 
to the Institute before November 1, 1915, provided such 
paper is deemed worthy by the Institute’s Iron and Steel 
Committee. A prize of similar value—i.e., 200/.—for a 
paper on the same subject, is being offered for competi- 
tion in Great B:itain and the Continent. The matter in 
this latter competition will shortly be dealt with by 
the Council of the Iron and Steel Institute, 28, Victoria- 
street, London, S.W. 





Tue InsTITUTION OF AUTOMOBILE ENGINEERS.—The 
last meeting of the session of this Institution was held 
on the 27th ult., when Dr. A. M. Low gave a lecture on 
‘‘Some Experiments and their Bearing on the Design 
of Automobile Parts.” The line taken by the author 
was to advocate a complete study of the motion of the 
different parts, instancing the carburettor, which was 
adjusted with extreme care, and was then fitted on an 
engine which vibrated in such a way as to upset the 
accurate adjustments made. He pointed out three avail- 
able methods of studying these motions: the rotating 
mirror, the alternating generator with variable period, 
and the cinematograph. He aonee advocated the use 
of the cinematograph by automobile designers for the 
study of the motion of the various parts of a car, and 
showed some experiments indicating the results which 
could be obtained. One of these experiments illustrated 
the action of a valve lifted by a cam, and the lecturer 
pointed out the bouncing of the valve off its seat with 
improperly-shaped cams. 


Tue Trxs.—At the last meeting of the Tees Con- 
servancy Commission at Middlesbrough, Sir Hugh Bell, 
who presided, said that he and the secretary had thought 
it desirable to inspect the works on the north side of the 
river, in connection with which he to secure a 
handsome contribution from the iastical Com- 
missioners. The work was proceeding fairly satisfac- 
torily. The attention of the contractors had been called 
to the fact that they were in arrear, and he that 
the visit paid by the secre and himself would prompt 
them to increased efforts. had been <i 
from owners of vessels seeking reductions in dues. The 
Finance Committee felt that, in view of the new 
expenditure which the Commirsion was now incurring, it 
ought not to reduce its revenue reserves. There was a 
scheme for additional dredging which must be taken up 
without delay, in order to improve the river for the 
Increased draught of ships. is would run up to 
renee = aoe oe oy at would have _ make Great- 

m Oreek a navigable channel, to meet requirements 
of Messrs. Gray and Co., and other purchasers of land, 
who would erect wharves, and this would cost 35,000/. 
To widen the river at Stockton, the Commissioners were 
8 12,000. The construction of roads on the north 
bank of the Tees was costing 70,000. The purchase of a 
p2werful dredger, together with six steam hopper- 
would cost 46,1802. Altogether, the Commission an 
expenditure of 223,1807. before them, and, under the 
circumstances, the application of the shipowners could 
not be entertained. 








CRITICAL LOADS FOR IDEAL LONG 
COLUMNS. 
To THe Eprror or ENGINEERING. 

Srr,—I have read with interest the article on long 
columns by Professor A. Morley in your issue of April 24. 
The method of approximation used seems to lead to good 
results in the cases considered, but would become very 
laborious for more complicated types of loading and 
fixing, such, for example, as the case of a column loaded 
at intermediate points, and restrained more or less at 
these points, because of the difficulty in determining the 
constants of in tion. However, for columns of vari- 
able section fixed at one end it seems to give a reasonable 
degree of approximation with less labour than other 
miThe graphical hod described at the begi f 

ical method descri at the inning o 
the ‘article, and which forms the basis of the analytical 
one, is practically that of Vianello (Zeitschrift des Vereins 
Deutscher Ingenieure, 1898), the only difference being 
that Vianello obtains the coefficients by dividing the area 
of the curve of deflection obtained from, by the area of the 
curve assumed for the bending moment diagram, instead 
of taking the ratio of the end deflections. This would 
seem to make the method more erally applicable, 
although, I seem, that indicated by Professor Morley 
could be applied to struts which are not free to deflect at 
their ends by equating deflections at some intermediate 
point. In the case of a strut loaded at intermediate 
points, it would, of course, be necessary in any case to 
take account of the forces at the supports acting at right 
angles to the length of the column. For example, in the 
case of a column having pin-ends and loads P,, P,. &e., 
at intermediate points, there would be transverse forces 


at the extremities equal to 2 ry ° 


It might be of interest here to note a general method 
of oe | the stability of any elastic system, which 
has been u main! by Continental writers, although 
first enunciated by Mr. G. H. Bryan ie of the 
Cambridge Philosophical Society, vol. vi., 1 \ It is 
an extension of the energy method mentioned by I’ro- 
fessor Morley. If W ———- the work stored in any 
elastic system which is liable to buckle, and T represent 
the work done by the external loads in deforming the 
system ; then, when buckling is about to occur, 


T=-W (1) 


q|and, as Professor Morley states, if the true curve of 


deformation be known, this equation will be sufficient 
to determine the buckling load. If it is not known, 
assume that it is given by 

Y = ay + a, dy (X) + Gy Ge (x) + (2) 
where ¢ (x) may be any function of «x, and ap. a), ao, &e., 
unknown coefficients. Usually a Fourier’s series, or a 
power series, gives the best results. It does not matter 
whether this series fulfils the end conditions or not. 

On substituting (2) in (1), we obtain 
P= f(z) (3) 


where P mts the buckling load. Then Bryan's 
theorem is that, if the coefficients a, a... . be so chosen 
that f (x) is a minimum and the results substituted in 
equation 9) an approsimation to the correct buckling 
load will obtained. 

The application of the above will be best illustrated by 
taking one of the cases worked out by Professor Morley. 
Consider Example II. of his paper. 

The work stored in a column due to bending 


Uj Z ‘ 
mM BI(@ ya. 
zl . 2 \d x 


The shortening of the column when bent 


Uj 
fiGryex 
r dz 
and thus the work done by the external load 


P (' aye 


Equating the external and internal work 


l 
d?y\2 
| (74) @2 
Vanya 
(az) ™ 
i + csin one. 
placing k = °, and performing the integrations which 
are all of standard form, we arrive at the equation 
= EL, 483 #-5.2k + 00.2 
e”  * 785° B+9 
Differentiating the last factor, we find that for a minimum 
k= 20.1 


adz= 


P=E (4) 
Assuming that 
y=a + bein) 


and for this 
P = 1.50 * 


which is the same as the second approximation given in 
2 ge Morley’s article, and about 3.5 per cent. too 


above is an unfavourable example of the method, 
since, the column being of variable section, ite bent form 
departs far from the sine curve. In the special cases 





treated by Professor Morley, his method is probably 
shorter, as the integration of (4) would become difficult if 
ted function of x, and several approxi- 
mations would need to be taken. or @ column of 
uniform section, for flat plates, and for other cases, how- 
ever, the above degree of approximation is usually suffi- 
cient to give the buckling load to within 0.1 per cent., as 
is shown by a Russian writer, Te o. This might 
be surmised from the fact, proved by Vianello, that for a 
column of uniform cross-section ay Re end con- 
ditions, and loaded at several points, the curve of de- 
flection between any pair of loads is part of a sine curve. 

This method epplied to many practical cases 
by Mr. 8S. Temochenko, of St. Petersburg, in a series of 
articles contributed to.the Annales des Ponts et Chaussées, 
1913 (May-October). In these articles columns of all 
kinds are considered, including latticed columns and the 
compression chords of bridges, and the method is also 
applied to beams, plate-web girders, flat plates, and 
other problems. In considering many of these, for 
example, latticed columns, it is necessary to include in 
W the work stored due to shear as well as that due to 
bending. Strictly speaking, this should be done even for 
Euler’s column, but the term due to shear is in this case 
very small. 

An extension of the method to the solution of all 
kinds of problems of statically indeterminate elastic 
systems has been made by W. Ritz, H. Lorenz, and 
others (Crelles Jowrna/, 1908; Zeitschrift des Verein 
Deutscher Ingenicure, 1913, &c.). The principle of least 
work is used. The internal and external work are 
equated, and the work of deformation made a minimum. 
It seems likely to prove a fruitful method of research in 
the theory of elasticity and its practical applications. 

Yours sin y, 
Crri Bartuo. 
Department of Civil Engineering and Applied Mechanics, 
McGill University, Montreal, May 19, 1914. 





To THe Eprror or ENGINEERING. 

Srz,—I am much obliged for your courtesy in sending 
me a mPy of the very interesting letter from essor 
Cyril Batho. I do not think Vianello’s method more 
generally applicable than mine, though in particular 
cases one or the other might offer distinct advantages. 

With to Bryan's energetic method, the value of 
the result depends upon how nearly the assumed function, 
whether a sine or a power series, to the true 
curve, and this cannot be predetermined. A sine series 
will give exact results for uniform sections, and closely 
approximate results for many other cases where the 
variation in I is not great. A power series chosen to 
suit the end conditions will also give close results in 
such cases; examples of this were given in an article in 
ENGINEERING for December 20, 1912. But in other cases 
(probably of lees practical importance), as illustrated 
in my Example III., these methods fail badly. Two 
important points regarding the method of sucorssive 
approximation are (1) it is possible to get as close as 
desired to the true coefficient ; (2) it is possible to judge 
whether or not a value obtained is or is not a good 


approximation. 
Yours faithfully, 
ARTHUR Mos.ey. 
6, Rectory Drive, Gosforth, Newcastle-on-Tyne, 
June 4, 1914. 





Tue InstrTUTION OF HEATING AND VENTILATING ENGI- 
NEERS.—A studentship in heating engineering tenable in 
the Faculty of ne of University College, London, 
of the value of 50/. a year, together with 11/. 1ls., the 
amount of college fees, may be awarded by this Institution 
inJuly. The student will be required to devote his whole 
time to research work in heating and ventilating i- 
neering. Further particulars can be obtained from the 
Secretary of University College, to whom application 
should be made on or before Saturday, June 20. 





Lonpon anp Sovuru-WestTeRn Rartway Company.— 
This company has sent us a copy of its official booklet 
on ‘Holiday Hints,” the sixteenth annual edition, 
which covers the Valley of the Thames, the counties in 
England served by the system, the Isle of Wight, the 
Channel Islands, and thecoasts of Normandy and Brittany. 
Particulars are given in the guide relating to about 
ninety whey py: resorts, and a list is added of 140 
golf-courses, of which are reached by the trains from 
Waterloo. It also contains illustrations, a new map 
which shows the steamship and railway routes, and a list 
of 1800 hotels, boardi house, and ts. e 
guide may be obtained free at any of the booking-offices 
or upon application from Mr. Henry Holmes, Super- 
intendent of the Line, Waterloo Station. 


Motor -Vesset ‘‘ Apetta.”— The cargo twin - screw 
motor-vessel Abelia, built by Meersrs. Sir W. G. 
Armstrong, Whitworth and Co., Limited, of Walker, 


Newcastle-on-Tyne, to the order of the Flower Motor- 

Ship Company, Limited (Ma Messrs. M. Samuel 

aa Co.), was launched on the inst. She will carr 

about tons dead-weight at L’ ’ summer f: 

Her principal dimensions are :— ween per 
iculars, 350 ft.; breadth moulded, 46 ft. ¥ in.; 

moulded, 27 ft. The Abelia has built to . 


highest class on the Isherwood longitudinal principle, and 
has a Suez Canal certificate. Tie wieter-engines axe 

the Wallsend Slipway and Engineering Company, of 
Wall-end.on-Tyne, and are of the direct-acting, rever- 
sible two-cycle type, with scavenging and air-com p 
The combined engines will develop fully 1200 brake 
horse-power at 1365 revolutions minute. Two boilers 
will Soe ee for deck machinery, steering , and 
electric light ; they will burn either coal or liquid fuel. 
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LUFFING-JIB ON 100-TON SHEERLEGS AT MESSRS. DENNY’S SHIPYARD. 
CONSTRUCTED BY MESSRS. BABCOCK AND WILCOX, LIMITED, ENGINEERS, RENFREW. 


























Fic. 1. 


AN interesting application of a lever extension to 
large sheers is illustrated on this and the opposite page. 
The sheers, which are situated at the Leven Bhip- 
yard, Dumbarton, of Messrs, Denny Brothers, have 
@ maximum lifting capacity of 100 tons, and origi- 
nally had an outreach of 35 ft. 6 in. With the fittin 
of the lever extension the outreach has been incumend 
by over 60 per cent., to 57 ft. 6 in., while the maximum 
loads ‘on the members have been in all cases reduced, 
instead of being increased, as would apparently 
follow. The fitting of the lever extension allows the 
sheers to plumb the centre line of ships of much 
greater dimensions than was ible formerly. This 
result is obtained not only from the increase 
of the outreach by 22 ft., but from the fact that 
the front legs are now further back from the load, 
so that they are freer from the sides of the ship. 
Originally, in the case of large vessels, the top sides 
hed to be left open to clear the legs while boilers or 
engines were being placed on board, but with the 
lever extension this is not necessary. This point will 
be appreciated from Fig. 3. The modification to the 
sheers was carried out by Messrs. Babcock and Wilcox, 
Limited, of Renfrew, the lever extension being an 
adaptation of the Wylie luffing-jib which they manu- 
facture. 

The sheers with the extension lever fitted are illus- 
trated in Figs. 1 to4. Aswill be seen, the lever is pivoted 
on the top pin of the sheers, and carries the lifting 
purchases on its lower end, while its upper end is 
connected by steel guy-ropes to an anchorage placed 
at the back end of the horizontal guide, in which the | 
foot of the back leg works. When the sheers are 
traversed outwards, the guy-ropes hold back the | 
upper end of the lever, and cause its lower end to | 
move outwards in an upward sloping path. Prior | 
to conversion,. the sheers were anchored back by 
the back leg, which at maximum outreach acted at 
only 56 ft. 9 in. from the bottom pivot of the 
front legs. With the new arrangement the sheers 
are anchored back by the guy-roper, which act at 
90 ft. from the bottom pivot of the front legs. 
Owing to the improved mechanical advantage there is Fie. 3. 

Jess load imposed on the front legs with the greater 

outreach of the new arrangement than there was : ros : 

with the smaller outreach of the older. Diagrams of tons to 248 tons,"and that s pull of 111 tons in the| the sheers as originally built, the load descended, “4 
stress for the two arrangements with a -100-ton | back leg has been replaced by « thrust of 15 tons. | will be clear from the figures. The ascending loa 

load and maximum outreach in each case are given in | The | on the back-leg traversing-screw has been | tends to drive the sheers inward, while the dead- 
Figs. 5 and 6. It will be seen that with the exten- | reduced from 77 tons to 10 tons. weight of the members tends to drive them outward. 
sion lever and the additional 22 ft. ‘outreach the| As already mentioned, with the new arrangement | The two effects more or less balance each other, and 
thrust in the front legs has been reduced \from 255/| the load rises as the sheers traverse outward. With! greatly reduce the load on the traversing-screw. 
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Sy “gy 3 g lines. But asthe measurement has to be made while the 
i) Py “5 sig e| ig shaft is running, and as the parts of a quickly-rotating 
yw" \ Z | “|e body are not readily visible, most torsion-meters give the 
y ge § sj gis twist indirectly in one way or another. The use of inter- 
LS ¥ S| ; 38 mediate links, whatever be their kind — mechanical, 
st ‘e by 5 Fr optical, or electrical—for this purpose may become a 
Load on / x 3 | 3 source of error in observation. 
Screw77 Ions € &D ‘B S| 5 In the torsion-meter devised by the author the number 
(3397%6 8) pepe Be ame 35°6 —--59-6----4 of intermediate links is redu to a minimum. The 


IOOTONS LOAD AT 35-6" OUTREACH. 


This makes the operation of the sheers very easy. 
When the load hung from the point of the lever is about 
70 tons, the two forces are balanced, and there is no 
thrust on the traversing-screw, while the maximum 
load comes on the screw when there is no load at all 
on the hook. The fact that the load rises, instead of 
falling, with the new arrangement has an additional 
advantage in that it saves 25 ft. of hoisting and about 
15 minutes of time in conveying a load from the quay 
to & vessel of ordinary Seesbaent. 

The construction of the extension-lever is well 
shown in Figs. 1, 2,3, and 4. It is 15 ft. deep and 
over 50 ft. long. As sufficient stability for a struc- 
ture of this size could hardly have m derived 
from the narrow base which the head of the sheers 
provides, the lever was designed to be in stable 
equilibrium under the forces acting on it—i.e., the 

ulls on the guy-ropes and on the hoisting purchases. 

e lever is further pivoted on. sort of centre-post, 
which permits it to deflect sideways in the event of a 








100 TONS LOAD AT 57-6 OUTREACH 


load suspended from it being dragged to either side. 
By this means, twisting stresses, which would other- 
wise be set up in the sheers, are avoided, the stresses 
occurring being, in fact, the same in size and magni- 
tude as would have occurred in similar circumstances 
before the lever was fitted. The erection of the 
lever did not involve any dismantling of the sheers, 
and was expeditiously effected. he installation 
forms an interesting example of the adaptability of 
the Wylie luffing-gear to an existing crane, and sug- 

te that it should have a wide sphere of usefulness 
or such work. 





Resorts on THE Great Eastern Rartway SysTeM.— 
We have received a copy of a booklet entitled “‘ Hast 
Coast Pictures,” which is edited by Mr. Percy Lindley, 
and can be obtained free from the Superintendent of tl 
Line, Liverpool-Street Station, E.C. It gives a brief 
description and nicely gov-up illustrations of a number of 
seaside resorts. 





twist is indicated my ~ 4: means of a scale and a 
pointer in a manner similar to that used in a statical 
torsional test, and the reading of the scale is taken by a 
—_ optical device, consisting of mirrors rigidly fixed 
to the body of the torsion-meter. _ 

The device by which the scale is made visible is as 
follows :—In Fig. 1, annexed, let R be the cross-section 
of a shaft, o its axis, and S a scale fitted to the arm of 
the torsion-meter. 1» is well known that, even while the 
shaft is running, the scale 8 is visible if it is well illumi- 
nated by an intermittent light of very short duration, 
such as an electric spark. To emit electric sparks in 

q phase with } revolution of _o" is not a 
iffcult matter in a physical laboratory, but is a matter 
of much inconvenience in the shaft-tunnel of a ship ; so 
that such a method is hopeless for practical In 
this torsion-meter a plane mirror M is to the 
arm just midway between o and 8, with its plane per- 
pendicular to 08, this arrangement virtual 
image of the scale S will always be formed in the axis 
for all angular positions of the shaft, and if the size of 
the mirror M is not too large, the angular range th 

* Paper read before the Institution of Naval Archi- 

tec 

















822 


ENGINEERING. 





[JUNE 12, 1914. 








which the scale : v 
will be small. Therefore, though S itself revolves with 
the shaft, its virtual image remains practically stationary, 
and as it appears successively—once in each revolution— 
it is as if the scale were fixed in its — . 
Thus, as the scale can be made visible by such a simple 
device, the relative twist between two points on a shaft 
can be measured in a verysimple manner. For instance, 
according to ordinary practice, let a sleeve of suitable 
length be clamped to the shaft at one end, its other end 
—carrying a pointer—being free ; also, let a short sleeve, 


Telescope 


S is reflected into the eye of an observer | virtual image ¢ 


| shaft, so as to 


| described above. On the shorter arm L, a concave mirror 
m is mounted in such a position that the pointing edge p | 
on the scale-plate is so reflected that its virtual image j meter fitted to a small electric motor, taken while 


2) is formed in the axis of the shaft. 


ig. 1) of the scale ¢ in the axis of the; The amount of this magnified displacement jj’ i 
pat ay ee eB dh principle | messured b 4 sa 


y the virtual image of the scale formed by 
the plane mirror. 
A photograph of the measuring part of the aged 
e 
motor was running at 700 revolutions per minute, and 


(Fig. 
Thus images ¢ and j of the scale and the pointing edge, exposed during about five seconds, shows the appearance 


| which are cut on one and 


the same glass-plate S, are | of the images of the scale and pointing edge, and indi- 


| formed separately in the axis of the shaft, the former by | cates that both of them seem as if they were at rest. 


| the plane mirror M,and the latter by the concave mirror m. | 


In measuring the power developed by a steam-turbine, 


These images are so formed that they appear side by for which the measurement of the twist of the shaft 


Telescope 


Aig. 
























Scale& Pointer 
Concave Murror 

































































































Tv 

| Oe \ 

; } 
i; 2 x t " 1 
iI il as ® \ 111 1 
1 cae | } it 
1 | eebes |!) pote, Lobe, i pa sts il salsa 
i tF oa 5} Basal i = rere tii pees | 
mr: Tie eh i ity i. yee ——> Ly if i! 
autite i iin 4 ’ 4 r 1 rt | 
| (arast ayes tee cla hens } | Maas H 
a Wh ! 

. | 
' ' —+ \ 
i at 
' "i ' ' ! 
il til mm i i i 
x 1 
: 
| z 
Fig. 9. 


(3855. As 





mounted with a scale and a plane mirror 


arranged in the fo ing manner, be clam 

to the shaft near the free end of the — 
sleeve, the scale on this sleeve being so located that it comes 
in contact with ths pointer on the long sleeve. Then the 


required twist may be measured while the shaft is running 
just as in a statical test, for the reason just described. 

This simple method of measuring the twist of a shaft 
can be applied to the line-shafting of land engines, by 
substituting for one length @ special length constructed 
of special steel of reduced diameter, the amount of twist 
being magnified accordingly. For marine use, however, 
where such substitution is —— inconvenient, and 
where, in some cases, nob only the maximum power, but 
also the power for reduced speed, has to be obtained, the 
measurement made in this simple manner is not suffici- 
ently accurate; a further device is necessary for magni- 
fying the amount of twist. In similar cases, where 
magnification is required, it is not uncommon to use a 
lever, rack and pinion, or some similar kind of mechanism. 
But, from the author's experience, it seems preferable to 
avoid such mechanism, as, even with the best workman- 
ship and material, can be no positive assurance of 
keeping free from wear during along run. To get rid of 
any contact of the moving parts, an optical method is 

in used, this time to obtain multiplication of the dis- 
ment of a pointer relatively to scale, as described 
low. 

The marine torsion-meter is shown in detail in Figs. 5 
to 8, and also diagrammatically in Figs. 3and4. Asshown 
in the latter figure, and as described above, the torsion- 
meter is composed of a short and a long sleeve A and B. 
The short sleeve A with an arm L, is di fixed to 
the shaft, while the vm | sleeve B is fixed to the shaft at 
the far end, its near being free and in contact with 
the short sleeve A. Another arm L, projects at the free 
end of the long sleeve B. On the arm L, a ground-glass 
plate S (shown in Fig. 9 in its actual form), having a 
scale ¢ divided into } mm., and a “pointing edge” p 
(the transverse pomany a between the white and black 
grounds), is fitted near the edge, and a plane mirror M 
is fitted in such a position that its reflecting surface is 
just midway between the scale-plate and the axis of the 
shaft. The purpose of fitting the latter is to form the 


A ACTUAL TRIAL,POWER MEASURED 


PROPULSIVE COEFFICIENTS 





4955.C Speed in Knots. 
side through a telescope in a ition. 
Ti age ee relative position pin of the 


pointing the concave mirror is changed, in con- 
sequence of the twist of the shaft, to another relative 
tion p’ m, the virtual image of the pointing edge will 
displaced from the original position j to the new 
position j', the d i i according 





to the position and the curvature of the concave mirror. 


Fig.8. 
SEC. THROUGH Z.Z. 














taken at any one angular position is sufficient, one tele- 
scope placed in a proper position, and a portable electric 
lamp illuminating the scale-plate are to be used. For 
the purpose of measuring the shaft horse-power of a 
ene engine. where the observation must 

made at several angular positions, many telescopes should 
be placed in pope angular positions around the shaft, 
| and the scale-plate illuminated with an electric lamp 
| fitted and revolving with it.* 

Fig. 6 is the speed-power curve of the Anyo Maru, the 
first geared-turbine steamer in Japan; two curves are 
shown, one giving the power as ascertained by torsion- 
meter, the other, the power curve, being deduced from 
model experiments previously conduc in the experi- 
mental tank belonging to the Mitsubishi Dockyard Com- 
pany, the builders of the ship. ‘Although the data 
supplied to the author with regard to the tank experi- 
ments of this ship are rather incomplete, the long experi- 
ence of the Mitsubishi firm in tank experiments may give 
assurance of the correctness of the curve exhibited. The 
close similarity of the two curves on the figure speak well 
for the reliability of the torsion-meter. ? 

, a of the important particulars in this case are as 
‘ollow :— 


Diameter of shaft ... “ .. 18h in. 

of base at sia pe ... 6 fb. 6 in. 
Distance of scale-plate from the centre , 

of shaft... sg Sa the es in. 
Magnification of twist . 3.67 times 

One division of scale he mm. 
Maximum reading ... ... 87 divisions 
(= 4 mm.) 


The author’s torsion-meter has so far been applied to 
three ships, and in each case it has worked entirely 
satisfactorily. 





Tue Avsrro-Huncarian Navy.—The Austro-Hun- 
garian Government proposes to lay down two ironclads 
™m the autumn, and the pair are to be ready for sea in 
1916. Two other i are to be laid down in 19165, 
and are to be ready for service in 1917. 


* See Excingeraine, October 3, 191 
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A CONTRIBUTION TO THE THEORY OF 
HARDENING.* 


By Anprew McCancer, B.Sc., A.R.S.M. 


Tur work of this paper divides itself into two sections: 

1. An experimental investigation into the variations in 
the properties of steel of different carbon content with 
the temperature of quenching ; and 

2. A theoretical inquiry into the actions taking 4 
during quenching, with experiments which have n 
made to test the views brought forward. 


I, EXPERIMENTAL Meruops. 
The steels used had the compositions given in Table I. 
Nos. 3, 4, and 5 are crucible steels of pure quality, while 
Nos. 1 and 2 are mer steels in which the manganese 


Taste I. 


No. Carbon. (Silicon. Manganese. ; Sulphur. Phosphorus. 














per cent. |percent per cent. per cent. per cent. 
1 0.35 | 0.118 0.385 0.047 0.048 
2 0.49 0.094 1.111 | 0.047 0.052 
3 | 069 | 0.118 | 0.121 0.033 0.005 
4 0.86 | 0.056 0.070 | 0.019 0.005 
5 | 1.18 | 0.004 0.050 | 0.022 0.008 
Tasie II.—WNo. 1 Steel, 0.35 Per Cent. Carbon 
. tae) a 1s, | a 
a | S32 | §2 gs [2 ef | 3 
&s | Saé £¢ §&. Baz! $5 = 
es | gee gs | bf §45| BS | 
E7 Be | g= = AS?) &@ | § 
deg | per cent cm. secs. 
722 | 19.2 98.0 | 25 7.859) 0.12724 | 35 
732 | 222 96.6 6.7 7.841| 0.12754 | 9 
748 | 23.8 96.0 | 10.05 | 7.836; 0.12762 | 6} 
763 23.4 96.0 4.5 7.836| 0.12762 | 6 
784 23.8 96.0 15.25 7.834) 0.12765 6 
830 23.3 95.5 18.9 7.837) 0.12760 6 
902 23.4 | 96.0 18.4 7.836! 0.12762 64 
q 85 | 7.836 | 0.12762 7 


| | | 
Tasie III.—WNo. 2 Steel, 0.49 per Cent. Carbon, 
1.11 per Cent. Manganese. 
































, Pd 2 oa 2 of ee | ae 
¢ | 283 33 | 8B (244) of | BS 
es | $36 §S 46 fgsg 32 18 
3 25 ea = 2° ~ a 
Pa pe} =] aa 3 = 2 a 4S co a a 
deg. O. per cent. cm. | secs. 
722 19.4 5.8 4.6 7.825 | 0.12779 41 
732 27.2 91.6 6.75 | 7.785 | 0.12846 5 
743 29.1 91.6 14.4 7.776 | 0.12861 | 5 
765 29.1 92.2 17.9 7.775 | 0.12861 | 5 
784 29.5 92.5 26.4 7.772 | 0.12867 | 5 
830 | 29.0 92.2 13.95 | 7.771 0.12868 | 5 
902 | 29.1 92.5 18.95 | 7.773 0.12865 5 
998 | 29.0 92.5 23.25 | 7.776, 0.12860 5 
Anneal.| 20.2 — —_}— o 
TaBLe IV.—WNo. 3 Steel, 0.69 per Cent. Carbon. 
| @ es ad | - | 
, | Be a , to | — 
¢ of B 2 & or} mA 2 $ > 
ry teak @a Ss oe e = 
ag $36 &S 45; |se¢ 32 3 
£5 | 823 23 Bae sss gs I 
e2 gee ge gas 356) 2 | § 
deg. C. per cent. cm. secs. 
422 17.4 95.5 6.25 7.827 0.12777 40 
732 19.3 90.0 10 15 7.783 0.12849 6 
743 28.8 89.4 19.85 7.761, 0.12885 | 4 
765 30.6 89.2 16.9 7.758 | 0.12890 44 
784 30.2 89.2 21.9 7.754 | 0.12897 | 44 
830 30.5 89.2 20.1 7.757 0.12891 4 
902 80.5 89.4 21.65 7.759 | 0.12889 | 4 
998 30.4 89.2 26.5  7.762| 0.12883 | 4 
Anneal.! 17.1 - _— _ — ;— 


content is too high for any but comparative measure- 
ments, although No. 2 gives an indication of the effects 
of manganese on the quenching properties. The steels 
were in the shape of 1-in. square bars for the determina- 
tions of the hardness, and #-in. round bars from which 
were turned the rods used in the measurements of electric 
resistance, &c. 

For the heat treatment of the steels an electric resist- 
ance furnace was used with a bath of two parts of barium 
chloride and one part of potassium chloride for the higher, 
and more potassium chloride for the lower, temperatures. 
At the high temperatures, however, there is always con- 
siderable evaporation, and great care has to be taken that 
the salts do not get near the wires carrying the heating 
current, as they quickly destroy them. 

he temperature measurements were made with a 
platinum-rhodium couple and a potentiometer, by which 
the electromotive force of the couple was balanced to the 
nearest 0.2 millivolt against the current from a standard 
cell, and the excess was measured by a moving coil galva- 
nometer, which in this case gave a deflection of about 
20cm. on the scale for 0.2 millivolt. The couple was 
compared several times during the course of the experi- 
ments with a similar couple standardised by the Reich- 
sanstalt, and the difference between them was never more 
than 2 deg. Cent. at 1000 deg. Cent. The tem tures 
given in this paper can therefore be csnlimnel to agree 
among themselves to this degree of accuracy. 


* Paper read before the Iron and Steel Institute, 
May 7, 1914. 


TaBLe V.—WNo. 4 Steel, 0.86 per Cent. Carbon. 


























; j 
: a. | gs |e tp 
£ 2 ge $4 S$ \|nSn| © z by 
Bs | S4E | &§ 46, lge¢ $3 3% 
gs | 833 | 2 | cfg FS8| #5 = 
&” a* an ga= |S> nD oa 
deg. Co. percent.| cm. secs. 
22 19.3 93.9 | 3.7 7.814 0.12798 34 
732 25.8 89.6 10.4 7.770 0.12870 6 
743 34.6 87.6 31.5 | 7.762; 0.12883 5 
765 37.1 85.0 | 225 | 7.744! 0.12914 3} 
785 38.0 84.4 240 } 7.737 0.12026 4 
830 38.8 83.9 26.7 | 7.787 0.12925 4 
902 39.2 84.5 24.0 | 7.785 | 012929 4 
998 39.0 & | 5 | 7.727 | 0.12942 4 
Anneal. 18.8 _ ~~ -- | — 
TaBLE VI.—No. 5 Steel, 1.18 per Cent. Carbon. 
= nD ec. v 
p as of  ¢€ § by ; . 
£ 2 g 5 Sz 2s pox 28 by 
ad S42 £¢ ge zoe £5 =: 
es oe o So e® 2s& os S 
He 225 Se $s ss 8 : & 
“fe? a @ a = o av e a 
deg. C percent cm secs. 
2 7. 92.0 1.7 7.780 | 0.12854 46 
2 21.0 89.5 8.0 7.802) 0.12818 16 
743 31.2 85.4 25.6 7.753 | 0.12899 5 
765 30.5 85.1 14.6 7.758 | 0.1289° 5 
785 33.0 $2.6 25.4 7.752 | 0.12900 4h 
844 41.3 76.3 24.4 | 7.735] 0.12928 4 
902 45.8 7L4 20.4 7.715 | 0.12062 44 
998 46.1 1 19.4 7.713 | 0.12964 2 cracked 
Anneal 17.9 — — |7.818| 0.12791 





Hardness.—For the hardness determinations pieces were 
cut from the 1-in. square bar } in. thick, and they were 
held as shown in Fig. 1 (A). When the furnace had 
attained the steady temperature required, the specimens 
were immersed in the bath and allowed to come slowly 
up to their temperature, which generally took about 
twenty minutes for five similar specimens at one time. 


igi | [a] 








A B 


(assay 


They were given fifteen minutes at the steady tem - 
ture, and were quenched out in a pail of water holding 
about 12 litres, and containing approximately 15 per cent. 
of calcium chloride in solution, the temperature of the 
water, which varied between 12 deg. to 20 deg. Cent., 
being taken before the introduction of each men. 

For the hardness measurements a Brinell machine of 
the usual pattern was used, and the specimens were 
ground flat on a grindstone with a plentiful supply of 
water, about , in. being taken off on an average, after 
which they were polished as for mic phical examina- 
tion, but without the final buffing. To get series which 
would compare among themselves with the minimum 
error, no hardnesses were taken until each series was 
complete, when all the measurements were taken together, 
and any quenching which had to be repeated was examined 
along with one whose hardness was already known, so 
that any difference in the machine could be detected. 

The operation of quenching, no matter how carefully 
it is carried out, does not always leave the steel in as 
uniform a condition as accurate work requires, and to 
minimise the chance of error due to this cause each speci- 
men was etched in a 4 per cent. solution of nitric acid in 
alcohol before b3ing tested, and any ununiform quench- 
ing indicated by irregular coloration was rejected and 
repeated. The results are given in Fig. 2, and it will be 
noticed that the general course of all the curves is similar, 
little variation taking place in the hardness until the 
Ac1 is reached. With 0.35 per cent. of carbon the hard- 
ness rises in a rapid manner from 730 deg. to 750 deg. 
Cent., after which there is a more gradual rise until 
820 deg. Cent. is reached, when it becomes constant up 
to the limit of the temperature examined. The greater 
part of the increase in hardness takes oy during the 
20 deg. immediately after the Acl has been » 
but the maximum requires that the temperature be 
about 100 deg. above it. 

The effect of manganese is to lower the change-point of 
the steel containing 0.49 per cent. of carbon to 717 deg. 
Cent., and causes the rise in hardness to be a little more 
rapid, so that the maximum is obtained at 775 deg. Cent. 
After this the hardness falls slowly, dropping from 
683 at 775 deg. Cent. to 640 at 1000 deg. t., and 
this effect is accompanied by a considerable coarsen- 
ing of the grain in the microsection of the piece quenched 
from the higher temperature—at 775 deg. Cent.—the 
section being entirely composed of a fine grained mar- 
tensite, which was only resolved with wre 4 
magnification of 400. ith 0.69 per cent. of carbon the 
Acl commences at 723, and the maximum is reached 
at 770 deg. Cent., when the hardness is 713. Above 
this there is no further increase in the hardness, which 
remains constant at the same value up to 1000. With 
0.86 per cent. of carbon the Ac 1 point begins at 717, and 
the maximum at 760 deg. Cent. gives the same hardness 
as the steel with 0.69 per cent. of carbon—namely, 713. 





There is a small progressive softening above this, how- 


ever, so that the hardness of this steel when quenched 
from 1000 deg. Cent. is only 680. wk pees chan 

in the microstructure could be de , except the 
obvious coarsening of the grain. With 1.18 per cent. of 
carbon the most rapid rise occurs from 184 at 727 deg. 
Cent. to 600 at 742 deg. Cent., followed by a slow rise to 
713 deg., which is complete at 840 deg., while above this 
temperature a drop takes place, which is evidently not 
completed at 1000 Seg. t., when the hardness is 
in the neighbourh of 627. The — 
examination at this stage shows that at 750 deg. t. 
the steel has a martensitic structure in the ground- 
mass, with specks of cementite, which have a black 
border round them, while at 1000 deg. Cent. there are 


2 HARONESS CURVES. 





Brinell Hardness. 


123328) : B00" 900° 
Gnugrade. 
well-defined areas of austenite with jagged A 


very important point is that the maximum ness in 
each steel above 0.69 per cent. of carbon is the same— 
namely, 713. Now, if the hardening of steel were due to 
the carbon alone, this constancy, when the percentage 
present is practically doubled, would be inexplicable, and 
1p seems to point to the conclusion that there is a definite 
limit to the amount of hardening which the iron itself 
can stand. To find if the thickness of the specimen had 
any influence on the steepness of the rise in hardness, 
some pieces of the steel containing 0.86 per cent. of 
carbon were cut 4 in. and gin. thick and quenched from 
temperatures on the lower part of the curve, the values 
obtained being indicated by crosses. Within those limits 
no influence could be found. 
Taste VII.—Hardness. 
0.35 Per Cent. 0.49 Per Cent. 0.69 Per Cent. 
Carbon. Carbon. Carbon. 


Tempera- | Tempera- | Tempera- 
oa Hardness. | tube,” Hardness. “S™PSF® | Hardness. 














Annealed, 161 |Annealed) 207 |Annealed| 174 
170 717 717 


717 7 218 179 
731 181 731 448 730 293 
750 442 741 618 755 646 
277 512 | 777 688 790 713 
800 2 795 683 841 718 
841 550 84) 675 887 713 
900 550 887 667 962 718 
2 


j 96: - 
| Air cooled 237 -- — 
| 
0.86 Per Cent. 1.18 Per Cent. 0.86 Per Cent, 
Carbon. | Carbon. Carbon. 


| —_ - — 
| 
Tempera- | Tempera- | Tempera. | 
coe, ee sy Hardness, ture, | Hardness. 
| 


Annealed.| 181 |Annealed.| 176 jim. thick) in. thick 
717 717 185 722 265 








217 | 
418 730 311 742 | 627 


| 
750 | 683 741 «| | (884 72 | «(718 
7 «|: «O78 7b6 640 770 713 
soo | = 718 777 667 _ = 
sat | 706 795 683 - 
900 698 841 718 _ _ 
962 683 887 683 _ ~- 
— — | @ ai - - 


Taste VIIl.—Hardness of Pieces Quenched in Water 
at Different Temperatures. 














on —_—_ 


Temperature 
ot Water Hard see sen 
Cooling from ro Te ql Hardness. 
100 deg. Cent. | ater Heating. 
deg. Cent. 

96 269 13 718 
90 277 17 718 
84 802 25 718, 652 
76 882 35 683, 578, 627 
71 319 — 460, 430 
62 876,340 =| 45 \652, 678, 556, 477 
50 | 496, 477, 366 | 56 | 627, 600, 678 
40 \667, 582, 410, 387 _ _ 
28 627,600 | _ _ 
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Taste 1X.—Hardness Quenched in Salt Solution at 
Different Temperatures 





high resistance in the other steels will also be due to their 
high percentage of manganese. , 
nm increasing the oaeee ture of quenching, the re- 








sistance of the steel with percent. of carbon does not 
a 4 Cont. | 16 per Cent. vary until 725 deg. Cent., when there is a sudden increase, 
icium | Hardness. © Sodium Chloride) Hardness. | which is completed at 742 deg. Cent., after which it 
Seniparetare | Temperature remains constant right up to the limit of these experi- 
ments at 1000 deg. t. With No. 2 there is a sligh 
deg. Cent. deg. Cent. decrease in resistance between the bar which has been 
13.5 718 31 713 annealed and one which has been annealed and 
22.0 718 45 718 reheated to 722 deg. Cent., pointing to a rearrangement 
29.0 718 ss nis 
5.0 608 75 381 g.8. ELECTRIC RESISTANCE. 
60.0 690 90 326 
70.0 668 104 296 
85.0 378 - - 
100.0 360 - ati 
108.0 361 —_ _ 








Taste X.—Density of Pieces Quenched from 7% Deg. 
Cent., at 16.8 Deg. Cent. 


8 ific | Specific 





Thick- Thick- 
ness, | Density. | Volume. nessa | Density. | volume. 
in. } in. 
th 7.781 0.12852 4 7.812 0.12801 
5 7.777 | 0.12858 | 8 7.808 0.12807 
7.780 | 0.12864 7] 7.827 0.12776 
\y 7.780 0.12853 | 1 7.837 0.12760 
pf 7780 | 0.12854 |Annealed 7.844 0.12749 
i | 776 | o19m7 |) — = am 


Taste X1.—Hardness of Steels Tempered at 420 Deg. 
Cent. for 30 Minutes. 
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Brayshaw ('), in a most accurate and exhaustive paper, 
has stated that in a steel whose composition was very 
similar to that of No. 5, the rise in ness from the 
soft state was completed in a temperature range of 
64 deg., whereas from Fig. 2 the hardness does not attain 
6U0 until 15 deg. above the ch -point. It is difficult 
to account for the difference, but it will be noticed 
that, quenched from 717 deg. Cent., Brayshaw’s steel had 
a hardness of 225, while the author’s steel quenched from 
the same temperature had a normal hardness of 185. 

It is seen in general from those carbon steels that the 
rise in hardness is coincident with the passing of the 
Ac1, and that once the carbon is in solution a further 
rise in hardness is occasioned by the addition of either 
ferrite or cementite. By the addition of ferrite the 
maximum hardness is obtained by quenching from a 
temperature which must be above the Ac 3, and the lower 
the carbon content the ter the difference by which 
the Ac3 must be exceeded. Higher temperatures do not 
alter the hardness. With hypereutectoid steels the maxi- 
mum hardness is obtained from a temperature only 
slightly higher than the Ac (cementite), and a further 
increase in temperature results ina softening due to the 
formation of austenite. The transition from martensite 
to austenite is continuous, and is indicated by a con- 
tinuous change in the hardness, and there are reasons for 
believing that even in a steel with 0.86 per cent. of carbon 
there is some formation of austenite as the temperature is 
increased. A curious observation was made relative to 
the hardness of No. 5 steel quenched from 962 deg. Cent. 

e impressions were surrounded in several cases 
by a series of small cracks concentric with the circle, 
and about 1 mm. from it. They seem to be connected 
with the presence of austenite in the specimen. 

Electrical Resistance.—For the remainder of the phy- 
sical measurements the stee/s were in the form of round 
bars 0.35 in. in diameter and 4.25 in. long, on which there 
was left a small head A, Fig. 1. uring the heat 
treatment of the bars a piece of stout wire was wrapped 
round this head, and this enabled them to be withdrawn 
from the heating-bath and quenched, after which the 
head A was broken off and the end ground flat. In this 
way any irregularity that might be caused in the quench- 
ing by the gripping of the imen was sought to 
be avoided. e electric resistance was obtained by 
passing a current of known strength through the bars and 
measuring the fall of potential along a fixed distance by 
means of a sensitive galvanometer, which wass i 
by a standard cadmium cell and su‘table resistances. The 
ey x pe change in the 

peculiarity is the seemingly sm in 

resistance caused by carbon .when the bars are in the 
annealefi condition. Thus the three steels which are 
comparable with 0.69, 0.86, and 1.18 per cent. of carbon 
have specific resistances of 17.1, 18.8, and 17.9 microhms 
ner centimetre cube respectively. A liberal allowance 
for the maximum error in the electrical 

would be 0.2 microhm. The m 
from 0.121 in No. 3 to 0.070 in No. 4, 
so that the explanation is probably to 
fact, the increase in resistance due to 
balanced by the decrease in the manganese 
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between the carbon and the It is well 


ese. 
known that the pearlite of steel high in manganese has 
a much finer structure than the pearlite of pure carbon 


8 and it has been referred to as being more 
“‘sorbitic,” but it is doubtful if this effect is not due 
to the ter readiness with which it is attacked by 
the etching agents. At 725 deg. Cent. the resistance 
begins to rise, and by 742 deg. Cent. the change is com- 
pleted, when no further alteration takes place. The 


similar, the increase beginning at 728 deg. Cent., and 
finishing at 760 deg. Cent., with a constant resistance 
from 760 deg. to 1000 deg. Steel with 0.86 per cent. of 
carbon shows a slight difference. There is a rapid in- 
crease, beginning at 727 deg. Cent. up to about 740 deg. 
Cent., then follows a more gradual increase from 740 deg. 
Cent. to 820 deg. Cent., after which the resistance remains 
constant. With 1.18 per cent. of carbon the rise begins 
at 730 deg. Cent., and at 740 deg. Cent. another increase 
begins, which is completed at 920 deg. Cent. Since the 
maximum hardness occurs at 840 deg. Cent., this steel is 
important as showing that carbon can go into solution 
and yet cause a decrease in the hardness, a decrease 
which has been already connected with the appearance of 
austenite in the microsection. hes 
Density and Specific Volume.— Although it is generally 
recognised that there is an increase in the specific volume 
of steel after quenching, few accurate measurements have 
made of its variation with temperature. In 
estimating the density, the method of weighing in air 
and in a — whose density was known was adopted, 
the liquid chosen being paraffin oil. This oil has no 
action on steel, so that constant weighings can be ob- 
tained even after the piece has been immersed for some 
time. A preliminary experiment determined the density 
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Centigrade 
of the oil in relation to that of water, and its variation 
with tem re over the range occurring in the measure- 
ments, which did not exceed 6 deg. Cent. The density 
of the oil was 0.802 at 13.8 deg. Cent., and a rise of 1 deg. 
Cent. caused an increase in the density of steel wi 
me “7° to paraffin oil of 0.0055. ’ : 
n case of cracks, the specimens were immersed in 
oil before weighing, and placed under a bell-jar which 
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curve for No. 3 with 0.69 per cent. of carbon is exactly | be 


the | which just 





was exhausted to a low pressure by a hand-pump, and 
left there until all air-bubbles had ceased to rise. The 
only steel which gave A trouble was the steel with 
1.18 percent. of carbon, which gave most irregular results 
at first, and it was only after a prolonged rest under 
the air-pump that duplicate results could be got to 
agree. cause of is oO} re, since only in the bar 
+ apm from 1000 deg. Cent. was any crack visible— 
this specimen had a longitudinal crack down its whole 
ah amy it may have been due to small surface 
cracks not visible to the naked eye. 

The most noticeable thing about the curves for specific 
volume (Fig. 4) which have been given in preference to 
those of the density, is the marked resemblance which they 
have to the corresponding variations in the electric resist- 
ance, a resemblance which forces the conclusion that they 
too are due to changes in the condition of the carbon. The 
steels with 0.35 an a cent. of carbon give curves 
which are almost identi with their resistance curves, 
and so need not be further noticed. With 0.69 per cenb. 
of carbon, the only difference is that there is a slight 
decrease in ee volume when the temperature is 
raised above deg. Cent. ; though the same decrease 
occurs to a lesser extent in the high manganese steel, 1t 
is less than the probable error of the experiment. With 
0.86 per cent. of carbon, the maximum is not reached 
until about 800 deg. Cent., as with the resistance, and 
with 1.18 per cent. of carbon the similarity is equally 
noticeable. A difference exists, however, between the 
steel quenched from 722 deg. Cent. and the annealed bar, 
the respective densities being 7.780 and 7.818, while the 
bar — from 732 deg. Cent. has a normal value. 
This also been noticed in hypereutectoid steels by 
Oknof (2), and explained by him as being due to the 
formation of graphite by the decomposition of cementite. 
The author intends to examine this question later. 

Though the general shape of the curves of specific 
volume, is very similar to that of the electric resistance 
curves, they are not identical. If the differences between 














the bars quenched from 722 deg. Cent. and 1000 deg. Cent. 
be tabulated, the ratio between the change in specific 
volume and the change in resistance falls rapidly. 
Steel. | Gose Change in | Ratio of Specific 
Per Cent. | Electric ist- Specific Volume | Volume to Electric 
Carbon. ance, Microhms. x 104. ce. 
0.35 | 4.2 3.8 0.90 
0.49 9.7 8.3 0.85 
0.69 13.0 10.6 0.81 
0.86 | 19.8 14.4 0.73 
1.18 } 27.2 17.2 0.63 








Since any alteration due to the carbon would a priori 
proportional to the amountin solution, the differences 
which are here brought out indicate the probable pre- 
sence of an increasing proportion of a variety of iron 
with a low specific volume, as the carbon is raised. 
Magnetic hap a in so many constants which 
can be used in the measurements of magnetic properties 
are of doubtful value when applied to the theory of 
allotropy, the utilisation of these properties in metal- 
lurgi problems is attended with many difficulties. 
The permeability, susceptibility, and the hysteresis are 
of little use for this purpose, since they vary not only 
with the condition of the steel, but also with the method 
of testing, and, beyond the broadest generalisations, the 
interpretation of the results is impossible. The only 
constant which can be interpreted in a definite manner 
is the saturation intensity—that is, the intensity of mag- 
netism in the iron, which cannot be exceeded, no matter 
how large the external field. It is, in fact, the united 
sum of all the molecular magnets which go to make up 
the mass of the iron when they are grouped in one direc- 
tion under a sufficiently strong field. Thus, when an 
alloy of a magnetic metal with a non-magnetic metal is 
tested, the saturation intensity of the mixture will be in 
the proportion of the amount of magnetisable material 
present. When solution takes place between the two 
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metals the above relation may not hold; but for small 
additions of a non- etic metal the results of Had- 
field and Hopkinson(’) show that it is very approxi- 
mately true. The method of measuring the saturation 
intensity was similar to that of the above investi- 
gators, though the fields used were much smaller, the 
length of the bars allowing this without lowering the 
The field magnets were hollowed by a hole 

the bars to be slipped through, the 


saturation. 


distance between the pole faces being only { in. 
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which alters in resistance under a transverse 

the throw obtained when a glass rod was substituted for 
the iron gave a means at once of calibrating the galva- 
nometer in C.G.S: units per unit deflection. The field 
strength employed had a value of 2450, and the values 
are expressed in percentages of the value of pure iron, 
which was assumed to be 4 7 I = 21,300. 

The results for the different steels are plotted in Fig. 5, 
with the loss of magnetic intensity per cent. against the 
temperature of quenching, and it will be seen that they 
are in every way similar to the previous curves for 
electric resistance-and specific volume. With 0.35 carbon 
the loss in the percentage of magnetic strength at 722 deg. 
Cent., is 2.0, and there is a sudden drop on passing the 
change-point to 3.4; at 743 deg. Cent. it falls to 4.0 per 
cent., and remains practically constant at ‘this figure up 
to 1000 deg. Cent., although the loss is perhaps a shade 
greater at the higher temperature. When one considers 
that the hardness has in the meantime risen to 550, the 
smallness of the loss of magnetic intensity is striking. 

The high manganese steel with 0.49 per cent. carbon 
gives similar results, the values of the saturation intensity 
being 92.2 per cent. ae ge from 722 a aa and 
89.2 per cent. quenched from 1000 deg. Cent. With 
0.86 per cent. carbon there is a more ual rise, and the 
loss does not become constant until deg. Cent., when 
the ratio is 84.5 per cent. Quenched from 722 deg. 
Cent. the saturation value of this steel is gen | the 
same as that containing 0.49 per cent. carbon, 1.11 
per cent. manganese, so that in this case 1.11 per cent. 
manganese is equivalent to 0.36 per cent. carbon. The 
most interesting results are, however, obtained with 
the steel with 1.18 per cent. carbon. Thus, a'though the 
hardness reaches a maximum at 840 deg Cent., the 
greatest loss of magnetic intensity is reached at 910 deg. 
Cent., and is further proof that the presence of austenite 
corresponds with an increase in the amount of non- 
magnetic iron. A point of great importance is brought 
to light by considering the hardness and the loss of 
magnetism. Thus the three hard steels quenched from 
840 deg. Cent. give :— 


id strength was measured by a spiral of bismuth wi 
aenioh field, and 


Loss of Magnetic 


Carbon. Hardness. Intensity. 

per cent. deg. Cent. per cent. 
0.69 713 j 6.3 
0.86 706 | 9.4 
1.18 713 17.0 


| 
The hardness is practically constant, while there is a 
wide difference in the amount of non-magnetic iron 
present in the quenched steels. 
R ent Magnetism.—For this measurement the field 
was increased to 3000 by a current of 12 ee, and 
this was reversed four times for each bar, the bars being 





fig 6. REMANENT MAGNETISM. 
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lightly tapped all the time. They were laid aside with- 
out touching one another for twenty-four hours, and were 
then tested by a magnetometer. 

The values have not been reduced, as they have no 
very great accuracy, but are given in centimetres deflec- 
tion on the scale, when the bars were placed 40 cm. from 
the needle and at right angles to it. There is a sur- 
prising difference here in the course of the curves, all the 
pure carbon steels showing 4 maximum at 745 deg. Cent. 





and a minimum at 770 deg. Cent. while remaining con- 
stant between 800 deg. Cent. and 1000 deg. Cent. (Fig. 6). 
The peculiar S shape of the curve may be similar to the 
variation in the remanent magnetism on tempering found 
by Maurer (*), and the change in the permeability under 
low fields examined by the author (°). With high man- 
ganese the maximum and the minimum are displaced 
towards a higher temperature. 

Resonance.—The property of resonance and the dura- 
tion of sound in properly suspended bars when struck has 
been the subject of a careful and minute study 
Robin (°), and the duration of the sound in the author’s 
bars is given as being of general interest. It will be 
seen, Fig. 7, that quenching exercises a profound influ- 
ence on the time taken for the note to become inaudible. 
Thus with 0.69 per cent. carbon the Acl change takes 
place at 727 deg. Cent.; 5 deg. below this the time 
1s 403 seconds, while 5 deg. above it has fallen to 6} 
seconds. This could be used quite accurately to find the 
commencement of the Acl point with no other instru- 
ment than a pyrometer. 


Il. Tue THEory oF QuENCHING. 


To interpret the results which have now been obtained 
it is first to consider the actions which are 
is plunged 


taking place when a bar, heated oar 
into a liquid such as water, and to consider how those 
actions are influenced by the temperature, the mass, and 
the physical properties of the metal. The variations in 
temperature at the centre of a round bar of steel were 
first studied by Le Chatelier (7), who carried out the 
pioneer work on the subject. ter his work was con- 
tinued and amplified by Lejeune (°), who was able to con- 
firm all Sea investigator's results, some of which 
had been called in question by Hedicke (*). The con- 
clusions arrived at were : that the time taken to cool from 
700 deg. Cent. to 100 deg. Cunt., which gave an indication 
of the speed and the efficiency of the quenching, decreased 
with an increase in the temperature of quenching, and 
increased as the mass of the specimen was inc when 
water was used as the quenching liquid. Heating the 
water increased the cooling time from 700 to 100. Thus, 
in one case, when the water was at 20 deg. Cent. the 
cooling time was 6 seconds ; at 50 deg. Cent. it had risen 
to 7.75 seconds, but in boiling water it had risen to 
no less than 16 seconds. Practically all other liquids 
gave a slower quenching than water, and Le Chatelier 
concluded that the property in a liquid which was most 
important in determining its quenching power was the 
— heat. The only other worker to study this pro- 
blem has been Benedicks (!°), who, by means of an auto- 
matic quenching and photographically recording appa- 
ratus, got more accurate measurements for the tempera- 
ture at the centre of small round bars when quenched in 
water. 

His conclusions are similar, in the main, to those of 
Le Chatelier, but he shows that the latent heat is the 
most important consideration for the quenching power of 
a liquid under practical conditions. Benedicks gives a 
large number of cooling curves for steels of different 
compositions, and Fig. 8 is the full line curve drawn 
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from the mean values of two closely concordant results 
(A; and A,,) given in his paper. The specimen was 
6.5 mm. in diameter by 50 mm. long, and was of 
1.00 per cent. carbon steel. A hole 2 mm. in dia- 
meter at the centre acted as a receptacle for a thermo- 
couple of platinum -rhodium wire. After heating uni- 
formly to 850 deg. Uent. it was quenched in water at 
15 deg. Cent., and the curve gives the temperature at the 
centie for each second after immersion. It will be 
noticed that the temperature does not fall for the first 
fraction of a second, and then the rate of fall, starting 
very slowly at first, increases rapidly to a maximum rate, 
then decreases more and more slowly until it reaches the 
temperature of the surrounding water. 
ow, it is obvious that in the case of steel, where 
there is an evolution of heat at 700 deg. Cent. on cooling 
emp 8 the time taken to cool through this tem ture 
will determine to a great extent how much of this evolu- 
tion of heat will be allowed to take place, and how much 
will be suppressed, since for all changes of a similar 
nature a certain amount of time is needed for the trana- 
formation to complete itself. Since quenching merely 
consists of altering the temperature in a rapid manner at 
the moment of transformation, it becomes important to 
study what effect variations in the rapidity with which 
the eo poy falls, have on the properties of the 
quenched metal. 
It is this factor—the cooling velocity—which Le 
Chatelier and Benedicks have tried to gauge by measur- 





ing the time taken to fall from 700 deg. to 100 deg. Cent., 
since it was assumed that any tempering effect on the 
quenched steel could be neglected at the lower tempera- 
ture. From Fig. 8 the real cooling velocity, given by the 
tangent at any point on the curve, is by no means con- 
stant over such a large range; the more accurate figure is 
the cooling velocity at the temperature of the Ar1 point, 
which is in the neighbourhood of 700 deg. Cent. This 
could be ae pomens f determined for all the varying 
conditions of quenching, but it would be a task of some 
difficulty. On certain assumptions, however, the cooling 
curves can be calculated, and by comparing the calcu- 
lated curve with the actual curve under some known con- 
ditions, it can be determined how far the assumptions 
are justified, and if they are sufficiently near the experi- 
mental results to serve as a guide in the consideration of 
the problems connected with quenching. 

The assumptions to made are that the bar is very 
long compared with its diameter (though this is not 
strictly necessary), that the sprcifiv heat, the density, 
and the heat conductivity of the metal are independent 
of the temperature, and that the bar, after heating to a 
uniform temperature, is immersed in a quantity of fluid, 
sufficient to prevent the temperature of the fluid my 4 
ciavly altering by the heat imparted to it by the i 
Under those conditions, the temperature at the centre of 
the bar is given by the equation :— 
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four terms being sufficient. 
The symbols are as follow :— 


6 = temperature at any instant. 
T = quenching temperature. 

¢ = time. 

w = temperature of the water. 


and . 
B rsd 
where 
heat conductivity. 
density. 
specific heat. 
d= Geenster of the bar. 

The dotted curve in Fig. 8 gives the curve calculated 
for T = 850 deg. Cent., 8 = 0.300, and it will be seen 
how remarkably closely the calculated curve agrees with 
the experimental one obtained by Benedicks. 

The theoretical begins to fall away at about 550 deg. 
Cent. from the experimental curve, but in the neighbour- 
hood of the transformation point at 700 deg. Cent. the 
accuracy of the assumptions is sufficient to enable us to 
say that calculations based on them will represent with 
correctness the changes taking place at this temperature 
in a bar during quenching. 

The perfectly theoretical conditions for quenching are, 
that a specimen heated uniformly has its surface sud- 
denly cooled to a lower tem ure, and kept at that 
lower temperature without alteration until it has once 
more attained uniformity, but at the lower temperature. 
The temperature of the bar c then, in a manner 
depending on its thermal properties and dimensions, and 
the rate of change thus obtained cannot be exceeded by 
any means between similar temperature limits. Practical 
quenching depends on how far these conditions are satis- 
fied, which really resolves into the simple question, how 
constant can the surface of the specimen be kept at the 
lower temperature after immersion in the liquid, and 
what properties must the liquid possess to fulfil this pur- 
pose best ? Many observations have convinced the author 
that the suggestion of Benedicks, that vaporisation plays 
the most important part in the quenching power of a 
liquid ,is right, and that it is on this account that water, 
with its high latent heat of vaporisation, stands as the 
best quenching liquid known 

On immersing a uniformly heated bar in water at 0 deg. 
Cent., the first thin layers of water in contact with the 
surface of the bar are rapidly heated to their boiling 
point and stexm is formed, which, expanding outwards, 
causes a fresh layer to come in contact with the surface, 
the process being repeated. The surface of the bar alter- 
nates then between 0 deg. Cent. and 100 deg. Cent., 
while the steam acts as a carrier of heat to the body of 
the liquid. This goes on until the supply of heat is 
insufficient to form steam, when the tranelerence of heat 
and the cooling of the bar take piece by convection only. 
At this stage of the process a high conductivity in the 
liquid, is a positive disadvantage, since it retards convec- 
tion. A low viscosity is wanted to enable the steam to 
travel outwards with as little resistance as possible, while 
a high specific heat ensures that the temperature c es 
of the liquid are small. 

An interesting confirmation of the above views occurs 
in the curve calculated to fit the experimental curve in 
Fig. 8, since it was found that the i} agreement was 
obtained when the surface of the bar was assumed to be 
at 100 deg. Cent., the boiling point of water.” 

Anyone who has quenched steel will have noticed that 
the best quenchings always have a peculiar “bite ;” 


ee 
nue 


* When a heated bar is allowed to cool in air there is 
a sudden drop in temperature between the surface of the 
and the surface of the air immediately in contact 
with it, and it is probable that a similar difference exists 
at the surface of separation of a bar and a liquid 
in contact with it, This would entail that, although the 
surface skin of the water was at 100 deg. Cenbd., the 
surface of the bar might be somewhat higher, 
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there is a dull s sound as the large bubbles of vapo 





rs 


lly. In the curves already given for the steel 





are absorbed in the surrounding water and collapse, 
large bubbles being formed by the rapidity of the heat 
transference when the surface is clean; while scale on 
the surface, or too high a temperature of the quenching 
bath, gives smaller bubbles and high hissing sounds, 
which mean slower quenching and very often cracks. 
Accepting these views as being sufficiently accurate at 
present to guide us in elucidating the mechanism of 
quenching, the variations caused by altering conditions 
can be considered. For the purposes of calculation, a 
standard bar has been chosen—namely, a bar heated 
uniformly to 850 deg. Cent. and immersed in water at 
zero temperature with the coefficient 8 = 0.300. . 
Variation with Distance from the Centre.—Fig. 9 gives 
the cooling velocity in degrees per second plotted against 
the time after the commencement of quenching, curve 1 
being at the centre of the bar, and it will be noticed how 
it rises rapidly toa maximum, and then as rapidly falls, 
only reaching zero velocity (and therefore uniformity of 
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temperature) after & very long time. Ata quarter of the 
radius from the centre tke rise is still more rapid, and 
the maximum is higher, and as the surface is ap 

the results change in the same direction by the attain- 
ment of a higher maximum with less time to reach it. 
At the centre the maximum velocity occurs about 1 second 
after the commencement of quenching, at a } radius it 
occurs at 0.7 second, at 4 radius it is 0.35 second, while 
at ? radius only 7, second passes before the velocity has 
its highest value. There are thus wide differences at 
any instant in the same bar; but in actual practice, 
though the variations will take place in the same sense 
as has been shown, the practical limitations will lessen 
these differences and tend towards a greater uniformity. 
Hereafter when cooling velocity is mentioned, it will 
refer to the value obtained at the centre of a round bar, 
unless otherwise stated. 

Variation with the Tem re of Quenching.—This 
lends itself readily to calculation, and a very simple 
relation can be shown to hold between the cooling velocity 
ata given temperature X and the temperature of quench- 
ing T. Ib is that the line weet a X iis constant 


when T is constant. 

A single curve like Fig. 10 gives all the values for the 
cooling velocity ata given bar at all temperatures. If 
the change-point takes place at 700 deg. Cent. on 
increasing the temperature, there is a rapid increase 































































in the cooling velocity at 700 deg. Cent., but the rise 
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gets slower and slower—the difference in quenching from 
x= 1.5 (1050 deg. Cent). and 5 = 2 (1400 deg. Cent.) 


only amounts to4 percent. This is an important result, | be 


and explains why it is that austenite cannot be expected 
in a low-carbon steel quenched from a high temperature, 
since little extra quenching effect is obtained by going 
above 1000 deg. Cent., and if 1000 deg. Cent. is too low 
to uce it, 1400 deg. Cent. is no better. Similarly, in 
a hypereutectoid steel the highest e-point is the 
cementite point ; and to keep the cementite in solution, 


the temperature at which it occurs must be exceeded | th 





prop 
containing 1.18 per cent. carbon, this effect will be noticed. 

Variation with Thickness.—A relation between the 
cooling ae and the dimensions of the specimen has 
been attem by both Le Chatelier and Benedicks, and 
the former shown that the ratio of mass/surface gives 
an approximate straight line plotted against the time 
taken to cool from 700 deg. to 100 deg. Cent. Benedicks’ 
results give a better apenas, however, when the mass 
of the specimen is en instead of the ratio of mass to 
surface, and he maintains that there is theoretical justi- 
fication for this relation. 

Referring to the equation previously given, if the 
temperature of quenching is kept constant, and the cool- 
ing velocities at any fixed temperature are compared, 
their value will be proportional to 8—that is, to —_ 


or simply + since all the other terms are supposed con- 


stant. No matter how wide the temperature interval, 
the above theory still shows that the time taken to fall 
from one fixed temperature to another should be propor- 
tional to d? for round bars when the length is large com- 
pared with the diameter. At the same time it will be 
remembered that the theoretical conditions are by no 
means true when the temperature falls to low values, 
and so, for the lower limit of 100 deg. Cent. chosen by the 
above investigators, the difficulties of measuring the time 
exactly and the conditions no longer holding, would 
account for such a simple relation not being obvious. 

To find how the properties were dependent on the 
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cooling velocity, slices of different thicknesses were cut 
from a bar { in. in diameter, the steel containing 0.85 
per cent. carbon. These were then quenched from 
790 deg. Cent. in water under the same conditions. Fine 
wire was wrapped round the edges, leaving the parallel 
faces free, so as to retard the cooling as much as possible 
from the circumference, two layers being put on all the 
specimens greater than ,*; in. thick. It was in this manner 
sought to avoid any heat transference except from the 
parallel faces, so that the theoretical conditions of having 
the thickness small in comparison to the area could be 
approximately realised. After quenching, the pieces 
were polished all round with fine emery paper, and their 
density determined by weighing in paraffin oil, having 
been previously exhausted under an air-pump until no 
more air-bubbles were seen to rise. The specimen, § in. 
thick, was badly cracked, and it was found that even after 





all in solution, and between that value and a cooling suffi- 
ciently slow to = it = a out abs —_ = 
percentage in solution is directly proportional to cool- 
ing velocity. Once this po Boe. velocity has been 
attained, no further increase produces any change, and 
this gives directly a rational explanation why it is that 
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no diffe: enve exists between the properties of the centre 
and the outside skin of a round bar which has been pro- 
rly quenched at the centre. If the diameter, however, 
as been so large that the cooling velocity at the centre 
has not reached the minimum, then, of course, a difference 
in hardness will be at once apparent, since the velocity 
at the surface and for some distance below will have 
been sufficiently great to exceed it. Even although the 
velocity at the surface has not been sufficiently great, 
there will still be a difference caused by its variation over 
the cross-section ; for instance, Fig. 12 shows the hardness 
over two diameters, at right angles, of a long bar which 
was specially quenched in oil to test this point. The 
bar was 17 cm. in diameter and 210 cm. long, and it was 
quenched horizontally in oil from 790 deg. Cent. The 
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an hour air-bubbles were not completely eliminated— its 
density is therefore of doubtful value. 
The results shown in Fig. 11 give the specific volume 


plotted — thickness, and the specific volume plotted 
against 1/d?. 


From yy in. to } in. the specific volume is constant, but 
with § in. 1t begins to fall, and approaches nearer and nearer 
to the value of the annealed steel, with increasing thick- 
ness. With the specific volume and 1/d?, the figures can 
resolved into two straight lines—a straight line from 
1/d? = 0 (which is equivalent to quencking a bar infi- 
nitely large or annealing a small one) to 1/d? = 7.2, and 
above this a straight line which is horizyntal with the 
specific volume constant. The specific volume for a given 
steel, as has been previously shown, is proportional to the 
amount of carbon in solution, so that this very important 
result follows that, as far as the carbon is concerned, 
ere is a minimum velocity of cooling which will keep it 
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slice on which the hardness was measured was taken 
60 cm. from one end, and the curve shows at once that 
there is a considerable variation in hardness, though it is 
helped to some extent by a variation in carbon of 0.32 at 
the centre to 0.34 at the extreme outside. 

Variations in the Temperature of the Water.—For 
small temperature differences in the water there should 
be no appreciable change, since quenching from 850 deg. 
Cent. in water at 0 deg. Cent. is theoretically equivalent to 
quenching from 860 de . Cent. in water at 10 deg. Cent. 
But since.the ability of a liquid to keep the surface of the 
specimen at a low temperature depends on the latent 
heat and the boiling-point, it is of great interest to find 
bow the quenching power varies as the boiling-point is 
approached. For this pur , pieces of the steel with 


0.86 per cent. carbon, 1 in. by 1 in. by }in., were quenched 
from a constent temperature of 790 deg. Cent. in water 
‘at different temperatures, and they were afterwards 
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lished and their hardness measured. No difference in 
Codaess is occasioned when the tem: ture of the water 
is kept between 0 deg. and 20 deg. Cent., and as a rule 
the specimens etched with acid gave a uniform colouring, 
but above 20 deg. Cent. very variable results are always 
obtained, <° =" a not only castes, i different 
specimens, but in the same specimen. No apparent 
ay guided the variations until, when the water reached 
60 deg. Cent.,the hardness was uniformly low, and practi- 
cally no quenching effect was obtained. At this tempera- 
ture it was noticed that the time of quenching began to 
be appreciably lengthened, and that instead of the steam 
formed when the specimen was introduced being absorbed 
by the rest of the water, it escaped in clouds into the 
atmosphere. . 

All the values of hardness obtained from these tests are 

lotted down in Fig. 13, and it will be seen that they lie 
in the shaded part between two limiting curves. 
sudden drop in the hardness when the water rises from 
55 deg. to 60 deg. Cent. is very noticeable. When the 
temperature of the water is rising the values of the hard- 
ness tend to lie on the upper limit of the area, while if 
the water is cooling from a higher temperature they seem 
to lie among the lower values. 

It is important that the steam formed in quenching be 
absorbed by the a quickly, otherwise a 
shielding effect occurs whic vents & proper quench- 
ing; and it is, in the author's opinion, this shielding 
effect which is the cause of the unstable quenching area 
with pure water between 20 deg. and 60 deg, Cent. Two 
salt solutions were also tested in the same manner, con- 
taining 15 per cent. of calcium chloride and 15 per cent. 
of sodium chloride respectively, and the curves are given 
in Fig. 14. In both of these a sudden drop in the hard- 
ness occurs as in pure water, but at a higher tem ture, 
and a much greater uniformity is obtained in the hard- 
ness of the specimens. The squares quenehed in sodium 
chloride were not so carefully polished as those in the 
calcium chloride, so that the impressions made by the 
Brinell ball could not be measu so accurately, but it 
is probable that the gradual drop in hardness between 
30 deg. and 60 deg. Cent. occurs in both. The advantage, 
then, of using salt solution asa quenching bath is not 
that it quenches quicker, but that its quenching power is 
not so much affected by variations in temperature, and 
consequently it gives greater uniformity. The almost 
universal use of brine among steel-hardeners is but another 
confirmation of the fact that workshop observations can 
generally be relied on; it is the workshop explanations 
which are apt to be unhappy. 

Hard and Soft Zones Formed in Quenching.—A peculiar 
appearance was noticed which can be fittingly dealt with 
here. Two pieces of j-in. bar of 0.86 per cent. carbon 
steel were cut, 1} in. long, and their faces were finished 
quite flat. Between them another piece of the same steel, 
} in. thick, with parallel faces, was placed, the whole bei 
pressed together and bound with a piece of wire to hol 
them in position, and afterwards quencbed from a salt-bath 
furnace at 830 “> Cent. in water at 15 deg. Cent. On 
separating them the }-in. piece—which by this means 
only been cooled from the circumference—was poli 
and etched. As expected, the centre of the piece etched 
rapidly, but around this were alternate zones of bright 
and dark etching steel in a beautifully regular manner. 
On repeating, always the same appearance was obtained, 
in one case no fewer than seven zones being formed. 
Fig. 15 shows some of these zones. In some cases 
a light zone, and in others a dark zone, formed the 
outer surface, while very often the zones were not con- 
centric with the surface, so that the same zone which 
formed the outer surface at one edge had another zone 
between it and the surface at the opposite side. 

The only condition to obtain this seems to be to have 
a large sp2cimen which does not quench through to the 
centre. Undera high power it was expected that the rapid 
etching part would show troostite, but it was found that 
cal the central area and one or two of the zones next it 
had the typical amorphous structure of troostite—all the 
other had the typical martensitic structure with the 
interlacing needles very broad and dark. A _ typical 
microphotograph is given in Fig. 16. It is similar to the 
structure of a steel quenched and then reheated to about 
300 deg. Cent. 

The explanation seems to be this. With a large speci- 
men heat is transmitted through the surface so fast that 
the steam formed cannot be absorbed by the surrounding 
water sufficiently quickly, and a sbeath of steam is 
formed round the spscimen. This at onc3 stops quench- 
ing, and allows the surface to in some of the heat 
from the interior which tempers it if it has been quenched 
oe fast before. he supply of steam being 
stopped, however, allows of the water absorbing the 
remainder, and the quenching conditions are once more 
established, so that the process repeats itself, until the 
temperature falls too low. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 

, We give below a few a? of atten \ yo ae 
projects, en from the 0, 

Trade. Journal, Farther information on these projects 

can be obtained from the Commercial Intelligence Branch, 

Board of Trade, 73, Basinghall-street, ion, E.0. 

New Zealand: The ratepayers of Palmerston have 
sanctioned the raising of a loan of 100,000/., of which 
65,0002. is to be spent on purchasing the existing gas 
works, and 30,000/. on their extension. The Wellington 
Harbour Board has pple TF y= pane Fy ag 
should be = for the construction of a wharf ft. 
long and 120 ft. wide, to the east of the Taranaki-street 
Wharf. The cost of such a wharf, together with a shed 
400 ft. by 60 ft., would be about 70,000/., exclusive of 
apparatus. The wharf would allow of the berth- 
ing of two large steamers at the same time. A meeting 
of farmers was recently held at Feilding to consider the 
advisability of erecting freezing works in that district, 
and resolutions were unanimously passed in favour of the 
establishment of such works. Steps were at once taken 
for the formation of a company with a nominal capital of 
150,000/., and works will be seb up at Aorangi at a total 
cost of 68,0001. They will be capable of dealing with 
2000 sheep a day. 

South Africa: H.M. Trade Commissioner for South 
Africa has forwarded a copy of the estimates of the 
expenditure from loan fands to be defrayed by the Union 
of South Africa during the year ending March 31, 1915, 
amongst which the following items may be mentioned : 
—Public Works Department—re-modelling and providing 
additional accommodation at lunatic asylums, 83,636/.; 
additional accommodation at leper asylums, 12,000/.; 
improvements to vaccine and refrigerating plant at 
Rosebank, 1179/.; ornamental fencing and tes at 
Bloemfontein National Museum, 650/.; kitchen and 
steam cooking-apparatus for Durban Gaol, 1500/.; science 
section and drainage for Cedara Agricultural School, 
10,000/.; buildings and gas plants for Grootfontein and 
Potchefstroom icultural Schools, 12,000/.; bridges, 
14,5007. Telegraphs and Telephones Department—con- 
stru tion and extension of eam 277,000/., including 
20007. for a high-power wireless telegraph station, this 
20007. being, apparently, the first expenditure of an 
estimated total cost of 90,000/. Director of Irrigation— 
sundry irrigation works and extensions, 67,500/.; water- 
boring on Crown lands, 48,000/. Secretary for Agricul- 
ture—compulsory fencing and fencing of native locations, 


Leeward Islands (Dominica) : In a recent report to his 
Government, the Canadian Special Commissioner in the 
West Indies states that an extensive scheme of road con- 
struction is likely to be undertaken soon in Dominica. The 
island at present has not a single good road, and many 
districts are entirely without transportation facilities. 
Owing to the extensive cultivation of limes and the hi 
prices obtained for them, the owners of some of the 
large estates are becoming wealthy, and even the peasant 
proprietors are very prosperous, but many of the estates 
are very badly in need of roads to carry their products to 
market. At present all road work is done by hand, whereas 
even for the improvement and maintenance of roads 
already established it would be economical to use road- 
making machinery. As an illustration of the need of roads 
in some parts of the island, it is stated that in one district 
where at least 60,000/. have been expended during the last 
12 years in the development of lime estates, most of which 
are just coming into bearing, the cost of transporting fruit 
and lime juice is so high that it may be necessary to 
allow limes to rot on the ground, although at present 
prices they would make fortunes for the estate owners if 
they could be got to market. It is stated that in this 
district the cost of carrying a cask of lime juice to Roseau, 
the chipping point, is from 193. to 2ls. Manufacturers 
of road machinery who think of supplying the require- 
ments of Dominica should note that it is a land of hills 
and valleys, that most of the hillsides are fertile and 
suitable for cultivation or for growing limes, cocoa, coffee, 
and oranges at quite high elevations, and that it will 
consequently he necessary to construct roads ou hillsides 
as well as in the valleys. The general opinion seems to 
be that the roads should have easy grades, and be suit- 
able for motor-cars. At present most of the roads are 
only bridle-paths, and not very good, although they are 
used by horses, mules, and donkeys. 

Egypt : In his report on the Finances, Administration, 
and Condition of Egypt in 1913 (Cd. 7358), H.M. Agent 
and Consul-General states that the following sums have 
been granted for expenditure on railway works in 1914 : 
—New railway lines and bridges, £E 200,000; track lay- 
ing and ballasting, £E.44,000 ; improve-nents to stations, 
approaches, and signalling systems, £K.79,000 ; quarters 
for staff, £E.19,000 ; improvements to auxiliary railways, 
£E.32,000 ; and rolling-stock, £E.39,000. 

Russia: H.M. Consul at Batoum reports a Press 
announcement to theeffect that the Vladikavkaz Railway 
Company bas under consideration an extensive scheme 
for the haking up of the Ekaterininsky and Vladikavkaz 
Railway systems, and also for carrying out new improve- 
ment works at Novorossisk. A sum of 22,500,000 roubles 
is required for the undertakings, of which 2,000,000 
roubles are to be spent on connecting the two lines, and 
1,500,000 roubles on railway improvement works at Novo- 

isk ; the remainder of the sum is to be employed in 
constructing a water-conduit to Novorossisk and in har- 
bour improvement works at that port. [Rouble = 2s. 14d. ] 

Russia (Poland): H.M. Consul at Warsaw reports 
that, according to the local Press, it is proposed to con- 
struct a new central station at Warsaw, on the ground of 
the Warsaw-Vienna Railway. The Warsaw-Petersbu 
Railway Station will be demolished, the Warsaw-Kowe! 





Station will be moved elsewhere, and the Warsaw- Brest 
Station will be reserved for goods. In order to connect 
the lines from St. Petersburg and Brest with this new 
station, a new li ill be constructed from the t 
Brest Station, traversing the Saxony Peninsu 
crossing the Vistula by a new bridge, proceeding thence 
by a tunnel to the tral Station. This project bas 
been approved by the Central Railway Council, and the 
details are to be worked out by a special committee in 
connection with the municipal authorities. The cost of 
the scheme, which is expected to be completed within 
fii.e years, is estimated at 21,000,000 roubles (about 
2,217,0000. ). 

Italy : The Gazzetta Ufficiale, Rome, contains a notice 
inviting tenders for the construction of a mole at Punta 
8. Antonio, in Gaeta, the upset price of which is put at 
650,000 lire (about 26,000/.). Tenders will be received up 
till June 6 by the Direzione Generale del R. Arsenale del 
Dipartimento Marittimo, Napies. The Gazzetta also 
announces that tenders will be received at the Ufficio 
ae di Tricesimo (Provincia di Udine) up till 
June for the construction of the Cornappo water 
main, for the Communes of Tricesimo, , and 

. The total upset oy is put ad 526,093 lire 
(about 21,000/.). Although the foregoing contracts will 
doubtless be awarded to Italian firms, nevertheless the 
carrying out of the works may involve the purchase of 
some materials outside py 4 

Greece: H.M. Consul for the Pireus reports that 
tenders are invited by the Harbour Board at the Pirus 
for the supply of a dredger and a —1 Sealed tenders 
will be received by the Harbour , Pirzeus, Greece, 
= noon on July 1 to 14. A deposit of 5000 drachme 
(about 200/.) is required to qualify any tender. 

Turkey-in-Asia : Nothing further has transpired as to 
the building of a port at Trebizond, for which surveys 
were carried out in 1912 by a British firm. The delay is 
probably due to the fact that the negotiations as to the 
construction of the various railways projected have been 
prolonged. Although a line from Trebizond to Erze- 
roum has been mentioned as forming part of the scheme, 
it seems doubtful whether, in view of the heavy cost, it 
will be built in the near future. On the other d, the 
chances of a railway being built from Samsoun seem 
more favourable, in which case Trebizond will probably 
lose some of its trade with the interior, which would be 
diverted to the new route. Some progress was made 
during the year by the French en | engaged in 
repairing the Trebizond- Erzeroum road, It is not 
known when the work will be finished, but it is believed 
that there will be some apse in 1914. The 
road has been completed and handed over to the 
authorities as far as Jevizlik (about 18 miles), and another 
stretch from there on to Hamsikeui is nearly finished. 
The existing road over the Kop Paes has been temporarily 
repaired until such time as the new road, which is to pass 
ata lower altitude and will be freer from snow, can be 
made. When the work is completed the total distance 
from Trebizond to Erzeroum will be lessened by some 
9 miles. Some work was carried out by the same 
company on the Kerasund- Kara Hissar road, while during 
1914 operations will be begun on the first section, 31 miles 
in length of the Rizeh-Ispir-Erzeroum road. The Turkish 
authorities also carried out some road works indepen- 
dently of the French company. A beginning has been 
made with the stretch of road from the centre of the 
town of Trebizond to the as of the Erzeroum 
road at Deirmen Dereh, which has hitherto at times 
been almost impassable; the repair of the Platana road 
was begun and should be finished by the middle of 1914, 
and a good road bas been made to Souyouk Sou, the local 
summer resort. Other roads have been begun, under a 
— by which the population supplies the labour, and 
the authorities the tools and technica! assistance, between 
Kerasund and Pir Aziz and between Ordou and Abdal, 
while the continuation of the road to Surmeneh, which 
has hitherto stopped short at Yomura, 10 miles from 
Trebizond, has teen begun. Ultimately it is intended 
to build a continuous road parallel with the cea to link 
up the various small coast towns. 

Colombia : The Diario Oficial, Bogen, contains & copy 
of a contract concluded between the Ministerio de Obras 
Publicas and Sefior Joaquin de Mier, whereby the latter 
is authorised to construct and work, for a period of fifty 
years, a railway line from a suitable point in the district 
of Riohacha or on the coast of La Goajira to the district 
of Barrancas, in the province of Padilla. @ conces- 
sionaire is to begin work on the construction of the line 
within a period of 24 months following the date of 
approval of the The rolling-stock is to be of the 
best quality, and will consist of at least two locomotives 
for every 25 miles of line, two first-cla+s, two second- 
class, three third-class passenger coaches, and sufficient 
goods trucks to deal with the traffic on the line. The 
concessionaire is also authori to construct at some 
suitable spot on the coast a mole up to 12 metres (about 
13 yards) in width, a jetty or some other medium to 
facilitate the loading and re of vessels with high 
sides, and also the necessary workshops and offices. 


and 





German CoaL-Mininc.—The production of coal in the 
Zollverein in the first five months of this year was 
63,144,078 tons, as a with 63,379,455 tons in the 
corresponding period of 1913; of ligniter, 29,802,652 tons, 
as compared with 28,176,021 tons; of coke, 10,667,774 
tons, as compared with 10,660,315 tons ; of coal briquetter, 
2,054,020 tons, as compared with 1,937,511 tons; and of 
briquettes from Jignites, 7,474,060 tons, as compared with 
6, 452 tons. In the coal production of the Zollverein 
to April 30, the Breslau district red for 17,720,924 
tons, the Dortmund district for 35,840,172 tons, and the 
Bonn district for 6,455,579 tons, 
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PROCESS FOR PRESERVING IRON AND 
STEEL FROM CORROSION. 

Tue coating of iron with zinc by hot galvanising— 
that is, dipping the iron in molten zinc in combination 
with suitable fluxes ; or cold galvanising—viz., coat- 
ing the iron or steel surface by electro-zincing—are the 
preservative processes that are most largely used by 
engineers. The reason that zinc, as a protective 
coating for iron and steel, has held its own for so long 
is that it is electro-positive to the underlying iron or 
steel, or, in other words, in the presence of moisture 
the iron and zinc form a galvanic couple, and as long as 
there is any zinc left in contact with the iron within a 
given area the zinc corrodes in preference to the iron, 
thus protecting it. 

It is a well-known fact that the purer the iron is 
the less liable it is to pitting and corrosion, chemically 

ure iron being practically rustless. A new process, 
just brought out, termed ‘‘ferro-zincing” or ‘ iron- 
ising,” turns these facts to account by coating the steel 
surface with almost pure iron, the only impurity 
of any significance being hydrogen. The addition of 
hydrogen is an advantage, for the reason that it makes 
the iron slightly more electro-positive to the under- 
lying steel than it would otherwise be, so that it forms 
a better protective coating. 

Another advantage of the coating of electrolytic 
iron is that the coating is homogeneous, and is not 
under unequal strain caused by mechanical operations 
such as drawing or hammering, and has not been sub- 
jected to any heat or mechanical treatment which of 
necessity causes impurities to be absorbed by the 
metal so treated. 

Fig. 1 is a photomicrograph of an ordinary steel 
surface, such, for instance, as mild -steel plate. 
Fig. 2 is a photomicrograph of an electrolytic iron 
surface which clearly shows the homogeneity of the 
latter as compared with the former. Fig. 3 shows 
an electrolytic iron-coated surface plated with zinc 
deposited electrolytically 

tis found in practice that it is advantageous to 
coat the electrolytic iron surface with zinc, as a zinc 
coating with an intermediate layer of pure iron hy- 
drogen alloy gives a greatly increased life to an ordi- 
nary steel tybe or plate for the reasons already given. 

The inventor of the process—Mr. Sherard Cowper- 
Coles, of 1 and 2, Old Page-street, Westminster, has 
granted a licence to the British Mannesmann Tube 
Company for the protection of boiler tubes ; and is 
applying the process to a number of other purposes. 





CATALOGUES. 

Valves, Injéttors, Lubricators, &c.—A very useful cata- 
logue of stop-Valves, check-valves, safety-valves, whistles, 
injectors, drain-cocks, lubricators, and other fittings has 
been issued by the Lunken Company, Limited, 35, Great 
Dover-street, S.E. The catalogue is very fully illustrated, 
and prices are stated in all cases. 


Fire-Bars for Steam-Wagons.—A circular relati to 
Davis fire-bars for steam motor wagons has reached us from 
Fire Bars, Limited, 37, Norfolk-street, Strand, W.C. It 
is claimed that these bars give more efficient combustion, 
allow cheaper fuels to be employed, and are exceedingly 
durable. They can be supplied for any size of grate, 
and can be fitted without necessitating any structural 
alterations. 

Testing-Machines.—A new edition of their catalogue of 
testing-machines has recently been issued by Messrs. 
8. Denison and Son, Limited, of Hunslet Foundry, 
Leeds. The catalogue is not intended to give a complete 
list of the firm’s productions, but rather to show the class 
of work they undertake. The examples illustrated range 
from small d testing-machines of the spring-balance 
type, for cloth, leather, wire, &c., to large horizontal 
hydraulic machines, with capacities of 200 tons, for test- 
ing wire ropes and chains. Between these limits we 
noticed examples of cement- testing machines, trans- 
verse testing-machines for cast-iron bars, ball hardness- 
testers, wire-testing maciines for hand or hydraulic 
power, torsion-testing machines, vertical testing-machines 
of the screw and hydraulic types for bar specimens, 
spring-testers, and compression-testers for rubber blocks, 

. Prices are mentioned for some of the smaller 
standard machines. 


Roller-Bearings.—The Hoffmann Manufacturing Com- 
pany, Limited, of Chelmsford, Essex, have sent us a cir- 
cular relating to a new line of short-roller journal- 
bearings they are now listing for the first time, 
although the bearings have been under trial for several 
years. They are intended for asé where conditions are 
severe, and where it would be difficult to fit a suffi- 
ciently large ball-bearing, as, for equal loads, the new 
roller-bearings are considerably smaller than ball-bearings. 
They can be runat practically any speed, and are in regu- 
lar use on spindles of wood-working machines ranning at 


8000 tc 9000 revolutions per minute. We are also in- |] 


formed that they do not uce the end thrust referred 
to in Professor Goodman’s paper read before the Institu- 
tion of Civil Engineers (see ENGINrERING, vol. xciii., 
page 334). They are not suitable for taking any end- 
thrust, or even for locating the axial position of the 
shaft; double ball-thrust beari are, however, avail- 
able for use where the thrust is t, or, when end 
location only is required, in t t-collars would 
be sufficient, In the new ngs, the rollers, the 
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length of which is equal to the diameter, run in 
a groove formed in the inner race. The rollers 
fit accurately into the groove, and their axes are 
thus kept truly parallel ; they are separated by a gun- 
metal retaining cage. The outer race is a plain ring, 
so that the rollers can take up their correct position on 
any part of its inner surface. The circular states prices 
for, and a dimensions of, medium bearings for §-in. 
to 6-in. shafts, and for light bearings for 1-in. to 64-in. 
shafts. Both types are also listed in metric dimensions. 
Reinforced-Concrete Construction.—From the Trussed 
Concrete Steel Company, Limited, of Caxton House, 
Westminster, 8.W., we have received an album of illus- 
trations of reinforced-concrete structures built on the 
Kahn system. This well-known system has been illus- 
trated and described in ENGINEERING on several occasions, 
so that it needs no further explanation here. The album 
devotes a few pages to the general subject of reinforced 


concrete, referring particularly to the advantages of the | [,o 


Kahn system of construction. The remainder of the book, 
which is bound on the loose-leaf system, consists entire) 
of reproductions of photographs of structures, of whi 
over 10,000 have been erected in different parts of the 
world. The illustrations include factory and office build- 
ings, warehouses, hotels, public buildings, race-stands, 
domes, roofs, floors, grain-silos, coal-bunkers, tanks, 
water-towers, bridges, viaducts, piers, quays, culverts, 
retaining-walls, dams, &c. Most of the structures illus- 
trated are in this country, where we understand that 
320 structures were built during the past year. The 
album is well printed, and the illustrations are excellent, 
so that it makes a most interesting and attractive publi- 
cation. 


Electrical Recording Instrwments.—An interesting and 
useful catalogue of electrical ——— instruments has 
come to hand from Messrs. Siemens Brothers and Co., 
Limited, of Woolwich, S.E. Ink recorders are first 
dealt with. They are made in three patterns, for con- 
tinuous-roll charts of 2}-in. and 4?-in. useful width, and 
for cylindrical-drum charts of the larger size only. With 
these instruments, the curve drawn has rectilinear co- 
ordinates, and the method adopted to obtain this result 
is briefly as follows :—The pen-arm, which is fitted at its 
upper end with a roller running between vertical guides, 
is connected to the moving coil by means of a light lever. 
This lever is pivoted to the pen-arm at a point roughly 
half way between the ends of the latter, and this point, of 
course, traces out an arc of a circle when the moving coil 
turns. Asit does so, the upper end of the pen-arm moves 
vertically between the guides, so that the pen, which is at 
the lower end of the arm, moves in a practically horizontal 
straight line. All parts of this mechanism are, of course, 
made as light as,:possible, and all pivots are jewelled to 
reduce friction. ese instruments are made in the form 
of a tersand voltmeters for direct and alternating cur- 
rents, and also as wattmeters, frequency recorders, power- 
factor recorders, and tachometers. The catalogue deals with 
a special form of planimeter for averaging up the records, 
and also explains a method by means of which any num- 
ber of charts may be fed simultaneously by an electric 
master-clock. Another section of the catalogue deals 
with quick-acting recorders for rapidly fluctuating quan- 
tities, including in this section spark-recorders and 
oscillographs. The latter are of the Siemens-Blondel 
type, and their construction and uses are familiar to most 
engineers. We may, perhaps, explain that the —_ 
recorders are suitable for recording quantities which do 
not undergo very heavy fluctuations in the course of, 
say, one second. They are especially useful for speed 
and energy-consumption curves of traction motors, roll- 
ing-mill motors, and other machines with very variable 
oads. In these instruments the moving system can 
made with a very small moment of inertia, so that it can 
follow rapid fluctuations without requiring excessive 
torque. The record is formed by a series of sparks from 
an induction coil which mark the paper chart in separate 
dots, or in a continuous line, according as the movement 
is rapid or slow; pen-friction is thus completely elimi- 
nated. It is, of course, necessary to use a high paper 
speed for such records, and the speed adop in the 
standard instruments is 120 millimetres per minute ; 
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higher speeds can, however, be arranged for if necessary, 
the paper then being driven by an electric motor instead 
of the usual clockwork mechanism. Spark-recorders are 
made in the form of voltmeters, ammeters, and watt- 
meters. The catalogue gives full particulars, including 
prices and dimensioned sketches, of all the instruments 
and accessories dealt with. It is fully illustrated, and 
the reading matter is clear and concise. 


Réntgen-Ray Tubes and Accessories.—The catalogue of 
Réatgen -ray tubes and accessories recently issued by 
Mr. ©. H. F. Muller, of 47, Red Lion-street, High 
Holborn, W.C., is certainly the most complete and useful 
publication of its kind we have seen. he firm, we 
understand, has m engaged in the manufacture of 
these appliances since Professor Réntgen’s discovery in 
1895, and now has factories in London, Hamburg, 
Berlin, and Paris, engaged in this work only. Over 50 
different patterns are made, and all those listed are of 
mdon manufacture. The first part of the catalogue is 
taken up with useful notes on the construction, selection, 
and use of tubes. The advantages of water-cooling are 
fully dealt with, and the firm’s system of construction, in 
which the water is in actual contact with the back of the 
latinum target, is fully explained. In some models 
roken ice can be used instead of water, so that the tube 
can be used for a longer period before the water boils. 
Air-cooling is also used for some tubes, the cathode, as 
well as the anti-cathode, being in this case cooled by a 
current of air — by a small electrically-driven 
—. Nearly all the firm’s tubes are fitted with means 
or regulating the vacuum, the standard regulator being 
the well-known mica disc contained in a small auxiliary 
tube in connection with the main tube; the passage of 
part of the discharge through the auxiliary tube for a few 
seconds liberates sufficient gas from the mica to reduce the 
vacuum. In larger tubes, the auxiliary tube is fitted with 
a carbon electrode as well as a mica disc, and as both 
materials yield gas when a discharge is passed through 
them, one can be used when the other has been exhausted. 
These regulators are considered to be the most generally 
satisfactory ones, but, if desired, osmosis regulators or 
Bauer air-valves can be fitted to any of the firm’s tubes. 
The osmosis regulators consist of small tubes of palladium 
or platinum, closed at their outer ends, and having their 
other ends sealed into the glass of the Réntgen tubes. 
They depend for their action on the interesting property 
of these metals, when heated, of allowing hydrogen to 
pass through them. When it is desired to reduce the 
vacuum the metal tube is therefore heated by a spirit- 
lamp or gas-flame, and sufficient gas will then enter the 
tube to reduce the vacuum. This part of the catalogue 
also explains the ill-effects of inverse current, and deals 
with means for detecting its presence, and eliminating it 
by valve-tubes. The effects of inverse current, and 
several other characteristics of the working of the tubes, 
are exceedingly well illustrated by six full-page plates, 
=e ag en in colours from natural-colour photogra 
which form a most interesting and useful feature of the 
catalogue. The remainder of the book gives particulars, 
with prices, of a very large selection of tubes for radio- 
graphy and therapy, ranging from the smallest and 
simplest forms to large and elaborate tubes which can be 
worked continuously with a current up to 5 milliamperes, 
and will stand very much greater currents for lon 
periods. It also deals with protective shields and lead- 
giass localising-tubes, shaped so that the rays can be 
applied to certain of the body only for curative 
Pp’ . Among the other interesting details mentioned 
are Lindemann glass windows, which can be fitted to any 
of the firm’s tubes. The constituents of Lindemann 
glass are of much lower atomic weights than those of the 


be | usual soda glass, and the former substance consequently 


allows the rays to more readily. Protective gloves, 
aprons, hand-shields, &c., for operators, are also dealt 
with, the protective material used being rubber impreg- 
nated with lead salts. Altogether the » ilus- 
trates in a striking manner the advances ie in this 
important branch of applied science. Moreover, it is an 
example of the high standard of general excellence 
reached in modern trade literature; it should thus be 
doubly acceptable to workers with Réntgen rays. 
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enabled to pass at regular intervals by means of a discharge influenced detent d, which can be moved st its to 

‘* ENGINEERING” ILLUSTRATED PATENT duced in or near the spark gaps by an auxiliary circuit, w is | release the wheel by a collar ¢ on the stem ofthe. key. Poot Site 

RECORD traversed by a current of small power. According to tuis inven- the wheel is an arm /, to which is attached a spring g. The 

° tion, such an auxiliary circuit is employed to cause discharges of einen ate a contact i 

ABSTRAOTS OF RECENT SPEOCIFT- | the main condenser in such a direction and at such times that | adapted to be forced by thé the key into the path of 

OATIONS UNDER THE AOT OF 1907. the impulses im to the aerial are in phase with the oscilla- | a contact j on a spring arm~ The apparatus can be set by 

he of a, ie , stated tions produced in it by the previous im which are t removing the detent d from engagement with the teeth of the 

u ame 7 am a A Sane Drawings = on maintained and rendered continuous. e main power wheel, and turning the latter by means of the arm /, so that the 

in 3 where mentioned Specification SS ee oe wer gee is | required on = Jey = — Hy BA <a. On 

F nected to one plate of a working condenser OC, w outer ey . con! i is brought into tion, 

ee , from chveat, He Hane, 04., plates are connected mercury rectifiers R and Rj, and an can the wheel 'o sutated ty the que ad em 

of oT Gpecthontions ne 1. Office, Sales inductance I to the other plate of the condenser O, the rectifiers | by the nt, and thus the arm / is ht against the 

Copies oe Sethon pees mom Cha: =—s We. at being oppositely arranged as regards this latter condenser. The | arm &, which is thus turned to make contact effect the dis- 
the '» saa ildings, neery a. Wet, inductance I acts as the primary of a transformer, of which the | charge. (Accepted April 1, 1914.) 

en weer de a a of te of @ Complete | S¢°ondary 8 is the aerial circuit. The circuits comprising ©, 1, | 49 sgeag. Company Aktiengesell- 

date of ts, —— — given after abstract, unless the R, K and S I, R,, K), should both be tuned to the natural time Fi H ‘ {4 Figs.) 

has been sealed, when the date of sealing is given. = ¥ Sane diamant —— ee 2 the | October 23, 1918 The pres vention relates to steering regu- 

ae je » ny wg Speeder in two months from the date of | tormers T T,, the primaries of which are connected in the for ot kind in which te 


the nce of a Complete Speci, 
give notice at the Patent Ofice of opposition to the grant of a 
atent on any of the mentioned in the Act. 


ELECTRICAL APPARATUS. 


The British Electric ormer Com- 
any, Limited, and R. Crosbie-Hill, Hayes. Trans- 
emors. (2 Figs.) March 19, 1913.—The object of the present 
invention is to provide transformer arrangements in which age 
due to any undue rise of potential in the high-tension or primary 
circuit 1 be localised to a winding or windings tht can be 
readily replaced, and in which voltege regulation can, if desired, 
be effected without tapping the primary or secondary —— 
of the transformers. To this end the invention comprises 
ase, in conjunction with a main transformer, of an auxiliary 
transformer or transformers of considerably smaller ee than 
the main transformer, the primary winding or windings of the 
auxiliary transformer or transformers being connected to the 
rimary circuit of the main transformer and the secondary wind- 
ang or windings of such auxiliary transformer or transformers 
being connected in circuit with a supplementary winding that is 
associated with both the primary and secondary windings of the 
main transformer. By providing for the inclusion of a greater 
or smaller active length of the supplementary winding in circuit 
with the auxiliary transformer arrang t, its infil upon 
the main transformer can be varied to suit requirements. In 


f Fig.2. 
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Fig. 1, a and b are the primary terminals of the main transformer, 
and ¢ and d are the secondary terminals of the same. ¢ and / are 
the primary terminals of the auxiliary transformer, and g and A 
are the secondary terminals of thesame. i and j are the terminals 
of the supplementary winding which is provided with ings, 
& and m is the switch-arm adapted to connect the term gq to 
any required ae The arrows indicate the relative direc- 
tions of the currents in the windings at any instant. By altering 
the number of turns carrying current in the supplementary 
winding associated with the main transformer, the —— of 
the total applied voltage between the terminals a, b is increased 
or diminished with a corresponding increase or decrease in the 
induced secondary voltage between the terminals c, d. The 
auxiliary transformer being a separate unit in iteelf affords eg 
tection to the main transformer against undue rise of potentia:, 
and in case of breakdown can easily be replaced, as it is of small 
size com with the main transformer. In this arrangement 
it will be evident that protection is only afforded to one pole of 
the main transformer, but by employing a divided primary wind- 
ing, comprising separated parts n, o for the auxiliary transformer, 
connected, as shown in Fig. 2, both poles of the main transformer 
will be protected. (Accepted March 25, 1914.) 


7610/13. G. Marconi and C. 8S. Franklin, London. 
Wireless Teleg . [1 Fig] March 31, 1913.—Specifi- 
cation No. 4593, of 1907, describes an arrangement in which a 
working condenser connected to the middle of a split condenser 
is charged alternately in opposite directions by means of a rapidly 
cotating toothed disc. The object of this invention is to provide 
@ transmitter for use in wireless tele hy and telephony in 
which the same broad principles shall be utilised without the 
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necessity of the whole remployed passing through the disc, 
and which shall, therefore, be more euitable for use with the very 
powers required for long-distance work. It has before been 


proposed to employ for actua’ the aerial a condenser circuit 
which is connected t0 the maka mower; y, and comprioes 
park gaps of such a t; that they will only w very few oscil- 


lations to take uring either charging or ——- and 
aio Will only shew caret tena one Girection. main 


is normally unable to pass these gaps. and the current is 





| 
| 


conden 
auxiliary su 


auxiliary circuit which comprises a toothed disc D, a working 

ser F, and a split condenser H Hj), connected to an 
pply. Asthe disc D rotates, sparks are produced 
alternately and regularly at the spark gape ¢ ¢), thus allowing the 


| main current to pass the rectifiers R R,, and to charge the con- 


denser C in ite directions alternately, at a frequency which 
is determin y the speed and number of teeth on the disc, and 
is 80 adjusted that the aerial receives im in such a direction 

such times as to increase or maintain th 


and at e remy og 
duced in it by the previous impulses. (Accepted April 1, 1914.) 


9041/13. G. Heat- 


Wilkinson, Harrogate. Electric 
|ing Apparatus. [4 fiys.) April 17, 1913.—This invention 


| relates to apparatus for automatically controjling the tempera- 





ture in electrical water-heaters, ovens, and other chambers, and 


consists in means for quickly making and breaking the electric | ball 


circuit at predetermined temperatures. In carrying out this in- 
vention, a capsule or its equivalent is employed, which is 

with an ex ve medium ; the capsule is located on the outer 
skin of the apparatus or chamber which it is designed to 
control in such a position as to be affected by the heat variation 
therein. This heat variation causes the capsule to contract or 
expand ; the smal] motion thus obtained is amplified by suitable 
mechanism, and the electric circuit is thus completed or broken 
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at certain prearranged temperatures. 1 (Fig. 1) indicates a cap- 
sule containing the expansive medium, the upper side being 
be to varistions in temperature, and the lower side adjust- 
ably connected by the screw 2 to a pivoted bracket or double 
stirrup 3 supporting the mercury switch 4, which may be of the 
type described in Hatfield’s Specification No. 17,286,191]. In 
Fig. 2, 5 indicates the double casing of the heater, which may be 
secured to the wall or other convenient place by means of the 
bracket 6; 7 is the water inlet, 8 the water outlet, 9 a tube for 
the insertion of the electric heating device, and 10 an air-relief 
~ Ia the “ break” and ‘*make”’’ chamber, the break spark 
is arranged not to take place against the glass, and a breaking 
“sill” may be provided. (Accepted April 1, 1914.) 


11,5253. Sir W. G. Whitworth and 
Co., Limited, and E. W. a ewcastle-on- 

{1 Fig.) May 17, 1913.—When a torpedo is dis- 
charged from a submerged tube of a ship steaming at speed it 
undergoes deviation towards the stern of the ehip, owing to the 
fact that at the moment of release the tail of the torpedo is more 
protected from sod gy yy of water caused by the speed of the 

It is true that the action of the gyroscope 

pedo automatically brings the torpedo back to a course 
lel to that on which it was di , but the effect of the 
deviation remains in the distance of the new course from the 
original course. It has before been proposed to interpose between 
the firing-tube and the tube, mechanism whereby the discharge is 





effected, not at the instant of depressing the key, but only after 
an interval of time, which interval can be varied according to the 
speed of the ship, so that the operator is enabled to press the 
firing-key when the sights of the director are on the centre of the 
prt or on the spot at which he wishes the torpedo to strike. 
invention may also be used to correct the error due to a tube 
being situated at a distance aft of the tion of ite director and 
firing-key. Apparatus according to this invention consists of a 
firing-key and a cascade arrangement or similar device for com- 
g the firing circuit only after a interval from 
the moment of pressing the ave. a is firing-key, the 
stem of which can move longitudinally through a hole at the 
centre of a star wheel b, supported by a bi, and 
with an eecapement c. The wheel is normally locked by a spring- 


is provided with a clutch element 12, 
clutch element 11. This shaft b is also guided rigid 
tubular socket z, and is embraced between two collars 4, 4 by the 
crank-pin 5 of a bent adjusting-lever g, k, which, by means of a 
resilient-trip device of known construction, is conducted into 
and retained in the end positions. This trip device consists of 
a pin 10 guided in a rockable eye 7, pivoted to the upwardly- 


Fig.t. 
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directed arm & of the bent lever k, 
by a spring interposed between the 


Ser 
pin 10, ite stroke being limited by a Pe. In the 


part bot the tarbine-ahaft and the shaft 

part of the turbine-shaft gyroscope a, ist 
and the rotation imparted to the turbine-wheel » during 
air-admission period is transmitted to the centrifugal 
the gyroscope. If, however, the bent lever g, & is shifted 
the position illustrated to the u -end position, 
unrotatably gu’ 
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e bin and 
gear, is produced by a bolt ¢ rigidly guided upon the 
and between whose two driver-tappete 2, 3 the end of the 
engages. The bolt ¢ is actuated by a -orank lever h 
upon yey des gee tpg F | 
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fl 


adopted, but re the 
driving turbine and the shaft of the centrifugal 
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ccepted Aynil 1, 1914.) 
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A head containing the shackle 11 is of the box type, the mouth 13 / these projections is to act or to carry abutments for a le ry 
MOTOR ROAD VEHICLES thereof being adapted to fit net the funnel-shaped mouth 10 | c whose axis is parallel with that of the locking-bar es ‘ 
17,806/13. The Small Arms of the disc-hook coupler, the two mouths acting as buffers and | ing-bar is also further provided with a guiding surface or limb 4 
Limited, and C. A. tcompeny: being suitably faced. The shackle 11 is pivoted at 14 in the slot | extending the whole length of the bar and so when 
Wheels. (3 Migs.) A rar 1913. — invention relates to | 15, and the mouth 12 is provided with a raised seat or aeagge | cut away portions of the bar e, e which are preferably employed 
improvements in detachable wheels of the kind.in which a remov- tt 16 to support the shackle in the desired position. If | come ite to the bearing surfaces in the guide brackets of the 
oe clues hub is mounted upon an iy lesired the shackle 11 may be formed My Sey = ee coupler- or other 
mou e | 


peed ey read hub, and has 
for its object to provide in such wl a device adapted to 
indicate whether the r bi r hub is quite home, and 
that the locking-ring is perly securely mounted on the 
inner permanent hub. e invention consists in a spring-preseed 
plunger or indicator device, mounted upon the oil-plug, and so 
construc’ and arranged that when remova 

is properly mounted, and the oil-plug on which the device is 
carried is securely fixed in tion on the inner permanent hub, 
the plunger or indicator, which under the action of its 
normally lies below the outer face of the part on whi 
seuntel, is caused to move outward against its spring to a 
position where it is visible, by —_— in contact with the end 
of the axle, thereby indicating that the parte are properly and 
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securely mounted. In carrying this invention into effect, a pe; 
or plunger 3 is ted in a central hole 1 formed in the oil- 
lug and cover-plate 2. The peg or plunger is secured to the 
nner end of an involute spiral spring, attached by screws or 
otherwise to the inner face of the oil-plug 2, and ted to 
normally hold .the peg or plunger 3 within the hole 1 in the 
oil-plug 2 at a position below outlet face thereof, as shown 
in Fig. 2. When the removable hub 6 is properly mounted on 
the inner hub 7, and the jocking-ring 8 is also properly screwed 
into ition on the inner hub 7, the oil-plug 2, which is pro- 
vided with a flange 9 adapted to en with the face of the 
os 8, and thus serve as a further locking means, can 
then screwed into its proper tion, which brings the 
lunger 8 into tact with the end of the axle 10, and causes 
it to move outward to a position where it is visible, as shown 
in Fig. 1, thus indicating that both the detachable wheels 6 and 
the locking-ring 8 are properly and securely mounted in posi- 
tion on the inner hub 7. (Accepted April 1, 1914.) 


RAILWAYS AND TRAMWAYS. 


9653/13. C. Watson and A. Ingram, London. 
Automatic Couplers. (5 Figs.) April 24, 1913.—This 
invention relates to automatic couplers for rolling-stock, and 
has for its object to provide a construction and arrangement 
of such couplers particularly adapted for use with the trailer and 
tractor-cars of tramway systems. According to the present in- 
vention, the coupler-heads of the tractor and trailer-cars are made 
single-ended instead of double-ended, so that the coupler-head of 
the tractor-car contains only the disc-hook with its corresponding 








locking-gear, the coupler of the trailer car containing only the 
balan projecting shackle. The coupler-head containing a 
dise-hook and the necessary locking-gear is so arranged that the 


ivot axis of the disc-hook is above the centre line of the draw- 

ar, the point of the hook in the coupled position oe the 
pivot axis, the spring-actuated locking-bar being at the forward 
end of the coupler in a position a) ximately on the level of the 
dise-hook pivot The gravity-latch is forward of the pivot and 
above the centre line of the draw-bar. The whole gear is con- 
tained in a casing entirely enclosing the disc-hook with the excep- 
tion of an opening in one side of same for the introduction or 
withdrawal of the hook and an opening for the insertion of the 
shackle, the said latter opening being only slightly larger in 









































cross-section than the cross-section of the shackle. In the form 
Hlustrated, the pivot of thedisc-hook 1 is above the centre line of 
the draw-bar 2, the point of ¢he pee in the coupled position 
being below the pivot-pin, the disc h 
respect to the arrangement of the coupler. The usual 
gravity-latch 8 and locking-bar 4 are provided, the bar 4 having 
at one end a single ye ph gy hk home end of a 
. An 


screw 6 secured w operating handle 7 is 
vided on the a aa of Roy pA wean Daeg —_ 
bar or pushed into operative usual 
— The Gise-bsok, on bere , 
wel cl he clea & @eeceeh on ing 8 formed in the lower 
9, through the inserted 
or withdrawn, and a funnel-shaped opening 10 for admission 
of the shackle 11. The funnel- ing 10 has a reduced 
a cross-section only tly than that of the 
shackle 11, the funnel portion ig as a guide to assist the 


beyond 
ing for the insertion 
te made in the top of the coupler casing 9. 


s spring | etm, Limat 





fit snugly into the funnel 

coupler, and practically fill the same that little or no movemen 

be allowed between the couplers in the et position. 

Holes 17 are provided in the shackle and in the ckle-box, 80 

that if necessary two similar shackle couplers — A be coupled 

, the shackles overlying and enabling coupl ¢ pine to be 
inserted through the holes 17. (Accepted April 1, 1914. 
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(9 Figs.) 
one conductor or one set of conductors at a crossing, and toattach 
the separated ens toa massive bow-shaped frame which carries 
the supports for the other conductor or conductors. Unless some 
portion of this frame is substantially in line with the main 
portions of the interrupted conductor, and attached to it by 
suitable tension members, the casting must be made unduly 
massive in order to withstand the stress. According to the 
nt invention, the frames used at such crossing or at 
hes are of extremely light construction, being preferably 
built up of tubes, and exhibit in every case a straight tension 
ber (or, if 'y, @ plurality of such members) which, 
when in position, is as exactly as possible in line with the main 
—- of the interrupted ductor or ductors, and there- 
ore takes up the stress of its tension without being subject to 
any bending moment. Further, this member and the whole 
frame are made of considerable length, so that a given pattern of 
frame is suitable for a crossing of a given type, whether the 
—_ of cross be a right angle or comparatively small. Figs. 1 
and 2 illustrate a framing suitable for the crossing of a trackless 
and an ordinary tramway system. Since there is but one trolley- 
wire to an ordinary tramway system, it is more convenient to 
divide this than to divide the two wires of the trackless trolley 
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system which crosses it. The very considerable tension upon the 
tram trolley wire is taken up at the point of interruption of a 
cent tension member 1 of the supporting frame, which is 
joined by anchor wires 2, 3 to the tram trolley-wire, as will be 
hereinafter explained. Attached to the tension member 1 by 
suitable junction-pieces are cross-bars 4 and 5, which are joined 
at the top by a strut 6, and at the bottom each carry short bars 7 
which support horizontal strips 8 of insulating material—for 
instance, lignum vitw. To complete the frame the members 6 
and 7 are a'so joined to the member 1 by slanting pieces 10. At 
the outer ends of the lignum vite strips 8 are suitable ears 11, to 
which the ends of the interrupted tramway trolley line 12 are 
fastened. The neighbouring ends of the strips 8 need to be but 
about an inch apart, just sufficient space to allow of the easy passage 
of the conductors attached to the trolley in the trackless trolley 
system. In order to guide the conductors into this narrow gap, 
arc-shaped bars 13 are fastened at the upper edges of the hm sd 
bouring ends of the members 8, theee being set substantially at 
right angles to the members 8 if the crossing is a right-angle 
— or, in general, being placed with the chords of the arc 
approximately parallel to the direction of the trackless trolley 
wires. These last-mentioned wires are supported on J hooks 14 
attached to the member 1. The frame composed of the members 
1, 4, 5, 6, 7, 10, is supported also by transverse suspension wires 
attached at 15. (Accepted April 1, 1914.) 


16,063/13. C.Watson, London. Automatic Couplings. 
(10 Figs.] July 11, 1913.—This invention relates to improve- 
ments in locking devices for ti plings of the type 
described in the Specification No. 26,165, of 1904, wherein a revolv- 
ing hook is locked in the coupled position by means of a spring- 
actuated cransverse locking-bar. The object of this invention 
to obtain the advantage of double-ended working with the use of 
a single spring ; to enclose such spring so that it is entirely pro- 
tected from injury ; to reduce the amount of lateral projection 
and increase the strength of the locking-bar; to secure the spring 














and locking-bar in tion so that they cannot become accidentally 
detached +to Ad om the possibility of the locking-bar being 
fitted upside down, and to ah locking-bar so as to secure 
parallel motion throughout its stroke. The revolving part of the 
cou; illustrated comprises a disc 1 with a hook 2 having a recess 
10 across the rim of the disc 


to enable the bar to pass 
and lock it when desired. According to the nt invention, 


locking-bar a is provided at ends with lateral 
mates b Sacaing any desired angle (in crose-section) 
relative to the working face of the locking-bar. The function of 


Bowen and Cedes Electric Trac- 
Electric on 
March 27, 1913.— Hitherto it has been usual to interrupt | desi 





ee of the locking-bar msy be held in 
king-bar a is formed as of L_ section, «{ 


alignment. The 
t Pnteh the smaller limb d provides the guiding surface and the 


limb a, b the locking-bar. A longitudinal slot or opening 
is formed in the centre of the part o, the length of which opening 
approximately with the distance between the inner 


‘| surfaces of the guide brackets, while its width is such as to permit 


the insertion of the locking-bar spring c. Suitable projections 
corresponding with the internal diameter of the spring are made 
at either end of the slot over which the ends of the springs are 
tted, the spring itself being of such length as to secure the 
red degree of initial compression when in tion. The dia- 
meter of the spring is ese yay! greater than the thickness of the 
limb or member b in which it is fitted so that segmental portions 
of the spring —s on either side and abut inst the inner 
sides of the portions of the coupler-head which form the guide 
brackets. Exteriorly tothe spring c, lugs i, i are further provided 
on the guide brackets at either side. (Accepted April 1, 1914.) 


14,039/13. F. H. Addis, Ajmer, India. Railway 
es. (3 Figs] June 17, 1913.—This invention relates 
to bogie-trucks for railway carriages, 


and more particularly to 
that type of railway vehicles in which a bogie-lead transfers the 
point of application of the tractive force to a position in front of 
the centr.l pivot of the bogie. The invention consists in the 
combination of a horizontal wheel on the central pivot, and 
abutting against the cross-girders cf the e-frame with coiled 
springs attached to the underframe and truck respectively. The 
body A is supported on the truck B by a line of coiled springs 
C, Cl on the underframe transom and solebars D, these springs 
being attached to the underframe and truck by means of knuckle 
or rocker joints at top and bottom, or a ball-and-socket joint at 
the top of the spring and a knuckle j»int at the bottom, for the 

urpose of cushioning the sideway movement of the carrisge- 
whilst allowing the necessary radial movement of the 
truck. The inner springs ©! are fixed slantingly, in order to 
check the side-swinging of the body and prevent the usual lurch 
and jar at points and crossings. The outer springs form a wide 
—_— and steady the car by ensuring freedom from oscilla- 
ti 





























on. These springs are made longer than the inner ones, so as 
Fig.t. 
Cc 
Aue 
0 
Feéq. 2. 
at 
om | ‘ 



































ram f = 





t 
(4039 Eh C 
to prevent their being moved too much from the verticai when 
on @ curve and to save synchronous action. All these coiled 
springs are of round-section metal and are preferably nested. 
The centre pivot E is a pin fixed to the carriage-body and con- 
necting it to the truck. It is provided with a horizontal wheel F, 
arranged to abut firmly against the cross-girders J of the bogie- 
frame, suitable rubbing-plates H being provided to make contact 
with the rim of the wheel. The strap-piece K attached to each 
end to the cross-piece J serves to prevent any lifting of the pin E. 
This arrangement forms the bogie lead, which, by applying the 
entire tractive force to the bogie ata point well in front of the 
centre of its wheel-base, helps to eliminate the lateral oscillation. 
The force is, of course, transmitted through the pivot E to the 
wheel F, but the arrangement does away with the frictional 

ce caused by the pressure of the carriage-body on the 
usual side-bearings of a truck, which latter prevents it from swivel- 
ling freely on curves. In consequence of the improved tractive 
mechanism, and the dispensing with the customary bolster, 
together with the shortened wheel-base, the size and weight of 
the frame necessary is materially reduced, and, combi with 
the improved spring nsion, engpres an increase in the steadi- 
ness and smoothness of the motion of the vehicle. (Accepted 
April 1, 1914.) 





Tue Minne Institote or Scortanp —A_ general 
meeting of the Mining Institute of Scotland will be held 
in the Heriot Watt College, Chambers-strest, Edinburgh, 
to-morrow, the 13th inst., at 3 p.m, when Professor D. 
Burns’s paper on “ Apparatus for the Determination of 
Carbon Dioxide and Oxygen in Mine Air,” Mr. Archi- 
bald M. Russell's paper on ‘‘ Sinking and Equipment of 
Blairhall Colliery, Write,” and Mr. John Gibson’s paper on 
“Mining Economics: Some Notes and a Suggestion, 
will be discussed. A paper on ‘‘ Phosphate Mining in 
Tunisia, North Africa,” by Mr. Peter King, will be read. 


Tur Witson Linr.—We have received from Messrs. 
Thomas Wilson, Sons and Co., Limited, Hull, a copy of 
their booklet giving full particulars of their services to 
Norway, Sweden, Russia, &c. Their new R.M.S. 
Eskimo, on the Hull se Christiania service, reduces the 
7 sea pomage ween 
on Oslo, p= malo and 
way and Sweden wa eens ae — ~ ty “4 

at 6.30 p.m. prompt on r res} ve a 
The booklet gives the fares and detatled eee oe 
a number of tours to the countries named, 
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THE NEW WATER SUPPLY FOR THE 
CITY OF NEW YORK. 
By Cuartes Pretint, C.E. 
(Concluded from page 768.) 

Tue route of the city aqueduct from the Hill 
View Reservoir is shown in Fig. 20, page 407 ante, 
from which it will be observed that the line taken 

under Van Cortlandt Park, and- direct from 
this reservoir to the Jerome Park Reservoir, with 
which connection is made. The new aqueduct then 
follows the line of the old Croton Aqueduct nearly 
to the Harlem River, and then crossing over to 
Manhattan Island, passes below various streets 
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nearly 18 miles are of pressure tunnel, excavated 
through solid rock at great depth from the street 
surface. 

The depth of the tunnel under the streets of the 
city was determined by the necessity of leaving 
above it a layer of sound rock at every point never 
less than 100 ft. in thickness. In fixing the depth, 
numerous borings were made to ascertain the pre- 
cise geological conditions of the island. These 
borings were very close together wherever rock was 
encountered at t depth, so as to be sure that 
the rock above the proposed tunnel was sufficient 
to withstand the great pressure of water in the 
aqueduct. At one point in Manhattan Valley, near 
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and Central Park down town to the East River at 
Clinton-street. Crossing under the river, it con- 
tinues under Brooklyn, but soon after divides into 
two branches, one of which conies to the surface at 
Shaft 23 at the junction of Flatbush-avenue and 
Schemerhorn-street, while the other branch reaches 
the surface at Shaft 24 in the small Green Park. 
From these points distribution is made accordin 
to requirements. One supply-pipe will be di 
towards South Brooklyn, and will cross the Narrows 
to Staten Island, where it will be continued to 








125th-street, seven borings were made within a 
distance of 300 ft. As finally decided, the depth of 
the aqueduct is shown in Fig. 60, and is as follows :—- 
For nearly 4 miles from Hill View Reservoir, in 
Yonkers, the tunnel is driven at an average depth 
of 50 ft. below sea-level,. or nearly 250 below sur- 
face. A descending grade is then introduced, so as 
to cross the valleys of Harlem and Manhattan at a 
de of 350 ft. below sea-level. It continues at 
this depth for nearly 4 miles, after which the tunnel 
ascends again so as to reach the elevation of — 100 ft., 
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the Silver Lake Reservoir. This is the storage |and at about this depth it passes under Central | 


reservoir for Staten Island, the most distant 
borough of Greater New York. 
length 


Park. On reaching Twenty-Third-street it de- 


The estimated | scends again to a depth of 700 ft. below sea-level, C ‘ ! ] 
of the aqueduct is 274 miles, of which|at which level it crosses under the Hast River. | been provided, with pumping-stations capable of 


| 





After this, it rises po sa to about 300 ft., and finally 
comes up to the surface in Brooklyn at the points 
mentioned above, from which tho pipe-lines begin, 
as already described. 

The length of 18 miles makes the pressure tunnel 
the longest in the world. The work will be com- 
pleted in one year’s time. It was begun in 1911, 
and at the present time the excavation is com- 
pleted, and about two-thirds of it are lined. The 
tunnel was attacked at many points simultaneously 
by means of twenty-four s not more than a 
mile apart. Only one of these shafts will be closed 
when the work is finished—viz , that located near 
Hill View Reservoir; the others will be utilised 
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for connections with the distributing system of the 
city. Shaft 11, located at Morningside-avenue and 
120th-street, in the great depression under the 
Harlem River and Manhattan Valley, will be used 
exclusively for drainage purposes, whilst Shaft 21, 
in the depression under the East River, will be 
used both for connection and for drainage. 

As in the case of other pressure tunnels, the 
cross-section of the aqueduct is circular in form, 
but of various diameters, on account of the connec- 
tion at various points with the distributing system. 
Thus for the first 21,200 ft. the section is circular, 
with 15 ft. diameter. Then follows a length of 
43,890 ft. 14 ft. in diameter. The next 4540 ft. is 
13 ft. in diameter; then follow 9050 ft. 12 ft. in 
diameter, while for the last 15,090 ft. the dia- 
meter is only 11 ft. 

Connection with the distributing system will be 
made by means of vertical pipes, called ‘‘ risers,” 
placed in the shafts. Pipes of different diameters 
will be used for that purpose ; thus thirteen shafts 
will have a single 48-in. riser ; six shafts will have two 
48-in. risers ; and three shafts will be provided with 
72-in. risers. Shafts 13 and 23, located respectively 
at Central Park, opposite Ninety-Third-street, and 
at Flatbush-avenue, Brooklyn, will have not only 
48-in. risers, but also a 66-in. section valve acro1s 
the main tunnel]. Each riser will have a bronze 
cover at the top, whilst, at the bottom, valves will 
be installed which will be operated from under- 

ound chambers built at the head of each shaft. 

or this purpose the shafts have been located on 
parks or at the intersection of avenues with streets 
—that is, on public property. When the work is 
completed, the surface soil will be restored, sodded 
in the parks, and paved in the streets, leavi 
only a manhole for entrance to the undergroun 
chambers, where the connecting pipes and operating 
valves will be located. As the entire line passes 
under streets or parks, private ay has every- 
where been respected, and condemnation expenses 
thereby adiel. 

The risers are made of pipes built up of riveted 
steel plates varying from { in. to 4in. in thickness, 
lined with concrete 5 in. thick. es between 
the exterior of the pipe and the sides of the shafts 
will be filled with well-rammed concrete. The 
connection of the risers with the aqueduet pipes 
will be effected by means of an opening about 6 ft. 
in diameter left on top of the circular cross-section 
of the aqueduct. Above this opening there will be 
a circular concrete chamber surmounted by 4 
conical dome, having in the — an opening of the 
same dimensions as the riser. It is at this point that 
the valves will be placed to regulate the admission 
of water to the riser. These valves will be con- 
trolled by rods operated in the underground 
chambers situated at the head of the shaft. 
Figs. 61 and 62 show the valve-riser and valve- 
chamber on Shaft 2. 

For the purpose of draining the tunnel either for 
inspection or for repairs, section valves, shutting 
off each section of the tunnel from the others, have 
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removing the water from the required portion of 
the aqueduct. The section valves, the ment 
of which is shown in Figs. 63 to 68, will be of the 
usual sliding-gate type, and of bronze. From a 
point on the up-stream side of a valve the cross- 


section of the tunnel is contracted down to 6 ft. in | Hoibroo’ 


diameter, after which it widens out until it attains 
the regular cross-section at about 40 ft. on the 
down-stream side. In this contraction only the 


sides and roof of the tunnel are modified, while the 
invert of the aqueduct is maintained in one con- 


The drainage 


tinuous alignment. Each valve will be 
bronze stem encased in bronze pipes. 
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of the desired section will be effected by means of 
a powerful electrically-driven pumping - station 
mounted on a float, and loca in the under- 
= chambers at the head of the drai " 
ides the pumping machinery and electric motor, 
the float wi _ contain a 1 . of = 
ce -pipe equal in 7 ength to the d 
of the shaft. An ndditional —_ of antaer 
ipe is added when the float been lowered 
0 ft. This addition of pipes will be continued 
until all the water in the section has been pum 
out, the float then resting at the bottom of the 
shaft. The water from the discharge-pipe enters 
the und d chambers at the head ot e shaft, 
from which it will be conveyed to the sewers at 
Morningside Park shaft, and thence to the East 
River from the shaft. 
The work on the 18 miles of aqueduct was given 
out in four contracts, involving the construction of 
almost equal lengths of pressure-tube. The con- 

















ENGINEERING. 
Names of Contractors. Location of Work. a 
Mason and Hanger _..|From Hill View Reservoir to| 21,178 
180th-street 


Pittsburg Contracting Co.|From 180th-street to 100th-street 
Grant Smith and Co. ..|/From 100th-street to 14th-street 
one — and/From l4th-street to Brooklyn .. 
ns Co. 


28,194 
23,044 
21,099 








——— the contractors carried on the work very 
much in the usual way followed in pressure tunnels, 
there were, however, a few characteristic features 
worth mentioning. The sinking of the shafts in 
the congested parts of the city without interfering 









































of dynamite, 200 lb. being kept on the average. 
Naturally, considerable precautions were taken in 
the storage of such an amount of explosive material 
in the heart of the city and in close proximity to 
crowded thoroughfares. In some instances, the 
magazines were made of wooden boxes with metal 
lining, the free space being filled with sawdust. 
| These boxes were set up in the centre of a small 
| room formed, when ible, of an isolated frame- 
structure, provided with windows and well protected 
against stones or other missiles. Other contractors 
built the ines of heavy steel, lined with timber, 

com outside the head-shaft, fully ex- 





and placed 
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with the ordinary heavy traffic, and without creating 
a smoke or a noise nuisance, was successfully dealt 
with. To avoid traffic interference the shafts have 
been located on one side of the line with connection 
by means of side-drifts. When the aoa was large 
it was confined to public parks ; when located on 
streets it was condensed as much as possible and 
housed in double-decked struetures. The most 
compact of all, at Shaft 19, was built on a very small 
strip of public land, and consisted of a two-storey 


ped | frame-structure, with the compressors, the black- 


smith’s shop, the broken-stone and cement-bins, as 
well as the contractor's office, all situated at the 
street-level. The upper floor contained the electric 
hoist, pumps, storage-rooms for drillers, cement- 
forms, oe. for excavated material, offices for the 
doctor and resident ineer. To avoid noise, all 
the machines in the were operated by elec- 
tricity. Power was obtained from the Edison 
Company 





tractors for this work were :— 


At each head-shaft there was a store for the supply 












Fig.69. 
PLAN OF THE UNDER- 
GROUND MAGAZINES. 





(se: P) 


posed to the atmosphere and without any protection 
whatever. So far, both types of magazines have 
ved sati . Disastrous consequences would 
ve followed an accidental explosion, and to avoid 
such dangers the magazines were placed under- 
ground as soon as the tunnel proper been exca- 
vated for a certain distance, the transference bein: 
effected according to methods used in France an 
Germany and now used in this country for the first 
time. ese underground magazines consisted of 
several drifts at right angles to each other, branch- 
ing off from the main tunnel and leading to a square 
or rectangular chamber, in which the explosives 
were stored. The drifts had dead ends, which were 
used for unpacking the boxes and storing the caps. 
They also served to deaden the force of an explo- 
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sion should any take place. Communication was 
made with the main tunnel by means of a strongly- 
built door with heavy concrete jambs. The door 
was always left open, but would be suddenly closed 
by the pressure of the gases due to an explosion. 
Fig. 69 shows one of these underground —— 
as used in the city part of the Catskill Aqueduct. 
Another special feature in the construction of 
one section of the aqueduct was the use of motor- 
trucks for hauling purposes. The general objec- 
tions to the introduction of these trucks arise from 
the weight of the machines themselves and the big 
loads they carry, from their liability to sink into 
the soft ground of temporary roads, and their 





a steel bucket of 54 cubic yards capacity. To load 
the buckets the cars were brought under the chutes 
of the débris bin ; the sliding doors were then raised, 
and the chutes lowered, when the débris fell into 
the bucket. The cars were then taken to the bulk- 
head of 130th-street and Hudson River, where the 
materials were used to fill up a tract of land for the 
formation of a new bulkhead-line in front of River- 
side Park. At this point a derrick was erected 
with trussed-steel boom and masts, mounted on 
a float, so as to be easily movable. The fallin 

block of the derrick was provided with a three-hoo 

sling, with an additional hook attached to an inde- 
pendent tipping-line. The motor-trucks, shown in 

















Fie. 70. Saurer Moror-Truck with TRAILER, USED FoR TRANSPORTING DépRIs. 
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Fie. 71. 


inability to ascend steep grades. On the section 
in question, however, the hauling was done on an 
almost level asphalt-paved street, so that the 
problem was here reduced to deciding on the 
cheapest form of transport for the débris, either by 
motor-trucks or by horse traction. As the maxi- 
mum distance was only two miles, it was found 
that the cost by trucks would be 25 cents per cubic 
yard, whilst the use of horses would raise the cost 
to 30 cents. The difference was small, but the 
Pittsburg Contracting Company adopted motor- 
trucks, whilst other contractors preferred to adhere 
to the use of horses and wagons. The latter firms 
probably had equipment available, and deemed it 
unwise to embark on the use of a new and expen- 
sive plant in preference to the more familiar 
method. 

_ To take the débris from the shafts to the dump- 
ing grounds, the Pittsburg Contracting Company 
employed 64-ton Saurer chassis with a specially 
built-up platform, able to receive and firmly hold 
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Trppina-Buckets on Mortor-Truck semne Loapep. 


Figs. 70 and 71, are of the latest model, in which a 
trailer is added to the ordinary four-wheeled motor- 
truck, so as to carry two or even three buckets, 
thus hauling from 15 to 18 tons of débris at each 


trip. 

= South Brooklyn the aqueduct will be 
extended over to Staten Island = means of a 
siphon across the Narrows. Several types of iron 
and steel pipes have been considered, the prefer- 
ence being finally given to the flexible jointed cast- 
iron pipe illustrated and described on page 261 ante. 
The flexible joint selected is that used in many 
submerged pipes by the Department of Water 
Supply, Gas and Electricity of the city. The 
various sections of the siphon will be joined on a 
scow and laid down to the bottom of the harbour. 
The siphon will be nearly 2 miles in length, and 
laid in water having a maximum depth of 60 ft. 
and a velocity of 4 ft. and over per second. To 
protect the pipes from the action of anchors, it was 





deemed necessary to cover them with earth fora 


833 
thickness of 8 ft. The cs will be laid at a depth 
of 68 ft. below water in the navigation channel, in 


accordance with the uirements of the United 
States Government for the prevention of obstruc- 
— of the harbour by permanent works of any 
ind. 

The Catskill Aqueduct will be an enduring monu- 
ment to the skill of its designers and to the ability 
of those who overcame the many difficulties en- 
countered in construction and carried the work to 
completion. It is only justice to say that all these 
by their ability and perseverance have kept the 
engineering profession high in the estimation of the 
ublic. To many engineers of the Board of Water 
upply the writer acknowledges his indebted- 
ness for the courteous assistance in the pre- 
tion of this account of the undertaking; and 
in particular to Messrs. Merriman, Smith, Winsor, 
Langthorn, and Goldberg, connected especially 
with the construction of the Catskill Aqueduct. 





LAUNDRY MACHINERY. 
(Concluded from page 806.) 

In considering the question of drying-chambers, 
the most marked improvement is the oy! with 
which a large quantity of linen can be dried. Forced 
ventilation, as against the older system of natural 
ventilation, is mainly responsible for this change ; 
hence we find installed in all up-to-date laundries 
what is known as the hot-blast system. At one period 
draw-out drying-horses, such as shown in Fig. 13, 
page 834, were much used for hanging the linen, but 
they have now, more or less, fallen out of use in 
favour of the double-compartment drying-chamber. 
Drying-horses are rather costly to instal, but possess 
this advantage, that the horse when ere loaded or 
unloaded is pulled right out of the heated chamber, 
thus allowing the operator to work ina comfortable 
atmosphere. This same advantage can, however, 
now be claimed for the double drying-chamber also, 
owing to the introduction of cooling ducts, by 
means of which one of the chambers can be cooled 
off to allow the operator to enter, and vice versa. In 
addition, the double chamber possesses the advan- 
tage of lower initial cost. 

As already stated, whether the hanging medium 
be drying-horses or twin drying-rooms, the most 

pular and efficient heating element is the hot- 
Blast apparatus, consisting of a tubular air-heater 
and fs ewe fan of the oxhausting type. The 
heater can be used either with live or exhaust steam, 
the most common practice being to have the fan 
suction attached to the heater, so that the fan 
delivers the hot air directly through the roof of 


the ——. 

Within the last few years a mechanical drying- 
machine has been introduced with some consider- 
able success. Briefly, this machine consists of a 
wooden chamber quite apart from the laundry 
building, through which runs an endless band on 
rollers, having an arrangement of clips, on which 
the articles to be dried are hung. As the linen 
passes through the chamber the clips release the 
articles automatically by operating a hand-wheel 
outside. The heat is generated by steam coils or 
heater and fan, with additional fans for circulating. 

A recent innovation for drying articles that 
require a soft finish, such as towels, is what is 
known as the drying-tumbler, Fig. 14, e 834. 
The machine is constructed on the same lines as 
the washing- machine, with a reverse rotating 
movement on a perforated cylinder. The drying 
power is derived from steam-pipes or coils under- 
neath in conjunction with a fan on the top, the air 
being drawn through these coils and delivered by 
the fan on to the perforated cylinder. The cylin- 
der and steam-heating coils are completely encased 
by an outer shell, provided with doors and exhaust- 
air outlet. . 

In ironing and finishing machinery many im- 
portant changes fall to be chronicled. ese 
changes all tend in one direction—i.¢., increased 
output rendered necessary by competition in the 
laundry industry. The flat type of multiple-roller 
ironing, drying and finishing-machine for bed and 
table linen still retains its popularity, especially in 
large laundries ; but whereas at one period the 
number of beds and rollers were two or four at 
the most, we now find an increasing demand for 
six and even eight roller machines. e principle 
of this type of machine has not changed to any 





great extent since ite introduction—i.e., the effect 
is gained by padded rollers revolving in polished 
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steam-heated beds ; but with a view to increasing 
output, such devices as feeding-bands and variable 
speeds have been added. The requirements of the 
Factory Acts have been more stringent regarding 
these machines within recent years, necessitating 
the introduction of automatic safety finger-guards 
to prevent the operators’ fingers being drawn in and 
crushed between the revolving roller and the steam- 
chest. A later development to increase the drying 
power of muiliglo-odier machines is to have the 
steam-heated beds made with a flat polished face 
on the under side, entailing the use of an endless 
band or blanket to pass the linen against the hot 
under-surface of the beds. 

Multiple-roller machines may be regarded more 
as drying-machines than finishers, and while they 
can be profitably employed on bed-sheets, mats, 
and all classes of flat work where a glossy finish is 
not uired, they would not be suitable for 
starched goods, such as table-cloths or table napkins, 
where this high finish is generally necessary. The 
multiple-roller machines comprise cast-iron rollers 
(four, six, or eight, as may be) padded with felt and 
calico covering, revolving over and in contact with 
steam-heated concave beds, also of cast iron, Figs. 
15 to 17, annexed. The ironing surface of these 
beds is polished, in order to impart a finish to the 
linen, and the action of the revolving rollers is to 

ress and drag the linen against the steam-heated 
The pressure of the rollers on the linen can 
be adjusted to suit conditions by the hand-wheels 
fitted on each frame of the machine. The driving- 
gear is fitted to both ends of the rollers, eac ir 
of rollers being driven by an intermediate shaft 
and spur-gear, and the bearings float between 
spiral springs. This type of machine, unlike the 
single-roller ‘‘ Decoudun” machine hereafter de- 
scribed, has cold rollers fixed at such a distance 
apart as to allow the vapour from the drying linen 
to escape freely. 

The ‘‘ Decoudun” machine (see Figs. 18 and 19), 
having only one steam-heated bed and one steam- 
heated roller, does not possess the drying power of a 
multiple machine, but is much cheaper to construct, 
although more delicate for the operator to handle. 
This delicacy was at one time a perfect bugbear to 
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Fies. 20 tro 23. Stream-Heatep Bopy-Liven Iron. 


the laundryman, who was kept in a state of suspense 
lest his machine should break down at a critical 
period, but happily the difficulties have now been 
overcome, the later types being quite free from 
liability to give trouble. The steam-heated roller 
of the **Decoudun” machine is now so arranged that 
when it is desired to put on new felt, or to clean 
the steam-heated bed, the roller can be raised clear 
of the bed by the action of eccentrics on a shaft 
underneath, this shaft being turned by worm-gear 
and hand-wheel. An important feature in this 
new gear is, that in raising the roller the driving- 
wheels never come out of gear, so that the teeth 
of the wheels do not get smashed when the 
roller is lowered, as often happened with the older 
types of machines. Another feature in the new 





| the 
“* Decoudun ” is the supporting of the steam-heated | 


bed on the base-plate ay independent of the 
cheeks, thus allowing for free movement during 
expansion and contraction. 

The steam-heated beds of all single and multiple- 
roller ironing-machines are tested to 100 lb. steam 
and 180 lb. hydraulic pressure per square inch, 
and as the working pressures do not exceed 
45 Ib. and 60 lb. per sq. in. respectively, ample 
margin for safety is allowed. 

An improved form of steam finishing-machine, or, 
as it was formerly called, body-linen ironer, 
recently been placed on the market, and is most 
useful in dealing with odd garments which are not 
suited to the single or multiple-roller machines. 
This machine is shown by Figs. 20 to 23, on 
nt page. In general principle this steam 
finishing-machine is similar to other ironing-ma- 


has | country, is steam-hea 





chines, having a padded roller revolving under a 
steam-heated concave bed with a polished surface. 
The ironing pressure is applied through a foot- 
treadle, which also releases the linen at any desired 
point. The roller being short and unsupported 
at the outer end enables the operator to utilise 
the absence of obstruction here with advantage. 
The machine occupies the minimum of floor space, 
and can be advantageously employed on flannels 
and woollens, underwear and vests, aprons, night- 
shirts, and all sorts of odd garments. 

In its details this class of machine has features 
peculiar to itself, and differs somewhat from other 
types of ironing and finishing-machines. The 
concave bed is suspended or floats over the padded 
roller, the former only being steam-heated. The 
driving-gear is at one end of the machine only (the 
object being to permit of free use of the outer end 
of the roller), and comprises a pulley on a counter- 
shaft with worm and wheel. The roller is raised 
into and lowered out of contact with the steam- 
heated bed, obtaining, when raised, a certain amount 
of pressure against the polished bed by means of 
the foot-treadle. The worm-wheel is keyed on 
to the roller-spindle, with the worm above keyed to 
the driving-shaft, and as the roller is raised and 
lowered, the wheel is put in and out of mesh with 
the worm, so that the roller turns only when the 
operator’s foot ison the treadle. The roller always 
remains horizontal, and the bed being suspended 
at the middle of its length ensures an even ironing 
pressure. The roller is keyed to its spindle, having 
a bearing in a vertical frame or cantilever moving 
on three small rollers, and taking its motion from 
the foot-treadle, this motion being conveyed by a 
toggle-lever and roller. The arrangement, as de- 
scribed, provides a eafe, com machine on a 
small floor space. The roller is usually 20 in. or 
12 in. in diameter by 36 in. long. 

The collar and shirt trade in a laundry is usually 
an important branch, and calls for machinery 
capable of yielding a large output of high-class 
work. At one time the ordinary reciprocating 
collar machine with flat boards was the only 
machine used, but within recent years many im- 
portant changes have taken place, with the result 
that a regular collar plant is found in most large 
modern laundries, comprising reciprocating collar- 
machines, blocking-presses, and collar-polishing 
machines. 

The collar and cuff press, as now used in this 
, with a polished flat bed, 
and is power driven. One of the latest designs has 

n endless band to ——- the linen, the band 
being moved by a hand-wheel under the steam- 
heated press, which descends and presses the 
collars by the action of a foot-treadle, and is made 
to ascend again through the same medium. In 
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conjunction with the blocking-press above referred 
to, the ordi reciprocating flat-board machine, 
with watenel polishing-roller, is now used, and 
the two-roller polishing-machine, the latter machine 
executing the last process—i.e., the polishing of 
the collars. The polishing-machine has also a gas- 
heated cage oo revolving against a padded 
cold roller, and although in use for many years, 
has possibly been given a new lease of life since 
the introduction of the blocking-press. 

The ordinary reciprocating collar and cuff iron- 
ing-machine, being the most commonly used in 
laundries, merits a brief description. It is shown 
by Figs. 24 to 27. The machine is driven by spur- 
gear at one side, and has the gear ratios 
to drive the polishing-roller over the table at 
a - sigheay speed than the drum under- 
neath. e roller, being of smaller diameter 
than the drum, slips in contact with the padded 
upper surface of the table, the result of this 
action giving the necessary ironing effect as with 
a hand-iron. The table is of wood, and floats 
between the roller and the drum, the elastic 
pressure being conveyed on t« the roller by means 
of a hand-wheel. The reciprocating motion of the 
table is obtained by open and cross belt revers- 
ing-gear actuated by a foot-treadle. The roller 
itself, which is usually made from 18 in. up to 
30 in. long, is heated by gas in combination with 
air under slight pressure. As an indication of the 
eas of a modern collar and cuff plant, such 
as been referred to, it may be mentioned that 
1000 collars can be blocked and finished in one hour. 

A number of smaller auxiliary machines and 
appliances are now made in great variety, such as 
shepi , curling, edging, dam i starching- 


ines. They are princi y of American manu- 
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facture, but as they do not constitute the essential 
machines in a laundry outfit, they do not call for 
special comment. 

Hand-irons are now commonly used heated with 
pressure gas, although the system has not ousted 
the older mixed gas and air iron. Electric hand- 
irons possess the advantages of cleanliness and the 
absence of smell, and in ship laundries, where 
gas is not available, they are universally employed. 





Our Locomotive Exports.—The present appears to 
be an ex i ion with our locomotive 


locomotives exported in Ma: 
with 254,462/. in May, i913, 
while for the first five months 
ae er values were 
851,7 Our locomotive 
May 31, this 
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very favourable, and there may be some falling off in this 
year’s exports before the twelve months have run their 
course. 


Tue Buckxet-Drepcrr ‘“‘T, B. Tayrtor.” — Messrs. 
William Simons and Co., Limited, launched, on the 
12th inst., = og aay wd = and _ steam 
up, ready for wor e barge- ing bucket-dredger 
TB. Taylor, built by them to the order of the Dundee 
Harbour t. The vessel is equi for dealing with 
all classes of material, and is capable of dredging to a 
depth of 45 ft. below water-level. A set of compound 


marine-type i supplied by steam from multi- 
tubular steel botlers contirested he a working pressure 
of 1201b. 8q. in., drives the dredging machinery, the 
gearing-w' of which are all pore + per Suitable 


clutches are provided, so that the engines may be en- 
disengaged 


gaged with, or p oo dredging-gear or the 
propelling-gear as required. nes are arranged 
So give toe apetde of backiots, so ans constant piston 


speed is maintained when the dredger is working, either 
in soft or hard ground. So Se eaereiag tees Sao Ge 
first dredger constructed by Messrs. William Simons and 
Co., Limited, for the Dundee Harbour Trust was built 
in 1871, and is still in active service and doing good work. 
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COLLIERY AND MINING EXHIBITION 
IN MANCHESTER. 


THE term ‘‘comprehensive” is often applied 
with very little reason to collections of industrial 
appliances arranged for exhibition purposes, but it 
may certainly be justifiably used in relation to the 
above Exhibition. Although the City Exhibition 
Hall, Manchester. is, in comparison with the better- 
known London exhibition halls, by no means large, 
the exhibits have been well staged, and an effort 
has apparently been made to ensure a thoroughly 
representative collection of colliery and minin 
machinery and accessories. Many stands exhibit 
appliances which can be termed accessory to almost 
any phase of engineering industrial work, but these 
are in the minority, and the Exhibition affords 
an opportunity of inspecting the latest devices 
in that particular section to which it is devoted. 
It has been organised by the Northern Mining 
Industries Exhibitors’ Committee, and will remain 
open until June 27. At the inaugural luncheon 
held on June 12 the prevailing note of the speeches 
was that of cheery pessimism, and it was generally 
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Caces; Tue Patent Sarety Mininc-Gear 
Company, BIRMINGHAM. 


recognised that the price of coal would never be 
less than it is at present, while there was every 
indication it would be more. The various legal 
enactments and the rise in wages were mentioned 
as causes for this increased price. Such liabilities 
are permanent, and the coal-producer must turn 
to other means if he is to keep the cost of his coal 
production down within reasonable limits. It is 
claimed for the improved machinery shown that it 
will very materially assist the colliery proprietor to 
mine and prepare his product for consumption at a 
less cost per ton than previously. Particularly 
interesting are the exhibits designed to ensure 
greater safety in the operation of the mines, and 
Lord Aberconway, who opened the Exhibition, 
referred to the considerable value of the modern 
methods and the greater safety from accidents 
secured by their employment. 

Coal-cutting machinery is shown on some half- 
dozen stands, some makers having on exhibition 
both electrically and compressed-air-operated ma- 
chines. Messrs. A. Hirst and Sons, Limited, 
Dewsbury, show both types. Their ‘‘ Crescent ” 
skid type is 20 in. high, and is fitted with four 
cylinders of 9-in. diameter. It is suitable for any 
kind of hard or soft holing, and can be supplied 
with any size cutter-wheel up to 6 ft. undercut. 
It is driven by compressed air, the engine and 
governor being totally enclosed in a steel box cast- 
ing which acts as an oil-retainer, a small plunger- 
pump, driven from the gearing, serving to circulate 
the oil, which is used over and over again. The 
cylinders are fitted with trunk pistons. The valves 
are of the three-port type, fitted to the back of the 
cylinders, with exceptionally short inlet ports, 
which reduce the clearance space to a very small 
amount. The valves are driven by a gear in 
which only one eccentric, easily reversed, is re- 
quired. The haulage is of the usual type, with the 
ratchet-feed driven from an extension of the bottom 








shaft in the gear-box, and is adjustable as the 
machine is working from the full number of cogs 
down to nothing. The machine is reversible and 
will cut in both directions. 

Interesting safety boring apparatus is shown by 
Mr. George Burnside, Shiney Row, Fence Houses, 
Durham. The Jeffrey exhibit of coal-cutters com- 
prises three types—namely, a silent worm-drive 
**long-wall” machine, a heavy duty ‘‘short-wall” 
for deep under-cuts, and the latest headway machine. 
The ‘‘long-wall” coal-cutter type 24 A is charac- 
terised by a power-turned cutting-arm and the 


gj absence of a complicated train of gearing to the 


cutting chain-drive. The use of the chain with 
the narrow cutter-arm is said to prevent the 
machine from ‘‘ cramping” in case the coal should 
squeeze down, as often occurs in long-wall work. 
This drive, it is claimed, has a at advan- 
tage over any other kind of drive, in that it is 
noiseless. The operator can readily hear any 
cracking in the roof while the machine is operating, 
and thus be able to shut the machine down and get 
out of danger. The cutter-arm is sumped under 
the coal by swinging from a position lengthwise of 


























Meguin and Co., A.-G., Dillingen-Saar, and repre- 
sents the exact type supplied to the Prussian 
Mining Commissioners. It consists of two sepa- 
rate units, and has a total capacity of 300 tons per 
hour. The unwashed coal arrives in railway trucks, 
and is delivered into a pit below the track, from 
whence an elevator raises it and delivers it on to a 
classifying screen which separates the fine coal from 
the nut coal. The two sorts are then carried by a 
stream of water to the double pendulum washing- 
machines, having a capacity of trom about 50 to 
60 tons per hour for each machine. The water in 
these double-pendulum washers is agitated by 
means of a pendulum suspended from the centre 
division wall, and operated through a connecting- 
rod by means of eccentrics of variable stroke. 
The washing-box is made of steel, and has 
two divisions, each with a shale disch at 
the ends. The first washer produces pure shale, 
the second intergrown material, which is further 
treated on a re-washer. After ing in a 
longitudinal direction over the washers, the pure 

is discharged above the washing-bed. The 
whole surface of the washer is utilised as a 
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Fics. 4anp 5. Tue Lancaster THrorrie-Vatve; Messrs. Lancaster anv Tonos, Lirp., MANCHESTER. 


the machine to a ition at right angles thereto 
by means of a heavy rope, wound upon the 
drum provided for the purpose, and turned by 
power from the motor. e feed-rope is guided 
in such a manner that the machine is automatic- 
ally held up to the face, and there is no need 
to use props or guide-rails for this purpose. 
The drum for the feed-rope is provided with a 
friction-clutch, so that the strain in the rope 
can be readily released. The rate of feed can 
be changed while the machine is cutting by 
varying the number of teeth picked up by the 
ratchet pawl. Heavy steel-plate sides provide 
smooth surfaces to slide against the face. These 
plates, together with the top plate cover, afford 
complete protection for the mechanism, and the 
removal of the cover allows easy access to any —_ 

The coal-cutter shown by Mr. Richard Sutcliffe, 
Universal Works, Horbury, near Wakefield, is new 
in design. The cranks, pistons, rods, and slides 
are all enclosed, and work over an oil-well, by 
which they are automatically oiled, while at the 
same time the top casing has been arranged so as 
to be readily removable. Inside the casing the 
working parts have been re-arranged so that an 
mee is readily accessible and removable. Bo 

isc and chain-type machines are made. 

An extremely interesting model of a coal- 





washing plant is being shown by Messrs. Franz 


settli surface, as there is no piston in the 
same height to take up the space. From the 
washers the fine coal travels to sumps, and is lifted 
from these by patent draining elevators, and con- 
veyed to a fine-coal storage tower. The nuts, after 
being washed, are sorted, and subsequently, before 
being loaded, over rinsing-screens, in order 
to improve their ap nce. Worms and elevators 
are employed to carry the shale to the shale-pockets. 
The means provided to remove the sludge and the 
methods adopted for this purpose are quite ex- 
cellent. 

A large working model of the Bleichert system 
of electric telpherage is to be noted. A very large 
number of applications of this system to different 
conditions have now been carried out. 

Naturally, at an exhibition of this type there are 
many appliances specially designed to safeguard 
the operative, and applicable to some phase of, 
or implement employed in, hig work. Quite a 
number of safety-lamps on exhibition, the 
**Ceag”’ type being probably the latest. It is an 
electric safety-lamp, and has. been designed to with- 
stand the roughest handling. The accumulator com- 
prises a strong celluloid case separated by an inter- 
mediate from the steel casing of the lamp. 
Lead electrodes of peculiar shape, claimed to 
not liable to warp, are freely suspended centrally. 
Detachable contacts are provided which can be 
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easily cleaned, and, further, there is an acid-proof 
closing arrangement of the battery cell permitting 
free egress to the y ey without allowing the 
liquid to escape. e top part of the lamp is 
fastened with a bayonet-joint on the bottom casing 
and locked with a strong magnet lock. The light is 
switched on and off while the lamp is locked by 
simply turning the top. The incandescent bulb is 
pe by a thick-glass dome and four bars. 

hould the glass be shattered, the circuit is broken 
automatically. Another ingenious device in con- 
nection with lamps is the Prestwich underground 
electric lighter. Inthis form of apparatus the con- 
tact is made within the lighter, and, as it is a low- 
tension device, is absolutely free from any sparking 

ger. 

Safety devices, as applied to winding-engines to 
prevent overwinding, are shown in model form. A 
new type of apparatus (Bennet’s patent) is the 
gear illustra in Figs. 1 to 3, on page 837, 
which, it is stated, fulfils the requirements of a 
high-speed releaser under the new Coal Mines 


TAZ 








Fig. 1. 





shackle to which the bull chains and 
attached, thereby preventing their falling down 
the pit-shaft. It will be noticed in Fig. 2 that the 
collar G on the bottom spindle, to which the shackle 
supporting the bull chains and cage are attached, 
is actually resting upon the steel dogs H before the 
movement necessary to release the winding-rope 
commences, the cage having already been secured 
and supported by the Bev ny brag if the patent cage 
retainer is fitted to the pit-head. Under normal 
conditions the whole apparatus works as one solid 
piece, the two spindles being fitted inside the 
segmental piston, and the whole being held within 
the cylinder. So long as it is moving, it travels in 
one solid piece. The copper shearing-bolts do 
not take any of the weight or any of the strain. 
They are solely to prevent the internal — being 
disturbed, and they can only be sheared off in the 
event of an overwind, as described. The apparatus 
is shown by the Patent Safety Mining-Gear Com- 
pany, of Smethwick, Birmingham. 

An ingenious electromagnetic stop-valve for 


cage are 


ing, and screening plant, the three processes taking 
place in one machine. Pieces of shale or bind up 
to 6-in. cube can be fed to the mill, and the stone- 
dust is delivered to the fineness required into bags 
or tubs as preferred. By a simple adjustment of 
screens any degree of fineness can be obtained, and 
this mill is suitable for grinding other materials, 
such as coal-dust for foundry purposes. One man 
only is required to operate the plant, and with an 
expenditure of 7 brake horse-power the mill will 
produce from 20 cwt. to 24 cwt. of dust per hour 
according to the fineness desired. 

The Lancaster patent throttle-valve for winding 
and hauling-engines is a distinctly new type, and 
sectional illustrations of it are given in Figs. 4 to 6, 
on page 837. Itis well known that the ordinary 
type of valve, with double seats, frequently gives 
trouble owing to unequal expansion causing either 
one or other of the seats to leak. In the design 
shown by Lancaster and Tonge, Ltd., Manchester, 
only one seat is required, the valve being perfectly 
balanced, with the exception of the area of the 
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Bill. With it the movement of releasing the 
rope does not commence until after the , Sane 
part of the releaser attached to the case is actually 
resting upon the steel d designed for sus- 
pending the case. The ultimate strain on these 
dogs is from 800 to 1500 tons, depending on the 
size of the releaser. In an over-wind the winding- 
rope carries the releasing gear to the upper part of 
the pit-head gear, where the bed-plate, with the 
steel stop-plate E for stopping the cylinder D, 
shown in Fig. 2, is fixed. As the or ge 
continues its motion the bottom large end of the 
cylinder D comes into contact with the steel stop- 
plate E, and thus prevents the cylinder travelling 
further upwards. The rope, however, continues 
to travel, and as it is attached by the top shackle 
and spindle A by means of the segmental piston C to 
the bottom spindle and shackle B connected to the 
bull-chains and cage, these continue to travel 
with it, the cylinder in the meantime remaining 
stationary. This movement results in the copper 
tension-bolts J, Fig. 1, being immediately sheared 
off, the copper auxiliary shearing-bolts R being 
likewise sheared off. As the motion continues, 
the segmental piston C rises within the cylinder as 
it travels with the top and bottom spindles. 
Immediately the segmental piston reaches the top 
of the cylinder, owing to its being in segments, 
it falls asunder, as ~ na in Fig. 1, since the 
support of the cylinder is withdrawn. The top 
piston, t» which are attached the top shackle 
and winding - rope, is instantly separated from 
the other parts of the apparatus, as shown in 
Fig. 1, and thus the win«ding-rope is released. 
It will he seen in Fig. 2 that steel dogs H are 
fitted to the bed-plate. These steel dogs are operated 
by the springs, shown also in Fig. 2; although 
instead of springs, special gear, automatic in its 
action, can be used if preferred. As the cylinder 
travels upwards, the steel dogs are forced back, and 
when released by the upward movement of the 
cylinder, they immediately resume their normal posi- 
tion, this occurring just before the cylinder comes 
into contact with the steel stop-plate of the bed- 

late. When the motion of the cylinder is arrested 

y the steel stop-plate the collar G, Fig. 2, is being 
supported on the steel dogs, which thus 
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steam-engines is shown by Messrs. T. and R. Lees, 
Hollinwood. By its use the steam-engine can be 
stopped from any point inthe mine. Where endless 
rope-haulage is employed the valve is particularly 
applicable, it being possible to readily avoid acci- 
dents through the derailing of tubs, &c., through 
ite use. 

The employment of stone-dust for the purpose of 
obviating colliery explosions finds many adherents, 
and at the same time there are many engineers who 
have little faith in the method. S.one-dust is 
strewed throughout the roads, so that should any 
coal-dust be raised by a blown-out shot or other ex- 
plosion, it will be mixed with this stone-dust, and the 
risk of inflammability and explosion reduced very 
considerably. Messrs. William Johnson and Sons 


vent (Leeds), Limited, show an example of the ‘‘ Dragon” 


the downward motion of the bottom spindle and | ball-mill, which is a self-contained crushing, grind- 


‘annular seat, which need not be more than ,j; in. 
wide. The working parts of the valve are ot cast 
iron throughout, so that there is no difficulty owing 
to unequal expansion, and in practice the valves 
are found to keep continuously tight, and are ex- 
tremely easy to operate, thus greatly facilitating 
the ease with which the engine can be manipulated. 

A machine shown for the first time in this 
country is a combined steel-plate punching and 
shearing-machine, the product of Messrs. Henry 
Pels and Co., London. The chief feature of the 
new design is the cropper in the centre, which 
enables the operator to cut long angle and tee-bars 
on the bevel without having to raise thein at the 
ends. The angles are introduced horizontally, and 
are simply shifted to the right or left hand to obtain 
the desired bevel, and by the provision of suitable 
stops the bars need not be marked previous to 
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cutting. A further number of openings is arranged 
for, so that rounds and squares can be cropped 
with the same pair of blades, and, by means of 
interchangeable Blades, joists, channels, and other 
sections can be sheared. The shears are of the 
slitting type-~i.e., the blades are arranged in 
parallel with the frame ; there is no gap, but 
grooves are planed into the side of the frame, so that 
plates can pass right through the body of the tool 
during the cutting operation. Thepunching end is of 
the universal pattern, fitted with a removable sup- 
porting block. When this is in place, the machine 
may be used for punching plates and webs of 
girders, and, when removed, the flanges of girders 
can be punched. An auxiliary to this machine is a 
notching attachment, which can be fitted to the 
punching end in a few minutes. This apparatus 
serves to notch beams, angles, plates, &c. ; it is 
also provided with a side cutter, for dealing with 
the webs of beams. 

The Falcon Iron Works, Limited, of Oldham, 
show an example of their portable narrow type 
hauling-engines. It is claimed that this represents 
the most compact hauling-engine on the market, 
and has been specially designed for easy a 
to any part of the underground workings. Th 
engines are mounted on a strong framework of 
steel girders, fitted with wheels and axles to suit 
the gauge of road. It is made in sizes from 5-in. 
to 12-in. cylinders, and an engine of this type having 
a pair of 10-in. by 12-in. cylinders, with single 
drum, is only 6 ft. 4 in. long, 3 ft. 3in. wide, and 
3 ft. 10 in. high. 

Messrs. Mather and Platt, Limited, Park Works, 
Manchester, are showing an axial-flow ae < 
new design. It is of the rotary type, aud n 
specially constructed to meet the ever-increasing 
demand for plant to lift large quantities of water 
against low heads at comparatively high s 8, 


thus making it possible to employ direct driving by. 


high-speed electric motors or steam-turbines. The 
chief advantage of this arrangement over the ordi- 
nary slow-speed centrifugal pumping plant are 
saving in 8 , foundations, and first cost. The 
main fields of application for the axial-flow turbine- 
pump will be found in condenser work, irrigation 
and drainage work, sewage work, dock-pumping, 
&e. Fig. 7, on page 838, is a longitudinal sec- 
tion, and Fig. 8 is a photographic view of the 
pump. The pump is designed as a two-chamber 
pump, each chamber being fitted with a pro- 
peller of special desiga, and the two working in 
parallel. The water enters in a central suction- 
chamber, and is then distributed equally to the 
right and left-hand pump-chambers, from whence 
it is delivered through a breeches pipe into the 
common delivery-main. Guide-passages of special 
design at the entrance and exit of the propellers 
ensure the correct flow of the water through the 
channels of the propellers. It is characteristic of 
this type of pump that the load becomes larger 
when the output for which it is designed is 
reduced, and this load is a maximum when the 
delivery is stopped altogether. A by-pass arrange- 
ment is therefore fitted to the pump between 
the delivery branch and the suction chamber, 
so as to short-circuit the water in proportion as 
its delivery through the delivery-main is restricted. 
The by-pass arrangement also enables the plant to 
be started up with the minimum load—a feature 
which is of great advantage when the pump is 
driven by a squirrel-cage alternate-current motor. 
This type of pump is also arranged to be fitted with 
an air-extracting pump, gear-driven from the main 
shaft, to exhaust the air from the ene and 
pump-casing on starting up. This small pump 
1s automatic, so that, in the event of the main 
pump losing its water, it immediately comes into 
action, and reprimes the latter. The pump, as 
exhibited, is designed to deliver about gallons 
per minute against a total head of about 60 ft. 
when running at 3000 revolutions per minute. ‘It 
> — at the Exhibition coupled to a steam- 
urbine. 





Extensive Ratnway Construction in Norway.—A 
Bill has just been introduced in the Norwegian Storthing 
providing funds for the first nine years of railway 
construction, for which a sum of 107,000,000 kr. will have 
to be cove by a State loan. There are also other 
important public works to be taken in hand, including 
the regulation of the Numedal waters, the buildi 
of a .power-station at the Numedal Falls, and a rail- 
way in connection with the same, which will entail a 
cost of respectively 3.000,000 kr., 20,000,000 kr., and 
7,000,000 kr. (12. = 18 kr 
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HUMPHREY PUMPS FOR EGYPT. 


AN installation of Humphrey ag has been 
ordered by the Ministry of Public Works of the 
ptian Government for the drainage of Lake 
tis, at Mex, near Alexandria. When completed, 
this plant will be one of the largest pumping installa- 
tions in the world, and will consist of eighteen 
enorm Dus pumps, each capable of delivering 100,000,000 
gallons per day through a lift of 20 ft. The present 
order includes the first ten of these pumps, together 
with the necessary gas-producer plant, Venturi water- 
meters, travelling-cranes, locomotive weighbridge, 
lating-gates and screens, and a complete gas- 
driven electric light and power installation. 

The great size of the pumps may be judged from the 
fact that each unit is to . capable of delivering 
between two and three times that delivered by each 
large Humphrey pump unit installed at the Metro- 
politan Water Board’s pumping-station at Chingford. 

The maximum internal diameter of the combus- 
tion-chamber will be 8 ft. 8 in., and its height 
about 14 ft. The water valve-box will be 8 ft. 8 in. 
in diameter and 7 ft. high, and will be fitted with 
one hundred valves of the hinged type, specially 
designed to enable any valve to close upon an obstruc- 
tion, such as a piece of wood, without throwing 
is such that 
on the next stroke, when the obstruction has been 
removed by the rush of water, the valve will auto- 
matically readjust its position, and close fairly upon 
its seat. This type of valve 1s a result of careful 
experiment, and has proved itself thoroughly satis- 
factory under test. All the mair: cistings will be of 
steel, and will be carried upon a cast-zteel bend, which 
connects to the play-pipe. This bend will be in two 
parte, making up the 118.5 deg. required to connect 
with the inolined : play-pipe. 

At Chingford the bend had an angle of 90 deg., and 
connected to a horizontal Play pipe, which, in turn, 
connected through a second 90 deg. bend to a vertical 
conical water-tower. At Mex, however, there will be 
only one bend, and the play-pipe is ~ upwards, 
so as to deliver the water at the required elevation in 
the discharge basin. In order to reduce the velocity 
of the water at the exit, the play-pipe ends with a 
long conical portion, giving a 12-ft. diameter outlet. 
Not only does a sloping play-pipe eliminate one of the 

ds, and give riee to a simpler construction, but it 
has the additional advantage that the vertical com- 
ponents of the forces due to momentum of the moving 


masses of water in the combustion-chamber portion 
and play-pipe portion respectively are balanced. 
The pumps will be started by forcing into the 


combustion-chamber a mixture of gas and air, which 
is exploded by means of the usual sparking-plug and 
switch, so as to give rise to the first oscillation, after 
which the working becomes automatic. Compressors 
capable of rapidly charging the pumps for this pur- 
pose, and having separate cylinders for air and gas, 
are included in the contract. 

Five of the pumps will be made by Messrs. William 
Beardmore and Co., Limited, of G w, and five by 
the Tecnomasio Italiano Brown-Boveri at Milan. 

The anthracite gas plant, capable of gasifying 44 
tons per day, will be of the self-vaporising type, 
and will be supplied by the Power Gas Corporation, 
Limited. There will benine producers, one of which 
will be aspare. The producers will be of the luted 
type. The gas from the collecting main will pass 

rough two large gas-cooling towers, and then 
through dry scrubbers into a gas-holder of 10,000 
cub. ft. capacity, which, besides forming a mixing- 
chamber for the gas, will be used for accurate 
measuring the gas during the official trials of the 
plant, although for ordinary purpoees the gas will be 
measured through a ro meter. The plant will be 
complete with all auxiliaries, and special care has been 
taken that the plant shall be suitable for operation 
under the climatic conditions of Egypt. 

The plant for electric power and lighting will 
comprise two gas-engines, each for 180 brake horse- 
power normal load, of the two-cylinder horizontal 
type, — at 190 revolutions per minute, and 
direct coupled to 120-kw. generators. There will 
be two Venturi meters, supplied by Messrs. George 
Kent, Limited, each arranged to measure the water 
delivered from one or more pumps, up to a total 
of five. These meters will be of square section, and 
12 ft. by 12 ft. in the throat. tinuous record- 
ing apparatus and counters will be fitted to show 
the rate <p and the quantity of water de- 
livered, will electrically connected to the 
recording instruments placed in the pump-house. The 
meters are teed to be accurate to within 1} per 
cent. Except that the throat diameters will be lined 
with gun-metal, to ensure smooth and accurate stream- 
lines, they will be mostly constructed of #-in. steel 
plates, bolted to rolled-steel joists and jointed with lead 
strips. The meters will be partly supported in the 
natural rock as excavated, and partly by concrete 


The whole of the work will be carried out under 





the supervision of the well-known firm of Messrs. 
Harper Brothers and Co., who are the consulting 
engineers to the Egyptian Government. They have 
prepared the specification and plans, and have designed 
the handsome buildings which will become a land- 
mark in the neighbourhood of Alexandria. 





ROYAL METEOROLOGICAL SOCIETY. 

Tue last meeting of this Society for the present session 
was held on Wednesday afternoon, the 17th inst., at 70, 
Victoria-street, Westminster, Mr. C. J. P. Cave, Presi- 
dent, in the chair. 

Mr. B.C. Wallis read a paper on ‘‘ The Rainfall of 
the Southern Pennines.” This enquiry had been under- 
taken with a view of a find a scientific justi- 
fication of the claim made for wetness and humidity 
of Lancashire suitable to the manufacture of cotton. In 
summarising the distribution of the rainfall of the Pennine 
district, the author said it may be asserted that the west 
is wetter than the east on whole, and as a rule, 
although the difference between the two areas is least 
marked during the dry season from March to May. In 
June and July, however, the lowland of the Trent and Ouse 
valleys receives a relative excess of rainfall, which is 
compensated by the relative dryness in December and 
January. The uplands are absolutely wetter than the 
neighbouring lowlends, and the western slopes are wetter 
than the eastern slopes; but the difference in rainfall 
between upland and lowland is least marked during the 
warm weather and most marked during the cold weather. 
Throughout the whole district, on the average, the rain- 
fall decreases in intensity from January until April, 
increases from April to August, shows a drop in relative 
quantity for September, rises to a maximum in October, 
and then declines until December. The local relief of 
the Pennine uplift gives to the cotton towns their 
characteristic climate, and is the dominant factor which 
has made Lancashire supreme in the cotton industry. 

Mr. H. J. Bartlett read a paper on ‘“‘ The Relation 
Between Wind Direction and Rat -” Thies was a dis- 
cussion of wind and rain records at the four observa- 
tories—Valencia, Aberdeen, Falmouth, and Kew—for 
the ten-year iod 1901-10. It was shown thata large 
proportion of the total rainfall falls with winds in the 
seuth-east and south-west quadrants, except in the case 
of Aberdeen, where the amount in the north-west quad- 
rant is relatively high. The test amounts at Kew 
and Falmouth are with a south-west wind, respectively 
22 and 28 per cent. At Aberdeen the south-east wind 
brings the highest amount—20 cent. ; while Valencia 
receives 30 per cent. with south, 20 per cent. with south- 
east, and 15 per cent. with the south-west wind during 
the year. At each observatory there are two months 
during the year when the proportion of rain occurring 
normally in one or more quadrant diminishes consider- 
ably. For Valencia, Falmouth, and Kew this feature is 
strongly marked in June and September; while for 
Aberdeen, where it is less obvious, the months are May 
and November. 

Mr. E. H. Chapman also read a paper on ‘“‘ Barometer 
Changes and Rainfall : A Statistical Study.” 








PrRsonaL.—Messrs. Nalder Brothers and Thom 
inform us that Messrs. Morris and Lister, Limited, of 
3and 4, Palace Chambers, Bridge-street, Westminster, 
S.W., and Carlton Works, Lockhurst-lane, Coventry, 
who had hitherto been representing them to a limited 
extent for the sale of their manufactures, have now been 
appointed their representatives in the London and country 
districts heretofore worked by Messrs. Frampton and 
Paine, whose agreement for the agency has expired. 
—Mr. Thomas W. How, M.I. Mech. E., will in future 
represent in Great Britain Messrs. Stigler, the Con- 
tinental lift and elevator manufacturers, with offices at 
17, Victoria-street, Westminster. 





Tue InstiTuTEe or Metais: PorTsSMOUTH CONFERENCE. 


Y | —Portsmouth has been selected as the place of meeting 


de autumn one of the —— eo 
erence, which w presi over 
Vice-Admiral Sir Henry J. Oram, K.C.B., ERS, the 
President of the Institute of Metals, will be held on 
Thursday and Friday, September 10 and 11, in the 
——— College. A number of important papers will 
be each morning. In the afternoon of September 
10 a visit will be paid to Portsmouth Deckyard, and 
there will be a dinner in the evening. On September 11 
the afternoon function will consist of a luncheon at the 
Cowes works of Messrs. J. Samuel White and Co., the 
works afterwards being visited. 





ConTracts.—We learn that the British Westinghouse 
Electric and Manufacturing Company, Limited, have 
secured the contract for the extra-high-tension switch- 
gear and aleo the low-tension switch-gear and connec- 
tions for eleven sub-stationa, in connection with the 
London and North-Western Railway Company’s North 
—_ electrification. ae ee penceme 
at present time total comprising igh-tension 
panels and cubicles, 107 direct-current abetiinn panels, 
and twenty-two low-tension alternate-current and direct- 
current boards in the main station. The contract is 
estimated to be worth between 50,0001. and 60,000/,— 
We are informed that the contract for a double-inlet 
Keith reversible mine fan, to handle 400,000 cub. ft. of 
air per minute at 6 in. water-gauge, to be installed at 
Nantgarw Colliery, South Wales, bas been placed with 
ears. the James Keith and Blackman Company, 

mi - 
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THE SUBSIDENCES IN THE STREETS 
OF PARIS. 


THE accidental subsidences which occurred in Paris 
a few days ago on one of the Paris Metropolitan 
lines now in course of construction—we might even 
say in course of completion—are most regrettable 
from the point of view of the deaths which they 
have entailed. They also show what minute pre- 
cautions it is necessary to take when carrying out 
excavation work under the streets of a large city, 
in close proximity to innumerable large and 
small sewers and disc’ - pipes, -pipes, and 
electricity leads placed direct in the ground or 
suspended in the sewers. 

As always occurs, immediately the news of the 
disasters became public, their importance was 
greatly exaggerated. It is ——-> therefore, to 
place the occurrences in the correct light ; they are 
sufficiently grave in themselves not to need any 
exaggeration. The list of killed is, unfortunately, 
of serious length. The making good of the 
work, the underpinning, the reconstruction of the 
railway tunnel and of the sewers, the relaying of 
all pipes and conduits, and the retaining work on 
the houses in the neighbourhood, will lead to 
very considerable expenditure. 

A visit which the writer has paid to the localities 
in which the subsidences occurred does not reveal 
with any degree of accuracy all the causes of the 

















accidents. It is obviously impossible to approach 
the chasms sufficiently near to ascertain also the 
whole extent of the damage, the view being hidden 
by a mass of earth, stones, pipes, blocks of con- 
crete, and paving-setts. A complete inquiry will 
have to be held on the subject, and this will have 
to proceed gradually as the excavation is being 
carried on. Excavation has now commenced in the 
midst of difficulties of all kinds; at the three 
points at which the caving-in occurred the work 
is accompanied by great danger to the men, and 
at two of them the caving-in is so close to the 
houses that their foundations are exposed. The 
subsidence at the Place St. Philippe-du-Roule, 
or, more exactly, at the angle formed by the Rue 
de la Boétie and the Rue du Faubourg St. Honoré, 
cluse to the St. Philippe-du-Roule church (see 
map, Fig. 1) is much deeper than the foundations 
of the adjoining houses. The foundations them- 
seves will, of a necessity, have to be shored by 
means of baulks of timber—a dangerous proceed- 
ing—before commencing to clear the kind of crater 
which has been opened out and enlarged by the 
water rushing along the Metropolitan line in course 
of construction. Figs. 2to 4 are views of the subsi- 
dences. 

The driving of the new underground line appears 
to have been the immediate cause of the catas- 
trophe. The existing masonry sewers seem to have 
been shored up over the tunnel driven to take the 
line ; they appear to have broken down at parts, 
and the water, by flowing into the tunnel, led to 
undermining and to the caving-in of the tunnel 
arch by carrying away the earth and stone on 
which the arch rested temporarily, and also b 

ing away at intervals the masonry walls whic 
formed its final support. 

It should be noted at this point that Paris, which 
had remained behindhand, compared with London, 
in the matter of the construction of a system of 
Metropolitan lines, desired to make up for lost 
time. Notwithstanding, when one considers a 
of the French capital showing the Metropolitan 
lines and the line styled the ‘‘ Nord-Sud,” which 
runs approximately from the north to the south of 
the city, and has three branches at ite northern 
end, showing also the lines schemed and those 
in course of construction, their multiplicity is 


found really surprising. A number of the lines 
branch off one from the other, but in a general 
way the desire seems to have been to consti- 
tute a number of small independent systems 
which, where they cross each other, only communi- 
cate together vertically by stairways and lifts. 
Thus, at the Place de l’Opéra (see ENGINEERING, 
vol. lxxxii., page 25), three lines cross each other 
at different levels. The highest is line No. 1, 
which was the first to be built, and runs west to east 
from the entrance to the Bois de Boulegne to the 
entrance to the Bois de Vincennes. The second 
line is at the next lower level, and is not yet com- 
pleted ; it starts from the Palais Royal, that is to 
say, from the centre of the city, runs to the Place 
de l’Opéra, and thence in a north-easterly direc- 
tion. The line No. 3, now completed, is at the 
lowest level underneath a steel viaduct which 
carries, at the Place de l’Opéra the line No. 2. 
This line No. 3 is known as the Villiers-Gambetta 
line and follows a direction generally parallel to 
line No. 1; it intersects both the ‘* Nord-Sud” 
line and the central line which serves the Place de 
la Concorde, running thence to the vicinity of 
Auteuil, the south-western end of Paris, passing 
twice underneath the Seine. 

But the scheme also included the establishment 
of a further underground connection between the 
Opéra quarter and other Paris centres, and a line 
‘was mapped out, starting from the Boulevard des 





Italiens, close to the Opéra, thence running close 
to the St. Lazare railway-station under the angle 
formed by the Rue du Havre and the Boulevard 
Haussmann, following the latter boulevard to the 
large open s in front of the St. Augustin 
Church, running thence under the Rue de la Boétie, 
the Avenue d’Antin, the Champs Elysées, the 
Trocadéro, reaching Auteuil by describing a circle, 
and meeting the line Opéra-Auteuil. These details 
are necessary to enable our readers to ascertain 
exactly the points where the main subsidences 
occurred. The line in question now in course of 
construction runs underneath two other lines above 
referred to—i.e., the line No. 3, beneath the angle 
formed by the Boulevard Haussmann and the Rue 
du Havre, opposite the St. Lazare Railway Station, 
and beneath the line No. 1 at the Champs Elysées. 
The line No. 3, we repeat, is the line Villiers- 
Gambetta, and No. 1 is that from the Bois de 
Boulogne to the Bois de Vincennes. Moreover, 
the said new line also runs underneath the line 
**Nord-Sud ” at about the same point where it 
intersects the line No. 3. 

It is quite evident that the excavation work, 
which the construction of all these lines involves, 
is surrounded with most serious difficulties, carried 
out as it is in the very soft earth which constitutes 
the subsoil of Paris, amongst a most complicated 
network of sewers and pipes, and very frequently 








the complications, no precautions would seem too 
great for ensuring the absolute safety of the railway 
tunnels. When the Seine overflowed in 1911, 
the water of the river invaded a part of the city 
through the sewers and through the tunnels of the 
Metropolitan Railway, and slips took place, caused 
by the washing away of the subsoil and of the 
earthwork supporting a number of tunnels in 
course of construction. A caving-in occurred at 
that time opposite the St. Lazare Station, at a dis- 
tance of about 150 yards from the spot of the 
present subsidence, at the angle of the Boulevard 
Haussmann and the Rue du Havre. 

The construction of the Metropolitan Railway 
proper, and in this the ‘‘ Nord-Sud” line formed an 
exception, is carried out by the Paris Municipality, 
or rather, we should say, at the Municipality’s 
expense, the work being put up for tender, and being 
executed by contractors working for the Munici- 
pality and under the supervision of Municipal engi- 
neers, a supervision which has to be constant, owing 
| to cases of ** sabotage,” which seem to have become 
|common practice on the part of the men. The 
|subsidences may be ascribed to a case of this 
sort. 
| Inageneral way, moreover, the Paris subsoil is of 
a most heterogeneous formation, being often made 
ground, cut about by the ruins of old constructions. 
It has been practically impossible all through to 
make use of the tunnelling shield. Therefore 








Fie. 2. Rescuz Work at Nieut-Tir. 


the contractors are compelled to have recourse to 
tunnel excavation with timbering. For the newer 
lines in course of construction fears were enter- 
tained in regard to the cut-and-cover method, 
since this would have meant the opening up of 
the streets and avenues, and would have pre- 
vented for some lengthy period the circulation of 
vehicles at the parts where the work was being 
carried out. ‘At intervals, therefore, shafts are 
sunk from which the galleries are driveu ; an 
advance heading of small section is generally driven 
at the central and top portion of the full tunnel 
section, side excavation being then carried out, the 
excavation being timbered fanwise to the right 
and left-hand sides of the heading. The centres 
on which the masonry arch is to be built are then 
laid. The arch, as will therefore be seen, is sup- 
ported by the surrounding ground for a more or 
less lengthy period ; excavation is then continued 
in the central part of the full tunnel section, suffi- 
cient earth being left under the springing of the 
arch on each side to support it until the masonry 
sides of the tunnel are built in. 

It is impossible so far, we repeat, to state the 
causes which have led to the accidents in question, 
but it is permissible to suppose that the water 
which rushed into the tunnels in course of con- 





through bodies of underground water. In view of | 


struction, owing, no doubt, to the rupture of 
neighbouring sewers, undermined the earth sup- 
ports carrying the arch, momentarily causing 
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the latter to break down. By looking over one 
of the cavities* produced over the new line 
referred to, it is possible to see quite distinctly 
the substantial brickwork of the main sewer com- | 
pletely broken open, amongst all kinds of débris, | 
pavement granite setts, asphalt slabs, and a tangle | 
of electric lines, gas and water-pipes. It would | 
seem logical to suppose that the main sewer, owing | 
to the enormous mass of water it had to deal with 


violent storm occurred in Paris on Monday evening 
last, the result of which was no doubt completely 
to flood the main sewers in an instant. In cases 
of this kind, the sewers can be made to discharge 
into the river, but the flood took place with such 
rapidity that no time was available for recourse 
to this means, and the sewers settled in places 
into the subsoil already weakened by the ex- 
tensive excavation works in progress for com- 











Fic. 3. Supsmpence in Rve ve 1a Boke. 











Fic. 4. Hone In THE 


a few minutes before the accident, was not, 


adequately supported by the surrounding earth, | , 
which had been disturbed by the previous excava-| through workings that were not able to resist 


tions. Settlement took place, causing the sewer | 
to crack, the water penetrated the tunnel workings, 


breaking down of the main sewer followed, leading 
to the undermining of the tunnel and to the caving- 
in of the streets. | 

As was reported in the daily Press, a most'| 








* The hole resulting from the subsidence at Place St. | 
Augustin is like a large grotto, about 50 ft. long, 40 ft. | 
wide, and 33 ft. deep, the roof of which has fallen in, 


| it. 


Puiace St. AvuGusTIN. 


leting the Metropolitan line system. 


In a 
ew instants a veritable torrent i 


was carried 


it, and, in truth, not built to give passage to 


does show the marks of the passage of a mass 
of water which has washed away the earth- 
work up to the level of the wood paving. 
latter remains alone, —— above the edges 
of the hole, forming a kind of thin crust; at 
this part an automobile was partly engulfed, and 
the two passengers who perished in the accident 
were more likely drowned than killed by the 


One of the holes does not afford direct 
causing undermining to commence, the complete | evidence of the fracture of the main sewer, but it 


This 





accumulation of débris. The ing away of 
the earth by the water is also illustrated by the 
fact that at many points of the roadways under 
which the new line runs the paving has become 
most uneven. 

The list of killed is already a large one, as above 
intimated, but it is quite possible that further bodies 
may have been carried away by the flooding, and 
may be recovered by following down the galleries 
in which work had been proceeding. The fact 
that more accidents have not occurred to persons 
and vehicles on the surface is most remarkable ; 
one vehicle only—an automobile—seems to have 
been engulfed, although the three points at which 
caving-in occurred are located in some of the most 
busy thoroughfares of the metropolis. Fortunately, 
the rain, which then fell in torrents, had consider- 
ably slackened circulation in the streets. 

It is too early to draw conclusions from the 
events described ; one point, however, would seem 
to stand out clearly, and this is to the effect 
that no precaution and no reasonable amount of 
timbering should be deemed superfluous when 
driving a large network of tunnels in a treacherous 
subsoil, like that of Paris. The sewers were strongly 
built in the first instance ; this is fully recognised ; 
but it is quite evident that when they have acci- 
dentally to withstand enormous internal pressures 
at a time when they are temporarily uncovered or 
undermined due to neighbouring excavations for 
other purposes, they may fail, as they have done in 
the instance under consideration. The occurrence 
affords a confirmation of the absolute necessity for 
all municipal engineers to make the most complete 
provision for coping adequately with periodic flood- 
ings caused by storms. It should also afford a 
confirmation of the fact that the ure of the tun- 
nelling shield and the construction of tunnels by 
complete metallic rings afford a much larger margin 
of safety than the methods followed in Paris, and 
briefly outlined in the foregoing. But the state- 
ments of the majority of the Paris contractors agree 
in showing that in the French metropolis the use of 
a tunnelling shield is attended with many difficul- 
ties, not to say practical impossibilities. 





Burstinc or A Dam.—A dam, built last year, above 
the railway from Lapland to Narvik, close to Sildvik, 
recently gave way, with the result that some 400,000 
cub. metres of water rushed down the mountain, carrying 
away 60 metres of the railway. Owing to the prompt 
action of a am | man a train from Narvik was stopped 
in time, or it would have been carried over the precipice. 
The accident will not cause any stoppage in the iron-ore 
shipments, as there are large stocks at Narvik. 





Tue Rorat Sanrrary Institvte.—The 29th Congress 
of this Institute is to be held at Blackpool from July 4 
to 11, under the presidency of the Right Hon. the Earl 
of Derby, P.C., G.O.V.0., C.B. The Congress is 
arranged in sections dealing with sanitary science and 
preventive medicine, engineering and architecture, 
domestic hygiene and hygiene of infancy and childhood, 

conferences of representatives of sanitary authori- 
ties, port sanitary authorities, medical officers of health, 
engineers and surveyors to county sanitary authori- 
ties, and veterinary inspectors. Delegates to the Con- 

have been appointed by over 230 authorities, includ- 
ing the Commonwealth of Australia, New South Wales, 
Tasmania, Victoria, the Province of Alberta, the Ad- 
miralty, the Army Council, Board of Education, H.M. 
Office of Works, the Lunacy Commission, county councils 
and other sanitary authorities, universities, and learned 
and professional societies, and as the Institute’s member- 
ship numbers over 4500, a large and influential meeting is 
expected. 





Tue Maryiesone Rarwar Accipent.—It will be 
remembered that on April 26 a collision occurred between 
a light engine and a down expres ery a in the 
tunnel on the Great Central Railway, at field-place, 
N.W. The section of the line involved extends for about 
14 miles between the Marylebone Goods Yard signal- 
box and the one at Uanfield-place. Most of this section 
is in tunnel, <i * for two short lengths of cutting, 
in one of which the London and North-Weetern main 
line passes under the Great Central, and as alterations 
were in progress at this = single-line working was 
in use, necessitating the — oyment of a pilot-man. 
The express, stopping to let down this pilot-man, failed 
to re-start on the curve and gradient, and the signalman 
informed the signal-box at the goods yard that this bad 
happened. The lax manner in which this and subsequent 
duties were ormed resulted in a light engine leaving 
the yard with an inspector, but not the pilot-man, on it, 
and this engine ran into rear of the express, coming 
upon it unexpectedly before the end of the tunnel was 
reached. Major Pringle severely criticises the manner in 
which the single-line working was being conducted, with 
very little regard to the rules specially provided for safe 
operation under these circumstances. In this criticiem 
Major Pringle certainly seems perfectly correct from the 
facts as reported. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


As members are aware, the home of the [ostitution 
of Mechanical Engineers at Storey’s Gate, St. James’s 
Park, Westminster, S.W., has recently undergone 
very considerable alteration and improvement. Tne 
acquisition of premises formerly existing between the 
Inscitution’s building and Princes-street has rendered 
possible the enlargement of the society’s home by 
quite an appreciable amount. Those who attended 
tae reception on the occasion of the Thomas 
Hawksley lecture, or the more recent conversazione, 
will be in a position to judge how far this 
increased accommodation adds to the pleasure of 
such functions. It is not, however, merely with a 
view to improving the facilities for social enjoyment 
that this work has been undertaken, but also in order 
to enable the more serious functions of the Institu- 
tion to be performed efficiently. 

We give with this week’s ENGINEERING, on Plates 
CV., CVI., and CVIL., several views of the build- 
ing as it now stands. In Fig. 1 will be seen 
a general view of the frontage facing St. James's 
Park, showing the addition on the left hand. 
Fig. 2 shows the side facing Princes - street. The 
original building was constructed to the designs of Mr. 
Basil A. Shade, F.R.I.B.A., London, while the ad 1i- 
tions were designed by Mr. James Millar, F.R 1.B.A., 
of Glasgow, who, it will be remembered, was also 
entrusted with the design of the new building of the 
Institution of Civil Engineers. The two buildings 
face each other across Princes-street, and the frontages 
are somewhat similar in character. They are quite 
imposing additions to the architectural features of this 
little street. 

The enlargement of the building has provided in 
the basement considerable increase in the circulating 
area, lavatory accommodation, &c. The principal 
improvements are, however, above. The main stair- 
case has been much widened, and is now a really satis- 
factory means of access to the various floors. In Figs. 5 
and 7 this staircase will be seen, with part of the 
entrance-hall, the latter having had its length in- 
creased materially by the new work. The ground 
floor now provides very good accommodation for the 
secretary and his staff in the new part of the 
building. On the mezzanine floor, above these offices, 
will bs found another office, and a spacious committee- 
room of which a view is given in Fig. 6. The council- 
room is now to be found on the first floor. A view 
of this handsome room is shown in Fig. 3. It opens 
into one wing of the library, as shown in that figure, 
the part of the library to which it has direct access 
being shown in Fig. 8. On the third floor, in addition 
to the accommodation previously existing, there are 
now available for members a reading-room and a 
light and airy smoking-room, of which a view is given 
in Fig. 4. In addition to the main staircase, there is 
a lift in the main entrance-hall, and also at the back 
of the new portion a smaller staircase and lift, so that 
several completely independent means of access to 
the upper floors are provided. it will be noticed 
that the new accommodation is decorated in good, 
but not extravagantly lavish, style. Panelling is used 
in many of the parts of the building. At the same 
time, the —— was taken to redecorate the 
Meeting Hall, and all will agree that this is a very 
great improvement. The Institution has always been 
regarded as among the most pleasant of our technical 
bodies, by reason of the freedom which existe among 
the members. The additional accommodation thus 
provided for their benefit will doubtless tend to im- 
prove the friendly intercourse between members, and 
at the same time the good work of the body asa whole. 





6000-TON FORGING-PRESS. 

One of the largest forging-presses in the world, 
recently erected at the Atlas Works, Sheffield, of 
Messrs. John Brown and Co., Limited, is illustrated 
on Plate CVIIL. This press, which was built by Messrs. 
Davy Brothers, Limited, of Sheffield, is capable of 
exercing s force of 6000 tons. The maximum water- 
pressure employed is 24 tons per sq. in., equivalent to 
& water-head of about 13,000 ft. The press is operated 
from an accumulator at a pressure of 1700 Ib. per 
sq. in., which is supplied fron two sets of pumping- 
engines, delivering 150 — of water per minute. 
The higher pressure of 24 toas is obtained by means 
of steam -intensifiers. Ihe compound method of 
obtaining the high pressure has proved very econo- 
mical in practice. 





Norwecian Coast-Derence Batriesuips: Errats.— 
In the note on the a coast-defence battleships 
on page 818 ante, giving a description of the Norwegian 
coast-defence battleship Nidaros, the dimensions were 
given wrongly. The correct dimensions are :— h 
over all, 310 ft. ; length between perpendiculars, 290 ft. ; 
breadth, moulded, 55 ft.; mean draught, 16 ft. 6 in. ; 
displacement, 4825 tons. The machinery is of the recipro- 
cating type, and not turbine, and the designed speed is 
15 knots. 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 3. 

Dvurinc the month of May orders for steel rails 
throughout the country amounted to 130,000 tons, of 
which 41,000 tons were for export, and 35,000 
tons for Australia. The Seaboard Air-Line finally 
closed for 17,000 tons. Locomotive-makers booked 
orders for 195 engines; coaches ordered numbered 
225 ; freight-cars, 17,500 ; general structural material 
amounted to 19,000 tons for the week, the total con- 
tract price for all being 30,000,000 dols. Cost test 
rolling of 20,000 tons uf rails has been made by 
two mills to determine the price at which a big Penn- 
sylvania order for rails can be taken in the near future. 
Strong pressure has been brought to bear on the 
President of the United States to relinquish further 
efforts at whatis regarded as drastic legislation against 
business, but without avail. Railroad showings are 
developing some gains owing to vigorous economies 
in operation, but a pall hangs over all manufacturing 
interests. Purchases are being greatly restricted. The 
Seaboard Railroad will probably close this week for 25 
locomotives, 50 coaches, and 350 freight-cars. As fre- 
quently stated heretofore, an enormous volume of busi- 
ness is being held up becauseof legislative uncertainties. 
Prices vary but little. Money is available for new 
enterprises, but it is not wanted. Some authorities 
characterise existing conditions as a sort of dry-rot. 
Considering the higner wages psid, the average cost of 
steel is now slightly under all records. The events of 
the past week point to a further curtailment of out- 
put. Organised efforts are being made to seek wider 
foreign markets, but the difficulties mapped out by 
those engaged in this field appear formidable. 





INTERNATIONAL Fire Service.—The meetings of the 
International Fire-Service Council’s executive, which are 
taking place in London this week, and are being pre- 
sided over by Commandant Meier, Chief Officer of the 
Amsterdam Fire Brigade, president of the Council, have 
been principally occupied with the ‘‘ International Fire 
Dictionary,” which is to be published in three ages, 
and will contain the three equivalents of 5000 technical 
terms relating to fire-prevention and fire-service work. 
The Council have also been occupied in the arrangements 
for a large International Congress, to be held at Copen- 
hagen in 1915, at which the questions of celluloid dangers, 
petrol storage, fire protection on board ship, and county 
tire-brigades will be under consideration. A report of 
the resolutions arrived at and the general proceedings 
will be issued at the end of the meeting. 





Tue InstiTUTE OF MARINE ENGINEERS.—On Saturday 
the 6th inst., members of the Institute of Marine Engi- 
neers visited the works of Messrs. J. and E. Hall, 
Limited, Dartford. Founded in 1785, the manufactures 
for which the firm originally gained a reputation included 
paper-making machinery, gunpowder plant, marine and 
beam engines, elephand boilers, and all classes of mill 
work. ‘I'he first trunk engines ever made were designed 
and constructed at the Dartford Iron Works, and as long 
ago as 1836 a pair of 60-in. beam engines, fitted with 
surface-condencers, were designed and made there for the 
8.8. Wilberforce. The carbonic anhydride (CO,) refrige- 
rating machines for marine and land work were introduced 
by them in 1888. In 1910 the manufacture of ammonia 
compression machines was added. The facilities for the 
construction of these machines and of the Haliford heavy 
motor vehicles, a recent and equally successful branch of 
the —— activities, are of the most modern descrip- 
tion, and bear testimony to the enterprise of the present 
directorate. An interesti 
the method by which the 
accurately tested. 


demonstration was given of 
ciency of the refrigerators is 


New Greco-AmericaNn Liner. — Messrs. Cammell 
Laird and Co., Limited, Birkenhead, launched, on the 
9th inst., the tirst of two steamers building to the order 
¢ ——_ A. A. ae = Co. ae the ——— 

team Navigation Company of Greece, for passenger an 
emigrant sorvien to the United States of America. The 

incipal dimensions of the vessel are :—Length, about 
ft.; breadth, moulded, 58 ft.; depth, moulded, 

27 ft. 6 in.; speed, about 18 knots. The upper and 
main decks are almost entirely devoted to the accom- 
modation of emigrants, ample space, in conformity 
with the requirements of the Italian and American 
laws, having been allowed for about 1800 persons in 
suitably divided compartments. Accommodation for 
about 500 second-class passengers in four, six, and 
eigbt-berth rooms is arranged under the bridge and 
poop, a few four-berth rooms being also fitted in the 
ge deck-house. On the bridge deck, which is about 


270 ft. long, and sheathed with wood, are two steel | CO 


deck-houses, the principal one being about 220 ft long 
by 41 ft. in breadth, and containing first and second- 
class accommodation, dining-saloons, &c. The main pro- 
pelling machinery consists of two sets of quadruple- 
expansion surface-condensing engines, desi to run at 
about 95 revolutions Ps minute, the size of the cylinders 
being 27} in., 39 in., 56 in., and 80 in. in diameter respec- 
tively, with a 54-in. stroke. The engines are balanced 
on the Yarrow-Schlick-Tweedy 
installation consists of eight sing 
16 ft. 9 in. in diameter _ A 
ithdrawable furnaces. 


ed main boilers, 

ft. long, each having four 

wi working pressure is 220 lb. 

Ps sq. in., while a vertical donkey boiler works at 
40 Ib. per sq. in. 


rinciple. The boiler | bes 





NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
pig-iron market was nominally unchanged with Cleveland 
warrants quietly steady. The turnover consisted of 1000 
tons at 51s. 44d. July 31 and August 25, with closing cellers 
at 51s. 3d. cash, 51s. 44d. one month, and 51s. 6d. three 
mon he afternoon session was quiet, and the 
business consisted of one Jot of Cleveland warrants 
at 51s. 44d. one month, with sellers over at 51s. 3d. 
cash, 51s. 5d. one month, and 51s. 6d. three months. 
On Friday morning the market was a little more active, 
and 2500 tons of Cleveland warrants were done at 51s. 44d. 
one month, and 5ls. . three months, and at the close 
sellers named 51s. cash, 51s. 44d. one month, and 
51s. 6d. three months. The tone was steady in the 
afternoon, but only one Cleveland warrant changed hands 
at 51s. 5d. three months, and sellers’ closing prices were 
51s. 3d. cash, 51s. 5d. one month, and 5ls. 54d. three 
months. There was little change in the market on 
Monday morning, and the dealings consisted of 1000 tons of 
Cleveland warrants at 51s. 3d. twenty-one days, and the 
session closed with sellers at 51s. 3d. cash, 51s. 44d. one 
month, and 5is. 6d. three months. The afternoon market 
was dead idle, and there was no change in sellers’ prices 
for Cleveland warrants. On Tuesday morning the tone 
was very dull, and there was little life in Cleveland 
warrants. One lot was done at 51s. 14d. cash, and 
closing sellers quoted 51s. 2d. cash, 51s. 4d. one month, 
and 61s. 6d. three months. Another idle session took 
place in the afternoon, and Cleveland warrants were 
called 51s. 24d. cash, 51s. 44d. one month, and 5ls. 54d. 
three months’ sellers. When the market opened to-day 
(Wednesday) there seemed little disposition to purchase 
Cleveland warrants, and nodealings were recorded. The 
cash price was unchanged at 51s. 24d. sellers, but the 
forward positions were easier, with seliers quoting 51s. 4d. 
one month and 51s. 44d. three months. In the afternoon 
the third successive idle session was recorded. Cleveland 
warrants were 8 y, and sellers named 51s. 24d. cash, 
51s. 4d. one month, and 5ls. 5d. three months. 


Sulphate of Ammonia.—Sulphate of ammonia is again 
easier, and a reduction of 5s. per ton falls to be noted in 
the price. Buying is of a limited nature, as, owing to 
the very large output, consumers can get very favourable 
terms, and only book moderate lots. The current quota- 
pny be - 102. 10s. per ton for prompt delivery, Glasgow 
or Leith. 


Scotch Steel Trade.—No change of any kind has taken 
place in the Scotch steel trade, and the same dull and 
lifeless conditions prevail at most of the works ; in fact, 
some of them may not be able to hold out until the 
annual holidays a month hence, unless things take a 
turn for the better; and should there be no revival by 
then, this year’s stoppage is likely to be of lengthened 
duration. Orders forship-plates are few and far between, 
due partly to the quietness of the shipbuilding yards, 
and partly to the use of the German product. The 
Continental makers have also secured a fairly good hold 
abroad, with the result that our own export trade has 
suffered considerably ; but, all the same, there is a fair 
amount doing at present with Australia, India, and 
several other B nsngye The demand for sections is very 
poor, and makers of black sheets can only be said to 
be moving, as business is exceptionally scarce, and com- 
petition very keen. In the case of vanised sheets 
the position is similar, and it would seem that the 
total productive capacity of the various works is con- 
siderably larger than actual normal requirements, with 
the result that in these lean times there is much broken 
time. Prices all round have an easier tendency, and the 
following are the current quotations : — Ship-plates, 
5l. 12s. 6d. per ton; boiler-plates, 62. per ton ; angles, 
5l. 7s. 6d. per ton ; and bars, 6/. 5s. per ton, all less 5 per 
cent., Clyde or equal delivery. 


Malleable-Iron Trade.—Nothing fresh can be reported 
in connection with the West of Scotland malleable-iron 
trade, and business is still of the hand-to-mouth descrip- 
tion. Prices are on 6/. 12s. 6d. per ton, Jess 5 per 
cent. for ‘‘ crown” 


_ Scotch Pig-Iron Trade.—A dull tone is still prevalent 
in the Scotch pig-iron industry, and buying shows little 
— of expanding. Sbipping orders and contracts are 
ing away quite a respectable tonnage, but the present 
output is considerably less than at this time last year, 
when there were some seventeen more furnaces in blast. 
Inquiries are scarce, and especially is this the case in 
hematite ; stocks on hand are increasing too rapidly. The 
following are the market quotations for makers’ (No. 1) 
Langloan, 67s. 64, (all hipped at Glasgow 2) Gleoguroe — 
joan, 67s. 6d. ip ad ; Glen 
(at Ardrossan), 703.; Shotts (at Leith), 686. 6d.; and 
Carron (at Grangemouth), 68s. 





Tue Suzz Canau.—The working profit of the Suez 
‘anal Company for 1913 was 3,516,904/. The working 
expenses last year were less than in 1912 by 69,702/., 
notwithstanding an increase in the cost of maintenance 
in consequence of more active dredging, not only in the 
canal itself but also at the entrances. 


American Coat Exports.—Mr. D. A. Thomas states 
that between 4,000,000 and 5,000,000 tons of coal were 
exported from the United States last year oversea, 
ides sent overlend to Canada. The Americans 
had secured the West Indian market because they 
brought back iron ore as a return freight. Three cirgoes 
of American coal were being shipped to three French 
railways. Coal was also being shipped to Naples from 
America for the Cunard Steamship Company. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Messrs. John Brown and Co.’s Record Year.—In their 
jubilee report the directors of Messrs. John Brown and 
Co. state. that the gross profit has reached the record for 
the firm of 437,834/. The various departments at the 
Atlas Works have worked well during the year. Trade 
has been good, i 
output at the collieries has been considerably affected by 
av unfortunate dispute with the men on the question of 
the minimum wage. The directors add that fair 
continues to be made on the battleship-cruiser Tiger and 
the battleship Barham at Clydebank, but the unsatisfac- 
tory working of some classes of the men referred to in 
last year’s report continues. Orders have been received 
for several vessels which will keep the various depart- 
ments busily employed for some time, The improve- 
ment at Coventry, foreshadowed in last year’s report, has 
been realised, and may be expected to continue. The 
working of the companies with which this concern is 
interested has been satisfactory. The directors recom- 
mend a total dividend for the year of 10 per cent., less 
tax, as compared with 74 per cent. last year, and the 
appropriation of 100,000/. in reduction of capital expen- 
diture. 


South Yorkshire Coal Trade.—The house-coal section 
shows little movement. Inc purchases were 
expected after the holiday period, but users are coming 
forward very slowly indeed. Despite the reduction of 
working days, stocks at the pits are steadily on the 
increase. Prices are weakening, but the concessions 
at present obtainable are only fractional. Contractors are 
holding off in the expectation of substantial reductions. 
Steam coal is a brisker market. Not only is there an 
appreciable expansion in the tonnage going for ship- 
ment, but local industrial consumption is well main- 
tained. The resumption of full activity after the Whitsun- 
tide set-down has brought a substantial influx of orders 
from the big manufacturing concerns. In the gas-coal 
section business is dull and unsteady in consequence of 
the contract price deadlock. The big consumers are 
undivided in their determination to secure reductions on 
the increased figures agreed upon in previous years to 
cover the increased cost of production consequent upon 
labour troubles. Owners have been equally firm, but a 
section of them is now reported to be inclined to accept 
a smaller figure rather than delay business } r. 
Slacks fluctuate. There is a fair inquiry for the best 
qualities, but in the lower es lis values are 
being undersold. Coke is w and values are receding. 
Quotations : — Best branch hand - picked, 15s. 6d. to 
lts. 6d.; Barnsley best Silkstone, 13s. to 14s.; Derby- 
shire best brights, 12s. to 13s.; Derbyshire house, 10s. 6d. 
to lls. 6d. ; t large nuts, 10s. 6d. to 11s. 6d.; small 
nuts, 9s. to 10s.; Yorkshire hards, 11s. to12s.; Derbyshire 
hards, 10s. 6d. to 11s. 6d. ; best slacks, 7s. 6d. to 8s. 6d.; 
seconds, 5s. 6d. to 6s. ; smalls, 4s. to 5s. 


Coal and Iron.—Little business is passing in raw ma- 
terial, but a revival in buying may be expected with the 
commencement of the new half-year. Contracts, however, 
are coming forward very slowly, despite the fact that 
values are at an exceptionally low level, and that, 
as compared with last year’s figures, renewal prices 
are small. Foundry iron is the subject of a much 
brisker inquiry. Forge iron is quiet. Hematites are 
a steady market. Orders are not particularly heavy, 
but a good tonnage is being delivered in the Shef- 
field district. East Coast makers are doing a con- 
siderably larger business. The revised quotations are :— 
West Coast hematite, 73s. 6d.; East Coast hematite, 
68s. 3d.; Lincolnshire foundry, 54s. 8d.; Lincolnshire 
forge, 53s. 8d.; Derbyshire foundry, 55s. ; Derbyshire 
forge, 51s. Contrary to one. the South Yorkshire 
Bar-Iron Association has 
basis quotation of 7/. 5s., though a continuance of Conti- 
nental undercutting suggests a further reduction. Now 
that full activity has been resumed after the Whitsun- 
tide stoppage the outlook in the general steel trades 
has brightened. In several important sections orders 

ked do not compare very favourably with those 
of a year ago, but the gross volume of business is 
above the average, and if reaction does not con- 
tinue, the results at the year-end should be satisfac- 
tory. Overtime is being worked in the heavy steel 
departments, and not only is unemployment low, but 
the Ts skilled labour is even more pronounced. 

Hy 


The three big armament works have sufficient contracts 
on hand to keep them fully employed for a long period 
ahead, and further large orders are coming in. ers 


for naval re-equipment are not confined to the Spanish 
Government, but embrace the requirements of the 
Russian and Turkish War Offices. Sustained activity 
in the large shipbuilding centres is also resulting in a big 
demand upon local manufacturers for heavy castings and 
forgings. The most unsatisfactory feature in the steel 
trade as a whole is the unrelieved decline in export busi- 
ness. The Mexican trouble has adversely affected American 
buying, and substantial decreases are also shown with 
several other of Sheffield’s most important overseas cus- 
tomers, notably Japan. An improvement, however, ap} 
to be insight. The lighter steel trades, which have enjoyed 
an exceptionally prosperous run, are experiencing quieter 
conditions. Canada’s demand for lighter manufactures 
has not been so profitable as hitherto, nor have the 
American tariff changes brought about anything like the 
improvement that was forecasted by optimists. Some 
departments are maintaining work with difficulty, 
but the feeling obtains that brighter times are ahead. 
Already there is an improved demand on home account, 
and indications are not wanting that Colonial bu 


are merely sitting on the fence for the time being. | Com 


and the results are satisfactory. The} good 


ecided to continue the official | 3059 


pears | columns, 7. 7s. 





When the uncertainty that prevails regarding contract 
prices has been dissipated, conditions are likely to 
improve materially. he hopefulness of the outlook 
is indicated by the fact that further extensions to 
plant are being made by a large number of firms during 
the present lull. One satisfactory feature is the in- 
creased demand for special steels for motor and aero- 
plane constructions. In this connection France is a very 

customer. The home demand for railway steel 
continues quiet, but there is no diminution in the require- 
ments of the various concerns. Makers of mining 
machinery and mining-tools are busily engaged on export 
account, though there has been a marked falling-off in 
South African requirements. Except in the best qualities, 
locally-produced billets are a sluggish market. German 
productions are being dumped in increasingly large quan- 
tities, and are being freely purchased by makers of lower- 
grade finished and semi-finished articles. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLesBroucH, Wednesday. 
The Cleveland Iron Trade.—Business in pig-iron is 
very quiet, and values show a downward movement. 

@ position is no more than was anticipated. This 
season of the year is generally a very quiet period, and 
renewal of activity to any extent is not looked for till 
about the middle of August, when there should be the 
usual commencement of buying for autumn delivery to 
the Continent to meet foreign winter requirements. ‘The 
more satisfactory reports from the Continent and from 
America have had nv apparent beneficial influence on this 
market, though reduction of make in the United States 
is said to have slightly strengthened the position on the 
other side of the Atlantic. The report of the sale of 10,000 
tons of Alabama iron to Hull consumers is confirmed. 
There is again talk of putting more blast-furnaces out 
of operation in this district, producers declaring that 
current pig-iron quotations are well below cost of make, 
and there seems little likelihood of relief, at all 
events at any early date, by reductions in prices of 
raw material. The number of furnaces now blowing in 
the North-East district is seventy-four. Expected definite 
information as to the Russian rebate on imported iron is 
not yet to hand. Ib is fully realised that Germany will 
reap the greatest benefit from the ch but the conces- 
sion ie ing a few more orders to this district. No. 3 

.m.b. Cleveland pig is 51s. tha. f.o.b.; No. 1 is 53s. 104d.; 

o. 4 foundry, 51s. 1}d.; No. 4 forge, 50s, 74d.; and 
mottled and white, 50s. 14d. East Coast hematite 
pig is very weak. Both makers and merchants are Toy i 
ing sales at 59s. 6d. for practically any delivery of Nos. 1, 
2, and 3, and, as a matter of fact, business has been 
recorded at an even lower figure, certain Sheffield cus- 
tomers having bought very cheaply. On the other hand, 
some ucers will not name below 60s. for mixed 
numbers of hematite. Foreign ore is lifeless, but sellers 
still adhere firmly to quotations on the basis of 17s. 6d. 
ex-ship Tees for Rubio of 50 cent. quality. Durham 
coke is not too plentiful, and some local consumers are 
pressing for deliveries. Average blast-furnace qualities 
are conllaing 17s. 6d. delivered at Teesside works. 

Stocks and Shipments.—The stock of Cleveland pig-iron 
in the public warrant stores now stands at 83,447 tons, 
all of which is No. 3 quality. Since the beginning of the 
month the stock has been increased by 211 tons. Ship- 
ments of pig-iron from the Tees are on only a moderate 
scale, eng 2396 tons per working day, the total 
despatches being returned at 35,946 tons, 30,534 tons of 
which have gone from Middlesbrough, and 5411 tons from 
Skinningrove. To the same date last month the loadings 
were given at 37,823 tons, or a daily average of 2701 
tons ; and for the corresponding part of June a year 
ago the clearances reached 45,889 tons, or an average of 
tons per working day. 

Manufactured Iron and Steel.—There is very little new 
to report concerning the different branches of the manu- 
factured iron and steel industries. Orders are scarce, and 
some firms report that they are experiencing difficulty in 
obtaining ifications for contracts made some time 
ago. The situation altogether is by no means encou- 
raging, though some manufacturers have fairly good 
order-books. However, some gratification is derived 
from the fact that there is a little stiffening of certain 
Continental ane. The euggestion to form a 
syndicate to control bars and sheets in Germany has not 
been without its effects in that country, and, in fact, has 
already led to a reduction in competition. The strongest 
branch is the rail department, and the demand for steel 
rails is reported to be fairly » mod 
coming in from time to time. Steel boiler-plates have 
been reduced 10s. The pion market quotations stand : 
—Common iron bars, 7/. ; best bars, 7/. 7s. 6d.; best best 
bars. 71. 16s. ; packing iron, Bl. Ds. iron ship-plates, 
6l. 156.; iron ship-ang 71.; iron ship-rivets, 5s. ; 
iron gi -plates, 7/7. 5s.; steel bars (basic), 62. 5s. ; 
steel (Siemens), 6/. 5s.; steel ship-plates, 67. ; steel 
shi) 5l. 15s.; steel boiler-p 1. ; steel joists, 
6l. 12s. 6d.; steel hoops, 6/. 10s. ; steel strip, 6/. 5s.—all 
less the 24 per cent. discount; cast-iron 
. ; cast-iron railway chairs, 4/. 5s. ; 
light iron rails, 7/.; heavy steel rails, 6/.; steel railway 
sleepers, 7/. 5s.—all net at works; war corru- 

ted sheets, 24 gauge, in bundles, 11/. 5s. f.o.b.—less 

per cent. 





Tue Russian Navy.—A third ironclad in course of 
construction for the Russian Black Sea fleet, the 
Imperatritea Ekaterina II., has just been launched from 
the yard of the Nicolaiff Shipbuilding and Docks 
pany. 


erate orders 1 





NOTES FROM THE SOUTH-WEST. 


Cardif.—Admiralty descriptions of steam-coal have 
continued scarce, and prices of the better qualities have 
shown considerable strength ; at the same time business 
has upon a restricted scale, and the demand for 
lower qualities has not been very active. Some anxiety 
has been occasioned by threats of a marine engineers’ 
strike. For the mt, however, these threats have 
been attended with no actual result. The best Admiralty 
large has made 2s. to 22s.; best ualities, 
19s. 6d. to 20s.; other descriptions, 18s. 6d. to 
best bunker smalls, 10s. 9d. to 1ls.; and cargo 
. per ton. ‘Lhe best household coal 
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> 17s. 

f Sv per of iron, and 
freight, insurance, &c., to Cardiff or Newport. 

Avonmouth.—The Marconi Telegraph Company an- 
nounce that the Royal George sailed from Avonmouth on 
Wednesday fitted with Marconi-Bellini-Tosi apparatus, 
which, in the thickest weather, willenable her, without 
the aid of compass or sextant, to find her position when 
she is within 30 miles of a fixed wireless station or one on 
board a ship whose position is known. 


South Wales Coal.—The shipments of coal, foreign and 
coastwise, from the five principal Welsh ts—Cardiff, 
Newport, Swansea, Port Talbot, and L ly—in the 
five months ended May 31, this year, were :—Cardiff— 
foreign, 8,116,961 tons; coastwise, 1,136,694 tons. New- 
ee 1,896,156 tons; coastwise, 301,270 tons. 

wansea—foreign, 1,369,515 tons ; coastwise, 165,144 tons. 
Port Talbot—foreign, 609 tons; coastwise, 45,631 
tons. Llanelly—foreign, 113,868 tons ; coastwise, 34,298 
tons. ‘The te shipments of the five months were, 
accordingly, 13,842,136 tons, as compared with 13,890,336 
tons in the first five months of 1913. 

Dowlais.—The Dowlais works have been well em- 

loyed. The blastfurnaces have had a good output, 

des supplying the Bessemer and Siemens furnaces 
with crude metal for steel- ing. The Goat Mill has 
been turning out heavy steel rails, besides billets and 
cogging 3; some quantity of tin bar has been also 
made, and a foreign order for steel sleepers has been 
executed. The Big Mill has been occupied with short 
lengths of tram-rails, fish-plates, &c. 


Rhymney Iron Company, Limited.—In the absence 
through illness (occasioned by a taxicab accident) of 
Mr. J. Varley, Mr. A. Hildebrand Rainsen Tagore pre- 
sided at the seventy-eighth annual meeting of the 
Rhymney Iron Company. The chairman stated that the 
output of the collieries showed an increase last year of 
63,000 tons, and while there had been few stoppages, the 
prices ruling had made sales fairly remunerative. The 
production of coke had, however, declined, in consequence 
of a reduced demand in the iron trade. A dividend was 
declared at the rate of 5 per cent. per annum. 


Great Mineral Deal.—The minerals under the surface 
of the Miln estate in Glamorganshire changed hands at 
Swansea on Tuesday for 325,000. The pro com- 
prise the let and unlet minerals underlying 8041 acres in 
two parishes near Neath, ucing @ gross income of 
over 18,000/. per annum. r. Evan Bevan was the pur- 
chaser ; he is a large owner of anthracite collieries in the 
Neath Valley. 





Tue German Navy.— The German Dreadnought 
Worth is to be launched in the autumn, and will be com- 
pleted before the close of 1916. She will have a displace- 
ment of 28,500 tons, and will be 637 ft. long by 102 ft. 
beam. She will be fitted with very heavy guns. Another 
German ironclad, to be named the Kaiser Friedrich III., 
and a third German ironclad, known at present as the 
T., will be similar to the Worth. The German armour- 
plated cruiser Derfflinger will have a displacement of 
about 27,000 tons. She will be 716 ft. long, and will 
20 guns ; she will be ready for sea before the close of this 

ear. The Lutzow, another ship of the same type, will 
brought into service early in 1915. 





A New O1-Carrier.—The s.s. Aztec, built by Messrs. 
Doxford and Sons, Limited, ran her sea trials on the 
2th inst. on the measured mile at Whitley Bay, and 
attained a speed of 11.5 knots. The vessel is the first of 
& new type of tank-steamer, specially constructed for 
expeditiously handling the heaviest grades of oil. The 
holds of the vessel are sutdivided by twelve semi-circular 
bulkheads, which form six large tanks above the cellular 
bottom. These bulkheads are free from stiffeners, 
gussets, and stays, being connected to the deck and tank- 
top by a double-riveted foundation angle connection. 
The inside of each com ¢ thus formed is therefore 
free from all obstructions and can be readily cleaned. 
Added to this there are no riveted stiffeners and stays to 
work loose. The oil-tight surfaces can be inspected at 
any time and can be kept constantly under observation. 
The vessel carries the full dead-weight of oil in the 
cylinders, having at 40 cub ft.; whereas if it is 
pa vy to carry light oils, the summer tanks or 6 8 
outside the cylinders have ample capacity for the lightest 
oile. A large tronk, running fore and aft, provides for 
expansion of the oil or for varying densibies. vessel 
and machinery have been constructed under the super- 
vision of Messrs. Jack and Muers, of 32, Great Sv. Helens, 
London, who are representatives of the patentees. 
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NOTICE OF MEETING. 


Tue INSTITUTION OF HBATING AND VENTILATING ENGINEERS (INCOR- 
PORATED).—Tuesday, June 23, at 9.30 a.m., summer meeting, to be 
held at the Imperial Hotel, London, W.C. The following papers 
will be read and discussed :—‘‘ Some Experiments on the Lors of 
Heat from Buildings,” by Mr. C. H. Avery. Topical question raised 
by the President, ‘‘ Foaming in a Steam-Boiler.” R: port re Re- 
search Work. 


THE “AQUITANIA.” 

In view of the great demand for the succes- 
sive issues of ENGINEERING containing the 
detailed description of the Aquitania, it bas been 
decided to reprint in book form all the articles, 
with the complete drawings. Details are given in 
our advertising pages. 
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RAILWAY ECONOMICSIN THE UNITED 
STATES AND NEW SOUTH WALES. 
THREE years ago important decisions were given 
against the railways of the United States, restrict- 
ing them from raising their rates in order to recoup 
themselves, as other businesses do, for increased 
cost of operation owing to the higher cost of labour, 
materials, &c. Writing at that time, we concluded 
with the remark, ‘‘ If the railways may not increase 
rates, they have a plausible excuse for not allowing, 
at the present, further increases in wages.’’ In the 
ietebadl between then and now, however, there have 
been ordered, as a result of arbitration proceedings, 
heavy additions to the wages bill in the case of 
drivers and firemen and train crews. These addi- 
tional burdens the companies have to bear, though 
they were decided upon rather with a view to 
maintaining peace and an uninterrupted service, 
than because of the strict justice of the demands ; 
in fact, in some cases the pleas were weak and 
the arguments unsound, while the decisions 
rendered do not ensure payment in proportion to 
work done. It is not unnatural that, faced with 
these facts, the American railways are again 
appealing for Ts to increase their rates. 
ere we have in theory recognised, tardily 
enough it is true, that concessions to the staff 
cannot go on indefinitely without detriment to the 
financial situation. Returns fall, borrowing be- 
comes more expensive, and service is reduced. 
In the United States it is not yet acknowledged 
that a heavy increase in the wages bill is sufficient 
ground for an increase of rates. Some time ago it was 
contended that all that had to be done was to intro- 
duce a little ‘‘scientific management,” when such 
savings would result that it would be superfluous to 
talk of raising rates. To-day the argument is more 
subtle. It is allowed that possibly more revenue 


made to show that it should not be levied on the 
freight traftic. The argument is somewhat difficult 
to follow, because, if carried to a conclusion, it 
could be applied with disastrous effect to many 
railroad activities. It is nowcontended that in freight 
traffic the companies have worked wonders in late 
years. No mention is to-day made of inefliciency 
in this connection; on the contrary, figures are 
quoted to prove that everything is being done that 
can be, and that the railways are deriving a fair 
profit from this form of traffic. 

On the other hand, it is pointed out that pas- 
senger traftic, in some cases, is carried on without 
profit. The passenger operating ratio bas risen, for 


7| instance, on the Pennsylvania Railroad from 74.4 


to 92.6 in six years, and on the Baltimore and 
Ohio Railroad from 82.39 to 106.23 between 1911 


360 and 1913. More costly service has been conceded 
850/in face of falling fares, till conditions have been 


reached which demand reform, as shown by the 
figures just quoted. According to the annual 


3 ee om by the Bureau of Railway News and 


tatistics, of Chicago, the average receipts per 

uger-mile fell from 2.349 cents in 1888 to 
.928 cents in 1909, since when there has been a 
slight recovery to about 2 cents. During all this 


56 | period the railroads have been granting improved 


services in’ one form or another. The latest’ con- 
cession, but not the least costly, is the adoption by 
to. popular demand, of 
steel passenger coaches, which, with their additional 
first cost, greater weight, and cost of haulage, con- 
siderably: enhance the working expensés in 
senger service: Onan ave 








than the average wooden car. Electric lighting, 
more elaborate provisions for sanitation, heating, 
and ventilation, add now to the cost of service from 
which no reasonable increase of receipts is obtain- 
able except in the better loading of trains, which 
on many of the older systems is almost impossible. 

On the other hand, with the exception of the 
more widespread adoption of fast freights, insti- 
tuted at the request of the trading community, in 
freight traftic the economies of late years have oe 
very material. The tendency has been the same 
throughout, but its effects are most clearly seen on 
such lines as the Hocking Valley, the Bessemer 
and Lake Erie, and the Pittsburg and Lake Erie, 
on all of which the freight is from 80 to 90 per 
cent. mineral traffic. From answers returned to 
the Interstate Commerce Commission, it appears 
that ‘the tons hauled per train on the Pittsburg 
and Lake Erie have risen from 465 revenue tons in 
1893 to .1225 tons in 1913. In this time the 
standard 20-ton wooden car has gradually deve- 
loped into the 60-ton steel car, which means 200 per 
cent. greater earning capacity at only 20 per cent. 
greater maintenance cost. The cost of main- 
tenance of locomotives is said to have increased 
100 per cent., and wages 50 per cent., in the two 
decades, yet the tonnage is handled more cheaply. 
The following costs are given per 1,000,000 ton- 
miles, including all train-working expenses, and 
interest and depreciation on locomotives :—697.18 
dols. in 1893 and 453.71 dols. in 1913. In the 
same time the net earnings per car have risen from 
404.02 dols. to 725.23 dols. As a result of the 
greater capacity of the locomotives and cars, and the 
rebuilding of the bridges, &c., to meet these 
changes, there have been heavy increases to 
face in the form of interest; but the gains in 
maintenance avd wagés have more than offset these 
to the amount of 618,445.69 dols. per annum. 
These ore-carrying lines have the reputation of 
having the lowest freight-rates in the world, yet the 
average in the United States for many other forms 
of traffic is also low. For instance, taken for over 
151,000 miles of line, the average receipts per ton- 
mile of bituminous coal amount to 0.495 cent ; for 
grain the figure is 0.63 cent ; lumber, 0.734 cent ; 
and live stock; 1.217 cents. 

The appeal has frequently been made by one 
school in Australia to the use of the 4-ft. 84-in. gauge 
in America as proof that such a gauge is suited to 
their own country. It would be well, however, for 
such advocates to learn that for an appeal of this 
kind to be valid the conditions must be comparable 
—a fact which has been sometimes, we are almost 
inclined to believe, wilfully ignored in the some- 
what heated atmosphere engendered by the gauge 
controversy in Australia. At first sight condi- 
tions may appear to be similar. In Australia, 


‘as in the United States, long-distance traffic 
would be good for the railways, but an endeavour is | 


forms ‘a large proportion of the whole. In the 
United States, though figures for special commodi- 
ties are not available, the average haul in States 
like Nebraska, Montana, and Wyoming is 227 
miles, while for all the States the average is 149 
miles. With high averages of this character indi- 
vidual commodities must, of course, travel much 
further. In New South Wales the average for all 
classes is 75.6 miles, but for grain and flour it is 
239.7 miles; general goods in truck-loads, 354.4 
miles ; wool, 304 miles ; ores, 114 miles ; hay, &c., 
199 miles; and so on. As development in the 
interior increases the hauls will lengthen, since 
much of the traffic is to and from the seaboard. 
Again, in.the matter of expenses, Australian rail- 
way conditions approach those of America rather 
than Europe. Wages are higher, materials and 
jant cost more. Altogether, to be run in a satis- 
actory manner, with these high and increasing 
costs, it is clear that in Australia the endeavour 
should be to foster American conditions. To this 
end the big-train-load system should be developed. 
For this the locomotive stock would need to be 
increased in capacity, as would also the wagon stock, 
both far beyond existing practice. To bring New 
South Wales railways up to the American standard 
would further necessitate improvement in the draw- 
gear,. and, perhaps most important of all, the 
enlargement of the loading-gauge. ‘ The latter fea- 
tures at present limit the character of train-workin 
there in a manner not obtaining in the United 
States. 

The American system has shown ‘that in spite 
of high costs, low rates are. possible if transporta- 


e, the steel cars being tion is conducted on the method adopted on that 
‘put into service are costing fully 40 per cent. more continent. 


The continental traffic of Australia 





846 


ENGINEERING. 





(JUNE 19, 1914. 








will have to face higher costs in the future than 
at present, and it appears that every effort should 
be made to follow the lead of America, and get 
away from’ any resemblance to the expensive con- 
ditions of working imposed upon us here. To do 
so, however, necessitates, as we have pointed out, 
attention to draw-gear, loading-gauge, aud other 
questions. Before these are adequately tackled, no 
comparison with the United States is of any value 
except one, that one showing that at present rates 
are a good deal higher in New South Wales than in 
America. For what they are worth in comparison 
with the figures given above for receipts in the 
United States, we give others for New South Wales, 
though the only figures available in the latter case are 
exclusive of terminal charges. The receipts in New 
South Wales for coal amount to 0.47d. (0.94 cent) 
per ton-mile. For grain they} are 0.78 cent; for 
firewood, 1.6 cents ; for livestock, 1.96 cents. For 
all these the United States rates are lower, and the 
difference would be increased if the New South 
Wales figures included terminal charges. Finally, 
the average for all the United States works out at 
0.727 cent per ton-mile, while in New South 
Wales (exclusive of terminal charges) it is 2 86 
cents. The large difference in the latter figures 
may be due, of course, to a preponderance of high 
or low-grade traffic in one or the other country, 
but taken with the others they show that even if 
labour rose to the United States standard, a good 
deal ought yet to be possible in Australia, if railway 
operation is conducted on efficient principles. This 
is emphasised by the fact that the balance, after 
peying working expenses, represents in New South 

ales about 3.75 per cent. on invested capital, 
whereas in the United States it is about 5.4 per 
cent. It should be mentioned that the capitalisa- 
tion is, in round figures, 73,000 dols. per mile in 
the first case, and 63,000 dols. in the second. 

In spite, therefore, of declining returns from 
passenger sorvice, the United States railways con- 
tinue to produce profits which are the envy of other 
countries, but the upward tendency of expenses 
is having an undesirable influence. To offset it 
the companies are embarking upon economies and 
retrenchments which must Be a wide effect on 
the country generally. It was only recently 
announced, for instance, that the Pennsylvania 
Railroad Company had decided to stop running 
118 trains, and to lay off 25,000 men. The New 
York Central has lately discharged 27,600 men, 


while the Erie Company’s programme of retrench- | ph 


ment involves the discharge of about 15,000. 
Other lines are taking similar action, or are 
delaying work as long as possible, so that the ulti- 
mate effect on the community is much the same, 
and borrowing is decreased. Between 1907 and 
1913 the number of employees on the United 
States roads increased 10.6 per cent., but the wages 
paid increased in that period no less than 30 per 
cent. In 1912 and 1913 arbitrations saddled the 
railways with costs, of which the effect is not yet 
completely felt, with regard to drivers, firemen, 
and train- men, while legislation has further 
burdened them with the ‘full crew” law, the 
value of which is very questionable, while it adds 
heavily to the wages bill. 

It is little wonder, under these circumstances, 
that the ratio of working expenses to revenue 
rises. At the beginning of this century it 
fluctuated about 68 per cent. Now it has risen 
to 73.54 per cent. The influence that wage in- 
crease has on this factor will be clear when it is 
stated that wages form 63.47 per cent. of the 
—_ expenses and amount to 44 per cent. of 
the gross revenue. It will be interesting to see if 
the recent additional expenses due to the demands 
of labour are taken to warrant some increase of 
rates, so that the railways may keep up their 
standard. It is a mistake to suppose that rail- 
ways, any more than any other trading concern, 
can meet indefinitely any expense which may be 
thrust upon them. The effect of whittling down 
the net revenues by compulsory advances in work- 
ing cost must, sooner or later, impair their finan- 
cial stability unless offset in some way, and, if their 
credit goes, the country they serve must suffer. 





FARADAY AND THE 
OF ELECTRICAL ENGINEERING. 

Ir is always most pleasant to listen to Principal 
S. P. Thompson, F.R.S., when he is discoursing on 
the history of science, and it is quite unnecessary to 
say that the biographer of Faraday was thoroughly 
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at home in his two lectures on ‘‘ Faraday and the 
Foundations of Electrical Engineering,” delivered 
at the Royal Institution on June 4and 11. History, 
so far from being dry bones, the lecturer remarked, 
was essentially an art—we agree with his qualifica- 
tion that some art tendencies call for severe art 
critics—and the history of science was in itself a 
science, the study of which should not be neglected. 
He was often asked by students how they could 
learn to make discoveries ; his advice was that they 
should learn how discoveries had been made; 
neither history nor science repeated itself. All 
that is very true. The study of history should be 
encouraged for its own sake ; yet, if that statement 
be questioned, Professor Thompson’s remarks show 
convincingly and fruitfully how instructive the 
early history of electrical engineering is. It seems 
strange, as we look back, that pr so near at 
hand apparently, should so long have been delayed. 

The whole science of electrical engineering rested 
on the combination of two sciences, electricity and 
magnetism, Professor Thompson said. As long as 
only the one branch was known and studied, fric- 
tional electricity and galvanic batteries were 
utilised for little more than medical —— 
Magnetism had been known for centuries. Volta’s 
pile dated from 1800 ; his galvanic battery followed 
soon afterwards; Davy isolated the alkali metals by 
the electric current. But no great discovery was 
made for twenty years, though the analogies 
between electric and magnetic phenomena struck 
many experimenters. It had been noticed that 
lightning magnetised iron, and it was attempted to 
magnetise iron wires by passing battery currents, 
the electric jar discharge and sparks through and 
into wires. After all, Professor Thompson pointed 
out, the analogies were restricted ; certain electric 
properties seemed to be universal, but magnetism 
was apparently confined to iron. Then came 
Oersted’s great discovery at Copenhagen in 1820. 
He succeeded in deflecting a compass-needle by 
sending the electric current through a wire stretched 
above or below the needle. The announcement of 
the discovery shared the fate of other discoveries. 
People first doubted, then tried to repeat the 
experiment, and some of those who were successful 
were also able to convince themselves that they 
had themselves made the discovery before Oersted. 

Though Oersted—as Professor _ hermes showed 
by quotations from his original Latin account in 
1820, which was followed by a letter to the Philoso- 
ical Annals of Cambridge—had not obtained the 
effect he had expected, he performed some remark- 
able experiments. His wires were sometimes made 
red-hot by the currents passing through them. In 
his great experiment he used a single cell like a 
test-tube, containing a zinc plate, and joined to a 
brass wire bent to a horizontal loop surrounding 
the com -needle ; moreover, he suspended the 
whole cell and loop by threads, and noticed that it 
was deflected when a bar-magnet was approached. 
Since, in other experiments, the needle was 
deflected one way when the wire was above it, and 
the other way when the wire was below, Oersted 
spoke, in his explanation, of ‘‘two conflicting 
currents acting in a revolving manner.” In re- 
ferring to these features, Professor Thompson gave 
a convenient rule for remembering the direction of 
the deflection : S, N, O, W, i.e., the current flow- 
ing from south to north deflects the needle over 
to the west, this being the only combination of the 
four letters S, N, O, W which would make up a 
word. 

The discovery excited at once lively interest all 
over Europe. Hump Davy noticed that iron 
filings arranged themselves at right angles to the 
wire carrying the current, and clung to it, and that 
they arranged themselves in concentric rings round 
the wire, when it was stuck through the card on 
which the filings were lying ; he observed also that 
sewing-needles would form a hexagon round a 
current-carrying wire. Poggendorff constructed 
his multiplier (also indicated by Oersted) by bend- 
ing the same wire forward and backward round the 
needle ; Arago pointed out that the new force was 
not one of attraction or repulsion, like electricity, 
but tended to place the needle at right angles to 
itself; Biot and Laplace confirmed the law of 
squares for the new force, and Ampére tried whether 
the electric current, which affected the magnet, was 
itself acted on by the magnetic force. All these 
early es were described in the ‘‘ Historic 
Sketch of Electromagnetism,” which an anonymous 
writer contributed to the Philosophical Annals in 
February, 1821. [Ampére’s ‘‘ Recueil d’Observa- 





tions Electrodynamiques” appeared in 1822.] In 
1823 Michael Faraday, assistant to Davy, Protessor 
of Chemistry at the Royal Institution, revealed 
himself as the author of that sketch, and with 
the aid of Faraday’s note-book, and of many original 
apparatus due to Faraday and to other famous 
men of his time, or of copies of those apparatus, 
Professor Thompson was able to take his audience 
once more through those noteworthy early years of 
electromagnetism. 

Watching these demonstrations, one could not 
help wondering that it took eminent men years 
to draw conclusions now obvious to everybody 
apparently, not to speak of the time that was 
required to reach the practical development of 
those researches. Arago had coiled the wire to a 
solenoid; De la Rive showed that the solenoid 
would attract and suck in the one pole of a magnet, 
and repel and eject the other. William Sturgeon— 
cobbler, late teacher at Woolwich Arsenal—con- 
structed an electromagnet by winding a coil round 
a bar of soft iron. Arago observed that the deflec- 
tion of a magnet was damped when it was 
shielded by various metals, and that a revolving 
—— disc was damped when spinning in a magnetic 
field ; reversing the experiment, he saw, further, 
that the spinning copper disc slowly dragged 
with it a magnetic needle above or below it. 
Babbage found that these effects were diminished 
or stopped when the disc was radially slotted, and 
Arago rejected Poisson’s elaborate theory to account 
for this phenomenon, 1826. Faraday himself had, 
in 1822, already made the great fundamental dis- 
covery of electromagnetic rotation, that a current 
would tend to rotate a magnet, and that, inversely, 
a magnet would tend to rotate a wire carrying a 
current. He had modified those experiments in 
many ingenious ways, and others had been equally 
active. Yet it was not before 1831 that Faraday 
made his second great discovery of electromagnetic 
induction. 

To understand this, Professor Thompson con- 
tinued, we should not forget that the galvano- 
meters and apparatus of those days were crude, 
sluggish instruments, and that Faraday himself 
was a chemist and had many varied duties as 
assistant to Professor Davy, at a of 100I. 
a year, with rooms and coal]. He liquefied chlorine 
in 1823, discovered benzol in 1824, becaine director 
of the Laboratory in 1826, and introduced in 
that year the Friday evening discourses and the 
Christmas lectures at the Royal Institution, which 
was then in very low water: ‘‘ We are living on 
the parings of our own skin,” wrote Faraday— 
wy! owing to Davy’s brilliant, but erratic, ways. 

et Faraday declined the professorship of chemistry 
at the newly-created University College in Gower- 
street in 1827. He had been elected a Fellow of 
the Royal Society in 1824, and his researches on 
optical glasses were begun in 1825 for that Society, 
and published in the Bakerian lecture of 1829. 
But the undignified squabbles in the Royal Society 
distressed Faraday ; after Davy’s death (President, 
1820-1827) the Duke of Sussex was elected Presi- 
dent by the Court party against the votes of the 
scientific members, whose candidate was Herschel. 
Faraday had meanwhile become a much-appreciated 
expert adviser and witness in the Law Courts, and 
he had earned 1000/. in 1830. Then he resolved 
upon his great renunciation, to devote himself to 
science only, Hence he did not take part in the 
inaugurating meeting of the British Association 
at York in 1831, and in that same year came the 
reward, his second great discovery of electro- 

etic induction. 

e had looked for some effect of what is now 
understood as induction in 1824, when he pushed a 
magnet into a coil, and had tried in vain many 
other experiments later. In the last days of 
August, 1831, he finally succeeded in obtaining an 
effect. He wound half a ring with a coil A, the 
other half with a coil B and passed a current 
through A. He had expected that a current 
would circulate in B as long as the A current 
was flowing ; what he saw was only a faint momen- 
tary deflection of the needle on making and 
breaking the circuit in A. But that was suffi- 
cient, and his notes of the experiments conducted 
on ten remarkable days, extending into the 
beginning of October, 1831, established the prin- 
ciple of the generation of electricity by mechanical 
means, of magnetoelectric and electromagnetic 
induction. That ring, Professor Thompson said, 
was the first transformer, and Faraday’s new elec- 
tric machine the first dynamo. The Royal Society 
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awarded Faraday the Copley Medal, the highest 
honour it could bestow, for those discoveries, but 
the directors of the Royal Institution found them- 
selves unable to raise his salary of 1001. Professor 
Thompson concluded his lectures by briefly out- 
lining the development of electrical engineering 
since Faraday. 





ADVANCES IN THE METALLURGY 
OF IRON AND STEEL. 

Ow1ne to his long absence abroad Sir Robert 
Hadfield, F.R.S., could not deliver his presidential 
address to the Faraday Society, on ‘*‘ The Advances 
in the Metallurgy of lron and Steel,” till last week. 
As the title indicated, the address was largely 
historical ; it dealt not only with the particular 
subject and the great share which Sheffield had in 
its development, bat in general also with the value 
of research. Sir Robert went back to the year 
252,462 u.c., but did not explain his chronology. 
He said, ‘‘One can picture to one’s-self the joy 
of the first metallurgist, apparently Tubal Cain, 
when, probably in the year 252,462 B.c., he dis- 
covered that a lump of red-looking earthy material 
... gave a metallic product,” and then, having 
referred to the iron of the famous Delhi pillar, 
Sir Robert passed to Faraday--whose name is 
attached to the Society he was addressing. In 
1822 Faraday, together with Stoddart, prepared 
mixtures for alloys to be melted in Sanderson’s 
works at Sheffield. Whilst Sheffield recognised the 
high value of pure iron-ore from Sweden, though 
its import was taxed, and had thus acquired its 
leading position as to the ‘‘ leading metal,” iron, 
France, misled by Réaumur about 1720, as Sir 
Robert proved by long quotations from Le Play, 
in the eighteenth century crippled its iron 
industry by insisting upon purifying its own 
impure ores. Having emphasised the value of 
research by quoting the well-known obsequious 
dedication to Charles II. of Bishop Spratt’s 
‘History of the Royal Society of London,”* Sir 
Robert Hadfield parsed to alloys, to his own 
researches, to Kohn’s ‘‘ Iron and Steel Manufac- 
ture” of 1867, and in particular to the study of 
iron carbides by Bergman (who died in 1784), Mayr- 
hofer (1861), and later workers. 

The fact that carbon still held a position 
of supreme importance in the matter of alloys 
of iron with other elements should not be lost 
sight of, Sir Robert proceeded. He illustrated 
this in a striking manner by giving particulars 
of some experiments of his own of 1903, not yet 
published. In high-speed tool steel, it appeared, 
the carbon content need not be high; yet there 
must be sufficient carbon present. Modern high- 
speed tool steel contained 16 to 20 per cent. of 
tungsten, 2 to 4 per cent. of chromium, and about 
0.7 per cent. of carbon. Before treatment the 
carbon existed, ¢.g., in the form of 0.18 per cent. 
of the hardening carbon of Ledebur (Arnold’s 
hardenite) and of 0.56 per cent. of carbide carbon ; 
after treatment with the nose of the tool in the 
condition required for mechanical work, the 0.74 
per cent. of carbon had been transformed into 
0.60 per cent. of hardening carbon and 0.14 of carbide 
carbon. 
acquired by the steel were due to the marvellous 
change that the treatment had wrought in the form 
of the carbon present—the transformation from the 
soft carbide carbon to the hardening form of 


carbon. Two of the alloys used in these experi- 
ments had the compositions :— 
C. Si. 8. P. Mn. r. w. 
0.74 0.10 0.04 0.03 0.28 2.84 18.00 
0.35 40.10 0.03 003 O33 282 18.95 


Sir Robert communicated particulars of the 
mechanical tests, heating and cooling curves, mag- 
netic tests, &c., to which these steels had been 
submitted, before annealing and air-hardening at 
white heat. The very important point brought out 
was that the former steel had valuable cutting 
properties, whilst the latter was quite useless for 
tools, in spite of its 3 per cent. of chromium and 
19 per cent. of tungsten, because it contained no 
hardenite, almost all its 0.35 per cent. of carbon 
being in the form of carbide. The soft condition 
of this latter low-carbon steel was also apparent from 
the Brinell hardness test. In the forged conditien 
it gave a ball hardness of 202; after cooling from 885 
deg. Cent. its hardness was 184, after cooling from 


. See the article on the Royal. Society Jubilee, 
ENGINEERING, vol. xciv., pages 1, 62, and 83. 


Thus many, if not all, the properties | ; 





1140 and 1160deg. Cent. the hardness was 181; there | 


was thus no increase of hardness. (uenched in cold 
water from white heat the steel remained quite soft, 
and yet it still contained 0.35 per dent. of carbon in 
addition to 22 per cent. of chromium and tungsten. 
That percentage of carbon, though still fairly high, 
was evidently insufficient to render the steel hard 
even in the presence of the other elements. The 
work carried out by Abel, Miiller, Arnold, and 
others on the forms of carbon existing in steel had 
created a great impression upon him, Sir Robert 
added, and it was largely their conclusions which 
had made him a carbonist rather than an allotropist. 

He had previously remarked that the problems of 
the combinations of iron and carbon still left a rich 
and profitable field for the exploration of the young 
chemist, and that he had offered a prize of 2001. for 
the best paper on the subject, to be presented to 
the Iron and Steel Institute or to the American In- 
stitute of Mining Engineers. The list of his own 
papers on alloys of iron, published since 1888, took 
up three pages of his address. 

In the commencement of his address, Sir R. 
Hadfield gave a table of early workers in metal- 
lurgy, beginning with Aristotle, and ending with 
Wohler; Swedish names stood out prominently 
in that list, of course. His subsequent historical 
remarks concerned chiefly Ledebur, Sorby, and 
Percy. But there were, of course, references to 
Stead, Osmond, Sauveur, Heyn, Bessemer, Thomas 
and Gilchrist, Siemens and Martin, and to many 
others, and Sir Robert repeatedly reasserted the 
value of research work, a problem with which 
Sir H. Frederick Donaldson dealt in his presi- 
dential address to the Institution of Mechanical 
Engineers last April. Sir Robert recalled this 
address, and we will conclude with another quota- 
tion of his from the address which Mr. H. A. L. 
Fisher delivered a year ago as Vice-Chancellor of 
the University of Sheffield:—‘‘The University 
did not exist for the benefit of Sheffield ; it was 
Sheffield’s gift to the world. They might be quite 
sure that no endowment lavished on research was 
ever lavished in vain, and that a wealthy com- 
munity which devoted a part of its opulence to 
subsidising clever men to think at large was dis- 
charging a manifest duty to the progress of the 
world.” 








THE ROYAL SOCIETY SOIREE. 
Laptgs’ Nieut. 

THe second soirée of the Royal Society was held 
on Tuesday last, June 16. The number of exhibits 
displayed was not large, and most of those from 
the domains of mechanical, physical, and chemical 
science were noticed in our columns on the occasion 
of the first soirée.* Biological exhibits generally 
predominate on ladies’ nights, and the customary 
two discourses delivered at the first soirée were 
omitted last Tuesday, as the lecture theatre cannot 
well be spared on ladies’ nights. 

Mr. Emil Hatechek’s preparations illustrating 
the products of reactions in gels, gelatine, agar, 
and silicic acid, were mentioned last time. They 
were the only chemical exhibit shown; but the 
phenomena have rather physical, geological, and 
eg than chemical interests, and they are, 
indeed, important in those respects. The beautiful 
surface tension phenomena, shown by Mr. C. R. 
Darling, were likewise noticed last time; but 
there was one novel feature. When a jet of ortho- 
toluidine (a reddish liquid, heavier than water) 
is discharged under water, and the speed of the 
jet is gradually increased by opening the screw 
clamp of the rubber tube more and more, the 
character of the drops into which the jet dissolves 
changes with the speed. First single big drops are 
seen, then alternately large and small drops are 
formed ; when the rate of discharge is still more 
quickened, the drops become all equal to one 
another and are smaller than at first. In inter- 
mediate stages the drops assume the shape of an 
8 and other shapes before they reach the bottom 
of the beaker, where they coalesce, and there seem 
to be critical speeds ; but determinations of this 
are difficult. 

The four electrical exhibits were all more or less 
novel. The Coolidge X-ray tube, shown by the 
British Thomson- Houston Company, was mentioned 
in our volumes when we reported Dr. Harker’s 
recent Royal Institution lectures on the ‘‘ Electric 
Emissivity of Matter.t The tube is the inyention 

* See ENGINEERING, May 15, page 674 ante. 
+ See Enoivezrine, February 27, page 290 ante. 





of Dr. W. D. Coolidge, of the General Electric 
Company’s laboratories at Schenectady, and it was 
shown at work with the aid of an installation lent by 
Messrs. Siemens Brothers. The bulb, about 6 in. in 
diameter, is evacuated to so high a degree (a few 
hundredths of a micron) that the discharge would not 
start were itnot fora streamof electrons shotout from 
the cathode (or filament), which is a closely-wound 
flat spiral of tungsten wire, lying at the bottom of 
an inverted cup of molybdenum ; this cathode is 
separately heated by a battery, and the cup serves 
as a focussing shield. Below it is the massive anti- 
cathode, a stout wire of tungsten, which thickens 
above to a pear-shaped bulb of the thickness of a 
finger, and is cut off obliquely ; this anti-cathode be- 
comes white hot, and a hole may be melted into it by 
the fiorce stream of electrons. The tube is worked 
from an induction coil of 16 in. length, coupled in 
series with three Wehnelt interrupters (discharge- 
bulbs, each containing a stout spiral of aluminium) 
coupled in parallel. Very heavy discharges can be 
taken for long periods without damage to the tube, 
and as it rectifies its own current, it may be worked 
from continuous-current or from alternating: current 
supply. The current depends almost entirely on 
the filament temperature, so that a soft beam 
(3-in. equivalent spark-gap) or a hard beam (8-in. 
spark-gap) may be produced. The remarkable 
effects att much attention. 

Mr. W. M. Mordey showed two interesting 
novelties, which may find practical application. 
The first was an electromechanical movement 
constituting an electrically-driven pendulum or 
balance-wheel without any make-and-break, com- 
mutator, or equivalent contact device. A simple 
one-phase induction motor has a short-circuited 
winding in the rotor; when the stator is excited 
by alternating current, the motor does not start, 
as there is no starting coil. If, however, a pen- 
dulum is keyed to the rotor-shaft, and the pen- 
dulum bob is raised by hand, the rotor develops 
a torque always in the direction of the motion, 
and thus pendulum and motor continue to oscillate 
to and fro, as the pendulum changes its sense of 
motion ; friction and other losses are made up by the 
energy taken up from the circuit. Instead of the 
pendulum, a balance-wheel (helical spring) may be 
fastened to the motor-shaft ; the spring continues 
to oscillate likethe pendulum. The second novelty 
was an apparatus illustrating a mode of commuta- 
tion. “A small vertical-shaft armature for continuous 
current has, in the place of a commuator, merely 
wires dipping into a circular mercury trough, into 
which the current is introduced at two points diame- 
trically opposite one another (in the brush positions). 
The current divides itself, flowing partly round the 
left and partly round the right half of the ring, 
which acts as a shunt to the armature. As the fall 
of potential in the mercury is the same as in the 
armature, intermediate coils not being affected, 
commutation takes place without any sparking. 

Dr. E. E. Fournier d’Albe, of Simiashen 
University, had a working model of his type- 
reading optophone on view, an apparatus which is 
to enable totally blind persons to read books by 
means of the ear. The instrument works, of 
course, with selenium cells. The source of light 
is @ Nernst lamp, which is placed in front of a 
disc perforated in siren fashion, the holes being 
arranged in many more or Jess radial lines; the 
holes of a line correspond to the notes of an octave. 
The siren is turned by hand by the reader. The 
light is concentrated by means of prisms and lenses 
on to the printed sheet, and reflected on to the 
selenium cell, which is coupled with an 8. G. Brown 
relay (the G relay was used as not being too sensitive 
to shocks) and to the telephone which the reader 
holds to his ear. The bright flashes of light pass- 
ing through the disc perforations are converted 
into musical sounds of different frequencies, and 
thus a good many more than the twenty-five letters 
of the alphabet can be distinguished. According 
to Dr. Fournier d’Albe, it takes a person to learn 
to read by this apparatus about as long as it takes 
him to become accustomed to the Morse alphabet. 
The various apparatus were standing on a small 
table. The optophone is so far meant for public 
institutions and libraries rather than for indi- 
viduals, as it is a fairly expensive instrument. 

The instrument for wired-wireless telegraphy on 
telephone lines. invented by Lieut.-Colonel G. O. 
Squier, of the United States Embassy, and manu- 
factured by Messrs. Muirhead, was mentioned in our 
notice of the scientific apparatus in the Physical 
Society’s Exhibition last mber. The remark- 
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ably compact instrument in its improved form links 
ordinary wire -telephony with wireless radiotele- 
phony and telegraphy, and ordinary telephone 
conversation, electromagnetic signalling by waves 
of ultra-sound frequency, and the reception of 
radiotelegraphic signals are said not to interfere 
with one another. The ordinary telephone wires 
are utilised as horizontal antenn:. 

Dr. J. S. Owens, of Westminster, demonstrated 
the working of his apparatus for measuring the 
de of pollution of the air by smoke. He 
salewel to this apparatus when describing such 
appliances before the Birmingham meeting of the 
British Association last autumn. The apparatus is 
very simple, and may be described as a filter, 
through which the air is drawn with the aid of 
two bottles, from one of which water flows into the 
other. A small disc of stout filter-paper is inserted 
between two perforated brass plugs forming the 
stopper of the upper bottle ; the hole diameter is 
4 in., and a more or less dark mark of that size is 
left on the upper surface of the paper at the end 
of the filtration, which takes ib minutes, and 
requires no attention whatever, of course. A scale 
of more or less dark squares serves for comparison ; 
this comparison cannot be very easy, we fancy ; but 
a slight mistake would bea matter of no importance. 

Dr. Vaughan Cornish’s photographs of land- 
slides and upheavals on the Panama Canal were 
mentioned last time. 

The weather-charts, seismograms, and rainfall- 
charts, again exhibited by the Meteorological Office, 
practically completed the number of exhibits of 

hysical interest, if we pass over the polyoscope of 
Rechene A. W. Bickerton, the iridoscope of Mr. 
Louis Brennan, and the photographs of the Poly- 
chromide Company already noticed. What was 
left was archsological, geological, biological, and 
historical. 

By far the most attractive and precious exhibit 
was undoubtedly the jewellery of Princess Sat- 
hathor-ant, found last year by Professor W. M. 
Flinders Petrie in her tomb at Lahun, in Middle 
Egypt. Intrinsically the gold jewels—imitation 
cowry shells and pendants in pure gold—repre- 
sent a considerable value, and their archieo- 
logical and artistic value can hardly be over-esti- 
mated. The princess died about 3400 B.c. ; her 
tomb, like many others, had been plundered, but 
the wonderful treasure (pectoral of falcons, ame- 
thyst necklace with gold lion claws, wristlets with 
gold lions, and with amulets inlaid in enamel, vases 
of obsidian, &c ) had been overlooked by the 
robbers. Professor Petrie also showed some other 
treasures from recent Egyptian finds ; the enamel 
was in all inlaid, never fused, and modern jewellers 
would hesitate to attempt its imitation. 

There was the fine globe, again, dated 1620, 
exhibited by Mr. George Grabb; there were re- 
markable,strange prehistoric drawings—caricatures, 
possibly-—of men and animals, deer with enormous 
antlers, &c, made by paleolithic and neolithic 
men in caves and on rocks; these were traced and 
photographed by Mr. M. C. Burkett; there was 
the paleolithic engraving of a horse on a bone, 
itself part of the rib of a horse, found by Mr. 
R. Elhot Steel, at Sherborne, Dorset; and Mr. 
Charles Dawson and Mr. W. P. Pycraft once more 
had brought exhibits connected with the Piltdown 
skull. r. Dawson also showed a new implement, 
quite recently found down there in the gravel, a 

iece from the tusk of some elephantine animal, the 
implement bein — long, 4 in. wide, and very 
roughly pointed 3 e had further some old silk 
amulets on view, dating from about 1650 a.p., 
interesting as a curious survival of the adoption of 
prehistoric implements and weapons (arrow-heads) 
to amulets. 

Of geological exhibits we mention the speci- 
mens of jurassic — from Yorkshire exhibited by 
Mr. Hamshaw Thomas, and the ichthyosaurus, 
about 4 ft. long, discovered by Bernhard Hauff in 
the Upper Lias of Wiirttemberg, and exhibited by 
Dr. A. Smith Woodward, F.R.S. The chief in- 
terest lies in the fact that Hauff has been able to 
secure, in that Lias, specimens with their skin, 
and that the ichthyosaurus is shown to have 
resembled a porpoise in its shape and in the posi- 
tion of the fins. 

Biological exhibits might suitably be introduced 
by a reference to the kinematograph films exempli- 
fying the motions and — (metamor- 
phosis) of insects, shown by Mr. F. Enock and Mr. 


A. 8. Newman, of 13, Tufnell Park-road, Holloway. 
The Marine Biological Association of Plymouth 





had, as usual, a most interesting, lively collection 
of hermit crabs, worms (sea-mouse, sea-cucumber), 
sea-urchins, gorgona corals, &c., on view. Mr. 
Tate Regan explained how the angler fish, living 
at great depth, catches and digests fish three times 
longer than itself with the aid of its distensible 
stomach. Professor E. W. MacBride and Mr. 
H. G. Newth, of the Imperial College of Science, 
illustrated how double tadpoles (which do not 
live long) and double sea-urchins can be pro- 
duced by inverting the fertilised egg after the 
first cleavage furrow has formed, so that the 
lighter and heavier albuminoids, already - 
in the cell, are once more mixed in each half. 





THE INSTITUTION OF GAS ENGINEERS 
AT LIVERPOOL. 

Tue fifty-first annual general meeting of the 
Institution of Gas Engineers opened on Tuesday 
morning, June 16, at the St. George’s Hall, 
Liverpool, under the presidency of Mr. Edward 
Allen, M. Inst. C.E., Engineer to the Liverpool 
Gas Company. 

The members attending, about 500 in number, 
were welcomed at the opening of the ae ary 
by the Lord Mayor, the Right Hon. Herbert R. 
Rathbone, J.P., and by the Chairman of the Liver- 

1 Gas Company, Mr. H. Wade Deacon, J.P. 
he Lord Mayor said that he hoped that the con- 
sideration of the scientific and technical problems 
the members were about to enter upon at the 
Conference would bring valuable results, which 
could be applied to many useful purposes, and be 
largely adopted by those throughout the country 
who were still ignorant of the possibilities of gas. 
He wished the Institution a successful meeting, 
and pleasant recollections of their stay in the city 
of Liverpool. 

Mr. ell in his words of welcome, made 
special reference to the high opinion he had formed 
of the ability shown by the President in dealin 
with the many important engineering and chemi 
matters which, in the execution of his work, con- 
fronted him from time to time. Perhaps in no 
other profession was such varied technical and 
scientific knowledge required as in that of gas 
engineering, with all its intricate processes and 
plant. 

On the motion of the President, a cordial vote of 
thanks was passed to the Lord Mayor and Mr. 
Deacon, after which the business of the meeting 
was proceeded with. 

The minutes of the previous meeting were taken 
as read and confirmed. Medals, awarded for 

pers read at that meeting, were presented as 
ollow :—The London Gold Medal (presented by 
Mr. H. E. Jones, M. Inst. C.E., Past-President) to 
Dr. W. B. Davidson, of Birmingham, for his paper 
on ‘‘ Liquid Purification ;” the Institution Medals 
went to Mr. W. Chaney, of Birmingham, who was 
awarded the Gold Medal for his paper on *‘ Coke 
Oven Carbonisation,” and to Dr. W. B. Davidson 
(Silver Medal) for his paper as above ; and the Bronze 
Medal to Mr. F. W. Goodenough, of London, for his 
paper on ‘‘ Creating an Outdoor Staff.” 


PRESIDENTIAL ADDRESS. 


Mr. Allen then delivered his presidential address, 
in which he dealt with the affairs of the Institute ; 
he reviewed the past year and the history of gas- 
making in Liverpool (started in 1815), and touched 
i the human element in gas-works, the value 
of early training, co-partnership, old-age pensions, 
recent legislation, and harmony in the industry. 


Tue Liverroot Gas Works. 


The President added to his address an interesting 
** Description of the Works of the Liverpool Gas 
Company,” with which he has been eonnected as 
engineer for forty-nine years. During that time 
the number of works, he stated, had risen from 
four to six, while the annual make (in millions of 
cubic feet) had risen from 1250 to 5326. The in- 
crease in manufacturing capacity of the last decade 
amounted to 27 per cent., and had been obtained 
by replacing obsolete plant by modern installa- 
tions. We mention a few novelties. 

The increased output of carburetted water-gas at 
the Linacre Works necessitated an additional 
meter in that section, and a trial had been made 
of the Thomas electric-meter, due to Dr. Care 
Thomas, of Milwaukee, U.S.A., which was working 
on & new principle, the only one of its kind in this 
country. The instrument measured gas of high 





and of low pressure with equal accuracy ; the meter 
required little more space than the pipe itself, the 
recordiug mechanism might be placed at any dis- 
tance, and the results were read off in cubic feet of 
gas without requiring any corrections for tempera- 
ture or pressure. When gas, flowing through 
@ passage, was heated through a fixed, constant 
temperature range by means of a heater in the 
passage, the quantity of heat thus introduced was 
a measure of the gas flowing, the specific heat of 
the gas being constant. The heat was introduced 
by means of an electric heating unit fixed across 
the passage ; the energy supplied was measured by 
a wattmeter, and was so regulated, by means of 
electric thermometers before and after the heater, 
that the difference in temperature of the gas 
between the inlet and outlet of the meter was 
automatically kept constant; this was done by a 
galvanometer operating the heater rheostat, the 
power being supplied by a small electric motor 
running at constant speed. So far the Thomas 
meter had worked satisfacrorily, though there had 
been trouble at first because the moisture in the 
as caused short circuits ; and as the Thomas meter 
capacity 750,000 cub. ft. per hour) had nearly 
five times the capacity of the ordinary station 
meter occupying seven times the space, it might 
revolutionise the method of gas measurements. 

The second novelty concerned the extraction of 
naphthalene. Until autumn, 1913, the admixture 
of carburetted water-gas with the coal-gas had been 
sufficient to keep the naphthalene ‘content down 
within reasonable limits. Owing to the high price 
of gas-oil, however, less carburetted water-gas had 
been used last year, and naphthalene trouble had 
arisen. To prevent the recurrence a ‘‘ Simplex ” 
vaporiser was being installed, in which Russian 
vaporising oil was to be atomised by a steam- jacket. 
A portion of the gas made was ed through the 
- gee ay and mixed with the bulk of the gas in 
the mains ; the oil took up a large quantity of the 
naphthalene, and was thrown as a liquid into the 
mains, in which it flowed toa siphon; the vaporised 
oil was also passed into the inlet of the station- 
meter and gas-holder for dealing with deposits at 
those points. Noteworthy was also the ‘* Dryco”’ 
om at Linacre, where gas-coke was produced free 

rom water and without the injury caused by the 
contact of hot coke and water. Un this system, 
the coke was pushed directly from the retorts into 
a steel container, which consisted of two vessels of 
the same section as the retort, fixed together one 
above the other. The length of the container was 
half that of the retort, so that each vessel held half 
the spent charge. The container was then placed 
in line with the retort in a horizontal position, and, 
after one half of the charge had been pushed into 
the top compartment, the container was raised and 
the lower half filled in a similar manner. The 
container was then turned on trunnions into a 
vertical position, and the open end automatically 
closed by a lid. It was then transported and 
lowered into a water-tank to cool, an operation 
which took about three-quarters of an hour. The 
cooled vessel was afterwards lifted and its contents 
automatically discharged. .Coke cooled in this way 
was free from dust and small pieces, and was hard 
enough to be used in a cupola to melt pig iron. 
It was highly valued as a fuel, and commanded a 
better price than ordinary coke. 

The special, probably unique feature of the 
Garston Works was that carburetted water-gas was 
alone made there; the present capacity of four 
million cub. ft. per day was to be doubled. The 
coke was being brought from town by rail, and the 
oil brought by a pipe-line—lap-welded steel, ,% in. 
in thickness—from the Stalbridge Docks. Biast- 
furnace product scrubbers deodorised the gas and 
prevented the coke-dust from escaping. 

On the motion of Mr. H. Wade Deacon, 
seconded by Mr. John Young, of Hull, a vote of 
thanks for the address was heartily carried. 

The Council’s annual report was the next busi- 
ness. The President moved its adoption, and it 
was seconded by the Honorary Secretary, Mr. W. 
E. Price. Mr. Allen made several important 
announcements in connection with this motion. 
Arising out of the discussion on the esirability 
of providing a house for the Institution in London, 
which had taken place in last year’s meeting, the 
Council recommended that the sum of 500I. be 
set aside from the investments of the Institution, 
and called ‘‘The Building Fund.” Sir Corbet 
Woodall, D.Sc., Past - President, Governor of 
the Gas Light and Coke Company, had offered 
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a sum of money sufficient to provide for the 
foundation of a scholarship in gas engineering 
at one of the universities, of the value of 50l. a 
year, to be awarded annually to a student of the 
Institution if, in the opinion of the adjudicators, 
there should be one meriting such an award. It 
was offered to commemorate Sir Corbet’s occupancy 
of the presidency of the Lustitution during its 
jubilee year, 1912-13. The meeting received these 
announcements with evident pleasure, and it was 
resolved that a telégram be sent to Sir Corbet 
accepting the oer with an expression of gratifica- 
tion, and that he be asked to allow the scholarship 
to be known as ‘‘ The Corbet Woodall Scholarship 
of the Institution of Gas Engineers.” 

There were very few remarks from the members 
on the report, which was unanimously adopted. 

Mr. F. J. Bywater, who has charge of the East 
Greenwich Works of the South Metropolitan Gas 
Company, presented, as Hon. Secretary of the 
Refractory Materials Committee, the report of the 
Committee for the t year. It may be added 
that the work, which has been carried out under 
the guidance of this Committee since its formation, 
is among the most valuable of any which the 
Institution has undertaken by means of the Special 
Purposes Fund provided ‘for such research by the 
contributions of gas undertakings throughout the 
United Kingdom. 

In the discussion on the report, Mr. J. W. 
Morrison, of Sheffield, said that the upper portion 
of his retorts was made of silica clays, with 85 per 
cent. of silica. He had tried material with 95 per 
cent. silica, but found it _ unsuitable. e 
clay was excavated in the West Riding of York- 
shire. 

Mr. W. Chaney, of Birmingham, thought that 
an important consideration which might be lost 
sight of in carbonising processes was that all coals 
contained a varying quantity of salts, and therefore 
the material of the retorts should be such as would 
withstand the action of the salts during the carbon- 
isation of the coal. In America lime-bound, instead 
of clay-bound, retorts, had been successfully tried. 

Mr. John West, referring to the clays sent from 
England to the Continent for manufacture there 
into retorts and to be then returned in that form 
to this country, said he had tested Continental 
bricks and had found that British-made were 
superior. Where the British manufacturer some- 
times failed was in his inability to put the clays 
properly together. 

Mr. H. Kendrick, of Stretford, touched upon 
the question of variation of expansion of silica 
clays. They did not all expand to the same 
extent, the result being trouble in the working 
of the retorts. 

Mr. Bywater, in replying to the discussion, said 
he had received from Mr. H. W. Woodall, of 
Bournemouth, a letter expressing his great satis- 
faction with the result the Committee had 
achieved by their research work. The character 
of the material supplied by manufacturers had con- 
siderably roma § For instance, in 1911 the 


shrinkage was 1.5 per cent., now it was 0.25 per 
cent. 


VENTILATION RESEARCH. 


The ‘‘ First Report of the Joint Committee on 
Ventilation Research of the Institution of Gas Engi- 
neers and the University of Leeds,” which was then 
presented, might suitably have been styled a prelimi- 
nary report. ‘he committee was appointed in 1913, 
and it entrusted the experimental work to Mr. W. 
Harrison, M.Sc., under the supervision of Professor 
Cobb. The report presented by Mr. Harrison 
stated that ‘‘ ventilation has been the subject of 
innumerable investigations resultiog in the accu- 
mulation of much knowledge. Notwithstanding 
the vital importance of the question, however, from 
the standpoint of public health and the constant 
and urgent demand for reliable information, the 
whole subject is in a fluid state, great differences 
of opinion prevail, and data which could serve as a 
safe basis for dealing in a scientific way with the 
emgeanee of ventilation as they arise in their end- 
ess variations are largely wanting.” We agree 
with these latter statements, and do not understand 
how they are to be reconciled with ‘an accumula- 
tion of much knowledge.” It was proposed to 
build a special room so constructed that outside 
influences should be counteracted, these influences 
being air currents and winds, large variations 
ani diverenccs of temperature in the air inside 
and just outside the room, and presence of warm 








bodies (human beings, &c.) and heat-absorbing 
substances in the room, and, further, that 
standard conditions should be established—the air 
entering the room to have, as nearly as possible, 
constant temperature and composition, and to enter 
and leave steadily, and only through known open- 
ings. To realise these aims, it was decided to 
build a room, as nearly air-tight as possible, and 
to enclose it in another room, with sufficient space 
between to allow observations to be made, windows 
in the inner rooms being provided for this purpose. 
The outer room was to be divided into an upper 
and a lower half, to act as separate reservoirs for 
inlet and outlet air, and to be provided only with 
sieve openings; both rooms were to be constructed 
of the same non-conducting material, by Bell’s 
Ashestos Company. 

Pending the construction of this room, some ex- 
periments had been made on the ventilating power 
of old-type gas-fires with a circular flue-vent 2} in. 
in diameter, and on the escape of combustion 
products in front of the canopy of a gas- fire, 
with or without the attachment of a short flue- 
pipe, 18 in. high and 6 in. in diameter. As 
was to be expected, some gases did escape, imme- 
diately after lighting the fire particularly ; but 
the escape could be diminished by adding the flue- 
pipe. In these experiments a flexible lead hood 
was fitted over the gas fire, and as the determina- 
tion of carbon dioxide by the modern modifications 
of the Pettenkofer method was found to be slow, 
it was decided to pass the air through baryta solu- 
tion, and to determine the baryta remaining in solu- 
tion by measuring the resistance of the solution 
on a Wheatstone bridge. [Electrolytic titration 
methods, we may interpose, seem to come more 
into use now, and an electrometric apparatus for 
the determination of CO, in air, fuel gases, &c., 
was described by Bodliinder in 1904. The report 
discussed the gas analysis, the determination of 
small differences in air pressure—for which purpose 
we venture to suggest the mercury tilting gauge of 
the National Physical Luboratory, as the Com- 
mittee’s gauge did not work quite satisfactorily— 
and the direct comparison of the drawing powers 
of gas-burners. 

In the course of the discussion the point was 
brought out several times that whereas assisted 
the process of ventilation, in places Tighted by 
electricity the air remained stagnant, and some 
mechanical ventilating device had to be employed 
to keep the airin motion. Dr. Elliott, of Columbia 
University, particularly cited. several examples of 
the effects on his students consequent on inade- 
quate ventilation. The importance of the investi- 
gations which the Committee had just commenced 
was generally acknowledged. It was being carried 
out at Leeds University by a committee consisting 
of representatives of the University and of the 
Institution. 

The Reports of the Institution Gas Research 
Fellows were then presented. 


Exectric ConpDITION OF GOLD DURING 
CatatytTic CoMBUSTION. 


The per by Mr. Harold Hartley, M.Sc., 
of ol University, on ‘*‘ The Electric Con- 
dition of Gold and Silver Surfaces during the 
Absorption of Gases and their Catalytic Combus- 
tion,” concerned surface combustion, and the 
much-disputed problem of the emission of elec- 
trons from hot surfaces. Surface combustion and 
the peculiar catalytic activation of gases seem to 
depend, at low temperatures, chiefly on the 
chemical character and the physical condition of 
the surface ; at high temperatures porosity and 
refractoriness seem to be alone decisive, whilst the 
chemical nature of the catalyst losea its import- 
ance. The author stated that, in 1905, Bone, 
Wheeler, and Makower noticed that a gold surface 
became negatively electrified. during the catalytic 
combination of hydrogen and oxygen at about 
300 deg. Cent. According to J. J. Thomsen (1910) 
the action of the surfaces might depend upon the 
fact that they formed a support for layers of 
electrified gas in which chemical changes pro- 
ceeded at high velocity. It was known, the author 
proceeded to explain, that the potential difference, 
required to produce a discharge through a gas, 
diminished up to a certain minimum when the 
gas pressure was diminished ; but the real vacuum 
would not allow the discharge to pass at all. The 
carriers of the electric current were supposed to 
be the molecules at ordinary gas pressures, and the 
electrons at low gas pressure. 





Having briefly discussed sumv investigations of 
the problem, the author described his own experi- 
ments, in which he suspends a coil of gold gauze, 
specially made by Messrs. Johnson and Matthey, 
within a cylindrical bulb of Jena glass, which is 
sheathed with earthed aluminium foil to keep out 
external electrostatic effects, and heated in an 
electric furnace or in an air-bath. Gold and some- 
times silver were chosen as catalysts, because they 
are not so much affected by the gases experimented 
with, hydrogen, oxygen, carbon monoxide, as the 
platinum metals, which are otherwise better cata- 
lysts at ordinary temperatures. The author found 
that the gold assumed a charge of —0.2 volt when 
H and O combined with one another at 350 deg. 
Cent. Butahigher charge of — 2 volts was observed 
when hydrogen was alone in the bulb, apparently 
owing to the absorption of the hydrogen ; replac- 
ing the hydrogen in the bulb by oxygen made 
hardly any difference for days, because the occluded 
hydrogen remained in the gold; but finally the 
charge changed to + 0.8 volt, A different appa- 
ratus was employed for the experiments with 
carbon monoxide used alone or mixed with oxygen. 
The absorption of CO likewise imparted a nega- 
tive charge to the metal. But this ‘‘ absorption” 
effect seemed to be due to the gas leaving the metal 
rather than to the gas entering the metal ; for any 
cause checking the outflow of gas (sudden lowering 
of the temperature or increasing the gas pressure) 
diminished the charge, whilst a reduction of the 
gas pressure near the metal increased the charge. 
The effects would thus appear to be due to changes 
in the dynamic equilibrium; that would be in 
accord with the various researches of Pring and of 
Harker and Kaye,* to which the author did not 
refer. 

The account of the work carried out by Mr. 
Harold Hollings, B.Sc., under Professor John W. 
Cobb, B.Sc., Chena Professor of Coal Gas and 
Fuel Industries, took the form of two communi- 
cations by himself and Professor Cobb — (a) 
‘*Tnermal Phenomena in Carbonisation ;” (b) ‘‘In- 
fluence of Red-Hot Coke and Radiant Heat on the 
Gaseous Products of Carbonisation,” contributed 
from the Department of Coal Gas and Fuel Indus- 
tries of the University of Leeds. 


THERMAL PHENOMENA IN CARBONISATION, 


The first paper, on ** Thermal Phenomena in Car- 
bonisation,” described comparative experiments 
made to explore the phenomena taking place in 
coal and other carbonaceous materials during dis- 
tillation, as distinct from the changes occurring in 
an inert material like coke. When calorific values 
are determined at ordinary temperature, the distil- 
lation is conventionally regarded as exothermic— 
i.e., heat is liberated ; but the question is open as 
to heat being evolved or liberated during the actual 
distillation at the temperatures used. The authors 
discussed the investigations of this problem by 
Mahler, Constam, Euchéne, Barnum, and others, 
and described their own experiments. They placed 
about 3 grammes of the material (bituminous and 
cannel coal, anthracite, cellulose, and dehydrated 
cellulose) in a boat (very thin-walled, of fireclay) 
and charged a similar boat with the same weight of 
coke. Both boats were heated in au electric furnace, 
and differential temperature-curves were taken with 
the aid of thermo-couples. To avoid further 
decomposition of the gases evolved, they swept the 
furnace-tube with nitrogen. The heating curves 
obtained at temperatures up to 1100 deg. Cent. 
differed pred see, +a but the total net quantity of 
heat involved was small, and the observations 
tended to show that both heat evolution and heat 
absorption vccur during distillation, to a certain 
extent simultaneously probably, as might be 
expected. The distillation of the Monckton coal 
seemed always to set in at about 250 deg. Cent., 
and proceed up to the highest temperatures applied ; 
during this interval there were several stages awe 
which the reactions ap to be chiefly endo- 
thermic or exothermic; but it was impossible to 
fix any particular temperature for # sudden 
decomposition of coal, whilst the endothermic de- 
composition of pure cellulose set in at a definite 
temperature. hen slowly raising the tempera- 
ture, the rise of temperature in the coal was less 
rapid than in the coke ; the heat conductivity of 
the materials came in, therefore, and complicated the 
phenomena. When the experiments were so con- 
ducted that the coal temperature rose by 7 deg. 


* See Encinggrine, February 27, 1914, page 290 ante. 
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Cent. per minute, the maximum loss of weight of 
the coal took place at about 400 deg. Cent. 


Inrivuence or Rep-Hor Coxe on THE Gaszous 
Propucts or CARBONISATION. 


In the second paper the authors described 
attempts made to determine ‘‘ The Influence 
of Red-Hot Coke and Radiant Heat on the 
Gaseous Products of Carbonisation.” The ex- 
periments, which are still in the initial stage, are 
conducted in the following way :—A quartz tube, 
24 in. long, 1 in. in diameter, is heated ina Fletcher 
furnace ; the tube ends are loosely plugged with 
fire-clay. The coal is again 7” in a fire-clay boat, 
and this boat is placed near the one plug. Arrange- 
ments are made to pump the gas generated out from 
either end ; in the one case the is thus with- 
drawn almost immediately when generated ; in the 
other case it has to pass through the whole length 
of the tube, which may, or may not, be packed with 
coke and is heated to a temperature of 800 deg. 
Cent. In the latter case, therefore, the gas generated 
is exposed to the radiant heat from the hot wall, or 
— through the hot coke inside, whilst in the 

ormer case there is little radiation or heating effect. 

The decomposition products found agreed with those 
observed by Harold Colman and others in actual 
gas-retorts, and the interesting observation was 
made that the action of the radiant heat raised 
the yield of gas, an additional 1250 ft. of gas 
being obtained per ton, especially when the 
tube itself was packed with glowing coke. This 
considerable gain at only 800 deg. Cent. is note- 
worthy. A heavy tar was produced under the 
action of radiated heat, and more hydrogen was 
then generated, at the expense, not of methane, 
but of the unsaturated hydrocarbons. As regards 
the yield of ammonia the experiments were not in 
accord; hydrocyanic acid was not found when radia- 
tion was applied. The experiments on gas-flow 
through the hot tube and on the synthesis of coal- 
gas were not sufficiently advanced to justify con- 
clusions. 

On Wednesday morning the first business was 
the annual general meeting of the Benevolent Fund. 
About 4001. a year is contributed voluntarily by 
the members and is applied to the relief of the 
widows and orphans of teomnaed members, and to 
assist old members who a oe have fallen 
on unproductive times and have not the where- 
withal to face them. 

Then followed a lecture entitled ‘‘ Purification 
by Heat: A Century’s Progress and its Lessons,” 
by Mr. Charles Carpenter, D.Sc. A paper on 
‘*Some Special Features in Gas-Works Practice 
in Norway,” by Mr. B. Schieldrop, was also read, 
but we must defer our report of these and of 
Thursday's proceedings until next week. 





NOTE. 
Tue JOURNAL OF THE INSTITUTION OF MECHANICAL 
ENGINEERS. 

Tue last week has witnessed the appearance of 
the first number of the Institution of Mechanical 
Engineers’ new Journal. As the announcement 
that such an enterprise had been decided upon was 
only made at the annual dinner, the statement did 
not receive the publicity which would have been 
accorded to it had it been mentioned at one of the 
ordinary meetings. The appearance of the Journal 
will therefore doubtless have come somewhat in the 
nature of a surprise to many members. The pub- 
lication consists of two distinct sections with 
separate pagination. In the issue before us the first 
section contains, in addition to an introductory 
note. the pr mme and abstracts of papers 
relating to the forthcoming Paris meeting, together 
with certain Institution notices, &c., while in the 
second section is printed in full the last paper read 
during the recent winter session, and a report of 
the discussion thereon, including some written com- 
munications and the author’s reply. Members will 
probably at once turn to the introductory note in 
order to acquaint themselves with the object sought 
to be realised by the publication. The first por- 
tion, as will be seen from the partial list of contents 
given above, is not of permanent interest, while 
the latter part comprises the permanent records 
of the Institution’s work. For this year it is 
intended to publish the Proceedings as hitherto, 
but in ~~ years ~ on part of the Leen 
will take the place of the i ing so 
arranged that it will be onsite to Wied all these 
parts together to form a complete volume for the 





year. The front portion, which will thus be dis- 
garded, will be printed on thin paper ; the re- 
mainder will be on thick paper similar to that of 
the nt i e Journal will be 
issued eight times a year, and each number will 
contain in its second section the latest paper read, 
with its discussion. Further discussion by corre- 
spondence of the same paper, and the author’s 
reply, will be placed first in the succeeding issue, 
so that all matter relating to one paper will come 
together in the binding. h issue will also contain 
in its first section an abstract of the next paper to 
be submitted for reading and discussion, and this 
will enable any member to decide whether or not 
it is one of special interest to him. If it be 
so, and he applies for a copy of the paper, he 
should have longer than at present in which 
to prepare a contribution to the discussion. It is 
hoped that members will take advantage of this, 
to the general improvement of the debates. A 
scheme is also launched for encouraging the lively 
interest of the country members in the work of 
the Institution. The proposal is to have one 
member of Council and a local corresponding 
member responsible for the Institution in different 
districts, with the idea, if there be a sufficient 
demand, of arranging for local meetings to con- 
sider the papers read simultaneously in London. 
Country members will, of course, be welcomed, as 
heretofore, at the London meetings. It is to be 
hoped that these efforts on the part of the Council 
to make the Institution of greater value to members 
in the provinces will meet with a hearty response, 
and that the new era thus ushered in under the 
presidency of Sir H. F. Donaldson—who is so 
anxious to see the worth of the Institution, as a 
technical body, enhanced—may prove one of unpre- 
cedented activity in its history. 





INDUSTRIAL NOTES. 

AccorpINnG to the Board of Trade Labour Statistics, 
employment in May was, on the whole, good. There 
was no further decline in the pig-iron and iron and 
steel trades, but in shipbuilding, employment, al- 
though still good, showed some falling off. ‘There was 
also a seasonal decline in coal-mining. The engineer- 
ing and tin-plate trades continued to be well employed. 
The textile trades showed a slight recovery, and there 
was a further seasonal improvement in the building 
and kindred trades, except in London, which was still 
affected by the dispute. It was reported by the 
Labour Exchanges that there was a continuance of the 
demand for labour in the shipbuilding trades on the 
Clyde and the North-East Coast. In the building 
trades there was a scarcity of labour in some dis- 
tricts, and painters continued to be in demand in the 
provinces. There was also a deficiency of women in 
the clothing trades. Compared with a year ago, 
employment showed a decline in the principal trades. 
The coal-mining, engineering, shipbuilding, and tex- 
tile trades were not so fully employed, and there was 
a marked decline in pig-iron and iron and steel. On 
the other hand, there was an improvement in the tin- 
plate, boot and shoe, glass and brick trades. 

The changes in rates of wages which came into 
operation in May affected 177,000 workpeople, of 
whom 17,000 received an increase of 1700/. per week, 
and 160,000 sustained a decrease of 4300/. per week, 
the net result being a decrease of 2600/. per week. 
The ee proportion of those whose wages were 
incre were employed in the building trades, the 
most important bodies affected being nearly 3000 
operatives of various classes at Portsmouth and 1100 

ters in Glasgow and district. Amongst those who 
sustained uctions were 140, coal-miners in 
Durham and 5500 in the Forest of Dean ; 3130 steel- 
melters, &c., in various parts of England and Scotland ; 
and 5850 steel-mill-men, &c., in West Scotland. 

The dispute in the building trades in London con- 
tinued throughout the month. The number of new 
disputes in May was 140, and the total number of 
workpeople involved in all disputes in p was 
76,779, as compared with 211.211 in the previous 
month, and 149,812 in May, 1913. The estimated 
total aggregate duration of all disputes for the month 
was 1,040,900 days, as com at with 2,973,800 in 
April, 1914, and 1,088,800 in May, 1913. 

Cases dealt with during the month included bobbin 
workers, Garston ; quarrymen, Halifax ; copper and 
sulphur workers, Cardiff; ters and joiners, 
Glasgow ; painters, reg er ; pottery workers, 
Glasgow ; steel workers, West of Scotland ; and brick- 
makers, Bristol. A number of appointments were 
also made in connection with the Railway Conciliation 
Scheme. 

The average weekly number of vacancies notified to 
all Labour Exchanges for the four weeks ended May 
15, 1914, was 28,326, as compared with 25,896 in the 
previous five weeks, and with 24,516 in the four 





weeks ended May 16, 1913. The average weekly 
numbers of vacancies filled for the same periods were 
20,700, 19,308 and 17,760 respectively. 


The Pennsylvania Railroad gives publicity to a 
statement, contained in the Outlook, of May 23 last, 
according to which ex-President Roosevelt said re- 
cently with — to State ownership of railways 
that ‘‘When the time came for us to leave Chili, 
we went northward on the railway to Puerto Varas. 
Incidentally, I may remark that the railways in Chili 
are owned by the State, and the men I met who were 
best informed and most trustworthy expressed great 
regret that they had not been kept in private hands. 
These men stated that there was always a deficit in 
the management of the railways, and that they were 
a burden on the Government and unprofitable to the 
citizens generally.” 








An important meeting of marine engineers was held 
in the Marine Engineers’ Institute, South Shields, on 
Saturday, the 13th inst., in connection with the agita- 
tion for an increase of wages. A resolution was 
unanimously adopted endorsing the action of the joint 
executive in London, in deciding to enforce the demand 
for an advance on a national scale, and pledging the 
members to do their utmost to carry the movement to 
a successful issue. The new rates of wages claimed 
are the following :— ‘ 

Steamers of over 8000 tons dead-weight—chief engi- 
neers, 20/. a month (or 4/. 12s. 3d. weekly) ; second 
engineers, 15/. (or 3/. 93. 3d. weekly); third engineers, 
100 10s. (or 2/. 8s. 6d. weekly); fourth engineers, 
8l. 103. (or 1/. 193. 3d. weekly). Present e, 181. 
per month for chief engineers, 13/. for second, 9/. for 
third, and 7/. for fourth engineers. 

Steamers of from 5000 to 8000 tons—chief engineers, 
19/. (or 41. 7s. 8d. weekly) ; seconds, 14/. 10s. (3/. 7e.); 
thirds, 107. (2/. 6s.); and fourths, 8/. 10s. (1/. 19s. 3d.). 
Present rates, 17/., 12/. 10s., 8/. 10s., and 7/. per 
month respectively. 

Steamers of from 3500 to 5000 tons— 18. 10s. 
(41. 5s. 6d.); 147. (31. 4s. 6d.); 9/. 10s. (27. 148.); and 
8/. (11. 19s ). Present monthly rates, 16/. 10s., 12/., 8/., 
and 6/. 10s. 

Steamers of from 2000 to 3500 tons—18/. (41. 3s.); 
132. 10a. (37. 2s. 4d.); and 9/. (2/. 1s. 6d.). Present 
monthly rates, 16/., 11/. 103., and 7/. 10s. 

Steamers under 2000 tons—17/. 103. (4/. Os. 9d.); 137. 
(3l.); and 8/. 10s. (1/. 193. 3d.). Present monthly 
rates, 15/. 10s., 11/., and 7/. 

Coasting and home trade (1000 tons and upwards) 
—4l. 4s., 3/. 1s. 6d., and 2/. 9s. weekly. Present 
rates, 3/. 15s., 2/. 12s. 6d., and 2/. 2s. 

The present scale came into force in May, 1912. 
The agitation for the increased scale indicated above 
began in July last. 

The number of engineers employed on cargo-steamers 
is given as 10,000; only a proportion of these—i.e., 
those who are not away at sea—are immediately 
affected. At the meeting in question, Wednesday, 
the 17th inst., was fixed for stopping work in all the 
British ports. The strike, however, commenced on 
Tuesday ; at the time of writing it had not assumed 
very large proportions. 





The following interesting points were referred to at 
the International Cotton Committee’s meeting in Paris, 
on Saturday last, the 13th inst. The attention of the 
Committee had been called to the seriousness of the 
cotton fires which had taken place recently in India. 
Mr. N. N. Wadia and Mr. 8S. M. Johnson, the two 
representatives of India on the Committee, suggested 
the ibility that the artificial damping of the cotton 
might be a contributory cause to the outbreaks, and 
the Committee decided to bring this point to the notice 
of the Commission which is now inquiring into the 
matter ia Bombay. 

The International Federation during the ten years 
of its existence has waged strenuous warfare against 
the artificial damping of cotton, and has been informed 
that the practice was one which was fraudulent, and 
should be met by penal legislation. A strong opinion 
was expressed in favour of the Government of India 
passing an Act to prevent the practice. 

The representative for France, Mr. Berger, made an 
interesting statement to the effect that since the per- 
fecting of the system of testing cotton for damp on its 
arrival at the port of Havre, the sellers of a consign- 
ment of cotton which contained more than 8} per cent. 
of moisture were compelled by the French law courts 
to compensate for the excess of moisture to the firm 
to whom the cotton was consigned. 

In to fines in cotton-mills, Mr. Berger called 
attention to those imposed in mills for bad work, and 
said that in France the money raised in this way was 
paid into a special fund for the maintenance of the 
superannuated and the sick. A similar custom, it 


was stated, prevailed in India, in Portugal, and in 
some other countries. 

Mr. J. B. Tattersall (England) said that in England 
each firm regulated this matter according to its own 
inclinations. In spinning-mills, however, the practice 
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of fining was practically abolished, and he noticed 
that the Labour Party had introduced into Parliament 
a Bill making the imposition of fines illegal in weaving- 
sheds. 





An interesting point on child labour in textile fac- 
taries was settled on Friday last, the 12th inst., at 
the Blackpool conference of the International Federa- 
tion of Cotton Workers, when the Continental reso- 
lution, in favour of the raising of the employment age 
to fourteen, was passed, notwithstanding the opposi- 
tion of Lancashire. 

Mr. Hanusch, one of the Austrian delegates and a 
member of the Austrian Parliament, ur; the great 
importance of the resolution, and said that if the 
English delegates voted against it their vote would 
be taken by the Continental employers asa reason for 
resisting many demands for reform in the employment 
of child labour. It was, he added, the duty of the 
English trade-union officials to educate their people 
out of their prejudice in favour of child labour. Look- 
ing about him in Great Britain, he had come to the 


conclusion that British workpeople were physically | 


more degenerate than the workers of other countries, 
and this degeneracy was due to the early age at which 
children had to go to work in the mills. 

The debate was closured after Mr. Hanusch’s 
speech, though Mr. Ratcliffe, of the Darwen Weavers’ 
Society, wished to put, he said, the argument of the 
people at the looms, 

Twenty-five votes, those of the Lancashire delegates, 
were given against the resolution. Eight English 


Part II. Duties of Persons Employed :— 

8. Every person employed in any t of a mould- 
ing-shop where molten metal is caught, conveyed, or 
poured, shall, while any of these operations is going 
on, constantly wear the protection for the feet specifi 
in Regulation 7. 


Owing to the increased — required for 
trade purposes, the Executive Council of the Amalga- 
mated Society of Carpenters and Joiners have 
announced their decision to increase the general levy 
upon the members of the society. The Council stated 
that the present levy was insufficient for securing the 
objects for which it was imposed—i.c., to raise the 
cash balance to the amount required by rule; and it 
had therefore been decided to double the amounts at 
present being paid by the various sections, the first 
payment becoming due this month. 

e membership was returned at 89,333, of whom 
1139 were in receipt of unemployed benefit, 1821 
receiving sick benefit, whilst 2678 were on superannua- 
tion benefit. A large number of settlements in the 
society’s trade movements were announced. At 
Morpeth a threatened reduction had been averted, 
the employers having agreed to continue the present 
rate of 94d. per hour. 

In the Tyne district the dispute at Elswick Ship- 
yard ee the payment of 6d. per day extra for 
insulations also been settled, the firm having 
| agreed to pay as from December 17 last to March 7, 
when the men left the yard as a protest 











legislation and wage regulation ought to apply to 
industry as a whole... .” 

The report then deals in detail with aoneeing and 
profit-sharing, compulsory arbitration, conciliation, &c., 
and states that the scheme for this country would be 
somewhat as follows :— 

**In the first place, a Labour Department of the 
Board of Trade would be constituted. At the 

resent moment the functions of the Board of Trade 
industrial matters are divided into three sections, 
all independent of each other :—(l1) The work of 
the Industrial Commissioner in settling disputes ; 
(2) Unemployment Insurance and Labour Exchanges ; 
(3) Statistical. 

‘*In future all these functions ought to be co-ordi- 
nated and placed in a single Labour Denentment of the 
Board of Trade, under the Industrial Commissioner, 
who in turn will be responsible to the President of the 
Board of Trade. In the event of a strike ocourring 
which, in the judgment of the Chief Industrial Com- 
missioner, is of sufficient importance, he will be given 
statutory authority by Parliament to interfere, and 
to appoint, without reference to the President of the 
B of Trade, a Board of Conciliation and Investi- 
gation. This Board would have power to summon 
witnesses, and it would be its duty to endeavour to 
bring about an agreement by conciliation, and if this 
failed, to make a public recommendation for the 
settlement of the dispute. . .” 

The report further deals with the wage problem, 
and adds that while the general observance of minimum 
rates of wages was, in the opinion of the Committee, 


delegates, representing the Yorkshire woollen trade, | 
voted for it, and the other eleven English delegates | 


(representatives of Yorkshire) did not take part in the | 
vote. This accounted for 44 votes out of the total of 88. | 


most desirable in the interest of the nation, they did 
not imagine for one moment that it would remedy all 
the defects of our industrial system. Many of these 
defects flowed from a maladjustment of the labour 


The annual demonstration of the North Stafford- 
shire miners was held at Hanley ou Monday last, 
e 15th inst., when the following resolution was 





The remaining 44 votes, those of the Continental dele- 

ates—France, Germany, Belgium, Sweden, Denmark, 
Folland, and Austria—were cast in favour of the reso- 
lution. 





With reference to the ‘‘ Report on Conferenves 
between Employers, Operatives and Inspectors con- 
cerning Safeguards for the Prevention of Accidents 
in Iron Founaries,” of January last, the Home Secre- 
tary states that, in accordance with the recommenda- 
tion of the Conference, he proposes to make regula- 
tions under Section 79 of the Factory and Workshop 
Act, 1901, to carry out the agreements arrived at. 

The regulations do not apply to the casting of pig- 
iron from blast-furnaces, or to the casting of steel 
ingots. 

Definition :—In the regulations: Moulding - sho 
includes that part of the factory or workshop in whic 
the cupola is situated, and all parts in which molten 
metal is caught, conveyed, or poured. 

Duties :—It shall be the duty of the occupier to 
observe Part I. of the regulations. It shall the 
duty of every person employed to observe Part II. 

Part I. Duties of Occupiers :— 

1. Where iron plates are used in a mouldiug-shop, 
either as gangways or under furnace spouts, they 
shall be kept constantly dry. 

2. Where molten metal is carried by hand between 
rows of moulds or boxes, a clear ge-way, not 
less than 18 in. in width, shall be provided and main- 
tained between such rows. 

3. Where molten metal is conveyed acioss an open 
space, a clear passage-way, dry and covered where 
practicable, shall be provided and maintained between 
the cupola and the place where casting is done. 
Provided, however, that it shall not be Seamed to 
be practicable to erect a covered way, if to do so 
would interfere with operations necessarily carried 
on in the intervening space. 

4. No p2rson under 16 years of age shall convey or 
assist in conveying molten metal. 

5. Requisites for treating wounds and burns shall 
be kept at hand and be placed in charge of a respon- 
sible person. 

6. (a) All chains used for lifting or moving any 
material shall have been tested and shall be periodi- 
cally examined. They shall be effectually softened 
by annealing or firing when necessary ; and } in. or 
smaller chains in general use shall be re-annealed or 
fired once at least within every six months. 

Chains to which new links or rings have been 
added shall not be used until they have been re-tested. 

(b) A register shall be kept on the premises con- 
taining the distinctive mark or number of each chain, 
the date of each test and re-test, the test load, the 
safe working load, and the dates of annealing or firing. 

7. In any part of a moulding-shop where molten 
metal is caught, conveyed, or poured, adequate pro- 
tection for the feet shall b> provided and maintained 
in proper order and repair for the use of all persons 
employed in that part. Such protection shall consist 
either of boote fitting closely above the ankles and 
constructed without lace-holes or other openings in 
which molten metal cin lodge, or of spate, flaps, or 
other appliances fitting closely above the ankles and 
covering all such openings in the boot, shoe, or clog 
worn by the peracn employed, 


| passed :— 

| ‘*That this demonstration of the members of the 
| North Stafford Miners’ Federation hereby reaffirms their 
| confidence in the principles and policy of the Miners’ 
Federation of Great Britain, and rejoices in the con- 
tinued increase in the number of its members, locally 
and generally, and urges all concerned to loyally sup- 
port the Federation’s endeavours :— 

**(1) To secure an amended Mines Act, Compen- 
sation Act, Miners’ Minimum Wage Act, and inclu- 
sion of the surface workers therein. 

**(2) To raise (a) the minimum w rates of all 
grades of miners ; also (5) all basis rates of wages, so 
that future advances shall be put on a higher basis. 

**(3) To use all legitimate means, including the 
Press, local government, and Parliamentary action, 
and the extension of area of common action by friendly 
conference and alliance with railway, transport, aud 
other workers’ unions, with a view to obtaining im- 
proved conditions for all the workers concerned.” 





** Industrial Unrest ; a Practical Solution,” is the 
title of a pamphlet recently issued at the price of 6d. 
net, by John Murray, Albemarle-street, It con- 
tains the report and also the recommendations of the 
Unionist Social Reform Committee, which consisted 
of Professor W. J. Ashley, Mr. Waldorf Astor, M.P., 
Mr. Stanley Baldwin, M.P., Mr. oy Barlow, 
M.P., Mr. Charles Bathurst, M.P., Mr. Shirley Benn, 
M.P., Lord Henry Bentinck, M.P., Mr. J. W. Hills, 
M.P. (chairman), Mr. Harold Hodge, Mr. P. Lloyd- 
Greame, Mr. G. Locker-Lampson, M.P., Mr. L. T. 
Maunder, Mr. Leslie Scott, K.C., M P., Sir Mark 
Sykes, Bart., M.P., Lord Alexander Thynne, L.C., 
M.P., Mr. Christopher Turnor, and Mr. Maurice 
Woods (secretary). 

The Committee stated that their object was to find 
some practical means of promoting industrial ame 
while at the same time promoting national well-being, 
and in this connection they stated the following 
‘* propositions in a dogmatic form” :— 

**It is incontestably the right and duty of states- 
manship to supervise and control the conditions of 
employment in the interests of the State as a whole. 

“It is the right and duty of statesmanship to 
intervene between employer and employed in the 
case of industrial dispute, to protect the interests of 
the community, and a those of its weaker 
members, who, though not themselves directly in- 
volved in the dispute, are the heaviest sufferers by it. 

‘*We accept in principle what is known as the 
‘minimum wage.’ e mean by saying this that it is 
the duty of statesmanship to work consciously, and 
as rapidly as possible towards that end; we do not 
mean that we recognise avy right whatever on the 
part of any particular individual to be provided im- 
mediately with such a wage without regard to the 
interests of other workpeople or of the community in 
general, or of the strain which industry can bear ; 
nor, of course, do we support the fantastic suggestion 
to give every one 30s. a week by Act of Parliament. 

**It follows from the above that we consider it 
necessary that employers should frankly abandon the 
principle of buying labour in the cheapest market, 
in the euppennll interest either of the consumer or of 
the taxpayer, without regard to that of the producer. 

‘*Finally, we consider that any system of industrial 








force to the work required of it. This maladjustment 
was far greater than was involved in the fluctuations 
of demand, and it was quite capable of being largely 
diminished by sensible organisation. 





THE SIMONS SUCTION-DREDGERS. 

Wuiutst in certain special fields the old ladder- 
bucket dredger remains still unrivalled, the so-called 
westien doulinene have of late years taken a more and 
more prominent position. The ladder-dredger shows 
to best advantage when the amount of spoil to be 
removed is not excessive, and it is at the same time 
desired to work toa given profile with considerable 
accuracy. It has, however, many parts liable to 
heavy wear and tear, the upkeep of the upper and 
lower tumblers, and of the links, pins, a rollers, 
being unquestionably costly. Moreover, bucket- 
dredgers cannot be worked in a seaway, whilst by suit- 
able provisions the suction-dredger can remain at work 
in a swell which would effectually incapacitate its 
rival, .In many cases, moreover, the ease with which 
the spoil of the suction-dredger can be transported is 
@ consideration of prime importance. 

In the development of suction - dredger plant, 
Messrs. Wm. Simons and Co., Limited, of Renfrew, 
have taken a prominent part, and on pages 844 and 852 
we illustrate some interesting examples of suction- 
dredgers built by this firm during the past quarter of 
a century. Their pioneer craft, the Beaver, was the 
first suction-dredger to be constructed within the 
United Kingdom. She was built in 1889 for the 
Government of Natal, who were experiencing very great 
difficulties in maintaining a reasonable depth acruss 
the bar at Darban Harbour. The sand bars to be re- 
moved here were exposed to the full sweep of the sea 
—a condition which made the employment of ladder 
dredgers impracticable. The Beaver had a hopper 
capacity of 500 tons, and was fitted with two dredging- 
pumps. So successful did she prove that the Natal 
authorities ordered from Messrs. Simons in 1895 a 
larger dredger, known as the Octopus. This had 
a hopper capacity of 1200 tons, and was followed a 
little later by two sister vessels, the Walrus and the 
Grampus, of which we give an illustration in Fig. 1. 
The guarantee given with these craft was the 
dredging of 3000 tons of sand per hour. The same 
guarantee applied to a later vessel for the same 
service, the Nautilus, Fig. 2, but the hopper capacity 
was raised to 2500 tons, whilst in the case of the 
Cetus, Fig. 3, the last of the veesels supplied to Natal, 
the pumping capacity was increased to 5000 tons per 
hour, and the hopper capacity to 3000 tons. All 
these craft had twin-screw engines capable of giving 
a speed of about 8 miles per hour. 

e main difficulty to be met with at Durban lies in 
the fact that the bar is practically ia the open sea, and 
it is therefore ne to fit dredgers for this service 
with appliances which will enable them to remain at 
work in rough weather. To this end the suction-pipe is 
const: ucted to be flexible in every direction by means 
of a universal ous located about the middle of 
its length. This allows the dredger to plunge through 
@ radius of 25 ft. without disturbing the nozzle on 
the ground. In the Kate, Fig. 4, a vessel built 
in 1897 for very exposed work at East London, still 
further provision was made, the connection between 
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the inboard and outboard suction-pi being pro- 
vided with swivel bends and an hydraulic cushion- 
ing gear, which allows the suction-pipes to have 
a considerable range both athwartships and in the 
fore-and-aft direction. After any plunge the hydraulic 
cylinders quietly restore the normal position of the 


ipes. 
. The Darban dredgers have proved extraordinarily 
successful. The two larger—the Nautilus and the 
Octopus—each take 7 to 8 loads per day, the hopper 
being generally filled in from 25 to 30 minutes. The 
effect on the bar is well shown by the following figures, 
setting forth the increase in depth since 1894 :— 


Depth over Bar. 
Year. ft. in. 
1894 ... ll ll 
1895 ... 12 1 
1896 ... 15 11 
1897 ... = 2 


Work of « similar class, but on a larger scale, has 
also, as is well known, been carried out at Liverpool. 
Failing the suction dredger, Liverpool would ere this 
have ceased to be the home port of the modern giant 
liner, as in no other way than by suction deoiging 
would it be practicable to remove the enormous masses 
of sand which must be dredged in order to maintain 
the depth of water necessary. 

The first suction-dredging plant used at Liverpool 
was experimental merely, Messrs. Simons being com- 
missioned, in 1890, to equip hopper No. 7 of the 
Mersey Harbour Board, with a sand-pump and acces- 
sories. This experiment — so successful that 
the Brancker, a 3000-ton dredger, was ordered from 
Messrs. Simons, commencing work in 1895, and this 
craft was joined two years later by a sister-shi 
the G. B. Crow. Other vessels have followed, the 
largest, now at work at Liverpool, being of 10,000 tons 
hopper capacity. 

Section dvedigare work well in any kind of sand, 
water jets being used to loosen it when very compact. 
To prevent the sand dredged being carried off again 
with the effluent water the hoppers are fitted with a 
series of bafiles or screens of corrugated iron, as indi- 
cated in Fig. 5. These reduce the velocity of flow, so 
that the burden is deposited. The usefulness of the 
suction type is not, however, restricted to working 
in sand, some of the most interesting applications of 
the suction principle being to cases where a mechanical 
cutter is necessary to loosen clay or similar material, 
so that it can be drawn into the suction-pipe. An 
exceedingly interesting application of cation toel ers 
thus fitted has been to the improvement of Bombay 
Port, resulting in the reclamation of nearly a square mile 
of land previously submerged. This has been accom- 
plished by two cutter-suction dredgers, the Jinga and 
the Kalu, supplied to the Bombay Port Trust in 1909. 
The work was remarkable for the enormous length— 
4500 ft.—of the discharge-pipe through which the 
spoil was conveyed to the site. A description of this 
work, and views of the dredgers, were given in our 
issue of September 3, 1909, so we need only add here 
that the work was completed last February. 

Dredgers of a similar type have, however, been built 
by Messrs. Simons for service elsewhere. The St. 
Lawrence was built tor the British Admiralty, and has 
proved highly effective both when working in the hard 
clay at Portsmouth and in the chalk at Dover, the out- 

ut being quite double that of the largest bucket-ladder 

redger previously purchased. A view of the cutter 
head of the St. Lawrence is given in Fig. 6. An interest- 
ing dredger of a different type is the Antleon, Fig. 7, 
built for the New South Wales Government in 1898, to 
work on soft mud and clay. In this craft the suction- 
pipes are arranged aft, instead of forward, as in the St. 
Lawrence, and the dredging is effected as the craft 
moves forward under ite own steam, trailing its nozzle 
and cutter behind it. The nozzle has teeth, which 
disturb the clay, so that it can be washed into the 
suction-pipe. 

The 8, Figs. 8 and 9, is operating on canals in 
Burma. In the latter illustration the cutter-head 
can be seen at work, whilst in Fig, 8 the discharge-pipe 
is shown delivering the spoil over » bank 25 ft. high. 
This discharge-pipe is, it will be seen, suspended from 
a crane, which is, in turn, mounted on a barge, as 
shown, behind which is visible the dredger proper. 

A 1500-cubic-metre craft, of the same type as the 
Antleon, is the M.O.P., Fig. 10. built for Buenos Aires in 
1910. This vessel was guaranteed to dredge 3600 cubic 
metres per day, but at the official test in clay off the 
Panta del Indio, the actual result was fully double 
the guarantee. During the year 1911 the M.O.P. dredged 
and deposited oe 9,000,000 tons of clay. A sister 
vessel was supplied last year to the same authority. 

In the Canterbury, Fig. 11, built for the Littleton 
Harbour Board, New Zealand, in 1911, the cutter and 
drag principles are combined, the suction frame being 
arranged to take either a drag nozzle or a rotary 
cutter. The former is used when mud or soft clay is 
encountered, and the cutter in the case of harder 
materials, which would not otherwise yield to the 
action of the pump. Suction-dredgers have also been 





SUCTION-DREDGERS. 
CONSTRUCTED BY MESSRS. WM. SIMONS AND OO., LIMITED, SHIPBUILDERS, RENFREW. 
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Fie. 11. Twrin-Screw Tratine Suction-Currer Hopper-DrREDGER ‘‘ CANTERBURY.” 














Fic. 12. Suction-DrepcerR ‘‘ ALEXANDRIA.” 


used for other than port work. The Alexandria,| Norwzci1an SupmaRinges.—According to statements in 

Fig. 12, is a shallow-draught vessel, built for the | Norwegian papers the Germania yard in Kiel will have 

Indian Government for canal-dredging. | to pay a fine of 110,000 kr. for belated delivery of sub- 
marines for the Norwegian Government. 








New Cement Factory 1n Norway.—A Portland 
cement factory is about to be erected at Giillebiik, 
H.M.8. Miranda, building by Messrs. Yarrow and Co., | in Lier, Norway, where the natural conditions are con- 
Limited, of = for the British Admiralty, was | sidered exceedingly favourable. The factory will be 
launched on the 27th ult. This vessel, 260 ft. long by | located some 5 to 6 miles from the place where the raw 
25 ft. 7 in. beam, is one of the three special torpedo-boat | materials are found, and will have good accommodation 
destroyers ordered from Measrs. Yarrow and Co., Limited, for shipment. The raw material will be conveyed to the 
of a _— design. The contract speed is 39 knots. The factory by means of a rope-line. . The minimum ann 
vessel is 


H.M. Torpepo-Boat Destroyrer “Minanpa.’— | 


with Messrs. Yarrow’s latest type of water- | output has been put at 200,000 barrels, in addition to 
tube boilers and superheaters, by which a considerable | which it is proposed to sell some 15,000 tons of limestone 
per annum ; but buildings, rope-line, 
plated for double the above 

' capital, some 2,000,000 kr., has 


economy of fuel is obtained. H.M.S. Miranda is the first e, &c.. are contem- 
vessel to be launched of the 1913-14 programme, known as uantity. . necessary 
secured, 


the “M” class, 
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GAS-COMPRESSOR FOR HIGH-PRESSURE LIGHTING AND HEATING. 
CONSTRUCTED BY MESSRS. J. J. LANE, LIMITED, ENGINEERS, LONDON. 
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drawn into the cylinder 
from the inlet channel c 
through the slot f and 
port h, and that the gaz 
will be expelled during 
the return stroke by 
way of the port A and 
slot g into the delivery- 
channel d. The pistons 
are good fits in the 
cylinders, but are not 
provided with piston- 
rings or packing of any 
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We illustrate above a gas-compressor, patented by | 

r. E. J. Tane, for use in connection with high- | 
pressure gas-lighting and heating systems. With this | 
compressor it is claimed that the delivery is as steady 
as that from a rotary compressor, and that this pro- 
perty is obtained without the use of large reservoirs 
usually necessary to avoid pressure fluctuations with 
compressors of the reciprocating type. 
_ The general view of the machine, Fig. 1, shows that 
it consists of a cast-iron box mounted on four legs, and 
having a gas-tight cover bolted on thetop. Inside the 
box are three oscillating cylinders, shown separately 
in Fig. 4, which are mounted on a turned tube at one 
end of the box, and are kept in close contact with the 
tube by means of the springs, shown in Figs. 3 and 4. 
The three-throw crank-shaft, which drives the pistons 
as shown in the cross-section, Fig. 3, through a 
long, _oe-tight bearing in one side of the box, and is 
carried by an inside bearing at the end remote from 
the pulley. The tube on which the cylinders are 
mounted is flanged at one end, as can be seen in 
Fig. 4, and is bolted to the inside of the box by this 
flange ; the other end of the tube, which is closed, 
is supported on a set-screw. On referring to Fig. 3, 
it will be seen that the tube, which is marked a, 
is divided into two semicircular channels c and d by 
horizontal diaphragm b. Of these two channels, the 
— one, c, is in communication with the gas-inlet, 
while the lower one, d, is connected to the outlet. 
For each cylinder, slots f and g are cut in the tube a, 
the former leading to the inlet channel, and the latter 
to the outlet channel. The crank-shaft revolves in a 
counter-clockwise direction, when looked at from the 
pulley end, and it will thus be readily understood 


| of the tube a ; leak 
| cylindrical chamber, clearl 





that, during the out-stroke of the piston, gas will be 


kind. Any gas that may 
leak past them into the 
box is drawn into the 
suction channel through 
small holes which are drilled for this purpose in the top 
e of gas to the outside atmosphere 
Bolted on to the side of the box is a 
shown in Figs. 1 and 2, 
and marked ¢ in the latter figure. A diaphragm plate, 
seen in Fig. 2, divides the chamber into two parts, 
of which the upper is connected to the suction- 


is thus avoided. 


channel c, while the lower is connected to the 
delivery-channel @; the inlet and outlet pipes 
sand & (Fig. 2) are also connected to the upper 


and lower chambers respectively. In the diaphragm 
late separating the inlet and outlet chambers 
is a simple form of pressure-equalising valve which 
allows gas to back from the outlet side to the 
inlet side if the pressure in the former should rise 
above a certain predetermined value. + By shows 
the valve in section, and from this it will be seen to 
consist of a piston / working in a cylinder which is 
open at its lower end. The tubular oe gy carries 
at ite upper end a weight m, which is adjusted 
according to the pressure required, and when this pres- 
sure is exceeded, owing to a diminution in the demand 
for gas, the piston / is forced ee so that gas 
can pass back into the inlet mber through one 
or more of the holes » in the side of the tubular 
piston-rod. 

Lubrication of the crank-pins and pistons is effected 
by means of a bath of oil in the lower part of the box 
surrounding the cylinders ; the screw-plug, lettered 
o in Fig. 3, and ao clearly visible in Fig. 1, is pro- 
vided for the purpose of filling upthe bath. A certain 
amount of oil will, of course, find its way ——_ the 
cylinders, and will pass out with the gas. is oil 
collects in the bottom of the delivery- ber e, but 
by opening the small cock, shown below the filling- 














lug in Figs. 1, 2 and 3, it is forced back into the oil- 
th by the pressure of the gas. 

These compressors are made by Messrs. J. J. Lane, 
Limited, of Phoenix Works, Old Ford, E., with capa- 
sities ranging upwards from 500 cub. ft. per hour. 
Although primarily intended for gas-compressing, 
they are, of course, quite suitable for use as positive- 
pressure blowers witn air. In fact, owing to their 
simplicity and reliability they may well be employed 
wherever it is desired to maintain a supply of gas or 
air at a moderate uniform pressure. 





“Tue Sours Argican YraRr-Book, 1914.”—We have 
received a copy of this year-book, of which the first edition 
is issued. It is edited by Mr. W. H. Hosking, and is 

ublished at the price of 10s. net by Messrs. George 

outledge and Sons, Limited, London. It has been Ee 
pared on similar lines to the ‘‘China Year-Book,” which 
18 issued by the same publishers, deals extensively 
with the institutions, trades, mines, railways, imports, 
exports, &c., uf the various South African States. Special 
chapters contain particulars of the mining and other 
companies, the tariffs in force, and trade, qooaseiag Se 
ucts and sources of production. The book will be 
ound useful by all firms dealing with the Union of South 
Africa, or who are otherwise interested in the develop- 
ment of the provinces dealt with. 





Tue Tank Steamer “* Tamana.”—The steel screw tank 
steamer Tamaha, built by Messrs. Sir Raylton Dixon and 
aa ng KI a oo Tank 8 hn 

to ler of torage i 

, Limited, of London, ran her official trials on 
Friday, 12th inst. She has been built on the Isherwood 
longitudinal framing system to class 100 Al at Lloyds, 

is of the two-deck type, with poop, bri and fore- 
castle. Her principal dimensions are 434 ft. by 54 ft. 6 in. 
by 32 ft. 84 in. m and she has adead-weight carry- 
ape eee of about 9250 tons on a light draught of water. 

vessel has ten holds, divi bulkheads 

ing twenty tanks, for the carriage of oil in bulk, and 
cargo forward. She has also ten summer tanks in 
the tween decks at each side for the carriage of light oil. 
Bunker oil is carried in a deep tank forward and in 
® cross-bunker, giving a total eapacity for oil of about 


3,000,000 Quadruple-expansion placed 
aft, having cylinders 24 in., 35 in., 504 in. 73 in., with 
a 51-in. stroke, supplied with steam by three Bi 
ended boilers wor at 220 Ib. under Howden’s 
— forced draught, have fitted by the North- 
Marine yee | Company, Limited, Wall- 
send-on-Tyne. Oil-fuel-burning apparatus the Wall- 


eend Slipway and Engineering Company is fitted to the 
boilers. 
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A CONTRIBUTION TO THE THEORY OF 
HARDENING.* 
By Anprew McCavcz, B.Sc., A.R.S.M. 
(Concluded from page 827.) 


A Theory of Hardening.—The evidence which has been 
brought forward shows that quenching, considered from 
this new standpoint, has a quantitative basis, and in this 
section the influence which this result has in explaining 
the cause of hardening in steel willbe examined. _ 

The author cannot proceed further, however, without 
referring to the controversy which has arisen round the 
interpretation of the critical ranges of pure iron. 

Historically the subject has been well stated by Bene- 
dicks ("!), to whose paper those interested can be referred, 
and the question at issue is, whether iron in the § range 
of temperature has a distinct allotropic form or not. 

Osmond and Cartaud (!%) first showed that a and 8 
iron belonged to the same.crystalline system, and the 
important work of Stead and Carpenter (!°), recently read 
before the Institute, entirely su this idea, so that 
the difficulty to be surmounted is to explain the seeming 
discontinuities in physical properties, and especially in 
magnetic properties at the A 2 point, with the continuity 
in crystalline symmetry. Great stress has been laid on 
this anomalous behaviour in magnetism, and it is well to 
decide whether this is justified or not, and to see what 
aid can be obtained from the study of recently-acquired 
knowledge of the general properties of magnetic bodies. 

Based on the experimental work of Curie, the electronic 
theory of tism was first put on a sound basis by 
Langevin, and has since owed most.of its development to 
Weiss. Every atom is supposed to havea definite field 
of its own, caused by its internal system of revolving 
electrons, and under the action of an external field the 
molecules (or atomic aggregates) tend to set themselves 






































The curve of the specific heat of pure iron is given in 
Fig. 17. The maximum rate of change of the square of 
magnetic intensity occurs at 760 deg. Cent., and the 
maximum variation in the specific heat is found by experi- 
ment to lie at this tem ture also. In nickel the same 
agreement is found, the rate of change and the maxi- 
mum specific heat both taking place at 320 deg. Cent.; 
while nickel does not become non-magnetic until 375 deg. 
Cent. The temperature at which the non-magnetic con- 
— sous © A... Km por ay BH a 

otropic ranges, takes p quite inde ently o 
them ; thus pure iron becomes paramagnetic at 820 deg. 
Cent.) Curie), which is 100 deg. below the Ac3. There 
is this great difference between a pseudo-change point 
caused by a sudden en in the specific heat and a true 
liberation of heat ca by allotropy. When the tem- 

rature is rising very slowly, the effect due to specific 

eat is masked in a differential heating-curve, since the 
difference measured by the differential galvanometer is 
proportional to the product of the rate of heating and the 
specific heat. With a true thermal change-point, how- 
ever, the amount of heat liberated is independent of the 
rate of heating. 

The sharpness of the A2 point is much less on heating 
than on cooling, and this is what would be expected from 
Fig. 17, as the change is more gradual when approached 
from the low-temperature side than from the high-tem- 
perature side. 

The failure of Carpenter (”°) to notice the Ac2 point in 

ure iron must be ascribed to the nature of the change 
being as above described. The slowness of his heating, 
instead of making the change more evident, has masked 
it ; and if one applies a straight-edge to his curves, a 
slow, gradual change, extending over a considerable tem- 
perature range, can noticed, which is in reality the 
gradual change in the specific heat. 

The problem of 8 iron is thus reduced to a very simple 
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all in one direction, giving rise to definite intensity of 
magnetism which is the total effect of all the molecular 
magnets in the substance added together. In gases and 
liquids they are prevented from all turning in the one direc- 
tion by forces and collisions mding on the translational 
velocity, and in solids other forces, which may be called 
‘‘erystalline” forces, come into play. Instead of pre- 
venting the molecules from turning round under the 
action of an external field, these crystalline forces may 
actually assist them to turn, and it has been conjectured 
that this is the special action which goes on in the so- 
called ‘‘ferro-magnetic” bodies, which are bodies like 
iron that become strongly magnetic under weak external 
fields. As on heating a liquid, when a temperature is 
reached at which the forces between the molecules become 
insufficient, the liquid becomes a vapour, the forces causing 
ferro-magnetism gradually become inoperative on heating 
until a temperature is reached at which they disappear 
rapidly, and the body becomes non-magnetic. This tem- 
perature is exactly similar to the boiling temperature 
when a substance passes from the liquid state to the state 
of vapour ; a magnetic body passes from the ferro-magnetic 
to the non-magnetic state, and this change has nothing 
to do with any alteration in the crystalline symmetry ; 
it is merely the end of an effect which began whenever 
the temperature was raised above the absolute zero. 

In iron, then, the property of loss of m: tism cannot 
be used as a proof of allotropy—it is no sudden transition, 
but an effect depending only on temperature. Weiss has 
indeed shown that the curve connecting magnetic inten- 
sity with temperature can be calculated, and is the same 
for all magnetic bodies, and the experimentally deter- 
mined curves for magnetite and nickel closely agree with 
the theoretical predictions. 

Accompanying every alteration in the magnetic inten- 
sity there is a variation in the specific heat, which was 
also predicted by Weiss, and shown to be proportional to 
the rate of change of the sq of magnetic intensity at 
any temperature, and it has a maximum value always at 
a temperature slightly below the magnetic transition 
temperature. This variation in the specific heat has been 

ved beyond a doubt by Weiss and Beck (4), Dumas (5), 

her ('*), and Levin and Schottky (!”), Tt begins 
gradually and rises to a maximum at about 760 deg. Cent. 
for pure iron, uing zero as the iron becomes non- 
ra! tic ;_ and the important point is that this change 
in the specific heat cannot be distinguished in a cooling- 
curve from a true absorption of heat due to an allotropic 
change. In the author’s opinion this confusion has 
actually taken place at the Ac? point in iron. 
variation is quite pa = to account for all the 
thermal change, and ual character of the Ac? 
point is entirely in accordance with this nature. 





® Paper read before the Iron and Bteel Institute, 
May 7, 1914. 
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one, and without making any assumptions regarding the 
nature of a or yiron, while taken with the evidence 

roduced by other experimenters, the conclusion is un- 
Seniable that 8 iron as a separate allotropic modification 
has no existence, since it is merely a iron which has lost 
the properties of ferro-magnetism. 3 

Though Benedicks has come to a very similar conclu- 
sion, bis explanation of the liberation of heat at A2 is 
totally opposed to previous conceptions. It is conceivable 
that iron has some solubility in a iron ; but that this 
¥ iron should revert to a iron discontinuously at a lower 
temperature than the Ar3 point implies that the same 
allotropic change can take p! at two different tempera- 
tures under the same conditions, which is not a very 

robable result. He is also in error in stating that the 
oss of magnetism occurs at Ac3. Curie found that the 
straight-line paramagnetic law began at 820 deg. Cent. 

Since the change from a iron to — takes place with 
a decrease in volume, Benedicks’ theory would entail an 
increase for the opposite change at Ar2, a result which 
could be tested experimentally. In this connection an 
important paper by Harrison ('*) on some physical 
po ong iron and nickel with temperature has gene- 
rally overlooked. His measurements are of a high 
degree of accuracy, and he refers to the striking simi- 
larity between the curves of magnetic intensity and 
electric resistance for iron and nickel at the temperature 
of the change point in each. On the nickel wire used a 
further research was made on the dilation, and he dis- 
covered a small but decided expansion at 370 deg. Cent., 
the temperature at which nickel becomes non-magnetic. 
Unfortunately, his iron wire was not similarly investi- 
gated, but it is extremely probable that in this case also 
the iron would be similar to the nickel and show an 
expansion at the corresponding temperature of 820 deg. 
to 850 deg. Cent.* 

It is evident that the definition of allotropy is at fault. 
**A liberation of internal ene without a change of 
state” (Roberts-Austen) is no better than a ‘‘discon- 
tinuous change in — properties.” In the author’s 
opinion, the only definition which can apply is, that a 
change in crystalline symmetry is to be defined as an 
allotropic change. is would prevent the confusion 
which is threatened when even continuous are 
labelled *‘allotropic,” and would effectively exclude such 





* Since the above was written an important paper has 
been published in Ferrwm, No 5, 1914, by Driesen, on 
‘The Thermal Ex ion, &c., of Steels,” and his curves 
per cent. carbon show a small but 
decided expansion on heating in the neighbourhood of 
770 deg. Cent. When future investigation confirms this, 
as no doubt it will, the result must finally dispose of 
Benedicks’ hypothesis as to the nature of § iron, since it 
is in direct contradiction to what this hypothesis would 
logically predict, 
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pseudo evidence as are afforded by the properties of 
tism. 

n iron there are two allotropic modifications—a-iron, 
which does not appreciably dissolve carbon, and may or 
may not be magnetic, according to the temperature, and 
iron, which can dissolve carbon, and in the slow cooling 
down of steel two changes go on simultaneously—the 
7 iron is transformed to a, and the carbon is deposited 
from solution. These two changes will have definite 
transformation velocities; and on quenching, the time 
taken to cool to a temperature at which viscosity - 
vents any further change, will determine how far they 
have proceeded either separately or together. To confine 
our attention to a steel with 0.9 per cent. carbon, since it 
has only one change point, if by any means it could be 
cooled to some temperature below the Arl point without 
allowing any transformation, and then the change was 
permitted to take place at constant temperature, it would 
proceed at a definite velocity, depending on how far the 
temperature was below the Arl. At the transition point 
itself the velocity of transformation is zero, but for every 
degree below it the velocity increases rapidly, until a 
maximum is reached, after which there is an equally 
rapid decrease, caused by the rise in the internal 
viscosity. A of temperature on each side of this 
maximum could then be imagined, over which the velocity 
of transformation was approximately constant, and the 
time taken to cool through this range would be = r- 
tional to the amount of transformation which h wl 
place between the limits set by the conditions. 

e temperature at which the maximum velocity occurs 
may thus be widely different for the above two transfor- 
mations, so that quenching will alter entirely their 
| relative proportions. change from carbon in solu- 
| tion to carbon out of solution is the slower transformation, 
| and a moderately rapid cooling is sufficient to suppress 
it; but the change from ¥ iron to a iron is a very much 
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—_ one, and 800° g00° to00° 
with pure iron emp* of Quenching 
no quenching is o— m ll 
known that will prevent or even appreciably retard it. In 
steel, quenching retains the carbon in solution, but allows 
the y iron to change to a iron until the concentration of the 
carbon in solution reaches such a value that its osmotic 
pressure suppresses the reaction. This affords a reason- 
able explanation of the variations in the properties of 
quenched steels, and why it is that hardened steel may 
still contain 90 per cent. or more of magnetic iron, 
although all the carbon is in solution. On plotting the 
carbon content with the differences in physical pro- 
— between the steels annealed and quenched from 
000 deg. Cent., the interesting curves in Fig. 18 are 
obtained. The electric resistance gives a straight line, 
but the loss of magnetism increases at a much faster rate 
than the proportion of carbon, and shows that the amount 
of y iron retained increases; a fact well known by the 
production of austenite in the micro-section of high 
carbon steels. Similarly, the specific volume increases 
less than papestianatey due to the same cause. It will 
be noti that the steel with 1.11 per cent. manganese 
has a higher specific volume than the corresponding pure 
carbon steel would, which jew A account for the greater 
tendency to crack which steels high in manganese are 
supposed to have. Towards the magnetic properties it 
seems to act as an inert diluent. d 

The results given in Fig. 11, 826 ante, show that in 
pieces ;; in. to } in. thiek, when all the carbon is in 
solution, no difference could be detected in the specific 
volume such as would be pe by an increase in the pro- 
portion of ¥ iron, though the cooling velocity in the sa 
piece must be very many times greater than in the j-in. 
piece, and this is quite in accordance with a very rapid 
velocity of ‘ormation for 7 to a iron. In the steel 
with 0.35 per cent. carbon, the proportion of y iron present 
cannot be greater than 2 per cent. when quenched from 
900 deg. Cent.; the rest has had time to change during 
the quenching to the a condition, and the ease with which 
austenitic steels become magnetic, even at the tempera- 
ture of liquid air, indicates that the change is not greatly 
affected by internal viscosity. 

The amount of carbon in solution after quenching has 
been shown to be proportional to the cooling velocity, 
and the curves of electric resistance, &c., with tempera- 
ture of quenching, can easily be deduced from Fig. 10. 
connecting the cooling velocity with the temperature 
ratio. The differences noticeable are, first, that after the 
attainment of the minimum velocity necessary to keep all 
the carbon in solution, the electric resistance curves are 
horizontal. further increases having no effect on the con- 
dition of the carbon ; and, second, although the maximum 
transformation velocity range occurs somewhere below 
the Ar1, the steels require to be heated to the Ac1 point 
before any change takes place. This makes the com- 
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mencement of the electric resistance curve steeper than 
might be at first expected, since the slowest ing that 
can be obtained is given by the vertical dotted line in 
Fig. 10, page 826 ante. : 

i phical evidence of the slower cooling at the 
centre of a round bar is easily obtained by examining any 
of the steels quenched from just above the Ac 1, when the 
prevalence of troostite at the centre, while the outside is 
martensitic, is due to this cause. Figs. 19 and 20, page 854, 
which illustrate this, were from the centre and outside of 
a 3-in. round bar quenched from 742 deg. Cent. : 

Although the quenching velocity seems to have little 
effect after the carbon has been retained in solution, it 
may have some effect on the rate of tempering, and to 
find if this was so the small squares which been used 
for the hardness determinations were tempered at 420 
deg. Cent. fur 30 minutes, and again measured for hard- 
ness. The results given in Fig. 21 show that a higher 
temperature of quenching gives a higher hardness after 


tempering, even although the original hardness was less. | th 


In the steel with 1.18 per cent. carbon there is a very 
distinct difference, which is undoubtedly due to the higher 

roportion of y iron present when the temperature is 
figher, and, at the same time, it shows that even in 
medium carbon steels there is more 7 iron present when 
quenched from a high temperature. 


Tasie XII. 


Steel No. 2. 


Steel No. 4. 








Heated Quenched| Hardness Heated Quenched) Hardness 
to 





at (400 Deg. C.) to at (400 Deg. C.) 
deg. deg. deg. deg. deg. deg. 
1008 708 1 1003 793 456 

953 798 460 953 798 452 
R92 798 464 892 793 456 
858 $00 464 858 800 «| 4h2 
805 805 460 805 805 | 456 


| 

An alternative explanation would be the influence of 
diffusion and the destruction of crystallisation nuclei, but 
similar squares of No. 2 and No. 4 steels were heated to 
the high temperature in one furnace, then transferred to 
another furnace which was kept constant at 790 deg. 
Cent., given five minutes to become uniform, and then 
quenched. After tempering at 400 ¥. Cent. they _ 
a practically constant hardness (Table XII.), independent 
of the temperature of heating, so that this explanation 
would not be correct. 





Interstrain.—Great interest has of late been taken in 
the properties of metals strained beyond their elastic limit, 
and it oe been shown to be a general ty AF ag 
after such treatment. Owing its inception to by. the 
study of interstrain has been largely developed by Rosen- 
hain and his co-workers, and the explanation which has 
been offered is based on the formation of the so-called 
amorphous phase by straining. In view of the already 
well-defined meaning of the term *‘ phase ” in the study 
of alloys, this is a most unfortunate term, since the 
destruction of the crystalline arrangement implied by the 
term ‘‘amorphous” results in a metastable conditien 
entirely at variance with the idea of a phase having known 
limits of stability. The term “‘interstrain” is here used to 
denote the condition of a metal after permanent deforma- 
tion of any kind. 

The following considerations, however, would show 
that the term “‘amorphous” cannot be applied to the 
condition - an interstrained metal. = ey = 

lained, the ferro-magnetic properties depend on two 
 aditenes~4ih The temperature must be below the 
temperature at which ferro-magnetism is lost due to 
purely thermal causes ; (2) the molecules must be r 
in space according to the crystalline symmetry of a iron, 
since non-compliance with this condition prevents those 
forces acting which help the external field to give all the 
molecules a similar orientation, and allow their fields to 
become additive. he 

If the molecules were in an amorphous condition, the 
metal could not be ferro-magnetic, but would be non- 
magnetic, which is not true for strained iron. On this 
account we must believe that the destruction of the 
crystalline arrangement is not carried so far as to render 
the metal amorphous, but only results in the disarrange- 
ment of the small crystalline units of which the larger 
crystals are built up, so that the crystalline forces which 
cause ferro-magnetism are not destroyed. When the 
external field is removed, the internal forces due to the 
crystalline arrangement bring the orientation back to 
the position of equilibrium ; and the more complete the 
return to equilibrium, the less remanent magnetism will 
——. By {oy a maues are a with, 
and so a much larger is required to provide a given 
amount of orientation ; and when the field is removed 
the new orientation is kept, with the production of a 
large amount of remanent magnetism. According to a 
recent theory of Rosenhain,(!*) the intercrystalline spaces 
have a | proportion of “ us” i 
would be interesting to find if support for this idea could 
be obtained by a variation of permeability under low 
fields with the grain size in pure iron. ; 

Il metals harden under conditions which result in 
permanent deformation, and the increase in hardness 
will depend on the amount of deformation, though not 
necessarily proportionately. The amount of deformation 
will be a question of how far the groups of crystalline 
units have broken up and di ; and the more 
efficiently this is done, the greater the increase in 
hardness be. Hardening in a pure metal may be also 
obtained by the solution in it of another element, and 
this in hard has a connection with the 
increase in the electric resistance which always accom- 
panies it. This change in the resistance differentiates 





iron, and it| the 


the hardness produced in this manner from the hardness 
produced by interstrain, which has only a doubtful effect 
on the resistance. 

The question can now be asked how far the conditions 
outl above can be applied to steel in the q' 
state. In the first place, the steel will have an increased 
hardness due to the carbon in solution ; but the increase 
cannot be since the pure austenite alloy steels have 
only about double the hardness of pure iron, and the 
amount of elements in solution is very much greater than 
can be obtained by carbon alone. On quenching steel, 
the carbon is retained in solution and, in turn, it retains 
& proportion of the iron in the 7 condition, but the 
majority of the iron isairon. At the quenching tempe- 
rature the crystal grains had the crystalline symmetry 
of + iron, and the ¥ iron retained in the quenched state 
by the carbon will form an internal network in these 
original steel grains. The rest of the iron will be trans- 
formed, and will form crystal units of a symmetry, but 

ese will be prevented by lack of time, by in fric- 
tiop, and by the y-iron network, from arranging them- 
selves to form homogeneously orientated a-iron crystals. 
The a iron will thus be in a condition similar to inter- 


strain, and great hardness will result. Instead of the | th 


crystalline arrangement of the homogeneous crystals 
being destroyed by deformation, the crystalline units at 
the momert of their inception are prevented from form- 
ing any orderly arrangement, and the efficiency with 
which quenching produces this result accounts for the 
great hardness that can be obtained by it. 


Fig.22. 
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The greatest movement and arrangement among the a- 
iron crystalline units will take place in the tions of 
greatest freedom, which are the cleav planes of the 
original -y-iron crystals, and this will produce correspond- 
ing differences in the etching properties with regard to 
acids. Hardened steels will thus have a structure corre- 
sponding to the cleavage planes of ‘y iron, a structure 
which is well known as “martensitic” and is charac- 
terised by intersecting lines at an angle of 60 deg. when 
the section is parallel to an octahedral face, but is equally 
common with intersecting lines at 90 deg. to 135 d 
de 


ing on whether the section is cubic or rhombode- 
ral or inclined at an angle to either. 

Some alloy steels which harden in air are examples of 
the case where the transformation from car in solu- 
tion to carbon out of solution is lowered so much that the 
slow air cooling is sufficient to suppress it, though the 
change from 7¥ to a iron is little affected, and the condi- 
tions are exactly similar to those of quenching. The 
longer time taken to cool through the transition point, 
however, allows of a greater regularity taking piace in 
ent of the crystalline units of a iron, and 
air-quen steels are never so hard as the same steels 
water-quenched. - Ee 

When the percentage of alloying element is high, water 
quenching may even suppress the + to a iron ; 
with the production of pure austenite ; but the transition 
is metastable, and tends to revert to the stable condition 


as the temperature is lowered below the true change- | has been 


point. Austenite may be seemingly quite stable at 
ordinary temperatures, because the supercooling is not 
sufficiently great to overcome the internal friction. 
Immersion in liquid air, however, causes the y to a iron 
transformation to , with the development of the 
ferro-magetism and great hardness, alth in some cases 
even this d of supercooling may not be great enough 





to bring it ut. The effect of internal viscosity may 





also be overcome by deforming a metastable austenite 
steel, and the great hardening mare ae thereby in those 
high-nickel steels which consist largely of this constituent, 
can be explained on the above pa eemeee quite simply. 
The conversion begins at the cleavage- and can 
be followed under the microscope by the production of 
** fers de lance.” 

Hardness in quenched steels will, according to this 
view, have a limit depending on the hardness which can 
be produced when interstraining is carried to its greatest 
extent, and it will be remem that the maximum 
hardness obtained in any steel with more than 0.7 per 
cent. carbon was 713. Quenched steels will also have a 
high elastic limit, since the iron between the cleavage- 
planes is already interstrained. With a low carbon the 
transformation trom + to a iron can take place at a higher 
temperature, and consequently more time is given for 
internal crystalline arrangement, and the amount of 
¥ iron retained by the carbon will be insufficient tc form 
& proper spacial network, so that the hardness will be 
lower. The | sone of carbon increases ver 
rapidly up to about 0.25 per cent. carbon, and muc 
slower above this percen but, even in pure iron 

ere will be some increase in on quenching. 
The magnetic properties of quenched steels entirely 
agree with the interstrain hypothesis—the permeability 
is low, and they have a high remanent magnetism. There 
is a striking similarity in the variations in magnetic 
= caused by the tempering of quenched steels 
and interstrained iron—a fact first pointed out by 
Maurer. (4) 

Quenching Cracks.—Cracks formed during quenching 
can be referred in most, if not all, cases to two distinct 
causes. These are :— 

1. To stresses set up by differences in temperature 
between adjacent parts of a specimen. 

2. To stresses set up by different degrees of the 
quenched condition existing in adjacent 

1. a rod ‘= ——— it — hy on are 
required to bring it to its origi : if it 
be connected at both ends to another similar rod and then 
heated, streases are set up in both rods so long as there is 
a difference in temperature between them. © tem pera- 
ture of both rods can be varying in any manner whatever, 
but as long as the difference in their temperatures is con- 
stant, then the stress set up in each will be constant. 

The intensity of the stress —- is proportional to 
the difference in temperature between them and to their 
coefficient of linear expansion, and its value must be 
kept below the elastic limit of the material or permanent 
deformation will result. With hardened steel the elastic 
limit is very nearly equal to the breaking stress, and the 
plastic yielding is negligible, so that when the tempera- 
ture gradient is so large that the stresses ex the 
elastic limit, cracks are formed. The i 
expansion is of equal im in the formation of 
cracks : quartz, for instance, which has a very small co- 
efficient of expansion, can be in water from a 
high temperature without any risk of fracture; while 
glass, under similar treatment, would be reduced almost 
to powder. When a mass of metal is cooling, the stresses 
are reduced by making it cool slowly—that is, by making 
the differences in temperature between adjacent parts as 
small as ible. If a circular bar of metal is cooling 
(A, Fig. 22) uniformly from the surface, then layers near 
the surface will be colder than layers next the centre, 
and they wil] contract on them and so set up stresses 
which can be resolved everywhere into a tensile stress 
along the circumference, and an outward pressure 
along the radius. If the tem ture falls uniformly 
from the centre to the outside, then the stresses vary, as 
shown in A, Fig. 22. The radial pressure is zero at the 
outside, and increases to a maximum at the centre, but 
since it cannot cause cracking, it is of little importance 
here. The tangential stress, however, is smallest at the 
centre, and reaches its maximum value at the outside 
surface, and the greater the radius of the mass the 
ae | the maximum stress. Thus a large circular 

will have a greater tendency to crack than a small 
one on quenching, and for a bar of given size the same 
will be true when the temperature of quenching is raised. 
Cracks formed by this cause will always lie at right 
angles to the surface, and for rods will longitudinal 
and lie along a radius. 

For a square bar cooling from the square surfaces the 
layers of equal temperature will lie approximately con- 
centric with the inscribed circle. Filaments 1 to 
this — beyond 7 CD, Fig. 22, B, are free 
ate ay contract without causing any great stresses, 
but the layer forming the inscribed circle will be in the 
same position as the outside layer of a circular bar and 
will experience the maximum stress, and cracks when 
formed will occur at the weakest place in this circle, 
which is the centre of a side of the square. same 
considerations govern the formation cracks in more 
complicated sections, and the stresses set up by purely 
statical differences in temperature can generally te in- 
ferred as the cr.use when the cracks enter the piece at 
right angles to the surface. 

2. As has been shown, there is a minimum cooling 
velocity, which is necessary to all the carbon in 
solution, so that in a large mass yn Ag yh 
variations in the cooling velocity must exist, the condi- 
tion of the carbon will depend on whether this minimum 

attai or not. Where it has been exceeded 
the steel will have a high specific volume and be hard, 
and where it has not been reached it will have a lower 
specific volume and be soft. Where it has just been 
attained there will be the test variation from the 
lower to the h value, and stresses will be set up due 
to the unequal contraction, which may produce cracks. 
These will follow the contour lines, which this 
critical velocity. Fora circular bar they will be circles 
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a oe with the opt, ao a youn Se cracks 
will follow portions of rectangu yper , whose 
origins will be practically the four corners of the square. 
Though, of course, lack of hom ity may cause them 
to dwpart widely from the t tical shaps, their 
general shape will be in agreement. The large majority 
in the neighbourhood of angle, and its to bs supped 
in the neig’ and it is to 

when the cracks enter doe eutnes at a small and 
form regalar curves. Oracks can be classified then 
according to their two causes of—1. Non-uniform tem- 
peratures ; 2. Non-uniform cooling velocity, and the 
practical hardener has to devise means whereby the varia- 
tions which are always met with are reduced to a safety 
minimum. Examples of cracks which entirely accord 
with the above views are shown in Fig. 23, page 855, 
A is a radial crack formed by quenching a disc, j in, by 
2 in. thick, in cold brine from 800 deg. Cent. ‘The piece 
was uniformly hardened, but the temperature was too 
high, and a radial crack resulting from too great a tem- 
perature gradient was produced. An exactly similar 
piece, quenched to give the quenching zones mentioned 
Lartongen Fane 2 830 deg. Cent., had a comparatively soft 
centre, while the outside skin was hard, and an almost 
perfect circumferential crack concentric with the outside 
surface. A 1-in. square treated in the same manner gave 
the results shown in the lower portion of the photograph. 

Conclusions.—1. The cooling curve of a cylindrical rod 
during quenching follows closely the cooling curve calcu- 
lated on the assumptions that the surface of the rod is 
at the boiling temperature after immersion in the water, 
and that the cooling takes place according to the mathe- 
matical theory of conduction for this ition. 

2. During the quenching of steel two transformations 
can take place—(a} the transformation of 7 to a iron; (b) 
the transformation of carbon in solution to the state of 
carbon out of solution. The first of these can take place 
independently of the second, but the carbon cannot 
change its condition without necessitating the transfor- 
mation to a iron of the y iron in which it is dissolved. 

3. 8 iron is not a separate allotropic condition of iron, 
but 1s only. a iron which has lost its ferromagnetism due 
to purely thermal causes—causes which are o' tive in 
every substance when heated. The thermal disturbances 
at the A2 point are due to the variation in specific heat 
following the loss of ferromagnetism. 

4. On quenching steel the amount of carbon retained in 
solution is proportional to the ay Be gee at the Arl 
(or at a temperature a little below this), and there is a 
minimum velocity of cooling which must be attained to 
keep all the carbon in solution. 

_5. The change from + to a iron takes place with a very 
high velocity of transformation, and no cooling which can 
be obtained under practical conditions is sufficiently fast 
appreciably to retard it. This velocity of transformation 
is lowered by the solution of other elements in the iron. 

6. In a quenched and uniformly hardened steel the 
carbon is in the state of solution, and it retains a por- 
tion of the iron in the y condition—the proportion in- 
creases very rapidly with the carbon content. The 
majority of the iron is, however, in the a condition, but 
owing to the restricted mobility during the period of 
quenching, the crystalline units are not ho y 
orientated, and the hardness of quenched steels is due to 
this condition, which is similar to that of “interstrain.” 
The hardness is interstrain hardness. 

7. Cracks may be formed during quenching through 
two causes—(a) by stresses due to differences in tem- 
perature causing differences in expansion; (b) by dif- 
ferences in expansion caused by non-uniform hardening— 
that is, by differences in cooling velocity. Definite 
modes of cracking are produced by each of these causes, 
which can be recognised. 

The investigations recorded in this aper all relate to 
the quenching tem ture in its to the Acl 
point, and they are being continued on the same steels 
with the temperature of quenching viewed from the Ar1 
point as a basis. This will bring the practical more in 
accord with the theoretical conditions. Later it is hoped 
to — =e similar oe the effects of P ye ane 
on ysi ies, and to interpret results 
in the fee of dan theory. 063 

It is with pleasure that the author records his thanks 
here for assistance which he has received during the 
course of this work. To Mr. B. Huntsman, 8 id, he 
Profane hisk; Ban fesenret tates, Gece ie 

rofessor Muir, i iw, for 
his help and unvarying kindness during the of 
the physical measurements; to Dr. C. H. Beach, the 
University, Glasgow, for permission to take the to- 
micrographs in his laboratory ; and to Mr. J. Mac 


for his aid while carrying out the many quenchings 
necessary. 
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THE ELASTICITY AND ENDURANCE OF 
STEAM-PIPES.* 
By Mr. C. E. Srromerer, Member. 

In 1909 the author read a paper before this Institution 
on ‘“‘Steam-Pipe Explosions due to Water-Hammer,” in 
which the nature of about a hundred of these explosions, 
as reported by the Board of Trade surveyors, was 


analysed. In paper it is proposed to extend 
the inquiry into the causes of steam-pipe failures by 
dealing with another batch of about a hundred 


explosions which have been attributed to fatigue and to 
want of elasticity, though it may have to be admitted 
that bad material and workmanship, including injudicious 
or unnecessary annealing, have occasionally either accele- 
rated the failures or have been their chief causes. 

In dealing with om soe se first of all be 
necessary to fix on a s of compari for the 
fatigue stresses which may have ca failures ; 
but in order not to complicate this subject, and also 
because definite information is not available, it will for 
the present be assu that Guest’s law for steel also 
applies to copper, which means that the circumferential 
stresses in pipes, due to internal steam pressures, do not 
affect the banding stresses which in the case under con- 
sideration have caused the fractures. Then, also, nothing 
is as yet known about the influence of temperature on the 
power of copper to resist fatigue stresses, though it is 
probable that it has a weakening effect ; but temperature 
also increases the elasticity of copper, so that as 
deformations due to fatigue stresses no serious error will 
be committed by leaving these two temperature influences 
out of account. 

According to experiments which were mentioned by 
the author in the discussions on Dr. Stanton’s paper} and 
on Messrs. Eden, Rose and Cunningham’s paper,} the 
relationship between the fatigue stresses (+S) and the 
number (N) of the stress eycles (revolutions) which cause 
fracture is expressed by the formula :— 

+98 =F/+C(10+N)'. 

Here C is a constant depending on the nature of the 
material and F/ is the fatigue limit of the material. 
Both F/ and C had been obtained by breaking a number 
of samples by fatigue stresses, and marking off the test 
results on diagrams in which the ordinates were spaced 


sO as to + Ey (108+ N)*, The test results were then 
found to lie on straight lines which, when prolo 

cut the zero ordinate at the heights F/, which were then 
adopted as being the fatigue limits. These tests could 
naturally not have been continued to an infinite number 
of revolutions, and there was therefore no absolute cer- 
tainty that this exterpolated fatigue limit was a reality 
until, by improved methods of testing, this point was 
firmly established. In other words, more recent experi- 
ments have demonstrated the fact that the above formula 
applies not only within the range of previous experi- 
ments, say, from two thousand to twenty million alter- 
nations of stress, but also to an infinite number. Wéhler’s 
experiments, and, in fact, all past experiments which have 
been examined, confirm the above-mentioned formula. 

Wohler’s experiments confined themselves to steels, 
except one solitary series of tests on wrought iron, but 
her have been extended by the author so as to embrace, at 
least as —_ torsion-fatigue tests, about fifty different 
qualities of steel and steel alloys, cast and wrought iron, 
nickel, copper, aluminium, hor bronze, magnalium, 
and other alloys, and in all cases the test results har- 
monised with the above formula, which may therefore 
be accepted as being correct. A matter of even greater 
im than the general form of the formula is that 
the fatigue limit can now be expeditiously determined 
with greater accuracy even than the static tenacity. In 
one case its extreme values amongst eight test pieces cut 
from one crank-shaft differed by less than + 0.4 per cent. 
of the mean value. 

Unfortunately no bending - fatigue tests have been 
carried out on copper, but this omission will be made 
es in the near future, and the determination of the 
fatigue stresses which caused fractures in copper pipes 
will therefore have to be based on deductions drawn from 
& few torsion-fatigue tests on copper bars which are 
summarised in the following formulz, in which +S is 
the alternating shearing stress due to torsion strains 
which causes failure at the Nth revolution :— 


Copper bar as rolled... +S = 5.4 + 0.37(10°+N)* 
” ” ” +S = 5.6 + 0.51 (108+ Nyt 


Ditto, mean of above +8, = 5.5 + 0,44(108 = N)* 
Copper bar annealed 
invacuo ... ... +S = 2.55+0.87(10°+N)! 
Copper bar annealed } 
and chilled in water + S; = 2.69+0.97 (10°+N) 
It having been found that on an average the bending- 
fatigue limit for steel is about 60 per cent. higher than 
for torsion, the last of the above torsion-fati limits 
may reasonably be increased from 2.69 to 4.30 tons per 
sq. in. for the bending - fatigue limit for copper, and, 
ing that the same comparative tests on steels show 
that value of C for bending is three and a-half times 
as great as that for torsion, the value of C = 0.97 may be 
inereased to 3.4 tons per sq. in. and the formula for the 
bending-fatigue stresses of copper is probably 
+S» = 4.3 + 3.4 (10°+N)?. 
Seeing that wrought-iron and mild steel-pipes are now 
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largely used on steamers, formule for their bending-fatigue 
stresses will also be of interest. Amongst my o 














find the following results for basic steel, which is the 
quality of which many welded-steel pipes seem to be 
made :— 
Taste I. 
Fatigue Limit. Values of O. 

Basic Steel. Tons per Square | Tons ~ Square 
Inch. nch. 
British ordinary... aa 9.69 4.53 
» deadsoft .. = 11.26 3.92 
German ordinary 11.34 4.10 
- deat soft 8.94 4.79 
Mean for mild basic steel .. 10,31 4.33 











It will be noticed that the fatigue limit for the softer 
qualities of basic steel, which contain about 0.10 per cent. 
carbon, are not necessarily lower than those for ordinary 
mild qualities, which contain about 0.40 per cent. carbon. 
This is due to presence of varying percen of 
—— element has a tenfold greater influence 
than carbon on the — limit. The fatigue limit for 
cast steel is only a little higher than the above—viz., 
about 12 to 13 tons . in. a. 

The formula for the fending fatigue stresses of mild 
steel may therefore be written— 


+ S» = 10.30 + 4.33 (10°+N)*. 
Only one set of bending-fatigue tests has yet been 


carried out on wrought iron (by Wéhler). The results can 
be expressed by the formula— 


+ S, = 6.73 + 4.43 (10°+N)?. 


Amongst the Board of Trade reports on wok wd 
failures there are none which may be attribu to 
fatigue of mild steel, but there are a fairly large number 
of failures of copper pipes, of which a few are capable of 
being analysed with the help of the above formula. The 
following are report numbers of the failures in 
question. Failures said to be due to vibrations :— 

Straight Pipes.—Nos. 948, 1113. 

L Bends, like Fig. 6, page 857.—Nos. 453, 854, 945, 958, 
1024, 1049, 1087, 1095, 1111, 1164, 1181, 1187, 1207, 1291, 
1296, 1491, 1516, 1611, 1688, 1904, 1941, 1954. 

U Bends, like Fig. 9, without Central Branch.—Nos. 
480, 1011, 1021, 1069, 1172, 1185, 1313, 1426, 1435, 1501, 


» | 1922, 2105. 


Bends, with Central Main Pipe, at right angles to 
bend, similar to Fig. 9.—Nos. 970,°992, 1015, 1035, 1696. 

S Bends and also two L Bends placed at right angles 
to each other.—Nos. 657, 718, 749, 772, 775, 915, 1290, 
1527, 1654, 1709, 1926, 1993. 

Expansion Bends with Straight Lengths.—Nos. 767, 
943, 1616, 1651, 1795, 1852, 1895, 1931. 

e following failures are probably due to looseness of 
the engine or the boilers :— 

Engine Seatings Loose.—Nos. 742, 833, 1013, 1160, 1355, 
1443, 1666, 1922, 1964, 2021, 2088. In these cases it is 
probable that the movements were both as and as 
numerous as the revolutions of the engines, which on an 
av may be assumed to be 60 per minute for six 
months per annum. 

Boilers Loose.—Nos. 543, 728, 1210, 1467. In these cases 
it is probable that the movements were large but few, and 
the empirical rule for the fatigue stresses does nob apply. 

Relative movement between boilers or engines and the 
ship’s structure.— Nos. 1268, 1543, 1291, 2176. 

Shaft Broke and Engine Raced Violently.—No. 1216. 
This pipe had many bends, otherwise the stresses might 
have been estimated. 


TaBLe IIl.—Estimated Fatigue Stresses under which 
certain Copper Pipes Failed after N Repetitions. 
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El ef | ge |e BE: 
2 2s Zs = Fh a 
Failures due to Vibrations of the Engines. 
958 (1) [12 months) 15,000,000 | 0.505) 6.02 Starboard pipe 
»» (2) o $1,000,000 | 0.423/| 5.74) Port pipe 
1049 (1) |2} years 40,000,000 | 0.397| 5.65 | First failure 
» (2) | l year 15,000,000 | 0.505 | 6.02 | Second failure 
1181 (1) |10 years 150,000,000 | 0.285 | 5.27 | First failure 
me Hs 24 hours | 86,000 | 1.846 | 10.57 | Heavy weather 
1954 (1) |8§ years 120,000,000 | 0.302] 5.33] First failure 
» (2) | 4 hours 14,000 | 2.900 | 13.85 | Engines racing 
~s-Bailures due to Loose Engine Seatings. 
1355 |35 months! 44,000,000 | 0.388 | 5.62) Long bend 
1543 | 4 years | 60,000,000 | 0.359 5.52| U bend secured 
| | to deck beam 
2021 | Syears _ 45,000,000 | 0.386 | 5.61 | Long bend 











Most of the above-mentioned cases cannot profitably be 
analysed on account of complexity of form and absence of 
“ene Nos. Rg te, Y oo —_ the 

first group and Nos. 1355, 1543, 2021 of the second group 
are suitable for this purpose. It will first of all be 
necessary to obtain an approximate estimate, with the 
help of the above fatigue stress formula for annealed 
copper, as to the intensities of the fatigue stresses which 
the failures, subsequently, these stresses will 
for i pro! relative movements of 


ends of the failed pipes. 3 
estimated fatigue stresses which fractured the 
tioned ten pipes are contained in Table II. 
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As already mentioned, no allowances have been made for herewith, have been ressed mathematical Tke bending momen 
the internal steam pressures and their temperatures, Table i IIL. — ae nite this ts equal al to 8. TD 4 ery Dis a a1 
though it may be mentioned that, with the exception of Taste III. (Figs. 1 to 5). diameter of the pipe. "Oe onto Iby X2R. D+28, 
jp heeetay def aged ements peel yg in., the strom 8 i fange fan orbit ia tes 
he pressures in all the cases were 160 lb. per sq. in. Estimated Incli- Estimated Displacements. the displacemen’ 
“i No. 1954 (2) deserves special attention, for the = nations. e 
estimated iasigue stresses ey ey ny ouest to the a. ba. by. S8=A.D.E + 4712 R% 
tatic tenacity of co t that | : 
‘withstood Ghamsahhemmntive decnne br four hous sugres Fig.1...+M.L=E.1 _ + Sp B.1|, Foreo — oa ue of E is about 8300 tons per sq. in., 
either that the adopted value of © = 3.4 tons per Fig. 2...+4$Y.L2+E.1 a + L’ + E_1| 80 that for pes of this material 8 = 1750 A. D + R*, 
per 1,000,000 rev mtions is too high, or that the cop per | Fie: 8. -\+oeM. R+E. Hy - Gor. BP + + Re. I and, assuming 4.3 tons per eq. in. as being the fatigue 
was of a harder quality than usual. Amongst the the 200 | Fig. 4..|- 0.671X. R2+ | + 0.356 X. R3 + |- 4X. R3+E.1 = or copper, the maximum permissible movement of 
cases of steam-pipe explosions reported on by the Board | E.1 * ly ain ele’ # copper U bend (Fig. 6) should not exceed 
of Tendo, culy Uses seperts have been found in which Fig.5..\+ ¥Y.R?+E.U |-}YR3+E.1' +32 Y.R5+E.1 A. = R? + 405 D. 
measurements of movements which may have caused the, |) 
failures are given. M is the external bending moment shown in Figs. 1|g et _ bp yee ad ines Ted my ad 
Report No. 1467 mentions that the boiler rolled 4 in. and 3. wrought iron to be 6.75 tons per — we have 
Report No. 1296 mentioned that when getting up steam | X is the external horizontal pull shown in Fig. 4. pores 
os nein Seneaee the nd the dvi (no npr rere given) Pf, is = ies ee pull shown in Figs. 2 and . = R? + 410 D for wrought iron. 
ortened by 0.47 in., and the difference of le tween is the modulus of elasticity, say 13,000 tons 
the two valves altered by 0.44 in., the boiler top ——. for wrought iron and steel, 8300 $300 or copper, and 450 eo seni — © limit of 10.8 tons per eq. in. for 
risen ;*; in., a8 compared with the ship’s structure 8000, or, say, 6000, for cast iron. * a, = R® + 265 D. 
the engine stop-valve, which had risen { in. The history| I is the momentof inertia of the section of the pipe, and 
Thus a U bend (Fig. 7) of 8 in. in Siagneter and 8 ft. 
Fig.é. high, which forms part of a long length of pipe, will take 
a up the following expansion movemenis wi t injury to 
Fig. d. itself : 








1.40 in. if of copper; 1.40 in. if of wrought 
iron; and 2.20 in. if of mild steel. This last result 
agrees with experiment A in Tables 1V. and V 

Professor Bautlin carried out some experiments on U 
bends shaped as shown in yh. 8.* As the bends were 
not square, other but similar formule to the above had to 
be constructed for estimating the displacement of the 

















flange C. These are recorded in the columns marked 
** Est.” in Table V. The observed displacements are to 
be found in the columns marked “Obs.” These tables 
also contain the dimensions, materials, and other details 
about the curved pipes or bars. The modulus of elas- 
ticity of the cast-iron ny ache af op 7870 tons per sq. in. 

The formula for these 





Fig.2. A=17.7X.R3+E.IandS=A.D.E+ 17.97 RY 
te It must not be overlooked that whereas in the 
Bens (Roman — revious case (Fig. 7) the height of the bend is 








R, in the present case (Fig. 8) it is 3.414 R. The 
agreement for the mild-steel rods between the estimated 
and observed displacements is satisfactory, but pipes 
eh rather more elastic than was to be expected. 

discrepancies between the estimated and the 
choerved siniced os bet for the mild-steel pipe A have 
been explained ry be Bs to slight puckers on the 
insides of the bends of In part they are also 
due to the thinning, Pron dn The ing operations, of 
the outsides of the — Generally speaking, Pro- 
fessor Bautlin’s important experiments confirm the 
mathematical estimates of the deformations of bent pipes, 
and these may therefore be spplied to the few exploded 
steam-pipes for which the ble alternating stresses 
have y been caloula It is very unfortunate for 
investigations, like the present one, into the mechanical 
causes of explosions that the Board of Trade reports con 
tain so little information about those parts which, in the 
opinion of the ~ aay rveyors, are not the direct 
causes of the explosions. us, amongst about 100 reports 
on steam-pipe explosions, which it is believed were 
brought about by want of elasticity, the diameters of the 
ipesand the thickness at the point of fracture are given, 
But t rarely is any mention made of the lengths or the 
elasticities of these pipes, although these are the deter- 
mining factors. 








ae 














For the of this paper, these lengths, as well as 
the radii of curvature, to be approximately ascer- 
TasLe IV.—Professor Bautlin’s Experiments on the 

Gasesosey of Bends. 





Dimensions, &c. 





| Outside Dia- | Moment M. 
Details of Bends. Height.| meters and stains 
Thicknesses. m§ L. 





is, | in. | ay 
8.7 x 82x026| 27.0 810 


A, mild steel pipe ... 94.7 
S » o» «| 888 |6.8 X 6&1x0175) 266 | 80 
O, cast-iron pipe ..| 94.7 as x 84x0.78 | 189.0 | 275 
D, mild steelrod .. 546 (3.14 square 80 | 240 
of this pipe is in oe >». a oe 


. eae oe | 80 | 240 
copper, and, fitted in July ' 








January 17, pn mon peck ds end} 4a, ng d 3 y are the acqui PP enctination and the dis- | tained scaling them with the help of the dieciinens as 
was cut off wot pam Con te a a which cracked placement of the ends of the _ sod see Figs. 1 to 5). pm hf It ia therefore possible that the dimensions 
9 hours after lighting fires. A new sleeve of thieker , the maximum tress for any ASL M, is} which have been adapted in the following calculations 


co in.) was now fi ich say, from the| 4 M. D+ ‘1, which expuemtion ean be inwoduced in the | are not always correct. 

ole Fae. to July Sn i900 Gheut'8 ae months), and Sie: when the movements produced by X and Yare| {J bends ( ona 9) with central branch do not seem to 

cracked. A new pipe with a larger bend was now fitted | kn have failed case need not be discussed. 

(August, _— = it — on ay 12, 1900 (say on a of these formule can be illustrated; 1 Bends and Simple U Bends (see Fig. 10).— 

4 a three men. An expansion-gland | with the D of Fig. 6, which represents half a U bend. | following formula for the displacement 4 y in Gan 

was now fitted, ee tn ee oy Assume, as was the case in Professor Bautlin’s experi- L bends, and of 2 4 y for U can be determined in 

again (no date given). The crack was repaired and the aoe oe will shortly be dealt with, that the A Sg ee hg ny BE the bending moment 

made workable. These several failures seem to — hh of the bend, is a fixture, and ta M, hy comstoing, the formula in mn Table III, toe the cases 

wo hens Goo 100 to Sooqyeend snbeomente camesiaten with | pa X is acting horizontally on the flange C. Then the | represented by bale 5 and 5 Ae Gano wo eal x 

the revolutions of the engine, but to steady stresses is the same as that in the curved pipe in and as the sums eflections of the 

caused by the difference of expansion of the boiler and ben “c being applied as in that figure. The bending of | the es the sume of the dete eliminated, Jength M can be 

engine, intensified, ne doubt, by the Meagpes oar of Y Fete is ted by the two cases, Figs. 3 and 5, M | expressed in terms of S», the maximum bending stress. 

engine. No experimental data as to the endurance of | beingequal to X R, and Y equal to X. Then the uired 


_ 














«Ne. 1318 reports thatthe bolle top rose up inclination of « of the flange is as per third and fifth line 5 y = 0.712 Ss . Ra (L + 0.65 R)+E. D(L + R). 
0. 1318 reports that the boiler top rose up yy in. and | of Table IIT. :— For copper E = 8300 tons per sq. in., so that 
te tin an Ge. or ee oe a=(}7R.X.R+XR)+E.1=2571X. R*+E. 1. dy =& R(L + 0.65 R)+11,600.D. (L + R). 
= two boilers separated b in., and the distance é . 
between the and one boi stop-valve was reduced | The my ppt of Pout Beet bof Fig: 4, and ot This ferment Bas boon esol te ealoutating tho Cleptnge- lace- 
Caplasenens 2 o! o! or ollowing |. bend 

LT 1 ee ey ee the 4 OS coieation a into the radius R of the ie ~ ; 

In ahar to untae the stresses which arise when Bon" * Zeitschrift des Vereins Deutsch ¢, 1910, 
pipes are strained, the several possible deformations of 5% R* + 0. ree X. R? + 0.356 X . R¥ + vol. liv., psge 43. Also Matetongen. iiber Forschung- 
straight and curved pipes, as represented in Figs. 1 “nor . RB) +E. 1=4713X.R*+E. r sarbeiten des Vereins Deutscher Ingenicure, vol. xcvi. 
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+ S» being the fatigue stresses which have been pre- 
viously determined for the separate cases. 

Report No. 958 deals with the two separate L bends, 
made of electro-deposited copper of 5 in. external dia- 
meter hooped with iron bands. The starboard (shorter) 
le . in which, according to the sketch, L and R seem 
to respectively about 11 in. and 57 in., failed, as 
already stated, after 12 months’ running. Assuming the 
correctness of the previously found alternating stresses 
of + 6.2 tons per sq. in., the relative movements of the 
two ends of the pipe should by the formula be + 0.38 in. 
In the port (lo ) branch, L and R seem to be respec- 
tively 75 in. and 68 in. Assuming the correctness of the 
previously found stresses of + 5.74 tons sq. in., the 
relative movements of the pipe ends should be + 0.26 in. 

Report No. 1049 deals wit 


TABLE V.—Proressor 


440 | 





another L bend of solid- | Trad 


copper, the ive fatigue limits are 10.3 and 4.3 tons 
per sq. in. and maximum relative movements to which 
such asteel pipe would havesubmitted without injury would 
have been + 0.43 in. Conversely if a steel pipe of the above 
dimensions were replaced by a copper one and the relative 
movements of its ends were maintained at + 0.43 in., 
+ 6.77 tons i. sq. in., or + 2.47 tons above the fati 

limit of + 4.3 tons, and the copper pipe would fail after 
3,600,000 repetitions. This means that if any copper 
pipe were to fail after experiencing 34 million stress 
cycles, which nds to 42 days’ continuous running 
of the engines at revolutions per minute, and if it 
were to be replaced by a steel pipe, this would last for 
ever, and as most of the pipes dealt with in the 





le reports did last longer than 42 days, the number 


Baotuin’s Test Resvutrs. 


Difference between two Successive Thrusts in Pounds. 








then the fatigue stresses in the copper pipe would be | after 


of | line after three years’ work. 








660 | 880 | 1825 | 1980 
Estimated and Observed Displacement of Flange O. Inches. 

| Est. | Obs. | Est. | Obs. | Est. | Obs. | Est. | Obs. | Est. | Ots. | Est. | Obs. | Est. | Obs. 
A | = — - — 0.30 | 0.68 _ _ 0.60 | 1.37 | 0.90 | 2.16 1.10 | 2.96 
B 0.84 | 0.69 | 1.67 | 1.42 ~ _ = _ - — _ ae a zie. 
c _ ~ 0.06 | 0.10 _ - 0.12 | O22 | 017 | O88 _ _ ~ _ 
D : _ _ - 0.19 | 0.24 _ _ an — _ -_ oe -_ 
E - — -- _ 0.30 0.33 — — _ al a _ = _ 

| 


drawn copper of 5? in. in external diameter. Accordi 
to the sketch, L and R seem to be respectively 80 in. an 
25 in. Assuming the correctness of the previously found 
alternating stresses of + 5.65 tons per sq. in. for the first 
failure after 24 years’ running, the relative movement of 
the two ends of the pipe should be 0.049 in. for the second 
failure after 12 months’ running, for which the alternate 
stresses would be + 6.02 tons, the relative movements 
should be 0.051 in. The comparative smallness of these 
relative movements are due to the great = of the 
small bend, which was only five times as large as the 
diameter of the pipe. In fact, the pi ey Beep 
acted as a stay between the engine and the boiler, and 
restricted their movements while being fatigued. Had 
the relative movements been larger and the stresses in- 
tenser, the failures would have occurred sooner, as hap- 
pened in the two following cases :— 

Report No. 1181 deals with an L bend of solid-drawn 
copper, 6% in. in external diameter. According to the 
sketch, L and R seem to be respectively 42 in. and 50 in. 
Assuming the correctness of the previously found alter- 
nating stresses of + 10.57 tons per sq. in. for the failure 
which occurred after 24 hours’ heavy weather immedi- 
ately after previous annealing, the relative movements 
of the ends of the pipe should be 0.27 in. Seeing that 
the estimated alternating stresses during the previous ten 
years’ running no —_ + 5.27 —- ards Sr the = 
tive movements of the pipe ends during this longer peri 
do not seem to have exceeded + Olt in. 

Report No. 1954 deals with an __ bend of sheet-copper, 
4.92 in. in external diameter. According to the sketch 

and R seem to be respectively 93 in. and 32 in. 
Assuming the correctness of the previously found alter- 
nating stresses of + 13.85 tons per sq. in. for the new 
pipe, which failed during a run of four hours in very 
eavy weather, the relative movements of the ends of the 
pipe should be + 0.23 in. For the old pipe, which failed 
after eight years’ running under stresses of + 5.33 tons 
per sq. in., the relative movements should be + 0.09 in. 

Report No. 1355 deals with an L bend of solid-drawn 
copper, 5.19 in. in external diameter. According to the 
sketch, Land R seem to be respectively 70 in. 100 in. 
long. Assuming the correctness of the previously found 
alternating stresses of + 5.62 tons per ee in., the rela- 
tive movements of the ends of the pipe should be + 0.39 in. 

Report No. 1543 deals with a U bend of solid-drawn 
copper, 4.94 in. in external diameter. Judging by the 
sketch, L and R seem to be respectively 16 in. and 46 in. 
long. Assuming the correctness of the previously found 
alternating stresses of + 6.52 tons per sq. in., the rela- 
tive movement of the ends of the pipe should be + 0.26 in. 

Report No, 2021 deals with an L of solid-drawn 
copper, 5.5 in. in external diameter and 0.25 in. thick. 
Acco! ing to the sketch, L and R seem to be respectively 
68 in. and 42 in. Assuming the correctness of the pre- 
viously found stresses of + 5 61 tons per sq. in., the rela- 
a } ees of the ends of the pipe should be 
+ 0.17 in. 

These and the previous estimates are summarised in 
Table VI. They are all based on the empirical formula 
which correlates the fatigue stresses for copper and the 
number of their repetitions up to the point of failure. 
The experiments on which it is are com tivel 
few, and more comprehensive one will shortly be carri 
out on a new fatigue-testing machine which is i 
completion ; but seeing that the results of fati tests 
with mild steel are very consistent, the in further 
experiments on copper will probably merely confirm those 
already obtained. 

Assuming the correctness of the empirical formula, 
then, judging by the estimates eustdned ts Table VI., 
relative movements between ines and boilers of 
+ 0.38 in. (see No. 958) or more id be allowed for. 
These were associ wi igue stresses of + 6.02 tons 

r sq. in., which exceed the fatigue limit of + 4.3 by 

.7 tons per sq. in. If relative movements of 
+ 0.38 in. had not exceeded + 0.27 in. the pipe would 
not have failed. Had the pipe been made of steel it 
would also not have failed, for although its modulus of 
elasticity is 13,000, as against 8300 *ons per sq. in. for 





The elastic limit was reached with pipe A with a thrust of 1809 Ib. 


TasLe VI.—Estimated Intensities of Fatigue Stresses and 
Relative M Fractured 














the ts of the Ends of the 
Pipes. 
Assumed Estimated 
Report Number of — —_———- 
Number. | Vibrations | Fatigue Stresses,| Fatigue Move- 
Tons per Sq. In. ments, Inches. 
| | 








Failures Due to Vibrations of the Engines. 
958 (1) 15,000,000 + 6.02 + 0.38 
958 (2) 31,000,000 + 5.74 + 0.25 
1049 (1) 40,000,000 + 5.65 + 0.049 
1049 ® 15,000,000 + 6.02 + 0.051 
1181 (1) 150,000,000 + 5.27 + 0.14 
1181 (2) 86, + 10.57 + 0.27 
1954 % 120,000,000 + 5.33 + 0.09 
1954 (2) 14,000 +13.85 + 0.23 

Failures Due to Loose Engine Seatings. 
1355 44,000,000 + 5.62 + 0.39 
1543 60,000,000 + 5.52 + 0.26 
2021 45,000,000 + 5.61 + 0.17 








of explosions would have been correspondingly reduced 
if steel pipes had been used instead of copper. 

But—and this is the point which should ¢ on no account 
be overlooked—it is highly probable that the cast-iron 
valve-cases to which these s pipes would have to be 
attached would have fractured at an early date, because 
the resisting moments of steel pipes are 13,000 + 8300 = 
1.56 times as great as those of copper pipes of the same 
dimensions; and even copper pi are occasional] 
strong enough to fracture the cast-iron valves to whi 
a! are attached, as is evident from the following Board 
_* 4 ery — 

o. 389.—A eopper pipe with fairly large bends broke 
the neck of the valve-c a to which +A was attached. 

No. 556.—The thrust on an expansion-gland, acting at 
the end of a copper pipe as a lever, broke the neck of 
the valve-chest to which it was attached. 

No. 971.—A_ cop, pipe which was attached to the 
end of a combined expansion gland, stop-valve and 
throttle-valve casing, broke the latter. 

No. 1072.—A copper pipe broke the cast-iron neck of 
& complicated chest to which it was attached. The other 
end of the pipe formed part of an expansion gland, 


was the cause of the fracture. 

_ No. 1177.—A copper U bend between the boiler and 

ot oun ‘ _ acting on the end of a throttle-valve casing, 
1 


No. 1572.—The thrust of an ex ion gland acting at 
the end a a copper bend broke de eabvo- nding to which 
it was a 


_ In the following cases the pipes were of wrought 


iron :— 

No. 1230.—A straight wrought-iron pipe between an 
expansion gland on the engine and a short cast-iron bend 
en the boiler stop-valve broke the neck of the latter. 

No. anagem cam iron Pipe, ge Sage in an 
expansion join’ e the neck o valv ing to 
which it was attached. —— 

The following rather unusual failures may be due to 
bad material, but seeing that they occu both with 
sheet-copper, solid-drawn, and electro-deposited pipes, 
it is not — that they were due to fatigue stresses. 
However, as these cracks are along the neutral 
line of the copper 


near the flanges. 
remem that the fatigue limit for shearing stresses 
is only about + 2.5 tons per sq. in. 

No. 1231 deals with a sharp bend of sheet copper 
3.55 in. external diameter, which cracked near the brazi 
line, which is also the neutral line of the bend. The bend 
was eight years old when it failed. 





which was attached to the engine whose lateral motion | a” 


No. 1262 deals with a bend of sheet co , 10.2 in 
external diameter, which cracked near the bra: line 
like the above-mentioned bend. This pipe failed after 
sixteen months’ work. ; 

No. 1662 deals with a bend of solid-drawn copper, a>. 
external diameter, which failed along the neutral 
~ —, —. Myer it was repaired and 
annealed, but it failed again after seven years. 

No. 1839 deals with an ex jon bend of solid-drawn 
copper, 5.42 in. external diameter, which failed along 
the neutral line after nine years’ work. Locally the 
tenacity was reduced to 5.6 tons with no elongation. 

No. 1882 deals with a bend of solid-drawn copper, 
5.2 in. external diameter, which failed along the neutral 
It had probably been 

locally while being repaired. Locally the tena- 
—~ reduced to 7 tons with 1.5 per cent. elongation. 
o. 2110 deals with an e ion bend of solid-drawn 
copper, 5.4 in. diameter, which failed along the neutral 
line after 44 work. E 

No. 2140 deals with an expansion bend of solid-drawn 
copper, 64 in. external diameter, which failed along the 
neutral line after six years’ work. é 

No. 986 deals with a bend of electro-deposited copper, 
33 in. external diameter, which failed along the neutral 
line after three years’ work. 2 

No. 1383 deals with a bend of electro-deposited copper, 
4.8 in. in external diameter, which failed along the neutral 
line after seven years’ work, close to a repair sleeve which 
had been on three months before the explosion. 

No. 1736 deals with a bend of electro-deposited copper, 
3.8 in. in diameter, which failed after one year’s work. 
The tenacity was locally reduced to 12.5 tons with 5 and 
8 cent. elongation. é 

No. 1770 deals with a bend of electro-deposited copper, 
5.4 in. in external diameter, which failed after two 
years’ work. The tenacity was reduced from about 13.5 
tons with 45 per cent. elongation to between 9 and 10 
tons with 5 to cent. elongation. 

No. 2163 d with an expansion bend of electro- 
deposited copper, 6 in. in external diameter, which failed 
along the neutral line after six years’ work. | 

Tf, as seems ———- the above twelve failures (about 
8 cent. of the total) were due to sheer fatigue stresses, 
which are severest along the neutral lines of Ss, they 
would indicate that the bends had been subjected to more 
complicated forces than have been assumed when dealing 
with the other failures, but in the absence of any details 
about the relative movements of the engines and boilers 
it is fruitless to venture on any estimates, except to say 
that the formula for torsion fatigue stresses should be 
applied to these cases, and that the stresses which are 
— L the internal steam pressures should not be over- 

looked. 

While studying those Board of Trade reports which 
seemed to have a bearing on the ae question, it was 
noticed that many copper pipes had failed shortly after 
per Moe ag although until then they had worked 
satisfactorily for years. This experience would suggest, 
either that annealing does not remove the effect of 
fatigue stresses, or that, if carried out injudiciously, it 

tough copper into a brittle material. In the 
a list of reported cases the numbers in brackets 
denote the periods in months which elapsed between the 
dates of annealing and of failure :— 

Pipes of B Sheet Copper.—Nos. 1922 (4), 1210 (5), 
1021 (6), 2105 (17), 1011 (19), 1443 (23). 

Solid-Drawn Copper Pipes.—Nos. 1839 (4), 1926 (2), 
1709 (5), 1327 (6), 1327 (8), 1993 (9), 1187 (10), 2003 (21), 


2110 (36), 1898 (48) 

Electro-Deposited Pipes.—Nos. 1164 (3), 1501 

we Set aie Ct , ipe after being annealed 
e average life of a copper pipe after being 

seems to be about one year for each one of the above 

three groups ; but as already suggested, these cases do 

not prove that annealing is or is not a remedy for fatigued 

copper. Then also this experience as regards copper 

does ype to steel pipes. : 

Asa —— against fatigue stresses in steam-pipes 
expansion ds are sometimes fitted, but they are not 
always aj lied where wanted, they sometimes stick fast, 

d, if badly designed, the pipes blow out of their 
sockets. 

This latter class of accidents is illustrated in reports 
Nos. 779, 1702, 2246. , 

Pipes which stuck fast in their sockets and did not 
take up the movements are to be found in the following 
reports:—Nos. 283, 1296, 1404, 1666, the last being a 
doubtful case. : 

In the following cases the thrusts of the pipes in the 
glands acting on | bends fractured these near the 
roots, or the glands stuck fast and the fractures were 
due to fatigue :—Nos. 556, 1115, 1187, 1207, 1230, 1343, 
1489, 1572, 1583, 1605, 1609, 1852, 1916, 1978. These are 
mostly marine cases. ’ . 

In the following cases the expansion glands neither 
prevented the pi from fracturing nor did they cause 
the fractures :—Nos. 1 584, 971, 1011, 1035, 1066, 1072, 
1109, 1172, 1185, 1214, , 1398, 1461, 1515, 1537, 1 
1747, 1771, 1899, 2006. About half of these cases occu 


on steamers. 
The labour ex ed on this inquiry should afford a 
better insight was previously possible into the 


question endurance of steam-pipes, and will, it is 
hoped, also lead to measurements taken of the 
movements of engines and boilers, both when getting up 
steam, when running under ordinary conditions, and when 
encountering heavy weather. 





Tue Institution or Civit Encingrrs.—The annual 
conversazione will be held at the Institution on Thurs- 
day, July 2, from 8.30 to 11.30 o’clock. 
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COLONIAL AND FOREIGN ENGINEERING CATALOGUES. pe rman geen A ge mn gh yew by ey ~ 


Bolt-Scorewing Machines.—Messrs. Joshua Heap and Co., 
Limited, of Ashton-under-Lyne, have sent us a catalogue 
of pene machines. The catalogue contains par- 
ticulars and illustrations of single and double-headed 
machines for screwing bolts ranging from } in. to 4 in. in 
diameter. As is known, this firm specialises in 
screwing machinery for bolts and pipes; pipe-screwing 
machines are, however, dealt with in a separate catalogue. 

Band-Saws.—We have received from Messrs. John 
Pickles and Son, of Hebden Bridge, a sectional catalogue 
showing some of the different types of band-saws made 
18| by them. These include electrically-driven and belt- 
schemes proposed are the Hartebeestpoort Reservoir | driven horizontal band-saws for | vertical band-saws 
(Trensren) peste’, to cost 605,000. ; the Worcester- | for logs, and others for re-sawing logs, &c., into boards. 
Robertson Canal (Cape Province), 478,000/.; and the] The catalogue gives full particulars of these machines, 


Brand Vlei Reservoir, near Worcester, 100,0007. The | and also deals with i for sharpening and fitti 
Minister of Finance stated that, if the irrigaticn policy|aes ne test 


of the Government were vigorously prosecuted, there 
would be 300,000 acres under irrigation within the next 
few years, involving an expenditure of 3,500,000/. 

Portugal : The Diario do Governo, Lisbon, publishes a 
law (No. 182) authorising the Portuguese Government to 
raise &@ loan of 2,244,710 escudos (about 421,000/.) for the 
construction of a railway from Estremoz via Portalegre 
to Castelo de Vide, and for its extension from Castelo de 
Vide to Entroncamento in Low Beira. 

Spain: The Gaceta de Madrid contains a copy of a 
Royal Decree authorising the Ministerio de Fomento to 
present to the Cortes a Bill for the construction of s 
normal-gauge railway line from Madrid to the Port of 
Valencia. The concession will be for ninety-nine years, 
and the concessionaire will be guaranteed by the State a 
maximum interest of 5 per cent. on the capital actually 
expended on the up-keep of the line. The same Gaceta 
also contains copies of Royal Decrees authorising Bills to 
be presented to the Cortes for the construction of railway 
lines of normal gauge from Avila to Pefiaranda and from 
Cuenca to Utiel. 

Italy : The Gazzetta Ufficiale, Rome, publishes decrees 
granting the following concessions for the construction 
and working of tramways in Italy:—1. A concession to 
the Societi Anonima dei Tramways di Trapani for a 
railway line from the Piazza dei Cappuccini to the Via 
Mercato. 2. A concession to the Societé Elettrica Barese 
for an extension to the tramway system of Bari. 

United States of America: With reference to the pro- 
posed harbour worksat Chicago, H.M. Consul-General at 
that city reports, on the authority of the local Press, that 
a Chicago company has recently awarded a contract 
for the construction of the first pier of the outer harbour, 
which is being built to the north of the Chicago River. 
The amount of the successful tender was 1,067,984 dols. 
(about 220,0007.). 

Ecuador : The Registro Oficial, Quito, contains a copy 


We give below a few data on any Mag a i 
mgineerng i jects, taken from the Board o 
Journal. Saree information co ing these eng 
can be obtained from the Commercial In gents ranch, 
Board of Trade, 73. inghall-street, London, E.C. 

South Africa Fade yg eee for —_ 
Africa reports that, to information receiv 
reese the Ccesnlesioner of Customs and Excise at Pre- 
toria, a sum of 555,000/. has been allocated for irrigation 
schemes in the Union Budget for 1914-15, as compared 
with 260,0007. in the previous year. Among the various 
























































pones for high and low pressures, and horizontal 
uplex wet vacuum-pumps, as well as with vertical and 
horizontal air and circulating pumps for surface con- 
densers, and — surface-condensing plants. Full 
particulars are iven of Messrs. List and Munn’s 
patent gravitation filters for removing oil and other 
impurities from boiler-feed water. The construction of 
these filters is illustrated and described, and attention is 
called to their many advantages. Among the more 
important of the latter it is mentioned that the filters are 
not under pressure, have a large filtering surface (and 
consequently a low water velocity), allow air to escape 
freely, and are easily accessible for ing. Feed-control 
tanks, Sand’s patent liming tanks, and a pressure regu- 
lator and break-pressure safety-valve for use in connection 
with feed-pumps, are also dealt with in the catalogue. 
Pneumatic Tools.—Some particulars of the ‘“‘ Eloy” 
— pick-axe for miners have reached us in 
orm of a circular from Messrs. Mossay and Co., Limited, 
of 45, Horseferry-road, Westminster, 8.W. This appli- 
ance, which, we understand, has been successfully em- 
ployed for coal-getting in Continental collieries, bears 
a general resem ce to & umatic hammer, but it has 
some distinctive features which decrease the air consump- 
tion and increase the amount of work it can perform. 
Special attention is called to the fact that the tool auto- 
matically stops as soon as it is taken away from the work. 
This feature effects a considerable saving in air, and, 
— is even mys -_ ~s prevents the aged 
rom damaging i y the mering action whic 
would pr mn occur when the tool met with no resist- 
ance. The valve is tubular and is located in the axis of 
the cylinder, so that the maximum piston stroke is 
obtained with the minimum total length of. cylinder. 
The tools, which work satisfactorily at pressures ranging 
from 60 1b. to 85 lb. per sq. in., are made in two sizes for 
| large and small seams respectively ; the smaller size is 
destructors, forced-draught furnaces for d-firing, and | alsosuitablefor breaking up brick and concrete walls, and 
a regenerative bridge for consuming smoke in boiler and | doubtless many other applications will oncur to engineers. 
other furnaces ; a few pages of data and useful informa-| The larger size delivers 1300 to 1400 blows per minute 
tion are also included. and ae © cub. ft. of air at 80 1b. per sq. in., while 
Arc- Lamps.—Messrs. Engineering and Arc-Lamps, the st pa Poy hg yy to a per minute and 
Limited (formerly the Gilberts Arc-Lamp Company, | ™@™res aa cub, ft. of air te the same pressure. All 
Limited), of Sphere Works, St. Albans, Herts, have | Pats are made to gauge an wont to size, 80 as bo be 
sent us a four-page os relating to their ‘‘Superarc” ie dis y gee ©; no special tools are required 
lamps for interior lighting. These lamps are of the in- | '* “#mantling. : 
verted enclosed type, so that the advantages of indirect Machinery.—A catalogue of ‘* Weston ” centri- 
emination are + with long boning hows. For ~ ge = 4-4 ae rs = ees | of sugar 
; works-lighting the ps are e with plain covers, r ing, has been issu y Messrs. Watson, a 
qs oan — a = any oa ayn but where appearance is of importance, covers law and Co., Limited, of Dundas-street (South), Glasgow. 
struction of a railway from Esmeraldas to Quito Under | ™ ®2Y colour, and with polished copper relief, can be te pe me olay strongly bound in paper-covered boards 
the terms of the pon Bor the Ecuadorean Government supplied. The lampe would appesr te be very suitable with clots \ ond ee anyone 180 pages very fully illue- 
bg wen the Chaiien lenin teal ioe the cauatie of Gn for use in drawing-offices, textile factories, and other trated. It first illustrates and describes the construction 
a mad Prom ith Eu. —~ the U Pet Beaten. laces where delicate work, including colour-matching, | Of the firm’s ball-bearing spindle, with self-adjustin 
jeceasary tm me itaer Surope ce Me Uns to be done at night. Prices are stated for lamps and | conoidal buffer, and then deals with water-driven an 
ascesserien for - on direct and alternating - cervent a —— a ; ae aa 
. : circuits. eir efficiency is given as two can r | driven ines are opera y means of smal re 
8 ——— a. —— en cae sy sn watt, and the burning eae cuae from 40 to 70; they wheels supplied with water from a pump. They have 
Sarey, report ih al recordin mericgn cote U7, | thon require rimming oly about once » week the advantage thatthe time akon to Fan up to fall 
months having been 46,311,369 tons, valued at| Motor-Rollers, Agricultural Machinery, Cooking yo Wine wwonted Jr least two 44 ovided << ms 
128,951,430 dols. This was an increase over the 1912|ratus, 4c.—A copy of their latest general catalogue wheel, and when i is desised to fren oer the machine 
output of 2,327,770 tons in quantity and 17,146,317 dols. | come to hand from Messrs. Barford and Perkins, Limited, rapidly, both jets are turned on at starting, one bein 
in value. of Queen-street Iron Works, Peterborough. The firm’s pom mek Be oud off as coon as the fall « . attained 
well-known water-ballast motor-rollers for roads, parks, | Tt will be obvious that by varying the size of the accele. 
= poe is ae me ty — oe ee ged rating jet—that is the one chef at full speed—the ‘ime 
use either petrol or paraffin as fuel. Particulars are also required for acceleration can be regulated as desired. 
given of water-ballast rollers for horse traction, land- 
rollers and clod-crushers, garden-rollers, lawn-mowers, 
hay-tedders, hay and straw-presses, corn-grinding and 
emer tg 7 cake a — other rps! of 
at the commencement of June was made up as follows :— | °2'8 class. The firm's steam ploughing and cultivating 
Hainaut and Brabant, 24; Lidge pedi. 18; Luxem- pao nme yt also briefly referred to, but pa: sma Peal 
bourg, 7. The production of pig in Belgium and the culars of this are given in a separate ca - 
Luxembourg in May was 215,020 tons, as compared with —- will, however, be found of some other of the 
224,550 tons in May, 1913, while in the five months ended | ™'s productions, such as stesm cooking apparatus, 
May 31, this year, the aggregate output was 1,029,050 | Steam-jacketed pans, steam disinfectors, &c., and s price- 
tons, as com with 1,007,760 tons in the corresponding list referring to nfost of the articles in the catalogue is 
period of 1913. The total of 1,029,050 tons representing | *!*0 sven. 3 
this a aggregate output was made up as follows:—| Motor-Cars.—The second edition of their catalogue of 
Puddling pig, 21,020 tons ; casting pig, 40,320 tons; and | motor-cars for 1914 has been published by Messrs. 
steel pig, 967,710 tons. De Dion Bouton (1907), Limited, whose address is 
10, Great Marlborough-street, W. After referring to 
the distinctive features of the engines and chassis, the 
= cop general cae te tale by a — g 
the clerk reported that the Local Gov wwe yy prea yore <dee * by the firm. 
approved, without requiring any dhe = mee may he these, four are of the four-cylinder Re and are rated 
of sewerage and conten teal for the ‘dfai of | 8-10, 12, 14, and 18 horss-power, while the other three 
Fleet, prepared by the Council’s consulting engineer, | DV eight-cylinder V-type engines of 24, 30, and 50 
Mr. T. J. Moss-Flower, of Westminster snd Bristol, and | borse-power; three four-cylinder models of 14, 18, and 
had sanctioned the borrowing of the amount required to 25 horse-power, s y designed for Colonial service, 
carry out the work—viz., 36,400.’ The scheme involves | 97 also made. tod types of bodies are illustrated, 
some 16 miles of gravitating sewers. sewage will | #24 prices are stated for different chassis fitted with 
concentrate at several points, from which it will be| >°dies for which they are suitable; prices and parti- 
ejected to the se isposal works, which is a long way | CUlars are also given of electric-lighting sets and other 
from the residential part of the town. The ejectors will | secessories. The catalogue also contains « number of | j 
be worked by means of compressed air from a central | Productions of crayon drawings ae See 
air-compressing station. The -disposal plant con- 


sewage models on the road, and from these a m 
sists of screening-chambers, balancing, detritus, sedimen- the actual appearance of the cars can be formed than 
tation, upward flow, storm i i 


and d tanks, from the more usual photographic elevations without 
ei epee accion nh Senin Si Se | parsed 

18 of tk or ing with storm-| P C ing Plant, Feed-Water Filters, &c.— 
water and other incidental works. Tenders are to be at| We have recently received from Mesers. J. H. Carruthers 
once invited for the work. and Co., Limited, Polmadie Iron Works, Glasgow, 


Jointing Material.—A booklet giving some particulars 
of ‘‘Manganesite” jointi material for steam and 
water-pipes, manholes, cylinder-covers, and also for 
joints in gas and air-mains, has been issued by the 
manufacturers, Messrs. John Hudson and Co.’s Suc- 
cessors, 4, Victoria Warehouses, Mansell-street, E. The 
booklet was accompanied by a copy of the report on 
some tests made on the material by Professor a 
the Royal Technical High School, Charlottenburg. e 
report states that the material was found satisfactory for 
jointing screwed and flanged pipes carrying steam ata 
— of 1801b. per sq. in., superheated to 662 deg. 

r. 


Mechanical Stokers.—Messrs. Meldrums, Limited, of 
Timperley, near Manchester, have issued a catalogue 
of mechanical stokers which they make in the coking and 
sprinkling types. The catalogue illustrates and describes 
the construction of these appliances, and points out their 
special features. They were, however, fully dealt with 
in our issue of October 31 last, on page 596, so that we 
need make no further reference to them now. Particulars 
of tests on both types of stokers are given, and a number 
of testimonials from usersare printed. Other specialities 
of the firm mentioned in the catalogue are refuse- 








_ Bevetan Brast-FurNAcgs.—The number of furnaces 
in blast in Belgium and the Luxembourg at the com- 
mencement of June was 49, as compared with 52 at the 
commencement of June, 1913. The number of furnaces 
out of blast at the commencement of June, 1914, was 11, 
as _ with three at the commencement of June, 
1913. The total of 49 representing the furnaces in blast 


Low- ie sugars have to be accelerated very slowly, and 
for these the accelerating jet is not used at all. The 
other jet, acting alone, will eventually bring the machine 
up to full but it will do so so slowly that the liquid 
will be allowed to pass freely between the solid particles ‘ 
before the latter are packed too closely together by the 
higher centrifugal force. The catalogue illustrates exam- 
ples of water-driven, electrically-driven, and belt-driven 
machines, some of which are arranged in groups, with 
steel framing, and others are shown singly. idlaw’s 
self-balancing centrifugals of the Weston type, and small 
self-balancing machines for hand power, are also dealt 


given. 
massecuite receivers for the crystallisation of sugar in 
motion, pumps for massecuites and molasses, chain-pump 
elevators for massecuites, tipping-trucks for massecuites 
and sugar, conveyors, elevators, sifters, and air-com- 
pressors. The firm also construct steam-engines and 
pumps for driving centrifugals and other machinery, an 
particulars of these will also be found in the catalogue. 





FLERT (Hants) Szweracr anp Sewace DisposaL.— 
At the last meeting of the Fleet Urban District Council 


a 





largest suspension structure in the 

world, and within three years it has been re-hung and 

d with trusses, uprights, and cross-beams. 

Its su strength, y 8000 Ib. per linear 

foot for motor traffic, has been brought up to 16,000 Ib, 
per linear foot. 
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**ENGINEERING” ILLUSTRATED PATENT | change 
RECORD. 


SELECTED ABSTRAOTS OF RECENT PUBLISHED SPEOIFI- 
OATIONS UNDER THE AOT OF 1907. 


The number of views given in the Specification 
ome FG} ame 


Where inventions are communicated from abroad, the Names, &c., 

op ete pee 

may be obtained at the Patent Office, Sales 
Chancery-lane, W.C., at 


advertisement of the af a Complete 
ee EET 
from the date of 


% of a Complete Specification, 
latent the grant 
ne notiae athe Paton Ofc af opponton tthe ai 


MINING, METALLURGY, & METAL-WORKING. 


K. Siemens, London. Regenerative 
} August 6, 1913.—This invention relates 
gas furnaces, and co: of an improvement in, 
modification of, the invention described in the Specification 
No. 10,824, of 1912. In such furnaces 
heated by a unidirectional flame, the heat required for the re- 
enerator chambers being obtained by diverting part of the heat- 
g gases going to the furnace. According to the present inven- 


tion, the diversion into furnace-heating and regenerator-heating | di 


gases is effected prior to the admixture and combustion of the 
combustible gas and air supplied to the furnace by the 


diversion 
of — of one of the constituents of the combustible mixture 
on 





from the hot reg t ber to the furnace 
to combine with a on of the other constituent so as to heat 
the cold regene -chamber, and the relative volumes of 


and solely by the correct lation of the chimney draught and 
the dimensioning of the or passages by means of which the 
air and are diverted to heat the rator. The gas is 


to issue continuously into the Terunee from a central 
port a, while the heated air also issues from a 
situated above the gas port a. Assuming the condi 


: 
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represented in . 2, the heated air from regenerator b 
upwards through duct d alongside the gas port, dividing in 
cnn pestions, e ng through an aperture or ape: 
the wall of the gas port and so entering the same, whi 
remainder passes u 8 towards the hot-air port /. 

enters the a combines with the gas, some or all of 





wi 
valves within the 
(Accepted April 8, 1914.) 


RAILWAYS AND TRAMWAYS. 


9427/13. F. W. 
Motors. [1 Fig.) April 22, 
col claeianeaieneas of olemea t 
and refers more a gear to 
be applied to road and railroad walneprantias by internal-com- 


Birmingham. 
1918. —The present invention 
icles, 





y 


Se 


bustion engines. The it_ invention has for its object to 
fa) ae eee and range of gear ratios than has 
itherto been customary, and to simulate as closely as possible 
an infinitely variable gear means of a great 
number of step-by-step present invention consists, 





the furnace bed or hearth is | mitt 





68, 80 


cou 
carrying the clutch winding a’. 
magnetic clutches is bro g on 
rings k!, 2, 8. The drive is transmitted from the clutch member 
a! to the clutch member a?, either directly by causing the 
member b!, which carries a sun-wheel, to rotate with ‘the 
«member a!, or through the gearing, by keeping the member UL! 
fixed by means of a clutch cl, in which case the drive is trans- 
The gear-box B is exactly 
, and through it the drive is transmitted either 
the planet-wheels from the member a? to the 
In gear-box ¢ the drive is transmitted either 
rectly from a* to the driven shaft d, which carries the planet- 
wheels @, in which case the member }? is clutched to the 
member a’, the part b®, the planete 2, and their corresponding 
sun being locked solid, or the drive is transmitted indirectly 
through the sun and et-wheels /° from a* to d, the member 
3 being held fast to the fixed clutch c®. In the gear-box illus- 
trated, to facilitate manufacture, the epicycle sets a and b are 
made in duplicate, so that instead of obtaining eight different 
= ratios, only six are obtainable. The gear-box may, however, 
me” modified to give eight speeds. (Accepted April 8, 


STRAM-ENGINES, BOILERS, EVAPORATORS &c. 
3. Babcock and Wilcox, Limited, and J. H. 
London. Steam-Generators. [4 Figs. 

June 17, 1913.—This invention relates to improved means for 
the jon of the superheat of steam at the boiler 


~ 


stop-valve or main supply-pipe by di the superheated 

steam in its passage to the stop-valve or main either direct or 

jg S' in part, through an attemperator fitted in the boiler 
rum. e 


oy improvements consist of the combination 
with a steam and a superheater, of an attemperator within 
the boiler-drum com; of a box or boxes into whose side-walls 
are expanded cross-tubes for the passage of steam or water, a 
connection between the attemperator and the superheater, and 
a four-way directing-valve adapted, according to its position, to 
cause the superheated steam to flow thro said connection, 
or partly or wholly to by-pass said connection, whereby the 
saturated steam or the water in the drum may serve to regulate 
the temperature of the superheated steam. e boiler drum A 
connected to the water-circulating tubes B and the superheater C 
are of ordinary construction. The intake for the steam to the 
superheater is through the pipe D connected to the upper cross- 
box and the outlet for the superheated steam is thi h tho 
tubes d connected to the lower cross-box of the su eater. 


3.971) 


The outlet-pipes are connected to a branch / of a valve-casing F 
fitted with a four-way directing-valve formed with a movable 
ragm G, which, in the it instance, is ada; to be 

on ite axis within the casing 
handle, The diaphragm G serves, ig to ite position, to 
divert the flow of superheated steam from the branch / to the 
stop-valve E on the supply main, or to a branch f2 connected to 


i 


an attemperator H, h which it flows to through a 
third branch /! and the valve to the stop- 
valve ; in an intermediate the d G part of 

steam is allowed to flowedirectly to the stop- 
valve or main, and remainder allowed to pass by way of the 
ati H. The attemperator H fitted within the boiler 
= A com © vessel com ae ice ae 

itably xes > 

to steam-pipes A), h2, which are in turn eonnécted to th 
branches /!, of the F. into the side 





tem uperheated 
the latter. “(dosepted April 8, 1914.) | 
8170/13. A. E. L. Scanes, Manchester. Vacuum- 
{t Fig.) April 7, 1913.—This invention relates to 
vacuum-gauges. A common form of vacuum-gauge is one in| 
mercury ie contained in a (J-tube, one leg of which is | 
exhansted of alt, the other leg Selng open acd sne- | 
with the the re in which it is desired to 
avoid any pesstt ity of | 


25 


to the 











il 
U-tube | tric 
ye | 


maintained The invention is 0 
matically in the drawing, in which the (J-tube is shown at 
8, having one and of air; 5 


the sealed indicates of vacuum in the receptacle 
which is to measured ; 6 indicates , flexible mem. 
brane or cap secured over the open end of the (J-tube enclosing 


be , the 

U-tube and its flexible cap 6 is enclosed in a wider tube 7, also 
containing mercury, surrounding the flexible cap 6. 
tube 7 may conveniently be mounted on the open end of the 
U-tube by means of a ind-glass stopper 8. The wider tube 7 
is connected by suitable means, such as the tube 9, to the re- 





&® 
170) 


ceptacle the pressure in which is to be measured. The wide 
tube 7 may, if desired, be formed integrally with the open le 
of the (J-tube to which it is attached, but is preferably connecte 
thereto by a suitable joint, such as the Bmpr. wor stopper, so 
as to permit of the flexible cap being readily adjusted in position 
and —— when necessary. A receptacle 10 for water or other 
suitable liquid is connected with the wide tube 7 by the tube 9, 
said receptacle being provided with an overflow 11. With this 
ment, a substantially constant head of water or other 
liquid can be maintained above the m surrounding the 
flexible 6, during the normal operation the apparatus—a 
steam-condenser, for example—to which the gauge is connected, 
and in this way the difficulty of condensation on the free surface 
of the mercury, variations of reading, can be overcome, 
as the known head of liquid gives a nearly constant error, which 
ioe) corrected in the scalg of the gauge. (Accepted April 8, 


MISCELLANEOUS. 


28,847/13. G. Wilkinson, Harrogate. tus 
for Heating Water. [1 Fig.) December 15, 1913.—This 
invention relates chiefly to apparatus used in residences for 
the supply of hot water for general domestic purposes. The 
usual equipment consists of a fire-back boiler, geverally located 
at the rear of the kitchen range, together with a storage-tank or 
cylinder fixed at a higher altitude, and connected to the fire-back 
boiler by flow and return pipes, the whole arrangement being 
supplied from a ball-tap cistern and provided with air relief-pipe 
together with service pipes to the vations points where hot water 
is required. In some cases the fire-back boiler is used in connec- 
tion with a sitting-room or other grate, or with a stove burning 
other fuel than coal. All such equipments suffer under the 
disadvantage that when no heat is required for 
cs fire is allowed to go ou 
hot-water ie is available. Alternatively the fire has to be 
maintained for the ow of furnishing hot water only with 

1 and discomfort in the apartment where 


consequent waste of 
the fire is located, due to over-heating. This is especially notice- 
able in the summer and warmer th To o these 
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disadvantages, and to provide a supply of hot water at all times, 
whether the stove is ia operation or not, the t employs, 
in connection with the above-described equipment or ite equiva- 
lent, an auxiliary © water-heater — on the delivery 
side of the storage-tank or cylinder), which is automatically con- 
trolled by the heat of the water iteelf—that is to ssy, when the 
water reaches a prearranged a ange nee the electric current is 
au cut off, and when the ti d toa 


certain minimum the electric current is re-established, and elec- 
ot the water is resumed. The 


arrangement 1 
this invention, in which A represente the fire-back boiler or its 
equivalent ; B the hot-water storage-tank or cylinder ; O and C! 
the water-circulating ; D the supply-pipe from the ball-tap 

; E the pipe from the storage-tank B to the 
auxiliary electric water-heater F. G, H, and I represent the hot 
water service-pipes to the various floors, the rising service-pipe | 
being carried up to a level slightly above the level of the ball-tap 
80 as to form an air-relief 


y-cistern pe to the re. 
A similar air-relief pipe also be the rising 


up from : 
ee ) when desired. (Accepted April 8, 
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THE NEW JOINT DOCK AT HULL. 


THe important position which Hull occupies 
among the great ports of the kingdom will be 
made still more important by the completion of 
the New Joint Dock, which His Majesty the King 
is to open today. The older docks of the city 
have a water area of some 172 acres, while the 
new dock, when completed, will in itself have an 
area of 85 Nay rapengar md half that of the whole 
of the existing eight or nine docks. The authority 
for the port of Hull is the Humber Conservancy 
Board, which looks after the river conservation, 
pilotage, buoying, &e. The docks, however, are 
in the hands of the North-Eastern and Hull and 
Barnsley Railway Companies. The North-Eastern 
Company’s estate was purchased from the old Hull 
Dock Company in 1893. It has a total area, in- 
cluding quays, &c., of 410 acres. The more impor- 
tant docks are the Albert and William Wright, of 
284 acres; the Victoria, of 18 acres; and the 
St. Andrew’s, of 19 acres. The Hull and Barnsley 
Company own the Alexandra Dock, which has a 
water area of 534 acres and quays of 210 acres. 

The New Joint Dock has been built and will be 


future. Of the two arms already constructed, that 
to the north-west is 1350 ft. by 300 ft., and that 
to the north-east 1356 ft. by 450 ft. The dock 
is connected to the river by a single lock. The 

resent water area is 53 acres, which will be 
increased to 85 acres when the two remaining arms 
are ——S> The total length of quay of the 
present dock is 8162 ft. The entrance lock is 85 ft. 
wide and 750 ft. long. It is fitted with three pairs 
of gates dividing it into two pens, respectively 
500 ft. and 260 ft. long. The depth of water over 
the sills is 19 ft. 9 in. at low water, and 42 ft. 3 in. 
at high-water of spring tides. The minimum depth 
of water in the dock is 31 ft. 8in. Two graving- 
docks have been constructed at the east end of the 
north-east arm. These are respectively 550 ft. 
long, with a 72-ft. entrance, and 450 ft. long, with 
a 66-ft. entrance. The minimum depth of water over 
the sills is 22 ft. The north sides of the main area and 
of the north-east arm are fitted out for coal-handling, 
while the north-west arm has accommodation for 
unloading grain, and warehouse accommodation 
has been provided on the quays. The south 








quays of the north-east arm and of the main area 
have large spaces suitable for timber-handling and 


During the tipping of the outer reclamation bank 
the construction of the walls for the north side of 
the dock was proceeding. and similarly when this 
bank was completed the work of constructing the 
other walls was put in hand, while the material 
was being tipped to form the river embankment. 
This embankment was constructed without the use 
of a dam. It consists of a tipped mound of chalk. 
A trench was excavated and chalk and slag de- 
posited in it to form a toe. The face of the em- 
bankment was then pitched with roughly-squared 
stone. The toe was constructed at low tides. A 
small proportion of the filling material had to be 
brought by rail, there being not sufficient on the 
site. A general view of the west embankment is 
given in Fig. 24, on 864. The dock-walls 
were constructed by sinking the trenches to the 
foundation level. Owing to the prevalence of 
running sand it was found necessary to enclose 
the area of the south wall of the main dock with 
sheet-steel piling. The foundation of the wall 
was excavated down to about dock-bottom level, 
then the sheet-steel piling was driven from this level 
down into the clay below the bed of sand, which 
was reached just below dock-bottom level. This 
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owned jointly by the North-Eastern and the Hull 
and Barnsley Railway Companies. It is situated 
about 3 miles from the centre of Hull, to the east 
of all the older docks, and adjoins the Alexandra 
Dock of the Hull and Barnsley Company. The 
Parliamentary Bill authorising its construction was 
passed as long ago as 1899, but much time was 
lost in the years following in the determination of 
the general form and details, and work. was not 
started on the site until 1906. The new dock has 
been built as a joint property owing to a clause in 
the Bill under which the North-Eastern Rail- 
way purchased the Hull Dock Company's estate 
in 1893. This clause specified that the company 
should build no new dock to the east of the 
Hull and Barnsley Company's property with- 
out the latter company being given an. oppor- 
tunity of participating. The value of the imports 
and exports of the Port of Hull, amountin 
to some 80,000,000/. a year, place it in the thi 
position among the great ports of the country, and 
its advancing prosperity has long made some addi- 
tional dock accommodation desirable. The New 
Joint Dock will meet the need, and is ada for 
dealing with the general trade of the port, although 
special arrangements have been made for handling 
coal and grain. A large part of the new dock is 
also well adapted for the timber trade, which has 
to some extent been hampered for room in the 
past. There seems little doubt that the whole of 
the new property will quickly be put to service. 

A plan of the new dock is given in Fig. 1, 
above. As will be seen, it consists of a main 
area, 1000 ft. by 1050 ft., and two arms, running 
one east, the other west. Arrangements are made 
for the construction of two further arms in the 


1, 


storage. The whole of these arrangements we will 
refer to more in detail later, but at present, with 
this brief description of the main features of the 
dock, we will proceed to some account of the work 
of construction. 

The new dock, together with its quays, storage 
and marshalling yards, &c., covers an area of about 
380 acres, very much the greater part of which 
—certainly 90 per cent.—is situated on made 
ground. e total cost has been something in the 
order of 3,000,000/. The site is situated entirely 
on alluvium, which overlays the chalk, which here 
dips down from west to east. The chalk outcrops 
a few miles to the west of Hull, and sweeps round 
the north of the city to Flamborough Head. The 
chalk was never reached in the excavation work for 
the dock, but was touched by one bore-hole. An 
idea of the site as it originally existed is given by 
Fig. 1, in which the position of the old Humber 
bank is indicated by a thin broken line. The first 
work to be undertaken was the diversion of the 
Marfleet drain which ran across the site. This was 
a very heavy piece of work. The drain carries 
surface water only. The inner or first reclamation 
bank was then a. It was made 7 of material 
obtained from the higher parts of the site. Its 
position is shown in Fig. 1. When it was com- 
ow work on the dock-walls was commenced 

hind it, and the second reclamation bank, also 
indicated in Fig. 1, was tipped in the same way. 
The second bank was a difficult piece of work, as 
the tipped material was continually levelled out by 
the action of the tides. It is probable, however, 
that but little material was lost, and that most of it 
was impounded when the river embankments were 
constructed. 





GENERAL Pian oF New Jornt Dock Works, Hutt. 


ensured a practically water-tight box, and did 
away with any risk of the sand being drawn from 
under the wall, so that the wall could be built up 
without the use of piles, asin some of the other 
walls. The foundations for all other walls were 
taken out in timber piled trenches. The timber 
sheeting was driven from a level 19 ft. above dock- 
bottom level. The front portion of the sheeting was 
afterwards cut off to dock-bottom level. In the 
greater part of the work the foundations were of 
such description that pitch-pine piles had to be 
driven to carry the walls. The~ are shown in Fig. 8, 
on Plate CIX., which represe. s a characteristic 
section of the south wall of the north.west arm. 
Fig. 7 is the north wall of the same arm. The walls 
are of 8 to 1 concrete, faced with blue brick and with 
paatoconing. Chalk rubble drains have been put in 
hind, with weep-holes leading to the dock. Tipping 
inside the reclamation banks clear of the walls pro- 
ceeded while the wall trenches were being taken out. 
In other parts of the dock a different type of 
wall has been used, but in all cases the method of 
construction was generally the same, and a 
from the whole length of the north side, it was 
generally found necessary to resort to piling where 
concrete work was undertaken. During the con- 
struction of the walls the excavation of the main 
part of the dock was put in hand, but the comple- 
tion of the whole work was retarded by the fact 
that the north-east arms did not form part of the 
original scheme, so that the method of dealing with 
the whole job had to be modified after it was 
started. In the main excavation the top spit was 
taken off by a Lubecker land dredger, steam-crane 
diggers afterwards being used. The top pit, consist- 





ing of soft warp, proved useless for filling purposes 
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behind the walls, or for the reclamation banks, and 
it was disposed of locally on another contract, 
which was fortunately able to furnish suitable filling 
material in exchange. Much extra filling material 
had, however, to be obtained. It came largely from 
local collieries. 

As we have said, different classes of wall have 
been used in different parts of the dock. The con- 
struction shown in Figs. 7 and 8 are character- 
istic of the north-west arm and of the south quay 
of the main area. On the south side of the north- 
east arm a cheaper type of wall has been built. It 
is illustrated in Figs. 2 to 4, subjoined. It con- 
sists of a pitched a le face with a chalk backing, 
built up from a concrete toe. Over all a timber 
quay has been erected, details of which will be 





seen from the figures. The piles are of blue gum, 
the struts of pitch pine, and the decking of red 


we 








details of the piers and wall are given in Figs. 11 to 
14. Between the piers a pitched slope is used to 


form the boundary of the dock, ins’ of a vertical | th 


wall. This is shown in Fig.10. For each pier two 
timber jetties are built out from the quay over the 
pitched slope, as shown in Fig. 9. The piers carry 
the towers of belt-transporters which deliver coal 
to the ships through a chute. The timber jetties 
act merely as fenders for mooring the ship and deter- 
mining its correct ition. In addition to the 
timber jetties, each coaling berth has a timber 
dolphin lying out in the dock, which further serves 
for warping the ship and fixing its position. 
dolphins are not indicated in Fig. 9, but one of 
them is well shown in Fig. 26, on page 864. They 
can also be seen in the general view given in Fig. 56, 
on Plate CXIV. They are built up on blue-gum 
piles, without any cross-bracing below the head. 





The | sh 


along both quays of the north-west arm, and con- 
tain two or four belt-conveyors, which will transmit 
e loose grain direct tothe silo. Portable elevators 
will be used, which will stand on the ship’s deck or 
on the quay. These will deliver to the conveyors 
through cast-iron pi and chutes as shown in 
Figs. 5and6. The belt tunnel is a ferro-concrete 
monolithic structure, and rests on timber piles 
and struts. The bottoms of the struts sit on the 
concrete mass of the dock-wall inside the sheet 
piling. This is clearly shown in Fig. 5. The crane 
equipment of the quays, for which the rails are 
own in Fig. 5, we will refer to later. The grain- 
silo will have a capacity of 40,000 tons. It will 
be the subject of a separate contract, which will 
shortly be let. It will stand on Considére ferro- 
concrete piles. These have already been driven 
as part of the general dock contract. 
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This construction has been 
Ls adopted with the idea of giving 
the dolphins a good deal of 
elasticity, so that they are not 
likely to be damaged as a eo 
is moving into position. It wi 

be clear that as a ship lies 
between a dolphin and the 
timber jetties, its position will 
be easily adjusted to suit the 
coal-chute, also that any ship 
can enter or leave without 


























Other constructional parts of the dock to which 
we may refer are the warehouses around the north- 
west arm, and the graving docks. We do not 
publish any drawings of these features, but photo- 

phic illustrations will be found on Plate CX. 
he warehouses are of Considére ferro-concrete, 
and were built by the contractors for the dock. 
Those on the south quay are of two storeys, and 
those on the north quay one, but in both cases the 
foundations and lower walls are heavy enough to 
carry a further storey in the future. The founda- 
tions are built up on Considére ferro-concrete 





interfering with the others, and 
[ that much room is saved, since 





a “7 
wood. The horizontals ere chiefly steel joists. The 
quay, which will be used chiefly for timber traffic, 
carries two railway tracks and a track for travelling- 
cranes. A pitched rubble face, much the same as 
that adopted below the timber quay, has been 
employed for the face dams of the future south- 
west and south-east arms. 

An interesting arrangement has been adopted for 
the coaling wharves lying un the north side of the 
dock. As will be seen from Fig. 1, the berths have 
been placed at an angle to ‘he main line of the 
quay, so that they lie one behind another in saw- 
tooth fashion. The idea of the lay-out is to allow 
space for a greater number of ships in the a 
available than would be possible if they lay all in 
aline. A plan of three of the berths, to a larger 
scale than that of the general plan of the dock, is 
given in Fig. 9, on Plate CIX. The ships will lie 
alongside piers and jetties built out from the dock- 
wall proper. The piers are built up of con- 
crete, and are much on the lines of the dock-walls 
already dealt with. They are faced and coped on 
exposed faces. Cross-sections of one of the piers 
are given in Figs. 11 and 12, on Plate CIX., and 


40/18 U/ 


yw 


tr the stern of one ship can over- 
lap the bows of the next. 
The coal-conveyor plant we will describe later ; | 
but before leaving this part of the dock we 
should say that additional coal-handling gear will | 
consist of two hydraulic wagun-lifting and tipping | 
hoists. These will be situated at the end of the north | 
quay, immediately to the east of the last of the’ 
Sunken jetties. The position will be seen from Fig. 1, | 
in which the sidings for handling the wagons right 
up to the hoists are indicated by single lines. One| 
of the hoists is fixed at the outer end of the quay, | 
and the other is movable along the quay-side. 
These hoists we will deal with more fully later, 
when describing the equipment of the dock ; 
but before going on with this there are still 
several parts of the constructional work to which 
we must refer. One of these is illustrated in Fig. 5, 
on page 863, which is a section taken through the 
south wall of the north-west arm, showing the con- 
veyor tunnel for the grain-handling plant. From 
the plan of the dock given in Fig. 1 it will be seen 
that a grain-silo is to be erected at the end of the 
north-west arm. This silo is not yet built, but the 
conveyor tunnels were, of course, put in durin 








‘the building of the quays. 


Tunnels are carri 


piles. A good idea of the construction of the 
warehouses is given by Figs. 27 and 28. Fig. 28 
is an interior view, and Fig. 27 shows the roof 
before the concrete was run in. The concrete- 
distributing machine shown in this figure is of 
interest. The warehouses are made with hatches, 
and have roof-cranes, which can handle material 
from any floor, and either deposit it on the roof, 
or into railway-wagons on the far side of the 
warehouses away from the dock. Material for ships 
is handled by wharf-cranes, and is either placed 
direct into the warehouses or passed on to the 
roof-cranes, which lift it over the warehouses to 
the sidings on the far side. The graving-docks we 
need not say very much about, as their construc- 
tion follows that of the quay-walls already dealt 
with. The dimensions of the docks have already 
been given. Views showing various stages in the 
construction of these docks are given in Figs. 29 
and 30, on Plate CX. 

The entrance-lock runs from south-west to 
north-east, as will be seen from Fig. 1. This dis- 
position enables ships to enter or leave the river, 
more or less, with or inst the tide. As a con- 
sequence, a ship docking or undocking while a 
strong tide is running does not experience the full 


‘force of the water on her beam, and so is more 


easily handled. The disposition of the lock also 
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puts a docking ship fore and aft with the south- 
westerly wind, which on the whole is the worst 
wind experienced in the port. It is very unusual 
for any wind to prove dangerous to shipping in the 
river. A plan and a longitudinal cross-section of 
the lock are given in Figs. 15 and 16, on Plate CIX. 
As already mentioned, the width is 85 ft. and the 
length of the two pens respectively 500 ft. and 
250 ft. The depth of water over the sills is 19 ft. 
9 in. at low water, and 42 ft. 3in. at high water 
of spring tides. 

The construction of the lock was a difficult part 
of the work of building the dock, as running sand | 
was found under the site. It was ultimately found 
necessary to enclose the whole area of the lock 
structure by sheet-steel piling, cutting it off com- 
pletely from the surrounding subsoil, to prevent 
the blowing up of the bottom of the site when it | 
was excava’ down to foundation-level. This | 





piling was carried down 47 ft. below dock-bottom | 


has been built under the lock to the north side of 
the middle ey! of gates. It is shown in section in 
Fig. 19, while details are given in Figs. 17 and 18. 
The arrangement of the sluices is shown in Figs. 
20 and 21. The valves are hydraulically quia 

Having dealt with the lay-out and general 
constructional features of the dock, we may 
now proceed to give some account of the mecha- 
nical equipment. The whole of the power for 
working the dock is obtained from the electric- 
supply mains of the city. We do not know if this 
arrangement is unique for a large dock, but it is 
certainly unusual. It has much to commend it, 
and the dock load should be an important asset to 
the Corporation system. A special sub-station, 
situated on the dock estate, has been built, and 
high-tension three-phase current at 6600 volts is 
delivered to this station from the Corporation 
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level. A timber-pile dam was built at the river end 
during the building of the lock. This is indicated 


in Fig. 1, while a view of it taken from inside the ware troughs have mainly been employed for the | delivered by them is gradually reduced to zero, 


lock is given in Fig. 26, on 864. In the early | 
of the work, before the sheet-steel piling was | 























the lock, This hydraulic apparatus was supplied 
by Messrs. Hathorn, Davey and Co., Limited, of 
Leeds. Cross-sections and a plan of the station 
are given in Figs. 31 to 36, on Plate CXI. 

The pumps are driven by 200-brake-horse-power 
440-volt direct-current motors, which run at 500 
revolutions per minute, and drive the pump crank- 
shaft at 55 revolutions per minute through single 
reduction gearing. The motors and their control- 
gear were supplied ky Crompton and Co., Limited, 
of Chelmsford. Each pump-ram is of hard man- 
ganese bronze, 54 in. in diameter, and has a stroke 
of 18in. The accumulators automatically start 
and stop the pumps when at the bottom and top of 
their strokes respectively. By means of a patented 
arrangement of Messrs. Hathorn, Davey, the 
electric motor is first set in motion by the accumu- 
lator, and the pumps are started against no load. 











































































































mains. Conversion to 440 volts direct current is in| When the motor has attained its proper speed, the 
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mittee looks after the distribution. Oallender’s 
paper-insulated cables laid in bitumen in earthen- 


low-tension feeders. 
The electric power supplied from the sub-station 





introduced, foundation piling was put in, but this | deals direct with four main services: the cranes 
was dispensed with when the sheet-steel piling was grouped round the north-west arm, the coal-con- 
in place and the foundations were taken down to the | veyors, the grain-conveyors, and the pumping 
boulder clay underlying the running sand. The machinery for the graving-docks. The entrance- 
sheet-steel piling proved very successful, and no lock and graving-dock gates machinery and the 
trouble was experienced with the foundations after | coal-hoists are only supplied indirectly by the sub- 
it was completed. Various cross-sections showing | station, since they are fitted for hydraulic opera- 
the construction of the lock in some detail are given tion. All hydraulic power is supplied from an 
in Figs. 19 to 23, Plate CIX. These illustrations | hydraulic pumping-station, which is situated on 
are largely self-explanatory. The gates are of the the north side of the graving-docks. This station 
leaf type, and are fitted with a novel operating is driven electrically. The cables from the sub- 
mechanism, which we describe below. As will beseen station are carried along the north side of the dock, 
from Figs. 15 and 16, grooves have been formed in and a switch-station has been built at the north- 
the lock-walls for temporary stop-log dams and east corner of the north-east arm, by means of 
fender-chains, but it has not been considered neces- | which power can be entirely cut off from either the 
sary to | age these appliances at present. In the hydraulic station or the ving-dock pumping 
event of the failure of any pair of gates, the lock | plant. The switch-gear, both in this station and in 
could still be operated with the remaining pairs | the sub-station, is of British Westinghouse make. 
meray ar pee orrepairs. Timber jetties have The hydraulic station contains three electrically- 
been built at the river entrance to the lock for the | driven three-throw horizontal pumps, each of which 
convenient warping-in of steamers, while 5 and 10- | is capable of forcing 250 gallons a minute against an 
ton hydraulic capstans have been fitted on either accumulator pressure of 850 lb. per sq. in. There 
uay. The lock is operated by hydraulic power are two hydraulic accumulators in the station, while 
hout, and a culvert carrying the supply-pipes a third one is situated on the pier-head, close to 


end of the stroke of the accumulators, when the 
| pumps are to be stopped, the quantity of water 
and the motors are then stopped. These arrange- 
ments prolong the life of the hydraulic plant, and 
obviate any danger of an excessive flow of current 
to the motors when starting. 

The accumulators in the power-house are each 
16 in. in diameter, and have a clear stroke of 18 ft. 
The accumulator at the lock has a ram 18 in. in dia- 
meter, with a stroke of 23 ft. This accumulator is 
fixed at the point in the pipe system furthest from 
the power-house, and serves to maintain a steady 
pressure at that point. The power-house contains 
three tanks, to which the return water from the 
hydraulic machinery is led. These each have a 
capacity of 5200 gallons. They ave fixed side by 
side on one wall of the power-house, as is clearly 
shown in Figs. 33 and 34. In the event of the 
return water supply being interrupted by the break- 
ing of a main or other cause, an alternative supply 
of water can be obtained from the dock. This is 
arranged for by the installation of three electric- 
ally-driven centrifugal pumps, each capable of 
raising 300 gallons of water per minute and feeding 
it to the return-water tanks. The three pum 
are shown in elevation in Fig. 31, while one can 
seen in end view below the tank in Fig. 34. Each 
\of the main pumps, together with a tank and 
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centrifugal, form a unit which can be worked inde- 
ndently from the rest of the plant if necessary. 
ndicators are fixed on the station wall, which show 
the level of water in the three tanks and the 
height of the two accumulators. They can be seen 
in Fig. 34. 

As we have already said, the hydraulic station 
supplies pressure water for operating the gates at 
the graving docks and the lock, and for operating 
the coal-hoists. Dealing, in the first instance, with 
the gates, we will confine our attention to one set 
only, those at the lock, since the arrangements 
used at the graving-docks are generally similar. 
The gates, with various details of their operating 
machinery, are illustrated on Plates CXII., CX4II., 
and CXIV., and on pages 865 and 866. The duter 
and middle gates are 45 ft. deep by 47 ft. 6 in. wide, 
while the inner gates are the same width by 3 ft. 
less in depth. The method of construction of all is 
the same. They are of steel, with greenheart heel 
and mitre-posts and clapping-sills. As shown in 
Figs. 36 to 39, on Plate OXI, each gate is built 
up of angle-framing stiffened by web-plates, which 
form seventeen horizontal decks. The outer surface 
of the framing is covered in with plates, which form 
the faces of the gate. The cover-plates overlap at 
the joints, and outer stiffening-plates are riveted 
on at the joints where necessary. The upper half 
of the flat side of the = is not plated on, but 
diagonal ties run from the eighth deck to the top. 
They are clearly shown in Fig. 37. 

The web-plates of the first seven decks, counting 
from the top, are # in. thick. The eighth deck, 
which is a special water-tight deck, is 4 in. thick. 
The ninth is 2 in., the tenth and eleventh are ,; in., 
the twelfth and thirteenth 4 in., the fourteenth 
and fifteenth ,% in., and the sixteenth gin. The 
bottom, seventeenth deck is j in. Fig. 40, on 
Plate CXII., is the top deck. Fig. 42 shows the 
general lines and the riveting of the second to the 
seventh, and the ninth to the sixteenth, while 
Fig. 43 shows the bottom deck. The plate and 
channel construction by which the heel-post is 
secured to the gate is detailed in Fig. 41, 
while its method of attachment to the gate is shown 
in Figs. 42 and 43. The water-tight deck, the eighth 
from the top, to which we have already referred, 
divides the gate into two independent chambers, 
the lower of which is water-tight throughout. The 

ates are of the semi-floating type. As will be seen 
ae Fig. 37, there is no roller arrangement to 
support the outer end of the gate, but the weights 
are so adjusted that the gates float sufficiently 
to take most of the load off the heel-post bear- 
ings, while there is always a small weight on the 
anchor. 

The o 


n construction on the flat side of the gate 
above 


e eighth deck is well shown in Figs. 56 
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water to the lock. Access is had to the water-tight 
lower part of the gate by two man-hole shafts, which 
can be seen in Fig. 40. 

The upper part of the flat side of the gates is 
fitted with greenheart fenders, of which details 
are given in Fig. 65, on page 865. The fenders 
are also shown in Fig. 57, while Fig.58, Plate CXIV., 
shows the gates before they were fitted. Figs. 60 
to 64, on page 865, illustrate the ejector arfange- 
ment which has been fitted for removing any water 
which may enter the lower part of the gates through 
leakage. The arrangement consists of an ejector, 
which can be seen fixed in position at the lower 
ee of the left-hand side of Fig. 60, and which is 

etailed in Fig..64. A view toa somewhat smaller 
scale than Fig. 64 is given in Fig. 63, showing the 
arrangement of the connecting-pipes. The ejector 
is operated from the hydraulic supply system of 
the docks, the right-hand vertical pipe in Fig. 60 
being connected up when n to a valve on 
the pose through a flexible tube. The left- 
hand vertical pipe in Fig. 60 is the discharge. It 
is fitted with a gun-metal flap-valve at its top 


and 57, on Plate CXIV., which are views of the | end 





gates in position before and after the admission of 


Details of the supporting arrangements for the 





upper gate-bearings are given in Figs. 45 to 52, on 
Plate CXI{I. The upper pivot of the gate works 
on a roller-bearing, is carried in a housing, which, as 
shown in Fig. 45, is held up by two ties embedded 
in the main concrete formation. The ties are of 
steel, and carry cast-iron plates screwed to their 
inner ends. One of the ties and plates are detailed 
in Figs. 50 and 51. The pull coming on the plate 
is distributed through the concrete mass by em- 
bedded rails, as shown in the figures. Auxiliary 
vertical ties, connecting to the plates, hold the 
back epd of the main ties down. The main ties 
are connected to the bearing-housing by wrought- 
steel links, and wrought-steel right and left-hand 
adjusting-nuts are provided at the outer end of the 
ties to allow of proper setting up. One of the nuts is 
shown to a large scale in Figs. 48 and 49, while the 
arrangement generally will be quite clear from 
Fig.45. This latter figure also shows that one of the 
ties is bent through an angle of 150 deg. 60 min., in 
order that the pull of the bearing-housing may be 
taken directly without any bending action on the 
link. The bent tie is carried round a cast-iron 
bearing-plate, which takes the resultant force of 
the pulls in the two sections of the tie. The plate 
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is detailed in Fig. 52. The pressure on the plate 
4 a to the concrete by two vertical rails 
ind i 





The operating arrangements of the gates are 
quite novel and of much interest. Thev are illus- 
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opened or closed by a long connecting - rod or 


| strut, which works in a tunnel formed in the dock- 


wall, as shown in Figs. 70 and 71. 

A general idea of the arrangement is well given by 
Fig. 59, on Plate CXTV., which is a view of a pair of 
gates before water has been let into the lock. The 
operating struts can be clearly seen. - The inner 
end of each strut works on guide-rails fixed to the 
side of the tunnel, and the strut is moved in or out 
by an endless wire rope, which is carried round 
guide-pulleys to an hydraulic winch fixed in a 
chamber just below quay-level. The whole 
arrangement is well shown in the sections and plan 
given in Figs. 66 to 69, and it will be clear that as 
the winch hauls in one branch of the rope and 
pays out the other, or vice versd, the crosshead end 
of the strut will travel in or out along its tunnel, 

A 





trated in Figs. 66 to 71, on page 866. Each gate is 


so that the gates will be opened or closed. 
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section of the strut tunnel showing the guide-rails 
is given in Fig. 70. | 

‘The hydraulic winch which operates the wire | 
rope is shown in Figs. 53 to 55, on Plate CXIIT. It 
is of 18 brake horse-power, and has three oscillating 
cylinders running at 100 revolutions per minute. 
The rope drum is double-geared down from the 
engine, as will be clear from the figures. The 
winch is, of course, of thé reversing type, reverse 
being effected by altering the direction of flow of 
water through the engine. An auxiliary stand-by 
hand-gear is fitted for use in case of breakdown of 
the engine or failure of the hydraulic supply. It is | 
operated from a crown wheel having deta for six 
hand-levers, which drives the drum through a 
bevel gear. The arrangement is clearly shown 
in the figures. A dog-clutch serves to throw 
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are normally not accessible for inspection or repair. | built by Sir W. G. omer gee 
il 


_ face on the lock side and makes a water-tight joint. equipment of the dock. 
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the engine out of gear when the hand mechanism for the wire rope are cut off from the water and 
is being used. It will be clear from Fig. 68 and the lock. The water in the tunnel, shaft, and 
from our description that the strut tunnel and groove is trapped and, as the clapping-sill makes 
the wire-rope shafts will be continually full of a water-tight joint, may be pumped out, so that 
water up to water-level. This means that the the strut and other under-water parts of the gear 
strut and its guides, and two of the guide-pulleys, become accessible for inspection. The gates were 
Whitworth and 
To overcome this difficulty each gate is made with Co., Limited, of Newcastle, while the operating 
a greenheart clapping - sill on its curved face, machinery is by the Hydraulic Engineering Com- 
which, when the gate is open, and right back in| pany, Limited, of Chester. 

the gate recess, comes up against a flat cement, In our next article we will deal further with the 
In concluding this first 
This sill is not shown in any of our outline illus- part of our description, we should say that the 
trations, but is very clearly shown in Fig. 59, dock has been built by Messrs. S. Pearson and 
on Plate CXIV. It is so proportioned and placed Son, Limited, and that the joint engineers of the 
that when the gate is back in the recess the work were Mr. T. M. Newell, M. cs. C.E., for 
entrance to the strut tunnel and the front groove the North-Eastern Railway, and Mr. R. Pawley, 
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M. Inst. C.E., for the Hull and Barnsley Railway. 
We are indebted to Mr. Newell for the drawings 
from which our illustrations have been prepared. 
The resident engineer for the work was Mr. W. 
Ebdon, who showed us round the dock and whom 
we must thank for the assistance he atforded us in 
the preparation of this description. 


(To be continued.) 





WESTMINSTER HALL. 

Tue disturbing rumours that have been circu- 
lated concerning the unsound condition of the roof 
of Westminster Hall make precise and authorita- 
tive information welcome. Such information is 
now supplied by the thorough and instructive 
Report* of Mr. F. Baines, M.V.O., one of the 
principal architects in H.M. Office of Works, who 
describes the present condition of the roof timbers, 
and suggests plans for the restoration and strength- 
ening of this historic structure. The associa 
tions connected with the venerable building would 
make this Report a very interesting document, as 
it throws much light on the methods of construc- 
tion pursued in earlier times; but it also pos- 
sesses a distinctly practical value, since the scien- 
tific information on various points contributed by 
eminent experts will be of service in the work of 
restoration in other old timbered buildings. 

The Report is prefaced by an interesting account 
of the circumstances under which the building was 
constructed, and of the charaeter of the repairs 
that have been made to the fabric in the cen- 
turies that have elapsed since William Rufus kept 
court in his new palace at Westminster. Quota- 
tion is tempting, but we can permit ourselves 
only one extract to show the excellence of the work 
that was done in those days. ‘* The massive and 
well-built walls of Rufus’s Hall show even at the 
present day no sign of failure; but, in order to 

rovide for the strain of the great new roof, 
Richard's masons built strong flying buttresses 
against alternate bays of the side walls . - and 
further strengthened the walls by blocking up the 
original arcaded wall passages. ese precautions 
have been amply sufficient, and such repairs as 
have been ale in the last 500 years have been 
caused by the decay of material, and not the failure 
of construction.” The confidence begotten by long 
immunity from accident and strengthened by 
periodic, but rather perfunctory, examination, 
received a rude shock when, some time back, Mr. 
Baines had the opportunity of ascending to the 
collar-beam level and tested the condition of the 
beam where it joined the upper principal. Here 
the timber was so rotten and disintegrated that -he 
could pull away large pieces with his hand, and 
convinced himself that it was within the limits of 
possibility that at least four out of the thirteen 
trusses might very well fall. From that time more 
or less sensational paragraphs have appeared in the 
Press, culminating in the description of the oppor- 
tunity afforded to distinguished amateurs to satisfy 
their curiosity by personal examination of the 
decayed beams. 

There is nothing unexpected or startling in the 
cause of the decay that has been discovered. Dry- 
rot and incipient surface decay, due probably to 
deficient ventilation, are noticeable, but of more 
importance have been the attacks of insects. Some 
species of Anobiid beetles, of which the Xestobiwm 
tessellatum is singled out for particular description, 
have been the fiercest depredators. Considerable 
space is devoted in the Report to the discussion of 
means for preventing the inroads of these pests, 
and no doubt it would be very satisfactory if the 
eminent entomologists and mycologists who have 
been consulted could have suggested some practical 
and effective means for rendering timber impervious 
to the ravages of wood-boring beetles, Unfortu- 
nately, the processes that are effective cannot be 
applied under the particular conditions of the 
— existing in the case of the Westminster roof. 

he complete impregnation of the timber by a 
durable preservative cannot be attempted if, as is 
desirable, every part of the existing rouf is to be 
maintained intact in its present position. The 
area to be treated, and the great cubical content of 
the building, equally forbid the application of 


* Westminster Hall. Report to the First Commissioner 
of H.M. Works, d&c., on the Condition of the Roof Timbers 
of Westminster Hall, with Suggestions for Maintaining the 
Stability ¢ the Roof. By Mr. F. Baines, M.V.O. 
London: Wyman and Sons. [Price 1s. 4d.] 





certain other chemicals and gases that under 
ordinary circumstances would destroy insect life. 

It is ho that chemical research will indicate 
some fairly cheap material that will penetrate 
well into the timber by mere application to the 
outer surface, will not és inflammable, nor smell 
offensively, that will not discolour the wood or 
prove to be a volatile poison, and yet would be a 
perfect insecticide and also a good timber preser- 
vative. If chemists could find such a composition, 
it would evidently have a wider application than 
the roof of Westminster Hall, but search, though 
long and diligent, has not proved altogether 
successful. A long list of substances have been 
tried, and each has been rejected as failing to meet 
some requirement. Only two liquids out of the 
total number examined present any hopeful fea- 
tures. These are the outcome of the experiments 
of Dr. Dobbie and Dr. Westergaard. The former 
recommends a purified specimen of tar oil, which 


is comparatively colourless, has little or no effect 
upon the colour of new oak, but may perceptibly 
darken the colour of the old oak of the hall. It is 


a perfect insecticide, has a fair degree of penetra- 
tion, and has a high percentage of non-volatile 
hydrocarbons, which would remain in the timber 
for years. It is comparatively cheap, and wherever 
new oak is employed in construction it would be 
found of great assistance in resisting the attacks of 
Xestobium tessellatum. Dr. Westergaard is disposed 
to rely on the use of naphthaline and carbon tetra- 
chloride for destroying the larve. Both these 
are insecticides, and the carbon tetrachloride, in 
which the naphthaline would be dissolved, possesses 
great penetrative wers and volatises easily, 
leaving the naphthaline in the pores of the wood. 
The experiments of Dr. Westergaard, as of others, 
confirm the opinion generally recognised that 
naphthaline is extremely deadly to insect life. 

e report does not make it very clear whether 
the object in seeking a preservative is to prevent 
further decay in the old timber, or to secure a 
longer life to the new. The resistance offered by 
the timber against fungus growths or insect attacks 
is probably not the main factor in securing struc- 
tural stability. The fact remains that for 500 
years the oaken roof, innocent of any chemical 
treatment, has fairly well repelled the assaults of 
time and beetles. Injudicious repairs have done as 
much injury as colonies of Xestobium. Shakes 
arising from the overstraining of the timber have 
been as destructive as the industry of the beetle. 
Unequal support of the roof, leading to deflection 
and distortion, is a defect that will not be remedied 
by doses of corrosive sublimate or the application 
of sulphur dioxide and camphor. The cumulative 
effects of time on the geological formation, as on 
the habits of the nation, cannot be determined by 
experiment, and we should imagine that the life of 
the building would depend more on causes, far- 
reaching, but beyond control, than upon the effectual 
ena ange of a particular piece of timber. Itis well to 

ave the whole information presented, to know what 
science can do to defeat the natural causes of decay, 
but equally necessary to be on our guard against 
placing too much stress on details. For similar 
reasons we may over the rather lengthy dis- 
cussion of the choice of the particular quality of 
oak to be employed. There is not sufficient 
accurate scientific information upon which to give 
a trustworthy verdict. On patriotic grounds we 
naturally assume that English oak has qualities 
which are unsurpassed for structural purposes 
where strength and durability are required. But 
we really know very little of the relative merits or 
defects of Canadian, Russian, and Siberian oak, and 
of many other growths. Specimens have not been 
submitted to the test of centuries in our climate. 
As little do we know of the effect of soil, situation, 
culture, and other influences on the toughness, 
weight, and fitness of the resulting timber. Some 
authorities recommend certain botanical varieties ; 
but the number of variables contributing to the 
final result is legion, and it is impossible to trace 
the effect of each of these, either singly or in com- 
bination. Mr. Baines is, we think, well advised in 
rejecting foreign-grown timber, as the teak and 
some descriptions of the so-called ‘‘ ironwood,” 
adhering strictly to a well-known and long-tried 
variety of English oak, grown on a favourable soil 
under good conditions of cultivation. The discus- 
sion, informing as it is, must be regarded rather as 
a proof of the care bestowed upon the inquiry than 
as eliciting any fresh or useful facts. 

On elementary principles, but exceedingly in- 





‘ingenuity exhibited in discussing t' 


teresting from an historical point of view, the 
author sketches the growth and development of the 
hammer-beam roof, of which Westminster Hall 
contains the earliest and best-known example, 
Judged by criticisms that have appeared, it would 
seem that the public very imperfectly comprehend 
the principles on which the roof is constructed, or 
the peculiar features which determine its unique 
character. Mr. Baines commends the form of con- 
struction in most appreciative terms, and is inclined 
to believe that it embodies an original conception, 
and is not a necessary and normal development of 
the trussed-rafter type, or of the tie-beam roof. 
The architect, Hugh Herland, had to meet and 
overcome difficulties of no common type. Com- 
pelled to rely on timber in his construction, he 
could not obtain tie-beams and principal rafters of 
sufficient length and section to extend the ordinary 
forms of roof, and, if obtainable, from the want of 
mechanical appliances, he would have experienced 
great difficulty in handling such weights. If wider 
and loftier buildings were to be roofed in, a new prin- 
ciple had to be evolved. Consequently he devised a 
roof, formed of three separate and distinct portions, 
each a framed structure in itself, as indicated in 
the three triangles as shown in Fig. 1, page 868. 
The apex triangle NQD is combined with the two 
lower and symmetrically placed triangles TCQ on 
opposite sides. With the description now provided 
it is easy to follow the fundamental principles under- 
lying the construction, but when less careful and 
exact examination was relied upon, it is to be feared 
that some eminent architects have been misled, 
with the result that in some comparatively recent 
restorations, so little judgment has been manifested 
that the roof has actually been weakened by the 
additions and alterations that were intended to 
increase the stability of the structure. 

In Fig. 2, page 869, which represents a careful 
drawing of a typical truss from measurements 
made in situ, the position and function of the three 
triangles are clearly seen. The principal portion 
above the collar-beam is of comparatively simple 
construction. Its mode of support, with the induced 
stresses, is of more importance. The principal 
rafters abut at their tops against the crown-posts 
and their feet are tenoned into the main collar- 
beam, being stiffened under the purlins by hori- 
zoutal and vertical struts. In the lower triangle 
the upper end of the lower principal is tenoned into 
the hammer-post. The main collar-beam, formed 
of two separate members, is carried partly on the 
tops of the hammer - posts and partly on the 
members of the trussed purlins, which are housed 
into the hammer-post. ‘These posts resting on the 
free end of the hammer-beam evidently fulfil an 
important function, only second to that of the 
hammer-beam itself. The posts are 22 ft. in height 
and 2 ft. in width, occasionally reaching 3 ft. and 
more in certain points. They weigh approximately 
34 tons, and must have been cut from noble trees. 

hey have not been treated so skilfully as their 
importance demanded. They obtain some support 
from the hammer-beam to which they are double 
tenoned, and from the outer members of the great 
curved rib, but these supports have not been sufli- 
cient to take the whole of the load. Consequently, 
the hammer-beams have deflected very considerably, 
showing a deviation of from 2in. to 6 in. from the 
horizontal. There is also evidence of some lateral 
swing. One cannot insist too urgently on the part 
these particular beams play in securing the struc- 
tural integrity of the roof. Each one operates as a 
cantilever, but so little has this been understood 
that ‘‘ in three cases the hammer-beams have been 
actually cut across at a distance of some feet from 
the wall and pieced up in modern oak, so that in 
consequence they are completely inoperative as 
cantilever supports.” 

The function of the great arched rib (F), Fig. 1, 
in the original conception is more difficult to de- 
termine. It is suggested that the rib *‘ was intro- 
duced to make assurance doubly sure.” To some 
extent it prevents the movement of the hammer- 
beam, and the swing of the hammer-post from the 
end of the main collar. Under present conditions 
it does give material constructional support to the 
original members of the old roof, carrying a con- 
siderable stress in a way that was not originally 
intended. The existence of this rib complicates the 
theoretical solution of the stress problem very 
considerably, and notwithstanding the care and 

fis problem, we 
cannot think our knowledge of the actual condi- 
tions is advanced very materially. Neither does 
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the discussion throw any great light on the problem 
as originally contemplated. Had it been possible, 
it would have been very informing to determine 
the extent to which the methods of mediwval 
architects corresponded to those of the modern, and 
what was the factor of safety inherently adopted. 
‘*Their structures,” writes Mr. Baines, ‘*‘ appear to 
show that their advance was strictly the result 
of practical trial and error, and certain features of 
the experience thus gained do not appear to conform 
to, nor are fully explicable by, these modern 
theories.” 

There is no need to dwell upon the evidences 
of decay that have been discovered by thorough 
examination. Of the purlins and principal rafters 
it is stated that they are nearly all decayed, and 
many have deflected under their loads to an 
alarming extent, in some cases almost pulling the 
tenons out of their mortices. It is difficult to form 
an adequate picture of the deplorably insecure con- 
dition in which the roof now stands. Wherever 
there is woodwork there is evidence of decay, and 
many of the main beams have such large cavities 
that they are reduced to the merest shell. The 
larve have done their work only too effectively, 
but the constructional errors involved in the so- 
called restorations have done not a little to impair 
the general stability. 

The necessity of large and effective repair being 
demonstrated, Mr. Baines proceeds to , the 
proper treatment that will give to the roof the 








Fic. 1. Tae Roor as it Exssts at Present. 

necessary strength and support without injuring 
its historical character or archzological features. 
Various schemes, founded on more or less imper- 
fect knowledge, have been submitted, but these 
can be summarily dismissed, since it is announced 
through the ordinary channels that Mr. Baines’s 
SS have been definitely accepted. The cost, 
60, ., is large, just as the time to be occupied 
in re-construction, six years, is long. The diffi- 
culties, both ssthetical and engineering, are many 
and not easily overcome. It should be accepted 
as an axiom that the original moulded work and the 
faces of the various members should be preserved 
as far as possible. Of such an ancient monument 
every effort should be made to retain the general 
effect and the colour of the work. This tender 
regard for the ancient work overthrows all pro- 
posals for securing the roof by piecing up defective 
members. If such a plan were attempted, the re- 
arrangement of the roof would be so extensive that 
the result would possess no historical value ; and, 
further, it may be doubted if permanent stability 
would be secured, because the strength of the 
beams consists in a great measure upon the uni- 
form continuity of the members, as distinguished 
from jointed members. To overcome the many 
difficulties and preserve the amenities of the build- 
ing, a system of steel reinforcement has been 
approved as the most suitable course. It will be 
found possible to give adequate support to every 


one of the members, while preserving the general 


Scale for Details 


WEST 


appearance of the structure unchanged. Supposing 
the timber decay to continue, the strain would be 
borne by the steel reinforcement, and the possi- 
bility of complete collapse is eliminated. An entire 
truss of steel will be added to the existing timber- 
work, of sufficient strength to support the whole of 
the present roof, together with the weight of the 
steelwork itself, so as to bring the total weight of the 
strengthened roof to a safe and satisfactory bearing 
on the walls. The truss will follow the outlines of 
the principal rafters shown in Fig. 2, and the out- 
lines of the reat arched rib on the under side, 
finishing at the ‘bottom by horizontal members at 
the level of the wall-plate. Fortunately, the walls 
and the foundations are strong enough to bear the 
weight of this superstructure, and to resist any 
| possible outward thrust such a weighty reinforce- 
|ment might produce. 

The intention is to conceal the steel strengthening 
entirely, so that nothing unsightly will disfigure 
the magnificent roof. e modern timber struts, 
_with the tie-bolts and rods that at present break 
| across the original lines of the trusses, will be taken 
away, and the trusses will be viewed as originally 
conceived. A plate included in the Report gives 
& perspective view of a portion of the roof as 
‘it will appear when reinforced, and the general 
appearance, it will be admitted, is satisfactory, 
though certain critics may object to the deception, 
|however artfully hidden. Some compensation is 
provided by the knowledge that the structure is 
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safe. Wherever decay has caused large cavities and 
fissures in the wood, the decayed timber will be 
cut away, and pieced to provide a solid bearing 
for the reinforcement on each side of the members. 
This piecing-up in oak will have to be done simul- 
taneously with the work of reinforcing the mem- 
bers with steel. The task is both difficult and 
delicate. The trusses must not be lifted or jacked 
in any way whatever. The joints between the 
main collar-beams and the upper principals and 
hammer-posts are so much decayed that if an 

attempt were made to carry and lift the roof, 
the trusses might collapse. Further, the trusses 
must retain their present position absolutely. No 
wedging up or drawing together must be attempted, 
and each truss must strictly maintained in its 
existing vertical plane. Should one of the trusses, 
when freed from the strut supports of its purlins, 
rock in any way while the latter are being re- 
inforced, the gravest danger of the collapse of the 
adjacent trusses would occur. 

In order to accomplish this gradual removal and 
reconstruction safely, it is pro to erect a 
specially-constructed movable steel scaffold that 
can be placed under the bay, or bays, under treat- 
ment. This scaffold will be a huge affair, weigh- 
ing, when fully loaded, at least 115 tons, when 
embracing only two trusses with the intermediate 
bay. If it be necessary, as it may be, to support 
at the same time a larger portion, as, possibly, four 
trusses and three bays (the whole roof contains 





thirteen trusses and twelve bays), a very heavy 
load will rest on the base. The pavement will 
of course, be removed, and necessary precautions 
have been taken to reduce the risk to a minimum. 
The stoutness of the foundation-walls and the 
character of the subsoil are favourable. The 
estimate (20001.) provides for the smaller scaffold 
only, and apparently only for the construction of 
the lower permanent parts, which will be of a 
height sufficient to clear the truss under the 
hammer-beam and rise about half way up the arch, 
formed by the two curved struts from the lower 
ends of the hammer-post to the centre of the great 
curved rib and collar-beam (see Fig. 2). Or this 
stage at two levels—one under the hammer-beam 
and the other under the main collar-beam—plat- 
forms will be fixed to serve as working for 
getting at the roof. When the main scaffold is 
shifted, these parts will be removed, as will all 
staging erected for reaching other parts of the roof 
and for constructing the necessary templates. 
These templates will have to be very carefully 
constructed, and, indeed, the accurate and effective 
fixing of the steelwork throughout the truss involves 
great nicety of adjustment. 

Abundant details, set out in the appendices 
attached to the Report, permit the formation of a 
very accurate notion of the condition of the roof 
and of the repairs involved. We have seen no 
mention of the effects of the difference of expansion 
between the timber and the steel due to alterations 





of temperature, and getee this is negligible, as 
the heat variation will not be very large in short 
periods of time, but in a width of 70 ft. some slight 
alteration may become noticeable. 





British Rai, Exports.—There appears to be a proba- 
bility that 1914 will be another good year in the history 
of'our export rail trade, the exports for May having been 
56,881 tons, as compared with 45,025 tons in May, 1913, 
and 17,736 tons in af 1912, while, in the five months 
ended with May 31, rails were exported to the aggregate 
extent of 221,158 tons, as compared with 202,542 tons in 
the cor ding period of 1913, and 168,259 tons in the 
corresponding period of 1912. Our rail exports to Argen- 
tina have shown some wea this year, baving onl 
amounted to May 31 to 16,993 tons, as compa with 
22,153 tons and 15,764 tons in the corresponding periods 
of 1913 and 1912 respectively. The falling-off is explained 
by the recent sharp contraction of Angretios railway 
traffic. The Colonial demand for British rails has been 
as follows in the first five months of the last three years :— 


Colonial Group. —_ = 1912. 
British South Africa 36,021 24,916 17,107 
British India Se 75,992 57,278 51,869 
Australia .. 62,491 66,128 51,247 
New Zealand 7,579 15,863 10,606 
Canada Se 93 287 274 


Perhaps the most satisfactory feature of this summary is 
the steady progress of the Australian demand. "The 
outlook for British South Africa and British India is 
also encouraging. The value of the rails exported to 

31, this year, was 1,496,481/., as compared with 
1,362,4721. and 1,008,866/. 
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THE INSTITUTION OF GAS ENGINEERS 
AT LIVERPOOL. 


In our last issue we gave a report of the pro- 
ceedings of Tuesday, June 16, and of a part of 
those of Wednesday. The next communication 
took the form of a lecture entitled ‘‘ Purification 
by Heat: a Century’s Progress and its Lessons,” 
prep .red and delivered by Mr. Charles Carpenter, 
D.Sc., who is the chairman of the South Metro- 
politan Gas Company and the inventor of the 
well-known No. 2 
lecture was fully illustrated by some unusually 
fine cartoons, and by experiments. 


Gas PurivicaTion spy Heart. 


By purification, the lecturer explained, he meant 
purification of the gas from sulphur, a problem 
in which, it would appear, considerable progress 
has been made, but which still remains in an 
incomplete state. It was significant, Dr. Car- 

nter stated, that as far back as 1806 Edward 

eard, an assistant of Winsor’s, patented the 
first proposal for the purification of gas by heat. 
He pro to add alkalis or alkaline earth 
to the coal and to distil both together, which 
came near the autogenous process of Cooper, 
recently most successfully revived by Paterson ; 
Heard also suggested passing the crude gas over 
those oxides or other oxides and metals heated in 
an iron vessel. Apparatus of this kind were in 
use about 1818, when George Palmer, then of the 
Chartered Gas Light and Coke Company, the con- 
structor of the original works of the South Metro- 
politan Gas Company — the Surrey Canal, 
proposed to the crude through heated 
tubes containing iron, oxide of iron, or ironstone. 
Samuel Parker used in the same year horizontal 
iron pipes (not oxidisable substances) heated in a 
furnace for the same purpose at Liverpool. That the 
sulphur in the gas existed as carbon bisulphide (CS,) 
was pointed out in 1820 by Brande, who also recog- 
nised that the Palmer process could not succeed, 
because carbon was deposited and illuminating 

wer lost. He therefore recommended that 

Jestminster should be lighted by oil-gas, and not 
by coal-gas, whilst Faraday, Cooper, and Dalton 
were uuable to detect any ‘‘sulphuret of carbon” 
in puritied coal-gas. Dr. Carpenter mentioned 
that he had himself made gas from best Durham 
coal after the method of those days, and had found 
it lower in sulphur than modern , but of the 
same smell. Sn the other ia Brande and 
Faraday were, in 1842, avpointed members of a 
committee to inquire into the damage done to the 
books of ‘the Atheneum Club by the excessive 
sulphur content in the products of gas combustion, 
for which no ventilation had been provided. 

The Great Central Gas Consumers’ Act of 1851, 
Dr. Carpenter proceeded, empowered the Lord 
Mayor to appoint a chemist to test the gas sup- 
plied. Letheby was appointed, and from that 
appointment originated the ‘‘sulphur bugbear.” 
Letheby’s first optimistic reports were criticised 
by Lewis Thompson, who himself proposed to pass 
the gas over hot lime or pumice-stone previously 
steeped in platinum chloride. But little seemed to 
have been doue, and the pa‘ent (1860) of Bowditch, 
a clergyman (hence nicknamed ‘‘the money- 
making parson”), to pass gas, already purified in 
the cold, through clay, lime, or iron oxide, at a 
temperature ranging from 140 deg. to 215 deg. 
Cent., was also ignored. The gas industry, in fact, 
had no sympathy with the ‘‘ morbid cry” for pure 
gas, which Kitt, 1861, and Brothers, and Barlow 
and Ellison later found to be much reduced in 
illuminating power by these heating processes ; but 
Ellison also pointed out that the form in which the 
sulphur existed in coal was the all-important factor 
in determining the sulphur content of the gas. 
Carbonisation at low temperature, followed by a 
second distillation, was tried by Eveleigh and 
George Livesey in 1869, whi'st,Robert Harris had 
the pyrites hand-picked from the coal. Vernon 
Harcourt suggested placing iron turnings or wire 
in the mouth of the retort, in order to decom 
sulphur compounds other than sulphuretted hy- 
drogen, and Evans admitted superheated steam 
to the ascension Pipes, while the authorities at 
the new Beckton Gas Works preferred to use 
lime as hydrate and sulphide in te vessels. 
Quaglio, at Stockholm, tried, in 1 clay balls 


etropolitan test-burner. The | gas 





before-carbonising ; and many other processes were 
given a trial. 

The Florence flask reaction (flask filled with 
pebbles, heatec by burners to decom the CS,) 
was first applied on a large scale Hall and 
Papst, at the Portland Gas and Coke Company, 
Oregon, U.S.A., in a finally very simple ——— 
(1908). Two superheaters, filled with chequer- 
work (as in water-gas plants), and a generator were 
combined so to heat the superheaters internally 
and alternately by producer-gas. The lighting- 
passed through the hot superheater, No. 1, 
where C8, was decomposed, while No. 2 was bein 
heated up from the generator; when No. 1 
cooled down by the inflowing gas, the operations 
were reversed. In this way the sulphur content 
was reduced by ahout 71 per cent., from 58.8 to 
16.9 grains per 100 cub. ft., at an average cost of 
$d. per 1000 cub. ft., including fuel, labour, repairs, 
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and investment. At Portland, the sulphur reduc- 
tion increased from 21 to 76 per cent. as the tem- 
perature rose from 427 to 704 deg. Cent., and 
this high temperature (which impaired the illu- 
minating power) and the intermittent working of 
the reheaters were drawbacks of the process. 
While the Portland plant was working smoothly, 
Dr. Carpenter continued, they had at Bankside 
been experimenting on catalysts. They found the 
temperature range 400 to 500 deg. Cent. most 
suitable, and reduced nickel the most active cata- 
lyst. (See the diagram, Fig. 1.) Filling the 
tubes with pumice-stone impregnated with nickel 
salts, however, they had to feet the tubes to 625 
deg. Cent. to maintain the catalyst at 450 deg., 
and the tubes were soon destroyed ; this was the 
trouble which had made many previous experi- 
menters fail, and they had overcome it by packing 
the catalysts in 6-in. pipes and by using a series of 
2-in. pipes as preheaters (not containing catalysts) 
for the gas; with this arrangement a furnace 
temperature of 425 deg. Cent. gave the uired 
efficiency —i.e., a reduction of the carbon bisul- 
phide by 70 per cent. Putting this system of 
preheating—which the lecturer demonstrated by 
experiments—into practice at the Old Kent-Road 
Works (capacity 1} million cub. ft. of gas per day), 


however, they discovered too late that the pre- 


im ted with metallic chlorides as a heat given by the regenerators was ay ost 
Greville Williams studied these catalytic actions;|by radiation again. her Abeer h _— 
Cooper mixed, at Vauxhall, lime. with the coal |. different arrangement at Greenwich, where 





five units, each capable of dealing with 3 million 
cub. ft. of gas per day, had been installed. Our dia- 
grams, Figs. 2 and 3, show part of the plan and 
a sectional elevation of the plant. Each unit con- 
sisted of a producer A and a combustion-chamber 
D, on either side of which were the heating- 
chambers Q, containing the reaction tubes B. The 
gas, freed from sulphuretted hydrogen, flowed 
through the pipe J into the heat-interchangers 
C, which were wrought-iron vessels fitted with 
3-in. tubes; the hot gas leaving the heating- 
chambers flowed through the interchangers in the 
contrary direction, giving up a large proportion of 
its heat to the inflowing gas. The temperature of 
this gas was further raised in the heating-chamber ; 
the gas then passed in parallel currents through 
the reaction tubes, thence into the collector-pipe, 
and through the heat-interchangers, in the re- 
verse direction to the incoming gas, finally to the 
secondary purification vessels. Of each pair of 
heat interchangers one was jacketed, the walls 
of the other being bare; some Icss of heat was 
therefore allowed so as to keep the temperature of 
the gas entering the secondary Ses within working 
limits. The gas was preheated to 400 deg., and the 
reaction took place at 430 deg. Cent. The total 
weight of metallic nickel in that plant was 1321 lb., 
costing (at 1601. per ton) 941. The walls and bases of 
the heating-chamber were thick to prevent radiation 
losses; the top covering was constructed with two 
layers of light sheet-steel troughing, sealed in sand 
and placed 2 ft. 6in. apart, so as to form an insulat- 
ing-chamber, which would easily be blown off in case 
of any accident happening to the plant. The whole 
—_ consumed 54 tons of coke per day, which was 
ed into the producer A through the hopper N by 
means of a telpher. The primary and secondary 
purification of the sulphuretted hydrogen was carried 
out (as in all their works) by a series of four and 
two lime-purifiers. 

As regards the durability of the plant, Dr. Car- 
penter exhibited a 6-in. tube, which showed little 
waste inside and none outside after two years’ duty. 
The impregnated fireclay balls became soiled with 
deposited carbon ; this carbon could be wiped off with 
a rag, and was, in practice, burned off at intervals. 
This was done by shutting off that unit and sending 
chimney gas and air through it with the aid of 
a fan, until the baryta test showed that all the 
carbon had been oxidised. The average reduction 
of the CS, had, at the Old Kent-road, since 
January, 1913, been 79.3 per cent., and at East 
Greenwich (April and May, 1914), 77.7 per cent., 
leaving 10 34 and 5.34 grains of sulphur per 100 
cub. ft. in the gas in the worst and best cases. The 
treatment left the gas illuminating power unchanged 
at 14.7 candles, raised the calorific power from 590 
to 594.4 gross B.Th.U., reduced the naphthalene 
slightly (from 5.5 to 4.7 grains per 100 cub. ft.), 
and the hydrocyanic acid from 22.19 to 18.75 grains 

r100cub ft., raised the methane percentage from 

.85 to 27.26, and hardly affected the other con- 
stituents. In — experiments made with a 
richer gas, the illuminating powers of the treated 
and untreated gas were 20.54 and 20.46 candles. 
The cost estimate of the treatment was 0.299d. per 
1000 cub. ft., allowing for depreciation, interest, &c. 

Having briefly referred to the Paterson process 
(in which every lump of coal to be carbonised is 
dusted over with lime), Dr. Carpenter spoke of the 
promising new s of O. Guillet, who decom- 

the bisulphide by water, the reaction being : 

S, + H,O = CO, + H,O, in the presence of a 
catalyst. Since the gas to be purified was already 
saturated with water vapour, all that was required 
was to i the heated gas through a purifier of 
iron oxide, in order to absorb the H,S as it formed. 
According to Guillet’s laboratory experiments, the 
reaction took place at the low temperature of 
130 —_ Cent. ; his gas contained only 16 grains 
of sulphur per 100 cub. ft. (all French gas was low 
in sulphur), which he reduced to 4.3 grains. 

In concluding, Dr. Carpenter regretted that so 
very little attention had m paid to purification 
by heating, perhaps not a hundredth of the atten- 
tion paid to perfecting retort settings. Irritating 
restrictions as to sulphur impurity were un- 
n ; but the undertakings must take 
it out in their own interest. Gas fit for light- 
ing wade peed of the most refined lady co — 
produ y the co-operation of the engineer an 
the chemist. He had not himself ator ry out the 
details of the process he had described ; the credit 
for that was due to theirchief chemist, Mr. Evans, 
and to one of their engineers, Mr. Franks. 
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The President moved a vote of thanks to Dr. 
Carpenter for his brilliant lecture, and the motion 
was seconded by Mr. Thomas Goulden, the Chief 
Engineer of the Gas Light and Coke Company. 

After Dr. Carpenter’s lecture on ‘‘ Purification 
by Heat,” two important communications were 
presented recording the work of the present 
holder of the Institution Gas Research Fellowship, 
Mr. Harold Hollings, B.Sc., which he has been 
carrying out at University, under the super- 
vision of Professor John W. Cobb, the Livesey 
Professor of Coal-Gas and Fuel Industries. The 
first was entitled : ‘‘ Thermal Phenomena in Car- 
bonisation ;” the second: **The Influence of Red- 
Hot Coke and Radiant Heat on the Gaseous 
Products of Carbonisation.”” We gave abstracts of 
these papers on pages 849 and 850 of our last issue. 


THERMAL PHENOMENA IN CARBONISATION. 


After the reading of the first part of the report, 
Professor Cobb stated that he fad been promised 
communications on the subject from Dr. Wheeler, 
of the Home Office, and from Dr. Euchéne, of 
Paris, who was making a careful study of the 
report. These would sent to the 

in due course for insertion in the Institution’s 


Transactions. 

The President gm a vote of thanks to Pro- 
fessor Cobb and Mr. Hollings, and it was seconded 
by Mr. J. P. Leather, of Burnley, who said that 
the —- of the first part of the report had in- 
teres him for many years. A good deal of 
work upon it had been done in Paris, and a paper 
was published at the time of the International 
Congress there, at the last International Exhibition. 


INFLUENCE OF Rep-Hor Coxs anp Rapiant Heat 
on Gas. 


In referring to the second part of the report, 
the President remarked that the research work 
which Mr. Hollings was engaged upon might not 
at the first glance seem to be of great practical 
value, but the direction in which he was working 
was a very important one, and he was satisfied 
that the members of the Institution would realise 
when the next report was given that they had 
learned something to help them in their manu- 
factures. 

Dr. Rudolf Lessing, of London, expressed appre- 
ciation of the value of the report, and alluded to 
the patience and skill which were required in carry- 
ing out such experiments as had been described. 
Pioneer work was absolutely necessary if the final 
process was to have any chance of success. He 
commended the method adopted for putting up a 
thermal balance, which was entirely original ; as 
far as he could gather, it was attacking the prob- 
lem from a new direction, and seemed to bear 
out the older work done on a more practical 


scale, with the result that the heat balance 
required to supply the en for carbonisa- 
tion was a comparatively small one. Referring 


to the carbonisation point, this was of great import- 
ance, for even in the best carbonising system they 
still had to account for 10 per cent. fuel consump- 
tion, and it might be that the theoretical require- 
ments were only a fraction of the total value 
involved. There was therefore, for the practical 
man, plenty of work left for him to bring the 
carbonisation process to a state of perfection. 

Mr. Robert Watson, of Doncaster, also added a 
tribute of praise to the reporters, and in alluding 
to the second portion of the report, said that the re- 
— oe w—* only to = effect of red-hot 
coke an iant ee 
the ordinary way. Mr. Hollings told them 
that in order to carry on the experiments more 
successfully, he had been working on the synthetic 
preparation of coal-gas, to see to what extent the 
dissociation of hydrocarbons takes place, but he 
would suggest that, in preparing synthetical coal- 
gas, he had not quite reproduced the conditions 
which obtain in a gas-retort, inasmuch as he had 
eliminated the aqueous and tarry vapours, which 
might have some effect on the extent to which 
decomposition took place. He asked whether it 
was proposed to continue the experiments so far 
as the dissociation of such gases as ethane, ethy- 
lene, benzene, in the presence of aqueous and 
tarry vapours. 

a eyes to the discussion, Professor Cobb said 
he wished to bear testimony to the good qualities 





Mr. Hollings had displayed as an experimentalist. 
He had shown great patience, skill and ingenuity | 
in coping with the ties which were always 


arising in work of the nature described in the report. 
With reference to the specific question as to the in- 
fluence of moisture on tarry matter, he pointed out 
that the work was only in its first stage; th 
were therefore particularly careful to keep out all 
oxygen-containing constituents, because these must 
be studied separately, and, of course, moisture, 
being an oxygen-containing substance, had at the 
outset to be excluded. They fully realised that it, 
would have to be studied later, and they = 
nised that the present report dealt only wit 
the commencement of a piece of work which to be 
treated adequately would probably have to form 
a subject of research by the Gas Fellow or other 
person for some years to come. 

The next paper taken was that by Mr. B. K. 
Schieldrop, of eege, on ** Some Special Features 
in Gas- Works ice in Norway.” There was 
not time to discuss it on Wednesday before the 
meeting adjourned. 


Gas-Works Practice 1x Norway. 


The author said that open fire-places were hardly 
known in Norway ; Norwegian gas works provided 
only 40 cent. of the national demand for coke ; 
and with best Durham gas-coal costing, c.i.f., 
16s. 6d. a ton at Bergen (12s. f.o.b. e), coke 

rices at —— from 28s. to 30s. a ton. 
e coke was sold by measure. In Bergen re- 
ea setti of the Waddle type, built by 

essrs. R. and J. Dempster, of Manchester, had 
been adopted in 1857 ; the new works of 1908 had 
been eee by vertical retorts of the 
Glover-West t; Hydro-electric energy was, of 
course, & great rival in Norway, and gas for lighting 
now made up only 5 per cent. (eight years ago 
30 per cent.) of the output of the gas works ; gas- 
motors were disappearing ; yet the sales of coke 
more than compensated for these losses. 

On Thursday morning the discussion on Mr. 
Schieldrop’s paper was the first business. It was 
opened by Mr. J. Ferguson Bell, of Derby, who 
made some general observations on the advantages 
to be derived from encouraging the use of coke for 
domestic and other purposes. By the use of raw 
coal not only was the atmosphere polluted, but an 
enormous amount of heat was being wasted. - 
12 per cent. of the heat was usefully employed. 
Mr. Bell referred to the Continental practice of 
using smokelees fuel, which resulted in a purer and 
brighter atmosphere ; the public buildings, statuary, 
&c., were not imed with soot. He commented 
on the remarkably high prices obtained for coke at 
Bergen, and the increase in the sale of gas there, 
although electricity was largely used for lighting 
erp This showed there was room for both 

orms of energy. 

Mr. Seba, Caster, of Lincoln, spoke apprecia- 
tively of the value of the paper with respect to the 
question of coke. In regard to the diagram adopted 
by general agreement among the Norwegian gas 
engineers, when they knew exactly what they were 
comparing their own figures with, they would arrive 
at a very safe and sound conclusion as to how one 
Norwegian engineer stood in relation to results 
as compared with his fellows. He wondered 
whether it was po in this country to arrive at 
something similar. He acknowledged the obliga- 
tion the ary | was under to the proprietors of 
The Gas World for the time, labour, and expense 
they had incurred in presenting them every year 
with very elaborate and minute analyses of the 
accounts of about 130 gas undertakings. 

Mr. George Helps, of Nuneaton, and Mr. J. C. 
Belton, of Chester, also spoke. 

Mr. Schieldrop, in the course of his reply, said 
that electric energy was very cheap in Norway, and 
the electric companies were very eager to sell it— 
as eager as the companies in England were. But 
the electrical people had a difficulty in compet- 
ing with gas, for the reason that the heat in 
a unit of electricity falls so very short of the 
heat in a unit of gas, taking the price and con- 
sidering the amount of heat delivered in each 
case for the same money. In Norway, it was true, 
they got cheaper electricity, because it was derived 
from water-power. But it had to be borne in mind 
that to get the energy transmitted was expensive, 
and, after fully considering both sides of the accoun 
it would be found that when electricity attem 
to compete with gas as a fuel it was driven to the 
wall. 


CaLoriric Power as a STANDARD. 


Mr. Jacques Abady then read his paper on the 
**Calorific Power as a Standard,” and said that 





he wished to place on record the past history 
of the question, and to initiate a discussion 
as to the future attitude of the industry; he 
did not deal with the technical side, nor with 
its bearing upon the manufacturing aspect of gas- 
works undertaking. At present Parliament would 
probably base the charter of a new gas under- 
taking upon calorific, and no longer upon illuminat- 
ing, power. The first report upon this question had 
been issued by Lord Rayleigh’s departmental com- 
mittee of 1904. Though that committee had 
reported in favour of continuing the No. 1 Argand 
as standard burner, the report had really led to the 
introduction of Dr. Carpenter’s No. 2 Metro- 
politan Argand, because in the parliamentary fights 
the London companies, by the London Gas Acts 
of 1905, obtained the right to use a burner 
which would give the greatest amount of light from 
the gas, when consumed at the rate of 5 cub. ft. 
per hour. . 

The report further led to the introduction of the 
flat-flame-burner test for information. The com- 
mittee had apparently hesitated to recommend the 
continuance of any form of Argand burnerytests, 
because that burner did not represent the con- 
sumer’s value, and because the luminous value, if 
required, would be shown by a flat-flame-burner 
test. The public in particular was much indebted 
to Dr. OC. Carpenter for re-establishing that in test- 
ing one was entitled to the maximum result 
obtainable as a measure of the value of the gas. A 
flat-flame test had been introduced because it had 
been shown that the bulk of gas was used for its 
calorific power, and only a certain amount for its 
luminosity, to develop which a flat-flame burner was 
preferred to the Argand. 

Tracing then the development of the question, 
Mr. Jacques pointed out that in 1909 the Gas Light 
and Coke Company had had imposed upon them a 
penal calorific test in addition to the penal Argand 
test, while the non-penal flat-flame test was con- 
tinued ; that company thus had a double standard 
to work to. The South Suburban Gas Company Act 
of 1912 substituted a penal calorific test for a penal 
Argand test, but not over the whole area of the 
company. In other cases—Wandsworth, Wimble- 
don and Epsom, Redcar, and Porthcawl were men 
tioned—the imposition of acalorific test was due to 
the companies as well as to the local authorities. 
The projects at present before Parliament mostly 
desired abolifion of the illuminating test without 
regard to the geographical situation, to the present 
illuminating power, and to the standard price of each 

icular company. Apparently it was thought 
Eat because heen of the No. 2 burner had bere 
authorised without any consequential financial 
adjustment, that similarly the precedent of the 
South Suburban Company might be followed with 

to calorific — But it was overlooked 

that No. 2 burner had been adopted because it 
provided the best means for t esting the illuminatin 
power, whilst the selection of a calorific stan 
would rest on a different basis and would not 
necessarily entail uniformity. It was, indeed, appa- 
rent from the decision of Lord OClinton’s Committee 
on the Bills of the Gas Light and Ooke Company 
and of the Liverpool Gas Company, that the Parlia- 
mentary Committee would settle the calorific 
standard separately, each case to be decided on its 
own merits. That seemed to be the view also of 
the Board of Trade. 

Comparing these two Bills, Mr. Jacques pointed 
out that the Argand burner test and all standards 
of illumination were to be abolished; there was 
to be a penal calorific test and a non-penal flat- 
flame-burner test (the latter merely a temporary 
provision, Mr. Jacques thought); the gas com- 
pany was to stand or fall by the calorific test (or 
average of two tests) of one day; the margin 
between the standard calorific pees and the penal 

int was lessened—to 40 B.Th.U.and to 27 B.Th.U.; 
he company could insist that the test should be 
made with apparatus and by methods yielding the 

total heat value. The Liverpool Bill also 
Somentied an increase in the minimum pressure ; 
that was an pee point ; for a cubic foot at 
igh pressure, of course, contained more gas than a 
cubic foot at low pressure. 

In conclusion, Mr. Jacques proposed that the 
needs of each district sh be carefully studied, 
and the best calorific standard be ascertained by ex- 
—— ; secondly, the possible yield in heat units 

m all sources of coal supply and of rte 
materials purchasable by the authority, and, 
thirdly, the influence upon rific power of all 
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available methods of carbonising should be investi- 
gated—all this before a company approached Parlia- 
ment. Mr. Jacques also thought that the supply of 
cheap power-gas, alongside the normal supply of gas 
of standard calorific power, should be considered. 

The President, who has recently had so much to 
do with the Parliamentary Bill of the Liverpool 
Gas Company, opened the discussion. In the 
course of his remarks he said the figure fixed for 
the Gas Light and Coke Company was 540 B.Th. U. 
gross, with a margin of 74 cent. before reaching 
the penal line—namely, 499.56 B.Th.U. gross— 
whilst for Liverpool it was 550, with a margin of 
5 percent. He had a letter from Mr. Robert G. 
Shadbolt, whose absence from the meeting was 
regretted. He was in London in connection 
with a Bill dealing with this question. He had 
had an interview with the Chairman, and had 
used the information he (Mr. Allen) had given 
him in regard to Liverpool. Being a special ease, 
and t of a bargain, he was glad to know that 
the Chairman was disposed to accept 500 B.Th.U. 
as a reasonable figure. He Mr. Shadbolt 
to get 5 per cent. off this, and then the public and 
the gas industry would be, at all events for the 
present, in a very good position. 

Mr. George Helps, of Nuneaton, deprecated the 
striving after gas of 500 B.Th.U. hat did the 
consumer want with it? If he had it he would 
dilute it down to about 100 B.Th.U. Of course, if 
they were going to give the consumer gas of 300 
B.Th.U., they could not expect to get the same 
price for it as they did for gas of 500 BTh.v. 

Dr. A. H. Elliott, of New York, said they were 
struggling with the same question in New York. 
They had in the State of New York a Public Service 
Commission considering the very important matter 
of changing from an illuminating to a calorific 
test. Distribution was a very important item, 
involving very expensive mains. There were 
something like 1200 miles of them in New 
York, and it was a questicn of either a higher 
pressure or a higher quality of gas. The electric- 
light people were distributing over long distances 
high-tension currents. They had 6000 volts on 
most of their cables in New York City, but 
the consumer only got 50 of them. Something of 
that kind must come ultimately in gas in certain 
kinds of work. They must have high-pressure if 
they were going to get good light. ith regard to 
heating they must look after the consumer and 
make him heat his whole house, and take care of 
the whole of his energy. It was admitted that the 
— method of using coal was excessively waste- 

ul; the only remedy was to send gas into the 








household so that everybody could use it, and he 
thought they were right on the verge of that now. 

Mr. Walter Grafton, of Glasgow, and Mr. John 
Bond spoke next. The latter pointed to the neces- 
sity of establishing a standard calorimeter, and he 
was supported by Mr. E. W. Smith, of Birmingham, 
who considered that the Council of the Institution 
should appoint a Committee to deal with the ques- 
tion as soon as possible. Mr. J. Ferguson Bell, of 
Derby, and Mr. S. B. Langlands, of Glasgow, also 
spoke in favour of this proposal. 

Mr. Abady, in replying to the discussion, tra- 
versed the field covered by the various speakers, 
and in regard to the suggestions for the appoint- 
ment of a committee for Ss. a standard 
calorimeter, warmly er" it. He would be 
pleased to render all the assistance he could in 
connection with the matter. 


Coxzr-Ovens anp Orro Direct AMMONIA 
REcOvERY. 


A paper on ‘“‘The Application of Coke-Oven 
Carbonising and Otto Direct Ammonia Recovery 
to Gas-Works Requirements” was then given 
by Mr. George T. Purves, Assoc. M. Inst. C.E., 
Saitsenepidy Ocho Ovens, Chryston, near Glasgow, 
representing the Scottish Junior Gas Association 
(Weatern District). 

The paper, although ably prepared, was some- 
what disappointing when considered in relation to 
its value to the gas engineer. It can only remotely 
be regarded as dealing with the application of the 
system to present gas-works requirements. There 
was very little diseussion upon it. Mr. John 
Young, of Hull, and Mr. Leather, of Burnley, 
were the only speakers. The former commended 
the ability of the author, and referred to the fact 
that the subject was by no means a new one, as it 
had been brought before the Institution as far back 
as 1896, when Mr. Charles Hunt read a paper de- 
scribing coking-ovens, with a view to the possi- 
bility of using the gas produced from them for the 
whole of a town’s gas, or as an auxiliary. At that 
time Mr. Hunt had visions of the time when the 
whole of the storage plant would be done away 
with, the immense capital put down for storage 
plant eliminated, and a eoke-oven plant used large 
enough more than to meet the maximum demand ; 
the minimum demand, of course, was always safe. 


FERTILISERS. 


Mr. John West next presented his paper on 
‘*Lime and Sulphate of Ammonia as Fertilisers, 
and How to Increase their Sale.” 

This paper was a plea for the use of fertilisers, on 








the strength of experiments made at Bushton Farm, 
Tutbury, Burton-on-Trent, and elsewhere. The 
author admitted that ammonium sulphate was, as 
such, unsuitable for the farmer ; it had to be pre- 
pared, mixed with fine earth or sand, &c., and it 
could not at present be bought ready for imme- 
diate agricultural use. But if Great Britain would 
spend as much on ammonium for fertilisation as 

ermany, it would want ten times more ammo- 
nium sulphate than it used now (101,000 tons 
annually), and that would benefit the gas industry, 
agriculture, and the nation. 

Time, unfortunately, did not allow of any dis- 
cussion on Mr. West’s important contribution ; 
members were therefore invited to send in to the 
Secretary their remarks in writing. 

The scrutineers’ report showed that Mr. John 
Bond, Engineer to the Gas Department of the 
Southport Corporation, had been elected to d 
Mr. Allen as President of the Institution, the Vice- 
Presidents being Mr. John Young, of Hull, and 
Mr. A. E. Broadberry, of Tottenham. The four 
Members of Council receiving the highest number 
of votes were Mr. Thomas Goulden, of London ; 
Mr. Thomas Hardie, of Newcastle-on-Tyne ; Mr. 
Edward A. Harman, of Huddersfield; and Mr. 
Herbert Pooley, of Leicester. Mr. W. E. Price 
was re-elected Honorary Secretary. The member- 
ship register was increased by the addition of 31 
members and 10 associate members. 

Professor A. G. Vernon Harcourt, M.A., F.R.S., 
D.Sec., LL.D. ; Mr. H. P. Maybury, Engineer to 
the Koad Board ; and Professor John Cobb, 
Livesey Professor of Coal-Gas and Fuel Industries, 
were elected honorary members of the Institution, 
in addition to the respective Presidents of the 
Société Technique de ]’Industrie du Gaz en France, 
and the Deutscher Verein von Gas und Wasserfach- 
wannern. It was decided that the next annual 
meeting of the Institution should be held at South- 


port. 











45-BRAKE-HORSE-POWER CRUDE-OIL 
ENGINE. 

Messrs. FIELDING AND Piatt, Limitep, of the Atlas 
Works, Gloucester, are to exhibit at the Royal Agri- 
cultural Society’s Show, to be held at Shrewsbury at 
the end of this month, a number of gas and oil-engines. 
These will include a 45-brake-horse-power crude-oil 
engine, of which we give an illustration above, 4 
54-brake-horse-power gas-engine, and others. The 
45-brake-horse-power crude-oil engine illustrated is 4 
four-stroke-cycle engine, on the semi-Diesel principle, 
running at a speed of 240 revolutions per minute. It 
has a cylinder 124 in. in diameter and a stroke of 
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CYCLO-PNEUMATIC 
CONSTRUCTED BY MESSRS. THOMAS ROBINSON 














Fie. 1. 


22in. The fly-wheel is 7 ft. 44 in. in diameter, and 
has a face 15 in. broad. It will be noticed that this 
engine’s cylinder is supported throughout ite length 
by the frame, there being no overhang. The combus- 
tion-chamber carrying the valves is a casting with 
independent water-jacket, so that no water-joint is 
necessary between it and the cylinder casting, and 
hence there is no danger of leakage taking place at 
this point. This facilitates the control of the tem- 
perature of the two parts, and the engine will run 
**dead light.” The joint between the cylinder and 
combustion-chamber is effectively protected from the 
explosions. 

Governing is effected by varying the fuel supply, 
maintaining an explosion for each cycle. _The oil- 
injection pump always has the same stroke, but the 
supply to the cylinder is regulated by means of an 
auxiliary valve or by-pass controlled by a lever and 
cam, which in turn are operated by the governor. 
This auxiliary relief-valve is opened early or late in the 
stroke of the pump, according to the requirements of 
the moment. The fuel is injected 5 per cent. of the 
stroke from the back dead centre. The fuel is 
injected through a simple 7,-in. hole fitted with a 
non-return valve. The engine will use any grade 
of oil up to 0.95 specific gravity, and consumptions of 
as low as 0.45 lb. per brake-horse-power hour have 
been recorded with it. The cylinder and piston are 
lubricated by a positive pressure adjustable lubricating- 
pump driven off the cam-shaft. 





ROBINSON’S CYCLO-PNEUMATIC 
SEPARATOR. 

At the forthcoming Royal Agricultural Show at 
Shrewsbury, Messrs. Thomas Rbien and Son, 
Limited, of Rochdale, will exhibit a cyclo-pneumatic 
separator, ey designed for use in the receiv- 
ing department of mills. The object of this appli- 
ance is to remove the large amount of dust, &., 
which comes into the mill with the grain, and to 
collect it for suitable disposal. This separator we 
illustrate in Figs. 1 and 2, above, while in Fig. 3 
is shown diagrammatically a typical installation for 
the receiving department of a mill. We may refer 
perhaps to the latter first, and then discuss the details 
of the machine. 

In Fig. 3 it will be observed that the dirty wheat, 
as received, is first passed through a reel which removes 
the larger extraneous matter, such as sticks, straws, 
&c. This reel isa drum carried at one end by trun- 
nions, and at the other by a short driving-shaft. No 
shaft runs the length of the drum inside. The wheat 
falls on to a cast-iron disc which serves to distribute 
it. The reel is enclosed, and tie wheat passes from 
it to the first cyclo-pneumatic separator, where the 
~ is separated from the bulk of the dust. While 

© former 8s to a second cyclo- matic 
rator in cnler 4 to ensure the hevchgh semiovel’ af 
the dust, the latter, with the dust from the second 
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separator, passes to a grading reel, similar in t to 
the receiving reel, but arranged to grade the Glew 
grains, chaff, dust and sand, &c., as required. The 
products of the process, as illustrated in Fig. 3, are 
a ys five. 

e cyclo-pneumatic se tor consists of a large 
enclosed machine, fitted Tt ite upper end with a 
vertical feeding-tube, through which the grain 
down on to a revolving table A. From this table, 
provided with a conical edge, the grain is scattered, 
the heavier material falling, to be caught in the large 
funnel below, while the lighter, such as the dust, 
ehaff, &c., is carried up a central trunk by a current 
of air which is produced by the suction of a fan ina 
box above. The fan then passes this material into the 
expansion-chamber B, where 90 per cent. of the screen- 
ings are deposited, to be removed thence to the grading 
reel. The remaining 10 per cent. return to the cyclone- 
chamber, are deposited there, and removed. The grain 
caught in the central funnel is carried off to a second 
separator, where the process is repeated, with the 
result that a very clean product is finally delivered. 
By this process it is claimed that a far ter per- 
centage of screenings can be separated t before, 
while the dust nuisance is abolished. The machine is 
simple in character and not liable to get out of order. 












































(#037 &) 





THE LATE MR. E. B. MARTEN. 

WE regret to have to record the death, on the 
8th inst., at the good age of eighty-three, of Mr. 
Edward Bindon Marten, till recently engineer and 
managing director of the Stourbridge Water Works. 
Mr. Marten spent practically all his life in connection 
with this branch of engineering. He served a pupilage 
of four years under his brother, the late Mr. H. 
Marten, M. Inst. C.F., and in 1852 was appointed 
resident engineer of the Bridgenorth and eer 
Water Works. For two years subsequently he held a 
similar post at the Wolverhampton Water Works, and 
then for three years was resident engineer to the 
South Staffordshire Water Works. In 1858 he com- 
menced practice on his own account as a water-works 
engineer, and superintended the construction of the 
Stourbridge Water Works, of which he subsequently 
had charge. In 1862 he became chief engineer to the 
Midland Steam Boiler Inspection and Insurance Com- 
pany. He entered upon a systematic investigation of 
the subject of the drainage of South Staffordshire 
mines in 1865, and was later appointed engineer 
to the Commissioners under the South Staffordshire 
Mines Drainage and Improvement Act of 1873. He 
was responsible for drainage and improvement works 
on the Tame and Stour. He became connected 
with the Institution of Civil Engineers in 1857, 
being transferred to full membership in 1877. 
was elected a member of the Institution of Mecha- 
nical Engineers in 1859. In 1885 he was elected a 
Member of Council of this Institution, which t he 
retained until elected a Vice-President in 1891. 
1894 he was compelled to retire from this office owing 


to ill-health, He was a frequent contributor to the | also 


He | report, 


In| the 
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discussions, and was, with Mr. C. Hawksley, joint 
author of a paper read before the Institution in 
1877, entitled ‘‘ Special Mechanical Appliances for 
Meeting the Requirements of Certain Classes of Mine 
Accidents.” 





NOTES FROM THE UNITED STATES. 
PHILADELPHIA, June 17. 

THE past week has been exceptionally good in two 
lines—namely, steel plate and cast-iron pipe. The 
activity in plate has been due to very orders for 
steel cars, amounting to about 11,000, calling for over 
100,000 tons of steel plate, which orders, in turn, 
have stimulated orders and inquiries for steel-making 
irons, largely basic. One lot of 10,000 tons was taken 
by a Southern concern for New England delivery. 
As further large orders are pending for steel cars, 
which may be closed any day, further corresponding 
activity is reasonably anticipated in plate and pig. 
It is fairly estimated that Chicago and Pittsburg 
mills alone have since June | bocked orders for over 
150,000 tons of steel plates and shapes, mrgely on 
railroad account. Pipe orders are large. The Royal 
Dutch Shell pipe-line order to Youngstown mills is 
for 175 miles of 8-in. and 10-in. pipes, calling for 
15,000 tons. Another pipe order is for 40 miles of 
16-in. pipe. Pipe-makers are closing this week for 
several moderate tonnages. A Persian inquiry calls 
for 450 miles of pipe, the largest foreign inquiry 
ever brought to the notice of American makers. 
Germany is the chief competitor, but our pipe-makers 
feel confident of securing the orders for the larger 
sizes. Activity in this direction promises to continue. 
An improved tone of the market is t in all 
ut with so much idle capacity bidding for 
employment, prices continue at the low levels of past 
months. There is a stronger disposition to anticipate 
autumn requirements, as the present low of 
uotations cannot continue after the mills begin to 
eel comfortable over a certain volume of seoured 
business. 





East Lonpon Oo.iece.—At the meeting of the 
Council of the East London held on June 22, it 
was announced that the Court of the Drapers’ Company 
had resolved to defray the cost of the erection and equip- 
ment of the new chemical laboratories of the 

The cost will amount to approximately 15.000/., and it 
is hoped that the laboratories will be available for the use 
of students at the commencement of the new session in 
October next. 


Royat Soorery or Arts.—The annual meeting of the 
Society was held on Wednesday, the 24th inst., for 
re-election of the Council, the receipt of the Council’s 

and other business. H.R.H. the Duke 





authorising members of 
themselves fellows. Since its foundation 
Society has consisted of members only; but as most of 
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HORIZONTAL LUFFING-CRANE WITH 
BALANCED JIB. 


Horizon Ta loffing-eranes have now become so pro- 
minent for dock work and cargo-handling generally 
that it is perheps hardly necessary to exp'ain fully 
the meaning of the term. It is suffic'ent to say that 
when the jib of a crane of this type is luffed from 
maximum to minimum radius, or vice versd, the load 
at the free end of the hoisting-rope travels in a hori- 
zontal path. With such an arrangement there are 
many important advantages, especially when it is 
used in conjunction with a balanced jib. It will be 
clear that in the non-compensated pre of crane, 
during the operation of luffing-in the jib, the load and 
the it are both raised through a definite height, and 
the net work performed, ia foot-tons, will be :—Load 
(in tons) x number of feet that its centre of gravity is 
raised + weight of the jib (in tons) x the rumber of 
feet that its centre of gravity is raised. It is equally 
obvious that if the weighs of the jib is porteutiy 
balanced at any radius, and the load travels in a 
horizontal path. no work will be expended in the 


operation of luffing the jib, with or without the load | 














suspended from it, cuocpting, the small amount neces- 
= to overcome friction. This, of course, is practi- 
cally negligible com with the power consumed in 
the operation of luffing with a non-compensated crane. 

We illustrate on this and on 876 a novel 
type of horizontal luffing-gear which is the invention 
of Mr. C. M. Toplis, and is made solely by Messrs. 
Stothert and Pitt, Limited, of Bath, who claim it to be 
the simplest on the market. No mechanical complica- 
tions are involved in the design ; in fact, the general 
appearance of the crane illustrated in Figs. 5 and 6, on 
page 876, is hardly distinguishable from that of a 
ersne of normal type. This crane, which has a lifting 
capacity of 3 tons at a radius of 46 ft., has been sub- 
jected to some very severe tests, and has, we under- 
stand, worked extremely satisfactorily throughout. 

On referring to Fig. 1, which shows the arrangement 
of the hoisting-rope, it will be seen that the horizontal 
path of the load is obtained by arranging the rope over 
pulleys on the jib-head and superstructure, in conjunc- 
tion with a particular arrangement of the centres of 
the jib-head pulleys, the fixed pulleys on the super- 
structure, and the jib-foot pivot. en luffing-in the 
jib from one radius to any other radius, the distance 

etween A and B decreases, and the amount of this 
decrease is exactly equal to one-third of the vertical 
rise of the point A between the two selected radii; 
this is true not only for the whole range of luffing, but 
also for an small portion wherever chosen. Since 
there are 
amount of ro) id out is obviously three times the 
amount by which the distance between A and B has 
been decreased, and therefore exactly compensates for 
the vertical rise of the point A ; the load is thus luffed 
in on a perfectly horizontal line. When luffing-out the 
arrangement, of course, takes up the hoisting-rope, 
and so prevents the load from being lowered, as it 
would be in a crane of the usual construction. 

The actual operation of raising and lowering the 
balanced jib may be performed either in the ordinary 
manner by means of ropes from the jib head, or by a 
crank and link, as desired. The sketch, Fig. 2, shows 
the method adopted when the jib is operated by 
ro} There are two entirely separate and similar 
luffing-ropes, each of a single fall. Each rope passes 
from a fixed end at A, over a pulley at B, to the 
luffing-barrel, then after a few turns round the barrel, 
the — pass over pulleys at C to the counter dalance 
weight. 

It is a characteristic feature of this crane that the 
pull on the Juffing-rope is constant for all positions of 
the jib, and therefore a constant weight rising or fall- 
ing in a vertical plane, according to whether the jib 
is luffing out or in, will balance the jib in any position. 
This is very important, and will be more readily 

on re oe to Fig. 3. With the jib in 





ree falls of rope between A and B, the | th 





the position ab, by taking moments about }, it will 
be seen that the pull P on the luffing-ropes required to 
balance the weight of the jib is such that— 
wxtl 
is 
where W is the weight of the jib acting at its centre 
of gravity. If the jib is now brought to any other 
jus, say, position cb, it will be observed that— 


p= Wx 
R, 


Since in this particular crane the ratio = is constant, 


a@ constant pull produced in the luffing-ropes will 
balance the jib at — radius. It can also easily be 
proved that the resultant of all the load-forces acting 
on the jib-head pulleys is directlydown the centre line 
of the jib and through the jib-foot pivot, for any radius 
and for any load. The jib is therefore free from 
bending moment, so that it need not be made unduly 
heavy, and the amount of ballast required to balance 
it is consequently very small. In the case of a travel- 


P= 


ling crane, this reduces the wheel pressures on the, 























track-rails without any sacrifice in the design ; it also 
reduces the inertia stresses due to slewing. 

Fig. 4 shows comparative load diagrams of the 
luffing-motor, taken on a recording watt-meter, for 
two cranes of similar capacity, one of which was fitted 
with the “‘ Toplis ” luffing gear, while the other was a 
crane of the ordinary type. In this diagram the 
ordinates represent the power in kilowatts, and the 
abscisse the time in seconds. The area of the large 
diagram, therefore, represents the power consumed 
in kilowatt-seconds while luffing a load of 3 tons from 
46-ft. radius to 22-ft. radius on a non-compensated 
crane. The inner solid black area of the diagram 
shows the power consumed while luffing the same 
load through the same horizontal distance with the 
‘*Toplis” luffing-gear ; the difference in the areas of 
e di 8, shown ‘by cross-hatching, represents 
the saving in power by use of the latter. @ non- 
compensated crane in this case was fitted with a 20- 
horse-power motor for luffing, whereas the ‘‘ Toplis” 
crane was fitted with a 5-horse-power motor. The 
actual power used, as indicated by the watt-meter 
diagram, was only 34 horse- er with the “‘ Toplis” 
gear, and even with this sell ainaatlitete of power, 
the diagram shows that the rate of luffing was 
approximately three times as fast as with the non- 
com ted crane. The size of motor actually 
required for Iuffing at the same rate with the non- 
compensated crane would, therefore, be very consider- 
ably larger than the 20-horse-power motor fitted. 
The diagram also shows that the rate of power con- 
sumption for luffing is practically constant in the 
“Toplis” crane, whereas in the non-compensated crane 
there is a very considerable variation. 

These cranes have many other advan such, for 
example, as the fact that, since the | moves hori- 
zontally, the driver is enabled to handle the load with 
@ much clearer conception of its path than he is when 
it travels along a curved line, as is the case with a 
non-compensated crane. 

Another New hey, ere advantage claimed for this 
crane over o horizontal luffing-cranes is that, 
owing to the great distance between the jib-head 








pulleys and the pulleys on the supprstructure, no 
portion of the hoisting-rope over more than two 
pulleys, even with an extreme range of lift. With non- 
compensated cranes, the lifting-rope parses over at 
least two pulleys, so that it will be seen that the con- 
ditions affecting the wear of the lifting-rope are 
practically the same in the ‘* Toplis” crane as in the 
ordinary non-compensated crane, and therefore much 
less; than in many of the horizontal luffing-cranes at 
present on the market. It will also be noticed that 
there are no reverse bends in the reeving of the ropes. 
The load on the luffing-ropes is so little that they may 
be small in diameter, and consequently the pulleys 
over which they work are relatively large in diameter, 
thus enhancing the life of the luffing-ropes. 

It should also be pointed out, since the weight of the 
jib is always ——— by the pull on the luffing-ropes, 
the jib of the ‘‘ Toplis” crane posseeses the same fea- 
tures as regards stability under wind pressure as does 
an ordinary non-compensated crane. There is also no 
tendency for the jib to run in at the minimum radius, 
or to run out at the maximum radius, as <* all radii it 
is perfectly balanced. 

e amount of ballast on the crane is as small as 


«) 


\“\ 
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Fig.2. 


possible, as the weight provided to balance the jib 
replaces some of the ballast which would be necessary 
for stability in an ordinary crane. 

The gear is being applied to all kinds of jib-cranes, 
including those of the wall type, and is equally suit- 
able for cranes driven by electric, steam, hydraulic, 
and hand power. 








Licut Cars at Otymp1a.—The Society of Motor 
Manufacturers and Traders, Limited, 83, Pall Mall, 
London, S.W., bave arranged with the Cycle Manufac- 
turers’ Union for the latter to reserve space at their 
—_ and Motor-Cycle Exhibition, which immediately 
follows the Motor -Car Exhibition at Olympia next 
November, for members of the Society unable to obtain 
8 at the Motor Show, to show these vehicles at the 
Cycle Show. 





Larck WatTer-Powgr Stations 1n Norway.—One 
large power-station after the other is being built in 
Norway, where the water - power has given a tre- 
mendous impetus to the development of the country’s 
indust The Sandefaldene pany is about to 
exploit the different falls in the Sande water system, 
for which the different lakes, some of them lying at a 
considerable height, will be regulated so as to serve as 
reservoirs. There will be constructed three power- 
stations in the valley and a larger one at the sea, 


the ag te power being about 80,000 horse-power, 
divided between the four stations with tively 
42,000, 10,000, 8000, and 20,000 horse-power. e whole 


of pay will be transmitted to the sea, where it will 
be by an American concern—the Union Carbide 
Company—which has contracted for 40,000 horse-power, 
with the option of another 40,000 horse-power. The 
Sandefaldene Company has secured large areas at the 
sea for the new town which will no doubt spring up there 
within the first few years. 





VISIT OF THE INSTITUTION OF AUTOMOBILE ENGINEERS 
TO Bgetcium.—The Institution of Automobile Engineers 
will visit Belgium next month, leaving London on Satur- 
day, July 11, at 8.40 —_ Sunday, July a be 
epent in Antwerp. Monday the mem will 
visit the works of the Minerva Motor Company, and 
afterwards proceed to Li¢ge. On Tuesday, the 14th, the 
party will go to the works of the Fabrique Nationale 

Armes de Guerre (F.N.), and to the works of the Usines 
G. Derihon. On Wednesday, the 15th, members will 
leave by special tram for the works of the Société 
Anonyme John Cockerill at Seraing, and will then take 
train for Louvain. A visit will then be paid to the works 
of Mesers. be gd and Bacalan. On Thursday, the 16th, 
the will leave Brussels for Mariemont Station. 
and Re. Pelgrime,” On Friday, the Ifththe pasty. wil 

e) riday, the 17 party wi 
visit the Oarriage-Building Factory of Messrs. Van den 
Plas. The afternoon will be > in sight-ceeing in 
Brussels, and the night train will be taken for London. 
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INDUSTRIAL NOTES. 


Tue ‘“ Summer School ” at Swanwick, near Alfreton, 
Derbyshire, was opened last Saturday, the 20th inst., 
and will remain open until Monday next, for the dis- 
cussion of social — by members of all religious 
dsnominations. he general subject for this year’s 
conference is on land and labour ; it is being dealt 
with in a course of twelve ‘ectures. In an address 
which he delivered on opening the conference, the 
Bishop of Oxford, Dr. Gore, stated that ‘‘ One 
great weakness of the Labour movement was the 
epirit of distrust among the workers themselves, the 
jealousy of seeing one of themselves rising. That 
spirit was a grave danger. Not in his time or memory 
had class consciousness and the feeling of class anta- 
gonism been so strong as to-day, and because of that, 
though class consciousness had its beneficent uses, 
there were grave dangers ahead. The primary duty 
of Christians was to keep alive in whatever should 
follow and to deepen the spirit of Christian charity.” 





According to information from some quarters, the 
marine ae strike shows no great development 
pending the meeting which is to be held between 
representatives of the unions and of the Shipping 
Federation. From other quarters we hear that the 
strike continues to spread, there being an increase in 
the number of ships held up at the various ports. In 
the meantime, a difficulty has arisen in the twood 
steam-trawling industry, due to the dismissal of the 
chief engineer of a steam-trawler. Following this, all 
the engineers on trawlers returning from sea have been 
withdrawn by order of the union, and the vessels have 
been unable to proceed to sea again. Pending a settle- 
ment, they are laid up in Fleetwood Dock, and all the 
other hands have been discharged. The movement 
affects 140 stesm-trawlers, and 3000 men engaged 
ashore have been thrown out of employment. 





The results, so far as they are available, of the third 
ballot of the men protien. | in the London buildin, 
trades, show that the men are against the terms o 
settlement. The following are the figures which have 
been given us :— 


For. Against. 

Amalgamated Society of Car- 

penters and Joiners 1501 3755 
Operative bricklayers 697 2591 
Painters and decorators 95 2320 
Builders’ labourers - 350 2249 
General labourers <a pe 30 1557 
General Union of Carpenters 

and Joiners ... RS. se 459 1001 
Plumbers we Se 241 346 
Stonemasons’ Association 866 107 
Woodcutting machinists 326 155 


From the above it will be seen that the stonemasons 
and the wood-cutting machinists alone were in favour 
of resuming work. hen the result of the ballot was 
made known, the Council of the Stonemasone’ Associa- 
tion passed a resolution endorsing the action of their 
London members, and intimating to the London Build- 
ing Industries Federation that they would instruct their 
members to approach the London Master Builders’ 
Association with a view to securing a sectional settle- 
ment ; the Building Industries Federation replied that 
in the event of the stonemasons carrying out their 
decision they, the Federation, would take steps to 
counteract any such attempt. 

The Executive Council of the National Federation 
of Employers met on Tuesday last, with a view to 
consider the arbitration proposals of the National 
Conciliation Board. 

The decision of the Stonemasons’ Association will 
probably have one good effect, namely, that of setting 
aside all thoughts of a lock-out throughout the country. 

But still better news comes to hand at the time of 
going to press; it is to the effect that on Wednes- 

y the strike leaders agreed that each union should 
arrange for a settlement sectionally, no section to 
resume work until all had reach an agreement. 
The council of the London Master Builders’ Associa- 
tion discussed the men’s resolution yesterday ; it is 
hoped that negotiations with the unions will soon 
commence afresh, leading to a final solution of the dis- 
ecg by — now — 23 ee the 

time of the year for carrying out buildin ra- 
tions has been included. — — 





Electricians in Liverpool, to the number of about 
400, did not commence work on Monday last, fol- 
lowing upon 4 notification they had received from 
the employers to the effect that their would be 
reduc A 3d. per hour. On the employers’ behalf it 
was stated that they were not desirous af cubeting the 
men’s wages, but found that this was the only course 
by which the men could be induced to reconsider the 
situation, and sign an agreement embodying the work- 
ing rules, which expired on the lst inst., after a six 
months’ notice from the men. 

By way of explanation, we may add that shortly 
after being granted, last December, an advance from 





9d. to 9d. per hour, the men demanded Is. per hour, 
the Electric Trades Union giving, on the point, the 
six months’ notice to employers referred to above. 
The ——— found this demand exorbitant ; they 
stated t it would place the Liverpool firms at a 
disadvantage when competing for contracts with the 
Manchester and other firms. No action having been 
taken by the union when the notice expired, the 





employers felt compelled to act as we have stated. 
At the conference recently held in G w of the 
Joint Board for Scotland under the | Mines 


(Minimum Wage) Act of 1912, for the purpose of 
deliberating upon the claim made by the Scottish 
miners for an increase in the minimum rate of wages, 
the claim for an advance of the minimum wage from 
5s. 10d. to 7s. 6d. per day was considered. After 
considerable discussion the chairman intimated that 
they would give the various points raised their full 
attention, hand in their award later. No decision 
in the matter will be announced for about three weeks. 
The returns received from district colliery meeti 
in the Lothians show that the miners have voted in 
favour of a four days’ work per week policy. 





The National Union of Railwaymen has 
u @ series of amendments to the new conciliation 
scheme, which include :— 

** Recognition of the national and local officials of 
the union as spokesmen of the railway workers under 
the scheme. 

** One board for each railway instead of the present 
system of one board for each group of workers. In 
the first instance grievances of grades will be con- 
sidered by 6 ood sub-committee representing the 
grade concerned, but settlements must ee approved by 
the full board. 

“ The right to strike to be retained by doing away 
with the independent chairman and his finality of 
decision.” 

The existing scheme will expire on December | next, 
in accordance with the notice given last year. Nego- 
tiations with the companies for a new scheme were 
opened in April last, and will be resumed at an early 
date, with a view to the drawing up of an amended 
scheme for approval by a special conference of the men 
prior to December next. 





At the meeting on Thursday, the 18th inst., of the 
Railwaymen’s Conference, held at Swansea, the dis- 
cussion which took place on the association of the 
miners, railwaymen, and t workers showed 
that the views which rule among the men with 
to the scope and the objects of the association in 
question are most varied. Most of the speakers, 
however, considered it in the light of a weapon to be 
used against employers ; they also instanced the possi- 
bility of closing the coal mines throughout the 
country, and stopping all transport at the same time, so 
as to compel Parliament to intervene for a settlement. 
But Mr. J. H. Thomas, M.P., warned the meeting of 
the grave dangers that would eurround the indiscrimi- 
nate and reckless use of the new Association, It was a 
weapon to be resorted toin the last instance only when 
all other means had failed. He asked the delegates to 
realise that they would have another opportunity of 
taking some part in the shaping of the great policy 
by means of a national conference. It was perfectl 
true to say that there were grave dangers ahead, 
unless their power was used wisely and well, When 
the miners’ strike in Yorkshire took — only a — 
months , they were then i eir unem 
popies Quien benefit, pop A of the he 
leaders met him and said : ‘*‘ We are going to ask you 
as @ National Union of Railwaymen to do something. 
We want you to stop the coal that is now being 
brought into Yorkshire, and which is defeating the 


Yorkshire miners who are on strike.” That was 
also the ition of some of their own branches. 
They desi that the men should be instructed to 


refuse to carry coal. He told the miners’ leader, 
as he told the meeting, that to ask such a thing 
was not only absurd, but an insult. Who cut 
the coal that was being taken into Yorkshire but 
miners? Therefore, in a matter of that kind, it 
was for the miners to take heed that there be no coal 
for the railwaymen to carry, because the first re- 
sponsibility was to see that no one section of a 
union should defeat another section. That was what 
ha in the Yorkshire strike. ‘‘ Let me,” he added, 
“‘utter a word of warning. No one connected with 
either the conference or the drafting of the rules ever 
contemplated for a moment that this alliance was 
simply going to be used at the beck and call of every 
Tom, Dick, and Harry. Wes are not unmindful of 
the tremendous power, the tremendous influence, and 
the damage that can be done by such = power; and 
because we recognise that fact every one associated 
with the new association is determined that when 
the power it confers is used it will only be as an 
absolutely last resort and after every other means 
has failed. They wanted their members not to 





assume that there was going to be a great strike 
declared next week, or next month, but to recognise 
that this linking-up was a development of trade 
unionism to meet combined capital, and ov must go 
no faster than they were absolutely satisfied the rank 
and file would go with them.” 





We are informed that men to the number of about 
50,000, ~—~-— = in the engineering trades of 
Birmingham, est Bromwich, Smethwick, Hands- 
worth and Oldbury—i.e., engineers, toolmakers, steam- 

ine builders, pattern-makers, brass workers, coach- 
builders, &c.—have sent in a demand for an increase 
of wages to the Engineering Employers’ Federation. 

The demand is for an all-round advance of 5s. 
a week ; the reason given for the application is the 
increased cost of living. It is asked that the new scale 
shall become operative on and after the second pay in 
July. At the ——_ time the men employed in the 
engineering allied trades over 23 years of age are 
receiving 38s. per week, and the hours range from 
48 to 53. Three years ago the wage was 37s., but an 
extra ls. was obtained through the efforts of the 
Allied Trades’ Federation. A meeting of the Em- 
ployers’ Federation is to be called to consider the 
situation. 





The men employed in the Worcestershire salt trade, 
including salt-makers, mechanics, bricklayers and 
labourers, practically all union men, have a dispute 
with their eee Four delegates from the men’s 
union met the Salt Union directors at Liverpool last 
week, and stated their case; the men demand an 
advance in wages. The directors offered to meet the 
demand to some extent, and the question was sub- 
mitted to the men at meetings held at Droitwich and 
Stoke, but the employers’ offer was not considered 
sufficient, and on Monday last the men threatened, 
to the number of about 70 at Droitwich and about 
400 at Stoke works, to cease work on Saturday next 
unless their demands were met. 

The men ask for the ag advances :—2d. a ton 
on fine salt, 14d. a ton on salt, and 2s..a week 
on all day labour, except in the case of carpenters, 
who have to provide their own tools, and for whom an 
extra shilling is demanded towards the cost of tools. 
The advance claimed amounts to an all-round increase 
of about 2s. a week, and even this, the men contend, 
will not place them on a level with the wages paid in 
Cheshire. They ask that the wages be equal in the 
two counties. 

The contention of the Salt Union is that the work 
in Cheshire is carried out under an entirely different 


rd | system, and it is impossible to make any fair com- 


parison. The directors have intimated to the men 
that they are unable to meet their full demands, and 
there appears to be no alternative to the closing 
of the works to-morrow, with the exception of the 
Covercroft Works, Droitwich, where the pumping 
plant will be kept going. 





THE INTERNATIONAL FIRE SERVICE 
COUNCIL’S MEETING IN LONDON. 
Tux International Fire Service Council’s Executive, 
comprising the delegates of the European committees 
and associations concerned in the subject of fire protec- 
tion, which bodies together have a membership exceeding 
three millicn, held a series of meeti in London from 
June 15 to 19, at the invitation of the British Fire- 

Prevention Committee. 
The work of the International Council, which was pre- 
sided over vA Commandant Meier, of Amsterdam (Presi- 


dent of the cil), included the technical ment 
of the nternational Fire English-French. 
German Diction of 5000 technical terms, which the 


Council will now be able to issue shortly, thanks to the 
liberality of an English donor who has offered to bear the 
cost of its production. 

Arrangements were made for holding a full meeting 
of the Oouncil and an Internati Fire Congress 
at Copenhagen in 1915, when questions relating to 
celluloid dangers, fire on board-sbip, petroleum dangers 
and the formation of county and district motor fire- 
brigades are to be under consideration. A considerable 
amount of administrative work also had to be attended to. 

visitors were shown the British Fire-Prevention 
Committee’s testing station at Regent’s Park ; the London 
Fire Brigade head-quarters, w a special display was 
for them, and a number of large buildings and 
factories in the metropolis in which modern fire-preven- 
tive measures have been adopted. 

At the conclusion of the Conference a memorandum 
her taped Sy = sehen of the pe particularly 

icating ncil’s appreciation of t t progress 
made in fire-preventive measures in Lenten, ant the 
world-wide influence of the research work conducted at 
the British Fire-Prevention Committee’s Sueing anton, 
whilst the County Council was on the 
efficiency of the London Fire Brigade, and the con- 
stitution of the brigade’s excellent fire-inspection de- 

t. 


Altogether, the meeting, besides doing useful technical 
work, afforded interesting proof of the advance- 
ment of the all-important subject of fire-protection at 
home, where an era of more scientific fire- protective work 
may be said to have now dawned. 
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THE NEW JOINT DOCK AT HULL; DETAILS OF ENTRANCE-LOCK. 


MESSRS. T. M. NEWELL AND R. PAWLEY, MM. INST. C. E., ENGINEERS. 


(For Description, see Page 861.) 
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A WORD FOR THE PRACTICAL MAN. 


Ir a number of people were asked off-hand which 
they thought the more important, the spread of 
civilisation or the advancement of scientific know- 
ledge, it would be quite uncertain as to which would 
be favoured by the majority. It might be argued 
that the second —— more valuable results, 
since in course of time it would work like leaven, 
and so stimulate the forces tending to the increase 
of civilisation. But in the meantime what would 
be the condition of the half-civilised countries and 


g7g| their millions of inhabitants, who are at present 


benefiting by the continuous diffusion of the com- 
forts of civilisation. If we concentrated our efforts 
ible—on science, the 
progress of the world would be painfully slow, and 
point to wonderful 
discoveries, it would not be to our credit that we 
had in the meantime done nothing to improve the 
lot of those who do not enjoy our advantages. 

The men of science may be likened to scouts who 
explore the field in which an army is to work. 
They make a discovery, return to the main force 
and re = and the army then goes into action 
with effect upon the enemy. Alone the ‘scouts are 
wee but if their information be given to the 

ghting force, practical results soon follow. The 
army, of course, represents the host of men in 
this world who, though not able to lay claim to a 
share in the original discovery, have yet the-honour 





of bringing about most brilliant issues. It is to 
these practical men that the bulk of the work of the 
world faljs. Who then are these practical men / 
To listen to some people one would almost be led 


©! to believe that the Penmaes men among engineers 


area class to whom no such thing as theory, 
or knowledge, save such as had been uired 
in the exercise of the craft. A man of this latter 
type should rightly be designated a craftsman, in 
distinction from the artsman who brings to ‘the 
assistance of manual dexterity a greater degree of 
mental application. It is the latter who is truly 
the practical man, who, as the term implies, is pro- 
Peoug one who pute knowledge or theory to use. 
sane h there have been ‘exceptions, due = 
4 some personal trait or special circu 
pr such as the inheritance of wealth, “it 
certainly has not been the rule, in the develop- 
ment of modern engineering, that the crafteman 
pure and simple has risen to a position of great 
influence and prominence in the profession. The 
successful practical men, whose supposed short- 
comings form the subject of frequent laments, 
nearly all actually belong to the class of artemen. 
Their fathers before them, often'with much labour 
and suffering, took infinite pains to acquire such 
knowledge as was then to be _ when facilities for 
learning were as 7 a with those of 
to-day. Theirs was not all spade and hammer work 
by any means. And it is much the same with the 
ical men of the nt era. There are few 
indeed among them who have not, by diligent 
application, fortified themselves at a heavy price 
with knowledge of the ee principles forming 
the basis of design and practi 

It is no reflection on the ate members of the 
practical school if the calls on their time, due to 
the success of their professional work, has sade 
it difficult for them to keep up with the rapid 
advance of’science of recent years; rather the 
fact is proof of the value of their services to a 
large section of the community. To keep the 
world going, scores of such men are requisite for 
every one scientist. They form a very important 
portion of our social fabric, and it is certainly well for 
us that they occupy these spheres of practical utility 
instead of devoting their lives to more abstract 
matters. The practical men are the missionaries to 
the masses as regards engineering science, minister- 
ing to their daily needs, and facilitating their work 
or enjoyment of leisure. They it is who pre 
highways in the desert, make the crooked straight 
and the rough places plain, and, by drainage and 
irrigation, change into delectable gardens the 
uninhabitable places of the earth. Though their 
learning may not be the most erudite, they are 
sufficiently well equipped to be able to perform 
their work with much credit to the profession, and 
to “lick” into useful shape the oa -digested 
schemes of scientific speculators. ey are as 
necessary to us as are the hewers of wood and 
drawers .of water. Their value is ised 
kindly Nature, who, for one able pioneer in 
science, raises up scores of men capable of filling— 
and filling well—the part of pioneers of civilisation. 

Not devoid of a sound grounding in theory, self- 
acquired though it may be, our practical man will 
savour more perhaps of the craft than of theory, as 
one to whom the execution of works most appeals. 
The name of these men is legion. These are the 
Stalkys of the engineering world—men of little 
showing, but of work well done, and their part in 
Empire is great, Their responsibilities as a class, 
and the fact that innumerable men of this type 
come to the front, lead us to think that the defini- 
tion of the practical man as one ‘‘who knows 
thoroughly the details of his daily work and knows 
nothing beyond,” given by Sir John Brunner in a 
recent letter to the Morning Post, is in need of 
some modification. The leaders of the practical 
school of engineering are not merely = ed fore- 
men or journeymen. They know enou gh, > an 
rate, beyond their daily duties to be able to 
forward and adapt to practical uses the Genovedten 
of the scientists. 

If, however, we adopt a somewhat lower defini- 
tion of the practical man, and consider him merely 
as a capable craftsman, he will still be found indis- 
penmatte. If the cunning of our large-aproned tool- 
smiths had had to wait on science, where would our 
modern systems of production be now? The improve- 
ment of tool-steels during recent years, though 
developed by engineers, has only lately been scien- 
tifically ex ed by Professor Arnold before the 
Institution of Mechanical Engineers. The advantage 
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of the brine-bath in hardening, though long appre- 
ciated in the workshop, has but recently been 
explained by Mr. A. McCance, before the Iron and 
Steel Institute. We cannot delay making use of 
practical facts till science may produce the reasons 
on which they are based, and the practical worker, 
who has skill in the meantime to secure the re- 
quired results, plays a very honourable réle and is 
a most valuable as-et to the world. 

In nw countries the practical man may often 
with advantage be nothing more than a first-class 
artisan. In pioneering, when much that has to be 
done consists in the erection of plant designed and 
manufactured elsewhere, craftmanship, a know- 
ledge of one’s fellow creatures and ‘‘ horse-sense,” 
will carry one much further than will ‘‘ book-learn- 
ing” without experience in the ways of men. It is 
on this point that the practical man so often scores. 
Thrown into intimate c »n‘ act with men in the shops, 
and not merely contemplating them ata distance 
through a college or laboratory window, the prac- 
tical man is in the best position to acquire an 
understanding of those administrative and executive 
problems which nowadays go to make up half the 
engineer's work in the world. In the momentary 
enthusiasm of a celebration President Wilson 
recently designated Colonel Goethals as the greatest 
living representative of the engineering profession. 
If this eulogy be warranted, administration may 
apparently even hold the higher place, for there is 
no doubt that Colonel Goethal’s admirable work at 
Panama has been mainly related to matters of this 
class, and has not been greatly concerned with 
engineering problems. In conversation recently 
one of our leading locomotive superintendents 
stated that he had almost forgotten that he was a 
mechanical engineer, so much had his time been 
oceupied by labour matters. These things the 
practical man accepts naturally as part of his day’s 
work. Training in which university courses and 
research have taken precedence of work necessi- 
tating actual contact with the men is little help 
in these affairs. 

The scientific man, we all know, has his sphere of 
usefulness, but let us not run the risk, in en- 
deavouring to produce one research man, of 
spoiling many others who, taken in time, might be 
draf into channels in which they could better 
serve their generation. The definition quoted 
above was given by Sir John Brunner, in reference 
to a remark by the late Lord Playfair, who once 
said he wished ‘‘he could live to see the end of 
the reign of the meg man.” An interesting 
article by Dr. T. Claye Shaw, published in a recent 
issue of the Lancet, points out that if the eugenists 
had their way, and the world were filled with nothing 
but intellectuals, it would be perfectly unbearable. 
The average man is really the one who keeps the 
world going satisfactorily. Lord Playfair desired, 
it is to be supposed, the greater influence to be on 
the side of scientific thought. If this be so, the 
word ‘ practical ” was unfortunately chosen. There 
is no midway between it and the antithesis ‘‘im- 
practical,” which—tell it not in Gath and publish it 
not in the streets of Askelon—is sometimes, to say 
the least, so irresistibly applicable to the theorists. 





THE RAILWAYS OF ASIATIC 
TURKEY. 

WHEN one reads that the length of all the rail- 
ways of Turkey in Asia—a country five times the 
size of the United Kingdom, with a third of its 
population—did not much exceed 3000 miles in 
1912, and was, moreover, all single track prac- 
tically, one is apt to dismiss the subject by some 
allusion to Turkish misrule and lack of enterprise, 
and by the remark that no railways would exist 
ia Turkey at all if it were not for foreign stimu- 
lation and aid. That may be so. It should 
not be forgotten, however, that the estimates of 

pulation and of area are uncertain, and that 
oreign help meant foreign interference and 
ree ot Me jealousy from the beginning. It is 
customary to blame the Turk for the general decay 
of the country, lange portions of which, in the ages of 
the Babylonians, Greeks, and Romans, were famous 
for their fertility, trade, and their excellent public 
roads. But the ruin of the country, the inevitable 
consequence of incessant wars and neglect, had set 
in ae the rule of the Roman and Byzintine 
Emperors long before the Turk appeared ; thousands 
of crusaders perished in the stony desert of the land 
** flowing with milk and honey.” When railway 
engineers began to explore Asia Minor and Syria, 


| they found towns and villages se 





parated by large 
tracks of desert and by mountains, neither of 
which anybody had ever surveyed; there were 
hardly any means of transport, no central officials 
really exercising authority, and the acquisition of 
@ concession was only the beginning of endless 
negotiations, less frequently perhaps due to Turkish 
than to European intrigues. Considering all these 
difficulties, the progress of recent years has not 
been so unsatisfactory. 

Envg'ish capital first gained a footing in Asia 
Minor immediately after the Crimean War, but the 
Smyrna-Aiedin Railway, 214 km. in length—the 
metric system is almost universal on Turkish rail- 
ways—was not really opened till 1866, and the line 
Smyrna-Kassaba, 226 km., sanctioned in 1862, was 
not completed till 1896; a third British line, 
Mersina-Adana, 64 km., had been opened in 1886. 
We take these particulars from an article by Karl 
Pirath in the Zeitung des ,Vereins Deutscher 
Eisenbahn-Verwaltungen. The third of the lines 
just mentioned is in the Taurus district, near 
the Gulf of Alexandrette, or Iskenderun, in front of 
which the Island of Cyprus is situated. None of 
these early British lines had any direct connection 
with Constantinople or any European railway 
system ; the working did not prove profitable, and 
only the Smyrna-Kassaba line ramained in British 
hands ; the two others were taken over by a French 
company in 1897. Meanwhile other nations had 
roe pe in, and the Turkish Government had itself 
built railways. But French enterprise still retains 
one great advantage—that is, that the lingua Franca 
is best understood all over Asiatic Turkey; the 
official language of the railway service is practically 
French on all the lines now working. 

Turkey built in 1871 the line, of 42 km. length, 
leading from Mundania to Brussa, the Turkish 
capital before the conquests of Adrianople in 1361 
and of Constantinople in 1453, and the line Haidar 
Pasha (opposite Constantinople)-Ismid, the ancient 
Nicomedia, 94 km. The former line was acquired 
by a French company in 1892, and the latter was 
taken over in 1888 by the German Anatolian Com- 
pany, which at the same time secured the conces- 
sion for continuing the line to Angora (486 km.), in 
the centre of Asia Minor. This line had good pros- 

; for it was joined to Constantinople, which 
in the same year, 1888, had become the terminus 
of the Oriental express. By 1893 the railway had 
been pushed from Eskishehir, on the way to Angora, 
434 km. further on to Konia ; another concession, 
to extend the Angora line further east to Kaisarie, 
called forth opposition from Russia. Py 1902, 
however, the Anatolian Railway Company obtained 
the promise of the Bagdad line concession. Years 
of international friction passed before that project 
could really be carried out. By 1913 the railway 
service was opened as far as Djerablus on the 
Euphrates via Adana and Aleppo; the difficult 
crossing of the Taurus and Amanus mountains 
is not yet finished, however. On the other hand, 
the concession was extended beyond Bagdad to 
Basra, the port on the Shat-el-Arab—the great 
river to which the Euphrates and Tigris unite—and 
a smaller branch from Bagdad to Khanikin was 
sanctioned, important because it leads to oil-fields. 
Another completed branch leads from Kaleh, near 
— e Alexandrette. lish Bagdad Rail 

e long-projected Englis ad ilway, 
from Tripo Poe the Sn coast, via Homs and 
Palmyra west to Bagdad, will probably be built 
with British and French capital. French enterprise 
had been very active in Asiatic Turkey since 1892. 
In that year the line Jaffa-Jerusalem (87 km.) and 
the line Smyrna -Karahissar (590 km., partly 
British originally) had been constructed. Next 
year followed the line Beirut-Damascus-E] Meserib 
(258 km.), the climb up the Lebanon from the 
coast being made by a noteworthy rack-rai'way. 
Damascus and Aleppo, via Rayak, Homs, and Hama, 
were joined in 1902. Meanwhile the Turkish Govern- 
ment had once more entered upon railway construc- 
tion, this time successfully. The line Damascus- 
Mecca was expressly projected for the pilgrims to 
the Holy Cities, and Sultan Abdul Hamid’s appeal 
for its construction met with the hearty support of 
the Faithful. It passes through the Hedjas—hence 
the name ‘‘ Hedjas Railway.” The 1484 km. to 
Medina were in working order by 1912 ; 500 km. to 
Mecca remained to be completed. .The line has 
already several paying side branches. One, for in- 
stance, goes from Acre and Haifa, on the coast of 
Palestine, to Bosra; Jerusalem lies west of the main 
line, but is to be joined to the just-mentioned 





branch. Since 1911 several of the railways in Asiatic 
Turkey have been worked with a prokt, and the 
general outlook is favourable, although practically 
the whole network is still single track. 

The gauges vary. On the Turkish lines the 
gauge is 1.05 m. (41.3in.); this gauge has also been 
adopted on some of the French om On the 
other lines the gauge is 1.435 m. (4 ft. 84 in.), and 
the British gauge predominates. Russian companies 
have not so far crossed the frontiers of Russian 
Armenia, but they seem to regard the eastern 
parts of Asia Minor as their sphere, and a junction 
of the Transcaucasian railways with the Bagdad line 
is to be effected at Diarbekir, on the Tigris. The 
Russian gauge is 1.52 m. (60 in.). Actually working 
are 1679 km. of what may briefly be called German 
lines, 1534 km. of Turkish lines, 1289 km. of French 
lines, and 589 km. of British lines. 





THE SUBSIDENCES IN THE STREETS 
OF PARIS. 

So far as we have been able to gather at this 
comparatively early stage, the preliminary conclu- 
sions which we arrived at in our last week’s article 
with reference to the causes of the subsidences 
which occurred in the Paris streets over one of 
the Metropolitan lines in course of construction, 
have been confirmed. The writer has had the 
opportunity of further investigating the matter 
on the spot, and the result of his inquiries shows 
that the bursting of the sewers was the direct cause 
of the eubsidences. There still, however, remains 
to be ascertained whether the driving of the rail- 
way tunnel really led to a weakening of the 
sewers, thus renderi them incapable of with- 
standing the abno flood they had to carry. 
It is still, therefore, too early to deal with the 
occurrences in any amount of detail, since the 
authorities in charge of the work, who alone can 
form an opinion on the subject, refuse to give any 
explanation, and this is quite natural, for, owing 
to the very justifiable concern which the accident 
has created in Parliamentary and Municipal circles, 
and in the mind of the population, an inquiry is to 
be held to establish responsibilities ; until this is 
held, no very precise information will be available. 

very generally happens in France when the 
country is faced with occurrences of a similar nature, 
the question seems likely to resolve itself into a 
political one. The Socialistic members of Parlia- 
ment intervened actively in one of the discussions 
which took place last week, and claimed that the 
committee entrusted with the inquiryshould include 
a number of representatives of the men’s trade syndi- 
cates. At tirst their claim was refused on the plea 
that the object of the syndicates in question was to 
defend the interests of the workers, whilst the 
object of the inquiry was to deal primarily with the 
safety of the Paris streets. Moreover, the syndi- 
cates styled the ‘‘red”—i.e., the revolutionary 
ones—maintain that they alone are to be repre- 
sented on the inquiry, and threaten to withdraw if 
representatives of the ‘‘ yellow,” or dissentient, 
» apne are also appointed. A further proof that 
the question has been transformed into a purely 
political one is afforded by the manifestation which 
took place at the funeral of the chauffeur whose 
motor-car, with a lady passenger, fell in the 
chasm which opened out at the Place St. Augus- 
tin. It is true that the chauffeur had been secre- 
tary of the strike committee organised by the men 
of his calling. His funeral was followed by two 
thousand taxi-cabs according to some, by four 
thousand according to others, with the object of 
increasing the magnitude of the manifestation. This 
intermingling of politics and class differences in an 
occurrence of the kind will not have the effect 
of throwing light upon the inquiry. The secre- 
taries of the workmen’s syndicates immediately 
seized the occasion to declare the contractors who 
had successfully tendered for the construction of the 
different lengths of the line guilty of bad work and 
trickery. They asserted, for example, that sand of 
an inferior quality, taken on the spot, had been 
used in the mixing of the mortar and cement, and 
that the contractors had had recourse to numerous 
other reprehensible measures, all of which led to a 
decrease in the resistance of the tunnel arches and 
side walls. They have not been able to prove 
any of their statements. Besides, it certainly does 
not become the men to speak of “sabotage,” for 


it had been repeatedly shown that their syndicates 
have set up the practice as a principle, and 
several acts of this nature have been proved 














June 26, 1914. ] 


ENGINEERING. 879 








against the men in the construction of the Paris | completed over a length of about 150 yards. The 


etropolitan Railway system. 


Be this as it may, there is every likelihood that|the earth having been driven “ 
the actual driving of the line tunnel, combined | where,” as was told to the writer by an engineer 
prohably also with the method followed in the | of the railway, who added, ‘‘probably to the 
construction, the whole work being carried out in a | other 
very treacherous sub-soil, was conducive to Re) 


shifting of the earth in which the sewers had been 
built We give in Fig. 1 a map of the district in | 
which the subsidence: occurred. The sewers met. 
by the tunnel are shown in the longitudinal sec- 
tion, Fig. 2, the smaller section, Fig. 3, illustrating 
the tunnel at the intersection with the Boulevard 
Haussmann. As we have already stated, there is 
every likelihood that the bursting of the sewers at 


walls were as yet unfinished, the walls being built 
in by alternate lengths on both sides, as stated 
further on. The work of clearing out the débris 
at the subsidences clearly shows that the torrent 
of water excavated the parts not yet lined with 
walls ; dead bodies have been found in the lowest 
part of the pocket which it formed. Two persons 
are still unaccounted for, and it is surmised that 
they have been carried along in the heading which 
it has not yet been possible to clear of the mud it 
contains. A newspaper stand was carried down 
in the subsidence at the Rue du Havre, and the 
roof of the stand, together with the wooden shoes 
of the woman in charge, have been found in the 
chasm at « distance of 60 yards from the opening in 


masonry work had been washed completely bare, 
know not 


ortion of the tunnel in which it could find 
an outlet, i.e., to the heading in course of being 
driven, and in which the arch alone had so far 
been laid.” ‘It is not impossible,” he further 
stated, ‘‘that the enormous current of liquid 
mud may have been driven into the sewers which 
open into the main sewer, and increased the pres- 
sure caused by the actual flooding.” Notwithstand- 
ing, the tremendous wash which caused the imme- 
diate formation of an enormous grotto at the 






















































































































































































































































the points of intersection with the line tunnel, and Place St. Augustin had, practically speaking, no ' the street. 
Fig.3 . 
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the extensive flooding of the surrounding ground , 
and of the tunnel itself, were the direct causes of the 
subsidence of the streets above. But the point has 
still to be cleared up finally, for the municipal rail- 
way engineers, whose work is to superintend the 
construction of the line, and the municipal sanitary 
engineers, who have charge of the Paris drainage 
work, are at variance, and each group throws all 
responsibility on the other. 

A number of French and foreign journals have 
arrived at the conclusion, following upon the acci- 
dents in question, that the tunnels in which the 
Paris Metropolitan rans—that is to say, the com- 
pleted tunnels now in actual service—are not 
sufficiently safe. To our mind, such a conclusion 
18 most exaggerated. The subsidences of last week, 
on further examination, show that the flood swept 
away the earth as far up only as the arch of the 

in course of construction. In the 


action whatever upon the side walls and arch of the 
tunnel lengths already completed. It follows, 
therefore, that if, when the storm—the primary 
cause of the subsidences—occurred, the line had 
been fully completed, even had the sewers burst 
owing to a flood, to cracks in their walls, or by 


A fact which establishes the strength of the com- 
pleted tunnels is that the torrent flowed along the 
side of the line No. 3 and above the line ‘* Nord- 
Sud,” both of which have been completed for some 
time, and neither of which suffered the least disturb- 
ance in their time-tables. In Figs. 4 to 7, page 880, 
reason of any weakening effect due to the shifting we give sections of the standard tunnel section, of a 
of ground following upon the construction of the tunnel section with curved invert, and of another 
line, the water would not have found any empty | with specially strengthened invert and thicker side 
spaces down which to rush, and no washing away | walls, Fig. 7 illustrating a standard underground 
of the subsoil would have resulted. station. 

In such cases the danger lies in the water being The few data we have already given in regard to 
able to carry away the earth from a point in which | the method followed in the construction of the 
it exists as a compact supporting mass, to other | tunnel—the laying of the arch, the building up of 
points where it finds an outlet, after becoming dis- the side walls in alternate lengths on one side and 
integrated. The water from the sewers, as was|on the other, the full tunnel section being ulti- 
clearly seen at the junction of the Boulevard mately completed by the laying of the invert— 


outlet in the side of the tunnel at the parte either |in complete rings. This method of construction, 





tunnel a 
vicinity of the largest chasm the arch had been 


Haussmann with the Rue du Havre, found an ry that the tunnel is not built progressively 


non-provided with side walls or where the side| which many consider to be the only one that 
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can be followed in the Paris subsoil, may to some 
extent have led to the shifting of earth at parte 
of the town, but this did not occur to the extent 
so freely stated. Nevertheless, if the tunnel had 
been built complete ring sections, the water 
from the main sewers would have encountered a 
rtion completely walled in, and the arch would 
ave stood, whereas, under existing circumstances, 
the arch failed owing to the washing away of the 
earth sides which supported it provisionally. But, 
even then, at the ends of ring-section lengths, the 
water would have created for itself a series of open- 
ings, which would have been conducive to the 
washing away of the earth ; in this latter instance, 
however, the pressure of the tunnelling shield, if 
a shield had been used, would have largely checked 
all violent inrush and washing away. 
The mere criticism of the method in question is 
very generally considered unfair ; moreover, the 





Municipal engineers, who have charge of the in- 
spection and the carrying out of the work in every 
detail, assert that it would have been impossible 


STANDARD TUNNEL SECTION 
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to have recourse to any other method, especially in 
the case of the line on which the subsidences 
occurred. As we stated in our former article, work 
in the Paris subsoil is surrounded with special diffi- 
culties, difficulties which are not encountered in 
London. Over the greater part of its length the line 
follows an ancient outer ditch or natural depression, 
which in years gone by had been transformed into 
a moat far the defence of the town. The depression 
was ultimately filled in with all classes of earth and 
rubbish. There is no homogeneity in the soil, 
which, moreover, contain&é an abundance of water ; 
when the Seine overflowed, the water from the 
river found a natural passage along the ancient moat 
in question. Under these conditions the contractors 
deemed it impossible to use the tunnelling-shield, 
and the municipal engineers with the con- 
tractors in this. The method of driving the tunnel 
was briefly described in our last issue. 

The work for the whole line is divided into sec- 
tions, and for each section shafts are sunk from 
which to drive the heading, remove the ground, 
and supply the building materials. The men drive 
the heading from the bottom of each shaft ; the 
heading is about 6 ft. € in. wide, and, as already 
stated, is at the top portion of the full tunnel sec- 
tion. The heading is timbered as work 8, 
and, when it has been driven over the full length of 
a section, side excavation, with timbering, takes 
place, so as to lay bare completely the extrados of 
the arch. The actual tunnel-work has always been 
effected with great care, and we do not know of any 
accident having occurred so far in the construction 
of the line in question. When'the extrados of the 
arch is thus laid bare the centres are for 


building the masonry arch. The timber stays 
supporting the centres rest on the floor 
of the tunnel, and the arch is always built 


very rapidly as soon as side excavation makes 
this possible. When the masonry arch has sufii- 
ciently set, the tunnel is excavated to its final 
profile over the whole length of the section, cutting 
the earth away for laying the invert complete, but 
leaving temporary earth supports of sufficient 
strength under the springing of the arch. These 
earth supports, amply sufficient under normal con- 
ditions, are liable to be easily washed away should 








an inundation occur, The side walls are built in 


lengths of about 20 ft. at a time, there bei 
between two masonry lengths an equal | 

of earth, which is cut away and replaced by 
a wall later on; on the left-hand side of the 
tannel, a 20-ft. length of wall is opposite the 
20-ft. length of earth on the right-hand side. Until 
the side walls are fully built, the arch remeins 
supported by timber uprights as a precautionary 
measure. The invert consists generally of con- 
crete ; it is usually laid in two halves, longitudi- 
nally. As a further Senate measure, when 
the tunnel masonry is completed, liquid cement is 
injected under pressure through openings left in 
the arch, so as to connect this latter completely 
with the earth above it. 

At some parts, the contractors proceed differently. 
They first open out two parallel headings in front 
of the s to be excavated for building the side 
walls, they then make a circular cutting round to 


the key and build the arch gradually, in short’ 











construction of sewer work at the Place de la 
Concorde and at Asniéres, and for lengthening the 
Clichy main sewer, but in these instances the work 
could be carried out at the full section and was at 
great depths. A shield was also used for sewer 
work under the Boulevard St. Germain ; but in this 
latter case the de was not great, and gradually, 
as the shield was driven forward, it compressed the 
ground in front of it, caused a depression in the 
rear, and led to extensive cracking in the roadway 
above. The dislocation of the ground reacted upon 
all the pipe conduits under the roadway. If a 
shield had been used for the Metropolitan line we 
are considering, the surrounding earth would no 
doubt have been disturbed, leading to the cracking 
of the sewers and to accidents similar to those we 
have reported. 

The cut-and-cover method has been resorted to 
also at some points ; a large number of stations for 
the first two lines were built on this method, but 








lengths. They then remove the earth from the in this case the stations cover a wider area than the 
central portion of the tunnel sections. This is a current type of underground station. This method 
TUNNEL SECTION WITH INVERT TUNNEL SECTION WITH \ 
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safer method, but a more difficult and more costly 
one; it means a series of successive rings which 
would prevent subsidences, or at all events ensure 
that they occurred locally only. 

Besides the practical impossibilities which are 
found to surround the use of the full tunnelling- 
shield, it was found that tunnels circular in sec- 
tion would not be suitable in the Paris sub- 
soil. Both the contractors and the municipal 
engineers are fully aware of the usefulness of the 
shield. The chief engineer of the Paris Metro- 
politan Railway visited all the London lines at a 
time when the use of a full tunnelling-shield was 
strongly advocated for the Paris tunnelling opera- 
tions, and he was able to ascertain on that 
occasion that the London subsvil was of quite a 
different nature from that of the French metropoli 
Notwithstanding this, the shield was tried re- 
peatedly in Paris, but with very poor results. The 
use even of top shields does not appear to give 
satisfaction, e shield was resorted to in 
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however, interfered too extensively with the street 
trattic, and led to a vast amount of complaints, 
raised by merchants, inhabitants, transport and 
other companies. It is precisely owing to these 
various reasons, the very determined opposition to 
the cut-and-cover method, and the bad results 
obtained with the shield, that the later lines, 
and particularly the one on which the subsi- 
dences occurred, have been built by driving a head- 
ing, by side excavation, and timbering, as stated. 
Where vertical compressed-air caissons have been 
used, the lack of homogeneity in the sub-soil has 
frequently also created a number of difficulties. In 
one case the caisson encountered alternately friable 
calcareous stone, then hard lime-stone; the air 
escaped suddenly at the base of the caisson through 
a very friable stratum, and led to the death of five 
men. Mr. Berlier, who built the ‘‘ Nord-Sud” line, 
had for years past endeavoured to promote the use 


of the tunnelling-shield ; but when his own line was 
the | sanctioned, he abandoned the idea of constructing 
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a ring-tunnelled line at a great depth, and built 


heavy risk, could not now be separated from the 
the “‘ Nord-Sud” in a masonry tunnel of elliptic i i 


engineering and aeronautical departments without 
detriment to both the departments, although the 
tank is in a certain measure independent. A 
radium-testing department has been opened, and 
the question of establishing an experimental labora- 
tory for radiotelegraphic research on the grounds 
is under eonsideration. 

By the deaths of Sir William White, Sir David 
Gill, and Mr. Robert Kaye Gray, the Laboratory 
has lost some of its most active friends on the 
Board ; Sir Arthur Riicker, Secretary of the Royal 
Society in the days when the support of the 
Treasury had to be enlisted for the scheme of 
the National Physical Laboratory, has recently 
been compelled to retire under medical advice. 
The staff has grown in numbers, especially in the 
Metallurgical and the Tank Departments, and some 
members have accepted other appointments. But 
fortunately the changes have not been marked, and 
the Director, Dr. R. T. Glazebrook, F.R.S., still 
commands the support of most of the original 
members of his competent and conscientious staff. 
The total number of tests performed during the 

ear 1913-14 is less than that for 1911 and for 1912. 
ut the decrease affects only certain departments, 
and is explained by exceptional conditions, finan- 
cially of little importance. Thus in 1912 large 
numbers of tested thermometers were wanted for 
cotton cloth factories, and there was also a tem- 
rary demand for lens-testing at low charges. On 
the whole the orders for testing have grown in 
number, and the financial results, as we pointed 
out y, show satisfactory increase. 

We pass to a notice of the work of the different 
departments, inning with the Engineering 
Department, of which Dr. T. E. Stanton, F.R.S., 
M. Inst C.E., is superintendent. 

Engineeering Department. Wind Pressure (Dr. 
Stanton).—An account of the continued experi- 
ments made with stiffer diaphragms than —- 
used on high-level girders of the Tower Bridge, to 
which we referred. last year,* is to be presented to 
the Institution of Civil] Engineers. Two series of 
instruments have been so distributed that the one 
records the mean pressure variation at the centre 
of a girder, and the other the average of the pres- 
sures at six points, situated symmetrically along the 
girder, 38 ft. apart. The instruments are mounted on 
the outsides of the two upper girders of the bridge, 
which crosses the river south-west to north-east, so 
that, with a normal wind blowing up or down the 
river, the instruments on the one side would be 
under pressure, and those on the other under 
suction. In this way it has been found possible 
to compare the approximate mean pressure on the 
girder with the pressure at a part of it, and the 
assumption previously arrived at is confirmed, that 
the value of the wind pressure on a structure in a 
uniform current can be predicted by making a 
sufficiently large number of observations in the 
open air and taking the means. 

Efficiency of Motor- Vehicle Gear- Boxes (Dr. 
Stanton, Mr. J. H. Hyde).—On. behalf of the 
Mechanical Transport Committee of the War 
Office, appliances for testing the efficiency of the 
power transmission through ow paar: have been 
designed and ponstmudel e@ speed range was 
high, 37 to 1000 revolutions per minute, and it 
was difficult to absorb all the power at the different 
speeds, especially as a Reynolds-Froude hydraulic 
brake was not available, and as the high-speed 
water-brake adopted would not absorb power at 
less than 500 revolutions per minute. ‘The diffi- 
culty was overcome by inserting an auxiliary gear- 
box in order to s the brake up (when the speed 
of the gear-box in question was below 500) in the 
reverse direction. The arrangement is the follow- 
ing :—Electric motor, gear-box under test, auxiliary 
gear-box, and water-brake. The frame of the motor 
rests itself on knife-edges, and the torque on the 
frame mechanism is determined. The gear-box is 
mounted in a horizontal cradle on ball-bearings, which 
the shaft does not touch, and the torque on the cradle 
is measured, not the power absorbed by the brake. 
The calculations thus concern the he the 
motor-shaft, and of the transmission- . The 
influence of the temperature and of the extent to 
which the gear-box is filled with oil are under 
investigation. 

Fluid Friction in Pipes; Water, Air, Oil (Dr. 
Stanton, Mr. J. R. Pannell).—An account of the 



























































section. 

The method followed for the line under considera- 
tion—by excavation and timbering—is not, of 
course, a perfect one, for it is quite probable, we 
repeat, that the excavation work for the line may 
have caused the sewers to become inadequately sup- 
ported temporarily, but it was no doubt the best 
method under the circumstances. It is practically 
impossible for the men who are driving a heading 
to be aware of any moving and shifting action of 
the earth which their work may give rise to. It 
would be possible to remove the wood paving 
and the concrete base on which it is laid, with a 
view to ascertain whether the tunnelling work had 
actually led to any fissures ; but if this were done, 
the objections to the cut-and-cover method would 
apply. The line has to be completed and other 
lines are designed. Hitherto the contractors and 
engineers have taken every possible precaution 
consistent with normal conditions, and they have 
carried out their work with all due care. Last 
week the elements ran riot ; the catastrophe was 
primarily caused by an ‘‘ act of God,” and any 
exceptional precautions which may be available 
against such disasters will not, we feel sure, be 
neglected in the future. 





THE NATIONAL PHYSICAL LABORA- 
TORY IN 1913-14. 

Tue meeting of the General Board of the National 
Physical Laboratory was held on Friday last, 
June 19, under the presidency of Sir William 
Crookes, O.M., who is ex-officio Chairman of the 
Board in his capacity as President of the Royal 
Society. Lord Rayleigh, a Past-President of the 
Royal Society, was last year reappointed Chairman 
of the Executive Committee. The Treasurer and 
Secretary of the Royal Society, Sir A. B. Kempe 
and Dr. A. Schuster, are likewise ex-officio members 
of the Board, and the connection of the Laboratory 
with the Royal Society is closer, on the financial 
side, than is generally known. Any deficit in the 
annual account must be met by the Royal Society, 
and that liability has been exercising the respon- 
sible authorities of late again, and imi particular at 
the annual meeting of April, 1913. It was then 
resolved, with the consent of the six technical 
societies named in the original scheme of organisa- 
tion—the Institutions of Civil, Mechanical, and 
Electrical Engineers, and of Naval Architects, the 
Society of Chemical Industry, and the Iron and 
Steel Institute—that arrangements should be made 
for the further extension and full development of 
the National Physical Laboratory, and that the 
Treasury should be asked to raise the annual grant 
to this national institution from 70001. to 12,0001. 

According to the accounts, made up this year for 
the period up to March 31, 1914, and covering in 
this instance, therefore, the fifteen months January, 
1913, to March, 1914—the income had risen from 
32,0581. to 43,7131., the fees for tests rising 
from 15,7111. to 25,1431., and the special investi- 
gations bringing in 2533/., against 860/. in 1912, 
while the expenditure has increased from 32,4791. 
to 40,9681. ; salaries and wages alone amount to 
28,4071. now. Donations aggregating about 15001. 
have been received from institutions and private 
sources, mostly for definite and the 
Government grants towards the researches of the 
Advisory Committee for Aeronautics and for the oil- 
fuel experiments, conducted on behalf of the Ad- 
miralty, as well as the payments from the Road 
Board, though, of course, ear-marked, have helped 
to carry on the work. 

The equipment of the new buildings, which we 
briefly described last summer, when they were 
opened by Mr. A. J. Balfour, on June 26, in- 
volves heavy sums, which are not yet covered. 
The buildings alone cost 20,4001. ; the transfer- 
ence of the work (thermometers, barometers, 
&c., watches) from Kew was laborious and ex- 

nsive, —, the a eh of the new _— 

partment in particular is advancing very slowly. 
The administrative offices are in a better 1 
tion; the library should receive more support. 
The scope of work is constantly widening. 
The Home and Colonial Government depart- 
ments put many a task before the Laboratory, the 
Aeronautical Exhibition at Ghent was very suc- 
cessfully arranged for the Board of Trade by the 
Laboratory, and the international work is increasing 
im importance. The National Tank, which was a 





* See ENcIngERinG, June 20, 1913, vol. xcv., page 846, 
and also June 27 and July 4, 1913. 





research on the frictional resistance of fluids in 
jipes was presented to the Society* in January 
and the subject was dealt with by Dr. 
Stanton, in his Royal Institution lectures on 
** Similarity of Motion.”+ The pipes used in the 
experiments ranged in diameters d from 0.361 to 
12.6 cm., and the velocities of flow v from 20 to 
6000 cm. per second in the case of water and from 
150 to 3500 cm. in the case of air. The function 
v d/v (where v is the kinematical velocity) ranged 
from 2500 to 430,000, and ex ing the frictional 
resistance per unit area by R = p wv? f (v d/v)— 
where p is the density of the fluid—it was found 
that throughout that range the values of R/p v* 
for either air or water at the same value of vd/» 
were identical within the limits of experimental 
accuracy. For the speed range 40 to 3000 om. per 
second, at any rate, the assumption of the truth of 
the index law for the frictional resistance of water 
in pipes of 1.25 cm. diameter might involve an 
error in the estimated friction of from 15 to 20 per 
cent. That is to say, if the formula is written 
R = kv”, then the n, determined after Reynolds, 
varies from 1.72 to 1.92 as the v rises from 58 to 
2250. The ratio of the mean velocity to the maxi- 
mum velocity had been assumed to be constant 
for 8 above the critical; but the National 
Physical Laboratory experiments show that this 
ratio, which has the theoretical value 0.5 for 
steady motion (below vd/vy = 2500), is a function 
of the vd/y and rises to 0.75 and 0.82 for the higher 
values 3000 and 6000. Comparing their results 
with those of other experimenters, Dr, Stanton and 
Mr. Pannell are in best, and indeed in excellent, 
ment naturally with Saph and Schoder (pi 

diameters 0.27 cm. to 5.32 cm., Proceedings of the 
American Society of Civil Engineers, 1903, vol. li., 
253), because they also used cold-drawn brass pipes, 
since a great deal depends upon the surfaces of 


{the pipes. The further experiments will concern 


pi of small diameters, 0.5 cm. and less, as to 
which there is some want of similarity of motion. 

The frictional constants of the flow of fuel oil in 
pipes were determined by Mr. Pannell at the 
request of the Oil Fuel Commission. Some of the 
oil being very viscous (viscosity at 15 deg. Cent. 
3000 times greater than that of water), simple gravity 
flow from a large tank raised above the floor could 
not be relied upon without going to an inconvenient 
height, and as a plunger pump would have produced 
fluctuations in the small resistances to be megsured, 
a centrifugal circulation pump with adjustable 
speed regulation was installed. ; 

From the tank the oil flows through horizontal 
steel pipes 3 in., 4 in., or 5 in. in diameter (which 
are with loose cork and wood); in this part 
of the conduit the measurements are made. The 
pipe-conduit then turns upward and returns in a 
second horizontal branch, which is not , and 
is diverted either into the measuring- » which 
is weighed, or back into the supply-tank:; in the 
latter case the oil through a long chute, 
which can be hosted an'eosted by a radiator fed 
with hot or cold water. On the weighing-lever 
is a chronograph, which records the moment when 
a certain —_— of oil, corresponding to the _ 
a of a jockey-weight, has entered the weighing- 
tank. 

Each pipe has a whole length of 140 ft. The 
a y made, - wey es - oo 
lagged horizontal portion, and on a length of 5 ft., 
about 45 ft. from the pump outlet. There two 
holes in the pipe are connected to a sensitive 
mercury tilting-gauge, a water-seal being inserted 
in the connection to prevent the oil from entering 
the gauge. Pressure differences equivalent to 
0.005 in. of water can be measured, which is quite 
sufficient for the purpose. About 30 ft. of the 
lagged pipe can be heated by a coil ; this was onl 
needed for the thick oils, in the thickest of whic 
circulation could not be maintained at temperatures 
below 22 deg. Cent. Since the experiments 
proved the flow to be stream-line in character, 
the resistance could be calculated for lower tem- 
peratures ; but special determinations are now 
made. Temperature measurements by means of two 
thermo-couples, the one ending in the inner wall of 
the Pipe, the other in the middle of the oil, showed 
that the oil core was hotter than the wall ; hence 
the heating of the ipe by the coil. 

Impact Tests of Threads and Couplings 


* See Philosophical Transactions of the Royal Society, 
A., vol. coxiv., pages 1 
+t See En 





99 to 224. 
GINEERING, May 22, 1914, page 710 ante. 
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(Dr. Stanton, Mr. R. J. C. Batson).—The large 
impact-testing machine, consisting of a swinging 
anvil to support the specimen, and a heavy pen- 
dulum, both suspended from the same horizontal 
axle, was briefly described last year. Since the 
machine was designed, the tensile strength of 
railway-carriage couplings has been much increased, 
and the resistance of the suspended anvil had 
also to be augmented therefore by connecting the 
anvil with a sliding-bar — with an adjustable 
resistance which can regulated from 0 to 50 
tons. The resistance, which is di-connected for 
smaller, more exact impact measurements, resembles 
a horizontal ladder, and consists of two steel bars 
sliding between ‘‘ ferrodo” slabs which are pressed 
together by heavy spiral springs, each representing 
a resistance of half a ton. e hammer itself weighs 
4650 lb., the height of fall is 12 ft., and the anvil 
weighs 10,400 lb. The slightly spherical striking 
faces of the hammer are now made of double shear 
steel, hardened and tempered, other materials tried 
having failed. The researches on impact testing 
now proposed concern the methods of notched-bar 
testing, one of the problems set by the Interna- 
tional Association for Testing Materials; the 
scheme has been worked out in conjunction with 
the Engineering Standards Committee. The resist- 
ance of materials to combined stress is also further 
to be investigated. 

Resistonce of Keys and Keyways (Mr. Batson). — 
The tests of the resistanee of keys and keyways to 
stress reversals on the machine which Mr. Reavell, 
chairman of the Keys and Key ways Sub-Committee 
of the Engineering Standards Committee, designed 
and constructed, have not proceeded far yet, but 
some rather unexpected observations have been 
made. The shaft of the machine has a diameter of 
24 in. in the part under test, and is enlarged to 
4 in. in diameter at the end which is clamped to 
the bed. A cast-iron hub is keyed to the shaft and 
bolted to a rocking-lever, to the other end of which 
the load is applied through a cross-head attached 
to two pistons, which are actuated by compressed 
air. The shaft is thus exposed to an alternating 
torque of 20,000 in.-lb.; the torque and distortions 
are recorded mechanically and optically, and the 
air-pressure fluctuations are recorded with the aid 
of a tempered-steel diaphragm. The first test was 
made on a key, § in. by ,% in., fitted with the 
standard draught at top and bottom (i.e., 1 in 100), 
the sides being parallel. The alternating torque 
was equivalent to 6520 lb. per sq. in., and the 
relative displacements of shaft and hub were large, 
indicating that the limits of working resistance of 
key and keyway had been exceeded ; a j-in. by j-in. 
key did not give better results. It was then re- 
solved by the sub-committee that the key should 
be an ahechate fit (not merely a good fit) on the 
sides, with evidence of fit on the top and bottom, 
and that each side should have a draught of 1 in 
2000 ; it was also resolved that the shaft and hub 
should be so ground as to constitute a hand-push 
fit, and that failure should be assumed when a rela- 
tive movement of the shaft and hub of 0.01 in. had 
taken place. Under these conditions, tests with keys 
of & in. by ,’; in. and $ in. by & in. were carried out. 
But the shaft broke under an alternating stress of 
8 tons per sq. in. before half the just-mentioned 
displacement had been reached. e shaft, which 
was turned out of a 44-in. bar, was weak, and 
was replaced by a forged shaft. But the failure 
at the small displacement was not surprising for 
another reason. If a shaft to which a hub is keyed 
is held firmly at the one end, while the other end, 
to which the hub is attached, is left free, and the 
hub is then rotated about the shaft axis, the elastic 
limit in compression will first be reached at the end 
nearest to the fixed shaft-end, and will move pro- 
gressively along the key-way towards the free end, 
as the key-way opens out under stress ; now dis- 
placement measurements were taken at the free 
end. 

Aeronautics ee Stanton, Messrs. L. Bairstow, 
F. H. Bramwell, E. F. Relf, J. L. Nayler, A. Fage, 
E. W. Stedman, L. W. Bryant, W. J. Stern, and 
T. Lavender).—The staff of this department has 
undergone some changes. The report of the 
National Physical Laboratory does little more than 
enumerate the various investigations carried out, 
because Mr. Bairstow’s account was presented to the 
Advisory Committee on Aeronautics, upon whose 
report we recently commented. The 7-ft. air- 
channel is bei practically to the 
design of the old 4-ft. channel, and is fitted also 
with almost the same aerodynamic balance which 





we illustrated in our issue of May 15.* The only 
difference is that the torsion wire going down the 
vertical arm of the original balance developed in 
the Laboratory is now replaced by a flat spring 
attached to the end of one of the horizontal arms. 
The 7-ft. square trunk of the channel has an actual 
length of 40 ft, ; the further end of the channel— 
which takes up nearly the full length of fhe room, 
100ft.—is perforated. as we explained last year. The 
observations are taken near the end of the trunk, 
the fan being mounted in the portion of circular 
section between the two square parts ; in the old 
channel the fan was at the end, but disturbance by 
eddies does not appear to arise, so far as + pcr 
experiments show, and if any should appear, a 
stream-line shield would be adopted. In addition to 
this 7-ft. channel under construction, a 3-ft. channel 
has been completed during the past year, in which 
daily observations are taken. It is characteristic for 
both the measuring apparatus and the staff that 
observations taken by different observers in the 
two channels on the same model lead to practically 
identical results. A good deal of work has espe- 
cially been done on the longitudinal and lateral 
stabilities of Blériot models, and many aerofoils 
have been tested for the Royal Air-Craft Factory 
and also for private firms. Work on wing forms is 
usually done with the spindle attached to the end 
of the wing; in some models Mr. Bairstow now 
fixes the spindle to the middle of the wing, because 
the ends are too thin. The distribution of pressure 
round a propeller-blade is under investigation by 
means of. the whirling-table. 

Road Board Laboratory (Messrs. Stanton and 
Batson).—The work at the Laboratory is done 
under the direction of the Road Board, of which 
Sir George Gibbs is Chairman and Colonel Crompton 
consulting engineer. Since January, 1913, 72 
different kinds of stone have been tested for 
attrition, impact, abrasion, and cementation, and 
a comparison has also been made between the 
Deval attrition machines of the National Physical 
Laboratory and of Mr. E. J. Lovegrove, of 
Hornsey, London. For this purpose 19 widely 
different stone materials were tested in the wet 
and dry by the Laboratory and by Mr. Lovegrove. 
The endurance tests on model roads carried 
out on the circular model track with the aid of 
the road machine, which we mentioned cn previous 
occasions, have given a good deal of trouble. The 
machine may be descri as a wheel star, con- 
sisting of a centre post and eight radial arms, each 
ending in a heavy wheel, independently driven by 
an electric motor. The track has a diameter of 
34 ft. and a width of 30 in. After the first pre- 
liminary runs the centre post was stiffened to 
prevent excessive vibration of the frame, the speed 
reduction between the motors and gear-boxes was 
increased, and a spring device was introduced under 
the arms, so that a load less than that corresponding 
to the dead-weight of each arm could be imposed 
on the track. f riments were then started on 
diverse tracks. e water-bound wmacadam was 
made up of 2 ft. of brick ballast (over the drained 
gravel), 74 in. of furnace slag, watered, the inter- 
stices being filled in with hoggin, and 44 in. of 
test-road proper, consisting of Pentlee stone, all 
well rammed and rolled; the road was made in 
four sections, with stones of different sizes, from 
2} in. down to } in., and crusher run. 
load on each of the eight wheels, 2 in. in width, 
was 800 lb. (in subsequent experiments 1400 lb.). 
Longitudinal and transverse sections were taken to 
study the deformation of the road and the produc- 
tion of hollows and ridges. After enduring 3000 
tons per yard width the surface of the track was so 
broken up that the tests were discontinued. 

A tarmac road was then laid on the macadam 
foundation ; this material consolidated by } in. 
under the action of the machine, and was after- 
wirds forced upward in parts by the differential 
action of the wheels, the inner and outer wheels 
sinking lower than those at the centre. The track 
was therefore narrowed to 2 ft. width by inserting 
an inner and an outer ring of blocks of wood on the 
track circumference. Pitch-grouted macadam roads 
and asphalt roads were then tried, and some useful 
information was obtained. But vibrations of the 
machine were still set up when the si me 
worn, and the dust and the cam-rollers (employed 
to impart a transverse motion to the wheels) gave 
trouble and wore rapidly. The tracks are now laid 
on cement concrete. 


* See ENGINEERING, page 675 ante. 
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In order to investigate the important question of 
the formation of waves on the model tracks, Mr. 
Jakeman constructed an apparatus which draws the 
shape of the surface at different paths. A frame 
runuing on three wheels on the concrete ring wall 
of the track is attached to one of the eight arms of 
the machine. It supportsa carriage at right angles 
to the track ; the carriage is fitted with a board, to 
each side of which a card can be fixed. At the end 
of the frame eight plungers work in guides, each 
provided with a small wheel, running on one 
of the eight tracks of the big machine-wheels. The 
plungers are forced up and down by the irregulari- 
ties of the road, mm draw curves on the cards ; 
the plungers are of different lengths, and the eight 
pens are in the same vertical plane, 2 in. apart. The 
carriage is moved across the track by a screw and 
nut, and eight longitudinal road profiles are thus 
traced, the total length of the road (100 ft.) being 
represented by 20 in. on the one side of the paper, 
while a similar device traces the cross profiles on 
the other side. The results so far obtained tend 
to show that if the road is originally smooth and 
equally hard and compressed all over, no waves will 
form, provided the machine be very slowly started. 


(To be continued.) 





Tue tate Mr. Morcan Bransspy WILLIAMS.—We 
regret to have to record the death, which occurred at his 
home, Killay House, Swansea, of Mr. Morgan Bransby 
Williams, D.L., on Sunday last, the 2ist inst. Mr. 
Williams was one of the oldest members of the Institution 
of Civil Engineers, having been elected on May 22, 1855. 
He was eighty-nine years of age. He commenced his 
engineering career in 1842, and was in the con- 
struction of the London and North-Western Railway, 
the North British and Caledonian Railways, being later 
on employed in the construction of several railway lines 
in France, Italy, and Russia. Mr. Williams settled in 
Glamorganshire in 1870, and remained until three years 
ago chairman of the Rhondda and Swansea Bay Railway, 
ot which he was one of the original promoters, and deputy 
chairman of the Metropolitan Bank of England and Wales. 


Jo'nt SumMER MEETING IN NEWCASTLE-UPON-TYNE.— 
From July 7 to 10 there is to be held at Newcastle-upon- 
Tyne a joint meeting of the Institution of Naval Archi- 
tects, the Institution of Engineers and Shipbuilders in 
Scotland, and the North-East Coast Institution of Engi- 
neers and Shipbuilders. The meeting will commence at 
10 a.m. on the 7th by a reception at Armstrong College, 
and this will be followed by the reading and Sicouen 
of papers submitted by the Institution of Naval Archi- 
tects. In the afternoon there will be visits to the new 
Naval Le me Yard of Messrs. Sir W. G. Arm- 
strong, Whitworth and Co., Limited, to the Neptune 
Works of Messrs. Swan, Hunter and Wigham Richard- 
son, Limited, and to the Fullagar Engine, Limited. 
In the evening there will be a reception in the 
Assembly Rooms. On Wednesday morning the papers 
will be presented by the North-East Coast Institution 
of Engineers and Shipbuilders in the Lecture Theatre 
of the Literary and Philosophical Society. In the 
pte ay will e ol to the works of the 
Consett Iron Company, Limi to marine engineering 
works +. the Tyne, —— on. we! | a 
Marine Engineering Company, Limited, essrs. R. 
and W. Hawthorn, Leslie and Co., Limited, Hebburn, 
and of Messrs. Palmer’s Shipbuilding and Iron Com- 
pany, Limited ; and to the Fullagar om Limited. 

here will be no papers read on Th ay. The 
visits will be to the works of Messrs. William Doxford 
amd Co., Limited, of the Darlington Forge Com- 
pany, and of the Fullagar Engine, Limited. There 
will also be a garden gpa! at Lambton Castle. On 
Friday the papers will be submitted by the Institution 

ngineers and Shipbuilders in Scotland. In the 
afternoon there will be a garden —— at Jesmond Dene, 
and in the evening a dinner at Tilley’s Rooms, Many 
other works will be open to inspection upon notice bei: 

iven. The papers to be submitted by the Institution o 

aval Architects are :—(1) ‘‘On the Protection of Battle- 
ships against Submarine Attack,” by Professor Sir John 
H. Biles, LL.D., F.R.S. ; (2) ‘‘ Recent Developments of 
the Hydraulic Transformer,” by Herr Professor H. 
Féttinger; (3) ‘‘Shipbuilding Practice of the Present 
and Future,” by . T. G. John; (4) “Some Notes 
on the Design of Floats for Aeroplanes,” by Mr. 
Gilbert H. Miller. The papers to submitted by 
the North-East Coast Institution of Engineers and 
Shipbuilders are: —(1l) “Some Notes on Warships 
Designed and Constructed by Sir W. G. 
Whitworth and Co., Limited,” by Mr. J R. 
@) “‘A Review in the in the team- 
Yorn” by Mr AC Grose, 3) Guarging of Two. 

ears,” by ‘ are : * wo- 
Cycle Engines,” by Professor ¢) Hopkinson, F.R.S. ; 
and “‘ A New Type of Internal-Combustion Engine,” b 
Mr. H. F. Fullagar, M.A. The papers to be submitte 
by the Institution of Engineers and Shipbuilders in 
Scotland are :—(1) ‘‘ Influence of Varyi emperatures 
on the Strength and other Pro ies of Admiralty Gun- 
Metal,” by Professor A. Campion and Professor John G. 








Ww. 


Longbottom ; (2) ‘‘ The Strength of Welds by the Oxy- 
Gpetzions Prose,” by Profeesor “A. Campion and Mr. 

C. Gray; oF Experiments op 1 
Engine,” by Mr. W. 8. Burns. 
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GAS-ENGINE ECONOMY. 
To THe Epiron or ENGINEERING. 

Siz,—I think it might be of -interest to many of your 
—— a gm J — on -s ern type 

urn em, double-acting, four-cycle gas-engine, 
erected and installed by the Lilleshall Company, Limited, 
and using gas made from a Mond and ammonia recovery 
producer. = 

The test conditions were v severe. The slightest 
deviation from full load, from ‘any cause whatever, in- 
validated the test. The length of the test was 96 hours’ 
continuous running. As s the observations, every 
care was taken to ensure their acouracy. All readings 
taken were Sant checked. All the instruments 
were calibrated. The calorific value of the gas was deter- 
mined by calorimeter, and also by analysis. Calorimeter 
readings were always twice taken by two independent 
observers. Al] gas analyses were twice analysed by in- 
dependent observers. The utmost care was taken in coal 
measurements, especially in seeing that the conditions 
in starting and ny | were the same. Analyses of the 
coal and ashes were determined twice over by inde- 
pendent observers ; the same — to the observations 
taken on the recovery portion of the plant. 

I think, therefore, it may be claimed that the figures 
are reliable, 


Test on 1000-Kw. Nurnberg Gas-Engine of 96 Hours’ 
Duration ; July 19 to 23, 1913. 


Mechanical 











R.P.M. M.E.P. LH.P. B.H.P. Kilowatts. Efficiency. 
kg. per per cent. 
sq. cm. 

100 4.56 1737 1455 1024 84 
Consumption. 
ada =e S WGA PRC ~ 
Pounds of Coal per § Calories per | Calories per Calories per 
Kw. -Hour. I.H.P.-Hour. | B.H.P.-Hour. Kw.-Hour. 
1.78 1b., of which 1.35 Ib | 

to producer, 0 38 Ib. | 

to boiler for steam- | 

raising required in) 

producer ve 1810 2160 8080 

| 
Gas. 





comparative intensities. The sirens could be mechanically 
controlled to give only the determined direction and 
number of blasts, and that without interfering with the 
use of the siren ahead. Surely this is worth trying. 
Yours —— 
. Coxk-P. 





‘““THE STEAM FRICTION OF TURBINE- 
WHEELS.” 
To THe Eprror oF ENGINEERING. 

Sre,—In an article under this heading in your issue of 
August 22, 1913, Mr. Kerr referred to Lasche’s empirical 
expression for the steam friction of turbine-wheels, 
ue from Dr. Stodola’s ‘* Dampfturbinen” (Fourth 

dition). The formula on page 129 of the latter is, 
however, pointed out to be a misprint,* in which D» 
should be D.».*. Then the equation (3) in the above 
article should be : — 
N = 10- a dint In, 3 ¥, 
in which 

a = 0.988 for single-blade ring, 
1.157 for two rings, 
1.581 for three rings, 
2.40 for four rings. 
Consequently the equation (6) is incorrect, which, by my 
calculation, mes :— 


N = 2.78 it) , 
78 (5 ¥ 


or the numerical coefficient is 2.78, instead of 4.32, the 
original. Comparing this last equation with the author’s 
own equation (5), the difference is to be found not 
mahesier considering the nature of the experiment. His 
statement that ‘‘this (Lasche’s) equation is not very 
reliable,” I think, ought to be modified. 
Yours faithfully, 
' K, SHOGENJ1, 
Hakozaki, near Fukuoka, Japan, June 6, 1914. 





THe AgronavuticaL Soorty.—The Council of the 
Aeronautical Society of Great Britain announce that 
they have awarded the Gold Medal of the Society to 
Professor Bryan, Sc.D., F.R.S., for the great 
services he has rendered to aeronautics by his develop- 
ment of the theory of the stability of aeroplanes. 





Personat.—The London office of the United States 


E | yr | Metallic Packing Company, Limited, Soho Works, 

—-— Cubic | Cote or: my omnel, BS- Allerton-road, Bradford, has been removed to 116, 
etres per n as Ammonium ency - 

B.H.P.-Hour. Calories. Sulphate. lated on B.H.P pe age Soe ee | oaaney om ae 4. — 

cub. m. | ° per cent. their Birmingham Office Manager in place of Mr. Hilton, 

1.77 1214 113 Ib. per ton | 30 who has resigned that position to take up other work. 

| of coal gasified Mr. Browne has been connected with Messrs. Bruce 





Besides the above consumption guarantees, the engine 
had to run 300 hours continuously at 1000 kilowatts, 
without the slightest stoppage or slow-down due to any 
cause whatever. This was also accomplished. As a 
matter of fact the engine ran 480 hours continuously 
before she was shut down for a week-end. 
Yours faithfully, 
RIcHARD BEcHTRL. 
Oakengates, Salop, June 11, 1914. 





CRITICAL LOADS FOR LONG COLUMNS. 
To THs Eprror oF ENGINEERING. 

Sr1e,—In his reply to Professor Batho, Professor Morley 
states that “‘a sine series will give exact results for 
uniform sections, and closely approximate results for 
many other cases where the variation in I is not great. 
A power series chozen to suit the end conditions will also 
give clove results in such cases; examples of this were 
=. in an article in Enernggrine for December 20, 

In my second example, I assumed I to vary as the 
square of the distance of the section from the free end. 


I am, Sir, yours faithfully, 
Bradford. W. M. Wissomn. 





FOG-SIGNALLING A’ SEA. 
To THE Eprror OF ENGINEERING. 
Sir, —The collision of three Atlantic liners lately makes 


any suggested means for the prevention of such accidents 
of interest. 


The following received the approval of a well-known 
Board of Trade engineer many years ago, but it re- 
uires more than t for practical consideration ; and 
hope that my ion your medium may 


attract the attention of some foreign government, for ib 
can be so easily tried during a fog on shore, and at so 
small a cost; and the result, if successful, of so great 
value that a government less hide-bound than ours may 
be induced to try it. 

I suggest that the siren on board all steamships be made 
to turn through a certain angle to port and starboard, 


say 50 deg. The signalsare two blasts to port, then three | M 


midships, and four to the extreme starboard 
repeated, that an officer on watch hearing a signal would 
have time to puton his ear-receiver for the repeat signals. 

The relative amount of sound heard from the two and 
four blasts would determine whether the ships were in 
the danger line or crossing in or out of it; it would give 
the direction of the position of the other ship and the 
relative direction in which they were travelling to a close 


angle ; and 


rom experience, a suitably-lined ear-receiver is all 
that would be required to determine very correctly the 
direction from which the sounds were coming and their 





Peebles and Co., Limited, for many years. 





Tue Krineo’s Birtapay Honovurs.—It can scarcely be 
said that Applied Science or Industry has been ade- 
quately re ised in the honours conferred on the 
occasion of the King’s birthday, although on this occa- 
sion there is evidence of a greater desire to reward 
Imperial and patriotic, rather than political party, ser- 
vice. We are glad to note the names of several engineers 
and industrialists among the recipients. Amongst the 
Knights are Mr. J. J. Burnett, a noted G w archi- 
tect, who was responsible for the extension of the British 
Museum ; Mr. Ellis Denby, once a noted spinner in Ship- 
ley ; Mr. Robert C. Lockhart, a linen oa jute manufac- 
turer in Kirkcaldy ; and Mr. John F. C. Snell, President- 
Elect of the Institution of Electrical Engineers, a con- 
sulting engineer for the London County Oouncil electric 
power scheme and other electrical undertakings, and the 
author of many technical pa and two books. 
Amongst the promotions in, an ny to, the 
Most Honourable Order of the Bath, mention may be 
made of Mr. R. A. S. Redmayne, Chief Inspector of 
Mines, Home Office, who is advanced from C.B. to 
K.C.B.; and Mr. W. H. Whiting, Superintendent of 
Construction Accounts and Contract Work at the 
Admiralty, who has been made a O.B. In the list of 
the Most Distinguished Order of St. Michael and St. 
George there appears the name of Lieut.-Colonel G. L. 
Eyles, M. Inst. C.E., who is promoted from O.M.G. 
to K.C.M.G. The Surveyor-General in India, Colonel 
8. G. Burrard, F.R.S., has been advanced from C.S.I. 
to Knight Commander of the Star of India; while the 
Inspector-General of Irrigation to the Government of 
India —Mr. Michael Nethersole, of the Public Works 
Department—is made O©.S.I., as is also the Chief Engi- 
neer and Secretary to the Government in the Bridges, 
Roads and Railways Branches of the Public Works 
Department—Mr. W. G. Wood, A.M. Inst. O0.E. In 
the list of the Most Eminent Order of the Indian 
Empire the dignity of O.I.E. is conferred upon Mr. 
P. G. Messent, M. Inst.C.E., Chief Engineer to the 
Bombay Port Trust; Colonel 8S. M. Renny, R.A., the 
Director of Ordnance Factories; Mr. R. H. Tickell, M. 
Inst. C.E , Chief Engineer of the Central Provinces ; and 
r. Thomas Summers, D.Sc, M. Inst.C.E., late of 
Bombay Public Works Department. The Imperial 
Service Order has been conferred 
Mr. John Trump, M. Inst. C.E., late Director of Public 
Works, Federated Malay States, and Mr. W. M. Vandin, 
Superintendent of Public Works, Seychelles. 





* The correction is made by Mr. Georg Forner, on 
page 1909 of Zeitschrift des Vereins deutscher Ingemseur, 
910, or refer to “ Hiitte” (Twenty-First Edition), IL., 
a = The similar correction is also made for the 
ormula on 268 of Martin’s ‘“‘Steam-Turbines” by 


him on page 951 of the same journal, 1913. 


upon (amongst others) | Fi 





NOTES FROM THE NORTH. 
Gtiascow, Wednesday. 

Glasgow Pig-Iron Market.—Last Thursday morning the 
market o with a slightly stronger tone, and 1000 
tons of Cleveland warrants were done at 5ls. 3d. four 
days, and closing sellers named 5is. 34d. cash, 5s. 5d. 
one month, and 51s. 64d. three months. In the afternoon 
there was: nothing doing, and sellers of Cleveland war- 
rants made no change in quotations, but buyers quoted 
easier. On Friday morniug the market was again quite 
idle, and sellers’ prices for Cleveland warrants still showed 
no change. In the afternoon the tone had an easier 
tendency, and one Cleveland warrant was put through at 
51s. 34. cash, with sellers over at that re, and at 
5ls. 44d. one month, and 5ls. 6d. three months. On 
Monday morning the market o firmly, but business 
was limited to one lot of Cle d warrants at 5is. 74d. 
three months, and at the close sellers named fils. 4}d. 
cash, 51s. 6d. one month, and 5is. 8d. three months. The 
afternoon session was dead idle, and Cleveland warrants 
were easier at 51s. 4d. cash, 51s. 6d. one month, and 
Gis atv Caney ooagnlias nd unteaitigein Crecent 

on y morning, no dealings in 
warrants were recorded. Sellers’ closing prices were 
called 51s. 44d. cash, 51s. 6d. one month, and 5ils. 7d. 
three months. The afternoon session was also idle, and 
sellers of Cleveland warrants made no change in their 
quentians. When the market opened to-day (Wednes- 
ay) there was an absence of buyers, and again no trans- 
actions were recorded. veland warrants were weaker, 
with sellers naming 51s. 3d. cash, 51s. 5d. one month, and 
5ls. 6d. three months. In the afternoon the tone was 
steady, and a small business of 1000 tons of Cleveland 
warrants was done at 51s. 3d. cash and 51s. 6d. August 28. 
The session cl with sellers quoting 51s. 34d. cash, 

51s. 5d. one month, and 51s. 6d. three months. 


Sulphate of Ammonia. —The sulphate of ammonia market 
is quiet, and the demand is rather poor. No change has 
been made in prices since last report, and for prompt 
delivery the current — is called 101. 10s. per ton, 
Glasgow or Leith. ‘orward inquiries are better an 
point to an improvement, and dealings are reported at 
10. 18s. 9d. for October-March delivery, and for January- 
April delivery 11/. has been paid. 

Scotch Steel Trade.—During the me week no chan 
of any kind has taken place in the condition of 
Scotch steel trade, and specifications are as scarce as ever, 
with inquiries just about as small as could be imagined. 
Many of the works are only able to keep running for 
about four daysa week, and that even with some diffi- 
culty. Plates are in poor demand, and the came remark 
may also be applied to sections, and both black and gal- 
vanised sheets. Home consumers are buying very spar- 
ingly, in the hope, perhaps, that prices may yet ease off 
owing to the continuance of the foreign competition ; but 
local producers are unwilling to shade quotations much 
further, and the next movement is more likely to be up 
than down. The exporttrade is fair, and among the best 
markets at present are Australia, New Zealand, India, 
and South Africa in a limited extent. Prices quoted last 
week show no change. 

Maleable-Iron Trade.—Dulness and depression are 
still being experienced in the malleable-iron trade of the 
West of d, and no ray of brightness can yet be 
seen to give any cheer to owners of works, only nine of 
which are now in operation. For export there is a very poor 
demand, owing to the severity of the foreign competition. 
At the end of last week the makers arranged that the 
minimum selling price for steel bars manufactured from 
foreign billets will now be 5/. 12s. 6d. per ton net, for 
home consumption. They are endeavouring to come to 
an arrangement to 1 orders on a fixed basis, and a 
scheme is now on a three months’ trial. 


Scotch Pig-Iron Trade.—No change can be reported 
in the state of the Scotch pig-iron trade, as the demand 
is still of a very limited nature. The tendency of prices of 
late has been easier, but even that has not brought forth 
buyers, although one or two have been more inclined to 

ok Y-x" demsnt, the telouian oan he 
ample for the present . are the 
market quotations for makers’ agp iron :—Clyde, 67s.; 
Langloan, 67 


all shipped at Glasgow) Gleogaraonk (ab Ard tan 
tt ; a rossan 
wa; Shoste (at Leith, dee 6d.; and Carron (at Grange- 
mouth), 68s. Hematite is in very poor request, as the 
various steel works are so quiet. 


urnaces in blast number 72, and 
0. 





Tue TorPepo-Boat Destroyer ‘‘ Mrranpa:” Epra- 
TUM.—We regret that, in last week’s issue, 852, in a 
a on the torpedo-boat destroyer Miranda, built 

y Messrs. Yarrow and Co., Limited, of Glasgow, the 
contract speed of the vessel was given as 39 knots; this 
should have been 35 knots. 





Tue Junior Institution or EnGingers.—The Junior 
Institution of Engineers has recently formed Local 
Sections in Birmingham, Manchester, and Sheffield, 
which are attracting numbers of engineers and those 
connected with allied trades to their meetings. The 
Sheffield and District Section, h only started in 

—— of this year, has already four meetings, at 
three which interesting papers have been and 
discussed. Not only engineers, but those connected with 
the local steel and coal tends eso hevewieg members. 
This section of the parent Institution has been fortunate 
in that Mr. John Little, general of Messrs. 
Cammell Laird and Co.’s ae orks, has con- 
sented to be President of the S id and District 

ion during 1914. A Sub-Management Committee has 
been formed, and is arranging an attractive programme of 
lectures for the coming session, and of visits to local works. 
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NOTES FROM SOUTH YORKSHIRE. Bx: 
SHEFFIELD, Wednesday.’ | 
South Yorkshire Coal Trade.—The house-coal section 
aa being on a smaller scale as a 
t of the continuance of summer heat. Though the 
output has been y restricted, there is still a con- 
siderable surplus left for stocks. There is a good demand 
for hard steams both for the large works and for 
shipping. Prices are steady. The pits are working 
full time. Gas fuels are moderately active. A num- 
ber of yearly contracts have been arranged at a reduc- 
tion ef 6d. on last year’s figure; but the bulk are 
outstanding ; a majority of the producers have declined 
to make any concessions. A fair volume of business is 
being done in the open market. Slacksare uneven. Best 
descriptions are in steady demand, but the lower grades 
are weaker. Special lots are obtainable at low rates. 
Blast-furnace coke is a slow market. Forced selling has 
brought about a reduction of 6d. in the quotation at the 
ov which now stands at 7s. 6d. Quotations :—Best 
hand-picked, 15s. 6d. to 16s. 6d. ; best 
8i 186. to 148.; Derbyshire best brights, 12s. to 
13s.; Derbyshire house, 10s. 6d. to 11s. 6d. ; best 
nuts, 10s. 6d. to 11s. 6d.; small nuts, 9s. to 10s.; York- 
shire hards, 11s. to 12s.; Derbyshire hards, 10s. 6d. to 
lls. 6d. ; best slacks, 7s. 6d. to 88. 6d.; seconds, Se. 6d. ; 
smalls, 4s. to 5s. ) 


Iron and Steel.—The quietness of the 
is still the most salient characteristic of the local iron 
market. Contracts have been arranged at figures that 
are remarkably low in comparison with the prevailing 
rates of a year ago, but most consumers are contenting 
themselves with open market purchases. Hematite is a 
firm, if a slow market. The slight easier Lary | of 
values during the preceding fortnight has given a fillip 
to current contracting, but users are y satisfying 
themselves with stocks. East Coast hematite rules 
at 68. 3d., and West Coast at 73s. 6d. Foundry 
iron is a good medium, but there is practically no 
movement in forge iron. alues are maintained with 
di‘fculty. Purchases are being effected at 6d. to Is. 
less than the listed rates. In bar iron depression is 
not so pronounced. But for the dearth of wagon- 
building on home railway account there would be little 
amiss. Building material is in better request, and the 
foundries, as a whole, are fairly well engaged, but the 
—_ —_ weed ot high ly. aes, is 

ing conducted at pressure. New business is being 
booked at a rate thats well for sustained activity 
in the future. The requirements of the British Admiralty 


t few weeks 


have been terially increased. Foreign governments, 
notably Spain, Italy, the United States, Greece, Turkey, 
and Japan, also providing a lot of work. As 8 


the steel trade generally, it is evident from official em- 
gevneee figures that trade is not declining st anything 
ike the rate that has been represented in some quarters, 
for upon the month increases are shown in both the 
number of workmen engaged and in the number of 
shifts worked. With stocktaking imminent, however, 
a small decline in activity is to be expected. Engi- 
neering concerns have a lot of important contracts on 
hand, and are providing employment for the lighter 
trades, which showed patches following an unusual 
burst of prosperity. Tool steel ison order from South 
America. Valuable contracts for railway material for 
India have been divided between local firms. Billets 
meet with a slightly better demand. War ce con- 
tracts have just been placed for tools. Steel alloys are 
a quiet market. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland a ee need at 
present prevails, an: outlook generally is regarded as 
anything but tte The one gratifying feature of the 
Northern iron market is the continued very excellent 
statistical situation. What is usual] as the 
> period of the year has exrived, and most traders 

© not look for renewal of activity to any extent until 
about the middle of Au next, when, under ordinary 
circumstances, buying should commence to meet autumn 
and winter foreign uirements. Ourrert pig-iron 
quotations are considerably helow cost of uction, 
as there seems very little htkelihood of relief forthcoming 
by way of lower charges for raw material; miore blast- 
furnaces may be put out of operation before long. Three 
furnaces have been damped down at Jarrow. This reduces 
the number of furnaces in blast on the North-East Coast 
to 71. It is many years since so few furnaces have been 
blowing. The Jarrow furnaces have been damped down 
owing to aeepeney pete the suppliesof iron-stone,due 
to the weather, and the annual Tyneside race holidays. 
Tt is expected that these furnaces will be working again 
next week. The expected definite news concerning 
amount of the rebate on the Russian import duty on pig- 
iron is not yet to hand. The Russian authorities are 
understood to be fixing a scale which will equalise the 
advantage of the remission as between the works on 


and mottled 
for either early or forward 


white i each BOs, _ 
delivery. ‘There is little or 


nothing in East Coast 
hematite pig, values of which chow s further marked down Mr. aos 
ward nes,” 
Both fligh-Duty 


Y, notwi jing that for some time 
quotations have beenconsiderably under cost of make. 
makers and merchants offer Nos. 1, 2, and 3 freely at 59s. 3d. 


and | and also at the meeting 


the | will be a reception in the Bois 





to 59s. 6d. for practically any delivery, and buyers consider 
even these rates too high. Foreign ore values show 
no chan There is no business whereby to fix prices, 
and in the continued absence of transactions sellers 
adhere to rates that have ruled for some time past—viz., 
on the basis of 17s. 6d. ex-ship Tees for Rubio of 50 per 
cent. quality. Coke is rather less scarce, and not quite 
so strong as it has been. At the same time, pateryh 
of Durham kinds ask 17s. 6d. for average blast-furnace 
kinds, delivered at Tees-side works, but as a matter of 
fact, that price has been shaded. 


Stocks and Shipments.—The stock of Cleveland pig-iron 
in the public warrant stores now stands at 80,278 tons, 
Sees She See Since the begi of the 
month the stock has reduced by tons. Ship- 
4 i Prag opine Me we pe on only a moderate 

le. To date this month they average tons per 
working day, the total d at 
57,069 tons, 48,633 tons of which have gone from Middles- 
bi h and 8436 tons from Ski: ve. To the same 
date month the loadings were given at 54,516 tons, 
or a daily average of 2725 tons, and for the corres: i 
part of June a year ago the clearances reached 68,218 tons, 
or an average of 3410 tons per working-day. 

Manufactured Iron and Steel.—There is very little new 
to report concerning the various branches of the manu- 
factured iron and steel industries. A quiet feeling pre- 
vails. Orders are somewhat scarce, and some ucers 
are getting well through what they haveon hand. Rails 
are active. The sae Se Iron Works have just 
booked an order for tons of rails. Principal market 

uotations stand:—Common iron bars, 7/. ; best bars, 

1. 7s. 6d.; best best bars, 7. 15s. ; 
iron “. wr 61. 156.; iron ship-angles, 


u 7 .5 y 
lig ht iron rails, 7/.; heavy 61. ; 
7l. 6a.—all nev ayers 
ted sheets, 24 in bundles, 11/. 5s. f. 


per cent. 

Heicut or Buiast-Furnace.—While in the United 
States blast-furnaces have, or had, recently been brought 
op to begs of 33m. (108 ft.), new blast-furnaces in 
0! ish district do not exceed a height of 29.5 m. 
96 ft. 9 in.) ; in Lorraine they go up to 30 m. (98 ft. 5 in.), 

t in Silesia 23.5 m. (77 ft.) is the practice, because the 
inferior coke does not justify ter heights, according 
to Stahi wnd Hisen. In the United States it had also 
been found that no greater economy in coke is realised 
when heights of about 30 m. (98 ft.) are exceeded, whilst 
the working of the blast, &c., becomes more expensive. 





Fire-BricaApE Moror-Cars 1n Brruin.—The Berlin 
Fire Brigade commands now al ther 72 automobiles, 
Ss four complete electric “‘ trains” of four cars, 
and also 18 light petrol-cars for the officers; 71 more 
motor vehicles will be required to supersede the horse 
service. The cost of eight of the electric brigade trains 
was given in the yearly report for 1913; the oldest of 

trains had done years’ duty. The economy 
realised by electric power is noteworthy. The expenses 
of working one electric train amount to 5555 marks 
annually, whilst the horse service cost 21,913 marks, 
nearly four times as much. sums do not include 
interest and depreciation, but abandonment of the horse 
service will soon make itself pay evidently. 


Tue INSTITUTION OF MECHANICAL ENGINEERS : SUMMER 
Meztine.—The summer meeting of the Institution of 
Mechanical ineers, to be held this year in Paris, will 
commence on Tuesday, July 7. The meetings will be 
held as the Société des —— Civils, 19, Rue Blanche, 


and will be opened there at 9.30 a.m. on 
Tuesday, by Mr. Henry who, as President of the 
Société des {Ingénieurs Civils, wi ith the Council of 


sie 

that body, welcome the President, ncil, and members 

of the Institution of Mechanical Engi i 

the Society. Papers will afterwards be read and discussed 
to be held in the same hall on 


Wednesday, the 8th, at 9.30a.m. In the afternoons of 
these days excursions will be le to various works of 
interest in Paris and the immediate neighbourhood. 
The Institution dinner will take place on Tuesday evening 
at the Hotel Continental, while on Wednesday evenin 
® conversazione will be held at the Société des Inge. 
nieurs Civils, the 7% being received by Mr. 
Gall, President, Mrs. Gall, and 
Council of the Society. Thursday will be devoted to 
excursions in the morning, while in the afternoon there 
} is de Boulogne by the 
President of British Chamber of Commerce, Mr. 
W. Hanning, and Mrs. Hanning. For Friday various 
alternative excursions have been such as to 
works at Lille, Valenciennes, and Le Havre. The 
eteesl Wan dacanbeal io Uencnt te 
jopmen ves in France, 
Professor Edouard Reaveass * Compound Articulated 
Locomotives,” by Mr. Anatole Mallet; ‘Signalling on 
Trains in Motion upon ilways,” by Messrs. E. 
Pp, A. i A A. Herdner, 
A. Claveille, and L. Maréchal; ‘‘ Development of 
Internal-Combustion Engines for Marine 
3 “* Balancing of Internal-Combustion En- 


Henry 


Mr. H. F. F 
Marine-Type 
“Improvements in Motor Lorries,” 


. a pees, ween Be 
‘or 


, | capped by an increase of forei 


the members of |! 
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J. Brailsford stated that the past year had 
whole, as the company had 
at reasonably remunerative 
prices. On the other hand, the und had to 
contend with various set-backs and difficulties. The 
collieries had to meet heavy expenses of alterations and 
new appliances to comply with the ~~ Ey of the 
Coal Act, and the steel works been handi- 
i competition. It was, 
therefore, a matter of satisfaction to the directors 
that they were able to meet the shareholders with 
a respectable balance-sheet, and to recommend a 
distribution at the rate of 10 per cent. per annum. 
The gross profit i for the past year had 
been 166,872/. Progress had been made with the con- 
struction of new by-product coke-oven plant. The 
collieries had, upon the whole, worked fairly good time, 
and the year’s output had been 1,976,034 tons, or an 
increase of 169,154 tons. The amount paid in wages for 
the year had been 1,143,994/.. In the steel d ts 
the immediate outlook was by no means promising. The 
works were at present idle, owing to a series of strikes, 
of which four or five remained unsettled, while the situa- 
tion was aggravated by an increase of foreign competition. 

Tredegar Coal and Iron Company.—The directors of 
this company report that the total output of the Tredegar, 
Oakely, and Markham Collieries last year was 2,279,657 
tons. e high rates ruling during the year were re- 
sponsible for a large proportion of absentees among the 
miners; this had prevented any development of the output, 
and it had also materially incr the working cost. 
The working of the Oakdale Company last year enabled 
the directors, however, to wipe out the amount standing 
to the debit of that ——_ ’s profit and loss account. 
Coal was first worked by the leeches Coal Company in 
June, 1913; and during the past financial year 39,710 
bay at pape ae present output is = i 9 per 

ay, and it is rapidly increasing. ectric safety lamps 
are in use underground. The enlargement of the wagon, 
engine, and smiths’ shops. and their equipment with 
modern tools, had been tically completed. The profit 
for the past year was 156, 3847. 





Fioatine Doox ror Hoiianp. — Messrs. Swan, 
Hunter and Wigham Richardson, Limited, have received 
an order for a floating ponteon dock for Holland. The 
dock will be 500 ft. long, 104 fv. wide, and 43 ft. high. It 
will have a capacity sufficient for lifting a vessel 10,000 
tons deadweight. The dock will be built in Messrs. 
— Hunter and Wigham Richardson’s Sunderland 





Tue Correr Market.—In their report dated the 16th 
inst., Messrs. James Lewis and Son state that sales of 
Standard continued to be on a much reduced 
scale, the for the fortnight being only about 
9000 tons. Opening at 62/. 10s. for cash on the 2nd inst., 
the — fell to 612. 108. on the 8th, recovered to 6.¥. 5s. 
on 10th, and deelined again to 61/. 11s. 3d. 1 the 
15th. On the 16th the closing values were 61/. 10.. cash 
and 62/. 2s. 6d. three months prompt. American electro- 
tic copper had been pressed for sale down to 64/. per ton 
c.i.f., but little being bought on European account. A 
reduction to 14 cents per pound had induced some 
aieliSepenting only ivcdape, enilighsiyais, Mises. 

mills operating only five days, y ean- 
Se Sn [le weer = Dnpeenen 
ing. i approaching close Pp season, 
but little nger umn being bought for that purpose, con- 
sumption for its manufacture farm about 3000 
tons per sae Sealey Es geet ve months. American 
’ returns for the month of May showed an increase 

in their stocks of 6252 tons, making the total : 
Eu and American stocks 10,169 tons, and since 
Aprit 1 of 15.500 tons. There was a fal off in their 
production, as compared with April, of 4104 tons, a de- 
crease in the home consumption of 3498 tons and in the 
Ss With « plethora of labour in the 
Superior district, the output of copper there was 

y increasing, 
large. 


co} 
to’ 
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and by July was expected to be ex« 
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THE HARDENING OF METALS. 


The Hardening of Metals, with Special Reference to Iron | 


and its Alloys.* 


By Professor C. A. Epwaxrps, D.Sc., Professor of Metal- 
lurgy, Manchester University. and Professor H. C. H. 
CaRPENTER, M.A., Ph.D, Professor of Metallurgy, 
Royal School of Mines, Imperial College of Science 
and Technology. London. 


Introduction.—The problem as to what is the underlying 
cause of the varying d of which pure 
metals and metallic alloys may be made to assume by 
modifying the thermal or mechanical treatment is one 
which has aroused considerable interest amongst physical 
chemistsand metallurgical engineers. The interest taken 
in this subject is due to the fact that it opens up a wide 
field for scientific speculation, and also because the prac- 
tical results of this peculiar property are one of the most 
potent causes of the commanding position eccupied by 
engineers in the civilisation of the present time. _ 

he hardening of metals may, broadly note, be 
divided into two classes—viz., firstly, that which is 
produced by direct mechanical work, such as hammering 
or rolling, &c.; and, secondly, that which is brought 
about when certain alloys are suddenly cooled by quench- 
ing in water from moderately-high temperatures. : 
2 * regard to the hardening which is caused by rolling 
and hammering, at first sight it would seem that this is 
merely due to the mass becoming more compact, and 
consequently less easy to penetrateor pull apart. Simple 
as this explanation is, modern research has conclusively 
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2 FROM SADEBECK 


a theory which is now generally accepted for the harden- 
ing of metals by cold-working. Most of the nee 
experimental data and conclusions that were publi 

in his papers were summarised in a lecture before the 
Institute of Metals, May 12,1912. In that lecture Beilby 
said :—“* About ten years ago the microscopic study of 
the structure and behaviour of thin films of metal led 
to the discovery of the true nature of the operation of 


po! ng. In this operation a true skin is formed over 
the surface. This skin gives unmistakable si 

that it has through a state in which it must have 
possessed the perfect mobility of a liquid. In its final 


state it possesses distinctive qualities which differentiate 
its substance very clearly from that of the unaltered 
substance beneath it. It is, for instance, much harder, 
and, even when formed on the surface of a crystal on 
which the hardness varies in different directions, its 
hardness is the same in all directions.” The discovery 
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proved that it is inadequate, though it certainly contains 
some trath. Another explanation is that the mechanical 
deformation produces smaller crystal grains, and the 
increased hardness is due to the crystalline fineness of 
structure. There is no disputing that the dimensions 
of the crystals are reduced in this way, but this fact alone 
can scarcely be regarded as a satisfactory scientific 
explanation of hardening phenomena, because there is 
no reason to sup that by simply making the crystals 
smaller their individual hardness mes greater. In 
other words, each perfect crystal unit must possess the 
same hardness whether it is a member of a small or large 
aggregate of similar units which have the same orienta- 
tion. Hence the hardness which is associated with dimi- 
nished size of crystals cannot be regarded as being 
directly caused by the crystals themselves; the effect 
must be caused by some substance or condition existing 
between the crystals. 

As a result of many researches, Beilby+ bas advanced 


* Pa read before | 
Leten 

t “Surface Flow in Crystalline Solids under Mecha- 
nical Disturbance,” Proceedi of the Royal Society, 
1903. vol. lxxii., page 218, «The Hard and Soft States 
in Metals,” P 7 M I 


before the Iron and Steel Institute in 


Hl A 1904, 258. 

urface Structure of Solids,” Society of ical 
Industry, Liverpool, 1903. ‘‘The Hard and Soft States 
in Metals, Faraday Society, June 9, 1904. “‘The Hard 
= byt tee a Ductile Metals,” P ings of the 
a tn ony: , A., vol. lxxix., 463. nfluence 


on the Tenacity 
= Ordinary emperature and at the Boiling-Point of 

iquid Air,” Proceed: of the Royal Soziety, 1905, A., 
vol. ixxvi., page 462. “‘ Surface Flow of Calcite,” Proceed- 
ings of the Royal Society, 1909, A., vol. xxxii., page 599. 





that layers of a solid, many hundreds of molecules in 
thickness, can have the mobility of the liquid state con- 
ferred upon them by purely mechanical movement, 
opened up a new field of inquiry into the internal struc- 
ture of metals which have been hardened by cold-work- 
ing. Asa result of this inquiry a theory of the hard and 
soft states was suggested. According to this theory, 
hardening results from the formation at all the surfaces 
of slip or shear of mobile layers similar to those pro- 
duced on the outer surface by polishing. These layers 
only retain their mobility for « very brief period, and 
then solidify in a vitreous amorphous state, thus form- 
ing a cementing material st all surfaces of slip or shear 
through the mass. In thé use now made of the term 
“amorphous,” it means’ non-crystalline in the most 
intimate sense of the word ; in this state molecules are 
not marshalled in crystalline order and orientation. 
The addition of the qualifying term “‘ vitreous” narrows 
the field to substances which in some degree resemble the 
glass-like form assumed by the silicates when they are 
solidified from the molten state. 
ilby draws attention to the tendency which has been 
manifest amongst physical chemists in their study of the 
uilibrium conditions of alloys to regard the cryotalline 
as the chief, if not the only, kind of stability 
— _ coe ioe a ae < neee 
rigid application o' ase-rule principles no 
doubt been hs canes of this somewhat limited view be- 
coming rather fixed. It is quite true that, from phase- 
rule considerations, the idea of an amorphous t 


885 
annealing and crystal growth can be advanced. With the 
removal of the only possible theoretical objection which 


can for the present be advanced against Beilby’s theory of 
hardening metals by cold-working, we believe that this 
theory can be accepted as highly satisfactory. It was with 
this in mind that we were led to inquire if it could be 
extended so as to include those alloys which are capable 
of being hardened by qu ing. Many explanations have 
from time to time bs put forward for this particular 


signs | phenomenon, which, probably owing to the subtle nature 


of the changes that occur during the operation, and an 
incomplete knowledge of the same, have been of ex- 
tremely different characters. Before Beilby’s theory 
can be extended in this direction it is necessary to show 
that, when alloys such as steel are quenched from tem- 
peratures above their critical points, the mass is sub- 
jected to stresses which cause internal crystalline defor- 
mation or slip, with the formation of amorphous layers, 
and that these layers are preserved down to the y 
temperature. As an introduction to this side of the 
question, it will be advantageous first of all to refer to 
recent ideas relating to the existence of amorphous 
material at the boundaries of ordinary and twinned 
crystals. 

Crystal Twinning.—The question of metallic crystal 
twinning is one which is extremely interesting from a 
theoretical standpoint, and its cause and general physical 
interpretation have given rise to a considerable amount 
of scientific research, and have provided much food for 
speculative thought. Moreover, it has been i 
for some time that when crystal twinning is found in 
metals, the properties of a metallic mass are different 
from one in which untwitned crystals are alone ‘present. 
In many cases these différences have been proved to be 
directly associated with the presence or absence of crystal 
twinning, but we are inclined to think that the full effect 
of the twinning, which is produced under certain condi- 
tions, has to some extent been imperfectly realised, or, at 
least, the twinning has not been regarded as the cause of 
the observed phenomena. 

In general terms Ewing* has given a clear definition of 
the nature of crystal twinning. He has said: ‘‘ Twin- 
ning was sometimes the direct result of straining actions, 
but was more often produced when a metal, after having 
been strained, was annealed. The nature of twinning 
was perhaps most easily intelligible if the crystals were 
considered as built up of layers of ‘ brickbats,’ and after 
one layer had been completed, the next layer had all the 
bricks turned round through an angle of 180 deg.. The 
result would be a twin formation. In the microscope 
twinning was shown by the appearance of a dark band 
in a crystal parallel to a lighter portion, or vice versa. 
Under strain, twinning was indicated by an abrupt 
change in the direction of the slip-bands.” 

By changing the — of oblique light directed on 
to a specimen under the microscope, a characteristic 
optical effect is produced when twin crystals are present. 

hus the twins may be made to appear light or dark 
according to the angle at which the light rays fall 
upon their surfaces—e.g., see —— os. 1 
and 2, where certain areas or twin crys are light in 
one and dark in the other. The abrupt change in direc- 
tion of the slip-bands passing from twin to twin is illus- 
trated in photomicrograph No. 3, page 888. It is, how- 
ever, necessary to state that the true nature of —s 
is less easy to understand than Ewing’s remarks wou 
seem to imply, not only because it may be brought about 
in a variety of ways, but also because the conditions and 
ye. of its manifestation are apparently widely dif- 
erent. 

Osmond and Cartaudt have discussed two types of 
twinning—namely, ‘congenital twinning,” and ‘twinning 
—— from annealing after deformation.” Their defi- 
nition of congenital twinning is as follows: ‘*The twin- 
ning which takes place spontaneously during the pro- 
sae of crystallisation, just when the solid molecules are 

ming isolated from the liquid medium which holds 
them in a state of fusion or in solution.” 

In regard to the twinning which results from an- 
nealing after deformation, they - 4 “This twinning 
results from the annealing for a sufficiently long time, 
and at a sufficiently elevated temperature, of a crystal- 
line solid previously deformed. his twinning might 
be susceptible of relation with mechanical twinning and 
the phenomena of translation. If, for example, trans- 
lation has moved the point A, Fig. 1, to the vicinity of 
the symmetrical point A”, but without the molecular 
— which has its centre of vity at A’, 

aving assumed the orientation corres ing to the new 
position of the system, annealing, when widening the 
molecular intervals, could render the molecular poly- 
hedron A free to assume the position of twinning onuili: 
brium which, as a result of the deformation, the system 
alone had taken, or nearly so. The twinning will only 
then be consummated. Provided matters actually proceed 
in this fashion, the annealing simply completes the work 
of deformation.” 

It follows from what has been said above, that crystals 
may be strained or even deformed without any twinning 
being produced. Indeed, Rosenhaio} goes co far as to 
say that ‘“‘there is now good reason to doubt that 
mechanical twinning ever occurs in metals. We cannot, 
however, support this view, for we have found that the 
deformation of tin is always acoompanied by direct 
crystal twinning, a fact clearly shown in photomicro- 
graph No. 4, page 888. It is quite possible that the well- 





coexisting with solid crystals at temperatures much below 
those at which the mass begins to melt would ap to 
be im ible. , however, the whole of facts 
are into account, it is evident that this is 
case, and, indeed, it is by this very means, as will be 

later, that a feasible explanation of the mechanism of 
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known “‘tin cry” is caused by this crystal twinning, 
and it is rather significant to note that a similar 1s 
noticeable when the so-called austenitic areas of car 
steels are transformed into martensitic areas by cooling 
the mass in liquid air. It has also been observed tht 
very thin twinned lamellz (Photo No. 5) are frequently 
found in strained tin, which are practically identical 
with the Neumann lamell or lines found in meteoric 
irons, &c. 

So far as can be ascertained from the literature of 
the subject, it is quite permissible to regard these 
Neumann lines as being twinned crystals of the narrowest 
possible kind. O-mond and Cartaud say: “Ib is 
to regard them (Neumann lamell) as twin crystals ; but 
many divergent opinions have nm ex on the 
nature of these twins, on their position in the principal 
mass, and on the law of twinning.” The same authors 
discuss and show diagrams illustrating Tschermak’s, 
Sadebeck’s, and Linck’s theories of twinni Linck’s 
diagrams are shown in Fig. 2, as they represent the 
theory which is most generall . From Fig. 2 
it will be evident that the crystal units at the surfaces 
upon which the twinning occurs must become decrystal- 
lised, or, in other words, amorphous. 

This is intelligible on the view (see Rosenhain and 
Ewen’s paper)* that the spaces ultimately occupied by 
the broken units, or their parts, are less than the smallest 
unit which is capable of ecisting in the crystallised con- 
dition. Hence the molecules contained therein must in 
pene tng revert to the amorphous state. It is highly 
probable that the amorphous layers between adjacent 
twin crystals are thinner than the average thickness of 
those which no doubt exist at the boundaries of unstressed 
crystals. Be that as it may, we are naturally led from 
the above to the conclusion that wherever there is any 
difference in the orientation, whether it is between 
ordinary or twin crystals, there must be a layer of amor- 
phous material at the junction. If this is accepted, and, 
further, if the fact is duly taken into account, which has 
been definitely established by Bailby, that a metal is 
harder in the amorphous than in the crystalline state, 
then it follows that, other factors being equal, the hard- 
ness of a metallic mass must increase in proportion as 
the crystals it contains are smaller—that is, the hardness 
must increase with the amount of amorphous material 
present, no matter whether this is produced by direct 
twinning or ordinary deformation. 

At this stage it is important to allude to the fact that 
Beilby’s theory of an amorphous condition has been 
op upon the ground that it is inconsistent with the 
physico-chemical law known as the phase rule. If, how- 
ever, the fundamental requirements of this law are care- 
fully considered, along with what is known of the 
m ism of annealing, we are of the opinion that no 
objection, even of a theoretical kind, can be advanced 
against Beilby’s theory. : 

The phase rule defines the number of phases which are 
capable of co-existing in equilibrium in any particular 
system for an indefinite time. So far as the object of this 
paper is concerned, it is only necessary to point out that, 
according to the above rule, the liquid of a pure metal can 
exist in contact, and in equilibrium, with its own solid 
only at one particular temperature—viz., the freezing 
tem perature—when the pressure is constant. It is, how- 
ever, most important to remember that the rule makes no 
stipulation as to the time it is necessary to allow for any 
unstable phase to be converted into its stable variety. 
Therefore, if it can be demonstrated that an unstable 
phase or constituent does in the slightest degree, and at 
any temperature within its unstable range, tend to be 
converted into the stable condition, the requirements of 
the phase rule are amply satisfied. The actual time it 
would take for the conversion to be completed is, so far 
as this question is concerned, of no theoretical import- 
ance. In actual practice it may, and indeed under certain 
conditions it does, take an almost indefinite number of 

ears for the whole of a ormation to be completed. 
n most cases the velocity of this kind of change is ata 
maximum when the mass is at a temperature not very 
much below that of the normal inversion temperature, 
but in some the tendency for an unstable phase to take up 
its more permanent form increases as the temperature is 
raised to just below the critical change point. 
ing these conditions in mind, we may now turn 
our attention to the question whether Beilby’s theory of 
the existence of amorphous layers at the surfaces of 
internal slip, or the extension of that idea by Rosenhain 
and Ewen, to amorphous envelopes surrounding unstressed 
crystal grains, is in any way at variance with the require- 
ments of the phase rule. According to the phase rule, if 
the pressure factor is left out of consideration, two phases 
of a pure metal cannot co-exist in equilibrium over a 
range of temperature. It therefore follows that the 
amorphous layers and envelopes, or the metallic crystals, 
are in an unstable state, and that one or the other must 
tend to change. It is known that the crystalline condi- 
tion is stable below the freezing temperature. The phase 
rule does not stipulate that the amorphous or supercoeled 
liquid cannot possibly exist below the freezing tempera- 
ture. All that it demands is that there should be a ten- 
dency for that phase to change to the crystalline form. 
There is, fortunately, ample evidence to prove that this 
actually happens in oe caneaing processes. 

On the one hand, Beilby has shown that the amorphous 
layers that are produced during the cold-working of 
metals recrystallise when the mass is heated above a 
certain temperature which is far below the freezing 
temperature. On the other hand, it is well known 
that when metals are annealed or heated even at tempera- 
tures some hundreds of degrees below their freezing point, 
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the crystal grains perceptibly increase in size ; indeed, 
in some instances, growth of this kind is by =o means 
negligible when the mass is maintained at ordinary tem- 
peratures. It is obvious that whenever crystal growth 
occurs the space occupied by the amorphous cement must 
inevitably become less. This fact alone may be regarded 
as a f that the amorphous material at the crystal 
junction is really an unstable phase which will pass into 
the crystalline form. Hence the requirements of the 
phase rule are satisfied, and it follows as a logical conse- 
uence that all metals as they exist in ev y use are, 
rom & physico-chemical standpoint, unstable, for each 
can be regarded as being in a perfect state of 
equilibrium when the mass consists of an aggregate of 
crystal units which possess the same orientation, and are 
undivided by amorphous boundaries. Indeed, we think 
it is not going too far to say that the crystal growth pro- 
duced by annealing is directly due to the unstable nature 
of the amorphous cement. In all probability this cement 
acts as a medium or carrier, much in the same capacity 
as do ordinary electrolytes, whereby the substance of one 
crystal is transferred to another. Thus a crystal grain 
which is growing does so because it is electro-positive 
to adjacent ones which are becoming less. It is also 
ae to note that when a metal or metallic allo 
passes through a critical temperature on heating or cool- 
ing, the amount of amorphous material present may 
suddenly increase, in virtue of the fact that the whole 
mass is thereby momentarily decrystallised, and the 
of recrystallisation has to begin again. When 
metals are distorted in any way with the formation of 
amorphous layers at the gliding surfaces, the operation of 
any subsequent annealing simply consists in the elimina- 
tion of those layers by recrystallisation. If the metal is 
capable of forming twin crystals, a large proportion of the 
amorphous material may form straight boundary lines 
which divide twin crystals of different orientation ; if 
not, the amorphous material is, so to speak, washed to 
the boundaries of polygonic grains. 
nhain* has said that :—‘‘ Twin lamellz are known 
to have no tendency to revert to their former orientation ; 
indeed, when a twinned material is annealed, the twin- 
ning increases rather than decreases.” The latter part of 
this sentence does not seem to be quite in agreement 
with what we have found after examining a large number 
of various types of twinning, and the effect upon them of 
further annealing. We have found invariably that once 
the mass has been heated to the temperature at which 
recrystallisation occurs, the number of twins decreases 
and their size increases with continued heating, and in 
many cases the twinning can be completely eliminated at 
temperatures much below the melting-point. ere is 
therefore a tendency for twin crystals to revert to a 
common orientation, though it may not be manifest at 
ordinary or low temperatures. {n probability this 
reversion does not occur bodily, but slowly, layer by layer, 
in the manner descri for the ordinary wth of 
crystals. Having discussed at some length the various 
theories relating to the straining of metals, the nature of 
crystal twinning, crystal growth, the formation and elimi- 
nation of amorphous films and their effects upon the 
relative hardness of metals, we may now turn to the 
special form of hardening which is — by quenching 
certain alloys from moderately high temperatures. 

The allotropic theory of hardening was first enunciated 
by Osmond} in his classical researches on ‘‘ The Critical 
Points of Iron and Steel,” but since that time the inter- 
pretation of the facts upon which this theory rests, and 
indeed the theory itself, have been modified in some 
rather important respects. In the early days of this 
theory Osmond was unable to decide whether the critical 
points Ar3 and Ar 2 were totally distinct and independent 
of each other, or whether Ar 2 was merely the lower limit 
of the Ar3, which was retarded by the presence of a little 
carbon. yay mf he asserted that iron below Ar2 
possessed the molecular form a, and above Ar3 the allo- 
tropic form 8. At temperatures between those two 
points, when they were distinctly separated, he con- 
sidered that the metal consisted of a mixture of the two 
varieties aand 8. He also gave figures illustrating how 
the position of the recalescence is lowered when the cool- 
ing of a steel containing about 0.9 per cent. of carbon is 


accelerated. 
Osmond’s Figures. 





Duration of 
Cooling between 
705 deg. Cent. 

and j 
678 deg. Cent. | 


Hard Steel. 


Cooling. 
Arrest at eee 
Deg. Cent. | Deg. Cent. 








Slow in tube 


49 seconds 671 675 
Ordinary in tube. .| 20 seconds 670 680 
Rapid in air ..| Not determined 642 651 
Very rapid in water, Not determined Absent Absent 


As is shown by these figures, when the rate of cooling 
is very rapid the changes which take place during slow 
cooling are not produced. 

Osmond’s conclusions were that ‘‘ hardened steel is a 
steel in which the iron and carbon have more 
or lees completely in the cold the condition which they 
posse -sed at high temperatures. The heat of the ch 
that has not effected remains disposable in 
metal, and may be termed the latent heat of hardening. 
I conclude that hardened steel owes its properties prin- 
cipally to the presence of § iron, which is hard and 
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brittle by itself at the ordinary temperature. Carbon, in 
the state of hardening-carbon, maintains iron in the 
8 state during slow cooling down to a temperature which 
is in inverse proportion to the smount of carbon con- 
tained in the metal. The influence of carbon is of the 
same character as that of the rate of cooling, and both 
combine to produce the final result. The rate of coolin 
alone is not sufficient under ordinary conditions in which 
ening is effected to maintain an appreci fraction 
of the iron in the S condition. But as under the same 
conditions it is easy to maintain the carbon in the state 
of hardening-carbon, and as the hardening -carbon 
imparts stability to 8 iron, it is evident in what manner 
8 iron may be successfully preserved _up to the ordinary 
temperature by the aid of carbon. The more rapid the 
cooling the more incomplete are the changes, and the 
harder is the hardened steel.” It should be remembered 
that at this period and for some time later the § theory, 
asit is called, referred to the iron when at temperatures 
above the Ar3 point as being in the § condition. That 
theory as it was then known was entirely independent 
of the condition of the iron when at temperatures between 
the Ar3 and Ar2 points. Ata later period, however, 
it was considered by Osmond, Roberts- Austen, and others 
who took up the views of the so-called allotropists, that 
the Ar2 By was quite distinct from that of the Ar3 
point, and they came to regard the Ar2 point as corre- 
sponding to an allotropic inversion in the iron. From that 
time onward the § theory as it is applied to the en- 
ing of steels really became an entirely different theory, 
but, unfortunately, the same nomenclature was retained. 
Thus the range of temperature between Ar3 and Ar2 
became known as that in which the iron existed in 
the 8 state, and what was previously known as 8 iron 
—above the Ar 3 point—was after spoken of as 
yiron. These alterations in the theory are of funda- 
mental importance, particularly when the details of the 
case are considered. At first allotropists definitely 
asserted that iron when in the 8 condition (which was 
afterwards known as 7 iron) was hard and brittle of 
itself at the ordinary temperature, but subsequently they 
came to the opinion that 7 iron was really soft under 
all conditions of its existence—i.e., whether it is in a 
stable or an unstable condition. The present stand- 
int of the 8 hardening theory is that steels owe their 
ness when quenched to the iron as it exists between 
Ar3 and Ar?2. 

In 1893 Metcalf and ley* gave a concise enuncia- 
tion of what may be ed as the “‘carbonist” theory 
of hardening. In this theory no ial emphasis is laid 
on the fact that iron can exist in different allotropic 
forms. Their statement was to the effect that harden- 
ing is due to the enforced solution of the carbon in 
iron by sudden cooling, the hardness being a direct 
function of the rapidity of cooling. Hardening is 
accompanied by great internal strains. The molecular 
stresses set up produce hardening in a similar manner 
to that of cold working. Carbon alters the molecular 
seuregation, and the resulting strained grouping is 
brought about with certain temperature limits. 

The controversy which has been going on regarding 
this question dates from the time of Roberts-Austen’s 
first report to the Alloys Research Committee,+ when 
Arnold and Hadfield op; Osmond’s theory, which 
was “a by the author of the report. Since that 
date the discussion has been revived at very frequent 
intervals, and the majority of metallographists have 
taken some part in it, until it is now practically im- 
possible to refer in detail to each publication. 

In justice to those who have interested themselves in 
this matter it should, however, be remembered that, 
whether their contributions have m constructive or 
otherwise, they have served a most useful purpose, and 
in some degree assisted in ——. up our knowledge of 
the phenomenon under review. There are, indeed, very 

reasons for saying that though there are still some 
ifferences of opinion, when these are carefully examined 
the gulf is by no means so wide #s would at first sight 
appear. This fact was clearly brought out in the discus- 
sion on a paper by one of us.t 

In that paper it was p»inted out that from physico- 
chemical considerations it was most im shell that 
B iron could exist in quenched steels. ‘or a detailed 
account of the reasons given, readers are referred to the 
above paper and to its discussion. It is sufficient for 
the present to say that there seems to be no evidence 
for supposing that § iron takes any t in the harden- 
ing of quenched steels, and that there are good theo- 
retical reasons for supposing that it cannot. The main 
conclusions which one of us came to in the paper just 
mentioned were :— 

1. The hardness of carbon steel is due to the retention, 
by quenching, of the solid solution of carbide of iron in iron. 

2. Whilst this property depends upon the fact that 
iron can exist in the y state—that is, dissolve carbon— 
it is none the less dependent upon the fact that this 
solution decomposes with slow rates of cooling into 
a iron and carbide of iron, and that some ene’ must 
be absorbed in the specimen during the quenching pro- 
cess in order to overcome the tendency for this inversion 
to take place. This energy is brought to bear in two 
er v. (a) by the sudden contraction of the outer 

l or envelope of the specimen ; and (b) by an inter- 
molecular contraction of the mass, which is connected with 
the solution or osmotic pressure of the dissolved carbon. 
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It was also pointed out in that paper that these con- | ing was rendered evident by characteristic accelerations | —invisible under the microscope—was also of the same 
clusions have advantage of being applicable to alloys | in the progress of the heating. size, the idea might be entertained that in the hardened 
which contain no iron, but which may 


be hardened by 

uenching in the same manner as steel. Accordi 
this explanation it follows that the degree of ness 
produced by quenching will depend upon the velocity 
and thermal magnitude of the suppressed inversion, or, 
in other words, with the amount of energy it is necessary 
to apply to prevent the inversion from taking place. 

Oar Lesuteie of this pateocsting subject was mate- 
rially widened by the publication of a very ye 
paper by Grenet.* Following entirely different lines of 
thought, he arrived at almost exactly the same conclasion 
as Edwards. There are, however, one or two differences 
of some importance which should be carefully studied. 
Grenet considers that quenching, as compared with slow 
cooling, may act as follows :— ‘ 

‘1. By ohanging the nature of the constituents, and 
notably by preventing, wholly or partly, the transforma- 
tion on cooling. In this case, whith is rare so far as 
steels are concerned, the quenched and annealed states 
are physico-chemically different, and their properties 
cvnnot foreseen. It may, however, be said that in 
tha few instances in which such quenchings are known, 
the quenched is often softer than the annealed state. 

‘**2. Quenching may also act by lowering the tempera- 
ture of the transformation on cooling. In this, which is 
the most usual case, the quenched metal is always harder 
than the annealed metal.” 

Thus Grenet considers that the increased hardness 
produced by quenching steels and alloys in general is 


to 
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not due to the suppression of an inversion, but to the 
drawing out or lowering of the temperature at which 
it takes place. Thus he states :— : 

‘*An alloy is the harder in proportion as the trans- 
formation which has given birth to its constituents at the 
time has taken place at a lower temperature, has been 
more rapid, and as the maximum temperature reached 
since the last transformation has been at a lower tempera- 
ture, and has m maintained for a shorter iod of 
time. . . . We are thus led to the conclusion that hard- 
ness produced by quenching is due solely to the fineness 
of the structure.” 

These conclusions are both valuable and interesting. 
In some respects they constitute a definite step in the 
right direction, but in others they aquest to be based 
upon certain assumptions that are doubtful, and are also 
at variance with well-accepted data which have a direct 
bearing upon the question. The statement that by 
rapidly quenching carbon steels the Ar1 inversion or 
carbide ehange is not suppressed seems to be quite con- 
trary to actual —— facts, for, as was originally 
shown by Osmond, cooling curves of a steel specimen 
taken during the quenching period gave no indications of 
any heat evolutions, providing the quenching was pro- 
perly conducted, and the steel was thereby hardened. 
The same investigator also demonstrated by two other 
methods that the inversion is suppressed by rapid quench- 
ing. These were as follow :— 

_L. By dissolving in equal volumes of a saturated solu- 
tion of the double chloride of copper and ammonium, 
equal weights (1.5 Le of different steels, successively 
annealed and hardened, and measuring the quantity of 
heat liberated in each case by the reaction :— 


2 CuCl, + Fe = 2CuCl + FeCl. 


The rises of temperature, after all corrections were 
made, were found to be as follow :— 


Annealed. Hardened. 


deg. C. deg. C. 
Medium steel 2.366 2.477 
Hard steel ... 2.148 2.309 


We are not able from these figures to calculate in terms 
of calories the effect of quenching, but they prove beyond 
doubt that there is more latent heat contained in a 
hardened steel than in the same steel after annealing. 

2. He also took heating curves of hardened steel, and 
claimed that the liberation of the latent heat of harden- 





Journal of the Iron and Steel Institute, 1911, No. IT., 
page 13. 








Ma | decided evidence that the Arl inversion is in- 
hibited by quenching under suitable conditions has been 
furnished by Professor Benedicks in his research on 
** Quenching Velocities.”* As he states, the quenching 
curve which should be obtained with a metal or alloy in 
which no transformation takes place is a simple exponen- 
tial curve ‘‘ which falls but slowly just at the beginning, 
since the temperature of the centre of the specimen cannot 
possibly follow instantaneously that of the outer surface.” 
The carve of this type is well shown in Fig. 2 
(B. 7, Plate XLI.) of his paper. In this case the carbon 
parcentage was 0.28, the quenching temperature 850 deg. 
Cent., and the mass of thespecimen 12.5 grammes. More- 
over, when pains were taken to ensure that the inversion 
was only partially suppressed, very marked evidence 
that such was the case can be seen from his curves. 
This is clear from an inspection of Fig. 6, Plate X LI. 
The carbon percentage of the steel was 1.00, and it was 
desired to obtain it in the troostitic condition as com- 
pletely as possible. This was done by increasing the 
mass of specimen so as to ensure less rapid os 
and quenching from 725 deg. Cent., a temperature whic 

is very near that of the Ar 1 inversion in slowly-cooled 
steels. The quenching curve of this steel shows a well- 
marked “hump” from 670 deg. to 660 deg, and the 
structure of the steel was found to be completely troos- 
titic. There is now no doubt that this structure corre- 
— to the separation of iron and iron carbide in the 
ultra-microscopic dimensions, and that it is the first stage 
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in the formation of pearlite from austenite. The fact, 


therefore, that the heat evolution corresponding to this 
can clearly detected on the quenching and curves 
completes the proof that in a simple exponential curve 
(Fig. 2) this change has been completely prevented. It 
appears to us, therefore, that the accumulated evidence 
of Osmond, Benedicks, and our own experiments, is 
sufficient to disprove Mr. Grenet’s assumption that by 
rapidly quenching carbon steels the carbide change is nob 
su » 
though these facts are admittedly of a qualitative 
nature, they show that some of the inversion is pre- 
vented, and we hope to advance evidence which strongly 
suggests, if itdoes not actually prove, that the suppres- 
sion is complete. It will, however, be more convenient 
to consider this evidence a little later. : 

It is important to note that Grenet’s conclusion, that 

produced by quenching is due solely to the 
fineness of structure, does not refer to the molecular 
constitution, but to the crystalline dimensions of the 
decomposition products of the inversion—viz, to the 
cementite and ferrite which he supposes are formed under 
these conditions of cooling. . 

The conception that hardness is associated with fineness 
of structure has been a nang | proved by Beilby, 
though his standpoint was different from that taken up 
by Grenet. Beilby has shown that when metals are 
deformed by cold-working they become harder as a result 
of the formation of amorphous layers at the surfaces of 
slip. For some reason or another the experimental facts 
which Beilby published, and the careful deductions he 
made, did not for some time receive from metall phists 
the full consideration they so richly deserve. In recent 
years, however, this work has attracted a t deal of 
attention, and his theories have been used to explain 
satisfactorily many phenomena of a widely different 
nature. Thus in connection with the hardening of steel 
by quenching, Osmond} says :—‘‘ When two grains pos 
sessing different orientation touched one another, their 
respective reticular systems could notinterlock, and there 
were strong reasons for the belief that there existed 
between the two grains a sort of amorphous envelope, 
the average thickness of which was of the same order of 
thickness as the crystalline molecule. If it was assumed, 
which it was admissible to do, that in the case of a 
hardened steel the average diameter of the actual grain 
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steel the iron might be amorphous. That would corre- 
spond to Beilby’s hard iron.” 

To extend logically Beilby’s theory of hardening metals 
by mace bie to ening th yA ngs from 
moderately hi mp geen it is, however, necessary 
to show that during t vany kant period of the quench- 
ing the mass undergoes some internal movement 
on the surfaces of slip or gliding planes; or, in other 
words, that the metal is thereby strained, and, if this can 
be done, it is then necessary to give adequate reasons for 
supposing that the amorphous layers produced as a 
— of the straining are retained in the mass when it is 
cold. 


In discussing some of the properties of carbon steels, 
and of certain alloys of copper-aluminium which are in 
many respects very similar to carbon steels, it was sug- 
gested by one of us that the characteristic acicular struc- 
ture of these two kinds of alloys which is formed when 
they are quenched is really due to the formation of an 
innumerabls quantity of twin crystals. The same author* 
has since been able to prove the accuracy of this sugges- 
tion for the case of certain co -aluminium alloys (see 
photomicrographs Nos. 6 and 7, which were taken on the 
same area, under oblique illumination, after rotating the 
specimen through an angle of about 180 deg.). It is im- 
portant to note at this stage that this type of crystal 
twianing is somewhat different from that which is so 
fr. quently seen in annealed metallic specimens. In the 
latter it is seldom that more than one or two twins are 
seen in grain; w in former the twins are 
extremely numerous, and frequently appear to intersect 
each other, The dimensions of the twin crystals that are 
formed on quenching are affected in a remarkable manner 
both by the — of the alloy and by the rate at 
which it is quenched. 

Now it is interesting, and cannot but prove to be in- 
structive, to note that the copper-aluminium alloys con- 
taining from 9 to 16 per cent. of aluminium and the 
carbon steels fall into the same physico-chemical cate- 
gory. Their respective constitutions for vee7ing tem- 

tures are represented in Figs. 3and 4. From these 

i it will be seen that at temperatures above the 
lines A BC, Figs. 3 and 4, they each consist of a series of 
homogeneous solid solutions, which on cooling undergo 
changes of precisely the same nature. It is ore 
not very surprising that, when members of each group 
are quenched from temperatures above their highest 
critical point, they show similar structural markings 
when examined under the microscope. Without in any 
way wishing to press this analogy too far, we feel we are 
quite justified in drawing attention to it, icularly as 
it is generally recognised that our know! of the true 
constitution of quenched steels is far from being satisfac- 
tory. With this in mind we have carefully examined a 
large number of quenched steels which contained the 
sama constituent known as martensite, with 
the view of testing whether the martensitic markings are 
associated with stal twinning, in a similar manner to 
those observed in uenched copper-aluminium alloys. 

Photomicrograph No. 8 was taken from a quenched 
specimen of pure carbon steel. The long, narrow _ 
crystal inside the central grain proves beyond doubt that 
twinning 68 w steels containing no manganese 
are quenched from tem res above their highest 
critical point. A somewhat different form of twinning 
22 Senienke fn tel hoe ee 

obomicrogra| os. 9 an w were rom 
the same area under varying oblique light. When viewed 
under direct light, the change in the direction of the 
acicular martensitic markings is seen to occur at the 
boundaries of groups of twin crystals of different orienta- 
tion. This may be observed in photomicrographs Nos. 11, 
12 and 13, which were taken from the same area of a steel 
containing 0.17 per cent. of carbon; No. 11 was taken 
with vertical light, and Nos. 12 and 13 with oblique light, 
at slightly different angles. It may be noted here that the 
whole of the twinning that exists cannot possibly be 
reproduced in two or even three photographs. The 
acicular markings in No. 11 are quite characterstic of 
a severely strained metal. hen specimens of this 
kind are actually examined under the microscope, it 
is evident that in some crystals these slip-lines frequently 

te fine twin lamelle of only slightly different 
orientation, whilst in others the slipping which has 
given rise to these lines does not appear to have seriously 
modified the orientation of adjacent lamellw. The presence 
of these lines, however, certainly indicates that some 
disturbance upon the gliding planes has taken place. We 
have noticed that as the percentage of carbon increases 
from 0.0 to about 0.9, the degree of twinning produced very 
——— ee = 7 f, anew illu trated in 
the photomi os. 9 a , a8 compared with 
Nos. 11, 12, and 13. 

Since it has now been definitely established he the 
q tion uces pronounced erystal twin- 
ning in s and other alloys, it becomes possible to 
extend Beilby's theory of ing metals by cold- 
working to the hardening which is t about by 
quenc! , if it can be shown that the hard amorphous 
vitreous layers that are formed on the gliding planes 
during the internal slip; or twinning are retained by 
quick cooling. Beilby shown that when metals con- 
taining these layers are heated, the latter return to the 
more stable (crystalline) form—i.¢., they recrystallise— 
and that the actual temperature at which recrystallisation 
takes place varies with the particular metal or metallic 
alloy. Hence, if the rate of cooling is sufficiently quick, 
the tem ture of the mass will be lowered w that 
at which recrystallisation occurs. In such a case the 








* Zeitschrift fiir Metallographie, No.3I., 1913. 
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vitreous amorphous layers formed wi!l be 
hardening will result. It would then follow that the final 
cause of hardening by quenching is exactly the same as 
that of hardening by cold-working. In thecase of carbon 
steels and other alloys of a similar nature, the actual 
stresses that are seb up in quenching, and which give 
rise to the twinning or slipping, are brought into action 
in the very brief period during which the mass is cooling. 


rved, and 


by the fact that mild. steel containing, say, 0.20 per cent. 
of carbon, when effectively quenched from temperatures 
above 900 deg. Cent., isa mass of twinned crystals, butitis, 
nevertheless, very soft as compared with quenched speci- 
mens of steel containing 0.9 per cent. of carbon. Beilby 
has shown that the amorphous layers produced by cold 
working possess different properties in different metals, 
and it is permissible to conclude that the hardness of 





No. 1. No. 2. 
Twinned crystals in annealed a brass. The same area with oblique — at different angle. Magnified 
150 diameters and reduced by one-sixth. 


Hence, whilst the metal is undergoing intercrystalline 
slip, and the amorphous layers are being formed, the 
chances for these layers to recrystallise become less and 
less as the cooling eer Indeed, it may be that a 
large proportion of the slipping which undoubtedly occurs 
actually takes place at a moderately low temperature, 
and below that at which the amorphous layers are able 
to recrystallise. The fact that crystal twinning occurs 
is an indication that the crystal units in the immediate 
vicinity of the junctions must have become decrystallised. 
Indeed, according to the views of Osmond (loc. cit.) and 
Rosenhain and Ewen, whenever there is a difference in 
the orientation of crystals a certain amount of amor- 
phous material exists at the boundaries. 

It is now necessary to test whether this hypothesis is in 

ment with the established theories, and also to see 
if there are any experimental facts which either disprove 
or su it. 

1. The hypothesis is applicable to all alloys which can 
he inedened by quenching, whether they contain iron or 
not. The precise degree of hardness which is produced 
in different alloys by this treatment need not for the 
moment enter into the question. 

2. The types of hardening which result from cold- 
working or quenching certain alloys are brought into close 
relationship. In both cases the hardness is due to the 
formation of amorphous lsyers that are produ by 
intercrystalline movement or slip. The precise agencies 
by which the slipping is brought about are, however, 
different in the two cases. 

8. The hypothesis agrees with one of Osmond’s latest 
statements relating to this question—viz.:—‘‘If it were 
assumed, which it was admissible to do, that in the case 
of a hardened steel the average diameter of the actual 
grain—invisible under the microscope—was also of the 
same size as the crystalline molecule, the idea might be 
entertained that in hardened steel the iron might be 
amorphous. That would correspond to Beilby’s hard iron.” 

4. In some respects it resembles Grenet’s hypothesis 
that ‘‘ fineness of structure” is the cause of hardening 
The only difference is that in our case the fineness is 
regarded as molecular and referring to one phase only, 
whereas Grenet regards it as being a crystalline fineness 
of two or more constituents. 

5. So far as we can judge from the present state of 
knowledge, there is only one property of quenched steels 
which does not appear to support this view—viz., all 
carbon steels are magnetic, no matter how quickly they 
are quenched from a high temperature. is is un- 
doubtedly a very important fact which merits careful 
attention, but we would point out that there are now 
many metallurgists who are of the opinion that the mag- 
netic properties of quenched steels are not definitely and 
exclusively associated with a iron. It is, for example, 
quite possible that the above - mentioned amorphous 
layers, which in quenched steels should be regarded as 
decrystallised + iron, are magnetic, or, in other words, 
iron under certain conditiors may be magnetic. We 
intend todraw attention to certuin facts which lend strong 
support to this view, but for various reasons it will be 
more convenient to discuss them when considering the 
question of the constitution of the constituent known as 
** austenite.” 

Turning now to the question of the degree of hardness 
that is produced by ——- different steels or alloys, 
we wish to make it perfectly clear that we do not euiaiies 
that the degree of hardness is entirely dependent upon 
the amount of twinning that occurs, unless the comparison 
is made between specimens of the same chemical com- 
position. The chemical composition certainly has a 
marked effect upon the quantity of twinning produced in 
the quenching operation ; but the hardness of the mass 
is also influenced by the chemical composition of the amor- 
phous layers thatare formed. This is rendered evident 








No. 4.—Twin crystals produced by direct mechanical defor- 
mation of pure tin. Magnified 150 diameters and reduced 
by one-sixth. 





No. 6. 
Twinned crystals produced by quenching copper-aluminium alloy. , 
Magnified 250 diameters and reduced by one-sixth. 


angle. 


similar layers in alloys will depend to a large extent upon 
their chemical compositions and molecular constitution. 
There is no doubt that the hardness of quenched steels 
is directly related to the velocity and thermal magnitude 
of the suppressed inversion, and the connection between 
these two factors and twinning, &c., has been previously 
indicated. For instance, it is obvious, from a glance at 
the lines A BO, Fig. 4, that the osmotic or solution 
pressure, the intensity of which they indicate graphically, 
increases as the carbon increases from 0.0 to 0.9 per cent., 
and then rapidly decreases as the amount of carbon is 
raised to about 1.7 per cent. It should perhaps he 
emphasised here that as the osmotic pressure of a liquid 





solution increases, its freezing-point is lowered, as also is 
the temperature at which a solid solution deposits one of 
its constituents. Therefore the maximum osmotic pressure 
of liquid solutions exists in mixtures which correspond to 
the eutectic composition, and in the analogous or eutec- 
toid proportions of solid solutions. With regard to the 
velocity and thermal magnitude of the critical points, it 


| is well known from cooling-curve data that the maximum 





No. 3.—Showing abrupt change in the direction of slip-bands 
passing from twin to twin. Magnified 250 diameters and 
reduced by one-sixth. 





No. 5.—Thin twinned lamellz in strained tin. Resembling 
Neumann lines. Magnified 150 diameters and reduced by 
one-sixth. 





No. 7. 
The same area with oblique light at different 


effect in both these respects is found in the eutectoid 
steel—i.c., at 0.89 per cent. of carbon. Thus in steels 
containing less than 0.89 per cent. of carbon, the thermal 
changes are spread over a range of temperature which 
increases as the percentage of carbon is lowered, and a 
similar effect is produced when the carbon is raised above 
0.89 per cent. Moreover, in the latter case the thermal 
effect of the separation of the excess of carbon, as cemen- 
tite, is very weak, and can scarcely be detected pyro- 
metrically. As previously eatened, we have found from 
the examination of many specimens that the degree of 
twinning is greatest in quenched steels containing about 
0.9 per cent. of carbon. From the above considerations 
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it is therefore quite logical to conclude that the amount | carbon steels is to retard the transformation from the | hardness of the same material, according to the Brinell 
of amorphous material produced by quenching will be|y solid solution into a iron and carbide. In certain | ball test, is only about 200, as com with that of 700 
greatest the nearer the steel corresponds to the eutectoid | cases the tendency in this direction, which may be to 850 for hardened carbon steel. Nickel steel containing 
composition. for not only the number, but also the actual | regarded as a kind of automatic brake, is sufficient, | about 25 percent. of nickel is also non-m tic, but it is 
thickness of the amorphous layers must be at a maxi-| even when the macs is slowly cooled from moderately | relatively very scft by whatever method it is tested. 
mum in the eutectoid steel, because the temperature | high temperatures, to completely obstruct all the critical | In the case of chromium-tungsten and chromium-molyb- 
through which they may recrystallise is the least. This| points or ranges. It can taerefore be safely asserted | denum high-speed cutting-tools, when cooled from very 
hypothesis fits in, therefore, with what is known as/that the combined action of certain percentages of | high temperatures, they are generally regarded as being 
the relative hardnesses of quenched steels containing | tungsten, molybdenum, nickel, or manganese, along with | in the austenitic condition ; nevertheless, they are then 














No. 8.—Twinning in quenched carbon steel. Carbon, 0.90 per 
cent.; manganese, nil. Magnified 150 diameters and 





No. 9. 


reduced by one-sixth. 





No. 11.—Vertical light. Magnified 150 diameters and 


No. 12.—Oblique light. Magnified 150 diameters and 
reduced by one sixth. 


reduced by one-sixth. 
Nos, 11, 12, and 13, from same area of quenched carbon steel. 





No. 14.—Structure of quenched alloy. 


Aluminium, 13.2 per 


No. 15. 
cent. ; copper, $6.8 percent. Similar to so-called austenitic+ 


Magnified 500 diameters and reduced by one-sixth. 


Slip-band in strained nickel steel. Nice] 26 per cent. 


martensitic steele. 


Magnified 150 diameters and reduced 
by one-sixth. 


varying percentages of carbon. Whatever theoretical | carbon, is such that the operation of rapid cooling by 
explanation is adopted for the hardening of pure carbon | quenching, which is necessary to suppress the critical 
steels by quenching, to be of any real value it must also | points that occur when carbon steels are slowly cooled, 
be consistent with the physical data and hardening | can be dispensed with. When the critical points have 
properties of the so-called special steels. Hence, before | been suppressed in this way, the steels are in what is 
drawing any definite conclusions upon this subject, it is | known as the austeniticcondition. There is, however, no 
necessary to draw attention to some of the more impor- | doubt that the general p-operties of these steels vary 
tant characteristics of these alloys of iron. Broadly within very wide limits. For example, Hadfield’s man- 
speaking, the effect of the presence of such elements as | ganese steel is ically non-magnetic at the ordinary 
nickel, tungsten, manganese, and molybdenum, &c., upon | temperature, and so extremely hard under the tool that 
the critical points as they appear in pure iron and iron-| it can only be machined with great difficulty ; but the 


Quenched carbon steel. Martensitic area. Taken with varying obliqu 





No. 10. 
e light. 





No. 13.—Oblique light. Magnified 150 diameters and 
reduced by one-sixth. 


Carbon, 0.17 per cent. 


rather strongly magnetic and certainly very hard. 
Further, it may be noted at this stage that there are 
some rather misleading statements in the literature on 
high-speed steels, to the effect that at their hardest 
these steels are relatively soft. Asa matter of fact, the 
difference in this respect is extremely little, and most of 
the high-speed steels now in use are quite as hard as the 
hardest quenched carbon steel, at least when tested by 
Brinell’s method. 

For the time being it may be fainly asserted that from 
a general physico-chemical point of view, the only differ- 
ence between the pure carbon steels and the so-called 
special steels which come in the class referred to above 
is that with the former the suppression of the carbide 
charge or separation can only be accomplished by external 
agencies, such as very rapid quenching from high tem- 
peratures, whilst in the latter steels the special elements 
present give rise to the formation of new compounds 
which, no doubt owing to their higher molecular weight, 
exert a greater o:motic pressure when in the iron solid 
solution, and lower the temperature at which the carbon 
(as carbide) separates from solution, and also decrease 
the velocity of that change. In other words, the action 
of these added elements is such that rapid quenching is 
not necessary, and the resulting steels are in practically 
the same physico chemical condition as rapidly-quenched 
carbon stee It is, however, an established Tact tha 
the physical, as distinct from the physico-chemical, con- 
stitution of the two classes is quite different, for in the 
case of car steels the mass consists of ‘an enormous 
number of twinned lamell«, whilst the special steels are 
composed of relatively large polygonal crystal grains, 
with little or no evidence of twinning. The above use of 
the term ‘‘ practically the same physico-chemical con- 
dition” is intended to convey the conclusion that both 
kinds of steels contain the ssme phases or constituents, 
irrespective of their quantities. For example, owing to 
the twinning, the quantity of amorphous material is 
much greater in the carbon steels. 

In both cases the thermal or carbide change is inhibited 
by pressure, but when this is brought about by external 





means twinning of the crystals is produced, whereas when 
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the whole of the necessary pressure is already inherent in 
the mass no internal crystalline disturbance occurs, 
because the crystal and molecular units are no? then inter- 
fered with. In other words, when quenching is necessary, 
intercrystalline movement takes pisses, amorphous layers 
are formed, and the mass becomes hardened ; w! a 

when the pressure already exists in the alloy as osmotic 
pressure, all the internal molecular and crystal units are 
subject to the same pressure at any particular moment, 
and no internal dislocation occurs. Under these latter 
conditions the only hardening that takes place is due 
solely to the larger quantity and nature of the added 
elements, or the compounds that are formed therewith, 
which are held in solution by the y iron, just in the same 
way as a steel containing, say, 0.9 per cent. of carbon is 
harder than one with only 02 per cent., when both are 
at a temperature of 900 deg. Cent. From what has 
been said it follows that the amount of twinning pro- 
duced will be ay ee to the amount of theinversion, 
which has to bs suppressed by external means, such as 
quenching, or inversely portional to the retarding 
influence of the special elements present. Hence 
twinning is entirely absent when the necessary internal 


pressure is sufficient, as when the required amount of | 


nickel or manganese is contained in the steel. 

As an introduction to the discussion of the constitution 
of the so-called martensitic and austenitic constituents, 
we wish to make a few further remarks upon the analogies 
between steels and copper-aluminium alloys pre- 
viously referred to. Both these systems are of a similar 
constitutional character at high temperatures, and pass 
through almost identical changes as they down to 
ordinary temperatures. At temperatures inside the area 





No. 16.—Magnified 150 diamet d 





d by one-sixth. 





Osmond* of a quenched 1.60 per cent. carbon steel. For | 
certain reasons, Osmond gave the name austenite to the 
white background, and martensite to the dark my 
those names have been used by almost all ae iste, 
in such a manner as to convey the meaning that they are 
totally distinct constitutional entities. In some instances, 
no doubt, this has been done, almost unconsciously, but in 
others it has certainly been intentional. At all events, 
there has been, and still is, an impression that the areas 
to which those names are applied correspond to separate 
metallographical constituents. By far the most important | 
ublication which supports this view is the one by | 
enedicks.+ In tkis paper each fact is carefully advanced | 
and examined in a perfectly logical manner. In regard 
to the constitution of austenite and martensite, Benedicks 
says :—‘‘Thus there is not a single cause for assuming a 
different empirical composition between martensite and 
austenite, and the difference in their properties on etch- 
ing, &c., must beattributed to the different state of the iron: 
¥ iron in austenite, and (probably) 8 iron in martensite.” 
At a later date one of the present authors} suggested that 
the martensitic marki were twinned lamell, a view 
which, if correct, would mean that they are really of the 
same constitution as the white background. As will be 
observed from a perusal of Benedicks’ paper, the domi- 
nating factor in this problem is the question of the mag- 
netic ae of quenched steels, On that account, we 
should like to draw attention at this stage to a very in- 
teresting fact, which we think is new, and which seems to 
be of great theoretical significance. In an earlier part of 
this paper we ex the view that there may be no 
necessity to associate the magnetic properties of quenched 
carbon steels—i.e., those containing martensite—with the 





severely strained the crystal units at the surface of slip 
becomes decry ised, and as a result of this the mass 
becomes both tic and hardened. 

With this conclusion in mind, together with the fact 
that crystal twinning occurs in a marked degree when 
steels are quenched, we now wish to turn our attention to 
the experimental data which have been obtained and 
advanced in support of the view that martensitic and 
austenitic areas are of different constitution. 

1. It was first demonstrated by Osmond that a quenched 
carbon steel, which under the microscope was seen to 
contain about 60 per cent. of the white austenitic areas, 
was, according to the scratch test, slightly softer than a 
quenched specimen containing ~ the martensitic areas. 

2. The same authority found that by cooling an aus- 
tenitic plus martensitic steel in liquid air the austenitic 
becomes transformed into martensitic areas, and as a 
result the magnetic intensity of the mass was increased. 

Apart from the above, the only publication which need 
be referred to is the paper by Benedicks, in which 
several carefully planred experiments are described and 
deductions made. Hv says :—‘* As known, Guillet has 
shown by microscopic means that a steel containing 1.6 
per cent. of carbon in the dissolved state should consist 
entirely of austenite. Further, by magnetic measure- 
ments, the author has found that just this quantity of 
dissolved carbon should render the steel non-magnetic (non- 
ferromagnetic). From this it appears that austenite in 
carbon steels is non-magnetic, as in the case of man- 

nese and nickel steel.” This conclusion was supported 

y ,. well-chosen experiment performed by the same 
author. 

After stating that there is not a single cause for 





No. 17.—Magnified 150 diameters and reduced by one-sixth. 





and 
Strained non-magnetic nickel steel which has been made magnetic by mechanical deformation. 


ABC, Fig. 3, the alloys consist of a homogeneous series 
of solid solutions which correspond to the y-iron solid 


solutions of steels. At temperatures on the line A B, | be 


crystals which are relatively rich in copper separate from 
solution in exactly the same way as practically pure iron 
is deposited at temperatures on the line AB, Fig. 4. 
With alloys containing more than 12.4 per cent of alumi- 
nium—that is, those which fall to the right of the eutectoid 
int B—crystals thatare rich in aluminium are deposited 
Senn solution at temperatures on the line BC. his is 
analogous to the anpeestee of carbide of iron at tempera- 
tures on the line BO, 3 4. The ions which 
ovour in alloys that fall to the left of the eutectoid points 
are accompanied by relativel. evolutions of heat, 
but the thermal effect of the deposition of + crystals and 
of carbide of iron is not nearly so pronounced. In all 
cases the structures of quenched specimens from each 
series are remarkably similar, especially when the com- 
parison is made between those which fall in approximately 
the same positions in their respective systems. Now in 
the case of the non-ferrous series no difficulty has been 
experienced by metallograpbists in arriving at a 
understanding as to what such types of structure should 
be called. They have been content simply to describe 
the acicular structure as the 8 constituent, which, strictly 
speaking, means it is the typical structure of alloys that 
have been quenched from temperatures at which the 
8 constituent is stable. This kind of nomenclature 
is absolutely non-committal, yet it conveys a definite and 
accurate idea of the treatment to which the specimen has 
been en and is a true foundation upon which to 
build an hypothesis as to its na»ure. For many years no 
serious question appears to have raised as to — 
this apparently duplex structure was always produ 
by quenching, nor why it was y regarded as 
evidence of only one constituent. Now, however, there 
is not the least doubt that the nomenclature adopted was 
extremely fortunate, for it has been conclusively proved 


that the markings are merely due to a twinning, | Th 


and that the peculiar effect is due to the difference in the 
orientation of the twin lamellw. In other words, there 
is no difference whatever in the constitution of the light 
and dark areas; they are due to the angle at which the 
light rays ie the — wee . Sey is the case, 
it is especially significan no at the appearance 
seen in photomicrograph No. 14, which is characteristic 
of que 13.2 per cent. aluminium and 86.8 per cent. 
copper alloy, is almost identical with those published by 





presence of airon. As an alternative, we think it is | 


quite possible that the amorphous layers which exist 
tween the twinned lamellz are the cause of the mag- 
netic properties —that is to say, that decrystallised + iron, 
under pressure, is magnetic within the range of tempera- 
ture during which it can exist without rapidly recrystal- 
lising. So far as we know, there is no theoretical 
objection to this view, but we were anxious, if possible, 
to carry it beyond mere speculation. In order to test it, 
we adopted the following line of reasoning and experi- 
ment. If the hypothesis is substantially correct, it should 
be possible, by artificially producing amorphous layers 
in a steel consisting only of y iron containing other ele- 
—_ in — (and which is _ in a stable - gm 
at the ordinary temperature, and, consequently, non- 
magnetic), to make that steel become magnetic. Accord- 
ingly a thin piece of non-magnetic nickel steel containing 
25 per cent. of nickel was bent to and fro about twelve 
times. ~ this es it was a —_ the metal 
was strongly attrac t. en the specimen 
= afterwards annealed at a bright oe ~ odd = 

teen minutes, the magnetic properties disap . The 
metal could thus be made either magnetic or not, at will. 
Now when such a steel is treated in this way, it seems 
quite out of the question to suppose that either 8 iron or 
a iron can enter into its composition, because the bending 
was done at a temperature above that at which either of 
these types is formed. 

When a polished section of nickel steel is slightly 
strained, and then examined under the microscopic with- 
out etching, slip-lines become evident which run from twin 
to twin, such as are seen in photomicrograph No. 15. If, 
however, the specimen is again polished and also etched, 
thece lines cannot be detected unless the straining has 
been very severe and the steel thereby rendered magnetic. 
Under these latter conditions slip-lines may be easily 
observed, and also thin twin lamellz that are very like 
Neumann lines (see photomicrographs Nos. 16 17). 

© structure of an untreated parel austenitic steel is 
shown in the photomicrograph No. 18. From the above 
facts we are justified in concluding that when 7 iron is 
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No. 18.—Structure of austenitic steel. Magnified 100 
diameters and reduced by one-sixth. 


assuming a different empirical composition between the 
martensitic and austenitic areas, and that the differ- 
ence in their properties is due to iron being the phase 
resent in the latter, and (probably) 8 iron in the former, 
edicks says :—‘‘ If one examines a specimen with this 
characteristic structure, one really is led to ask, What is 
the reason that the specimen does not entirely pass over 
into martensite if martensite corresponds better to the 
thermal equilibrium on quenching ; or, on the other hand, 
that it does not remain as austenite if austenite corre- 
sponds to the thermal equilibrium on quenching? Cer- 
tainly the dissolved carbon has a very large influence on 
the preservation of the mixed crys’ as austenite, but, 
on account of its even distribution, this influence must 
sarily be the same throughout. The answer to this 
question would not appear to require much seeking. It 
was first shown by Osmond that martensite, which has 
been formed from austenite by cooling in liquid air, has 
a larger volume than the austenite (standing in relief on 
Ce peteny surface). Further, the dilatometric 
of Le Chatelier,* and Charpy, and Grenet has 
shown that the transformation from 7 to B (as well as 
to a) iron is accompanied by a dilatation. These two 
facts clearly demonstrate that the parsage from austenite 
to martensite is accompanied by a considerable increase 
of volume. It is obvious that the pressure ily 
resulting from the increase of volume at the transforma- 
tion from austenite to martensite must have an extremely 
important influence. Already by the cooling of the outer 
portions of the specimen the interior must be subjected 
to a high — (even if here the + state still exclusively 
exists). When, further, a portion of these + crystals in 
the interior is transformed into martensite, this must 
result in a considerable increase of the pressure. The 
ormation of austenite into martensite cannot there- 
fore go on beyond a certain limit, where the increase of 
pressure (corresponding to the increase of volume) will 
wa ® stop to further transformation of the + crystals. 
these crystals will be rved as austenite in their 
non-magnetic state at ordinary temperatures.” 
Benedicks also discusses the fact that no austenite 
exists at the surface layers of a quenched specimen, and 
considers the effects of ‘‘ Release of Pressure” and ‘‘In- 
crease of Pressure.” 
We readily accept the experimental data which have 
been published by Osmond and Benedicks, and, with the 


Comptes Rendus, 1999, vol. oxxix, page 133, 























JuNE 26, 1914.] 


ENGINEERING. 


891 








ssible exception of a few minor details, we fully acknow- 
edge the soundness of the latter’s arguments. But we 
are nevertheless persuaded that the final conclusion may 
be at fault, in consequence of a possible inaccuracy in the 
fundamental assumption upon which his argument is 
based—viz., that there is a difference in the physico- 
chemical constitution of the areas considered. In other 
words, if this assumption is accepted and is considered, 
along with the above experimental data, we should arrive 
at the same conclusion as Benedicks; but it does not 
necessarily follow that it would be correct. In any case, 
so long as there are any ovher suggestions advanced 
which are both feasible in themselves and in harmony 
with the various known phenomena, they should be care- 
fully weighed before any final decision is made; and if 
this is done impartially, there need be no fear that the 
matter under discussion will become more complicated. 
It isin this spirit that we now wish to examine the sugges- 
tion which was made by Edwards—namely, that there is 
no physico-chemical difference between the martensitic 
and austenitic areas of a quenched steel, and that the 
apparent difference is an optical effect due to twinning ; 
in other words, that these areas represent twin crystals 
of the same constituent. 

At the outset at this part of the discussion we wish to 
admit that we have not yet been able to obtain photo- 
graphic proof of this view, but visual examinations of 
specimens under the microscope certainly support it. The 
reason why it is so difficult to obtain photographic 
evidence in this connection is, use the structures of 
these quenched steels are so fine a3 to make it absolutely 
necessary to use high-power objectives and vertical illu- 
minations in order to distinguish clearly between the 
dark martensitic and light austenitic areas. With high- 
power objectives it is practically impossible to get clear 
definition by means of oblique light, and this is the only 
way at present available of deciding conclusively whether 
the dark and light effects are due to crystal twinning. 
Fortunately, however, we are now able to bring relevant 
circumstantial evidence to bear upon this, the weakest 
side of the question. From a physico-chemical and metal- 
lographical standpoint an alloy with 13.2 per cent. of 
aluminium and 86.8 per cent. of copper is the same as a 
steel with, say, 1.6 percent. of carbon. They pass through 
similar thermal and constitutional changes on cooling ; 
they each contain an excess of the alloy element (respec- 
tively aluminium and carbon) over that of the eutectoid 
composition, and whilst they both possess the same kind 
of microstructure after quenchi from above their 
highest critical — that obtained in the copper-alumi- 
nium alloy may be more conveniently examined, because 
it is so very much larger. Thus compare the a Trance 
and magnification of photomicrograph No. 14 with 
Osmond’s classical illustrations of the so-called marten- 
sitic and austenitic areas. - 

Since it is now known with certainty that the dark 
areas in No. 14 are constitutionally the same as the 
adjacent light areas, and that the two are really twinned 
crystals of the same constituent, we may be permitted at 
least to infer, by analogy, that the same applies to carbon 
steels. It is now necessary to turn to the experimental 
facts a this question and see if they can be ex- 
plained on this hypothesis as clearly as on the other. 

Relative Hardnsss of Austenitic and Martensitic Areas. 
—It has been previously intimated in this paper that we 
are of the opinion that the hardness of quenched carbon 
steels is governed mainly by two factors—viz., the degree 
of twinning which takes place and the composition of the 
amorphous layers that are formed. Further, these are 
governed by the thermal magnitude and velocity of the 
critical points (more particularly Ar 1), and these, in their 
turn, by the carbon content. Each of these factors is 
more powerful the more nearly the steel corresponds to 
the eutectoid composition —1.e., 0.89 per cent. of carbon. 
Heace the fact that a quenched steel containing austenitic 
areas is slightly softer than one consisting entirely of 
martensite (0.89 per cent. carbon) is just what might 
have been anticipated. 

Magnetic Differences bitween Martcnsitic and Austenitic 
Arexs.—The chief factors to be considered in this connec- 
tion are that the magnetic properties (¢e.g., perme vbility 
and the power of becoming permanently magnetised, &c.) 
of quenched steels containing the martensitic and 
austenitic areas decrease as the amounts of the latter 
increase. At this stage only those steels containing over 
089 per cent. of carbon should be taken into account, 
because it is only in such instances that the so-called 
austenitic areas exist; and as the comparison of the 
differences is made between martensitic and austenitic 
areas, it should be confined to those cases where they are 
of the same composition and exist together. There are, 
indeed, wider variations in the magnetic properties of 
pirely martensitic steels than in those containing mar- 
tensitic and austenitic areas. Now it has been shown 
thata non-magnetic, austenitic, or pure y-iron steel may 
be made magnetic by straining. This operation produces 
invernal slip upon the gliding planes, which results in the 
formation of amorphous — at those surfaces. We are 
justified in associating the magnetic properties thus 
induced with the presence of the amorphous layers. 
Hence, as ‘the quenching of carhon steels gives rise to 
Severe straining and crystal twinning, with tbe formation 
of amorphous layers similar to the above, it is only 
natural to expect that the magnetism will disa in 
peg as the austenitic (untwinned) areas increase. 

at so long as any twinning exists, the magnetic pro- 
perties cannot entirely disappear. This is in perfect 
agreement with actual experimental facts, and a 
to us @ very probable explanation of the impossibility of 
projucing non-magnetic carbon steels by quenching 

han F well-chosen magnetic experiments performed by 


cks do not exactly prove that the martensitic | be’ 


areas are in themselves more magnetic than the austenitic 





areas. It is, for example, quite reasonable to regard the 
martensitic areas as non-magnetic twinned lamell~#, which 
are surrounded by magnetic amorphous layers, for the 
same magnetic effects observed by 
obtained. The iron would be deposited upon the thin 
lamelle, because the magnetic lines of force would be 
concentrated around them. 

The fact that the so-called austenitic areas of quenched 
carbon steel appear to change into what are regarded as 
martensitic areas when immersed in liquid air is quite 
consistent with the idea of twinning, because the extra 
strain put upon the mass would cause further twinning, 
parti ly in those areas (austenitic) which had pre- 
viously escaped this change. It is also of some import- 
ance to note that the relief patterns produced on polished 
specimens that have been cooled in liquid air do not 
necessarily indicate that there has been an actual increase 
in volume, for, as a matter of fact, exactly the same kind 
of relief forms are produced when previously polished 
specimens of the copper -aluminium alloys, already 
referred to, are quenched from temperatures about their 
highest critical point; but the specimens so treated 
actually occupy a smaller volume than if they were 
cooled. Even if it is found that these specimens occupy 
a slightly larger volume than before being cooled in 
liquid air, it would agree with the facts relating to the 
change from the crystalline to the amorphous condition, 
because Beilby has shown that this is accompanied by an 
increase in volume. 

the non-existence of austenitic areas at the 
surfaces of a quenched steel, it may be pointed out that 
exactly the same applies to areas of similar appearance 
in the copper-aluminium alloys. We have repeatedly 
noticed that in these alloys very quick quenching rates 
produce thin twin lamelle (iike martensitic areas 
whereas with slower quenching velocities the same size 
specimens would show much larger twins (corresponding 
to austenite). is is rather a significant fact, in view 
of what has been said about the increased pressure of 
martensitic areas at the surface preventing the austenitic 
transformation in the interior. If the retention of 
austenite is in any way due to the pressure of the marten- 
sitic areas, then 1t ought to be possible to obtain almost 
pure austenite in certain of the specimen by 
arranging to produce a positive pressure in the interior 
of the mass as well as on the outside. Thus, by allowing 
the carbide change to take place in the central part of a 
specimen, the increased volume which would then occar 
in that area would exert a kind of back pressure upon the 
untransformed material surrounding iv. Hence, as it is 
possible to obtain from 60 to 70 per cent. of the ausvenitic 
areas without any of the carbide change having taken 
place in any part of the mass, if the pressure of the 
martensitic areas is the cause of the retention of the aus- 
tenitic areas, it ought to be possible to obtain much more 
of the latter when both these pressures are operating in 
the same direction. Up to the present it has not been 
possible to produce in any part of a quenched carbon 
steel more than about 70 per cent. of the austenitic 
areas. This is a very significant fact, for if the 
effect ic due to crystal twinning, it can never 
possible to obtain a purely austenitic carbon steel 
at the ordinary temperature, even with the quickest 
a rates of quenching. In the present state of 
owledge, therefore, we are of the opinion that there 
is not a single fact which proves that there is any differ- 
ence whatever in the constitution of martensitic and 
austenitic areas, and, further, that no facts can be 


advanced in support of that view which are not also | ord 


quite as readily explained by the view that the effects 
are due to crystal twinning. On the other hand, whilst 


it has not yet been definitely established that the marten- | Tu 


sitic areas are really twin crystals of austenite, this view 
is not only rational, but is supported by the facts relatin 
to other alloys which are of the same physico-chemi 
nature. 

Summary.—The foregoing pages may be conveniently 
subdivided into three coe Bm which deal with subjects 
that are in many ways related to each other, but which 
may be considered quite separately. These are :— 

1. The mechanism of annealing. 

2. The hardening of metals by quenching. 

3. The constitution of austenite and martensite. 

The Mechanism of Annealing.—In regard to the anneal- 
ing or softening of metals by heating them to moderately 
high temperatures, followed by slow cvoling, we conclude 
that this operation consists in promoting the growth of 
the crystals. The softening of the mass which is brought 
about in this way is due to the gradual elimination of the 
hard amorphous material which exists as envelopes 
around the crystals, and not to any change in the nature 
or hardness of the crystals themselves. The growth of 
crystals is in all probability caused by the unstable nature 


of the amorphous material, which tends to recrystallise. 
This tallisation increases as the tem ture is 
rai and must proceed by the gradual growth of certain 


crystals at the expense of others. During this process 
the amorphous envelopes act like ordinary electrolytes, 
whereby the substance of one crystal is transposed to 
another. 

Hardening by Quenching.—In the operation of quench- 
ing such alloys as carbon stee!s, severe stresses are seb up 
which cause very pronounced crystal twinning. This 
twinning appears to be directly connected with the in- 
tensity ot the thermal changes that occur when the mass 
is slowly cooled, and particularly with the carbide of Arl 
inversion. 

The increased hardness which is produced by quench- 
ing steels from temperatures above their highest critical 
point, is directly related to the velocity and thermal mag- 
nitude of the suppressed inversion, and the connection 
tween t factors, crystal twinning and carbon per- 
centage, is very evident, 


Benedicks would be | d 





At all the surfaces of slip upon which twinning occurs, 
am us layers are formed which are similar to those 
that Dr. Beilby has shown are juced when metals are 
eformed and hard by -working. We consider 
that the ultimate cause of hardening by quenching steels 
is due to the presence of these onanphous gem, "ts thus 
follows that the final cxuse of hardening by quenching is 
exactly the same as that of hardening by cold working— 
viz., the internal deformation of the crystals. The means 
by which this is brought about is, however, somewhat 
different. 

In the case of the so-called austenitic steels the special 

elements oe ve rise to the formation of new com- 
pounds, which, no doubt, owing to their molecular weighs, 
exert a greater osmotic pressure when in the + iron soli 
solution, and lower the temperature at which the carbon 
separates from solution. They also + the velocity 
of the carbide change. The action is such that rapid 
quenching is not necessary in order to preserve the mass 
in the same physico-chemical constitution as properly 
quenched carbon steels. In both cases the carbide 
is inhibited by pressure, but when this is brought about 
by external means, such as quenching, twinning of the 
crystals is produced, whereas when the whole of the 
necessary pressure is already inherent in the mass as 
osmotic pressure no internal crystalline disturbance 
occurs. 
_ Theamount of twinning which is uced by quenching 
is ay an to the amount of the inversion which has 
to be suppressed by external means, or inversely propor- 
tional to the retarding influence of the special elements 
present. Hence twinning is entirely absent when the 
necessary internal pressure is sufficient, as when the re- 
quired amount of nickel is contained in the steel. 

‘We consider that these conclusions are in accordance 
with all known experimental data which have a bearing 
upon this particular phenomena, and, further, they do 
not appear totally to exclude any theory which has 
previously formulated. Indeed, we cannot refrain from 
saying that when carefully and impartially considered, 
each of those theories has some special merit, and it is 
sometimes a very difficult matter to decide at what stage 
one begins and another ends. In thie connection, how- 
ever, it is interesting to note that most of the important 
points of previous theories are in some form or another 
included in the above conclusions. 

Constitution of Martensite and Austenite. — Further 
evidence is given in the last section of this paper in 
support of the suggestion, previously made by one of us, 
that there is no constitutional difference between these 
two constituents, and that the apparent difference is due 
to twinning. Whilst we have not yet been able to prove 
experimentally this view, we are not aware of any fact 
which indicates the contrary. Moreover, in certain 
quenched copper-aluminium alloys, which are in every 
respect analogous to the carbon steels in which these 
so-called constituents are found, the effect has been con- 
clusively proved to be due to crystal twinning. 





Tue German Navy.—The cruiser Graudenz, now being 
completed at the Kiel Arsenal, will have a similar dis- 
placement to that of the cruisers Karlsruhe and Rostock, 
which are vessels of 4900 tons each. 





Tue Roya Socrery or Arts. — The Council have 
awarded the Society’s Silver Medal to the following 
readers of papers during the session 1913-14. At the 

inary ings :—Mr. P. Chalmers Mitchel, F.R.S, 
** Zoological Gardens ;’ Mr. Jobn Charles Umney, “ Per- 
fumery;" Mr. Arthur Fell, M.P., “‘The Channel 

nnel ;’ Mr. W. Rogers, *‘The Modern Poster ;” 
Mr. Edward F. Strange, ‘‘ Japanese Colour-Prints ;” 
Mr. William Reginald Ormandy, ‘‘ Motor Fuels, with 
special reference to Alcohol ;” Mr. R. A. Peddie, ‘‘Colour 

inting ;’ Mr. E. Halford Ross, “ House-Flies and 
Disease ;’ Mr. John Olarke Hawkshaw, ‘‘The Early 
History of the Channel Tunnel.” In the Indian Section : 
—Colonel T. Holbein Hendley, ‘‘Indian Museums ;” 
Mrs. Patrick Villiers-Stuart, ‘‘ Indian Water Gardens ;” 
Mr. George B. Buchanan, “The Port and City of 
Rangoon;” Sir James Douie, ‘“*The Punjab 1 
Colonies.” In the Colonial Section :—Sir Robert William 
Perks, Birt., ‘‘The Montreal, Ovtawa, and i 
Bay Canal.” 





Trn-Recovery Drepcrr. — Messrs. William Simons 
and Co., Limited, of Renfrew, have just completed 
and despatched to Penang for the Tongkah Harbour Tin- 
Dredging Company a large and powerful dredger for 
working in alluvial tin deposits, this being the fourth 
dredger of this class which this company have had con- 
structed by Messrs Simons within recent years. The 
buckets are of the built type, of strong design, the cutting 
lips being formed of special hard steel. ‘I'he bucket- 
ladder is constructed for dredging to a depth of 55 ft. 
under water-level. The beckons will discharge the 
material into shoots lined with steel bars, and from thence 
into the screen. The screen is of the revolving type, 
with graduated perforations, and is driven by friction- 

at the upper end. Water is supplied to the screen 
by one 16-in. eo — by votes com- 
pound engines. © pipe from the water-pump will enter 
the screen at the lower end, and will be orated for its 
full length. The saving-tables are em | 
an ares suitable for the special material to be dealt with. 
In addition to the tables special launders are fi on 
each side of the dredger. Theee launders will be pro- 
vided with riffies for their entire length, so that no paying 
material may b2 lost. The launders will also serve the 
double purpose of carrying off the tailings from the tables 
sufficiently far astern that even the soft material will not 
run back upon the buckets. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. 


We give below a few data on several colonial and foreign 


engi projects, taken from the Board of Trade 
Journal. Further information concerning these pm 
can be obtained from the Commercial In oe 


Board of Trade, 73, Basinghall-street, d 

New Zealand: A rt has been received from the 
office of H.M. Trade Commissioner for New Zealand to 
the effect that tenders are invited by the Wellington 
Harbour Board for the construction of a reinforced- 
concrete wharf (the Pipites Wharf) and of a steel-framed 
shed thereon. The wharf is to have a mean length of 
913 ft. 6 in. and a width of 186 ft., while the shed is to be 
aboud 761 ft. 6 in. —. and 85 ft. 6in. wide. It is 
estimated that about tons of round rods, 25 tons-of 
black iron wire, and 550 tons of structural steel will be 

uired in carrying out the works. Sealed tenders, marked 
**Tender for tract No. 171,” will be received by the 
Chairman of the Harbour Board, Wellington, N.Z , up 
to 5p.m. on August 26. Exch tender must be accom 
panied by a deposit of 2)00/., either in cash or by a cheque 
on a local (Wellington) bank. representation is 
necessary. A report has also been received from the 
office of H.M. Trade Commissioner that tenders will be 
received at the office of the Town Olerk, Tau up to 
4 p.m. on July 27, for the supply and delivery of electric 
meters, &c. It will be observed that the time for the 
receipt of tenders is limited, and owing to forms havin 
to be obtained from New Zealand this information will 
be of use only to firms having agente in the Dominion 
who can be instructed by cable. According to an extract 
from the local Press received from the office of H.M. 
Trade Commissioner for New Z2aland, the Corporation 
of Wellington is about to submit to the ratepayers pro- 
posals for loans amounting to about 340,000/., to be spent 
as follows :—Construction of a traffic tunnel, 70,000/.; 
wood-blocking, 61,558/.; offices, 7500/.; esplanades at 
Oriental Bay and Island Bay, 12,300/.; roads, 28,500/.; 
baths, 8300/.; extension and improvement of tramway 
system (including rolling-stock, extension and doubling 
of tracks, machinery, repair-shops, &c.), 118,809/. 

Belgium: H Consul-General at Antwerp reports 
that tenders will be received by the municipal authorities 
of that city as follows :—Up to J — for the construction 
of two metallic sheds at berths Nos. 101 and 102 on the 
North Quay of the second new harbour basin. The esti- 
mated oust of the contract is 635,000 francs (25,400/.), and 
a deposit of 30,000 francs (1200/.) is required to qualify 
any tender. My to July 6 for the i -. lation of a low- 

ressure steam heating apparatus in the pumping-station 
ee workshop of the dry dock at Lefebvre Basin. A 
deposit of francs (24/.) is required to qualify any 
tender. Up to July 16 for the supply and installation of 
two hydraulic wedging a ‘or the swing bridges 
D and F of the North doc A deposit of 600 francs 
(241.) is required to qualify any tender. 

France (Guadeloupe): With reference to the proposed 
harbour and general improvement works in Guadelou 
the British Vice-Consul at Pointe-’ Pitre reports that 
the French Journal Officiel of May 10 contained a decree 
authorising the Colony to contract a loan of 4,100,000 
francs to carry out its projected schemes, the revised 
amounts for which are as follow :—Wharf construction, 
1,680,000 francs; repairing of wharves, 299,000 francs ; 
construction of cgaling wharf, 300,000 francs ; deepening 
the harbour at Pointe-s Pitre, 882,000 francs ; water con- 
duits at Pointe-A-Pitre and Basse Terre, 482,000 francs ; 
wireless telegraph stations, 208,000 francs. It is not 
yet known whether contracts to out the works 
will be put up to tender or whether the work will be 
done by administration. k : 

Spain: The Gaceta de Madrid contains a copy of a 
Royal Decree authorising the Ministerio de Fomento 
resent to the Cortes a Bill granting a credit of 

.000 pesetas (about 2,611,000.) for the repairing of 
State roads, and a second credit of 1,500,000 pesetas (about 
55,0007.) for the purchase of stone to be stored for use 
for future repairs. The Gaceta also announces that 
tenders are invited for a concession for the completion 
of the railway from Campamento (or leones) to 
Malaga, and will be received, up to July 15, at the 
Direccién General de Obras Piblicas, Madrid. ' 

rice of the work now to be undertaken is t at 

602,471 pesetas (about 1,058,000/ ). The Gacets further 
contains a copy of a Royal Decree authorising the 
Ministerio de Fomento to contract, by means of public 
tender, for the execution of port works at Villagarcia 

Pontevedra), to extend over a period of twenty years. 
The upset price is put at 3,892,283 pesetas (about 
144, 10%. ). 

om H.M. Ambassador at Constantinople has for- 
warded an extract from [2 Gacette Financiére, containing 
particulars of the works proposed to be carried out during 
the present financial year by theSociété Générale d’Enter- 
prises dans |’Empire Ottoman in the con- 


to 
70, 


regard to 
straction of roads, brid and viaducts in the Otto =. 
Empire. The proposed works include the completion of 
strateginal from the new Bulgarian frontier to 


Baba-Eski, from Adrianople to Kirk-Kilisse, and from 
Rodosto to Muratli, as well as a network of roads of a 


total length of 687 miles in the different vilayets of the | 4 


Empire, construction of bridges over the Meander, the 
Afrina, and Dalama Tchai, in the vilayet of Aidin. 
H.M. Ambassador has also forwarded a copy of the pro- 
gramme of road construction which has been decided 
upon by the General Council of the vilayet of Adana. 
This programme includes the repairing of existing rods, 
as as the construction of new ones, and ers are 
invi ill be received by the Council up to 
July 31. 


Brazil: The Diario Official publishes a decree (No. 


The upset io 





10,883, of May 6) ving the plans and estimate 
submitted to the Federal Government by Mandos Har- 
bour, Limited, for the execution of new works in the 
Port of Manaos by virtue of the No. 8554, of 
Fe! 15, 1911. The total estimated cost of the works 
has now reduced to 8,973,423 milreis (about 598,200/. ). 
A period of one year has been fixed for construction 
of the remaining portion of the quay-wall and the bank- 
ing required in coanection with the wall ; the rest of the 
work as specified in the plan now approved is to be com- 
plated within five years. 

Japan: H.M. Vice-Consul at Hakodate reports, on the 
authority of the local Press, that it is proposed to estab- 
lish a small shipbuilding yard at Otaru, ther with a 
dock capable of taking steamers of about 1500 tons. The 
scheme is a private undertaking in connection with the 
Fujiyama Iron Works at Otaru. 





CATALOGUES. 
Metal. Filament Lamps.—The General Electric Com- 
my, Limited, of 67, Queen Victoria-street, E.C., 
ave recently p on the market a new type of 
Osram drawn-wire filament lamp d ed to give its 
maximum illumination in the downward direction. The 
~ are be ~~“ form a page — in ‘ 
are, roughly speaking, in a ad ri to 
the axis of the lamp. The lamp is designed so that an 
opal glass reflector, but very little larger than the lamp 
itself, can be fitted closely over its upper half, and by this 
means still more of the light can be directed vertically 
downward. With this reflector in place the light curve 
for a 25-candle-power lamp shows that, over a solid —e 
of 30 deg. on each side of the vertical, the light distribu- 
tion is practically uniform, varying only from 45 to 50 
candle-power. For many purposes, such, for example, 
as desk, bench, or shop-window lighting, these lamps 
would appear to be nee well suited, and doubtless 
many other applications will be found for them ; they 
are, however, not intended to replace lamps of the 
ordinary pattern for general lighting. ‘‘ Axial” lamps, 
as they are called, are made for voltages between 100 and 
260, and in the 30 and 60-watt sizes. At the lower 
voltages these lamps give 25 and 50 British candle-power 
eqeeery ; at higher voltages the efficiency is slightly 
less. 


Darits for Handling Ships’ Boats.—A pampblet illus- 
trati and describing their method of stowing and 
handling ship?’ lifeboats has been issued by Messrs. 
Babcock and Wilcox, Limited, of Oriel House, Farring- 
don-street, E.C. The «ssential feature of the system is 
the special form of, davits with lever-balanced jibs, 
which give a long réach, and at the same time require the 
minimum power for Operation, since the load is swung 
in a horizontal line throughout its travel, and not in the 
arc ofa circle. The davits are made in three general 
types—viz., single-acting, double-acting, and long-reach. 

bree boats in a single bank can be stowed under the 
single-acting davits, while the double-acting davits can 
deal with six boats in a double bank. The long-reach 
davits, which are also of the double-acting type, are 
capahle of traversing boats to or from the centre line of 
the ship, so that they can be handled by similar davits 
on the opposite side. With these davits boats can there- 
fore be stowed side by side across the whole width of 
the deck and still be “‘under davits.” This arrange- 
ment ensbles the boats to be launched on either side of a 
large steamer, while, in small vessels, a single set of 
davits placed on the centre line of the ship will suffice 
for the same purpore. A full account of these davits 
was given in our issue of August 15 last, on page 223, 
and we must refer our readers to this for further parti- 
culars of them. We may, however, mention that the 
firm have under construction a set of davits capable of 
handling boats 50 ft. ay eee weighing 30 tons, and that 
these davits will shortly be ready for inspection and trial. 


Hand Crabs and Winches.—A catalogue giving prices 
and particulars of crabs and winches for hand power has 
come to hand from the Brown Hoisting-Machinery Com- 
pany, of Cleveland, Ohio, U.S.A. The special feature 
of pa appliarices is that they are fitted with Weston’s 
safety lowering device, which prevents the load from 
dropping, and the handle from flying round if it should 

released. For lowering, the handle must be turned 
in the opposite direction to that in which it is turned for 
raising the load. The means for effecting this are, briefly, 
as follow :—Between two fixed col on the handle- 
shaft are placed the pinion, which gears with the wind- 
ing-drum and a ratchet-wheel, both of which are loose on 
the shaft, but are connected to each other by a multiple- 
disc clutch. The plates of the clatch are forced into 
frictional contact with each other when the shaft is 
turned to rvise the load by means of a helical face formed 
on one of the fixed collars, which face engages with a 
similar face on the boss Of the pinion. The pinion and 
ratchet thus both revolve with the shaft when the latter 
is being turned to raise the load, but if the handle should 
released while the load is suspended, rotation in the 
opposite direction is prevented by a pawl which engages 
with the ratchet. By turning the handle in the opposite 
direction the load can be lowered, since this movement 
isengages the clatch. The rate of lowering is, however. 
entirely controlled by the movement of the handle, and 
if the latter should be released, the load is immediately 
arrested by the pawl. The catalogue gives full = 
ticulars, including prices, of crahs and winches in four 
sizes for loads of 4, 1, 1}. and 2) tons; all sizes, except 
the smallest, are provided with two-speed gearing. 

Lightnina-Arresters.—The British Thomson. Houston 
Company, Limited. of Rugby, have issued a price list of 
lightning-arresters for overhead power-tr lines, 
= arresters are of the multi-gap type, with a current- 








limiting resistance, and their construction is briefly as 
follows :—In the lower part of a porcelain tube are eeed 
a number of electrodes, each formed of a pair of dished 
plates of a special zinc alloy. e electrodes, which 
altogether occupy about half the total length of the tube, 
are separated from each other by porcelam rings, and in 
the upper part of the tube, in contaet with the top 
electrode, is placed the resistance, which is in the form 
of a carborundum rud. The npper end of the resistance- 
rod is connected to the line to be protected, and the 
bottom electrode is connected to the earth. A number 
of strips of metal in connection with the earth plate, and 
with the lowest el e, are run along the outside of 
the porcelain tube for the greater part of the distance 
occupied by Sope These strips, or antennz, as they 
are called, e orm the very important function of 
modifying the capacity between each electrode and 
the earth, and thus reducing the discharge a 
without reducing the power of the device to open the 
circuit after a heavy discharge. The porcelain tube is 
sealed into a prrcelain base, and covered with a cap of 
the same material. It is thus quite weather-proof and 
can be mounted on the poles carrying the lines, close 
to the points at which tappings are taken off to trans- 
formers. These arresters are claimed to have a large dis- 
charge capacity, to be of small size, and to be sufficiently 
inexpensive to install with even the smallest transformers. 
The list gives dimensions and other particulars, includ- 
ing prices, of arresters for single, two and three-phase 
circuits at pressures ranging from 300 to 5700 volts. 


Gas and Oil-Engines.—From Messrs. Crossley Brothers, 


Limited, of Openshaw, Manchester, a catalogue dealing 
with i and gas plants, and another giving 
particulars of oil-engines, have been received. The gas- 


engine catalogue first deals with small engines of from 
14 to 12? horse-power, for running on town gas, and also 
with two engines of 64 and 10 horse-power, for suction- 
gas; small producers suitable for supplying these engines 
are dealt with. We then come to larger engines, with 
variable lift-governing gear, as illustrated and described 
in ENGINEERING of November 22, 1912, on page 725. 
These engines, of which the construction is illustrated 
and fully described in the catalogue, are suitable for 
any gaseous fuel, but we were unable to discover 
in what range of sizes they are made. Several patterns 
are illustrated, and one of these illustrations is stated to 
refer to engines ranging from 70 to 170 horse-power ; 
several other illustrations seem to represent larger and 
smaller patterns. Some of the illustrations show double- 
cylinder engines, and these, we find, are made from 
60 horse-power upwards. The firm’s new open-hearth 
suction-gas producers are illustrated and fully described 
in the catalogue, but as we dealt with these in our issue 
of December 5 last, on page 776, we need not explain 
their special features here. A few particulars of the 
firm’s suction-gas plants for use with wood refuse, and of 
their pressure- ucer plants for non-caking bituminous 
fuel, are also given. The former are made with capacities 
of 20 horse-power and upwards, while the latter are not 
usually supplied for less than 250 horse-power. When 
plants of over, say, 2000 horse-power are run on bitumi- 
nous fuel, it is generally profitable to recover the 
ammonia ; the firm make all the necessary apparatus for 
this purpose. Coming now to the oil-engine catalogue, 
we first find particulars of sizes ranging from 1} to 18 
horse-powsr, suitable for running on refined petroleum 
or gas oils; they are made in two types for indus- 
trial purposes and for electric lighting respectively. 
Two vertical engines for paraffin or petrol are then 
dealt with. ese engines give 30 and 40 horse- 
wer, and have three and four cylinders respectively. 
remainder of the catalogue relates to horizontal 
engines of the semi-Diesel t for use with any kind of 
ned or crude oils, as as with many residual and 
tar oils, Single-cylinder engines are listed in five sizes, 
ranging from 18 to 50 horse-power, and double-eylinder 
engines in four sizes from 54 to 100 horse-power ; both 
classes are e for industrial work and for electric 
lighting. 





TroniTe.—Our attention has recently been drawn to 
&@ preparation for water-proofing cement concrete, &c., 
“‘ironite.” It is being introduced by the Ironite 
Company, Limited, of 1, Victoria-street, London, S.W. 
It consists of a powder composed largely of iron dust, 
and in use it is mixed with water and applied to the 
surface with a brush. This preparation has been 
examined by Mr. Bertram Blount, who reports very 
favourably upon it. Mr. Blount points out that the 
action of ironite depends upon oxidation, the ucts 
of which are perfectly stable and inert, so that the effect 
is not only permanent, but is also non-injurious to other 
structural materials in contact with it. From among 
various severe tests to which Mr. Blount subjected 
ironite, we select the case of a treated block of cement 
(1 cement and 5 sand), aged 19 days and ex to a 
og pe corresponding to a head of water of 138.41 ft. 
or 10 minutes without showing any sign of percolation. 
Pressures above this were applied beforethe block cracked. 
A block of the same quality and age, but untreated, 
gpewetes freely under a head of only 34.6 ft. Mr. 
lount also tested the efficacy of ironite for the treat- 
ment of cracks with equally successful results. The 
material is now being extensively used in engineering 
works of all descriptions. Recentlv it was successfully 
applied on the New Charing Cross ga yee station, 
where a deal of concrete work is under a consider- 
able head of water. Although prior to treatment, cement 
rendering and painting were impossible owing to the 
amount of percolation, after coating with ironite, 
cement rendering was applied and tiling and painting 
were also possible. 
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ELECTRICAL APPARATUS. 


9460/13. A. P. Lundberg, G. C. Lundberg, P. A. 
Lundberg, and G. Pegg. Plug and Socket Con- 
nectors. (6 Figs.) April 22, 1913.—Tnhis invention has relation 


to connectors employed in electric-light and power intallations. 
The term “ plug and socket connection ” includes, in addition to 
plug and socket connections proper, what are known as “‘ plug- 
connectors,” or, more simply, ‘‘ connectors,” and the invention 
has reference solely to such connectors. Accordin; 
tion, the body the plug and/or socket is built up of three 
parts, removably secured together, one of the said parts serving 
as a base for carrying the terminals, and the two remaining parts, 
which are counte the one of the other, serving to complete 
the body part and also as means for gripping the conductors, for 
which purpose they are each provided wi 

circular grooves, —_ when the — — are assembled 
the groove or grooves in one part register e groove or grooves 
in the other part, and retain and grip the conductors before they 
pass to the terminals in the first-mentioned part. Figs. 1, 2, 
and 3 are view of the plug part of a plug-and-socket wall-con- 


to this inven- 


one or more semi- 


























nection in accordance with this invention. Fig. 1 is an eleva- 
tional view of the part 1, Fig. 2 is a plan view of the cap, and 
Fig. 3 is an elevational view of the complete plug. The parte land 2 
are similar the one to the other, and each of their contacting faces 
is provided with semicircular grooves 3, equal in number to the 
number of conductors in the flexible conductoremployed. In the 
drawings two grooves 3 are shown. When the grooved faces of 
the parts 1 and 2 are in contact, the grooves 3 in one face register 
with those in the other to form circular grooves as in the well- 
known cord grip employed in connection with electric-lamp holders. 
Instead of providing a circular groove for each conductor, one 
— only may be employed of such sizé that it will contain the 

exible conductors. The size of the groove or grooves is such 
that when the two parts of the cap are secured by a screw or 
by screws 4 the conductors are gri; htly in position, The 
two parte 1, 2 of the cap are at 6, in the face adjacent the 
insulating base 7, to receive the terminals of the pins 8 and to 
allow room to lead the conductors to such terminals, Each 
1, 2 of the cap is secured 
(Accepted April 8, 1914.) 


GAS-ENGINES, PRODUCERS, HOLDERS, &c. 


12,450/13. A. R. Bellamy, Grantham. Internal- 
Combustion (3 igs.) May 28, 1918.—This in- 
vention relates to the valve mechanism of gas and like internal- 
combustion engines, and to that class of mechanism in which 
the valve is closed by a spring attached to the may le peo | 
levers. According to this invention, the oie lever, whic’ 

has fitted to it the spring which closes exhaust or other 
valve, has also pivotally suspended from it a shackle or stirrup 
which is connected to the valve spindle, so that the valve is opened 
and closed by the lever thro the medium of the stirrup. a re- 
presents a water-jacketed valve, and b the seat thereof. c is the 


to the base 7 by a screw or by screws. 
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lever for operating the valve, the lever being of the double type, 
and may be contrulled by a cam. Toa suitable point in the lever 
there is attached a link. or the equivalent d, outer 
which is provided with a collar ¢ preferably adjustable in position 
thereon, and upon which one end of a spiral 


Satast with the end of a sleeve i — 
ink d is pivotally mounted upon a ng j, carried by a bolt & 
ea transversely through the two sides of the lever c, the 
the J engaging in lateral slote iin the abutment sleeve i, which 
tus forms a guide therefor, The end of the lever c has pivotally 


of ld 
normally he’ oy 





may 
trolled from more than one point or by more than gne controllin; 
means. According to the present invention, a throttle-valve 
the type described comprises the combination with a butterfly- 
valve, of a'second valve mounted co-axially therewith (for example, 
a second butterfly-valve on the same spindle) to control the same 
conduit, so constructed that both valves are operated inde- 
pendently of one another. The throttle is in a conduit 
A, and com) two intersecting He go butterfly m mbers 
B, C, which are mounted on co-axial spindles D, D!. Each 
member comprises a pair of wings, disposed one on each side of 
the central spindle, and the wings are so shaped that either of the 
members B or © can completely close the conduit on being turned 


Fig. 7. 





(694) 
into their ~ yee positions shown in Fig. 1. Each member is 
Ee with a socket B!, CO! respectively for half of ite axial 
length, by which it engages the spindle D or D! on which it is 
mounted, the two spindles being co-axial and end on to one 
another. The wing portion of each is cut away to form an ap- 

roximately gas-tight joint on the socket of the other member. 
nD ia cane patos tape an pono 
moved to its closirg on ve o e e 
other one. Thus, if one of these members is hand-controlled and 
the other governor-controlled, the speed of the e ie may be 
varied at by opening and closing the hand-controlled member 
up to the speed at which the governor-controlled member 
becomes operative to close the passage. At any lower the 
passage may be closed by the hand-controlled member, but if that 
member is left open, the governor-controlled member will close 
= eg when excessive speed is attained. (Accepted April 8, 
1914. 


GUNS AND EXPLOSIVES. 


10,219/13. F. M. Hale, Bromley. Projectiles. 
(2 Figs.) April 30, 1913.—This invention relates to projectiles 
such as are described in Specification No. 15,045, of 1908—i.¢., pro- 
jectiles of the type in which the body of the projectile is of ter 
diameter the bore of the small arm or gun with which it is 
to be used, and is provided with a rod pted to extend into 
the barrel thereof, and in which the detonator is ited to be 

uickly fixed within the body of the projectile when desired, so 
that it may normally be ca separately from the body of the 
projectile which contains the rest of the firing mechanism. 
According to this invention, the movable firing element is nor- 


part = | ey pe from approaching the fixed firing element by a 


id in position by a mass of slowly-burning composition, 
and means are provided for causing the ignition of the mass of 
composition by the discharge of the projectile from the gun, so 
as ultimately to free the catch and allow the movable firing 
element to approach the fixed firing element on impact of the 
projectile. 1is the base — of the projectile to which are 
attached the rod 2, which is adapted to extend into the barrel of 

















the gun, and the casing 3 containing the bursting charge and the 
firing mechanism. Within the casing is arranged a tube 4 con- 
taining the main detonator 5, the pellet 6 carrying the main 
firing-needle, and the spring 7, the function of which is to prevent 
the needle-pellet from creeping forward during the flight of the 
projectile. The needle-pellet 6 is formed at its rear end with an 
eo ye ga pte he 8. This 
vided with a flange, and is n: ly held the posi- 
tion in which it engages in the groove and so prevents forward 
movement of the needie-pellet 6, by a block 10 of a suitable 
slowly-burning composition, as cordite. Arranged in a casing 11 
connected to the base portion 1 is an auxil ecodio-palict, 
a spring 13 away detonator 
or perc levice 14, which located in a chamber com- 
municating with the block of composition 10 In 
order to enable the gases formed by the explosion of the detona- 
pnd Ty Ang 10 to escape, the : ly of the oa * 
w an aperture adapted to form a commun’ on 
bet the — —s the a 10 5: the “ane 17 
atmosphere. aperture normally closed by a te 1 
cemented to the body of the projectile and adapted to be blown 








action of its inertia a impact 
of the projectile. (Accepted April 8, 1914.) 


11,524/13. Sir W.G. Armstrong, Whitworth and 
Co., Limited, and A. G. e- — 


} - M. . -8 opening and 
loading and quick-firing guns. Most of 
modern guns are provided with an air-blast 


automatically blowing the waste nthe bare af tee 
y blowing gases through o 
gua a2 the breech is being ed. Usually the air is stored 


under pressure in steel 


gun. According to this invention, this air pressure (taken either 

rom the air-bottle or from the supply direct from the air- 
compressing engine) is used asa means for opening and closing the 
breech as well as for providing an air-blast for the bore ; in other 
words, before the air pressure . 


pede + and the internal diameter of the wall of the 
pressure. ber a. The annulus form Wer ni! 
@ is not a complete ring, but a solid of metal is left 
across it, inst which pressure can act to move the driver. 
A valve-rod ¢ is fitted in a convenient ition for admitting the 
air pressure from the admission-valve n to the pressure-chamber a. 
The valve-rod ¢ may be either solid or hollow, and may either slide 
longitudinally or turn axially. It is shown hollow and turning 
axially in the drawing, and is perforated with holes in suitable 
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positions for admitting the pressure on either side of the driver a 
—— A Peas temnee ¢ & mame one side of the 
section d to the valve-rod for — pressure to one 
side of the driver to open the breech, and a hole or passage h is made 
on the other side of the solid section d tp the valve-rod for admitting 
the pressure to the other side of the driver for closizg the breech. 
An exhaust-passage jis also made through the wall of the pressure- 
chamber a which communicates with an a'r-passage & to the air- 
blast hole 1. A small exhaust-passage ¢ is also made to exhaust 
the air in the chamber after closing the breech. A reducing- 
valve m is provided when the ure is taken from air-bottles or 
reservoirs. The admission-valve n (together with the reducing- 
valve, if one is used) is connected to the tubular valve rod ¢ either 
directly or by piping. An operating hand-lever o is keyed on the 
valve-rod ¢, and is secured in the non-operative position by a 
spring latch p. On the face of the lever o are formed suitable 
projections ¢ for lifting the admission valve n at the same time as 
the valve-rod ¢ is turned. The hahd-lever o is moved counter- 
clockwise, as viewed from the rear; to open the breech. This move- 
ment revolves the valve-rod ¢ and op 
between the latter and the hole g, bu 
hole A is cut off or closed. At same time the projection 
the admission - valve rod _r and lifts the valve n. 
e air rushes “@ and through the air 
passage g into the pressure-chamber a and forces the driver to 
revolve and turn the hinge-pin l. The turning of the hinge- 
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unlocks the breech-screw by means of ing assembled 

carrier arm. When the driver passes the exhaust hole j, part of 
the escapes through the k to the air-blast hole Z 
for ng the waste gases out the bore of the gun. 


Sufficient pressure still remains in the pressure-chamber to con- 
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tinue revolving the hinge-pin until the breech is fully open, and 
then the hand-lever is returned to the non-operative position. 
The exhaust hole s is closed by the valve-rod e when the breech 
is being opened. To close the breech, the hand-lever 0 is moved 
in the contrary direction, which ey also moves the 
valve-rod ¢ in the contrary direction. motion opens the 

hand closes the passage g. The admission-valve 7 is 
also lifted at the same time by the hand-lever and the pressure 
is admitted to the Yeap te rem and drives the — yn! to 
close the breech. e exhaust e k is closed by the valve- 
rod ¢ when the breech is being closed. When the air pressure is 
not used, the breech mechanism is operated by a hand-lever in 
the usual manner, and a clutch is provided for putting the lever 
in and out of gear with the hinge-pin. (Accepted April 8, 1914.) 


HYDRAULIC MACHINERY. 


17,175/13. W. G. Kent, London. Liquid- Meters. 
{6 Figs.) July 26, 1913.—This invention relates to liquid-meters 
of the type in which there are four pistons in four single-acting 
cylinders which are filled in succession 4 the liquid and are 
arranged in two pairs, the members of each pair being co-axial 
and having their pistons on a single rod, while slide-valves are 
mowed over the faces of a port-block by tappete moving with the 
pistons. According to this invention, a projection /, adapted at 
the end of the out-stroke to enter and gradually to close the port 
in the cylinder-end, is formed on each . a, a2, a, at are the 
four cylinders in which move four pistons b!, 12, b3, b4, b!, b? 
being connected together and b*, b4 being likewise connected. 
In the middle of the meter is a port-block ¢ adapted to put the 
middle space d filled by liquid entering through the inlet into 
communication with pipes ¢!, e2, ¢3, e4 leading to ports in the ends 
of the cylinders, while the middle of the block itself leads to the 
outlet. On the outer face of each piston a projection / is formed, 
adapted at the end of the out-stroke to enter and gradually to close 
the + in the cylinder-end ; by this means shock at the end of the 
stroke is avoided, but as soon as the piston begins its in-stroke 
the liquid can act upon the whole area of the outer face of the 
piston. On the inner side of each piston is secured a disc-tappet 9, 
ada to actuate the valves described below and the two 





pistons, the two disc-tappets and their rod are free to rotate in 
the cylinder. Such disc-tappets have an extended surface, and | 
are therefore less liable to wear, while the thrust upon the valve | 
may be delivered in line with the working face thereof. Each of | 
the valves /J, h2 is formed in the shape of a trapezium in eleva- | 
tion, so that the tappet strikes it first at an angle, thus tilting it, | 
and then, bearing upon the whole of one side, pushes it over the | 
face of the port-block. By tilting the valve, the liability to 

linear scoring of the valve-face is obviated. valve is held | 
up to the surface of the port-block by a roller on a spring secured 


























to the block and bearing on the back of the valve, and in order 
to ensure that each movement of the valve shall be completed, 
there is formed in the back of each valve two hollows divided by 
a ridge, so that as soon as the ridge has passed the roller, the 
pressure of the latter may tend to complete the movement of the 
valve, and may then hold the valve in ite extreme position. The 
valve Al has in ita + -¥ passage only, while the valve A? has in 
it two poomene. In the position of the parts shown in the draw- 
ings, liquid may be su ed to be flowing from the space d 
through port c! of the bicck c, pipe ¢! to cylinder a!, ey 
down piston b!. The piston 6? is expelling liquid from = ndera 
through pipe ¢?, port c%, passage of valve A! to the middle of the 
block, and so to the outlet. As the piston a! nears its inmost 
position, ite disc-tappet strikes the valve h? and moves it down. 
Liquid can then flow from the middle d to the cylinder a’, 
pushing up Fens 68 and 4, which latter expels liquid from 
eylinder a rough pipe e+, port c, upper passage of valve h2 
to the middle of the dlock, and so to the outlet. As piston a? 
nears ite inmost position, ite tappet strikes valve hl and moves it 
up. Liquid can then flow by ¢% and ¢? to cylinder a®, while 
cylinder a) is put to exhaust by el, cl, and Al. The tappet of 
piston b* raises valve A? and liquid can then flow to cylinder a4, 
while cylinder a° is put to exhaust by e°, c} and lower passage 
of A®, At the end of ite movement the tappet of a4 moves down 
the valve Al, and the parts are once more in the positions illus- 
trated. The counter-spindle is actuated by means of an arm m, 
which is rocked on a pivot m! by the tappets of pistons b® and 4, 
The arm has pivoted on it a nae gg one pawl n adapted to 
engage a ratchet-wheel n! fast with a worm o meshing with a 
worm-wheel o! on a spindle o% which drives the counter-spindle. 
sun tages of athe , each time it rises, strikes a roller n? on 
pawl », and thus rotate: the ratchet n! one tooth, while the 





tappet of 4, each time it descends, strikes the end of the arm m 
and moves it back. (Accep'ed April 22, 1914.) | 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


21,639/13. A. Herbert, Burford, and P. V. V: 

try. Turret-Lathes. (2 figs.) September 25, 1913. 
—This invention relates to turret-lathes, and has for its object to 
simplify and improve the mechanism for clamping the turret, 
and also for clamping the index-bolt. According to invention. 
a crank-pin, or the equivalent, on a suitable rotating disc is caused 
toe a cam-slot or the like on aslide. This slide operates 
mechani of any convenient type for clamping the turret to the 
turret-slide, and also clamps the index-bolt. In order to clamp 
the index-bolt the slide may carry a peg lying in a slot in a wedge 
arran, in the guide in which the index-bolt works. This peg 
the moves the wedge endwise, and between the peg and 
one end of the slot is arranged a stout spring, so that the wed 
is sngeged resiliently. A crank-pin A is carried upon a disc B, 
and this crank-pin may be that which is em ed to rotate the 
turret. The turret is not shown in the drawings, but a plate 
arran; under the turret is shown at 0. Above the disc B works 
a horizontal slide D, which is provided on its under side with a 
cam-groove D? of suitable shape, so that as the disc rotates the 
crank-pin A can enter and leave the groove, imparting to it, during 
ts passage along the groove, an in-and-out movement—‘.e¢., amove- 
ment from left to right, and vice versd. The nature of this move- 
ment may be easily varied by suitably shaping the cam-groove. 
The front end of the slide, or preferably a plate E fixed to the 
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slide, is provided with a wedge F, which tapers vertically, and the 
wedge is, when the slide is forced forward, inserted between a 
suitable abutment stud G fixed to the turret-slide H and the 
rotating plate 0, which is attached to the base of the turret. For 
the sake of ny aid in the drawings the plate E and slide D are 
omitted from Fig. 2. Thus the turret is forced downwards and 
clamped in position in a simple manner when the wedge F is 
moved to the left by the crank-pin A and slot D2. Above the slide 
D is a wedge J, which lies alon le the index-bolt in a suitable 
channel L, which forms a guidefor the bolt. A peg Mon the slide 
D, E engages a slot N in the wedge J, and between the front of 
the slot and the peg lies a stiff spring. Oonsequently, as the 
slide moves forward—i.e., to the left—pressure is transmitted to 
the wedge J through the spring, and the index-bolt is clam 

in a simple manner. Between the rear end of the slot and the 
back of the peg there may be a small clearance, eo as to allow the 
turret to be released before the index-bolt is set free. It will thus 
be noticed that by means of the spring the simultaneous clamping 
of both the turret and the index-bolt is ensured. Thus when the 
slide D, E moves to the right, it withdraws the wedge F, and 
then unclamps the index-bolt from the turret, allowing the 
index-bolt to be withdrawn and the turret to be rotated by 
mechanism which forms no part of the present invention. (Accepted 
April 29, 1914.) 


RAILWAYS AND TRAMWAYS. 


9265/13. A. Laing, Newcastle-on-Tyne. Oil-Fired 
otives. (8 Figs.) April 19, 1913.—This invention relates 
to a liquid-fuel burning system for locomotives in which a number 
of liquid-fuel spray burners are arranged in the fire-box. The 
invention consists in the combination with the locomotive fire- 
box, of a plurality of liquid-fuel spray burners, means adapted to 
feed the liquid fuel to said burners, a valve-box distributing the 
fuel to said burnere, means therein for regulating each burner 
independently, and means for simultaneously cutting out a pre- 
determined number of burners. In the apparatus shown, the 
furnace or fire-box 1, which together with the bridge 2 has a 
lining 3 of refractory material, is provided with a number of oil- 
burners (three burn«rs, indicated at 4, 5, 6, are shown in the 
drawings), to which the oll is supplied through a distributing-box 
7 from a pipe8. The distributing-box is provided with an emer- 

ency cock or valve 9 which, in one position, admits oil to the 

urners 56 and 6, while in another position it cuts off the oil 
supply from these bueners, and at the same time admits steam 
through valves 5), 6b to the burners 5, 6, thereby blowing 
out any oil and preventing carbonisation of the same. The 
steam is also delivered to the blow-through cocks 4a, 5a, and 6a 
4 pipe 10, which branches off from the steam supply pipe 11 to 

e oil-pump 12, and these cocks are fitted so that steam can be 
admitted to any one burner for the p of clearing that par- 
ticular burner of oil, independently of the remaining burners. 
The oil-fuel pump draws oil from a tank or reservoir which may 
be situated in the engine tender and connected with the suction 
inlet of the pump by a flexible pipe, and delivers the oil th h 
a pipe 13 to a heater 14, and mee through a filter 15 to 





supply pipe 8 leading to the distributing-box. Steam is supplied 
to pump 12 ee pipe 11, from which latter pipe branch 
leads to the heater 18 through a regulating cock or valve 17, 


which regulating cock or valve is actuated by a lever 18 simui- 
taneously with the emergency cock of the distributing-box 7, so 
that when the oil supply is cut off from the burners 5 and 6 the 
steam supply to the heater is ae reduced. In addi- 
tion to the valves hereinbefore mentioned, the various parts of 
the apparatus are provided with manually operated i 

or shut-off valves, and one or more pressure-gauges are fitted 
to show the oil pressure at one or more points of the installa- 
tion. The distributing-box 7, in addition to delivery to the 
burners, also delivers through a by-pass valve 19 to a pipe 
20 leading to the suction side of the pump, so as to maintain a 
circulation of oil when the emergency cock is turned to cut. 
off the main burners 5 and 6. This by-pass, like the burners 
themselves, is fitted with a regulator controlling the flow of oil 
therethrough. The valve distributing-box body is divided into 
two portions, 25a and 25) by the emergency-valve 9, the portion 
25 being connected to the burners 5 and 6 adapted to be cut off 
simultaneously by the emergency-valve 9. The portion 25a is 
connected by the flange-joint 26 with the oil supply-pipe 8. A 
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main oil-channel runs throughout the valve-box and is connecte® 
by suitable ports to the supply pipes 4c, 5c, and 6¢ leading to the 
burners 4, 5, and 6, valves 4), 5b, and 6) fer independent regula- 
tion of the flow through these pipes being fitted in the box. A 
port in the main oil-channel also communicates with the pipe 1% 
adapted to permit of a continuous circulation of oil-through the 
pump when the burners are cut off, and a valve 28 is provided for 
independently cutting off or regulating the flow through the 
pe. The burner 4 being the pilot or station burner, adapted to 
constantly alight, and the pipe 19 are connected to part 254 
of the valve-box, which is always in connection with the oil 
supply, whilst the burners 5 and 6, adapted to be cut off on an 
emergency simultaneously, are connected to the part 25). The 
ae 9 is arranged so that it can close the main oil- 
channel 27 and cut off the supply of oil to the part 25) of the 
valve-box. Independent steam connections are made through 
the valve-box to the burner supply-pipes, and are provided with 
4a, 5a, and 6a, so that steam may be blown through each 
burner independently of the others. (Accepted April 29, 1914.) 


THE END OF THE NINETY-SEVENTH VOLUME. 
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= Aveling & Porter, Ltd.,; 


Rocnuzster, Kent, 
and 72, Cannon Sreeet, Lonpox. 
STEAM ROLLERS. ROAD LOCOMOTIVES, 
STEAM CULTIVATING MACHINERY. 
STEAM WAGONS. TRACTORS. 
CEMENT-MAKING MACHINERY. 3991 


A. (F. Munford L 


OULVER STREET WORKS, COLCHESTER. 

On ADMIRALTY AND War Orrics Lists. 
ENGINES for Torpedo Boats, Yachts, Lannches. 
BOILER FEED PUMPS. 

See Advertisement, page 32. 

PATENT WATER-TUBE BOILERS, 
AUTOMATIO FEED REGULATORS, 
And Auxiliary Machine 
Admi 





as supplied to the 
ty. Od 2179 


[agersoll Slab Milling 
yy 
Vertical 


Two = Heads, 
‘Table 10 10 ft. by 20 in., 15 HP. Variable Speed 
Perfect condition. I Cheap. 


_ 


JOHN MACNAB, Mary Srrest, Hype. 





Head with three 


387i 


(\ranes.—Electric, Steam, 
HYDRAULIC and HAND. 


of all t; an 
GEORGE RUSSELL & OO., LrD., 
Motherwell, near Glasgow. 3675 


Rowry Cement Machinery, 

ERNEST NEWELL & CO., Lrp., MisTzRton, 

Gatrssoro, supply all Machinery for Manufacture of 

a, Cement, Chemical Manures, also Elevati 3288 
mveying Plant. 








STEEL TANKS, PIPES, GASHOLDERS, &c. 


Mihos. Piggott. & Co., Limited, 
BIRMINGHAM. 
See Adv ertisement last week, page 81. 


Plenty <a 


an 
Lamrrep. 

MARINE ENGINEERS, &c. 

Newsury, ENGLAND. 


9983 
Patent 


Yee’s Hydro Paatmatic ASH Hjector. 
Grcat saving of labour. No noise, No dust. No dirt. 
Ashes discharged 20 ft. clear of vessel.—Apply, F, J. 
TREWENT & PROCTOR, Lrp., Naval Architects and 
Surveyors, 43, Billiter Bldgs., Billiter St., -Lauton, BO, 
Locomotives. 

cation and Workmanship equal to 


y's an} 
Speci bd 
Line Locomotives. 


Main 
R..& W. HAWTHORN,. LESLIE & OO., Lrp., 
E anid NEWCASTLE-ON-TYNR. 


THE WELL-KNOWN 
Prine Red Moulding Send, 
nies, TRON, BRASS, Al ALUMINIUM, 


Mansfield: Sand Co., Ltd., 


MANSFIELD, NOTTS. 


on, 








3686 


_____MANSF 3856 
i ocomotives in Stock.— 





Street P| 





nvincible auge asses. 
| nce Gases Cian 


BUTTERWORTH BROS., Lid., 
Hewtens Bosh ne orks, 


- (tranes ! (ines ! Cranes | ! 


\| Batters Brothers & Co., 
» | @Lascow. 
Makers of all kinds of Steam, Electric, and Hand 
Power Oranes. 
ealepies aot Pelean 0s tptieion 8779 
Ilustrated Advertisement June 12, page 75.- 








Y*trow & Co., Litd., 
SHIPBUILDERS AND ENGINEERS, 
ee eae oe aman LonDoN). 


MILES AN rar 
PADDLE OR SOREW STEAMERS 


Exceptional Shallow D Draught. 


PROPELLED BY STEAM 
Turbines or Cea 


Internal Combustion Engines. 
(Cochran 





See page 19. 


Y achts, Launches, or Barges, 
Built complete with Steam, Oi! or 
Motors; or Machinery supplied. Od 3561 
VOSPER & OO., Lrv., Baoap Sraunr, Porrsnovurs. 


Ot Free! A Ppliances. 


gu 
STEAM. 








SYSTEMS 


FOR BOILERS OF ALL TYPES. 


Kermodes Limited, 
35, Tus Tempie, —~ Srrzet, LIvERPoo. ; 


an 
109, Fancnurcu Street, Lonpon. 
NWAVAL OUTFITS A SPECIALTY. 
- ocomotive Tank En gines|~, 
ow ed and constructed b 
DLE AND COMPANY L«urrsp, 
bed —_— Works, Leeds. Od 2487 
See their Mustnted A ivertisement page 93, Jast week. 


R. Y. Pickering 3 & Co., Ltd. 


BUILDERS of caeekned nl & WAGONS. 
MAKERS of WHEELS and AXLES of all kinds. 
RAILWAY WAGONS FOR HIRE. 

Ohief Works and Offices : 
WISHAW, near GLASGOW. 


8, Vicroria STRERT, Wrerminerar, 8.W. 





8353 


Qi! 
Qeparators. 


BROOKE'S PATENT PERFECTED 
“DUAL” SYSTEM. 


HIGH ELIMINATION 
witnout BACK PRESSURE. 


Holden & Brooke, Ltd., 


MANCHESTER. 





Glasgow Railway 
ee Company, 
er 7 Sins eas ie 
BAILWAY CARRIAGE, WAGO! WAGON. ‘AND TRAMWAY 
WHEELS 
OCABRIAGE & WAGON IRONWORK, also 
OAST-STEEL AXLE BOXES. 


[the 





Tux Guascow Rouiixe Stock anp PLawr Works. — 


3 Ast: Nelson & Co., Ltd., 


Builders of RAILWAY CARRIAGES, WAGONS, 
ELECTRIO CARS and EVERY OTHER DRSCRIPTION OF 
RAILWAY axnpj TRAMWAY ROLLING ST 


14, 
See Mlustrated Advt. in alternate issues. 


3382 
P. & W. MacLellan, Limited, 
CLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY OARRIAGES AND WAGONS. 
OF BYERY DESCRIPTION. 





RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 


Ohiet Offices : 129, Trongate, Guaseow. Od 8547 
- Registered Office : 1084, Cannon St., London, E.C. 


K. (only), Three 160K W., 230 Volts ; ElectricCA 


ej ohn Bellamy, Limited, 


MILLWALL, LONDON, E. 1216 
Gunzrat ConsTavcrionaL ENGIXRERS. 


Boilers, Tahks& Mooring Buoys 


Srusa, Permo. Tanxs, Am-Recxrvers, Sirsa. 
Oummxurs, Riverep Sraam axp VENTILATING PrPRs, 
‘Hoprers, Sprctai Worx, Rupars oF ALL Krvps. 


T{ubes, lron and Steel: 
Edwin Lewis & Sons, *” 
143, Gannon St zc. Wolverhampton. 
Springs by Return of Post. 


There is no Me ptioe make what Pam 


want and 4 4% e- 
ER & co., 
a ache, Sheffield. 


T'ubes and Fittings. 


Stewarts and LJovas, L%- 





Glasgow and Birmingham. 


See Advertisement page 58. 5748 

‘n Stock.—# tt. 6 in. Kadial 
DRILLS, box hed or low base; several types 

7 ft High RADIA! . 4 ft. Gin, Box 


igh Speed 
ea RaDeak. Zim and 10 in. High Speed: LATHES. 
BGEORUE SWIFT & SONS, Range Bank, . Halifax. 


Fo Hire, Dee Deep Well Pumps, 
hour. -liftt Pumps, 


to 
— = 100,000 gallons shoe 
A. 0. POTTER & O0., oe Street, London, 8.E. 
[turret Lathes. | various sizes— 


Fp er ne LATHES at 
Low Prices. Write or Call. 
One 1} in. by 18 in. Turret Lathe in stock. 

BARKER, SP: 


= , LEASE & 00., SHIPLEY. of 

-) ohn Thompson, W olver- 
hampton, Eng. DISH-ENDED BOILERS. 

Most improved No stays. More 
freedom for expansion and con strains. 

Can —— Immedi _ 
Two DISH-END BOILERS, 30ft. by 9ft, 3in., 160 w.p. 
SEER SS 
in. w 
} also Two S ectine: 


150 w.p., and Two 
3984 








e ” , 
20 other sizes and lower 
hand Large Water-tube 
second-hand Oornish BO! 


. - — ~i 

(Fs Engines, Suction Plants, 
Inspections, Teste and Reports. Expert 
advice.—E.-J, DAVIS, M.1.Mech.E., Great Eastern 
Road, Stratford. Telephones: East 1350; Stratford 
569. Tel. : Rapidising, London. 1794 


hgh and Specialities 


ee Ty to Manufacture and Sell under 
—OAR OWNERS” i wing’ See 
aR 121, T Youle Set, lovee, 6 3893 


(\ylinders Re- Gecend (steam, 
uacelinn Gd aedlna” fitted.-GRADIOR 


ished 20 years. 8727 


ement.—Maxted & Knott, Ld., 


Consulti: sg 22 ADVISE GENERALLY 

hemes FOR ABROAD. 

TEO oy ADVICE ONLY. Highest references, 
Established 1890. : 














Address, Hien cost, Huu. 
_Cablegrams : “ Gnergy,” Hull. _-, 3022 


team Electric Generating 


SETS, Two 275 KW., 500 Volts, One 75 KW., 

230 Volts; One 325 KW., 500 Volts; One 325 amo 
‘ANS 
(Three), 500 Volt, Standatd Size, D.-C: Motors: Elec. 
pas Myuniding INSTRUMENTS: A.-C. 


Immediate delivery. 
JENNINGS, 
West Walls, Newcastle-on 


-Tyne ; and 
93/94, Chancery Lane, + endo: ee 


Mexhine and E ring 


WORK of all description undertaken for Manu- 
eS eee &. Also and renewals. 
moderate charges. 





oyles Limited, 


<7 Lk IRLAM, MANCHESTER. 


FEED WATER HEATERS, ROW'S 
CALORIFIERS, KETTLES, PATENTS, 
EVAPORATORS, CONDENSERS. 


ROYLE'S SYPHONIA STEAM TRAPS, 
PATENTS. { REDUCING VALVES, &o. 


WATER SOFTENING, FILTERING. 


Gtone Breakers, Crushers, 


Granulators. 


LEVEL SCREENS AND INSIDE ELEVATORS. 
SAND AND STONE Ln 4 AND ser © 
TAR MACADAM MIXERS AND 
STONE WASHING OONCRETE MIXERS. 


The best of 50 Baxter's Patents in above. 
W. H. Baxter, Ltd., Leeds, 


RAILWAY OA RRIAGES, ELEOTRIO 


Het N Nelson & Co. 7 Tia. 


ym Gsatew Renae Seeee aay, ae 


MorTHERWELL. 


Matthew pe! & (o.,] 


Levenrord Works, Dumbarton. 4005 
___ See Full Page Advt. page 58, June 5. 


arrow Patent . 
‘W ater-Tube Bollers. 
3656 

Messes. YARROW & CO. UNDERTAKE the 


PRESSING and MACHINING of the various 
of Yarrow Boilers, such as the Drums, Water 





29 | Pockets, and Superheaters for British and Foreign 


— rt _ the necessary facilities. 


. Lrp., Scorsrouxr, GLASGOW, 


Hes Wrightson & Co 


LIMITED. 


See Advertisement page 47, June 12. 


Dredging Pient 


OF ALL DESCBIPTIONS. 
FLOATING ORANES. COAL BUNKERING 


VESSELS, 
Werf Conrad, Ltd., FA 
Agents: MARINE WORKS, Lap., Friars 
89-41, New Broap 8r., LO iN, EO, 
See half- “page Advertisement, last and nous woke, 


CHANTIERS & “ATELIERS | 


Avgustin - Normand 


67, rue de Perrey—-LE HAVRE 
(France). 


3300 
Destroyers, Torpedo Boats, Yachts and Fast Boats. 
7 Submarine and Submersible Boata, 
NORMAND’S Patent Water. = Boilers, Coal or Of) 
Heating. Diesel Oil Engines. 





Cement. Plants, 


Rotary Kilns, Wet and Dry ne eee Mills, ot 
, Elevating and Conve: 
ROCH 


ENGINEERING. COMPANT. = 
Wicxnam, RocuesTsn. 3788 
Rubber 
Hose 
' GUTTA PERCHA & RUBBER, LIMITED, 
Toronto - Canada. 3889 


Punch and Rinadins “Machine: 


» ume.’ SPROTALISTS. 3678 

Conan. 1-The, Data One Onan Teage 
: BOOT BROS.,. West Mourr, HALIFAX, 

Contrifugals. 

po (assels & ‘WV illiamaon, 


MOTHERWELL, SOOTLAND. 


MANUFACTURERS 
; 


Steam and 
Air Drill : 











_—— 
ane 


- See half-page Advertisement page 70, June 19, . 
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1 ? 
Manchester Steam Users 
ASSOCIATION. 
For the Prevention of Steam Boiler and for 
the Attainment of Economy in the Appl: of Steam. 
%, Mount Srrzer, RSTER. 
* fet : C. EL STROMEYER, M.LO.E. 


Certificates of Safety issued the Factory and 
Lise paid'4 case of losi a Rogines and 
n ons. 

Boilers inspected during 





ction. 
nst. C.K., Inst. Mech. E. 


and all Co setae Smee ence 

by practical engineers. mM L.C.E. guceesses 144 

out of ‘wo Baylise’ Prizes, ‘' Proxime Accessit.” 

Seeniet, aeeee for foreign candidates. Write for 
&c.— Address, 3548, Offices of ENGINEERING. 


~ C.E. and ali Engineering 
a a ee nness ie. G. P. = ioe ae 
Assoo M. Inst. C.E., F.&L, M.B. San. L, PREP 





pn Prize. 

Gourees for next February and October are just com- 

ng (oe I gg St., Westminster, 8.W. be 
0. 


A MICE, AMIE, 
A.M.LE.E., and Stud. LO.E. TUITION. 
Correspondence and Oral. 
Noe lowe less than 90 per cent. successes in last eight 
examinations. 
PENNINGTON University Engineering Tutors, 


254, Oxford Road, Manchester. 
Mathematics—Special Courses. 3664 


r. A. KieminSchmidt, B.Sc. 
Hone. “yo Int. B.A., 
RH iste! ia natisut Gonee 
bine the highest efficiency with real individual 


tion. 
Results since January, 1911:—132 Passms anp 15 
Farwures. 3044 
NS Seeeneee o0 Oe wemvenn ot study full oh ga 
ly answered.—?0, Lexham Gardens, Farl’s 


Fixe pert Coach, High Profes- 


sional and Academic Honours, has 
noire Inst. O.E. Exam. since 1902, not coe alten 
whole time. PREPARBS for Inst. C.E., Mech. E., 
ob other EXAMS. Moderate terms.— Address, 3932 
Offices of Excinasaine. 


THE MANCHESTER MUNICIPAL 
Ss: 


hool of Technology 
PRINCIPAL : 














(ONIVERSITY OF MANCHESTER 
J. ©. M. Gannett, M.A. (late Fellow of 
Trinity College, Cambridge.) 
The SESSION 1914- 15 will OPEN on 6th OCTOBER. 


Matriculation and Entrance Examinations will be 
held in Pol and September. 

The Prospectus, forwarded free on oyhation, 
Shad particulars of the Courses leading to the 

heater University in the, Faculty of 
Technology, in the following De ments :— 

MEO ANIGAL ENGINEERING, 


ELECTRICAL ENGINEERING, 

SANITARY ENGINEERING (including Municipal 
Engineerin; ney 

THE CHEMICAL we ‘STRIES (including 
General Chemical 





Dysing: wane’ Roaaite ” Brewing, 


and M 
= TEXTILE Du ISTRIES, 

HOTOGRAPHY axp tae PRINTING ay. 
AROHTTEOTU RE. 


i [miversity of Sheffield. 
DEPARTMENT OF APPLIED SCIENCE. 


DRAN :—Professor W. RIPPER, D.Eng., D.Sc., 
M. Inst. O.E. 
SUMMER cx ae OF ENGINEERING WORKSHOP 
NSTRUCTION, 








The Workshops of the Engineering Department of 
the University will be open during the month of 
July for the use of a limited number of students 

uiring a short course of training in one or other of 
the following branches :- 

1, FITTING and TU RNING in the Iron Shops. 

2% MACHINE TOOL WORK. 

3. WOODWORK and PATTERNMAKING. 
Commencing ist July, and ending 29th July 
clusive). 

Fee for the four weeks’ course £1 11s. 6d. 

Application for admission to the course should be 
made on an entry form which m ~ bg obtained from 

WALTER SWIFT, Secretary. 
_ St. George’s Square, Shetfield. W 215 


niversity of Manchester. 
FACULTY OF | OF SCIENCE. 
ELECTRICAL ENGINEERING. 
COMPLETE THEORETICAL and PRACTICAL 


TRAINING is given in the University to Students 
Extoen Mee 4 Sagas positions in the Electrical 


(in- 


At the end ay - ‘kone years’ Course Stucents may 
-_ either an Ordinary or an Honours Degree of 
8c. in Electrical Engineering. 
“2 A apeeial Course, also extending over three years, 
La wet tor a Certificate in Electrical Engineering. 
John Hopkinson Laboratories have recently 
been extended, and the equipment added to. These 
Laboratories 


s will be forwarded on application to the 
REGISTRAR. T 900 





TENDERS. 
EXTENSION OF DATE FOR RECEIPT OF 
TENDERS FOR LIGHTHOUSE STEAM 


ERS 
REQUIRED BY THE COMMONWEALTH OF 
AUSTRALIA. 


al". is Hereby Notified 


that TKNDERS for the 
to have been deposited ie Melbourne 
by the 12th AvGUST, i he can now be received up 
1 











GOOLE URBAN DISTRICT COUNCIL: 
GOOLE DRAINAGE. 
Contract No, 4. 


The Goole Urban District Council is prepared 
to receive 


[lenders for the Manufacture 


and ERECTION of a 4-TON TRAVELLING 
ORANE over Machinery at their Pumping Station, 
about a mile from Goole Station, on the North- 
Eastern Railway, in accordance with-a Plan and 
Specification pre’ by Messrs. Joun Taylor and 
Sows, Civil Engineers, of Caxton House, Westminster. 
Contractors desirous of Tendering, may obtain 
copies of the Specification, with Form of Tender, at 
the Offices of the Clerk to the Goole Urban District 
Council, upon wagutent of £2 (Cheque only), which 
will be returned upon receipt of a bona fide Tender. 
The Drawing may be i either at the Office 
of the Clerk to the Council, at Goole, or at the 
Engineers’ Office, Caxton House, Westminster. 
‘enders, endorsed “Goole Drainage,” must be 
delivered in a sealed package, addressed to the 
undersigned, at the Council Offices, Goole, before 
Twelve Noon, on Monday, the 6th day of July, 1914. 
The Council do not bind themselves to accept the 
lowest or any Tender. 
By Order, 

ROBERT TYSON, 

Clerk to the Council. 


COUNTY OF LONDON. 


W 258 


The London County Council invites 


enders for the Provision 


and ERECTION of a new AIR-WASHING 
SCREEN in connection with the Heating and Venti- 
lating Apparatus (‘‘ Plenum” System) at each of the 
undermentioned Council Schools. 
St. George's Row, Ebury —. 8.W. 
Christian Street, ‘Whitechapel, E. 
The Specification, Drawings, Form of Tender, Form 
of Contract, &c., may be obtained from the Chief 
Engineer of "the Council, at the County Hall, Spring 
Gardens, 8.W., after payment to the Cashier of the 
Council of £1. This amount will be returnable only 
if the Tenderer shall have sent in a bona pide Tender, 
and shall not have withdrawn the same. The Con- 
traet Documents may be inspected before the 
payment of the fee. 
e person whose Tender is accepted will be bound 

the Contract to pay wages at rates not less, and to 
pant hours of labour not greater, than the rates 
and hours set out in the Council's list. Particulars 
of the Council's Standing Orders as to its Conditions 
of Tender and Contract are given in every issue of 
the London County Counetl Gazette. No Tender 
received after Eleven a.m. on lith day July, 
1914, will be considered. 

The Council does not bind itself to accept any 


Tender. 
LAURENCE GOMME, 
Clerk of the London County Council. 
County Hall, Spring Gardens, 8. W. 
2 4th June, 1914. Ww 315 


“THE SOUTH INDIAN RAILWAY COMPANY, 
LimireD, are prepared to receive 


enders for the Supply 


of :— 

No. 1. BRIDGEWORK.— Seven Spans of 20 ft. 
square (deck), and 15 Spans of 40 ft. 
square (deck) (about 145 tons). 

No. 2. SCREW SPIKES--No. 463460 for 35 Ib. rails, 
about 202 tons. 

No. 3. STEEL BEARING PLATES—No. 33000 for 
35 Ib. rails, about 51 tons. 

No. 4. FISHBOLTS, NUTS and WASHERS— 
about, 15 tons. 

ayes md and Forms of Tender may be obtained 

at the Company’s Offices. 


Tenders, addressed to the Chairman and Directors 
of the South Indian Railway Company, Ltd., marked 
“Tender for Bridge Work,” or as the case may be, 
must be left with the undersigned not later than One 
o'clock on Wednesday, the Sth July, 1914. 

The Company are not bound to accept the lowest or 
any Tender. 

A charge, which will not be returned, will be made 
of 20s. each for Specifications. Nos. land : 2, and 10s. 
each for Specitications Nos, 3 and 4, 

Copies of the Drawings may be obtained on pay- 
ment at the Offices of Rozert Waite, Esq. »M. Inst.C.E., 
Consulting aw ren to the Company, 3, Victoria 
Street, Westminster, 8. W. 

ly Order 
V. E. px BROKE, M. Inst. C.E. 
Company's Offices, for Managing Director. 
91, York Street, Westminster, 8.W. 
Wrd June, 1914. 


CITY OF BRADFORD. 
ESHOLT SEWAGE DISPOSAL WORKS. 


W 295 





Coxtract No. 21 B. 
OUTFALL SEWER IN TUNNEL. 
The Corporation invite 


y | ‘enders for the Completion, 
of the CONSTRUCTION and MAINTENANCE 
for twelve months after completion, of a CIRCULAR 
OUTFALL SEWER in TUNNEL, from Frizinghall to 
Strangford, 10 feet in diameter and 4807 yards in 
length, of which 4757 yards, or thereabouts, have yet 
be constructed, with Observatories, Object 
Pitas. be and Co 
raw may be seen, pies of Specification, 
Conditions of Contract, Schedule of Quantities. and 
Form of Tender may be obtained on and tafter the 
22nd inst. at the Offices of either Mr. James Warsow, 
M. Inst. C.E., Waterworks Engineer, Town Rall, 
Bradford, or Mr. Josern Garrimp, M., Inst.c.E., 
Works aaies neer, Eshcit Hall, near Shipley 
(Station, A) rley Brid ie, Mid. Riy.), on gran of 
the sum o Five, Guineas, which sum will only be 
returned on receipt of a bona fide Tender and the 
return of all the documents. 

The Contract will be let subject to the Fair Con- 
tracts Clauses of the Corporation. which, together 
with copy of the formal agreement to be “executed, 
r= seen at either of the Offices above named, and 
wh the accepted Contractor will be required 


Sealed Tenders, ¢ endorsed ‘‘ Outfall Sewer—Contract 


than Nine a.m. on Monday, 
bg ee July, 1914. 


do not bind themselves to accept 
the lowest or any Tender. 
FREDERICK STEVENS, 

Town Clerk. 





to the 30th SEPT! 

Farther be obtained from the 
OFFICIAL SEORETARY, ——_ 
72, Victoria Street, Westminster, S.W. 29) 





Town Hall, 
9th June, 1914. wiv 


. RIBBLE NAVIGATION. 


THE CORPORATION OF PRESTON invite 


enders for the Construction 


of TWO SUCTION HOPPER DREDGERS, each 
of 1500 tons capacity. 

Specifications may beobtained from the undersigned 
on payment of £2 2e., which will be returned on 
receipt of a bona jide Tender. 

Seal Tenders, endorsed “Suction Dredgers,” 
jnust be delivered to the Engineer at his Office by 
Nine a.m. on 18th July, 1914. 

JAMES BARRON, M. Inst. C.E., 
Engineer and General Superintendent, 
Dock Offices, Preston. W 252 
THE BENGAL AND NORTH-WESTERN RAILWAY 
COMPANY, Limirep. 








The Directors are prepared to receive 


° ~ 
enders for the Supply and 
DELIVERY of :— 
(a) RED and WHITE LEAD, 
(b) METALS (Copper, Tin, and Zinc), 
as per specification to be seen at the Company's 
Offices. 

Tenders, addressed to the undersigned, and marked 
“Tender for Red and White Lead,” or as the case 
may be, are to be lodged not later than Noon on 
Tuesday, the 7th day of July, 1914. 

For each Specification a fee of 10s. will be charged, 
which cannot, under any circumshances, be returned. 

The Directors do not bind themseives to accept the 
lowest or any Tender. 

By Order of the Board. 
237, Gresham House, ALEXANDER IZAT, 
Old Broad St., London, E.C. Managing Director; 
24th June, 1914. W 323 


DUNDEE HARBOUR TRUST. 
TO CONSTRUCTIONAL STEELWORK 
CONTRACTORS. 








The Trustees of the Harbour of Dundee are 
prepared to receive 


[lenders tor the Construction 


and ERECTION, at the New Wharf, now under 
construction at the East Side of Camperdown Bock, 
of a STEEL-FRAMED SHED, Covered with Corru- 
gated Iron, about 300 ft. long by 180 ft. wide. 

Plans, Specifications, and Forms of Tender may be 
obtained at the Office of the undersigned, on and 
after Monday, 29th inst , with whom Tenders, sealed 
and endorsed ‘‘Tender for Shed for New Wharf,” 
must be lodged not later than Ten a.m. on Wednes- 
day, 15th July, 1914. 

e Trustees do not bind themselves to accept the 
lowest or any Tender. 
J. HANNAY THOMPSON, M.Sc., M. Inst. C.E., 
General Manager and Engineer. 
Dundee Harbour Trust, 
23rd June, 1914. 


TO ENGINEERS AND OTHERS. 


THE METROPOLITAN AS} ASYLUMS BOARD invite 


Yenders for the Installation of |: 


NEW STEAM BOILERS, and INCIDENTAL 
WORK, at Tooting Bec Asylum, Tooting, 8.W., in 
accordance with Drawings and ee — red 

by Mr. W. T. Harcn, M. Inst. O.E., M. ech. E. 
Engineer-in-Chief. 
Contract, Specification, and Form of Tender, may be 
inspected at the Office of the Board, Embankment, 
E.C., on and after Ten a.m. on Thursday, 25th June, 
1914, and can then be obtained upon payment of a 
deposit of £5. The amount of the deposit will be 
returned only after the receipt of a bona fide Tender, 
sent in accordance with the instructions on the Form 
of Tender, and after the Specification and Drawings 
have been returned. Tenders, addressed as noted on 
the Form, must be delivered at the Office of the 
Board not later than Ten am. on Monday, 20th wy; 
1914. (By Order), 272 

T. DUNCOMBE MANN, 
Clerk to the Board. 


_ W289 


22nd June, 1914. 


COUNTY BOROUGH OF CROYDON. 
WATERWORKS YARD, ARD, SURREY STREET. 
TO BUILDERS AND STEELWORK CONTRACTORS. 


NOTICE IS HEREBY GIVEN that the Council 
are prepared to receive 


enders for the Erection of a 


COVERED STEEL SHED at the Waterworks 
Vard, peter | Street. General and Special Condi- 
tions, Specification, and Form of Tender may be 
Sheatned on application at the Borough Engineer’s 
Office, Town Hall, Croydon, upon payment of a 
deposit of One Guinea, which will be returned upon 
receipt of a bona fide Tender. 

Tenders on the prescribed Form to be sent to me 
by Eleven o’clock in the Forenoon of Tuesday, the 
14th day of July, 1914, endorsed “Tender for 
Covered Shed, Waterworks Yard.” 

Tenders will only be received subject to the terms 
of the Draft Contract deposited at my Office, and 
which may be inspected during Office hours. 

The Council wil] not be bound to accept the lowest 


or any Tender. 
JOHN M. NEWNHAM, 

Town Hall, Croydcn. Town aa. 
7th June, 1914. 
~ GLAMUBRUAN AND CAKMAKTHENSHIRE 

COUNTY COUNCILS. 


PROPOSED NEW ROAD BRIDGE AT LOUGHOR. 
TO BRIDGE BUILDERS AND OTHERS. 





The Joint Committee | the above County Councils 
4 nvite 


esigns. Specifications and 
TENDERS for the PROVISION, ERECTION 

and COMPLETION of a New BRIDGE, to carry the 
Swansea and Lianelly Main Road over the River 
or at Loughor, in substitution for the present 


A copy of the Conditions and eepeeel Particulars 
with a Plan of the Site. will be supp 
at the Office of the County Surveyor, “Oren Hall, 
Cathays Park. Cardiff, where also the Plans of the 
— Bridge may be i 





gns, Specifications and Tenders are to be 
delivered free of cost at the County Surveyor’s Office 
ve-men' not later than elve Noon on 

Senerday, the 18th day of July, 1914. 
The Joint Committee does not bind itself to adopt 
any Design or any Tender that may be received. 
By direction of “Joint Committee. Wis 

T. MANSEL 





Clerk od the Glametgnn Onenty Connell 


The Drawings, Cenditions of. 


W 266] on Thursday. 





THE GREAT ee en RAILWAY 


The Directors ee 


[lenders for the Supply of 


the following STORES, namely— 
Helical and V. olute 
India Rubber Sheets, &c. 
Carriage Fittings. 
Hemp, &e. 

Specifications pn Forms of Tender may be obtained 
at this Office on payment of the fee for the Specification, 
= eee _ ~ be Ja ren 

‘enders must be delive in separate env 
sealed and addressed to the undersigned, ee 
“*Tender for Helical and Volute Springs,” or as the 
case may be, not later than Eleven o'clock a.m. 
on Thursday, the 2nd July, 1914. 

The Directors do not bind themselves to accept the 


lowest or any Tender. 
R. H. WALPOLE, Secretary. 
Con:pany’s Offices. 


48, Copthall Avenue, EC., Londen. 
24th June, 1914. 





W 329 
EAST INDIAN RAILWAY. 
The East Indian ana —* ay is prepared 


to 


[lenders for the Supply and 


DELIVERY of :— 
@ CANVAS, 
(2) BRASS and COPPER TU BES, 
as per Specifications to be seen at the Compan 
Offices. 


Tenders are to be sent to the undersigned, marked 
‘Tender for Canvas,” or as the case may be, not late r 
than Eleven o'clock a.m., on Wednesday, the Sth d 
of July, proximo. 

The Company reserves to itself the right to divide 
the order, alsoto decline any Tender without assigning 
a reason. and does not bind itself to accept the lowest 
or any Tender. 

For each Specification a fee of £1 1s. is charg: 
which cannot under anv circumstances be returned. 

By Order. 
" Co. W. YOUNG, 

Nicholas Lane, London, E.C. Secretary. 

25th June, 1914. W 330 





WATER BOARD. 
STEEL ROOFS, &c. 


METROPOLITAN 


TENDERS FOR ‘BATTERSEA. 





The Metropolitan Water Board invite 


[lenders for the Supply and 


ERECTION of the following STEEL and IRON 
WORK, &c., at the Battersea Works of the Board. 
Boiler House Roof, 
Coal Bunker and Roof, 
Motor Shop Roof, and 
Fitting Shop Roof. 

Forms of Tender, Specifications and Drawings may 
be obtained at the Offices of the Engineer, Savoy 
Court, Strand, London, W.C., on and after Friday, 

26th June, 1914, on the ‘Production of an official 
receipt for the sum of £2 2s. (Two Guineas), which 
sum must be deposited with the Board’s Accountan'. 
at Savoy Court, Strand, W.C., and will be returned 
upon receipt of a bona fide Tender. 

Tenders, enclosed in sealed envelopes, addressed 1 
the “ Clerk of the Board, Metropolitan Water Boor i, 
Savoy Court, Strand. W. o., ” and endorsed ‘Tender 
for Steel Roofs. &c., Battersea,” must be delivered at 
the Offices of the Board not later than Ten a.m. on 
Thursday, the 16th July, 1914. 

The Board do not bind themselves to acce} 
lowest or any Tender. 

A. B. PILLING, 

Clerk of the Board. 
W 332 


Savoy Court, Strand, W.C. 
24th June, 1914. 





PORT OF LONDON AUTHORITY. 


TO BUILDERS AND CONTRACTORS. 
PRINCE REGENTS LANE ESTATE—HOUSING 
SCHEME, 





The Port of London Authority invite 


[fenders for the Construction 


of DWELLING HOUSES, ROADS. SEWERS, 
EARTHWORK, and Contingent WORKS to be 
carried out in connection with the Housing Scheme, 
Prince Regent’s Lane Estate, West Ham. 

The Drawings can be inspected between the hours 
of Ten a.m. and Four p.m., on ordinary Weekdays, and 
between the hours of Ten a.m. and elve Noon. on 
Saturdays, and Copies of the Contract General Condi- 
tions, Specification, Bills of Quantities, Instructions 
to Persons Tendering, and Form of Tender, can be 
obtained from the Chief Engineer of the Port 
Authority, Mr. C. R. S. Kmxpatrick, on and after 
Saturday, 4th July, 1914, on application at 109, 
Leadenhall Street, Ec., upon payment of a deposi: 
of £5 5s. The amount of the deposit wil! be 
returned only after the receipt of a bona fide Tender 
(not subsequently withdrawn), delivered im accord 
ance with the instructions to persons tendering, 
accompanied by the documents supplied for the 
pu of making up the Tender. 

Tenders are to be delivered not later than Ten a.m., 
28rd July, 1914. In the event of the 
existing building dispute not being settled on or before 
13th July, 1914, the date for the receipt of Tenders 
will be postponed to such later date a» may be fixed. 

F. AYLIFFE. 


109, Leadenhall Street, E.C. Secretary. 
26th June, 1914. W 333 








APPOINTMENTS OPEN. 
TECHNICAL SOHOUL, DONCASTER. 


anted, Engineering 


LECTURER. Must be qualified to teach 
er Mathematics, Machine Construction, Mechanics, 
Heat Engines. Salary £150 per annum.—Parti- 
culars and Avplication Forms may be obtained from 
J. EAGLES, Principal and Director of Studies. 280 


UNIVERSITY OF LEEDS. 
DEPARTMENT OF ENGINEERING. 





Hi 





pplications are Invited for 


the POST of ASSISTANT LECTURER and 
DEMONSTRATOR (with knowledge of steam 
turbines and internal com engines).—Particu- 


fare may be obtained from the SEORETABY. W222 














ey 


rs 
al 


ps 


or 


2 





June 26, 1914.] 


ENGINEERING. 








STANLEY TECHNICAL TRADE SCHOOL, 
Sovrn Norwoop, 


Wie Assistant Master, 


we teach Experimental Science and Practical 
Preference will be given to Candidates 

wi = have mes oy Pl 
(a) A oe Course of Training in a Technical 


(b) PE... Ee of a School Laboratory 
(c) Practical experience of either Building Work 
or Engineering. 
Salary £160 p.a., rising, for satisfactory service, by 
annual increments of £10 to £190 p-a. 


Application Forms, which mpst be returned not |’ 


later than Saturday, 11th July, may be obtained by 
sending stamped addressed enve' W 298 
F. Ta BALDS, 
24th June, 1914. Secretary to the Governors. 
COUNTY OF LONDON, 





The London County Council invites 


Applications for the following 


POSITIONS, vacant-as from September next :— 

(t) An ASSISTANT VISITING TEACHER of 

MACHINE CONSTRUCTION and DRAWING 
for two evenings a week at the L.O.O. School 
of Engineering and Navigation, High Street. 
Poplar, E., at a fee of 7s. 6d. an attendance of 
about three hours. Applications will be con- 
sidered only from Candidates who are actually 
oo in fa 4 act aaa of an engineer- 
g firm of 

(2) A. 'WHOLE- TIME ELECTRICAL ag eee 
ING MECHANIC at the LC.C. Hackney 
Institute, Dalston Lane, N.E., at a weekly 
wage of 42s. Applicants must have had 
experience in winding and manufacture of 
Electrical machinery. 

Applications must be on forms to be obtained, 
by sending a stamped addressed foolscap envelope 
to the Epucation Orricer, London County Council, 
Education Offices, Victoria Embankment, W.C., to 
whom they must be returned by Eleven a.m., on 
Saturday, 4th July, 1914. Every communication must 
be marked T.1. on the envelope. 

Canvassing either directly or indirectly —. = 
qualify an Applicant. 314 

LAURENCE GOMME, 
Clerk to the London County Council. 

Education Offices, Victoria Embankment, W.C. 


NORTHERN POLYTECHNIC INSTITUTE, 
Hotioway, Lonxpox, N. 





The Governors of the above Institute invite 


AP pplications for the Post of 


ASSISTANT in the Engineering Department, 
preferably with workshop, drawing-office, and, if 
possible, ‘teaching experience. Conimencing salary, 
£150 per annum. 
Appointinent to date from the 1st September, 1914. 
Applications to be made on special Forms to be 
obtained from the SECRETARY, at the ——— 
y 187 
COUNTY BOROUGH OF WEST HAM. 


MUNICIPAL TECHNICAL INSTITUTE, 
Romrorp Roan, Stratrrorp, E. 











A pplications are Invited for 

a JUNIOR ASSISTANT in Civiland Mechanical 
Engineering. 

Candidates should have a good scientific training 
and workshop experiénce. 

Salary £120 per annum, with annual increments of 
£10 to £150. 

Forms of Application and further particulars can be 
obtained from the Principal on receipt of a stamped, 
addressed envelope. oa must be returned 


on or before Thursday, 
Il, W. GREAVES, W 120 
__ 9th June, 1914. Town Olerk. | 


Ap Unusual Opportunity 
presents itself for an engineer to oceupy a 
pormancet progressive RESPONSIBLE POSITION in 
London engineering merchants business. Investment 
required £1500. Interest and good salary. Appli- 
ants must give qualifications.—Address, W 331, 

iffices of ENGINEERING. 


Nant \ 
a actory Manager, to Go Uut 
to Sydney, after some training. Only thoroughly 
‘hanical engineers, with highest testimo- 
aracter, need apply. Applicants, with 
some knc ige of chemistry and electrical engineer- 
ing, als experience of handling men, will be pre- 
ferred. Ave iimits, 27 to 40. Reply, stating age, and 
whole training and experience, in chronological 
order. order.—Address. W 251, ices of ENGINEERING. 


First - class Superin- 
TENDENT REQUIRED, for Public 


Works Department, by Jamaica Government. 
Permanent appointment after two years’ probation. 
Salary, £300-£20-<400 per annum. F passage. 
Age, 25-35. Other considerationg being equal, prefer- 
ence will be given to Candi of birth. 
Corporate Members of the Institute. of Civil or 
Mechanical Engineers preferred. Candidates should 
have had a good general education, have been trained 
as a Civil Engineer, and employed thereafter on works 
of construction under an engineer or contractor. 
Must be competent draughtsmen, levellers, and 
surveyors with experience of road and street con- 
struction and maintenance. Knowledge of building 
construction and la: “ out and construction of 
ae and water works desirable. 

; ly, at once, to the CROWN AGENTS FOR THE 

061 NIRS, Whitehall Gardens, London. wes 


Assistant Storekee 


REQUIRED for the Gold 
come br egg =r are = tours of 
mon w possible extension. Salar: 
<250-£10-£300. Age 25 to 40. — A ner jy oe or sal 3 
Jlowance, crmesome passages, beral leave on 
full pay. Candidates with a thorough knowledge of 
haere aye Be locomotive stores, and construction 


material, yy at once to THE CROWN 
AGENTS FOR TH COLONIES, Whitehall Se 
W 264 


Tom Traveller as phe on 
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CHARLES GRIFFIN & 


Co., 





JUST PUBLISHED. In large 8vo. Cloth. 


Pp. i-xxvii + 496. Fully Illustrated. 18s, net. 


THE NON-F FERROUS METALS. 


By 


, RS. ARS.M. 


acme be poet free on Application. 





JUST PUBLISHED. In Medium 8vo. 


RoBEENTs - 


Pp. i-xi + 382. 
and with Figures in the Text. 


With Morocco back, Portrait, 23 Plates, 
ls. net. 


AUSTEN : 


Addresses and. Scientific Pep eR Te pee ty er with a Record of ts Px heads 9 


Sir WILLIAM CHANDLER R 


STEN, K.C.B., F.R.S. 


Late Chemist and pa of the Royal Mint ; Professor of Metallurgy in the Royal School of Mines ; 
Hon. Member Institutions of Civil Engineers, Mechanical Engineers, Mining and Metallurgy, &c. 


Compiled and Edited by SYDNEY W. 


Assistant Assayer 


+} B.Se. (Lond.), A.R.S.M., 
at the Royal Mint. 





JUST PUBLISHED. In Crown 8vo. 


Handsome Cloth. 


Pp. i-xvi + 278. Fully Illustrated. 6s. net. 


A MANUAL ON 


THE EXAMINATION OF FUEL. 


By J. H. COSTE, F.LC., F.C.8., 


and E. R. ANDREWS, F.LC. 


Detailed Preapestus post free on Application. 


JUST PUBLISHED. TweLrTH Epirion. 


Pocket-Size. 


Thoroughly Rev’ —_ throughout and Greatly Enlarged. 
Leather. 8s. 6d. net. 


A POCKET-BOOK OF 


MARINE ENGINEERING RULES AND TABLES, 


for the use of Marine Engineers, Naval Architects, Designers, Draughtsmen, Superintendents and others. 
With various Lloyd’s, B.o.T., Bureau Veritas, and German Government Rules. 


By A. E. SEATON, M.Insi.C.E., M.I.Mech.E., M.LN.A., and Hl, M. ROUNTHWAITE, 
ec ies 


“The Best Book of its kina, both up-to-date and reliable.” a 
JUST PUBLISHED. Fovetnu Eprrion. 


Thoroughly Revised Throughout. 


- Engineer. 


In Crown 8vo. 
7s. 6d. net. 


Handsome Cloth. 


ELECTRICAL PRACTICE IN COLLIERIES. 


y Prof. D. BURNS, M.E., M.Inst.M.E., 


Professor ef Mining and Geology to the Royal Technical College, Glasgow. 


3690) 





LONDON: CHARLES GRIFFIN & CO., LTD., EXETER STREET, STRAND. 








Ks gineering ‘Trade Repre- 
SENTATIVES.—A London FIRM, with several 
important specialities for all classes of engineers, 
WANTS cudaeaive, energetic SALESMAN for defined 
area.—State (in confidence) VES: experience, refer- 
ences, area travelled, &., to HADDOR, Happon’s 
Advertising Offices, Salisbury Sq.,London,E.C. W292 
K ngineer Wanted, with 

commercial training and Eastern trading 
experience, to represent British Company in French 
Indo-China, on salary and commission.” Only first-class 
applicants considered. -Give full information as to 


experience, age, and salary required. Testimonials 
essential.— Address, W 284, Offices of ENGINKERING. 


Waauted, AssistantMechanical 


ENGINEER, experienced in the maintenance 
and operation of large electric-power station ma- 
chinery, turbines, boilers, &c. 

Salary, £156 per annum, with good prospects of 
promotion. 
Applications, stating age and technical training, 
and practical experience, to be addresse1 to— 
° WOODHOUSE, Yorkshire Electric Power 
Wellington Road,» Dewsbury, my Sos 





re eS 
(A. M. E.) 





ssistant Locomotive Fore- 


MAN.--REQUIRED, Young Loco. ENGINEER 
for Tropical Africa, with shop and running shed 
yey abstainer ——— — Apply by letter to 

. B.C., Box 860, Coors, 5, Copthall Court, 7 
Bc. V 322 


7oung, Energetic, Qualified 
ENGINEER REQUIRED, by old-established 

Firm, as Traveller in Home Counties,—Write particu- 
culars, age, salary required, BOX E 3671, ~~ of 
Dawsoxs’, 121, Cannon Street, E.C. W 286 


TECHNICAL CORRESPONDENCE. 








oung Mechanical Engineers, 


with “goed general] und professional education, 
with good knowledge of German, are WANTED for the 
sales dept. of a Berlin firm of international reputation, 
to take care of the extensive English-German tech- 
nical correspondence, Preferred are those who have 
had experience in water, gas, and steam fixtures. 
Position is permanent, with chances for 
advancement. 

Applications in German, giv ing details of education 
and experience, reference, and desired salary, under 
. F. 8035, care of Rupoty Mossr Advertising —— > 
Berlin, S.W. 253 


ol 


with good general enginoning eralaing wa 

ical experience in drawing-office ; able to take 

out quantities make estimates, draw up specifica- 

tions, &c., for plant and machinery required for large 

works.—Write, giving full particulars pt experience, 

age, and salary e xpected, to Box N., care of Burton's, 
General Buildings, Aldwych, London. w 


Wanted, Head Draughtsman, 


for railway carriage and wagon rolling stock. 
Must have had works training, and experience in 
drawing-office organisation.—Address, W 247, Offices 
of ENGINEERING: 


= WY sate. an Assistant Chief 


DRAUGHTSMAN, used to steel coach and 
railway carriage work, tramcars, and buses. Only 
i aoe Be men need apply. Applications by 
— giving experience y required.— 

ddress, W 239. Offices of ENGInRERING. 


AV anted, a Competent Loco- 

MOTIVE DRAUGHTSMAN, thoroughly 
acquainted with modern main line practice. State 
age, wage, and qualifications.—Address, W 248, Offices 
of ENGINEERING. 


anted, First-class MotorCar 
DRAUGHTSMAN, at a salary of about £3 
London.—W' 


week, for large firm near rite, stating 
~ aley and >. pated to BOX 1725, Wi..tNe's, i 
Ww 6s 











(tig a Required 


machinery from podem t sory such as 





Wanted, Two Draughtsmen 
for design office in Jarge firm of shipbuildere. 
State " — 

LW s00. Om tee pr wage mores He. Address, 


Ds ghtsman for South 
Australian Government Railways, able 
to design railway bridges and prepare 
detailed drawings and specifications for such. he ‘ 
£250 perannuni. Engagement for three years. P: 
a4 —Apply, by letter, before July 4th, to J. B 
HITING, Actin Agent-General .for South 
Australia, 85, Gracechurch Street, London, E.c. W262 


anted, Draughtsman; 


winding = hauling ——. winches, cap- 
stans, and general experience ; ble man with 
theoretical and practical knowled State full 
particulars and salary required.—Address, W 217, 
Offices of ExGInrERINe, 


W anted, Draughtsman, well 


up in all branches of motor vehicle con- 
struction.—Addrets immediately, giving full par- 
ticulars W 326, Offices of Exoixgertxe. 


W auted. Govd Mechanical 
DRAUGHTSMAN, one having turbo-alter- 
nator experience preferred. — Apply, stating full 


rticulars, age and salary expected, to CHIEF 
RAUGHTSMAN, Stevens Brotuers Dynamo Works 











s | Liurrep, Stafford. W 302 








anted, Draughtsmen, 


accustomed to structural work and elevating 
and conveying machinery.—Apply, stating age, ex- 
perience, salary — ted, and enclosing copies of 
testimonials, to SPENCER & CO., Lrp., Engineers, 
Melksham. W 279 


Heating and Ventilating 

Fngineers REQUIRE the SERVICES of a 
DRAUGHTSMAN, with good knowledge of hot water 
and steam heating, hot water supplies, &c.— Address, 


stating age, experience, whom Jast employed by, and 
salary required. W 263. Offices of Exoineerine. 


H eating and Ventilating. 


REQUIRED, good DRAUGHTSMAN, capable 
reparing schemes, taking off quantities, &c. Also 
UIRED, JUNIOR DRAUGH MAN, knowledge 

of heating work essential.—Address, stating age, 
salary and experience, W 300, Offices of Enorverrine. 


[)taughtsman. Wanted ; only 


experienced men need apply y.—State age, 
salary and experience to HEAD AUGHTSMAN, 
A. Ransome & Co., Ltd., Newark-on-Trent. w 29) 


raughtsman Wanted, for 


—- design in London office, must be a 
resourceful and rapid designer with good technical 
knowledge, and initiative to work out original design 
in light structural and mechanical work.— Address, 
W 277, Offices of Excinerrine. 











experience in wagons, carriages and tramway 
cara, for estimating department of large firm of 


994 | rolling-stock builders, to check and be responsible for 


quantities. —Address, stating , experienee, and 
wages required, W 282, Offices of ENGINEERING. 


ommercial Vehicle Draughts- 

MAN WANTED, with reeeente ae of up-to-date 

commercial vehicle design.—Address, W , Offices 
of ENGINEERING. 


Assistant Draughtsman Re- 


QUIRED. Must have had technical college 
trainings and be a neat tracer.—Apply, in own hand- 





writing, stating salary required and vious expe- 
rience, to THE JANDUS ELECTRIC O©0., Lrp.. 
Hartham Road, Holloway.London. Ww 257 

17 anted, a Smart Young 


DRAUGHTSMAN, with experience in bridges, 
roofs, and structural steelwork.—State age, experi- 
ence, and salary uired to = WESTW a 
Lap., Napier Yard, Millwall, 


Wanted, Sm Draughe- 


MAN, must be an accurate tracer.— 
Address, W 327, “Offices of ENGINEERING. 





LTD., PUBLISHERS. 


[aughtsman Required, with 


Req ired, Junior wt ee 
mathem tical one em le 
a na ’ 

Pee Aengpady FF m2 a 


strains. Near .— Address, W ms, “Oalocs 
ENGINEERING, 


Ty aboratory Assistant Re-. 
ee by large electrical manufacturing 
firm in idlands for experimental and work, 
Technical training equivalent to University ‘degree 
essential and some practical experience general 
electrical testing desirable. State age, full particulars 
of technical vy meng 3 pag! Se and salary 
required. —Address, INBERING, 





Lady Tracer Wanted. for 
engineering works, North-east Coast district. — 


Address, stating experience, age, and’w required, 
W 250, Offices of Exemvezrma, ait, 





Six Tea Estate Assistants 


WANTED, for India. Age, about 22. Must be 
well educated, and have engineering qualifications.— 
Address, W 246, Offices of ENGINEERING. 


Proundry Foreman, used to, 
1 


ht castings and gas prs work. Must be 
thoroughly experienced and capable of taking full 
control of large foundry. Good opening for first-class 
man.—Addrees, stating age, experience, and wages 
required, W 123, Offices of ENomvgeertne. 


Wanted, Experienced, Un- 


married MAN to take charge of shift of electric 

wer station of large industrial company in South 
rope. —Reply, stating age, ©, malary, and full part 
Jars of rout held, to -» Care of Srrezr’s. 

Cornhill, E.C. Ww 


W anted, I aaulately a 











Capable MAN to design paraftin engines for 
aunches and lighting plants to Admiralty requite- 
ments, Only those who thoroughly unde the 


work and nate held similar tions need apply.— 
Address, W 255, Offices of Fa 2 


(‘apable Man (Young) Re- 


QUIRED, for estimating and lence, at 
engineering works in Midlands. Knowledge of 
drawings essential. Permanent post for suitable man, 
Omhoes of stating ane, experience, salary, W 157, 

ices 0 


Large Firm of Gas En- 


gineers have. a VAQANCY for a smart 

and well-educated Young GENTLEMAN, to act 

- Assistant Representative. State age.—Address, 
W 276. Offices of Ewawwerrime. 


Pupil. —Civil Engineer, West- 

minster, basa VACANCY for a PUPIL, to etart 
at once.—Address full particulars, age, &c., W 828, 
Offices of Exatnrerine. 





At Large Firm of Engineers, 


the Midlands, have an OPENING for Ae 


YOUTH grr: as premium 
comaee to ncats Sok Sete on Save — 
ddress, M 178. Offices of Prornsmnme. M178 


Pregincering Pupil. — Vacancy 
facturing ate eI fe 


apne, Sos 








SITUATIONS WANTED. 


Civil Engineer (39), last ten 
years in charge of important new works, SEEKS 
permanent ENGAGEMENT shortly as 

engineer on dock, railway, or harbour works ; present 
work nearing completion. Beterences and other details 


An annlinatian — Ad 





rece 


W 174. Offices of Eve ner ine, 


Vf atine sngineer (} urst-class 
certificate), drawing office and shop experi- 

ence, DESIRES SITUATION in India. ret-class 

references —Address, W 213, Offices of Exoreenkine, 


[Jam nating Engineer (25), 
DESIRES POSITION as specialjet in this field. 
M.Sc. (honours) in electrical engineering, four yeate’ 
experience with largest firms and in central atation 
work ; first-class testimonials, -- Address, W 306, 
Offices of ENGINERRING. 


Ke ineer(23) Desires Change. 


‘© years’ workshop practice in motor vehicles, 
six years wy office, five years technical institute 
(evening). London district preferred. — Address, 
W 308, Offices of Exorvesnine. 


ngineer(30)First-classB.o. T. 
certificate, 12 years in ty of marine 

and boilers, five years ry Me x ESIRES BE! TH 

Excellent references.— WILLIAMS, 37, Berkeley Road, 

Bishopston, Bristol. ee 


EK pgineer ( 84), Seeks Appoint- 


MENT, home or abroad. Five years railwa 
survey and construction. Six years practical itr d 
ing. First-class draughteman, used to responsibility. 
Good all-round engineering, surveying and archi- 
tectural knowledge; 12 years London, six years’ 
Colonial experience.—W 287, Offices of Kno serine, 


Epgineer, Klectrical (30), 


oy Engineering. London, 
ve years’ shops ts), 
— years — or draughtsman 
Two years engi 
DESIRES Responsible POSITION in Drawing Office. 
Salary £250. At liberty in September. ‘ 
Address, ' W 312, Offices Offices of ENGINEERING, 














Kyrector and Tester (26), f four 


years’ charge A.C. and D.C. fnstallations, heat 
engines, a switch gear, very wide experience, 
2 cation and technical knowledge, WISHES 
HANGE - India preferred; reasonable salary.— 
Address, Ww 325, Offices of Exorvemrine. 


Situations Wanted continued on page 107. 








Wanted, Junior Mechanical 


DRAUGHTSMAN, quick, accurate and 
adaptable to needs of employer.—Address, stati 
age, experience and salary required, W 195, Offices of 
ENGINEERING 





For Continuation of Small 
Advertisements see Pages 107 





and 108. 
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BULL'S METAL & MELLOD C0. 


VORER. ues near “GLASGOW. 
TzizoRams: *Mutiorm, YousR.” 
BULL'S METAL.—Propellers, Bars, Sheeta, 
yg Condenser 8 tayeand Pl 
—_ . Trade Mark and Patented). 


white M a, Tie.bor Pate Plastic &c. 


WILLANS - DIESEL 


OIL ENGINES. 


partioulars from— 


WILLANS & ROBINSON, in 


! VICTORIA WORKS, RUGBY 
Bee Advertisement last week. 














MAKERS OF 


CONVEYING PLANTS, 


LEEC 
f 


“VERTICAL, 
LEEDS “. 


COLLIERY PLANTS 








RENEWABLE DISC CLOBE VALVES. 


With Special 
_ Dise for 
Superheat. 
Various 
Weights for all 
Pressures. 
All Sizes 
delivered from 


ock. 3920 


British Steam 
Specialties, Ltd., 


Bedford 8t., 
LEICESTER. 











AUTOMATIC 1 Mechanical LUBRICATION 


{ IU TOPL = 
LUBRICATOR 


Measures the Oil. 


THE “Ray” 


IMPROVED ‘‘ MOLLERUP” 
FORGE LUBRIGATOR 


for CYLINDERS, &c. 





Regular and certain feed. 

Great economy of oil. 

Kasily filled. 5320 
@ Suits any oil. 


b Benj™ R. Vickers and 


Sons, Ltd., 
LEEbDs. 





KAY'S BURY. 


Sole Makers: 


JAMES 0. KAY & 00., LTD. 
Blside Poundry, BURT, Lance. 
Telegrams; Kava, Bury «& 
Telephone. No. « 





“MORSE” SILENT HIGHSPEED 


For all types of high-speed power transmission aad in all sizes from 
~—=a=sS. TO 10ceod FS. 


Manufactured by— 


THE WESTINGHOUSE BRAKE COMPANY, Ltd., 
82 York Road, King’s Cross, LONDON, N. 





“ROCKER-JOINT” CHAIN DRIVES 











J. &E. HALL Ltp., 


Makers of CO, and NH, 


Refrigerating Machines 


moines es 


Hallford Motor Vehicles 


0, St. Swrrare . Lowpes, E.C., and Dar 





“SOLO” TRAVELLING-CRAB. 
GODFREY MFG Co. Lim 


OLD CRANE WORKS, 
St. John Street, 


Pinions 
wrot Steel 
Cut 

T eeth. 
hardened. 


Automatic 


Travel 
Gear 


Steel 
’ one ur-Gear 
Runners pl 
turned 


“| LEICESTER. 


Size 2°to 10 
tons 
Proof-tested Unbreakable 


oteel 
to 150% Hand-Wheels. 


a" 


Note 

very short 
wheel-base 
and snug 
design. 


Delivery 
from Stock. 


“SOLO” 
Hook-Travel 
saves more 


SEE 
FULL-PAGE 
ADVT. 
MONTHLY. 


0/7001 


vertiwal and 
sideways 
than any other 
Crab. 

















HENRY woon 8 CO., Ltd. 


SALTNEY, Near CHESTER. 


CHAIN AND ANCHOR MANUFACTURERS, 


Works adapted to make up to the LARGEST SIZES. 


LARGE MOORINGS A SPECIALITY. 
BATTLESHIP’S CABLES and GEAR. 
Forgings, Crane Chain, Chain Slings, and all kinds of 
ANCHORS, MOORING and CABLE GEAR. 


Standing Contractors to the British Admiralty, Trinity House and Public 
Bodies, and Contractors to all 


FOREICN COVERNMENTS. 





3198 


woop’s “VIKING” STOCKLESS ANCHOR. 


























Atso SURFACE 
CONDENSERS, 
AIR AND 
CIRCULATING 


Cylinders and Air Pumps 
Bored, and Valve Facings 
Planed BY SPECIAL 
APPARATUS without being 
removed from. their working 
position. 





5. §. STOTT & 60., 


ENGINEERS 





TORS ‘HASLINGDEN, near Manchester. 


COMBINED AIR PUMPS 2: 
JET CONDENSERS #0 


BELT, ROPE, MOTOR, OR IN- 
DEPENDENTLY STEAM DRIVEN 





RD, Ken? 


TIS 
ELEVATORS. 


3660 
4, Queen Victoria St., LONDON, E.c. 


Ransome-ver Mehr MachineryCo 


BRUNSWICK HOUSE, WESTMINSTER, S.\. 


HAND AND POWER MIXERS FOR CONCRETE AND 
OTHER MATERIALS — STEEL SHEET PILING. 
AUTOMATIC SKIPS For EXCAVATION & CONCRETE. 


See Displayed Advertisement alternate weeks. 384°) 


ae Se 
THE 


GLEVELAND 
BRIDGE ANp 
ENGINEERING C0., L™ 


Specialists in the Design, Manufacture, 

and Erection of Bridges, Girders, 

Roofs, Warehouses, and all classes of 

Iron and Steel Constructional Work. 
HEAD OFFICE AND WorkKs— = 3994 


DAHLIN GTon. 














we spect” ROPE PULLEYS 


up to 16 ft. diam 


DOUGLAS FRASER & SONS, __LTD., 


Westburn Foundry, ARBRO 


0 OG 


NO] = 4 8 


WELDING & 
CUTTING oF metacs 
“INCANTO” 
PRESSURE SYSTEM 





THE 


LOW - 











AS USED BY 


TheAdmirality, War Office, L.C.C. 


and All important Engineers. 


COMPLETE OUTFITS SUPPLIED 
OR WORK UNDERTAKEN. 


THORN«&HODDLE 
ACETYLENE CO., L°. 


iho) Pn 4 longo): i) Wah ae 
WESTMINSTER 
ESTABLISHED 1896. FIRST EVER SINCE 
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Auld, David, & Son, Ltd 
Aveling & Porter, Ltd. 
‘Avery, W. & T.. Ltd. 
Babcock & Wilcox, Ltd. 
Bagnall, W. 


we & ©o.,1 Ltd. 
er, 

Baldwins, Ltd. 
Barford & Perkins, Lia. -. 
Barker, Byink. Le Lease & Co. 
Barns, W., & Sons 

Bates, te a & Co., Ltd. 
Baxter, W. , Ltd: 
Bayliss, Jones& Bayliss, 1a. 
Beardmore, Wm., & 
Beardshaw, J., & Son, Ltd. 
Beebee, A. 
BeldamPacking& RubberCo. 
Bellamy, John, Li 
Belliss & am hg Ltd. a 

Rergius Launch & EngineCo. 

& Sons.. 1 


J 


asus. 


| 


Boulton & Paul, Broa, 
Boving s> Co., 
Braby, Fred. 





Cottam, E.> 





Bradley & om ic. 
Braithwaite, Isaac,& Son,Ld. 80 


> 5 “| 
Brit. Thomson: Houston Co. 4l 
Brit. Wi | 


Broom & Wade, Ltd... 








Burrell Chas., & Svan, Ltd. 
Barton, C. W., Griffiths 4 Co. is 
Butler, Theo. Ltd. . M1 
Butters Brot. & Co. .> ..~ 1 
Bat‘erworth Bree. Ltd. .. 1 
Caird & Rayner . co 
Cameron, John, Ltd. -. & 
Cammell Laird &Co.. Ltd. 40 
Campbell & Calderwond . 119 
Camphell Gas Engine (o., Id. 4 
Carver, C. F., Ltd.. 
Ciiurchill, C., & Co., Léa. 
Citroen Gear Co., ltd... 
Clarke, Chapman &Co., Lé. e 
‘Clay Cross Co., Ltd. . os 
Clayton, Son; & Co., Ltd. 85 
Clement Talbot, Lta. . @B 
Cleveland Bridge and Eng. 
ineering Co., Ltd... <. 
Clyde Structural Iron Co. 108 
Cochran & Co., weapon vee 
Cockburna, Ltd. 


Coles, H.J., Ltd :. .. is 

Consolidated Brake 
Engineering Co., Ltd. .. 
Continental Licht und 
Apparatebau G.m.b.H.. 

Cottage Sing. 4 Co.. 

& Co.;, Ltd. - 
Coventry Chain Co., Ltd. 76 
Coventry Ordnance Ww. orks & 
Cowans, Sheidon &Co., Ltd. 67 
Crabtree & Co., Ltd, - 199 
Cradley Boiler’ Ge eco «oo Bw 
Craig & Donald, Ltd 19 
Croft & Perkins, Ltd. 5 
ValveCo. S 


a 


87 
25 


Cc . Fairweather am 
Cutbill-King & Co, >. @ 


| Dargue ‘Bros. , Ltd. 
Darling & Sellers, Ltd. 


Davis, E. J., & Co. 
Davison & Partner 





Impax 
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Davison, H., & =, 101 
Davy Bro 
Day, Sutimers & Co., ‘i 
eo oe iS 
Delta M. » Ltd. 
. 


,,.Ltd. by 
Dempster. Rott & Bema La os 





Dennis, W. F., & Co, . 

Dennystown Forge Co. oo BS 

Deutsch- Luxemburgische - 
Bergwerks-und  itten re — -< 


Drysd 
Dublii Dockyard Co. 
Dudbridge Ironworks, Ltd. 
Ounf rd & E liott, Ltd. 
Rast Ferry Road 
ing Works Co., Ltd. 
Ebbw Vale Steel Iron and 
— 48 


a b 

Edmeston, & Sons, Ltd. 12 
Elliott, Geo. “& Co., Ltd. 5 
Ellison, G; 


9 
19 
eer- 

19 


22 
6 |, Ellison, W . & Go., “itd, 108 


neering Supplies. J - 102 
Enke, Carl .. 97 
Rutwisle & Gass, Lita.” -. 108 
Escher, Wyss & Co., Ltd... 108 
Eureka Pum Company -- ™ 
Evans, Joseph, & — Ltd. = 
Fairley, James, & Son 

Fawcett, Preston & Co., 1t4. 2 
Ferranti Lti 87 
Fielding & Piatt, lta. . & 
Findlay, Alex.,& Co., Ltd. 8 
Firth, T., & Sons, Ltd. .. 36 
Fleming & Ferguson, Ltd. 7 
Flender Company, The 
Foster Instrument Co. 
Foyle, W. &G 

Fraser, Douglas, & Bons, lia. 
—— «& ey Ltd... § 


Frye, F. 

Gandy Belt ‘eg 0. jit 

Gardner, L., 

Ghion, J. . 

Gilman, Frank 

Glacier Anti-Friction Metal 
Co., Ltd. 

Giasgow Railway Eng. Co. “ia. 4d 

Globe Pneum. Eng. Co.. Ltd. 71! 

Glover, W. T., & Co., Ltd. 7 

Goedhart Bros. 


10 
56 
107 


4 
12 
Gradior Machine ‘Co. 
rantham Boiler & Crank 


sts - 
Graphite Producta, Lta. 
Greaves, Bull & Lakin, Lea. 309 
Greene, Tweed & Co.~. t. 
Grice, Grice & Son, Lta. : 
Grieve, John, & Co. 


. BS 
Griffin, Oharles, & Co., ‘Lith 3 
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Grover & Co., 
@to 


Hathorn, Davey & Co., Ltd. 65 
aw., ie 
ee 13% 


, R., 

and Co., I td. 
Hayes, Edward 
Hay ward-Tyler & Co., ; Ltd. bn} 
Head, Wrightson & Co., Ltd. 1 
Henderson & Glass . & 
Hendry, James “5 
Herbert, A., Ltd. 
Higginbottom & Mannock 
Higgins, C. & Co. 
Hill, Josep! ee 
Hilles & Jones Company .. 
Hindley, E. 8., & Sons ° 
Hoffmann Mfg. Co., Ltd. 
Holbrook & Sons . 
Holden & Brooke, Ltd. 
Howell & Co., Ltd... 
Ne & Mayer .. 


udson, Thomas, Ltd. _. 

Hudswell, Clarke&Co., Ltd. 
Hughes & Lancaster .. 
Hulburd Eng. Co., Ltd. 
Hunslet Engine Co. a F tA... 
Hunt & Mitton W& 
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Kermodes, Ltd. » - 
_— & Co. “9 

Kerr, 8t uart & & Co., Lid.la& 7 
Kirby Banks Screw Co., Ltd. 27 
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84 
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roa, 16 
w.J., & ri ‘0. | Ltd. 102 
. 1 
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Co., Led, was 


= 
16 


x house sree pagnery 
eil, C. 108 
McOnie, A. ot pes 
McPhail & Simpson, Ltd. 
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98 
8s 
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Manning, Wardle&Co., Ltd. 1 
| . ai 


Mansfield Sand Co., Ltd. 
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Mather & Platt, Ltd. 
Mavor & Coulson, Ltd. 
Maxted & Knott, Ltd. 
Maxwell & Fi 
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Menuge & Co. 
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Muir, Wm., & Co., Ltd. .. 76 
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Murray, Workman, &Co., La. 102 
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Nasmyth, Wilson &Co., Lid. BO 
National Gas Engine Co., LA. 31 
Newbigin, H. T. .. 107 
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NSthern ineering Works102 
Oakey, J Sons, Ltd. 13 
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Paul. Matthew, & Co., Ltd. 
Pearn, Frank, & Co., Ltd. 35 
Peckett & Sons, Ltd... .. 15 
Periodograph Company 7 
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Pickering we iat 


Piste 8 8., Ltd. ee 
Plenty ‘ Bon. Ltd. ee oe J 
Pohlig, 100 
Pollock, Tiewab a Highgate Ba 
a « bap lad... 
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. 108 

1A, % 

7 

26 
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Proctor, J., Ltd. 
meg Eng. Co., ‘Tea. 
Ransom ,& poe 
Ramsomne verMehr Mach. Co 
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Rapid M wens Machine 
lid. 


- 
no 


102 
107 
74 
26 
46 


Raworth, John KE. 
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Redman, C., & Sons es 
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Rubery, 
ae 





18 
rt "Oe. ia! 14110 
Proctor & 


Ryder, Thos. & Son, Lea. . 
Samuelson 


Pace 
. = 
Led. we 


: OF 08 
43 
1 


Saunders, J. T., 4 oe 
ones 7. . 
schuaiat sBuperbent 
( 
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Shank. eae 
Shaw, W . 
Bhore Inst. “ ae: Co. 
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Silversteen, W., &Co. :: 
Simpson, James, &£Co., bta. 
Simpson, Strickland é Co., 


ta. 
Sisson, W.. & Go. “ua. 
Skefko Ball 
w 


erne Wort, Peg ee 
oo! Skinner 3. Ps& Co., Ltd. 1 


Smit, L. & Zoon, . 105 
Smith Bros.&Co Oo (Ginag’ wl, = 
+ Bmith &., & Sons 
Smooth-on Mfg. Go. : a 
Spencer, J., & Sons, Lia. os 
Spencer, John, Ltd, .. .. 8 
Stab! werk -nabel oe eet © 
1M, ee we Me aee 
Standard Eng. Co., Ltd. .. 
— ary mag and 


Stedl Pipe ©o.; Ltd. 09 
itephenson, R., & Co., Ltd. 86 
Stewart Duncan & Co., Ltd. 


ohn, & Ltd... , 
a police Co., pe. 

» & Co., Lid. 
Stothert 'k Pitt, Lea 7 
Stott, &. 8., & Co. 
Sturtevant Eng. Co., Jaa. 
Sunderland he k Eng. 

Co-, Ltd. ~.. oo ee 
Sulzer Bros... .. 
Swift; George, & Bons 
Swiss . Oerlikon “Biacfine 
‘vol Co. 


b= es Limited 
or, Charles(Birm’ m. yt aT 
~~ & Challen, Ltd. 
Taylor & Hu! bard 
Terry & Tench, Inc, 


° 108 

. 100 

Thomas & & Bishop 4 

Thompson, John 

Thorna HoddleAcetyleneCo. 

Tilemann, Theo., — «+4 108 

Tt wry Paten 
Ltd. 


. 


~ 108 Timbrell @ eT 
& Co,, Ltd. 34 


Tool and Eng. Co., Ltd. 





Widdowson, Joho.H. ee 
Wigglesworth; Frank; &Co, 83 
Wiley, Jaines, & Bons, -_ ®l 
Wilkinson & Co. .. 63 
Wilkinson, G., & Sons 


Yetton & 
| Yorkshire 
73 Zimmermann 








Patent HOSE 


The adoption 
seding the use of 
position 


standard 


of 


cogyeyance of liquids. - 


** Tones- Willcox ” 


Hose for so many purposes 
rubber—owing to its many advantages—has given it a 
where first-class flexible ss 


is required for 


super- 


the 


Unsurpassed as a suction hose, and cme uiaieshie for deliv ery. 


For large and small pumps.of all kinds it is in great demand. 


Water Lifter Hose it is, unequalled. . 


Asa 


Supplied in various makes and strengths for different purposes. 


W.H. WILLCOX¢ Co. Ld., 


32-38, Southwark Street, LONDON, S.E. 





This 


Hose contains NO rubber in its com- 
position, and therefore cannot deteriorate or 


perish like ordinary ‘ rubber ". 


Constructed of specially, prepared and dressed materia’, 
and wired internally and externally in such’ a manner that it cannot 


possibly kink or collapse. 
The coils ofthe inside wire alternate with those o: the onteldie, 
providing great strength ard flexibility. 
Ic is well-known. that rubber oxydizes with the action of air, but air 
has no harming effects upon “ Jones-Willcox ” Patent Hose. 


GHORGE ELLIOT & oo. 


MANUFACTURERS OF PATENT 


LOGKED WIRE ROPES AND LANG'S LAY WIRE. ROPES, 


And other Wire Ropes for Mines, 


Cranes, Lightning Conductors, Hawsers, &c. 


OFFICE:.16, GREAT GEORGE STREET, WESTMINSTER, LONDON. 





hose. 


3310 


Our LIST describes the various qualities oj this Hose. 
We shall be pleased to quote for your requirements, 
We have gll sizes, &" to 104" bore. 








- CV“ 


Prices on 


Application 
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~ A. RANSOME & GO., L™- NEWARK-ON-TRENT, 




















BNGLAND, 
MANUFACTURERS OF WOOD-WORKING MACHINERY. 
ic Addresses— ie 3 7 _F ; | LONDON OFFICE— 


RANSOME, NEWARK.' 


63, QUEEN VICTORIA ST., E.C. 
RANSOME;, ‘CENT; LONDON. Tont 


These Machines are made in 

Four Sizes to take logs up to 

6 ft. in diameter, and are now 

working in various parts of 
the World. 


RANSOME’S Patent Horizontal 


LOG BAND SAW 


is by far THE MOST RAPID, 
ACCURATE and ECONOMICAL 4 Over 60 of them can be seen 
Log-Sawing Machine IN THE >» a eon BE in operation in some of the 
WORLD, and is free from JF he leading Timber Yards in this 
unnecessary complications. Country. 


RANSOME’'S PATENT LOG BAND SAW will do as much work as a VERTICAL LOG FRAME, 
RACK CIRCULAR SAW BENCH and RECIPROCATING FRAME GOMBINED, economising more 
than half the power, floor space, and labour required to work the above three machines. 





WRITE TO DEPT. ‘‘D’’ FOR PAMPHLET DESCRIBING THIS MACHINE, WITH TESTIMONIALS, POST FREE ON APPLICATION. 


SOLE MAKERS OF RANSOME’S PATENT TESTED 
BALL BEARINGS FOR ALL PURPOSES. oa 6140 P| 














Les ATELIBRS METALLURGIQUES. 


Head Office BRUSSELS. 


Works— Works— 
—_e STEEL CASTINGS. TOCK Works 
TUBIZE—Locomotiver. MWAY ROLLING S “SE Berner 
NIVELLES—Carriages, RAILWAY AND TRA BRIDGES. ; Beal Caatings ae. 
— 3882 —_— 


Wagons, Tramcars, &c. ; 
Sole Agents in U.K.— CUTBILL KING & CO. 56, Moorgate Street, London, E.C. 



































USINES & ACIERIES ALLARD STE. AME., Mont-Sur-Marchienne, BELGIUM. 
Sra. CAsSTIN Ss 


oF BEVERY DESCHRIS TION. 


SPECIALITIES :—Wree. Centres, Axte Boxes AND Guipes, Burrer Cases, SprRING AND BRAKE SHOES, AUTOMATIC COUPLINGS, AND GENERAL 
CasTinas FOR LocomoTives, RAILWAY CARRIAGES, WAGONS, 
Gear WHEELS AND PiNiIONS, DRUMS AND BARRELS FOR a Gear, LADDER GuIDES AND PARTS FOR DREDGERS GENERAL CASTINGS FOR 
ENGINEERING WORK, MACHINERY, MACHINE Too s, &c., &c. 
Sxires, SPUDLETS AND PLOUGH POINTS FOR AGRICULTURAL IMPLEMENTS, ALL PIECES FOR TRACTION ENGINES, ROLLER WHEELS, Rims, &c., &c. 
A.tso CASTINGS oF Hi@H PERMEABILITY FOR ELECTRICAL WorK, AND WHEELS anp PARTS For COMMERCIAL MoTor VEHICLE CuHassis. 3887 


forthe UnitetKingdowantGsoniee:. Oe GHION, FINSBURY PAVEMENT HOUSE, LONDON E.G. recgans “cmon, tosos: 


THE KEYSTONE PATENT ALL-BRITISH 
STAMPED STEEL PULLEY Stanero street sustes. 


SAVES UPWARDS OF 50% IN (Provisionally protected.) 
on application to the Sole Manufacturers :— 


DEAD WEIGHT ON LINE SHAFT, - o 
3321 ra eB 


AND CONSEQUENTLY EFFECTS 
SST" SKERNE WORKS, L?- DARLINGTON. 


























ABSORBED. 3321 





Special Discounts quoted and fully illustrated List sent 





A SAVING IN THE POWER 




















Pa 
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BUCKET DREDGERS, : SUCTION PUMP 
HOPPER and BARGE LOADING, BOW DREDGERS 
on STERN WELL. aN ' 7 N rr TO DISCHARGE INTO THEIR OWN 


COMBINED BUCK HOPPERS, INTO BARGES, or ASHORE 
ET AND 





THROUGH FLOATING vires. 


= . tne ret CUTTER TRAILING SUCTION 
ROTARY CUTTERS for CLAY and HARD HOPPER HOPPER DREDGERS. 


MATERIALS. 





NEW BUCKETS, LINKS, PINS, GEAR- 


HOPPER BARGES, TUGS, and FERRY D ING, &c., SUPPLIED FOR EXISTING 
STEAMERS. D G DREDGERS. 


ESTABLISHED ... .. i iil LONDON OFFICE: 9, Feachareh rah birt E.C. 

















FLEMING & FERGUSON, L°: PAISLEY, a.ascow. 




















~ WOODITE” WORKS, MITCHAM COMMON, SURREY. 


NOTICE to ENGINEERS, TEAM USERS ERS and p Bing B._.. articles can new ws obtained with OODITE” has stood the severest 
test for six years. yy material in a can Bon it = Steam or Purposes, and other appliances ; has stood ev te 40,000 volte fer for 1m whet, with ithout breaking down the London Electric 
Light Corporation and others. Ram “U™” Hat Joint and Packing bios feed Pump Oupa Wasi, Gaskets, Manholes, Valves, Sh and Ls which have hi been manufactured india Ru » a, &c. can 


now be made of “ woop id 1648 


TWO CLERKS AND A_ BOY 


KEEP THE COSTS (IN DETAIL) OF THIS 500-MAN PLANT 




















Boy 4 eqtorminee the number of tong hours pont, by each workman on each operation of each job. By the use of 


ne. Lt mple rate chart he records Ras each man’s job ticket the labour cost and corresponding overhead 
an “G? ‘ , * ox a. for the time referred t 


Clerk B 2 ~ the — costs of the Weeteus operations entering into any given job and the cost of each piece 
nclu n an order. 
Clerk C, co-operating with Clerk B, summarises cost of orders and submits mantihy cont reports to a head cost 
























































ai eoten accountant, under whose supervision all the aforementioned work is conduc 
ORDER NO. //003 reine 
yom: This unquestioned economy of office expense is effected through the simple, complete 
2. Blacksmith and accurate time records made mechanically upon the workmen’s job card by the 
4. Keyseating. 
5. Turret Lathe. — 
6. Engine Lathe. 
7. Screw Machine. 
©. Case Hardening. 4 NOV 216 
10. Polishing. 
. S NW 140 Joo 
12. Drilling. ; 2 NOV 20 Illustration at left shows a nearer view of the job card Separate cards for each job or operation make it con- 
14, Horizontal Mul, which is placed in the register under the clock. (This veniert to group the records of any desired classification 
15. Vertical mill. =. J 6 master clock operates electrically any number of of productive or non-productive work. 
> oy 5 o registers distributed through the various departments. ‘Pho Periodograph requires no writing of time by work- 
18. Too! Room cost Note that the time is recorded in figures rather thanhours men, thus saving time and insuring accuracy. 
Beach Work Lanone Lt fo. 0 and minutes. It makes subtraction easier. These The Periodograph system is adaptable to any 
Change Card When You figures represent tenth hours elapsed since pay day. maufacturing plant and to any scale of working hours. 
‘Cnange Jove $d / of, a Note, again, that the workman’s card is stamped only H bé  Petiod h ts fi 
eon Sard. ¢ Clean 38 ‘ at time of starting and time of finishing an operation, ow tl e Feriodograph accounts for 
AND A > regardless of noons or night intervening. the entire time of each man—— 
Pertodegraph Pat x va Note, further, that the time of stopping an operation is a description of the clock mechanism, electrical connec- 
eon printed directly above the time of starting. Subtraction tions, register, cards, &c., is fully covered in booklet 
UIGWIEIS UCU gives time consumed. sent upon request. 
wo4s4yg OPIS SUL 
an pug sy, 
A Typical Periodograph Card. On November 2nd Barnes started a job p 4 d h CG 
of ae ia peat a 2. Work was suspended at — 140. It was erio ograp O., 


210 and completed at 450. Time required, 360 periods 
at at 10d. £1 10s. Od. Labour Cost. Note the Iatest numbers 
always on ron making computation easy. 




















66, Fenchurch St. - - - London, E.C. 
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ALEX. FINDLAY @ CO., Ltd. 


Steel Roof and Bridge Builders, MOTHERWELL, NB. 


Structural Engineers, . . 


Contractors for all the Main Buildings for the FRANCO-BRITISH EXHIBITION, 
LONDON, 1908, covering a total arca of 560,000 square feet; also for 
the Grand Stadium, arza 290,000 square feet. 


Act Kinps or Stee. Structures DEesiGNED AND EXxecurED, 
SPEOIALITY:—HYDRAULIC PRESSED STEEL TROUGH FLOORING FOR BRIDGES AND BUILDINGS. 
Head Office MOTHERWELL, N.B. 
London Office - 9 VICTORIA STREET, S.W. 
Taeoravs: FINDLAY, PARKNEUK, LONDON. 


—-—_- 
(ee ree 


MOTHERWELL. 


9262 
—___ 
——e eae 











Cut Down 
Your Costs! 


OUR NEW DUPLEX IMPROVED 
HORIZONTAL BORING — 
D 78 will do this for you ° . 


DUPLEX IN WORK DONE. 
SINGLE in Cost, Room and Wages. 


EASILY MANIPULATED, 
J NDEPENDENT HEADS can be run at 


DIFFERENT SPEEDS AT SAME TIMB. 
oved BACK and FORWARD MOTIONS 











Im 


and VARIABLE FEEDS. 





OTHER MODERN LABOUR-SAVING 
TOOLS IN STOCK and PROGRESS. 


2739 
Send for Lists and Prices, 


G. WILKINSON & SONS, 


EREBIG He LEY . 
Telegrams - Witxinsons, Enoinezas, Keieuter. 
Telephone - - + «+ «+ 20 ¥ Kureutey. 














DIVING APPARATUS. 


SMOKE HELMETS. ——— 
RESCUE APPARATUS CER ° 
AIR PUMPS and COMPRESSORS. 


High and Low Pressure. ? ewhbic feet p.m. apwards. 


SIEBE, GORMAN & CO., Ltp., 


“* Neptune ’’ i LONDON, S.E. 


TeLeceaus: “SIEBE,” Lompon. TaLarnons: No. 261 Hor, 
Copxs:—A 1, A BO (4th & 6th Edition), Wentern Union, Engineering, and Private. 























GRAPHITED BEARINGS. 


It is now possible to have Babbitted bear- 
ings containing Graphite Plugs at about 
the same cost as plain babbitted bearings. 
Made in One Operation by using— 
RANDALL GRAPHITE SHEET 
LUBRICATOR. 


Write now for Tiustrated List No. 82. 


GRAPHITE PRODUCTS Lo. 


218-220, Queen’s Rd., Battersea, 


N s. 6536 


ss 
z 
q, 























ee er ~~ - 
C.4.Clarke. 







&COLTD 
DENTON. 


MANCHESTER, 
ENCLAND. 
ESTABLISHED 















FOR WORKING WITH 






























SaeO/L ENGNG 
PROCTOR’S PATENT SHOVEL STOKER 


AND 


MOVING FIRE-BARS 
Give ECONOMY in FUEL, 
Increased Steam Production, | 
SMOKE ABATEMENT. 


PROCTOR’S COAL ELEVATOR, 


fitted with Patent RAM FEED BOOT, 
Ensures cheap handling of the coal. 
POSITIVE FEED OF COAL TO BUCKETS. NO JAMMING OF ELEVATOR. 


Wear and Tear reduced to a minimum. 
Write for Illustrations and Particulars. 
Hammerton St. 


JAS. PROCTOR, LD,, ‘rarer: BURNLEY. 


SOLE AGENTS FOR FRANCE 
The Scciete des Perfectionnements a la Vaporisation, 29, Rue de Londres, Paris. 





Od 2045 





nt. ANCES a IE: TT OO Es. Alt. ATR rT. 
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High Ratios. 


A fact of considerable importanc: 
to power users is that the gear ratio 
docs not mater‘ally affect the price 
of Citroen Gears. Thus the price of 
a 10-1 ratio is practically the same 
as for a 5-1 ratio for the same speed 

on driven side. , 








If therefore, you are using electric 
motors, you can specify a high-speed 
—a smaller, cheaper, and higher 
efficiency motor—knowirg that the 
higher ratio 


Citroen Gear 


will cost but little more. 
Citroen* Gears on 300 HP. 
Pump._ Ratio,16-1. 


For any ratio up to 10-1, a single 
rzduction Citroen Gear will give 
98% efficiency, and is never below 
96% for the highest ratio. 

Further information 

sent with pleasure. 
The Citroen Gear Co., Lid., 
27, Quecn Victoria St., London, E.C. 


We are Exhibiting at the Shipping, Engineering and 
Machinery Exhibition—Olympia—Sept. 25 to Oct. 17, 1914. 3999 























e 
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An opportunity for youl 
“" Bleichert’s Aerial Ropeways and Teiph 
e "s a ers 
will solve your problem 

ain ceeatehin entiatieeineih intents wala ambiente as enainin tated 
Bleichert’s Aerial Transport Plants pro- 
vide the means. 

Are your expenses large for wages, cartage, animais or mechanical conveyors? 
Bleichert’s Aerial Transporters are cheap 
both to construct and run. 

Do you wish to avoid breakdowns through bad material and inaccurate work? 
Bteichert's Aerial Conveyors are quality 

ur. 

Would you like to know how to do your transporting in the best and most advantageous manner? & 
Bleichert’s Aerial Transporters Limited, 
London, will give you full information. 


cl ; 2, 8881 








Deutsch-Luxemburgische Bergwerks-und 
Hitten-Aktiengesellschaft, 


Abteilung Dortmunder Union, Dortmund i.W., GERMANY. 





RACK RAILWAYS on the “ABT” SYSTEM. 


INVENTOR ‘th mh. re ist . Inc. Roman Apt, LUZERN. 


The most widely adopted system, and the one affording 
the greatest security. Over 500 km. (3CO miles) of Rack 
Railways’in use in all parts of the world. 





PROSPECTUSES, ESTIMATES, &c., ON APPLICATION. 


(ESTABLISHED 1865.) 


ANTHON & SONS ccvrctrocss FLENSBURC 74, 


London Representative: R. W. DEACON, 68, Queen Victoria Street, E.C. 
Telegraphic Address: Sumrovius, Lonpon. 


Telephone: P O. Orry 8620. 
SPECIALISTS IN THE CONSTRUCTION OF ALL MODERN 





CASK-MAKING 8 WOOD-WORKING MACHINERY of EVERY DESCRIPTION 





CASK HOOP DRIVING 





SPECIALITIES IN 
WOOD - WORKING MACHINES ;— 


Sole, Wooden Heely Shoe Lara, un 
eaten Rests, Seco hasta, 


ALL MILLWRIGHTS’ ACCESSORIES, 
PULLEYS, SHAFTING & BEARINGS 
of all sorts, 


aquesem 8230 
Best References all over the World. 




















MACHINE. Catalogues and Estimates Free on Request. 3 
= 














eoo0008 











WROUGHT IRON PLATE WORK, BLACK OR GALVANIZED, 
STEEL CHIMNEY AND VENTILATING SHAFTS, &c. eave 
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ASK FOR IT. 


"QJ 











ALL OVER 
__THE WORLD! 


FROM ALL FIRST- 
CLASS STATIONERS. 


} 

















HAMMERED 
CAST IRON 
PISTON RINCS 


Special Piston Ringiron |’, 
(by the Davy-Robertson ‘ 
Patent Process). 


All sizes from 2% in. 
to 72 in. 


Quick Delivery. 
Low Prices. 


\ } 
} 
i 
i fa 
/ / 
/ 

q d 4 - ° 
so f a 
= os F 
D 


Rosebank lronworks, EDINBURGH, N.B. 


TELEGRAMS : TELEPHONE : Cops Uszp: 
HYDRAULIO, EDINBURGH. 16 CENTRAL. A BO, 5th Eprniox, 


ORIGINAL PATENTEES AND MAKERS OF THE 


TELEMOTOR. ... 
STEAM TILLER & RAPSON SLIDE 


STEERING GEARS. .. 





—_ 

















TELEMOTOR DIRECT 
HELM ACTING 
SIGNAL REVERSING 
GEARS. ENGINES. 
SPECIAL HYDRAULIC 
STEERING MACHINERY 
GEARS FOR 
FOR SHIPS, 
SUBMARINES. &c. 
a 
3041 - “yy 


PATENT TELEMOTOR, ADMIRALTY STANDARD TYPE.j :7>3taR 


“PUDBRIDGF’ 


GASzOIL ENGINES. 





By their very light weight and 
excellent belt-gripping surface, 
Flender Wood Split Pulleys 
ensure the most economical 
power transmission. 





Send for Interesting Catalogue. 





THE 


LONDON OFFICE 
- 7 





7 
€7,VICTORIA ST. 
WESTMINSTER , S.W. 





- STAMPED PRESS WORK - -: 
‘_ IN BRASS. COPPER. ALUMINIUM. 


> GERMAN SILVER. PHOSPHOR BRONZE. 


& MILD STEEL. “+ 
LETTER CUTTERS ENGRAVERS. © 
+ NAME PLATES. 











FLIP- 
FLAP 


(PATENTED.) 


E 


ae 


ROHPO-DOCr 


Ss 
SIZES FOR 
_- SNe AL MACHINERY. 


mples and Prices from— 3872 


Sa 
PARTRIDGES Ltd. (Sole Makers) 
131, NORTHWOOD STREET, BIRMINCHAM. 











(STEAM, HYDRAULIC & ELECTRICAL.)|§ 





OXY-ACETYLENE 
vTex=m ATOZ 
WELDING & CUTTING PLANT. 


PRICES FROM 2&9, 


THE ACETYLENE 
CORPORATION, L?. 


49. VICTORIA ST., WESTMINSTER, S.W. 





On Admiralty List. 


BODLEY BROS. & Go. 


Engineers, Millwrights, Boiler Makers, and 
Iron and 


rass Founders. 





SPUR, 





BEVEL, 








FLENDER 


COMPANY 


Bread St. House, New Broad St., 
LONDON, E.C. 


Ask your Dealer for Flender Pulleys. 








—— 


Ne ; 


ag 





| _ The Dudbridge ron Works Lid, Stroud, Gloucestershire 





<= WORM WHEELS, 


Machine Moulded 
ALSO 


TEETH CUT TO SHAPE 


By Special Machinery. 
Telegraphic Address— 3882 
Bopusy, Exerer. 


ESTABLISHED 1790, 
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There Is Only OneJointing Material 
That Will Stand All Tests And Keep 
The Joints In Your Plant Tight For 
Years ——It Is KLINGERIT™ 


another. If you've tried many of them, you’ ve found that .out. 


Why have engineers been obliged for years and years to use packings made of asbestos, brown paper, India rubber, 
leather and soft metals > Simply because there has been nothing better available. 

But now there is no longer reason that we should put up with home-made makeshifts. Experts have studiéd all jointing trouble and have 
made a jointing material that resists all trouble-making ioeed: that is practically perfect, that saves a deal of money about the power plant 
and the engineer's time and good nature, that is the cheapest because it goes farthest. These are not mere claims for “ "Klingerit.” _— 
who have used “ Klingerit ” for years have gone on record as stating that “‘ Klingerit ” is the only efficient packing made 


“ Klingerit ” is Heat-Proof, Pressure-Proof, Acid- Proof. 


a. is made in sheets, of just the correct consistency-—every piece is examined by 


xperts in our factory—every sheet runs uniform—the 10,000th sheet is the same as the first. 
lingerit ” neither vulcanizes or perishes in use. It does not wash out. It is unaffected by severe heat, resists 
P. heat, acids, oils, ammonia, alkalies, hot sugar solutions, gases, &c. For these reasons it is used largely by 
chemical manufacturers, soap works, laundries, breweries, sugar manufacturers and i in similar industries. 
“ Klingerit ” will last for years. We can show you pieces which have been in use for years and still retain all of their resisting qualities. 
Even in the cases of badly designed joints “‘ Klingerit " stops troubles which engineers have thought it impossible to stop. By smearing 
both sides of “ Klingerit” with plumbago, it can be used over and over again—economy considered, making comparison with any other packing ridiculous. 


We want Every Engineer in the World to Know “ Klingerit,” to Test it, to Use it. 


We want every engineer in the world to save himself many aggravating moments and his plant many pounds for expense by getting to know 
“ Klingerit” well. To do this we are willing-to spend money. We are willing to send to every engineer who will ask for it, a free sample of “ Klingerit” to 
test, to put inside a joint alongside of other packings, and note how it outlasts all other packings vera Yes, we are willing to do more than that. 


Send the Coupon now for your “Klingerit” and a 
FREE Copy of our Engineers’ Jointing Book. 


At considerable expense and labour, we have compildd a book which is known as the ° * Engineers’ Jointing Book.” ‘This book includes 
the best and latest knowledge on jointing in power plants—as developed out of the experience of men who have been longest in the 
business and who have delved deepest into it. This book is bound to be of help to every power plant engineer 
and owner in the United Kingdom, who will send for it. We have printed a limited edition, 
just off the press, and will send a copy absolutely free of charge to the first 100 o 
persons to send in the coupon below. Just detach the coupon, fill it out, seal ge 
the envelope carefully so the coupon can’t fall out, and mail it to us to-day '¢ 
Be sure you are among the first 100 to answer this advertisement. , 
And also remember that when you get your # 
free sample of “‘ Klingerit” to test, that 
you label the joint in which you place # 


herwise ill f h 
he ailte mate ‘0 COUPON 
RE A AT RB 


Get these Bact aaa 
FREE Helps o 66, Fenchurch St., London, E.C. 
to Sound # Not having tried your “ Klingerit” 
Joints by o Jointing Material, | shall be pleased to 


. receive Free Testing Sample, as advertised, 
hi nding gf ocher with Engineer's Jointing Book. 
18 





T certainly does not pay to keep on e ae year after year with 
poor packing—in fact with most pac 













































Boo the Coupon NOW and get both 






end Samplo—besure wine ia the Cou n INGING. 0x cscccscreccecscccoccnnaspesscobesesdoosngscosococeete ° 
ly the name-and address of the dealer from ~« you buy d ” i . | 
your power plant supplies. to-day. ¢ hs csinid «vee Saatbhe ind Mnichaatieint cs tandinacnaebieiets 


Richard Klinger & Co., ENGINEERS, Contractors to the Admiralty, o 
66, Fenchurch Street, London, 


<teeeeeeeeeteeete ER Pieter eeeeeereeeee MOC epeaeerseereceeeseere | 


E. 
C. A | Name of DeeabOt ss .s00eeennsrersersncansccsscasnnaniss 








ENGINEERING. 





[JuNE 26, 1914. 








GRAFTON & CO. 


CONTRACTORS TO H.M. GOVERNMENT, 
CYCLOPS WORKS, 







Telegrams— 
Grafton, Bedford. 








SILVER MEDAL, laventions Exhibition, London, 1885, GOLD MEDAL, Paris, 1900. 
GRAND PRIX and GOLD MEDAL, Franco-British Exhibition, London, 1908. 
GRAND PRIX, Buenos Aires Exhibition, 1910. 


8658 








BUY “TWINK”. LATHES 


AND BE. SURE OF SATISFACTION. 





J. -PARKINSON & SON, 


SHIPLEY, Eng. 


BEDFORD. |: 





OOMPARE the QUALITY of our 
Red and Black, in Sheets, Rods, Tubes, 
Discs for Gears. 


MICANITE & INSULATORS €0., Ltd., 


WALTHAMSTOW, LONDON, E, 3123 


WiBROcCEIL 


(LYNDE & CALTHROP’S PATENTS.) 
The Vibrocel ‘System of Floatable Monolithic Sea Walls for Harbour eT. and 
the Prevention of Coast Erosion, sunk Pag oy any foundation in any depth of water; for 
dams, for irrigation and power p or storage tanks and oil reservoirs, &c., &c., has 
been Patented throughout the Word. Concrete rendered non- porous and crushing strain 
increased by nearly 100%. Cost per cube yard of the work less than by any other system, 
' For particulars apply :— Cape Apprss: “ VIBROCELLO. ” 


THE VIBROCEL COMPANY, LTD., tines stmees we: 


» ELDON STREET—— E.C. 








FIBRE 

















TELEPHONE : 
AVENUB 4360. 























GANDY’S 
BELTING 


IS SPECIALLY ADAPTED - - 
FOR CONVEYOR PURPOSES. 








It is made in various thicknesses to suit conditions 
and can be surface-dressed for rough and heavy service. 


We have a Catalogue containing a series of 
Photographs of Conveyor Installations showing 
“Gandy” Beltin handling all kinds of material, and 
anyone tienes in this most efficient form of labour- 
saving plant can obtain a copy gratis and post free from 


The Gandy Belt Manufacturing Co., Ltd., 


Head Offices and Works: SEACOMBE, Cheshire. 
London Office: 97, Queen Victoria Street, E.C, 





Od 1519 





























HIGGINBOTTOM & MANNOGK, L®. 


Crown Iron Works, West Gorton, 


MANCHESTER. 


Telegrams:—CROWN, GORTONBROOK, 

















Electric Cranes, Hoists, Capstans, Winches, Traversers. 
Transporters, Hauling Machinery and Hand Cranes, 
Hand and Power Runways. on, 


A. EDMESTON «SONS, Ltd. 


Note New Address: _PATRICROFT. 


PATENT FRICTION CLUTGH. 


300,000 HP. IN SUCCESSFUL OPERATION. 
INVALUABLE FOR DRIVING: 













$219 
Mining Machinery & Haulage, Concrete and Briek-making 
Saw Mills, Machinery, Flour Mills, 
Electric Light and 


Textiie Machinery, 
y end Mine Geariné 
Genera ly. 


Powe? 





FOR 


STARTING Hagan 


: 
GAS 


FOR 
& OIL 


COUPLING 





ENGINES. SHAFT-ENDS. 
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JOHN OAKEY & SONS, Ltd. 


GENUINE EMERY, — EMERY WHEELS 
EMERY CLOTH, __ rail Punows. 


Wellington Miss GLASS & FLINT PAPERS, 


WESTMINSTER BRIDGE ROAD, 13¢ 


LONDON. SE. BLACK LEAD, &c. 


ee —————— 


DOUBLE VERTICAL TURBINE. 


The Most Efficient Motor for Development of Water Power. 


JOSEPH J. ARMFIELD & CO. 


20, Mark Lane, LONDON, E.C. 3427 
Works: RINGWOOD, HANTS. 


$. SMITH & SON'S 
Chronograph Watches 


\) At all Prices from £110 to £200 


=, Are now standardised, the result of 

ears of practical experience. Relia- 
bility of Chronograph mechanism and 
durability in construction guaranteed. 
Makers of these instruments to all 
the electrical and yy insti- 
tutions, the leading firms in the elec- 
trical world, &c., &c., conclusively 

proving their popularity. 


Or, ; iy CASH OR MONTHLY PAYMENTS. 


Write for Catalogue “R” 
Watches, Clocks, Jewellery. 
HOLDERS OF SIX ROYAL WARRANTS. 


WATCH AND CHRONOMETER MAKERS 
TO THE ADMIRALTY. 3571 









“British Empire” “British Empire” 


Turbine. Turbine. 














With 

Railwa 
Speed dial 
10/- extra. 










Grand Hotel Buildings, Trafalgar Square, W.C. 


. : West End Branch :— 
Stout 18-ct. gold, dust-proof, plain case, £15 158. 
Senenanaiieain £16 16s. In_beautifully- 68, PICCADILLY, W. 


finished silver or steel cases, £5 58. Non- 



















THE BEST 


PROTECTIVE 
COATING 


FOR 


IRONWORK 


WRITE NOW 
FOR 
LATEST CATALOGUE 


TO 
SOLE MANUFACTURERS:— 


WAILES, DOVE 
& CO., Ltob., 
NEWCASTLE-ON-TYNE, 





Also at Lonpon, LiverPooL, MANCHESTER, 
Guiascow, Carpirr, Brruincuam, Lexps, Huu, &o. 


EVERY OFFICE ON THE TELEPHONE. 
Telegrams—‘‘ BITUMASTIC.” 3906 





















Crossy SPECIALITIES. 


SEE AOVERTISEMENT NEXT WEEK. 


CROSBY STEAM GAGE & VALVE CO.,'*7 Cosss Nictoms St 














: - n - Factories :— 
ae tear iop and fy book action * “*) 479.185, GT. PORTLAND ST., W, 
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<4 a ie * ig ye tas - * 
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BROWNHOIST BRIDGE TRAMWAY. 


Note the light structure of this Brownhoist machine. 

It signifies speed and economy. And yet it possesses 

strength and durability. Ask the man who has one. 
THE 


BROWN HOISTING MACHINERY CO., 
CLEVELAND, OHIO, U.S.A. woe 




















HEATER DETARTARISERS, 


WITH GREASE SEPARATOR AND FILTER. 


ej WRIGHT'S FORGE 4xo 
@ ENGINEERING Co., Lio, 


TIPTON, Staffs., and at 57, Bishopsgate, 
LONDON, E.C. 


SOLE ‘nam 
MAKERS. peau 










Two- 
Stage 
Type 
for use 
with 
Inter- 
mittent 
Exhaust. 


8753 


20,000 GALLON PLANT. 


‘YOUR ENQUIRIES 
ARE SOLICITED. 


SMALL PLANT. 
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“HALLSIDE” 





CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 


D STEEL PLATES, ANGLES, Zed Bars, Tees and 
—_ all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, and other constructive purposes. 


TINGS of ol tints and beges sizes for Ship Stems, 
— Sterns, Posts, Anchors, Rudders, &o. 


RAILS, BILLETS, FORGINGS. ) 


AXLES of hi uality, to meet requirements of Home 
TYRES.—Locomotive Carriage and Wagon, to all requirements. 
SPECIAL STEEL of all kinds for constructive purposes. 


STEEL COMPANY o SCOTLAND 









23, ROYAL EXCHANGE SQUARE, LIMITED, 
GLASGOW. 
TELEGRAPH 
ADDRESS 
STEEL GLASGOw. 3729 











BOILERS 


LANCASHIRE, CORNISH, UNDERFIRED MULTITUBULAR, 
ORYBACK AND WATER TUBE TYPES FOR HOME OR EXPORT. 


WILLIAM WILSON & CO. 
LILYBANK BOILER works, GLASGOW. 





3007 


























STEAM CRANES. 
OVERHEAD ELECTRIC CRANES. 













HENRYJ.COLES, La. Derby 








‘ 


A REVOLUTION IN JOINTING MATERIAL 


‘PERMAC 


IN POW DER FORM 
ee? Simply mixed with oil ¢ 1 paste like putty e ‘a ai 


EXPENSIVE JOINT 


A Joint properly made with Per- 
mac will stand ANY PRESSURE 


SHEET IS EASILY 


JOINTINGS BROKEN 


arr oe the pipe itself will stand aceite ia 


pee 
WASTE = 


REQUIRED 


4 BOOKLET WITH FULL PARTICULARS AND TESTIMONIALS FROM 


“THOMAS & BISHOP, 119-125 FINSBURY PAVEMENT 
37 TABERNACLE ST. 
LONDON, EF. 


v_yY and at 


v 


7046 CENTRAI 
VELCLING, LONDON 


Telephone 
Telegrams 


DENNYSTOWN FORCE CO. 
DUMBARTON. 


Telegrams - - “FORGE, DUMBARTON.” 


SOSSHSOSHSOOOOOOOOOOSD 


London Office: Palace Chambers, Bridge Street, Westminster, S.W. 


SOSOOSOOSESOOOOOOOOOS 


STEEL AND IRON 


UP TO ANY WEIGHT. 
Exceptionally quick delivery given for 
FINISHED GRANK 
SHAFTS, 
PROPELLER SHAFTS 
with Continuous Gun - metal 
liners complete, and 
STERN AND RUDDER 
FRAMES. | 
Specialities : —Repair ee of 
all descriptions, also Finished 
Hollow Crank and Line Shafting 
Forgings for Turbine Engines 
(Wheels, Spindles, Drums, &c.) 
Patentees and Sole Manufacturers of the 
“WEDGWOOD” Patent Vertical Inter- 
locking Scarphed Jointed Rudders. 
Also Patentees of Combined Rotor Wheel and 
Spindle Forgings, for Turbine Engines. 


On ADMIRALTY, WAR OFFICE, and 
GROWN AGENTS’ LISTS. 























3220 
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SELF OXY-ACETYLENE 


PROTECTION WELDING & CUTTING. 


FOR LIGHT ENGINES BEST ENGLISH MANUFACTURE, 


OR Our system has been adopted by 
H. M. Admiralty and all the 
WHOLE TRAINS. 


and Foreign Railways, and nearly 


all Leading Engineers. 
AND MECHANICAL 


For the Welding of Steel Plates ,', in. to 2 in. thick. 
Also for Cast Iron, Copper and Aluminium. 

LEVER LOCKING 

A SPECIALITY. 




















7 
. 
— ——— a SF 
? al % B 





For Cutting Steel Plates, Bars, &c., up to 6 in. thick. 





¢ 


Ee aren 
t¢ 


INVALUABLE FOR ALL CLASSES 
OF REPAIR WORK. 








Thousands of our Plants are now 
in daily use. 


A... W anDEuN && Co. 
44, 46 & 48, SHEPHERDESS WALK, CITY ROAD, LONDON. 
Lonpox. Telephone—7836, ORNTRAL. 


Telegrame—“ LrtmaTRone,” 





For Particulars, Schemes, and Estimates, 
Apply to :— 


The McKENZIE, HOLLAND & WESTINGHOUSE a We 
POWER SIGNAL CO., Ltd., 








CHUCKS. 
58, VICTORIA STREET, LONDON, S.W. DEMAGNETIZERS GENERATORS 
Telegrams Telephone: 
“ POWERSIG, SOWEST, LONDON.” 3647 VICTORIA 4760 (2 lines). 








FRANGIS BERRY SONS, COMPLETE EQUIPMENTS FOR 


SOWERBY BRIDGE, England. 
ESTABLISHED 18382. 


Telegraphic Address: “‘BERRYS, SOWERBY BRIDGE.” Telephone No.: 525 





MAKERS OF ALL KINDS OF MACHINE TOOLS. QUALITY GUARANTEED. 


i 











The above Illustration represents one of our Specialities. This 
Machine will bend or straighten an 18 in. joist, crop an 8 in. by 
8 in. by 1 in. angle, and punch an 1} in. hole through 14 in. material. 


We make all sizes in these combined Machines, and we also make 


Machines for doing any of these operations singly. LOCOMOTIV & Ss ~— 
Contractors to the Admiralty, India and Colonial Offices, and 


mos reign ernm of various sizes with all the latest improvements ready for immediate 
a oe —_ Delivery. Engines specially designed for every requirement and gauge. 
KINOLY FAVOUR US WITH YOUR ENQUIRIES. *** Full particulars on application. Telegrams—PECKETT, BRISTOL. 
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Solid Woven 


GRIPOLY 
BELTING. 





It is solid 
selected 
and has no plies to open 
out, 


woven from 
special yarns, 


It has patented woven- 


in leather edges, and 
cannot fray. 


Its name signifies, it Grips 
the Pulley—hence ‘Grip 
pulley "—“‘ GRIPOLY.” 


It is stretched before it 
leaves the factory, and 
commences its work im- 
mediately without undue 
strain and loss of time in 
being taken up. 


It is not affected by vary- 
ing atmospheric con- 
ditions. comb 





Patentecs & Sole Manufacturers— 


LEWIS & TYLOR, Ltd. 


CARDIFF. 
ENGLAND. 








NO PUNCHING HOLES IN YOUR BELTS. 





The “*Yett-on’’ Buckle Belt Fastener 


for all makes of Beltings. 
NO HAMMER or TOOL wanted to fix it. 
1! Slips on in a second; won’t wear out. !! 


YETTON & BROCKETT, 2767 


Liverpool Street, 


32a, 








LONDON, E.C. 



























e 


MAY 





With lasting qualities unknown to ctacr packings 


ANOTHER FEATURE OF ECONO «Y; 
is that any size valve can b: 
packed from one spool by 1 


j 
The 
globe and other small valves 


PACKING .« 
TWIST. 


WE SEND 
FREE SAMPLE SPOOL? 


GREENE, TWEED & CO., 


Sole Manufacturers, 
Queen ANNE’S CHAMBERS, WESTMINSTER, 
LONDON, S.W. 


Forty YARDS 
TOA 
Pounp Spoo. 


PALMETTO 


PAC KING 





unstranding. 


labour. of packing 


is greatly reduced by using 


“PALMETTO 


REG. TRADE MARK 


YOU A 


~<=sto~ 









3777 














LONDON, E.C. 


JENKINS '96 SHEETING 


will pack the must uneven surface, making 
absolutely leakless, durable joints. The pressure 
and heat cause the packing to vulcanise, fill up 
inequalities of surface, and afford « perfect fit. 
It is easily and quickly applied in «ither hot 
or cold joints. 


The Genuine bears owr Trade Mark. 


JENEINS BROS. Lta., 


95, Queen Victoria Street, 


| St. Remi Street, & Acorn Avenue, 
MONTREAL, CANAL A. 3015 


| CIRCULATOR 
for Marine «a Land 
BOILERS 
1600 Sets 
Siteamship Companies 





OXY:ACETYLENE 


WELDING 
AND 
CUTTING PLANT 
MANUFACTURERS. 
COMPLETE EQUIPMENTS. 


McGOWAN, WILD & CO., 


Lower Hurst Street, 
BIRMINGHAM. 
Tel.—1816, MipLANp. Teleg.—Loeic, B’uam. 























BRUNDRIT 


PATENT 


Temperature 
Balance 
AUTOMATIC 





' 
: 
y/ 

BRUNDRIT’S Temperature BALANCF 
is valveless and perfectly Automatic i: 
action. It starts working shortly after 
Fires are lighted and continues working 
even under Banked Fires, so long and as 
often as the Water above and below line 
of fire bars varies in temperature. Can be 
fitted at short notice without drilling or 


structural alteration. Supplied to all botlers 
of R.M.S.S. Lusitania and Mauretania. 








JOSEPH BRUNDRIT 
Sole P. 


atentee, 


14 Water St. LIVERPOOL 
=— 





} ~——. 
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= | Telegrams : BURNET, GLASGOW. 




















WINN’S 
‘SCREWING MACHINES 


/ fupnete COM 








Fig. 6202A.B 





HEAVY BOLT SCREWING MACHINE 


for Bolts up to 3 in. Whitworth 
LOCO-TYPE BOILERS FOR DREDGERS, RIVER STEAMERS, &c. FITTED WITH WINN’S PATENT DIE HEAD 


LINDSAY BURNET Automatic in Opening and Closing Actions 
&CO. ||| 


Makers of 


Specialty :—MARINE BOILERS or ALL Screwing ary for =~ 2 = arg Bore 
SIZES FoR SHIPMENT ABROAD. and Belts up to S4a.. Whttwe nn 


CORRDSPONDANCE INVITHD. 2823 


Address: Moore Park Works, Helen Street, CHARLES WINN & co BIRMINGHAM 


GOVAN, GLASGOW. 
























































<NEwWw PROOESS” 


THE “HOLBROOK” 


RAW HIDE GEARS, TooL- MAKERS’ LATHE 


GUARANTEED TO MAXIMUM ERROR IN ALIGNMENT 
All to BROWN & SHARPE'S Standard. at 


-001 rux Ex. 
NO GEARS LEFT UNCOVERED. 








7 in. x 6 ft. x 1h in. Hollow Spindle. 36 Positive Feeds, 36 
Changes of Pitches, without ANY Loose Change Gears. 





AUTOMATIC STOPS for Sliding and Thread-Cutting, Quick- 
withdraw of Tool, Reverse on APRON, TAPHER-TURNING 
ATTACHMENT for Degrees and Inches per Ft. 


crue ten ETAL GEARS. __..| HOLBROOK & SONS, 


GEORGE ANGUS « CO.. ti: . STRATFORD, LONDON. 


Sole Agents for Australia: Sole Agents for Japan: 
NEW CASTLE-ON-TYNE. R. L. SCRUTTON & CO., Ltd., SYDNEY. 











ALFRED HERBERT, Ltd., YOKOHAMA, 
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UNDOUBTEDLY 


the largest and most complete line of oil and grease 


cups made. 
be found a cup 
requirement. 
new material. 


Among the great variety can readily 

rticularly adapted to any desired 
ade of only the highest grade of 
Universally acknowledged the best. 


_]_ LUNKENHEIMER OIL & GREASE CUPS 





OIL CUPS. 
















Telegraphic Addresses { 
23-19a. 


are free from complicated parts, 
are very neat in appearance, and 
are absolutely reliable. They are 
exceptionally durable and very 
strong, particularly in the shank— 
the part subjected to the greatest 
strain. Jarring of the machinery 
to which they are attached will 
not shake them to pieces, nor 
will the regulation of the feed be 
affected. 

Specify and insist upon 
securing genuineLunkenheimer 
make. Do not accept substi- 
tutes—they are never as good as 
the genuine. 


Write for Catalogue. 


LONDON, S.E. 





GREASE CUPS. 2 














THE LUNKEN CO., Ltd., 


35, GREAT DOVER STREET, 


Factories: CINCINNATI, O., U.S.A, 
“Lunken, London.” 
“Lunken, Cincinnati.” 

















TELEQRAPHIO ADDRESS: 


SEND US 
YOUR 
ENQUIRIES 
















“CRANES, RODLEY.” 


ELECTRIO, 
STEAM, 
HAND, &c. 


CAPSTANS. 
ELECTRICAL 
EQUIPMENTS. 





RODLEY, 


JOSEPH BOOTH & BROS., Lid., 


LEEDS. 


LONDON OFFICE: 3940 
CAXTON HOUSE, WESTMINSTER, S.W. 





RUBERY, OWEN & CO., 


DARLASTON, SOUTH STAFFORDGHIRE. 











10,000 Gallon per hour Water Softener 
Supplying a Battery of Boilers in Large Rolling Mills in the Midlands, 


WATER PURIFICATION PFIANTS. 
Bacterial Treatment for Town Supplies. _ Filtration and Softening for Industrial Purposes 
PLEASE SEND US YOUR ENQUIRIES. 3581 


GAIRD & RAYNER, 


Admiralty and War Office Contractors. 




















PATENT 


EVAPORATOR 


FRESH WATER FEED MAKE-UP 
APPARATUS, 


Approved by Board of Trade for Passenger Ships, 


BOILER FEED PUMPS. 


Vertical Single-Cylinder Direct-Acting type. 








COMPLETE 
FRESH WATER 


DISTILLING 
INSTALLATIONS 


(All Sizes) 
For LAND or MARINE USE. 


FEED WATER HEATERS. 
FEED WATER FILTERS. 


777, Commercial Road, Limehouse, 




















LONDON, E. ™ 


Tel. Address: VAPORIZE, LONDON, Telephone: No. 210, Eastern. 
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CRAIGa DONALD, Ld. 


JOHNSTONE, near GLASGOW. 


MAKERS OF 


MACHINE TOOLS 


Iron Works, Bridge Works, 





Shipyards, 


Boiler and Tank Works. 


1357 





Combined Beam Bending, Angle Cutting & Vertical Punching Machine. 


COCHRAN BOILERS 





Patent Vertical Multitubular—Standard design. 
READY FOR IMMEDIATE DELIVERY, 





Write for SPEOIAL OATALOGUES :— 
Class A.—For LAND USE. Class B.—For MARINE USE. 


COCHRAN & CO., ANNAN, LTD. 


ANNAN, SCOTLAND. 











East Ferry Road Engineering Works Go. Ltd. 


HYDRAULIC CRANES AND COAL HOISTS, BELT 
CONVEYORS FOR COAL, &c. 
PATENT PNEUMATIC GRAIN-ELEVATING MACHINERY. 











FIXED HYDRAULIC COAL TIPS (South Wales). 








Hvdrostatic Orane Weighing Machines up to 250 Tons. 
General Engineers and fronfounders. 


Engines, -Pumps, Sluices, Capstans, &o. 


Estimates given for Repairs. 











MIRRLEES, BICKERTON & DAY, Lro, 


near STOCKPORT. 


Telegraphic Address { H A ee 0 


Hazel Grove, 
LONDON Ortice { ‘22 Canaca Street, 





MAEERS OF 


The “ MIRRLEES-DIESEL” OIL ENGINE. 





376 B.HP. “ Mirrlees-Diesel” Oil Engine. 


THE MOST ECONOMICAL ENGINE MADE 


—_—ren-—_— 
LIGHTING, TRACTION, POWER, PUMPING, 
PROPULSION, Sc. 


CHEAP AND SAFE OILS USED AS FUEL. 





Telegram: 
Hyprostatic, Lonvon, 





MILLWALL, LONDON, E. “* 
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INDUCED DRAFT 


PRAT PATIUNTS, 
“41m OIRCUIT’’ or “‘OUT OF eae” ” 
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POWER STATION, GRAND-QUEVILLY, nr. ROUEN. 18,000 HP, 


OPERATING AND ORDERED FOR 


BOILERS rated at nearly 


== MILLION HP. 


HIGHEST EFFICIENCY, NO WATER-COOLED BEARINGS. 


Patentee and Maker-LOQUIS PRAT, Engineer, E.C.P., 
29, Rue de l’Arcade, PARIS. 








British Representative —S. UT TING, A.M.I.Mech.E., A.M.ILE.E, 


4, 8t. Mary Axe, LOMNMDONMW, EI.C. 


*Puone.: AVENUB 1879. 3380 






























= CETYLENE i j ‘ . 
Be a ie) al ; ENGINEERS’ 
ETYLENE ) | PORTABLE 
EQUIPMENT PLANT. 
Por All Purposes. 
Safety is an 
The most Box essential 
reliable, CONTAINING feature. 
efficient and | aenoMtrons, Acetylene, as 
economical | aaucrittincs well asOxygen 
form of yy 4 supplied in 
Oxy-Acetylene | — 
Plant. ; orm. 
A valuable | Perfectly safe 
asset to every a to use and 
engineer. c made under 
ee Ne Home Office 
FOR 3 < Regulations. 
WELDING, — Ea 
Zz USED BY 
a " RAILWAYS, 
aa . TRAMWAYS 
HARDENING, SSTEEL 
Buitpina Up FOUNDRIES, 
JOINING &c., &o, 
Bh ni Sole Manufacturers 
CUTTING, THE ACETYLENE 
&c., &e. ILLUMINATING 
Catalogue sg gn 
free on - : Lambeth Rd., 
application. = CoMPLETE EQUIPMENT from £19 10s, LONDON, S.W. 




















CA CLARAE. 


INSTAL. | EL PHERAGE 





HANDLE 
YOUR 
MATERIAL 
QUICKLY & 
CHEAPLY 





or 
électric 
Jelphers & 
all Types of 
Conveying 
Sa?" 


ERT ‘DEMPST 


LAW ie ire. 
YORKSHIRE. 





The Last Word 


—iIN — 


BAND SAWING 
MACHINES for Metal. 


PATENT No. 29385. 


New Features :—Al! wear on gears, due to cuttings dropping on them, AVOIDED 
by our patented Overhead Drive. Patent Swivel Table, Feed Gear Box for instantaneous 
change of feed. New Top Guide to adiust instantly to correct position of table 
when swivelled. 


OVER isoo MACHINES SOxrLD. 





NOBLE & LUND, Lr. 


FELLING-ON-TYNE. 
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GRAND PRIX BUENOS AYRES EXHIBITION, 1910. | a Ly x 


'B kK M N C 4 A M RAILWAY CARRIAG 
& WACON CO., LTD. 
Tele. Address: “ Carriage, Bh gece ee cot — Nos. : 17 & 107 Smethwick. 


SALOON & OTHER RAILWAY CARRIAGES & WAGONS OF EVERY DESCRIPTION. 


PRESSED STEEL UNDERFRAMES, BODIES AND BOCIES, 
For Home and Abroad. 














Ye ad wi 
% a cd si IN PRESSES. DIES , 
Buenos Ayres and Pacific Railway.—Special Family Saloon, Saloon Compt. <By va Ip ; P 7 
Makers of Hydraulic Pressed Boss and other Wheels and Axles, Ironwork, Axle Boxes, Castings, &0, TAyLor & CHALL 
Sole Manufacturers of Dean & Churchward’s patent “‘ Eitherside” Brake, 
and Marillier’s patent ‘‘ Instanter” Coupling. 3870 HUNDREDS OF PRESSES INSTOCKE 
Works: SMETHWICK, BIRMINGHAM. THOUSANDS OF SAMPLES OF 








PRESS WORK IN SHOWROOMS. 











——- — 


———aae 





PATERSON 


WATER FILTERS 


Send for our new No. 15 WATER SOFTENERS 
Instruction Book. 
Every Smooth-On user should WATER HEATERS 
ha f this New Book a 
a 1 It a iccodale Reis to “ & PURIFIERS 
the Eight different Smooth-On 
lron Cements. It will save you OIL ELIMINATORS 


time and " 
~ IRON ELIMINATORS 











SMOOTH-ON 


























M SmooTH-ON 
eee alk . eases aa Write at once to— —— 
‘ Mooetields, 
LONDON, E.C. ® 
6108 
= ||| THE PATERSON ENGINEERING CO., 
“ 4 21, Amberley House, Norfolk Street, London. 
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An Installation at the Halling Works of Messrs. 
The Associated Portland Cement Mahufatturers, Lid. 











RUSTON 


Patent “Wood Refuse” 
Suction Gas Producers. 


These Producers, with their gas-cleaning plant, are the 
result of a lengthy and varied experience in all parts of 
the world with a variety of combustible materials and 


for all duties. 


Their pre-eminence is due to the simplicity and thorough 
reliability of the plant, combined’ with the following 
distinctive features : 





Extra Thick Plates, ensuring long life. 


Multiple Gas Outlets provided at the top of the Generator, 
giving an even draught through the fuel bed at all points 
and at all loads, thus preventing local heating. 


Dust Depositing Space. Above the fuel bed, preventing 
light sawdust, dust, etc., from being carried into the 
outlet pipes. 


Patent Pipe Scrapers. The outlet pipes are fitted with 
scrapers, by means of which all deposited tar, etc., is 
efficiently removed without interfering with the working 
of the Plant. 

Patent Cascade Gas Washer. Much more effective than 
the usual coke scrubber, which requires frequent renewal 
of the cleaning medium. 

Dust Depositing Chamber. There is a water seal at 
the bottom of the gas washer, enabling dust and tar 
to be removed while the plant is working. 

Rotary Tar Extractor. An efficient appliance with two 
stages, which’practically eliminates all traces of tar. 

Sawdust Scrubber. Here the gas is finally cleaned and 
dried before passing to the engine. 

Fuels. Wood refuse fuels of all kinds, Also cocoa-nut husks 
and shells, rice husks, olive refuse, sunflower seed husks, 
tea prunings, etc. Further, these Producers will work 
on Anthracite, Coke, Charcoal, Peat, Lignite, Brown 
Coal, ete. 








We shall be pleased to send you 
copy of a new Circular, giving 
full particulars and testimonials. 
A bost-card will bring it. 


SOLE’ MAKERS: 


Ruston, Proctor & Co., Ld. 
Head Office and Works : 
LINCOLN, ENGLAND. 
Adso at 


46, Queen Victoria Street, 
Londen, E.C. 






































ELLISON 


CRANE CONTROL GEAR 





CONTROLLER, 





BRAKE SOLENOID. 





SELF RESETTING LIMIT SWITCH. 3761 


GEORGE ELLISON, 


VICTORIA WORKS (Head Office), COMPONENT PART WORKS, 
WARSTONE LANE, SUMMER HILL ST., 


Twenoucrion. BIRMINGHAM, "cise, cenrma. 
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ECONOMICAL 
TRANSMISSION 
OF POWER. 




















li-in. SPLIT MUFF COUPLING. 














The illustration is from an untouched photograph 
and shows the smooth running of a Brampton Chain 
transmitting 15 HP. at 1840 feet per minute. On 
the original, the divisions on scale rule can be read, 
demonstrating absence of vibration in complete 
drive. 


Exposure for photo. 74 minutes. 


A Chain Drive gives a maintained efficiency of 
98 percent. The Multi-tooth engagement of Chain 
and Sprockets gives smooth turning, which means 
maximum output and high-class work. There is no 
tension in Chain, therefore no excessive friction 
on bearings. Other advantages may be learned 
from our book, ‘‘ POWER TRANSMISSION BY CHAIN.” 
We send it free. 





We are Exhibiting at the 
SHIPPING, ENGINEERING AND BEARING FOR 18-in. SHAFT. 
MACHINERY EXHIBITION, 
OLYMPIA, September 25th to 
October 17th, 1914. 3757 














BRAMPTON BROS., Ltd., BIRMINGHAM. 


ee eT Te Meee! Unbreakable Pulley & Mill Gearing Go.,Ld. 











SPECIALISTS IN THE ECONOMICAL TRANSMISSION OF POWER. 


56, CANNON STREET, LONDON, E.C. 


Telegrams : HORSEPOWER. Telephone: 5051 (BANK). 1201 


WORKS: WEST CORTON, MANCHESTER. 
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LUBRCATIN 
OILS 


For 
Cylinders of 


STEAM, 


GAS 
OIL 
ENGINES; 


TEXTILE 


MACHINERY 
OF ALL KINDS, 
and for 


STEAMSHIPS 
and 


RAILWAYS. 


Price Lists and Samples 
on Application. 

















(Price’s PATENT CANDLE CoMPANY Lb., 
LuBRICATING OIL Dept.) 


Belmont Works, BATTERSEA, 
LONDON, S.W. 





2:81 
Guardian Buildings, 
CROSS’ STREET, 
MANCHESTER. 


THE MOTHERWELL E BRIDGE Co. 


Telegraphic Address—‘* BRIDGE.” National Telephone No. 40. 


BRIDGES, ROOFS, DOCK GATES, 


AND SIMILAR 
PIERS, TANKS, STRUCTURAL WORK. 


3451 









FAWCETT, PRESTON & _ LTD., 


Telegrams: Fawcett, Liverroot. Codes used: A BC (4th & 5th Edns.), Al & Western Union. ENGINEERS, LIVERPOOL. 


° staal HEAVY 
, and other 


Cane- 
Grinding 
Plants 


and all other 
classes of 


SUGAR 
MACHINERY, 
Also 
SEA-WATER 
DISTILLING 
APPARATUS, 


HYDRAULIC 
PRESSES 


for Baling 
Cotton, Jute, 

Fodder, 
&e., &., ke. 


Nitrate- -Making 
Plant. 


London Office; 
69, Victoria St, 
8.W. 








ENGINE and STEEL GEARING for driving AN ELEVEN- N-ROLLER CANE-GRINDING PLANT. 3529 


emer eenn ee 




















Automatic Cross-Cut Saw Bench, Type MMM. 


For cross-cutting heavy timbers of all kinds, and especially 
for use in Railway Carriage and Wagon Shops, Ship- 
building Yards, &c. Leaflet on request. 


Od 6602 


Thos. Robinson & Son, Ltd., Rochdale, Eng. 



































- 
hog 
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-PETTER OIL ENGINES 


FOR REFINED OR CRUDE OILS. 
AWARDED GRAND PRIX, TURIN INTERNATIONAL EXHIBITION, 1911 and 30 GOLD and SILVER MEDALS. 
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Continental 
Light. 


AAA rrwrv 
INCANDESCENT OIL LAMPS 
With Inverted Mantle. 


100-1500 CANDLE-POWER 


from ordinary kerosene or petroleum. 


THE CHEAPEST & STRONGEST 
LIGHT ON EARTH 


roR————_ 

Railway Stations, Streets, Public 

Squares, Gardens, Ships, Court- 

yards, Worksheps, Warehouses, 

Shops, Restawraats, Private 
Houses, &c. 


THE LATEST! 
Without Air Pressure. 


Lighting ‘Throughout of 
Automatically. Brass Nickel-plated, 

















The new 5 B.HP. “PETTER JUNIOR” for 
Refined Oil, with Magneto ignition. Price, 
as illustrated, £40. Stationary type £36. 


OVER 10,000 ENGINES IN USE ALL OVER THE WORLD. 


PETTERS LIMITED, Fngineers, YEOVIL, England. 


SHOwrooms—73, QuEEN VicTORIA STREET, LONDON, E.C., anp 140, Victoria Street, BRISTOL. 


C. ISLER & CO.’S 


“CORE” DRILLING PLANT 


For WATER and for PROSPECTING for MINERALS, &c. 
Any size and any depth Bore Holes fixed by the ROTARY or PERCUSSION Systems. 


100 B.HP. Semi-Diese!l Type 


INustration as sizes 8, 10, 12 and 15 B.HP. 
for Crude Oils. . 


Horizontal Stationary type for Refined Oil. 






















3298 








All kinds of Drilling Plants for HOME or EXPORT. 





rue“ AUTOFAX” te VESTA” 





with Inverted No. 551-160 C.P 
| Mantle. » 858-160 ,, 
No. 531—1200 C.P. 
. s » 582-1900 ,, » 559-160 ,, 


With Inverted Manties. 


Latest IMPROVED 


AIR LIFT 
PUMPS. 


Capable of Raising Maximum 
Supplies, and also Improved 








“IDEAL” “LYRE” 

eep No. 300— 250 C.P. No. 374—100 C.P, 
” 433— 500 ” ” 396— 250 ” 
» 414-1000 ,, , 426-500 |, 

100 Candle Power Patterns. 





Well Pumps 


Steam Pumps, Steam or Oil 
Engines, Gas Producer Plants, 
Windmills, &c. 





No. 871. 








BEAM PUNCHING AND ROTARY DRILLING PLANT. 





Sites Inspected and Geological Opinions furnished. 


ESTIMATES FURNISHED, 





No. 872. ‘=~ No.j872a. 


No. 878. 
| Write for Catalogue No. 230. | 


CONTINENTAL.LICHT- 


u-Apparatebau-Gesellschaft m.b.H. 
Works & Offices: MAINZERLANDSTRASSE 198, 


FRANKFORT o. M. 
(Germany). 2860 





CO. IsL.ER & CO., L.™=- 


A Artesian and Consulting Well Engineers. PROSPEOTORS FOR MINERALS. 
contractors to H.M. War Office, Admiralty, India Office, Crown Agents for the Colonies, Egyptian Governments, &c. 


BEAR LANE, SOUTHWARK STREET, LONDON, S.E. _ 
BIRMINGHAM: 68, SUMMER ROW. 
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WATER 
SUPPLIES 


ARTESIAN TUBE WELLS 


AND ‘ABYSSINIAN” TUBE WELLS. 
AIR LIFT PUMPING PLANT. 


Le Grand & Sutcliff, 





Artesian Well and Waterworks Engineers, 
125, BUNHILL ROW, ss 


LONDON, E.0O. 











REDMAN 


HALIFAX. 


See our Half Page 
Advertisement in 
last week's issue. 


3610 








G.&®A.HARVEY, Lt? 








GOVAN ,CLASGOW. 
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TELEGRAMS, GANDAH ' 


HIGH SPEED I 


MACHINE TOOLS 


a) For TURBINE WoRK 
BoiLteER Work 


AND RAILWAY Work 
Specialities. 


THE HARVEY TAPPER” 


FOR RAPID — oe STUDDING 


THE HARVEY Facer” 
PROMPT DELIVERY. 

















LATHES: 








PRATCHITT 


BROTHERS, 


Denton Ironworks, CARLISLF. 


PUMPING, 


WINDING ano 3425 
HAULING 
ENGINES. 





TG BEOS. 





‘DUSSELDORF. 





JUT THE WORLD 
































PyiFrREYMANS 


RUST 
PREVENTIVE. 





Bright Metal Surfaces 


brigh f "Engines, ‘Machinery, 
of Engines, 
Tools, Prevents Rust, no matte 
how severe the test. Supersedes White 
—_ a Tallow or similar products. 
because it goes further. 
Applied ea — ae — Enters 
pores, a permanent protection 
after cleaning up. Neither new nor 
experimental, but has been in constant 
use for over twenty years by most of the 
leading and up-to-date te Engineers, &c. 
If interested, we should be pleased to 
submit sample ‘and nd price. 


W.H. PALFREYMAN & CO, 
Goree-Piagssas, Liverpool, 3658 








BRADLEY aGRAVEN 


WAKEFIELD. 








HIGH-DUTY 
SHEARS 
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YOU DO NOT EXPERIMENT with an untried product when you apply 























MAY WE 
HAVE YOUR 
siurpiaon «| NEXT ENQUIRY 





which has stood the test of 25 years. 


























Unequalled for preserving Iron or Steel Work subi anderground or subject to 
Acid or Alkaline Fumes or Liquors. Jet Black with an el surface which always 
remains tough and pliable. ‘Absolutely non-poisonous, therefore specially suitable and 2? 
largely used for Drinking-Water Tanks whether of Steel or Concrete. Descriptive Booklet Ps 
on request. 

Among Usersof ‘* Asphaltene” are H.M. OFFICE OF WORKS in connection with the PEX| 











ting of Iron and Steelwork, especially Drinking- Water Tanks at the Houses of Parliament, 
Somerset House, General Post Office, and all the Royal Palaces, PORT OF LONDON et sie wip 
AUTHORITY for Lock Gates, &., &c., Home and Foreign Governments, Leading xaos 
Railway and Steamship Companies, &e., &e. 


J. DAMPNEY & CO., Ltd., Wii Racul 





Head Offices: MERCHANT’S EXCHANGE, CARDIFF. AcuL|) 


y -) 
Wires : ‘‘Dampney, Cardiff.” Tele. : Nat. 248. AcUL 
London Office: 87, BISHOPSGATE, E.0. Wires: ‘‘Apexior, London.” Tele. : P.O. Central 12782. a highly efficient decorative coating 
Liverpool Office: 3, GOREE PIAZZAS. Telegrams: ‘‘ Dampney, Liverpool. Tele. : 7016 Central. for Steel Work. 
Paris Branch : 278, BOULEVARD RASPAIL. Tele. : “‘ Apexiorum, Paris.” Tele. : 708-15 & 729-25. THE Paint for Corrugated Iron. 














A Steel to be Proud of. 


If you take a pride in calling attention to the work your 
Tool Steel is doing, 


If you wish your men to feel that they are using a 
Steel out of the ordinary, 


If wt is any satisfaction to you to know you have a 
Steel you can rely on to tackle the toughest jobs, 
then use 


POD Meee ™ 
ALLENS STAG @™ SPECIAL HIGH SPEED STEEL = 





@ “Stag Special” is the highest quality of Tool Steel made at the 
Imperial Steel Works. Every possible care is taken that nothing 
but the purest Irons and other raw materials are used in making it. 
Only the most highly skilled of Sheffield’s Steelworkers are allowed 
to handle it during its progress from Crucible to Finished Bar. 
This care means uniformity, and a uniform steel is reliable. 


@ “Stag Special” is easy to forge and harden, but we will, if you 
wish it, put one of our experts entirely at your disposal, free of charge, 
to instruct your men in its treatment and to demonstrate its capabilities. 





Have you a copy of our latest Gr Catalogue? . - KIRBY BANKS SCREW 
Tf not, write for it. 
F CO., LTD., 


EDGAR ALLEN & CO., LIMITED, a 


LEEDS. 
SHEFFIELD. et a 


Telephone—641 (Two Lines). 
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DIE-SINKING MACHINES 


For Sinking Forging Dies these machines have 
proved to be indispensable in forging plants the 
world over. In their design are incorporated the 
necessary essentials of exceptional rigidity, accuracy, 
convenience and ease of operation. Knees and 
slides are all mounted upon long dovetail bearings, 
taper gibs being provided to maintain proper relation 
between bearing surfaces. . Micrometer dials are 
provided, which, in connection with accurate screws 
and adjustable nuts for wear on slide screws, 
give exceptionally accurate control of the work. 























WRITE FOR CATALOGUES AND FURTHER INFORMATION. 


P. & W. SMALL TOOLS AND GAUGES. 


WRITE FOR CATALOGUES. 


PRATT & WHITN EY CO., HARTFORD, CONN., U.S.A. 


ents s—LONDON, E.—Buck & Hickman, Ltd., 2 & 4, Whitechapel Road. Also Birmi LONDON, 8. W.—Niles- Hho Pond Co., 25, Victoria Street. 
thas. —R. 8. Stokvis & Fils, 130, Rue Lafayette, Agents for Sas, Belgium and Switzerlan an —The F. W. Horne Co., 6, Takiyama- cho, Kyobashi- ku, a. 
ITALY.—Ing. Ercole Vaghi, Milan. GERMANY.—F. G. Kretechmer & mpany, Frankfurt a/M. HOLLAND.—R. 8. Stokvis & Zonen, Ltd., Technische Afdeeling II, 
Rotterdam. VIENNA.—Donauwerk Ernst — & Co., XX/2, Engerthstrasse 165. RUSSIA.—S. G. Martin & Company, Ltd., Gogol St. No. 21, St. Petersburg, and 
Varvarka, Srednie Riadi. 242, Moscow. RAZIL—Comp toir Technique Brésilien, P.O. Box 802, Rio de Janeiro. PERU—W. R. Grace & Company, — 
CHILE—International Machinery Co., Lovande, sao, Santiago ; ar Nitrate Agencies, Ltd., Antofagasta and Iquique. 


HIGH-PRODUCTION MACHINE TOOLS 


Railways, Arsenals, Shipyards and Engineering Works. 


NILES - BEMENT - POND COMPANY, 


NEW YORK-—111, Broadway. LONDON-—25, Victoria St., S.W. 


AGAIN TS : 5438 


FRANOGE—Glaenzer & Perreaud, 18-20, Faubourg du Temple, Paris. G@ERMANY-—F. G. Kretechmer & Co., Frankfurt-a-Main AUSTRIA -HUNGARY—Donauwerk 

Ernst Krause & Co., Vienna. RUSSIA-—S. G. Martin & Company, Lta., Gogol St. No. 21, St. Petersburg, and Varvarka, Srednie Riadi 242, Moscow. 

HOLLAND-—R. 8. Stokvis & Zonen, Ltd, Technische Afdeeling II, Rotterdam. YAPAN-—The F. W. Horne OCo., 6, Takiyama-Cho, Kyobashi-ku, Tokyo. 

ITALY—Ing. Ercole Vaghi, Milan. BRAZiIL—OComptoir Technique Brésilien, P.O. Box 802, Rio de Janeiro. PERU-—W. R. Grace & Company, Lima. 
OHILE—International Machinery Oo., Lovande, 540, Santiago; and Nitrate Agencies, Ltd., Antofagasta and Iquique. 


PONTIFEX & WOOD, Litd., 


REMOVED from Prine Works, Shoe Lane, LONDON, to UNION FOUNDRY, DERBY 


Lonpvon Orrice: 175-177, SALISBURY HOUSE, LONDON WALL, E.C. 


STILLS ano 
DISTILLING PLANTS 


FOR ALL PURPOSES. Od 1448 




































Awarded Grand Prix, Franco-British Exhibition, London, 1908, 





vr 
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| Equally Suitable 


for repetition and for varying work. Our Vertical Milling Machines 
are flexible and adaptable in their application, yet are so easily 
controlled that they will handle repetition work to advantage. 








The illustration shows a No. 8 
Vertical Mill specially arranged for 
cutting Out forging dies from a former 


| or copy. 


Our line of machines’ covers 
practically every requirement from flat- 


surfacing bulky work to die-sinking. 


No. 1. 30 in. by 124 in. by 20 in. 
No. 3. 36in. by 12 in. by 20 in. 
No. 16. 34 in. by 134 in. by 20 in. 
No. 5. 48in. by 18 in. by 26 in. 
No. 8. 62 in. by 38 in. by 27% in. 





ALFRED HERBERT Ltd. Coventry. 
THE LEEDS FORGE CO., LTD., LEEDS. 


LONDON OFFICE— 














PIONEERS i in the CAXTON HOUSE, 
Design & Manufacture of WESTMINSTER. 
PRESSED-STEEL 
UNDERFRAMES & BOGIES, sees 
and ALL-STEEL 


UGANDA RAILWAY. 


Covered Goods Wagon, with 

Fox's Pressed 6t Under- 

frame and Bogies, and Lane's 

Patent —S.. Pressed 
rs. 


RAILWAY PASSENGER 
CARRIAGES and WAGONS. 


Se 











es 
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ON ADMIRALTY LIST. 


Telegrams : 
BESSEMER, SHEFFIELD. 





STHET MANUFPACTO RERS 
AND AT BOLTON (LANCS,). 


Re ALI 77 by 


ORGE INGOTS 
up To 25 TONS. 


FORGED 
CHROME STEEL 
SHOES anp DIES 
FOR GOLD MINING 
PURPOSES. 
LARGEST 
OUTPUT 
OF ANY 
ENGLISH FIRM. 


ROLLERS 


& 
PATHS 
FOR QUARTZ 
CRUSHING. 


NICKEL 
& 
CASE 
HARDENING 
STEELS. 


HIGH TENSILE 
STEEL 
FOR 
WIRE DRAWING 
& 


ORDNANCE. WORK. 


CONTRACTORS TO ' 
ADMIRALTY, 
WAR OFFICE, 
CROWN AGENTS 

FOR THE COLONIES. 











Telegrams: 
BESSEMER, BOLTON. 





CIALI7 
a & 


SHAFTING 
OF ALL 
DESCRIPTIONS FOR 
MARINE 


& 
LAND ENGINES. 


ROLLED BARS, 
FLATS, 
ANGLES, 
COLLIERY 
RAILS, 
FISH PLATES, 
SPRING STEEL 
& 


SPECIAL 
SECTIONS. 


REELED BARS. 
BILLETS 


& 
BLOOMS 
FROM 
2”—12” sa. 


CONTRACTORS TO 
COLONIAL, 
INDIAN 


& 
FOREIGN 
GOVERNMENTS 
BRITISH 
& 
FOREIGN 
RAILWAYS, &c. 





BUILT-UP AND SOLID CRANK AXLES, with GUARANTEED MILEAGE ano CRANK SHAFTS, 
TYRES ano AXLES OF ALL Types, for Railways, Tramways, &c. 
“ARGENTINE” BRAND, for Locomotives, &c. 


SPECIAL HIGH-TENSILE TYRES, 
WELDLESS CRANK HOOPS, BOILER RINGS and ANGLE RINGS. 











HorizonTAL AiR COMPRESSORS 





Belt, 





High Class Steam Engines, with ‘‘Corliss’’ or “‘Drop-Valve’’ Gears, up to 500 I.HP. 
Single and Compound Types, with Jet, Surface or Evaperative Condensers. % 


THE ANDERSTON FOUNDRY CO., L™.. 


GLASGOW; and at MIDDLESBORO. 
Telegrams: AFCO, GLASGOW. 3556 Telephones: 2259/60, ARGYLE. 





Single and Double Stage, . 
Motor or Steam Driven. 





IsT ow APPLICATION. 























<2 pape eet 
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N t i ] G EK C 
ationa as N-gine O., 
— ’ LIMITED. 
AS SUPPLIED 
SPECIAL 
FOR FEATURES. 
“a Reliability. 
» Regularity of 
Weaving Speed. 
Sheds, Low Fuel & Oil 


Collieries, &c. Consumption. 
Electric Driving for Positive 
all purposes. Starting. 





Installation of TWO 500 B.HP. ENGINES, running on Coke Oven Gas, at a Staffordshire Colliery. 





WORKS and OFFICE : 


LONDON SHOWROOM : 75a, Queea 


Ashton - under - Lyne, 
Victoria Street, 


LONDON, E.C. 5143 


MANCHESTER. 











| 









Branches :—LONDON, GLOUCESTER, TORONTO, 
WINNIPEG, LANDEN, COLOGNE and VIENNA. 


R. A. LISTER & Co., Ltd., vurstey, Engiana. 








Manufacturers of :— 












Catalogues 















LISTER ENGINE DRIVING CHAFF CUTTER. 





High Class 
Petrol, Oil and 
Gas Engines, 
Automatic 
Electric Light- 
ing Plants, and 

Pumping 
Plants, of 
World-wide 
Reputation. 









LISTER ENGINE DRIVING GRAIN ELEVATOR. 





LISTER ENGINE DRIVING STONE BREAKER. 
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A. G. MUMFORD, L == 
“aust” DONKEY PUMPS 

















COLCHESTER. ‘ 
With Great Improvements for Heavy Pressures. 


GUN-METAL 
PLUNGERS, VALVES 
AND SEATINGS. 


VERY STRONG. 
WELL FINISHED. 
Made Single and Double Acting. 


Also 
“ DUPLEX” & “ SIMPLEX” 
STEAM PUMPS. 


Vertical and Horizontal for 
BOILER FEED—AIR and 
CIRCULATING 
and all duties for which 
pumps are required. 





























FULL PARTICULARS AND LISTS ON APPLICATION. 2330 
Sineue-Actine. Dovus.e ACTION. 

Sizes. ——_—_—_.--————— an ee Sizes. —— . are 

No.0. | No.1. | No.2 | No.3. | No.4. | No.5. | No.6. | No.7. | No 8. | Nod. | Not. | No. | No. 7. | No. 8 
Diameter of Ram .. es 1 1, ly 2 it at af 4 Diameter of Ram oid 4 7 | 3h 5 
Diameter of Cylinder os 2 2 3 3 4 5 5 7 Diameter of Cylinder | 38 34 4} oh |} 6 7 
Length of Stroke... . 2 2 3 4 5 6 6 6 Length of Stroke .. .| 3 4 5 | 6 6 
Gallons per hour... oe 90 130 210 440 660 | 1000 1080 1280 Gallons per hour... ..| 420 800 1250 182 2160 4000 
N.HP. of Boiler . 4 8 16 30 45 70 62 80 N.HP. of Boiler 32 70 90 | 120 150 250 





























™ SUNDERLAND FORGE« ENGINEERING CO.,Ld, 


PALILION, SUNDERLAND. 





We are Exhibiting at the Shipping, Engineering FOR HIPB ILDERS 
and Machinery Exhibition, Olympia, September ' 


25th to October 17th, 1914. 


SHIPOWNERS, 
ENGINEERS, &c. 


Over 15 years’ experience in 
the Manufacture of Electric Winches. 


ENGINES & DYNAMOS 


FOR 


SHIPLIGHTING AND POWER. 


Complete Electric Installations. 


3420 








Ep PPPS 


eke tnie 











Te.sarame—MARR, SUNDERLAND. 
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ANNA AAA 


Dick, Kerr Steam Turbine Sets. 


rr : * 
ep . 





| 





ANNIE 














ADVANTAGES: 





ian 


Simplicity of Construction. 


Large Blade Clearances. 





High Efficiency and Close 
Regulation at all Loads. 


Low Maintenance Costs. 


HAINAULT 





Minimum Floor Space. 





























DICK, KERR 2,500 K.V.A. TURBO-ALTERNATOR SET. 


DICK, KERR 


& CO., LIMITED, 


ABCHURCH YARD, CANNON STREET, LONDON, E.C. 


Branches: MANCHESTER, NEWCASTLE, JOHANNESBURG, TOKYO, SYDNEY, 
BUENOS AIRES, RIO DE JANEIRO, MOSCOW and MILAN. 


STUART Mice 


THE BLACKSTONE OIL ENGINES. 


STATIONARY TYPE. PORTABLE TYPE. 
For Crude Oil an 15 to 140B.HP. For Crude Oil sie 15 to 45 B.HP. 


For Refined Petroleum 14 ,, 75 B.HP. For Refined Petroleum 14 ,, 26 B.HP. 
Start in <& minutes. 


No Lamp required except for starting. 
No external flame when working 
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BRAN CHES: - 


LONDON : 81, Cannon Street, E.C. 


Telegramr—“ Engimanu, London.” 
Telephone—3144, Central. 
ADELAIDE .. 61-63, Hindley Street. 
ALEXANDRIA’ Rue de la Gare du Oaire. 
AMSTERDAM Spuistraat 6 & & 


ANTWERP... Rue des Peignes. 
BOMBAY -- Marshall’s Bidgs., Ballard 
Road. 

BUDAPEST .. VI Gyar-Utcza 5. 

BUENOS AIRES 833 Calle Peru 385. 

CAIRO . . Rue Bab-el-Hadeed. 

CALOUTTA <. 99, Olive Street and 265, 
Strand. 


eee 
Belt. 


N.Z. South 
CONSTANTINOPLE- \ Grand Rue Mahmoudie 
GALATA .. i No, 142-146, 


DUBLIN -- Dickies Warehouse, South 


Dock Street. 
EAST os, 
Cambridge Street. 
GERALDTON, 
W.A.. -» Marine Terrace. 
GLASGOW 28, Graham Square. 
MEL BOURNE... 585, Bourke Street. 


MILAN . -. Via Palmero 8-10. 

PARIS -- 28, Boulevard de l’Hopital. 

3YDNEY. 7, Bent Street. 

THE HAGUE .. 26, Verhulststraat. 

TORONTO - Oorner King and Simcoe 
Streets. 

TUN .. -. 100, Rue de Portugal. 

ESTIMATES & FULL PARTICULARS POST FREE 

Telegrame— 3781 


81 
“B ” 
ns LACKSTONES, STAMFORD. . . ‘ gy I 
Nos, 307 and 308(Two Lines’ 3 . 28 5 Le 
Codes used—LIEBER’S, Al. ABO od 

(4th & 6th Eds), ENGINEERING. FROM PHOTO OF 26 B.HP. ENGINE, WITH OIL TANK FOUNDATION FOR REFINED PETROLEUM. 


| BLACKSTONE & CO., L®- Stamford, England. 
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ROOTS’ “acme” BLOWERS 









OVER 
With all latest improvements. For Ordinary or High Pressures up to I0 lbs. per sq. in. 
The most perfect Blower for GAS MAKING & Steel Making 10,000 
with TROPENAS Process, &c. 
DRIVEN BY ELECTRIC MOTOR, SIMPLE OR COMPOUND ENGINE MADE 





FULL PARTICULARS FROM 


SAMUELSON & CO., Lu. BANBURY, 


BNGLAN DPD. 





Can be 
fitted with 
DUPLEX 
ROD ENGINE 
if desired. SES a TED. BA AN Neu RY. 
a SAMUELSON &Co LIM" 


CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, COLONIAL AND FOREIGN GOVERAMENTS. 
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ELECTRIC CRANES | 


OF ALI TYPWPBBS 
nBawtmOoTt Ri oO 


CAPSTANS 


ALSO HLEHCTRIC 


WINCHES 


you have requirements in the way of any 
i the above, please write at once for Catalogue. 


THOS. BROADBENT & SONS, L”. 


CENTRAL IRON WORKS. 


HUDDERSFIELD. 


LONDON OFFICE : 
SUFFOLK HOUSE, LAURENCE POUNTNEY HILL, EC. 
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New Design 


WOOD- 
TURNING 
LATHE. 








Made by 


DEAN, SMITH 








@ THE Lathe above illustrated embodies many unique features and is closely allied to 


our well-known High-Speed Lathes. — AND — 

, ) gos), | 4 

BED is of heavy and strong section and carried on cabinet feet which form very convenient tool cupboards. tL 
THE HEADSTOCKS, which are 6}-in. and 10-in. centres, are driven by separate countershafis, and in the case of the 64-in. the overhead 
cone can be located in any position in the length of shaft, thereby giving the fast and loose headstocks a variable distance between the 

centres, limited only by the, length of bed. Special adapter ball bearings are fitted to loose pulley, and ball bearings are also fitted to Lathe Manufacturers, 


front and back necks. 


The 10-in. HEADSTOCK, which has ring-oiling bearings to spindle, carries large faceplate at the back end of spindle for large diameter K EIG H LEY 


work, with pillar rest which slides on baseplate and operated by hand-wheel and screw. This can be arranged to work either transversely 
or longitudinally. 
The LOOSE HEADSTOCK has a large base, and is strong and rigid, being firmly bolted to the bed, and adjustable sideways for taper turning. lita am 


The SADDLE, which is operated hy hand-wheel through rack and pinion, carries swivelling tool post, which is interchangeable with hand rest, . 
pe g P Pe e Established 1865. 


[Res DEARN & C2 [!? 


3526 














Tre MANCHESTER DONKEY on WALL Pump 





ANCHESTER,S.E. 





PowER Pump’ 


i Horizontal Treble Ram... 
PEARNS CAMERON TYPE Pump 
Power Pump 


National Telephones 


2289 Central. 








Single Acting Double Acting 






Telegrams 


PUMPS ” Manchester. 





Vertical Treble Ram. oa $451 Single Ram. Double Ram. 
LONDON: 49, Queen Victoria St. B.C, GLASGOW: P. & W, MACLELLAM, Ltd., 129, Trongate. MEWCASTLE-ON-TYNE: B. CLEATON REES & CO., $8, High Bridge. 
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OS. FIRTH & SONS, LP | 


SHEFFIE 


XC, h{DHHI}HIDHIEL_ITLIHLYLHD HA... 
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CARBON AND MANGANESE STEEL CASTINGS 


FOR ss = — 8342 


GRINDING, CRUSHING and DREDGING. 




















The DEXTER Valve Reseating Machine 


or the Morse Machine designed and manufactured by us, has been in use aboard ships 
and at Naval Stations of the British Admiralty and the United States Navy for 22 years. 








AN EMINENT ENCINEER OF THE ADMIRALTY IS QUOTED AS FOLLOWS :— 


“Of all machines and equipment supplied the Admiralty Ships, there is no 
machine more universally useful, practical or efficient than these machines have 
proved.” 


THE MANAGER OF ONE OF THE LARGEST SHIPBUILDING WORKS IN THE WORLD MADE 
THE FOLLOWING STATEMENT :— 


“ Although there are many things useful on board ship, there is nothing more 
useful, more essential or better known by Marine and Naval Engineers, or better 
liked than these Machines for Repairing Valves.” 


THE DEXTER MACHINE HAS IMPROVEMENTS that add very materially to 
the efficiency and life of the machine. A new Catalogue, E.16, NOW READY, 
illustrates these improvements. We shall be pleased to send a copy of this 
Catalogue to you. 


We were the designers and only manufacturers of th MORSE Valve 
Reseating Machines. The Dexter Machines retain all the good features of the Morse 
and have a number of patented improvements that are appreciated by Engineers. 


The Cromil Engineering Co. have the Dexter Machines in Stock and will be 
pleased to send an Outfit to any responsible concern on 30 days’ trial. 


The LEAVITT MACHINE CO., Orange, Mass.,U.S.A. 


MANUFACTURERS AND SPECIALISTS IN VALVE RESEATING MACHINES. 3708 


CROMIL ENGINEERING CO., LTD., Newcastle-on-Tyne, 
AGENTS IN THE UNITED KINGDOM. Send for Catalogue H.16. 





RE Hila IRR sn ol 
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At Stand No. 365, Royal Show, Shrewsbury, we o* oe 
‘ have @ large and comprehensive exhibit of our : oe i , 
manufactures, including 7raction Engines, Portable +e > 


Engines, Gas Engines and Producers, Boilers, &., : 


! end we shell welcome « visit of inspec- | y © 
| ae be se eeecmtlion : o TR ACTION ENGINE S. . 





7 
HE ripe experience embodied in its . 
design, the high-class workmanship 4 
and materials which are everywhere a 
evident in its construction, are some of % 
the reasons which have made the Paxman : 
Traction Engine the most up-to-date ‘ 
Engine on the market. @ 
oe 
s 
s 
® 
& 
- 
Cf 


axma: 


Portable Engines, Boilers of all types and sizes, 
* Superheaters, Gas Engines, and Suction Gas Producers. 


® 
. 
. 
a 
« 
g 
a 
# 
£ 
& 
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+ 
¢, Davey, Paxman &Co.Lid. ,” 
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*. Colchester, ks. ¢ 
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SS TELEGRAMS: WATSONS NEWCASTLE-Otr-TYNE-O Se &) 


SS FIENRY WATSON SONS 


HIGH BRIDGE Wo <a 
if > al HIGH BRIDGE WORKS, (sage g| NEWCASTLE: ON-TYNE. 


ih 
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| oak atl 
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| r 
Highest Vacuum. ft ual Ii 


Our 
' Edward Type Valveless 
AIR PUMPS |; 


have been at Sea in Battleship 
and other Vessels for five 


years, giving highest vacuum || 
all the time. 


<a eentjent — 


a 
i | 
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| Bo 
CONTRACTORS To THE BRITISH ee 
> DUTCH, ITALIAN & RUSSIAN NAVIES. ECONOMy oY, 
























BSTABLISHED 1852. 


BELLISS & MORCOM LIMITED, 


BIRMINGHAM 
Telegrams :—“BELLISS, BIRMINGHAM.” LONDON OFFICE:—58, Victoria Street, S.W. 


“BELLIS n23iiue ENGINES 


smarssee- AIR COMPRESSORS. 


» 1070 3000 B.HP. 


“so” STEAM TURBINES 


CONDENSING PLANTS. 


FOR 


ELECTRIC POWER, LICHTINC, MILL DRIVING, 
AND OTHER PURPOSES. 


5500 Eingines built, 


represeating more thaa 


1,000,000 B.HP. 








TWO-CRANK COMPOUND ENGINE ann DYNAMO. 
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The Hoffmann Mfg. Co., Ltd, Chelmsford. 


WILLIAM BEARDMORE & CO., LTD., 


Telegrams: “BEARDMORE, GLASGOW.” “BEARDMORE, DALMUIR.” 


Steel Manufacturers, Forgemasters, 
Gun and Armour Plate Makers, 


Shipbuilders & Engineers, GL ASGOW. 











Contractors to Admiralty, 
Colonial and Foreign Governments. 


WAR SHIPS, 
MAIL STEAMERS, 
CARGO VESSELS. 


SAE Ts 


Crank & Straight, Hollow & Solid. 


SHIP & BOILER PLATES & SHEETS. 


HYDRAULIC FLANGED 


BOILER FRONTS, ENDS. AND FLUES. 









25 to 4000 HP. ‘‘ BEARDMORE” 


OIL ENGINES. 


0 et—t? Fe 





y and 
in Ball Bearings 


is of the highest importance, as, without. this, a 
silent and frictionless Bearing is impossible. We 
show one of the methods of grinding the faces of 
our Bearings with accuracy and ) 
number of the Races are held by a magnetic chuck 
which is rotated beneath the vertical Funding 
spindle. The Micrometer adjustment an 

control are to be noticed at the, operator’s hand. 
































YOOR 4, 


Finish 


economy. A 


electric 











ARMOUR PLATES 





ORDNANCE. 








(CRANK and 


AST. Es STRAIGHT) 
anwp TYRES 


For LOCOMOTIVES, CARRIAGES and WAGONS. 


WHEELS « AXLES 


FINISHED COMPLETE. 





4008 


NICKEL STEEL PLATES, SHEETS, 
BARS, SHAFTS and FORGINGS. 
All facilities aflorded for TESTING at the Works. 








STEEL CASTINGS usin 
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CAMMELL LAIRD & CO., L™: Sheffield. 


LONDON OFFICE: 3, Central Buildings, Westminster. S.W. 


























RAILS, FISHPLATES, 

SOLEPLATES, &c. 

DOME & BOILER 

ANGLE RINGS. 

| WHEEL CENTRES. 
LOCO CASTINGS. 

“ABT” RACK RLY. 


_ NICKEL CHROME STEEL 

| For COUPLINGS. 

| HIGH SPEED STEEL, 
TOOL STEEL, 

} FILES & RASPS. 











| 





STEEL CASTINGS FOR HYDRAULIC WHEEL PRESS. TOTAL WEIGHT, 197 TONS. | 3865 





_TYRES, AXLES, SPRINGS ano BUFFERS. 























UNGEARED CAPSTAN LATHES for the manufacture of 


light repetition turned parts from brass or steel bar, forgings or castings. 


Made in 3 sizes, viz :— 
5” centres, with 1” patent auto bar chuck. 
54” ~ os 
64” ” ” 14” 


DELIVERIES FROM STOCK. 









64° centre CAPSTAN LATHE, with 14” Auto Bar Chuck. ee 


H. W. WARD & C& L? “scr BIRMINGHAM. 


LONDON: 401, Mansion House Chambers, 11, Queen Victoria St., E.C. PARIS: 82, Avenue de la Republique. MILAN: Corso Porte Nuova Angolo, Via Parini. 


Foreign Agents :—Invia: Heatly & Gresham, Ltd. Australia: Thos. McPherson & Sons. RorrerpaM: Van Reitschoten & Houwens. Brusseis: W. Steinhaus & Co, 
Viewna, Corexiacex, Bern, St. Pererspure, STOCKHOLM : Schuchardt-& Schiitte. MonrreaL : Roper, Clarke & Co. 





























Rr, 
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Reliability and Efficiency 


combined with simplicity of control and absolute safety in operation are characteristics of 


Electric Crane Equipments 


that deserve the attention of crane manufacturers and owners alike. 


B.T.H. Crane Motors are designed to meet the heaviest service and among 
their salient features are: small size and octagonal shape enabling them to 
be used in confined spaces, bearings self-oiling and of special low-friction metal, 
which ensures long life, sturdy construction throughout, high-quality insulation, 
and heat rapidly dissipated by external and internal ribs on end _ shields. 


B.T.H. Crane Controllers have removable covers which give 
ready access for inspection or repairs; all parts are interchange- 
able, enabling renewals to be easily effected when required. 


Of the thousands of B.T.H. crane equipments in 
use complaints regarding them have been prac- 
tically z/, which proves their sound construction 
and trustworthiness. 


Write for free Illustrated List, E.G. 276, on Crane Equipments. 


The British Thomson-HoustonCo. 


ELECTRICAL ENGINEERS & MANUFACTURERS, LTb. 





B.T.H. CRANE MOTOR. Head Office and Works :-— Rugby, England. B.T.H. CRANE CONTROLLER. 


















































JOHN LYSAGHLIT. Limited. 


> 


CHIEF eee ee onan —_ S| =LONDON 
OFFICES: OFFICES : 
8T. VINCENT’S 36, 
IRONWORKS, | GRACECHURCH 


BRISTOL. } STREET, 


ASHTON SWING BRIDGE. Constructed and erected for the Bristol Corporation Docks by John L: saght, Limited. 
Length of Swing Span 220 ft., weight on centre pier 1000 tons, total weight of Steelwork in 1700 tons. 


BRIDGES. GIRDERS. ROOFS. BUILDINGS. 
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GARDNER PATENT CRANK PIN TURNING LATHE 


ENORMOUS SAVING IN CRANK PIN MACHINING TIME. 











(FULL PARTICULARS ON APPLICATION.) 


An absolute essential where Cranks 


are machined in quantities ! 






L. GARDNER & SONS, L?- 
Patricroft, 


MANCHESTER. 


Telegrams :— THEOREM, PATRICROFT.” in 
Telephone :—401, ECCLES (4 lines.) 1856 16-in. CRANK PIN TURNING LATHE. 


Nlliam Albis O° np PHILADELPHIA, PENNSYLVANIA, U.S.A. 























bag... ae I” SAP) as . 


MACHINE TOOLS 


When the two lips of a drill are alike in shape they will 
take equal cuts, thus dividing the work equally and 
increasing the durability of the drill. 














You can insure this result by having your drills correctly 
ground and pointed in the 


SELLERS DRILL GRINDER } 


For twist and flat drills from 4 in. to 3 in. diameter 
inclusive. 






Drills treated by this machine cut faster, feed easier, and 
do more work before re-grinding, than when sharpened 
in any other way. 


" ao, 
er 


Operated by a boy or handy-man this machine soon pays 


for itself in the decreasing cost of sharpening. ones 


Granes. .Injectors. Shafting. Turntables. 
South American Representatives: DUTILH-SMITH, McMILLAN & CO., Central Buildings, Tothill St., Westminster, LONDON, $.W. 
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It’s the Lanpis Dik (consisting of four milled 








| SELF-OPENING ROTARY DIE HEADS, 3", 1’, 13’, 14”, 2’, 24", 3", 34", 4”. 
| AUTOMATIC SELF-OPENING STATIONARY DIE HEADS, 4’, 14’ & 2”. 
STATIONARY PIPE DIE HEADS, 1’, 13’, 2’, 4” & 8”. 


FORTY 


Rotary and Stationary LANDIS 





PoeRO Hep 













Chasers) that gives the Lanpis Machine 


its : : P d 
its superiority an Die Heaps supplied to ONE 


isti rane 
distinction Midland Firm. 


LANDIS ALL STEEL 
FORTY 


Rotary and Stationary 


LANDIS Die Heaps 









Annealing, Re-Cutting, 


Re-Hardening, is ever required—you 


supplied to ONE Midland Firm. simply grind up the end of the Chaser when dull. 


SGHUCHARDT & SCHUTTE, 


on 34, VICTORIA STREET. LON DON, S.W. 14, PALMER STREET. 

















" 


RELIABLE VERY ECONOMICAL 






USES ANY SMOKELESS EXHAUST 








Write for Particulars. 
FIELDING SUCTION GAS ENGINES. 
GAS PLANTS. 

PARAFFIN ENGINES 


FIELDING ann Peatrl 








MAKERS OF 


SEE ROYAL SHOW-—STAND 3936. 
‘9E€ GNVLS—MOHS “1VAOU" 33S 


GLOUCESTER. 
EXPORT AGENTS WANTED 


& 
> 
3 
g 
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The WEIR 
FEED PUMP 


IS UNEQUALLED FOR 
ECONOMY 
€ EFFICIENCY @ 
RELIABILITY 
DURABILITY 





Standard Sizes - - - Delivery from Stock. 


3621 


© J. WEIR, coc 














SUTEHOFFNUNGSHUTIE(@) | 


OBERHAUSEN - RHEINLAND . 


WINDING ENGINES, High and Low Pressure CENTRIFUGAL PUMPS, MINE PUMPING PLANTS, Two-cycle 
GAS ENGINES. Four-cycle GAS ENGINES. MILL ENGINES. BLOWING ENGINES. ROLLING MILL 
PLANTS. FORGINGS of every kind and size. STRUCTURAL WORK, STEEL AND IRON CASTINGS. 


















EIBENHUTTE JOBERHAUSEN, BLAST FURNACE GAS ENGINE, 1500 HP. 


Ageats: H. SPANNAGEL, Norfolk House, Laureace Pountney Hill, Caanon Street, London, E.C. 

Agents for Scotiand and Ireland: WILLOCK, REID & CO., Ltd., 109, Hope Street, Glasgow (General Agents for Gas Eazine Work) 
Agent for the East Coast between the Humber and Tyne: HAROLD H. EARLE, Milburn House, Newcastle-on-Tyne. 

General Sales Engineer for all Engine Work and Plants: JAMES TURNBULL, 3, New Street, BIRMINGHAM. 3831 
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TANGY E'S 














ate a 
oT 


a 


ALL TYPES—HORIZONTAL OR VERTICAL. 


Tandem or Crcss-Compound; Condensing; Corliss; Winding; &c 


TANGYES LE birwnecuam. 


No. 410 B. 





























Steam Turbines. 
Electric Generators. 


Motors and -_ 


Transformers. 








The Brush Electrical Engineering Co., Ltd. 


LONDON OFFICE: 1, KINGSWAY, W.C. LOUGHBOROUGHE:. 
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Telegrame: Telephones: 
HYOROTURBO, WOLVERHAMPTON. NWO. 900 WOLVERHAMPTON. ~ 
HYDROTURBO, ESTRAND— LONDON, (intand only.) No. 9156 CiTY LONDON. » 
' 
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REGULATING 
PRESSURE CHAMBER PUMPS. 


ROTARY JET CONDENSERS anp 
HIGH VACUUM AIR PUMPS. 


JET CONDENSER SELF-CONTAINED WITH SUPPLEMENTARY LIFT PUMP 
TO COOLING TOWER. 


3820 


= ZEAE ROWRS 


== ttHhhiPHAAPTON Cer RSS. 


Lonwon Office MORIOLK HOVSL BROKE IAUKS* ST RRA W C 
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STANDARD MOTORS 
FOR ALL PURPOSES 





THREE-PHASE INDUCTION MOTOR 
FOR DRIVING AIR COMPRESSOR 
SUPPLIED TO A COLLIERY IN SOUTH WALES. 
OUTPUT: 650 B.H.P., 3000 VOLTS, 50 FREQUENCY. 
SPEED: 247 R.P.M. 


SIEMENS BROTHERS DYNAMO WORKS LIMITED. 


Head Office : | Supplies Dent. & Stores: ** Tantalum ’’ Lampe & Fittings. 


CAXTON HOUSE WESTMINSTER, 8.W. 38 & 39, UPPER THAMES STREET, E.C. TYSSEN STREET, DALSTON, N.E. 
Telephone: GERRARD 860 Telephone: CITY £350. 


Telephones: CENTRAL 8387/9 & DALSTON 2440. 
Telegrams: SIEMBRALOS, VIC, LONDON. 


Teiegrams : SIEMOTOR, CENT, LONDON. Telegrams: SIEMODYN, KINLAND, LONDON. 


Works: STAFFORD. 
BRANCHES: 
AUCKLAND (N.Z.). CALCUTTA GLASGOW. MELBOURNE. OSAKA. SHANGHAI. TOKYO. 1712 
BOMBAY. CAPE TOWN. HONG KONG. MEXICO. . SHEFFIELD. T oO. 
— CARDIFF. JOHANNESBURG. MONTREAL. SINGAPORE. VALPARAISO 
— DUNEDIN (N.Z.). MADRAS. NEWCASTLE. RANGOON. SOUT HARP TON. WELLINGTON (N.Z.). 
eNOS. AYRES. DURBAN. MANCHESTER. NEW YORK. RIO DE JANEIRO. SYDNEY WINNIFEG, 
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EBBW VALE STEEL IRON & GOAL C®. LD. 


make a Speciality of Cold Drawn Weldless 


STEEL TUBES ||| 


FOR LOCOMOTIVE BOILERS. 
As Supplied to the Leading British Railway Companies. 










































































AGENTS: 


Mr. R. S. COLQUHOUN, 22, Fields) Road, NEWPORT, MON. 

Messrs. S. F. JONES & CO., 1, Cannon Street, BIRMINGHAM. 

Messrs.- DUTTON, MASSEY & CO., Tower Buildings, Water Street, LIVERPOOL. 

Messrs. DUNFORD & ELLIOTT, Collingwood Buildings, Collingwood Street, NEWCASTLE-ON-TYNE. 

Mr. F. W. PAUL, 35, Princes Square, Strathbungo, GLASGOW. 

Messrs. T. BEYNON & CO., LTD., Merthyr House, CARDIFF (Coal Sales Agents). 

Messrs. THE BRECONSHIRE COAL & LIME CO., LTD., BRECON (Brick Sales Agents). 3840 





ENQUIRIES TO :— 
HEAD OFFICE: EBBW VALE, MON. LONDON orrFice: 122, CANNON ST., E.C. 
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IRRIGATION PLANT AT WADI KOM-OMBO (EGYPT). 


STEAM BOILERS 


of all systems, especially Garbe Boilers, Cornish Boilers, Elephant Boilers, 
Adjustable Superheaters — Automatic Underfeed Stokers. 


FURTHER SPECIALITIES: 


Steam Engines ot all sizes; Uniflow Steam Engines—Four and Two-stroke cycle Stationary Diese 
Oil Engines; Directly Reversible Marine Engines—High and Low-Lift Centrifugal Pumps; Sinking 
Pumps— Pumps for Fire Extinguishing Purposes—Fans of all kinds— 

Ice and Refrigerating Machinery—Heating Installations. 


z 4 
WINTERTHUR, SWITZERLAND. 

















a 
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VCHES \ 


' LOCOMOTIVES 


_ 


OR ALL GAUGES 8 





EVERY DESCRIPTION OF TRAFFIC 


a 





_JUNE 26, 1914.) ENGINEERING. 51 





























EXPANDING STEAM TYPE. AUTOMATIC WATER TYPE. 


“LION” PACKINGS 


Are made with Practical Principles. 









@ The Metal Studs are composed of a SPECIAL HIGH 

MELTING POINT ANTI-FRICTION METAL ABLE TO 
WITHSTAND THE HIGHEST SUPERHEATED STEAM 
TEMPERATURES. 









The Fabric is made from Finest Yarns and is Specially 
Woven. 












The cloth is folded in such a manner as to give an 
automatic expanding action whereby the packing adapts 
itself to all conditions of work with the minimum of friction. 








It has all the advantages of a solid metallic packing with 
none of the disadvantages. 








AA AA 


It does mot need any screwing up like ordinary soft 
packings. 










REFUSE ALL IMITATIONS. 


NONE GENUINE WITHOUT A THIN RED LINE RUNNING THROUGH. 











Full particulars from Sole Patentees and Manufacturers : ses 


James Walker & Co., Ltd., Sirus... London, E. 
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~ VICKE RS umren. 


ALL TYPES OF WARSHIPS, DESIGNED, BUILT, ENGINED, ARMED, | 


AND ARMOURED READY FOR SERVICE. 
| OFFENSIVE AND DEFENSIVE AUTOMATIC SUBMARINE MINES. | 





N) TunBines, STEAM, ol AIRCRAFT. 
& GAS ENGINES. 
ARMOUR PLATES. | 
ICEBREAKERS, DREDCERS \ 
PROJECTILES & 


& OTHER SPECIAL CRAFT. | 





| 
| 


. 


HMS. “PRINCESS ROYAL.” . Hd.MS. “KONGO.” SELF DOCKING FLOATING SHIP DOCK | 
j “DUKE OF CONNAUGHT.” 
Ij; WORKS 























1 SHEFFIELD. BARROW-IN-FURNESS. BIRMINGHAM. | 
\ CRAYFORD. ERITH. DARTFORD. \ 
NS SS eNO ae “(SSS SSS S558 SSSSSS555SSS= —S 





| ELECTRICAL PLANT. | 








| Motor Generators. Turbo-Generators. Rotary Converters. Motors of all Types. | 
| | 
| , 
COMPLETE 
| EQUIPMENT FOR PATENT 
\ THE AUTOMATIC 
poo REVERSING 
| AND _ _ | 
\ FOR 
wane RECIPROCATING | 
| SHOPS, MILLS, MACHINE 
— TOOLS. \ 


: : 


) 











YY SSeS SESS SSS SSSSS9800300 SSSSS—S——SSS——SSSaaSaaaeaSseewswsss 














T phase Will Vick Turbo Alternat 3000 K,W. 1500 r.p.m., 50 cycl 
Ml) River Don Works, SHEFFIELD. | 
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| Wickit... © ' 





STAMPED & FORGED 


| 
VICKERS VANADIUM HIGH-POWER 
MOTOR CAR PARTS. 


DRILLS 
also | 


CARBON DRILLS (reduced prices) of all types, including 
Wire, Letter Gauge, Taper, Square, and Bit Stock Drills. 


DELIVERY FROM STOCK. 
















————— 
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| HIGH TENSILE STEEL TYRES 


“AUSTRALIA BRAND.” 


STRAIGHT AXLES for LOCOMOTIVES, CARRIAGES, AND WAGONS. 
Locomotive Crank Axles. 





Sa 





| FORGINGS & ‘CASTINGS of every description. 
VICKERS Vanadium Tool Steel. 


—= 








——$ 





River Don Works, SHEFFIELD. 


Agent for France: EUGENE BUISSON, 9, Rue de Nemours, Paris. 


—S— 





ee 
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(Proprietors :—VICKERS a 


IWOLSELEY | 






























































INTERNAL COMBUSTION \ 
| MARINE & AERO ENGINES | 4 me | 
y Stseac «~~ Serene 
\ | | | PATENT 
i - ADJUSTABLE B 
oe \ REAMERS y 
a | (NEW DESIGN). A 
| 
\ | oe 

io 
| Es | 
| | fy tae | 
27 ft. Cruiser, fitted with MA type Wolseley Engine. \ The standard tools for efficient and I 
\ Send for New Catalogue G., post free on request. economical drilling and reaming. | 
| THE WOLSELEY TOOL & MOTOR CAR CO., LIMITED, te f 
ADDERLEY PARK, BIRMINGHAM. peter rcegtenr nce pena ne 
Telegrams: “ Exactitude, Birmingham.” Telephone: 6153, Central, Birmingham. VICKERS HOUSE, BROADWAY, i 
y= Contractors to the Admiralty, War Office, &c. | LONDON, S.W. \ 
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©. Manchester 


Advt. of The British Westinghouse Electric «~ Kxlfg Co. Ltd. 
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HENRY BERRY & CO. 


Croydon Works, I.eceds, Eingiland. 


y Lo., 
HYDRAULIG MACHINERY 





FOR Belt-Driven Pumps, 
Rivetting, Duplex ee . 
Punching, NgINes, 
Shearing Fixed Rivetters, 
Pressing Portable Rivetters, 
Lifting, Accumulators, 
Bending, Punching Machines, 
Forging, Shearing Machines, 
Flanging, Forging Presses, 
Stamping, Flanging Presses, 
Straightening, Baling Presses, 
Joggling, Ingot Cranes, 


Wheel Bossing, 
Tank Makers, 


Boiler Makers, 
Bridge Builders, 


Ship Builders, 
Wagon Builders, 


Foundry Cranes, 
Bloom Shears, 


Wheel Presses, 





Centre Cranes, 
Travelling Cranes, 


Billet Shears, 














Steel Works, Spoke Bending 
Docks, Maehines, 
&e., &e. &e., &e. 
17 ft. Gin. Gap FIXED HYDRAULIC RIVETTER. {. 
— - — —- iy Consequent te Electrification. 
BERRY'S PATENT WORKING AND STOP VALVES HOR SALE. 
for all purposes, are superior to any others on the market. $0 in. dia., 18 in. evoke, Stied sith xe 
Rare Smeal gorermem. etvinn: puegs, 
Prices, Particulars and Lists on Application. "efiaainge00 Th of eter por bow trom Be 
LARGE STOCK ALWAYS ON HAND. ebay semmeeg 
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YATES & THOM, Ltd. 


Canal Engineering and Boiler Works, 


urs ance. BLACKBURN. 43 and 945. 


HIGH-CLASS 


ENGINES 


WITH CORLISS OR DROP VALVES. 




















Winding Engines, Electrical Haulage Plants, Rolling Mill Engines. 
LICENSEES ror tHe MANUFACTURE or " BORSIG” VALVES 


for Air Compressors, Blowing Engines, and Vacuum Pumps. 


"LANCASHIRE BOILERS. 


, ALL SIZES AND PRESSURES. 
Ee MILL GEARING IN ALL ITS BRANCHES. 









































‘hpes: Ee, GEE eee or eee eee 
aaa FOR EFFICIENCY 


TRY OUR NEW 


“CARSILITE’ 


ABRADING WHEELS. 


‘wn: : 3S WATSON. ‘mum | MITCHELL'S EMERY WHEEL CO. 


Barges : : : * Large Stee! Tanks. Atlas Works, Bradford, 
Steamboats : : GAINSBOROUGH. ~ SPECIALITY — 2873 

























EST. 1869. 2766 WORK for SHIPMENT. MAN CHESTER 
+e 
FOSTER 
INSTRUMENT Ce SEND FOR LIST. 
LETCHWORTH,ENGC. *Phone:--3575 Central. *Grams:—Diameter, Manchester. 





SEMI-AUTOMATIC +THREE-WAY SCREWING MACHINES, 


FOR STEAM, WATER, GAS AND CONDUIT FITTINGS. 
DESIGNED FOR RAPID AND ECONOMICAL PRODUCTION. 


THESE MACHINES SCREW THREE WAYS SIMULTANEOUSLY, REVERSE AND STOP AUTOMATICALLY. 
MANUFACTURERS OF COMPLETE TUBE PLANTS. 2379 


SAMUEL PLATT, L’ WEDNESBURY. 


BILLINGTON « NEWTON, 


LONGPORT,USTA FFS. ee) 


PATENT 
METALLIC FLOATING < MANGANESE BRONZE. 
NECK RING. 
TIN, SPECIAL COMPRESSED 
PHOSPHOR < COPPER, PHOSPHOR BRONZE —> 
BRONZE. 3749 
Telegrams— Telephone— 
‘“Brovzg, Lonerort.” No. 304, Porrznies, 
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has been designed to deal with all forms 


of dust with equal efficiency, including the 


finest particles, as well as wood shavings 3709 





and fibrous materials. The Fan is strongly 
Write for 


Dulictin sete Se. constructed and can set up a high suction. 


DAVIDSON & CoO., Ltd... excizzrinc ‘works, BELFAST. 


PETER BROTHERHOOD, L® 


PETERBOROUGH. 


Contractors to the British and other Governments. 
London Office: 53, Parliament Street, WESTMINSTER. 


iy — “BROTHERHOOD, PETERBOROUGH.” Telephon e{ 70, PETERBOROUGH. 
“BROTHERHOOD, PARL., LONDON.” 4683, VICTORIA. 


HIGH-SPEED 
ENGINES, 


aso AIR COMPRESSORS 


Vertical Enclosed Type. All Pressures and Outputs. ““ 


TURBINES, FAN ENGINES, CIRCULATING PUMPS, &c. 


W.H. ALLEN,SON<CO.,L’- 


Queen’s Engineering Works, BEDFORD, ENGLAND. 












































Vertical Enclosed 


OIL~’’°GAS 
ENGINES 


For Driving Direct 


Suitable tor Working 
with 


PARAFFIN. 
PETROL, or 
TOWN, or 





PRODUCER GAS 
DYNAMOS, 
FANS, in: cepaiornseerne ntl od FORCED 
PUMPS, &c. — LUBRICATION. 


55 B.HP. Four Cylinder Paraffin Oil Engine. 3289 
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In diameters up to 48 inches, and in lengths up to 40 feet. 


Main Steam Pipe INSTALLATIONS 


IRON & STEEL BOILER TUBES. 
SOLID-DRAWN STEEL TUBES. 


Lieut Steet Pires ror Gas, Warer, Air, 


WITH 


Stewarts’ Patent Inserted, Longsleeve and Welded Joints. 


OiL LINE PIPES 


Boring & Casing Tubes 
Hydraulic Tubes 


TUBULAR STEEL POLES | 


Electric Light Standards 
Cast-Iron Pipes. 











SIEMENS-MARTIN STEEL PLATES — STEEL CASTINGS. 


Catalogues sent on application. 


__. STEWARTS »» LLOYDS, Ltd. 


41, Oswald Street, GLASGOW. Broad Street Chambers, BIRMINGHAM. Winchester House, Old Broad Street, LONDON. 








leomZ2r<essez2zr: 





| 
1 
' 
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TILGHMAN'S SAND BLAST APPARATUS 


(Arranged for the Operator to work either inside or outside the Sand Blast Chamber) 
FOR CLEANING LARGE AND SMALL CASTINGS. 


WILL SAVE 50 PER CENT. IN FETTLERS' WAGES. 


IN USE BY THE FOLLOWING WELL- KNOWN FIRMS ; 




















STEEL CASTINGS. - ORDINARY TRON CASTINGS. MALLEABLE IRON. | BRASS oR GUNMETAL. 
Beardmore, Ww. , & Co., Ltd. Glasgow Platt Bros. & Co., Ltd. Oldham Ley’s Malleable Castin Co., Ltd. Derby | Vickers Limited Barrow 
Steel Co. of Scotland Glasgow Tweedales & Smalley Castleton Crowley, John, & Co., Ltd. Sheffield | Gummer & Oo. Rotherham 
Coltness Iron Co. Coltness H.M. Dockyards — Baker Foundry Co., Ltd. Smethwick Ruston, Proctor & Co., Ltd. Lincom 
Dickson & Manns, Ltd. Armadale Dobson & Barlow, Ltd. Bolton | Maddocks, J., & Co., Ltd. Oakengates Storey, Isaac, & Sons, Ltd. Manchester 
Vickers Limited Barrow | Doulton & Oo., Lid. Paisley Clegg & Howgate, Ltd. Keighley Glenfield & Kennedy Kilmarnock 
Darlington Forge Co., Ltd. Darlington Ruston, Proctor & Co., Ltd. Lincoln Croft Foundry Co., Ltd. Walsall | Milne, J., & Son Edinburgh 
Shaw, W., & Co. Middlesbrough | Marshall, Sons, & Co., Ltd. Gainsborough Lindop, H. Walsall | Benton & Stone Birmingham 
Satie is’ Steel Foundry Coe., Ltd., Sheffield | Shanks & Co., Ltd. Barrhead Tangyes Lid. Birmingham | British Insulated & Helsby p Cutten, Ltd. 

Osborn, S., & Co, Ltd. Sheffield | Falkirk Iron Co. Falkirk | Harper, J., & Ce. Willenhall Marshall, Sons, & Oo., L' Gainsborough 
Jackson n, . B. R.. & Co., Ltd. Man chester | __ Hopkinson & Co. Huddersfield Haden, G. XN. & ‘Sons __ Trowbridge | Dewrance & Oo. Londor on 











General Semeeitintiens @ : GEO. HOPKINS, 1, Studdridge Poy Aiton: heat, s.w. 


TILGHMAN’S PATENT SAND BLAST CO. 


BROADHEATH, sear MANCHESTER. Limited, 





SPECIALITIES. 


Boring and Turning Mills, 
with new patent positive 
feeds. 





Pipe Facing and Universal 
Facing and Boring Machines. 


Radial Drilling Machines. 


Patent Side Planing 
Machines, 


Horizontal and Vertical 
Boring Machines. 


BUILT TO GUARANTEED 
LIMITS OF ERROR. 





SECTIONAL CATALOGUES 


mailed on application. 


8-ft. BORING AND TURNING MILL. Motor Driven. 


London Representative : 741 
GEO. HOPKINS, I, Studdridge Street, Fulham, S.W. 


G. RICHARDS & CO., LTD. 


BROADHEATH, near MANCHESTER. 
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PHCENIX 





















DYNAMO, 
BRADFORD. 





700 B.HP., 3000 Volt MOTOR. 


LARGE MOTORS 


FOR MINES, STEEL WORKS, FACTORIES. 


ASK FOR BULLETIN 25 E. 


PHCENIX DYNAMO MFG. CO.. Ltp.. BRADFORD. 


Wires: DYNAMO. HEAD OFFICE AND WORKS. "PHONE: 3700 (4 lines). 














Re. 2 |__LONDON. | GLASGOW. | BIRMINGHAM. | SWANSEA. | NEWOASTLE-ON-TYNE.| AND 
BRANCHES [Tatas | asx “tsa | sae | tase | “eases | ooo 
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The Kay Lathe at Work 














The Fay Automatic Lathe 


Designed to produce quick results. Strongly built it is a 
good stock remover. No special tools are required. One 
operator can work two machines having full control of both 


Write to-day for surther particulars 


JONES & LAMSON MACHINE CO., 


97 Queen Victoria Street, London, E.C. 


8722 











On ADMIRALTY, WAR OFFICE aad COLONIAL LISTS. 


WHEELS 


OF ALL DESCRIPTIONS. 
MACHINE MOULDED AND MACHINE CUT. 


RAW HIDE AND COMPRESSED PAPER PINIONS 


THOUSANDS OF MODELS to select from. 
URGENT BREAKDOWN WHEELS a Specialty. 


URQUHART, LINDSAY&CO.,Ld., ‘rocnoer, = DUNDEE. 
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The cost of running 
electrical machines 


is invariably very much higher where the plant is 
equipped with ordinary ring-oiled, chain-lubricated 
journal bearings or roller bearings than where 


she KE .OKF 


sm -AUONNS BALL BEARINGS 


are employed, a fact mainly due to the self-aligning 
property of the latter, reducing friction almost to 
vanishing point. But there are other reasons for 
“SKEFKO” economy ; for instance : 

1. The end bracket or pedestal patterns are less 
costly owing to the absence of the complicated 
core boxes necessary for oil wells. The cast- 
ings are naturally cheaper too. 





Ny 
. 


There is no danger of oil running on the 
commutator or windings. 


3. The overall length of shafting is materially 
reduced and, moreover, considerably less time 
is occupied in erection. 


All these are points worthy of your most earnest 
consideration. “SKEFKO.” SKF Ball Bearings 
are money-savers all the time. 


Illustrated catalogue free on request. 


The SKEFKO BALL BEARING CO., Ld. 
HEAD OFFICE AND WORKS :—LUTON, ENGLAND. 


Telegrams—*' Skefko, Luton.” Telepho one—418 Luton. 
London Office +28, Victoria St., Westminster, S.W. 
Telegrams—*‘ Skesko, Vic. Telephone—6%41 Victoria. 


Parent Factory: A oe Seite Kullagerfabriken, Gothenburg, Sweden. 
COLONIAL AGENCIES—The Canadian Fairbanks Morse Co., Ltd., 444, 8t James 8t., 
montreal. Also at Toronto, Vancouver, Calgary, &c. Duncan, Stratton & Co., 9, Marine 
St., Fort, Bombay. Russa Engineering Works, Fairlie Place, Calcutta. The United 
Oriental Asbestos Agency, Ltd., Hong Kong. Gardner, Wern & Co., 57, Queen Street, 
Melbourne, and at Sydne). 


































ADMIRALTY LIST. 





CROWN AGENTS FOR THE COLONIES. 





LEADING FEATURES : 





ACCESSIBILITY. 
FREEDOM from 
SCALE due to 
EFFECTIVE 
CIRCULATION. 
DURABILITY. 
No risk of burning 
out Tubes. 


DRYNESS OF 
STEAM. 


THERMAL 
STORAGE. 


EFFICIENCY. 
75 to 80 per cent. 
sem if 408 
ECONOMY. 
Saving in Fuel 
25 to 35 per cent. 





Boilers of equivalent power. 


wo DSOn 


PATENT 








THOMAS , HUDSON. Ltd 


INDIA OFFICE, 





WAR OFFICE LIST. 


CYLINDRICAL AND WATER-TUBE BOILER. 





>| These Boilers 





orders. 


The illustration shows one of our Standard Sizes, the Cylindrical Element of which is 16 ft. long x 8 ft. diameter, HEATING SURFACE 2000 square feet, 
EVAPORATION 15,000 Ibs. per hour — equal to Two 30 ft. x 8 ft. LANCASHIRE BOILERS. Ground Space required about one-half that of Lancashire 
Made in Standard Sizes for Evaporations of 3000 Ibs. to 15,000 Ibs. per heur. 












are 


i giving great. satisfaction. 
We are receiving repeat 


Sheepford Boiler Works, 


«+» COATBRIDGE. 
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For Individual Drives 


RENOLD CHAINS 


should be used 


In Preference to Direct Driving— 
BECAUSE Renold Chains do not require slow running motors. 


In Preference to Tooth Gearing— 
BECAUSE Renold Chains do not require microscopical accuracy 


of alignment. 


In Preference to Belis— 
BECAUSE Renold Chains are a positive drive: require no 


initial tension, will run at short centres. 





Renold Chain Drive from 15 HP. Motor to 10" Lathe. In 


(Geo. Swift & Sons, Halifax.) Preference to any of the above— 


BECAUSE Renold Chains allow the motor to be placed in any 


convenient position, retain their high efficiency to the end of their 
H ANS RENOLD LTD life, are easy to instal, and require little attention in work. 
. 


(Dept 36) Manch ester Some of the above advantages must appeal to you. 


Write us and let us tell you more about them. 3603 
































Telegraphic Address: SAT National Telephone: 
NAYLER, DUDLEY.” ELBINSON & O., e's 
MAEFERS OF ANVILS, VICES, ENGINEERS’ & SMITHS’ TOOLS, 


(Please address in full.) Spring Gardens Works, DUDLEY 


















il - Li 


SMITHS’ LONDON PATTERN. 


i 


ENGINEERS’ OR SOHO PATTERN. 












oe 
BLACK We make over 20 Patterns of Anvils. 
PLE 
aoe Anvils and Vices Re-Steeled and 
Repaired same day as received. 
VICE BOX & 








PIN. 


WROUGHT IRON 
SWAGE BLOCK. TUE IRON, SMITHS’ DOUBLE BICK, PARALLEL VICE. 
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LUDGATE lealagh we LONDON, 3B.c. 
MACHINERY and SMALL 
TOOLS. 


FOR 
RAPID PRODUCTION 
OF SMALL WORK. 


This machine fills the demand for a precision 
cylindrical grinding machine, for the economical 
finishing of large quantities of small duplicate 
straight or taper parts. 












Rapid production of accurate work being the 
first consideration, necessitates high work and 
traverse speeds. The grinding wheel traverse 
feed drive is automatic, and the full range of 
speed variation is made by moving a single lever, 
reauiring no shifting of gearing clutches or belts. 


It has: Positive Quick Setting Reversing 
Dogs. Automatic and Hand Feed to Grinding 
Wheel. Sizing Device which automatically stops 
feeding of wheel to work. Horizontal and 
vertical adjustments to work rests. Interchange- 
able wheal centres, &c. 2027 


LANDIS oxnonc 
MACHINES 
Manufactured by the largest firm of grinding 
machines in the World. Over G6OOO in 
Use, Write for particulars or ask for our 


Grinding Specialist to call. We can make 
DELIVERIES FROM STOCK. 





?) 


« 
TTA” 2% 


DAY, SUMMERS @ CO., Limited, 


ENGINEERS, BOILERMAKERS, . 
SHIP & YACHT BUILDERS, Northam Iron Works, SOUTHAMPTON. | 











oT I 93a 





Telephone—No. 48. Telegrams—‘‘ DAY, SUMMERS, SOUTHAMPTON.” 














P. S. “PRINCESS MARY.” 653 Tons. |.HP. 10CO. Designed and built by D., S. & CO., Ltd. 





Specialities :—STEAM TRIPOD TRAVERSING SHEERS (Land and F loating), and 
HAULING-UP SLIP MACHINERY. wn 
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net “THE WG Shae 


ORDERS R.T.M. Address: 


: pe... Metallic «azz. 


PACKINGS 


SV LANCASTER & TONGE L®. =====~ 


PENDLETON, MANCHESTER. 


Patentees and Sole Makers of ‘‘ THE LANCASTER ” Pistons, Limit Piston Rings, Metallic 
Packings, Steam Traps, Steam Dryers, Spiral Springs, &c. 
LONDON OFFICE:— GLASGOW OFFICE — SWANSEA OFFICE — CARDIFF OFFICE :— 


© 
cD 








670, Mansion House Chambers, Queen Victoria St. 38, Stockwell Street. 17, Wind Street. 104, Gute 8t. Docks. 
Telegrams: ‘‘ Mancuntan, Cannon,” Lowpon. Telecrama : “ Prrtowa, Gr.anaow,” Telegrams: “ Frer, Swansna.” Telegrame: “ Pistons, Canpirr.” 


Sl rere 


ars’; HIGH PRESSURE PUMPS. 








Makers of 
Makers of Three-Throw 
Pumping Engines Centrifugal & Turbine 
for Waterworks, Pumps ; 


Electrical, Steam, and 
Belt-Driven Pumps of 
all kinds. 


Sewage Works, 
Mines, Collieries, &c. 








VERTICAL BELT-DRIVEN THREE-THROW PUMP. To Force 260 Gallons per Minute against a Total Head of 1000 feet. 


‘ HATHORN, DAVEY & CO., LTD., LEEDS. 
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THOMAS SHANKS & CO. 


JOUNSTONE, mear GLASGow =. 


_ MAKERS of HEAVY MACHINE TOOLS for 
TURNING, PLANING, BORING, DRILLING, SLOTTING, and SHAPING. 











Highest Class Design, Workmanship and Material, with Quick Delivery Guaranteed. 











HIGH-SPEED PLANING MACHINES with Patent Feed Arrangement. 3756 


CLARKE, CHAPMAN & GO., Lro,|k 


Gener a and Electrical Engimeers and Boilermakers, 


VICTORIA WORKS, GATESHEAD. 
Specialists in Ships’ Auxiliary Machinery. 























ELECTICALLY-DRIVEN WINCF'. 





ELECTRICALLY-DRIVEN WINCH. ““SIEURIN” Patent STEAM WINCH. 


LONDON OFFICE: 50, Fenchurch Street, E.C. 
Telegrams: “CYCLOPS, GATESHEAD.” “CYCLOPS, FEN, LONDON.” 885 


A.B.C. 4th and 5th Editions, A.1., Engineering 1st and 2nd Editions. P 
CODES { Lieber's, Broomhalls, Moreing & Neils, Watkins. 
Western Union and Private. 





Telephone Nos.— 
1070 and 1078 Central and No. 137 City. 
Trunk Calls 2196 Central. 
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|| COWANS, SHELDON & Co. L- CARLISLE 


TELEGRAMS :—" ST. NICHOLAS, CARLISLE. ” 
LONDON OFFICE :—3, VICTORIA STREET, WESTMINSTER. 
Al and ABC 
(5th Edition) CopEs USED. 












3598 


FIFCTRIC ELECTRIC TRANSPORTER. 
STEAM 


on HYDRAULIC ~TRMERSERS 
(ASTAG TRUBS TTASRORTERS 
HYDRAULIC MOULDING MACHINES 


Increase Production. Decrease Moulding Costs. 














Produce Castings neat in appearance, accurate in size, and of correct weight. 


The facility of operation and the ease with 
which patterns can be changed on our Machines, 
render them of particular value for Engineering 
Shops. Solidity of construction and simplicity 
of design are leading features which reduce 
the cost of maintenance to a minimum. 


Our range of Hand, Pneumatic, Electric and 
Hydraulic Ramming Moulding Machines cover 
the requirements of any foundry, and we 
shall be pleased to post full particulars on 
application. 





PATTERN “GH,” 


with patterns for Bearing End Shield. 
- fF Size of boxes, 40” dia. x 24”/6” deep. 
& Output :—Two men 13 Shields per day. 





Can you afford to be | without them ? 





THE LONDON EMERY WORKS CO., 


<n NAXIUM WORKS, TOTTENHAM, LONDON, N. 


AGENTS.—AUSTRALIA J.B. Wallis & Co., Challis House, Martin St., Sydney, N.8.W. CANADA: Frank Murpby, 55, St. Francois Xavier St., Montreal, 
ARGENTINE and URUGUAY: Raul A, Pinero, Casilla Correo 1400 Buenos Aires, auae 
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HALDEN&CO.LTD 


DRAWING OFFICE MATERIALS 
Engineers Photo Papers 
Photo Copies by all Processes 


DRAWING & SURVEYING INSTRUMENTS 
i YZ 


Drawing Office 


:: Furniture. :: 









































a 












































o— 


THE THE 
“ ROWSLEY” “ VICTORIA” 
VERTICAL ADJUSTABLE 
FILING DRAFTING 
CABINET. TABLE. 





Also at 3588 


J. HALDEN & CO., Ltd., 8, Albert Square, MANCHESTER. LONDON, , NEWOASTLE-ON - TYNE 
>) 
Crushing 8 Grinding Machinery 




















— FoR -— 
Asbestos Mills Crucible Factories Kaolin Works 
Bone Black Factories Dolomite Mills Plaster of Paris Mills 
Brick Works Drug Mills Potteries 
Calcium Carbide Factories Emery Factories Tobacco Mills 
Cellulose Factories Enamel Mills Spice Mills 
Colour Mills Glass Works Sugar Factories 
Concrete Works Glazing Mills Etc., Etc. 





Complete Machinery for Cement Works 


with Shaft, Chamber, and Rotary Furnaces (dry, semi-dry and 





—e ore —— “thick slurry” treatment of the raw materials). 
INSTALLATIONS for 
Alabaster Mills Coal Dust Mills | Gravel Crushing Works | Marble Mills | Salt Mills 
Asphalte Mills Coke Crushing and | Lime Mills | Moulding-Sand Works | Spar Mills (for Feldspar, 
Basic Slag Mills Sizing Plants | Magnesite Mills Peat Mills Fluorspar and Heavy-Spar) 
Bone Meal Factories | Cork Mills Manure Factories Phosphate Mills | Superphosphate Milis 
Chalk Mills Fire Brick Factories Manure Gypsum and Road Metal Crushing Works | Trass Mills 
Coal Crushing Plants Graphite Mills Lime Millis Pyrites Grinding Plants Etc., Etc. 


Complete Installations for Artificial Stone Factories. 


FRIED. KRUPP A.-G. GRUSONWERK, “‘Sccscc:~ 


AGENTS : 3722 
For Great Britain and Ireland.—_W. STAMM, 25, College Hill, Gannon Street, LONDON, E.O. 
For Canada: JAS. W. PYKE & CO., Ltd., 282, St. James Street, MONTREAL. | For Transvaal : UNITED ENGINEERING CO.. Ltd., P.O. Box 1082. JOHANNESBURG. 


+» Mexico: GUILLERMO BACH y Cia., S.enC., Apartado 549, MEXICO (City). BOURNE, & G.P.O. 158, PERTH ; and NOYES BROS. (Sydney) Ld., 115, Clarence 








+» United States: THOS. PROSSER & SON, 15, Gold Street, NEW YORK. | »» Australia: NOYES BROS. (Melbourne) Prop. Ltd., 499/501, Bourke Street, MEL- 


ait 























»» Rhodesia: WM. PHILIPPI & CO., Umtali and Salisbury. Street, SYDNEY, N.S.W. 


S 





PON ANNNNUNONNLANNNEROOUUANOUERUUUUUUAEERUOUUUOUUUROOOUANOYERUOOUADOOUAGUOUUAOOUOUOOUUUOUOOUNYORUUOOOUOOOVOGVVOUUOOVOONVOUOSOUOONVEOUSOVOCIVEOAOOVOONVUOOOOVOOLNOOOG Lee 


2) 





= || 25 
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To Shipowners. 








When considering the Installation of EMERGENCY SETS 
to furnish current for LIGHTING and “ WIRELESS,” — 


Remember the following Advantages of the 


CAMPBELL oviisn Vertical Oil Engine 


(1) IT STARTS AT A MOMENTS NOTICE FROM THE COLD STATE. 

(2) NO HEATING LAMPS ARE REQUIRED FOR STARTING. 

(3) PETROL IS NOT USED FOR STARTING. 

(4) THERE IS NO ELECTRIC IGNITION. 

(5) WATER INJECTION IS NOT USED, 

(6) LOAD CAN BE PUT ON IMMEDIATELY AFTER STARTING FROM COLD. 
(7) IT RUNS ON PARAFFIN, GAS-OIL, OR LIQUID FUEL. 


(8) THE CONSTRUCTION IS SIMPLE AND SPECIALLY SKILLED ATTENDANCE IS 
NOT REQUIRED. 


RELIABLE ALIKE IN EMERGENCY OR REGULAR WORK. sss 





Quotations ant Full Particulars with References to Existing [nstallations will be sent Promptly on Receipt oy Enquiry 


THE CAMPBELL GAS ENGINE COMPANY, L?™?- 
73a, QUEEN VICTORIA ST., E.C. HALIFAX, ENGLAND. oe oon 








104, BATH STREET. 














SNOUT 


Accessibility. 
MB BB BB BB 


This is a matter of the greatest im- 
portance in the economical operation 
of an Air Compressor, and this is an 
outstanding feature of the 


INGERSOLL-RAND 
“ORC” COMPRESSOR. 


giving access to all parts of the machine for 


UNA 





The plan of this machine is roughly in the form of an “ H,” 
inspection or removal of any part. 


Engineers who are interested in the running of Compressors will realise the value of this feature. 


Further, the simplicity and substantial construction of the “‘ORC” Compressor enables it to be used for 
the most arduous service without risk of breakdown. 


BOOKLET GIVING FULL INFORMATION GLADLY SENT. 


The INGERSOLL-RAND meen 


165, Queen Victoria Street, London, E.C. 


GERMANY Ostrasse 128-132, Concordihaus, Dusseldorf 23. | BRAZIL—Caixa-do-Correio 888, Rio de Janeiro. 


SCANDINAVIA—Graham Bros., Stockholm. 
ARGENTINE—Agar, Cross and Co., Ltd, 947 Calle-Sarmiento 949, 
Buenos Aires. 


A 


FRANCE—33 Rue Reamur, Paris. 
RUSSIA—O. R. San-Galli, Nikolajewskaja 17, St. Petersburgh. 
AUSTRIA-HUNGARY—IV, Ferencz Jozsefrakpart 17, Budapest. 


ex 


NAAM 


= 
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HUDSWELL, CLARKE & CO., LIMITED, 


Railway Foundry, IEIEZIDS. 


LOCOMOTIVES 


| For Main or Branch Railways, Contractors, Ironworks, Gollieries, &c. © Made to suit any Gauge of Railway. 

















Established 
1860. 


Telegraphic Address: 
**LOOO, LEEDS.” 











PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. 


wanes or) RODGERS’ FULL VWs” | : 


(REGISTERED), 
WROUGHT IRON THROUGHOUT, RIM, ARMS, AND BOSS. can 


<=> 











= TESTING MACHINES 
BUCKTON =" ree 
= 2 hoe FOR HEAVY ORDNANCE 
eee ==955 TURBINES ENGINES BOILERS | 
a ae PEEP i: LOCOMOTIVES 
STEEL WORKS 
FORGES 





PORTABLE 
FULL UNIVERSAL 
8 FOOT RADIAL DRILLING 
MACHINE 





JOSHUA BUCKTON & CO LTD 
LEEDS ENGLAND 
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HURST, NELSON & CO., LTD., 


Builders of RAILWAY rar WAGONS, ELECTRIC CARS and every other mae of RAILWAY and 
TRAMWAY ROLLING STOCK, MOTOR OMNIBUS and other ROAD VEHICLE BODIES. 
SPECIALTY—ELECTRIC RAILWAY AND TRAMWAY TRUCKS. 

WAGONS BUILT FoR CASH oR DEFERRED PAYMENTS, or LET ON HIRE, 











MAKERS OF 





PRESSED 
WHEELS ON | CONN STEEL WORK 
AND AXLES, : of all kinds, 
RAILWAY including 
PLANT, 
FORCINGS, — 
SMITH-WORK, — 
IRON ct 
AND BRASS BOGIES. 
CASTINGS. 


———_ 





9006 








33 
| woe The Gl Rolling Stock ¢ Plant Works, Motherwell 
FFICE 
ser Lhe Glasgow Rolling Stock & Plant Works, Motherwell. 
GLASGOW OFFICE: 40, West Nile Street. CARDIFF OFFICE: Gordon Chambers, 31, Queen Street. LONDON OFFICE: 14, Leadenhall Street, £.C. 
- BRANCH WORKS: Chatsworth Wagon Works, near Chesterfield. Bridgend Wagon Works, Bridgend, Glamorganshire. Swansea Wagon Works, Swansea. 
RS 







GLOBE RIVETTING, CHIPPING and 
CAULKING HAMMERS, MADE THROUGH- 
OUT FROM NICKEL GUN STEEL. 





GLOBE DRILLING, TAPPING, and REAMING MACHINES HAVE 
FEWER WORKING PARTS THAN ANY OTHERS OF THE TYPE. 


ALL GLOBE PNEUMATIC TOOLS 
ARE MANUFACTURED BY 
SIR W. G ARMSTRONG, WHITWORTH & CO. 


FOR 





6 — 


GLOBE PNEUMATIC ENCINEERINC 


COMPANY, LTD., 
GLOBE “CORNER” DRILLING MACHINE. SIMPLEST AND 1, VICTORIA STREET, LONDON, S. W. 


MOST DURABLE CONSTRUCTION 


So Representatives 1—J. F. WOLFF & ©0., Lrp., Loxvox. EDMISTON, BROWN an 
TELEGRAMS ili ..  **PNEUMATOID, Vic., LONDON.” OO, Guascow. J. D. ANDREW, Newoastis-on-Trxz. BR. D, WOOD, Liverroos. 961) 
TELEPHONE one oot oes on ++. 2671 VICTORIA. ROBERT ORAVEN, Mancumerzn, JAMES TURNBULL & OO. Binminenau, 
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ON ADMIRALTY AND 
WAR OFFICE LISTS. 








CONTRACTORS TO 
THE CROWN ACENTS FOR THE 
COLONIES. 


LAND AND 
MARINE 
BOILERS 


OF ALL TYPES. 
To the Requirements of 


Lloyd's, 

Board of Trade, 
Foreign and Colonia) 
Governments. 31% 


LARGE STOCK 
OF 
Vertical Boilers. 


GRADLEY 
BOILER CO., 


CRADLEY HEATH, 
Near BIRMINGHAM, 
ENCLAND. 





























EFFICIENT TURBINE PUMPS. 


‘|= experience gained during a period extending over thirty years 

of the application of turbine pumps to all classes of work, has 
enabled us to effect radical improvements in design to obtain the highest 
efficiency, and to ensure thorough reliability of action. 


Mather & Platt } 
Patent Turbine Pumps 


have actually been built for quantities up to 15,000 gallons per minute, for 
heads up to 1850 ft., and for speeds up to 3000 r.p.m. All efficiencies given 
by us can be relied upon, since they are based upon data obtained during 
tests made by taking actual quantity measurements of water delivered. 





FIVE-CHAMBER HIGH-LIFT PUMP. 


sco gals. per minute. 


630 ft. head. motor. 1475 R.P.M. 


Coupled direct to A.C. 


These pumps are supplied in all sizes, and for all lifts. They may be 
coupled direct to high-speed steam engines, steam or water turbines, electric 


motors, or driven by belts or ropes. 


Write for our ‘‘ Turbine Pump Booklet.’ 


MANCHESTER and LONDON. 





3747 





















































— 


Victoria Concrete Mixer. 
Rae aieten:.. 


Saad 
a 


| 








































For a RELIABLE, UP-TO-DATE, EFFICIENT 
CONCRETE MIx=ER 


to suit any requirements, apply for Catalogue No. 2 to:— 


STOTHERT & PITT, LTb., 


Works—BATH. 38, Victoria Street, vobon, S.W. 


STOTHERT, LONDON. 
Telegrams { STOTHERT, Bate Telephone { 84®,, VICTORIA, 


Od 6997 








STEEL GASTINGS 


By Siemens-Martin and Crucible Processes of every description. 











TO PASS ADMIRALTY, LLOYD'S, BOARDIOF 
TRADE, OR BUREAU VERITAS TESTS. 


CASTINGS for Railways, Shipbuilding 
Yards, Engine Works, Rolling Mills, 
Iron and Bridge Works, Hydraulic and 
Electrical Machinery, Mining, River 
Dredging, Excavating Work. 





SPECIALITIES— 

Tooth Wheels & Pinions used in connec- 

tion with Cranes, Winches, Capstans, &c. 
Cast-Steel Anchor Heads and 

Dredger Buckets Fit up Complete. 


ON 
ADMIRALTY 
and 
WAR OFFICE 
LISTS. 


Telegrams— 


“WELLINGTON, 
MIDDLESBRO’.” 


Cast-Steel Winding Drum tor Colliery, finished complete, 9’ 7}” dia. 


W. SHAW & CO., “faunie?” MIDDLESBROUGH. 


London Office—8, Eastcheap, E.C.—Representative, A. H. SHARPE. 


Office for Manchester and Birmingham — 12, Exchange Street, Manchester. 
Representative—THOS. F. 1X 

Agent for Scotland—H. M. HARPER, rs Ho pe Street, Glasgow. 

Agent for Leeds and District—G. G. 8. GRUNDY, 8, Park Square. 

Agent for Hull and District—P. LAWSON, 2, Princes Dock Chambers. 

Agent for Newcastle and District—R. B. FERRY, 90, Pilgrim Street, 


3510 
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(Largest White Star Liner) 
IS FITTED WITH 








RINGS 


THROUGHOUT 
ALL THE 


PISTON RODS 


AND 








SOLE PATENTEES 
AND 
MANUFACTURERS 





Tel. No. Avenue 5204, 
Telegrams—‘' Corrugated.” 





1 & 2, GRACECHURCH STREET, LONDON, E.C. 





ENGINEERING. 


BRITANNIC 
BELDAM’S 


“Excelsior”’ 


METALLIC 
PACKING 


(DUPLEX TYPE) 


VALVE SPINDLES 


OF THE 3518 
MAIN ENGINES. 


THE BELDAM PACKING & RUBBER CoO. 








SAVE Spin tepiEn 


“SIMPLON” 


PHOTO-COPYING MACHINE. 


q Designed and constructed 
by the original inventors of 


all the popular ‘‘SIMPLON’ 
drawing appliances. 

q The latest improved § 
apparatus for quickly 














— _— 
7 Se 


reproducing drawings (in black 
and white, or blue prints) 

AT A POPULAR PRICE. 
We challenge comparison with 
any other Electric Copier on the 
market to-day. We will back 
up our confidence by Our Offer. 
We will send a ‘*SimpLon” 
Copiek to any responsible firm in 
the United Kingdom ona month’s 
freetrial. You shall be the Judge 
Do it to-day! | 
Send for Catalogue (post free). 


IMPROVEMENT IN 


ANOTHER 
BIG prawinc TABLES 


The “SIMPLON” TABLE is fitted 
with a parallel sliding Straight-edge 
which cannot get out of alignment— 
that’s all—but it’s worth thinking about. 


























dia. 


Send for free booklet and _ read 
about the Jnverted Racks and other 
good points. 3910 


DARGUE **2"5 QIEWETED HALIFAX. 





















yf ALL those qualities which motorists of \¥ 
experience associate with exclusively ¥ 
high-grade cars are characteristic of the 
Talbot. A chassis which is, in the words of 
“The Motor” (of 31st March), “a con- 
scientious production, so honest alike in its 
inception and manufacture that it is criterional 
of a soundly-built, high-grade British automobile 
production.” Coachwork of equally fine con- 
ception and completeness affording the utmost 
of luxurious road travel in town or country. 
25-50 h.p. Limousine - Landaulette 
R.A.C. Rating 25-6 h Brake hep. 55 
Four-cylinder engine, 101-5 x 140 mm. Stewart 
Talbot carburetter, forced-feed lubrication, Bosch 
high tension dual ignition, four speeds and reverse, 


bevel drive, shock absorbers, five detachable 
wheels, with 820 X 120 mm. tyres ~ Complete £775 


Also 12 h.p., 15-20 h.p., 20-30 and 20-40 h.p. (ix-cyl.) Model 
Catalogue of all models on request. 
CLEMENT TALBOT LIMITED, ». 


Automobile Engineers & Manufacturers 


BARLBY RD., N. KENSINGTON, 





<—mee 


LUKE & SPENCER, L7rp. 


Canal Engineering Works, BROADHEATH, nr. MANCHESTER. 
M F 


ANUFACTURERS 0 


IMPROVED EMERY AND CORUNDUM WHEELS, 
GRINDING & POLISHING MAOHINERY. 


Illustrated Catalogue free on application. 


NEW PATENT TOOL GRINDER 
WITH FOUNTAIN REST 
SPLASHING of WATER on WORKMEN 
AND ON FLOOR ENTIRELY OVERCOME. 





National Telephone—Altrincham, No. 49. 


Telegraphic Addrese—EMERY, ALTRINCHAM, Od 7783 
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ESTABLISHED 1864. CasBLe ADDRESS: 


DUNCAN STEWART « Go, Lo. 


London Road Ironworks, GLASGOW. 


“ Stewart, GLASGOw.” 





F 













This Sugar Factory handles over 5000 Tons of 


Heavy Milling Plants. 


AGENTS| 





CANE SUGAR MACHINERY 


OF EVERY DESCRIPTION. 


Vacuum Pans. 


Patent Hydraulic Attachments. Condensers. 

Juice Heaters. Defecators. Pumping Engines. 
Filter Presses. Crystallisers. 
Pumps. Centrifugals. 
Evaporators. Boilers. 


GUBA-—SMITH & DAVIS, Havana. 
MEXIGO—The GENERAL SUPPLY CO., S.A., Mexico, D.F. 
INDIA—DREWET, CHOWNA & CO., Bombay. 





Cane per day. 

















HUNT wo MITTON, L” 


Amalgamated with 


SMITH’S INJECTOR CO. (late of Nottingham), 
FLETCHER BROS. (late of Ashton/Lyne), 


BaNW GINZA Er Ss, 


393) 


Telephone : 394 f Midland. 
Telegrams : Mitton, Birmingham. 


OOZELLS STREET NORTH, 


BIRMINGHAM, 





STEAM 


HIGH-CLASS 
BOILER 


FITTINGS. 


LONDON 
72-74, Gray's Inn Road, W.C. 


TELEPHONE :—3646 Orry. 


FOR 


MOUNTINGS, 


LUBRICATORS, 
VALVES, and 
GENERAL HEAVY 


and WATER 





OFFICE : 


|REAVELL & CO., U- IPSWICH. 


AIR COMPRESSORS) 


ann VACUUM PUMPS. ) 
BELT, ELECTRICALLY OR STEAM DRIVEN. 


RELIABLE, 
EFFICIENT, 
ACCESSIBLE. 
VALUE FOR OUTLAY 
ECONOMICAL 

LONG LIFE. 

LITTLE FLOOR SPACE. 
SIMPLE, SILENT. 





MADE 
PORTABLE 
IF DESIRED. 





SUITABLE FOR ALL PURPOSES WHERE Com- 
PRESSED AIR IS NEEDED. 


6715 





Also Makers of HIGH-SPEED STEAM and OIL ENGINES. 


Telephone : No. 324 and 325. Telegrams: REAVELL, IPSWICH. 





Derr. B 

















Telegrams : 


MARRIOTT, 
Guaseow. 















“CLYDE” BOILER sc. 


WILL BURN CHEAP FUEL and is ALMOST SMOKELESS. 


MARRIOTT & GRAHAM, 








Plantation Boiler Works, GLASGOW. 














aw a |! 





























Junz 26, 1914.) 


ENGINEERING 





[SUPPLEMENT page XIX] 
















se 


g, COMPANY LIMITED 


Telegrams :— 
Wuite, East Cowes. 
CARNAGE, LONDON. 


Telephones:— 
3, Cowes. 
4507, VICTORIA 








TORPEDO BOATS. |‘ 
7.B. DESTROYERS.| — 


STERN WHEEL & 
SCREW-IN-TUNNEL | = 


WATER-TUBE BOILERS 
(Ware -ForsTer ) 








WHITE -DIESEL 
OIL ENGINES. 
























VESSELS. —— | (MAN. PATENTS) 
Srean Perro. & |\ = ee oo J ‘WHITE - BRONS’ 
PARAFFIN LAUNCHES\ ~ | OIL ENGINE 
SEAPLANE |j with ‘on reper 









_ =" 


av <i isee Be 


UA 2 OFFICE. mcs. aay —<— 58 


fast Cowes 



































PORTABLE LIGHT FROM OIL. 


uP TO 4000 CANDLE POWER. 


FOR ENGINEERS, CONTRACTORS, DOCKS, RAIL- 
WAYS, &c. 
OVER 18,000 SOLD. 
Adopted by 2G Governments. Supplied to BO@ British 


and Foreign Railways and aif Leading Firms. 


No. 6,—500 Candles. Hand Pattern 27 7 0 

No. eg my age, “with No. 2 size burner for a ° ° 
ee 0 

No. 3.—1, Pi or Oe. 660 Candles. Useful and portable pattern - #1610 @ 

No. 3.—2,500 or 8,500 Candles. Manchester Ship Canal pattern £16 3 0 


Burn Kerosene or Petroleum in Fore’ Countries; in Great Britain our 
Special Wells Oil is supplied. 


“TYRE EXPANDING, BENDING, STRAICHTENING 
SETTING, SHRINKING &C. 


No. 0. .- size, > Somnath with i. 
or use where great — ty 
isanadvantage .. £9100 
No. 3.—(Standard Heating Plant), engine 
with Burner, Oil Tank, Air 
Pump, all Fittings me .. 21710 06 
Heater Burner and Hose only . £5100 


WELLS’ {REMOVABLE BUNCG POUR. 
“STANDARD” (PATENTED) 


OIL CAS LAMP For emptying Oasks without Pump, Tap 
Applied to and removed from any cask 
Seopa ean as sete 
on 
& or. 





WELLS HEATER 





Suitable for 
ENGINEERS, 
‘CONTRAC- 

TORS, 
BUILDERS, 
RAILWAYS, 
FOUNDRIES, 

and for all 

Classes of 
INDUSTRIAL 


WORK. 8358 
Prices.—Fitted —_ es Burner, £8; fitted with 
double Burner, £3 Exrra BURNERS, 38. 88. each. 


A. C. WELLS & CO., * 














PANCRAS, LONDON. 














COCKBURNS LIMITED, 


CARDONALD, 


Near GLASGOW. 
The World-Renowned Valve Specialists. 


Established 
1862. 


Steadiest 













Strong 
Control 
and ' 
0 
eaatits Reduced 
Design. Pressures. 


Easy 
Adjustment. 


PATENT REDUCING VALVE. 


Safety Stop & Reducing Valves, 





dc. dc. 


HAYWARD-TYLER & C0., 


LIMITED. 

















FOR ALL PURPOSES. 





Write for Illustrated Price Lists. 


99, Queen Victoria Street, 
LONDON, 


Telegrams: TYLEROX, CENT, LONDON. 
Telephone: 9626, CITY. 


E.C. 
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Standard Range of 
HIGH-SPEED 


VERTICAL DRILLING 


a 





4-in. dia. spindle. 





24-in dia. spindle. 





For all Engineering Purposes. 


1}-in. dia. spindle. 


D. & J. Tullis, Ld., 


Machine Tool Makers, 
para com 








Chain Driving 


has forced its way to the front 
because it possesses incontestible 
advantages over any other form 
of power transmission. 

For the heavy work of a 
machine shop it is the 


IDEAL DRIVE, 


always steady, positive and silent, 
ensuring improved quality of 
work and increased production. 


OVEN TRY 
VLVAVIFTIFACHAINS !' 


The‘illustration shows a Drive from 
10 HP. Motor to a 103" All-geared 
Tangye Lathe in the Works-fof 
Messrs. Rudge-Whitworth, Ltd., 
Coventry. They reduce an 8" bar 
2" in dia. The cutting feed is 60! 
per minute with a feed of 40 per in. 






Blue Prints and Estimates free. 


“The Coventry” 
Chain Company, Ltd., 
COVENTRY, ENGLAND. 





SEND FOR 
TREATISE 
C3, 


Post free. 3923 




















PATENT 


SLOTTING 
MACHINES 





42 in. GENERAL TYPE 
MACHINE, WITH 
PATENT STROKE 
CHANGE BY POWER. 








with MELLOY’S PATENT 
Stroke Change Mechanism. 

















SPECIALITY. ° 


PATENT PUNCHER 
SLOTTING MACHINES 
6 in. to 18 in. 


For all classes of 
Heavy Forge Work. 





Guaranteed Times Given. 











wM 3604 
Telegrams : 
aie & Company, Limited, tates 
Manchester. MANCHESTER. 529 City. 











AULD’S PATENT 
EQUILIBRIUM AND 
EMERGENCY 

STOP VALVE. 


OUTLET 


ad 


STEAM TIGHT. ° 
POSITIVE ACTION. 
MINIMUM POWER 
TO OPERATE. 


x) 


FOR LAND AND 
MARINE USE. 





PARTICULARS FROM 
Sore Makers — 


DAVID AULD & SONS, E 


somone ov ives _ WHITEVALE FOUNDRY, 
GLASGOW. 


SURPLUS VALVES, 
TELEGRAMS—“REDUCING, GLASGOW." 





SAFETY VALVES, 
EXHAUST VALVES, &c, 
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Cover Removed showing 
no-volt and overload 


releases. 


TWO VIEWS 


of an 





STAR - DELTA STARTING SWITCH 
for 


ALTERNATING CURRENT MOTORS 


which is built to withstand rough usage by unskilled and 
heavy-handed persons. The design is simple, insulation 
perfect, every part is easily accessible and renewable 
and the whole of the switch parts are oil-immersible. 
Furnished with or without no-volt and overload releases. 
Leaflet No. 36 gives complete specification with prices. 


IGRANICGELECTRIC Co., Ld. »— 


147, Queen Victoria Street, 
LONDON, E.C. 
Works: BEDFORD. 


Cover in place. Note 
Push-button for 
stopping motor. 








Write for List “Eg. 1042.” 


Cooling 


and 


Ventilating 


DELIVERIES FROM STOCK. 





Write for List “Eg. No, 1115.” 


STURTEVANT ENGINEERING Co., LTD. 
147, Queen Victoria Street, LONDON. _ 








| Anderson’s 
BELFAST “=" ROOFS 


covered with their special roofing 








The view is of one of the buildings at Messrs. Davidson & Co., Ltd., 
Sirocco Engineering Works, Belfast, and shows one of our Roofs 
constructed to carry shafting. 

A proof of the utility of our Belfast Lattice Girder Roof, is the 
fact that a single-storey building at the Sirocco Works was afterwards 
increased to five storeys, and the same roof used in each instance, 


having been raised bodily. 
These roofs can be constructed with a 


clear span up to 100 ft. 


are economical and unaffected by chemical fumes. 
Full particulars and Estimates free 


=: ANDERSON & SON LED. 
stn vomm, LONDON, E. | BELFAST 


————s 





AMES SIMPSON 


AND COMPANY, LIMITED, 
LONDON and NEWARK-ON-TRENT. 


Telephones :— 
301 BANK, 
REPAIR SHOP, 4825, VICTORIA, 
NEWARK, 103. 


Telegrams and Cables :— 
AQUOSITY, LONDON; AQUOSITY, NEWARK, 





Manufacturers of High-class 


PUMPING MACHINERY 


of all types and for every service. 








COMPLETE PLANTS INSTALLED IN ANY PART OF THE WORLD 


for Waterworks, Sewage Works and Mines. 


PERIODICAL INSPECTIONS 


of Machinery undertaken and Reports given. 


REPAIRS OF ALL KINDS EXECUTED, 








FIRE SUPPLIES of all descriptions. 





ESTIMATES ON APPLICATION TO 


JAMES SIMPSON & CO., Ltd.. 





101, Grosvenor Road, LONDON, S.W. 
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FOUR NEW LINES 
IN TRACING CLOTHS 


BRITISH MADE 
Users of R.C. brands of tracing 
cloth effect a saving of at least 


10 7, 


without sacrifice of quality. 


ca 
SEND FOR SAMPLES & PRICES 
Sole Agents for the United Kingdom 


B.J, HALL & CO [7° 


MANUFACTURING DRAWING OFFICE STATIONERS 
Head Office CHALFONT HOUSE 
Ct.Peter Street, 


LONDON, S.W. 





















HIGH-CLASS MACHINE TOOLS. 





TURRET MILLING 
AND AND 
AUTOMATIC een oem 1 SPECIAL 
SCREW A” MACHINES, 
MACHINES SCREW- 
AND CUTTING 
TOOLS. LATHES. 





speciALity:-CAPSTAN LATHES. 
CONTRACTORS TO H1.M. WAR OFFICE. 

THE TIMBRELL & WRIGHT fena'ds feet 

Tigra: TL og ~=BIRMINGHAM. 


























In order to deal more satisfactorily 
with our rapidly increasing business, 
we have removed our Head Office 


to our newly-erected Factory and 
Office Building at : 











Waldo Rd. 


WILLESDEN JUNCTION, LONDON, N.W. 











where our increased floor space, the 
addition of New Furnaces and New 
Die Casting Machines of our own 
design, will enable us to even im- 
prove on our present high reputation 
for quick delivery of 
ANTI-FRICTION METALS 


and 


DIE-CAST BEARINGS. 


Telegraphic Address :— 
BEAUCOUP, Kensal, London. 





GLACIER 


ANTI-FRICTION METAL CO., Ltd. 





Telephone:—1882 WILLESDEN (2 Lines). 








HIGHEST GRADE 


te 


(16 in., 20 in. and Bais in. Stroke). 





With + Pl or with Universal Table. Automatic Trip to Table Feed. 
Automatic Vertical Feed to Tool Box, both up and down, and Automatic Trip. 
Ball Bearings to Driving Cone. DELIVERY FROM STOCK. 


Can be seen in our Showrooms under belt. 32°8 








For jull particulars ask for Booklet B. -_ 2% 


Te acnaus CZONISTI. LONDON Goose LIEBERG 8 3838 = =§ TeLerHona vicToRia 5089 


Ta) Guitnen Geachiowm Soragacag ht 


50, MARSHAM STREET. 
WESTMINSTER, 
LONDON, S W. 


& 


etersTeRtOo TRADR wane. 
HIGH GRADE MACHINE TOOLS AND GMALL TooLKg 
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For Hardness Testing 


in shop and laboratory use the 
Standard Scleroscope. 


Universally adopted; direct reading ; 
inexpensive, and the only instrument 
that agrees with others of its kind in 
all parts of the World, thus solving 
problems of ordering materials to 
specification. 


BOOKLET FREE. 


32 


cin. SB. 
se 8 
by t 
a ' 
iti 





aie = 


Heated objects as seen 
through Pyroscope. 








THE SCLEROSCOPE. 


Heat Indication, 


by optical means is fast becoming the correct thing. The PYROSCOPE 
has solved the problem. Perfect constancy, inexpensive, no electricity 
used. Built to stand rough usage and upon common-sense lines. Used J 
by the Governments and best Firms. 


SHORE INSTRUMENT & MFG. CO., New York 


Agents for England :—SCHUCHARDT & SCHUTTE, 











34, Victoria Street, London, S.W. THE PYROSCOPE. 








KERN & CO., 


—— ESTABLISHED 1819. —— 





AARAU, 


SWITZERLAND. 


FIRST PRIZE-GOLD MEDAL, 
ALLAHABAD (1911) U.P. EXHIBITION. 
TURIN (18911)—2 GRANDS PRIX ; 20 Medals & Highest Awards 


GRAND PRIX.—Paris, 1889 Milan, 1906. 
MAKERS and EXPORTERS of FINEST ENGINEERS’ 


Drawing Instruments, 
Telescopic Plane Tables, 
Levels, Theodolites. 


THE FINEST 
INSTRUMENTS 
IN THE WORLD. 


HIGHEST 
PRECISION. 





Telephone : EI 
Telegrams: KERNAMAT, LONDON. 


LONDON Office: EX. 1. HAW. 


Contractors to the India Office. PENINSULAR HOUSE, 28, MONUMENT STREET, E.C. 














9 


fe, 
Traps Mark 





ENCASED DOUBLE HELICAL 
ROLLING MILL GEARS 





300/600 HP. Gear, ratio 11:1, with Cast Steel Flywheet 
on high speed shaft. 3767 





™ POWER PLANT Co., Lr. 


WEST DRAYTON, 
MIDDLESEX. 


Telegrams— 
“ ” 


Telephone— 
. 22 
West Drayton. 


Yiewsley. 

















. a | 








Much Cheaper Power 


became possible with the introduction 
of the Suction Gas Producer. 


@ Fora long time, however, bituminous coal could not be used 
in suction producers. Now it can—and power is cheaper still. 


@ Common bituminous slack can be burned in the Crossley 
Open-hearth—nole that Open-hearth—Suction Producer, a 
plant specially developed for such fuel. This slack may be 
bought for 5s. or 6s. per ton in many parts of the country. 


@ The tartrouble was the difficulty in the early days. It has been completely 
overcome by the Crossley Patent Rotary Tar Extractor, and the 





deliver a perfectly clean tar-free gas ready for use in the engine. 


@ The heat efficiency of the New Crossley Open-hearth Gas 
Plants is high and the fuel consumption very low. The Patent 
Crossley Open-hearth feature whereby the fire is at all times 
visible and accessible marks a new era 
construction. 


in Gas Plant 


It will pay YOU to investigate the Crossley 
Open-hearth Suction Bituminous Gas Plant. 
Write for the Catalogue to-day. 


CROSSLEY BROS., LTD., 


Openshaw Manchester. 
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SPEED REDUCERS 


FOR HIGH SPEED TRANSMISSION. 
REDUCERS with end- 


less screw and worm 
wheel. 


REDUCERS with 
straight gears and cut 
double helical gears. 


R. S. PRIGE, L”- 


Mechanical Engineers, 


12, NORFOLK STREET, STRAND, 














LONDON, W.C oH 
Litt PMakers To Mis Majesty 
Bp Special ni POD. the Ring. 





WAYCOOD 





ELECTRIC, PASSENGER, 
HYDRAULIC, cOoDs, 
HAND POWER SERVICE. 


WEAR WELL ano LAST LONG. 


CATALOGUES AND ESTIMATES FREE. 3925 


R. WAYGOOD & CO., Ld., DEPT. £8, Head Ofice& Works: Falmouth Rd., S.E. 
ond UEROp TWISTED 


G — DRILLS 


































HICH-SPEED QUALITY 
(PATENTED.) * 
TAPER OR STRAIGHT SHANKS. 
Test 





A Beotional Bar is twisted hot. Drills 
are ground with same precision as 
Milled Drills. Shanks are a 
perfect fit in Morse 

Socket. 


them against 

the best Milled drill, 
and then compare our 
discount with what you pay. 





7 
MANUFACTURED BY 


J. Beardshaw & Son, Ltd. 


Baltic Stee! Works, SHEFFIELD. 2742 
LONDON OFFICE—88. Victoria Street, Westminster. 


GARDNER AIR COMPRESSORS. 


VERTICAL COMPRESSORS. 


AIR anno WATER-COOLED. 
CAPACITIES :——24 TO 140 CuBIC FRET PER MINUTE. 


HORIZONTAL 
COMPRESSORS 


CAPACITIES :—29 TO 1000 
CuBic FEET PER MINUTE. 


ISAAC BRAITHWAITE & SON, 


ENGINEERS, LTD., 


rps worKs, KENDAL; 8 LONDON: 


Telephone—6987 City (2 lines). 











tS 


= = 








200, Upper Thames 
Street, E.O. 





STAHLWERK KABEL C. POUPLIER JR., 
Kabel, Westf., Germany. 


HIGHEST QUALITY BRIGHT DRAWN 
HEXAGON, ROUND AND SQUARE 


STEEL BARS 


for Automatic and Screw-cutting Machines. 








Enquiries to Sole British Representatives :— 4003 


DACRE ENGINEERS SUPPLY Ltd. 


20, VICTORIA STREET, LONDON, S.W. 


Telegrams: “ Zafiro, Vic., London.” 


ee 
BUCYRUS CO., Sth. Milwaukee, U.S.A. (p2i3 om? “ahta "3:00:00 


Telephone: Victoria 5129. 

















STEAM ‘SHOVELS (Steam, Electric € ra y Petrob. 
Spare Parts for Shovels Stocked in ‘enti. 


Draa-Line Excavators. RivER AND HarRsOuR DREDGERS. 
Sole British Agency: GEORGE F. WEST & CO., 


Gotp DREDGEs. 
507, Caxton House, Westminster. 














MOND GAS. 


FOR POWER & HEATING. 


FOR PARTICULARS OF THE GASIFICATION OF BITUMINOUS 
FUELS, AND THE RECOVERY OF SULPHATE OF AMMONIA, 
&c., WRITE TO:- 


THE POWER-GAS CORPORATION, Lr., 


STOCKTON-ON- TEES. 


VALVES, COCKS & FITTINGS } 


OF EVERY DESCRIPTION 
FOR 


STEAM, WATER 4.5 
HEATING SERVICES 


IN GUNMETAL AND IRON. 


3614 


PRODUCER CAS SPECIALISTS 
AND PATENTEES. 





























F LARGE STOCKS oF 4’ 
HIGH-CLASS STANDARD FITTINGS [me 


FOR IMMEDIATE DELIVERY. 3558 








Send your E nquiries. 


UNITED BRASSFOUNDERS, & ENGINEERS, L in 


Foundry, MANCHESTER. 
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THE GRANTHAM BOILER & GRANK CO., _— 


ni GRANTHAM. 
STEAM BOILERS 


Vertical, 
Portable, 
Cornish, 
Colonial, 
‘“*Field” Tube, 
and Loco. 


(of all types 
and powers). 





ALSO 
Air Receivers 






Heaters. = 
On Admiralty List. , 





CONTRACTORS TO H.M. GOVERNMENT, INDIA OFFICE & COLONIES. 
Condensing, 
Non-Condensing 


“STEAM ENGINES Ss 


Also fitted with Piston Valv or eae 
superheated steam. 


VERTICAL ENGINES AND BOILERS. 
combined or separate. 


Haulage Gears, Winding & Hauling Engines. 


ELECTRIC GENERATING SETS, 5 to 40 HP., 
for Ship Lighting, &c., or for use on land. 2872 














T.& R. LEES, Engineers, HOLLINWOOD, *. MANCHESTER. 


Telegrams: “ Lees, Hollinwood.” cation No. 16, Failsworth. ponte Al, ABC and Private. 


~ | ANY WORKS WHERE 














ube Bending Machine 
“Hercules” 


BENDS TUBES # in. TO 8 in. 
COLD AND WITHOUT FILLING. 


ENORMOUS SAVING IN 
—TIME AND POWER. — 


D.RG.M. 


First-Class Testimonials. 


ALEXANDER SAUER, 


Ruhrort U., Germany. 








INDISPENSABLE IN 


TUBE-BENDING IS 
REQUIRED. 


HILL'S :itseSoe COLD SAWING MACHINES 


PIONEER OF COLD METAL SAWING. 


The machine shown 
is one of our stan- 
dard design (No. 2), 
and bei medium 


83382 








Send Your Enquiries. 








29 YEARS’ 
EXPERIENCE IN 
._ COLD SAWING AT 
YOUR SERVICE. 


Space 
Cm, by 47.6 


St. osm £ 
Engineering, 
Malleable Iron 
& Steel Works, 


Woods Lane, 
DERBY. 


6 in. 





SOLE PROPRIE TOR: a 


JOSEPH HITL, Mi Mobb, M168 lost. 


2704 











iam 9 Wn 201-1 -41 eo: 


MACHINERY 


= CARDIGAN WORKS | 
vemtones-2sems BIRMINGHAM. 


Finssury 


TELEGRAMS MACHINERY, BIRMINGHAM. 





3432 








3 





JAMES WILEY & SONS, LTD., 


DARLASTON. 


DROP 


FORGINGS. 





Send us your enquiries for all kinds of BOLTS and NUTS, &c. 


CATALOGUES on APPLICATION. 





CENUINE ARMSTRONG STOGKS & DIES. 


These Dies are adjustable to variations in size of Fittings 
for Threading Pipe or Rod. 
ENGLISH OR AMERICAN THREADS. 


HINGED PIPE VISES. PIPE CUTTERS. 
PIPE THREADING & CUTTING-OFF MACHINES. 


THESE GOODS ARE CARRIED IN STOCK BY LEADING HARDWARE AND 
STEAM AND PLUMBING SUPPLY HOUSES. 


Manufactured by 


THE ARMSTRONG MFG. CO., 


338, KNOWLTON STREET, BRIDGHPORT, OONN., U.S.A. 
New Yor« Catalogue Mailed on Request. Cmoaee. 


3778 
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REDUCING VALVES 


(Hiibner & Mayer Patents). 


Ensure full fiow of steam and constant 
low pressure un.(Tected by varying 


pressure and steam demand. 
For saturated 


and super- 
heated steam 


—— | 
= 
= 
> 
a 
— 

. 

- 


. 


Reliable, 
satisfactory 
working. 


SUPPLIED ON TRIAL 


Thousands in 
satisfactory 
use. 





ISOLATING VALVES, 


EXHAUST STEAM REGULATORS]. 


HUBNER & MAYER, 


VIENHA XIXi1. 
Manufacturers of Steam Accessories. 


ACCENTS WANTED. 





IDEUTZ OlESEL ENGINES 


350 HP. Engine working in a South American Mine. 40 B.HP. Engine working on Tar Oil. 
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Sole 
Ls British Agents: 


W. SILVERSTEEN & CO., “toncon, ec” 


=| Gasmotoren-Fabrik Deutz, Cologne-Deutz. 

















| JOHN-STIRK | 
| & SONS L°- | 


ee 


HALIFax 


: Make the BEST : 
: Ua AE —— 5 





Engineers and Boilermakers, 


SEE E*E*LT EL. D.. ......00. 





ARMOUR PLATE 
BENDING PRESSES. 


PRESSES FOR PIERCING. 
AND 
DRAWING PROJECTILES. 


BANDING PRESSES. 


(Varmors’s Parurrs.) 





PATENT 


"tone STEAM PUMPS 


Vertical or Horizontal Types. 





x 
% 


Special Patterns for Mine Pumps. 


T. SHORE & & SONS, 


Eteraria, ‘Svean en ou. racer. 





SHINGLING PRESSES. 


PRESSES FOR THE FLUID 
COMPRESSION OF STEEL. 


STEAM - HYDRAULIC 
BLOOM, SLAB & PLATE 
SHEARS. — 


ELECTRIC BILLET AND 
' BAR SHEARS. 


HOT SAWS. 
REELING MACHINES. 
STEAM HAMMERS. 





6000 TONS PRESS. For Gun and Turbine Drum Forging. 


REPRESENTATIVES: 
NEWCASTLE and DISTRICT: W. A. HARTLEY, 21, Moseley St., NEWCASTLE-ON-TYNE. 
BIRMINGHAM and DISTRICT: R. W. LEACH, Avondale Rd., WOLVERHAMPTON. 
SOUTH WALES: H. B. LEACH, Finsbury Court, Finsbury Pavement, LONDON, E.C. seal 





DAVY BROTHERS,?- 


, 
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FRANK WIGGLESWORTH 


ENGINEERS, and CO., Ltd., 
CLUTCH WorRss, 


SHIPLEY, near BRADFORD. 











TO GET FULL 











FLEXIBLE 
COUPLINGS. 


By our design we ensure FLEXIBILITY in 
all directions WITHOUT undue STRAIN on 
shafts and bearings. 





3312 


BASILY DISCONNECTED. 











TAY THROATLESS 
LENNOX “forzy” SHEAR 
SHEARS #-in. STEEL AND LIGHTER. 


CUTS INSIDE & OUTSIDE CURVES, 
SERPENTINE, AND ALL 
IRREGULAR CUTTING. 


IT WILL SAVE 75 PER CENT 
ON THE CUTTING COST. 















” 








W. Cooper Penn, 25, Victoria St,, London, $.W. 


AGENT for the UNITED KINGDOM. 


y~ 


9. Uw Made in 5 sizes. 


x 


LENNOX THROATLESS SHEAR C marsnauctown, IOWA, U.S.A. 





EFFICIENCY 


From Your Machines 





REQUIRES 


SMALL TOOLS 


OF HIGH QUALITY. 


To meet this demand, a rigid 


inspection is made of all 
DRILLS, CUTTERS, BROACHES, 
REAMERS, TAPS, &c., 


at every stage of manufacture. 


3812 


Coventry Ordnance Wks. 


SMALL TOOL DEPT., 


COVENTRY. . 
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CoTLire |JOHN GRIEVE & CO., crane suoers, MOTHERWELL. | , 
FLARES | 

SAFE. ~~ ae 
omaumee,| * ORANESS ws. 
(jovernors STEAM HAMMERS ‘ 










(PIOKBRING TYPE), and with 
“ SMITH'S” PATENT KNOCK-OFF GEAR 


Simple. Efficient. 
Jockey Pulley abandoned. « 
Operates should Governor ster 
from any cause. 





Sole Licensees and Makers :— 


D> Pollock, Macnab a Highgate 


KW SHETTLESTON, 2783 
GLASGow . 
Makers to War Office and Admiralty. 


MUSGRAVE'S 


- \ 
(inna \ 
a) Nae 
. ‘ 
/ ‘ 
1-.."! i ‘ 
i 
‘ 
v 


AND 3969 
HIGH-SPEED 
ENGINES 
For HEATING, VENTILATING & DRYING, 

FORCED & INDUCED DRAFT PLANTS. 


MUSGRAVE & Co., Ltd., BELFAST. 


























ene 


J. B. TREASURE & CO. 


PRESSURES 








= <SeHERWOOD SYSTEM » 


USTS ow APPLICATION 


LIVERPOOL. 4 




















fe 





FOR SMITHS’ SHOPS AND FORGES. 


Shipbuilders & Boiler Makers’ Machine Tools. 
PATENT BEVELLING MACHINES ror snips’ Frames. 


FORGE CRANES, Hand and Steam. 
Water Wheels, &c. 


Sugar Cane Mills. 





DAVIS & PRIMROSE, 


BANGOR WORKS, 





Ler T es, SaaS eee ae 


ENDERSON & GLASS, LIVERPOOL 


Extensive eTocs of all descriptions and Sections 


MALLEABLE IRON AND STEEL, 


Including all sizes, Round, Square and Flat Bars, rs, Fiton 


Plates, Tees, Angles, &c. 


Rolled Girders & Joists, Sin to 20in, deep, 


COMPOSITE GIRDERS MADE TO SPECIFICATION. 


PLAIN AND CHEQUERED PLATES. 
Boller and Tank Plates in Iron or Siemens-Martin Stoel, all sizes, 


QUOTATIONS AND SECTION SHEETS ON APPLICATION. 
SHIPMENT ORDERS PROMPTLY EXECUTED. CORRESPONDENCE pn lll ee MO lll nt nde lee aceennmanenenen anti 


“ISHERWOOD SYSTEM 
or SHIP CONSTRUCTION.” 


Suitable for ALL TYPES of Vessels. 
SPECIALLY ADVANTAGEOUS for LARGE PASSENGER & OIL TANK STEAMERS. 








Increased Strength. Reduced Vibration. : 

it 288 Vessels Built c 

” for abn or being Built, : 

Representing about F 

Increased D.W. . 1,310,000 gPoss 4 

Carrying Capacity. register tons. ' 

Improved 108Bulk Oil Carri " 

“SIMPLEX” Ventilation. a oe 
STEAM PUMPS!8 Reduced Cost of 656,000 gross 

Maintenance. register tons. 

‘or icu appl ! e c tnd : 

: Pormaicunes- J, W. ISHERWOOD, 22" = 

HORIZONTAL & VERTICAL TYPES 2a, L.LOFTD’S A VENUS, LONDON, H.C. BI b. 


MOST SIZES READY-IN STOCK, 





T. TOWARD & CO., LTD., 


9, Ouseburn, NEWCASTLE-ON. TYNE. 9008 


or to S. C. CHAMBERS @& CO., 5, King Street, Liverpool. 
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BEVEL GEAR PLANERS, 


ENTIRELY AUTOMATIC. 


NEW CONSTRUCTIONS. 
HIGHEST EFFICIENCY. 


GREAT OUTPUT. 
GREATEST PRECISION. IN 5 SIZES. 


FOR WHEELS UP TO 2 METRES IN DIAMETER. 


THE SWISS OERLIKON 
MACHINE TOOL CO. 


Works: OERLIKON, near Zurich. 
OUTIL, OERLIKON. 


TELEGR. : 











a 


OLO STYLE / j 
LAMINATED} ) 
| ‘ 


/ 


BELTING||// 
MH 








HENDRYS')/ 

NEW PATENT | 
FLEXIBLE 
MTN 


HAH 

















striking advance made by Hendrys’ 
struction over the old style. . . 


load over the driver and driven pulleys. 





HENDRY 


FROM A SINCLE STRAND 


BELTING | 


’ THESE ILLUSTRATIONS are drawn to scale. 
new patent Flexible con- 
- HENDRYS’ Laminated Leather 
BELTING is now guaranteed to give efficient and satisfactory 
driving over Pulleys ONe-HALF and even Two-THIRbvs smaller 
than is practicable with any other type of flat belting. The extreme 
Flexibility ofp HENDRY BELTING ensures perfect distribution of 
Particulars on request. 









They show the 











JAMES HENDRY *%,'33.9%' GLASGOW 
Copyright ae ...... 

. 

0 





3730 













WALLWORK 


WoORMGEARS 


I 


MANCHESTER 





———>) 


YTONSON 


LIMITED 







LONDON 
OFFICE 


60.QUEEN 
VICTORIA st 











WIRES 


GAS, LEEDS 





CP rORHsAn< 











LARGE STOCK READY 
\ FOR IMMEDIATE DELIVERY 


3047 











wd THe Gee ar 





ROLLED AND 
BRIGHT 
DRAWN 
STEEL 
SHAFTING. 







2 in. dia. and upwards 
to size, and in any 
length up td 15 feet. 


WITH SMALL AIR 

HOLE FROM END To 
END FOR FORCED 
LUBRICATION. 











4023 








TELEGRAMS 


BLOOMS) «SHEE; ATTERCWUFFE 


IELD 
















DUNFORD &ELLIOT Te 9EF  seconone sneer 


WHARF, 








SHEFFIELD. Il65. 2821 & 1713 



















OXYGEN 


For the Welding and Cutting of Metals, 





British Oxygen o,, Ld. 


The oldest and most extensive Oxygen 
producing and distributing business 
in the world. 


Factories in all important Engineering 
centres equipped exclusively with modern 
LIQUID AIR PLANTS, PRODUCING OXYGEN 
OF UNRIVALLED PURITY, entirely free from 
Hydrogen or other combustible residuals. 


MANUFACTURERS OF 
Oxy-Acetylene Welding 


BLOWPIPES, 
OXYGEN METAL CUTTERS 


REGULATORS, 
And other Appliances. 













2484 
ox full particulars apply to any of the Con:pany’s 
8:— 
ELvertON Sraapr, Weerminerer, 8.W. 
Turse. AV East — 8.F. 


SaLTLay Works, el 
Great Mar.sonover Strat, Mancnaerse, 
WaLeze Gats, Newcast.s-on-Tynn. 
Rossum. Woras, Potmavis, Graseer, 


Easr Moora, OCanvivy, 
Aum Broxay, N.8.W, 
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A. BEEBEE, 
Studs, Bolts, Nuts, a. 


WEDNESBURY. ° 
MAXWELL & FAGE, 


49, Sefton ‘Garect, “LIVERPOOL. 
ae ENCINEERS & 

r Stee! Bu aidin gp Oe Br rhe ™ Girdore, and all 
Sea ription Timber 
Buildin asc ed for oa abeate & abroad. 

See Mustrated Advertisement Preceding & Following Weeks 

L.-J hea Om Estimates on ti 

Galvanizer,” Liverpool. 




















‘elegrains : 


IBULLIVANT CO., L° 


Stee! Wire Rope Makers, 
BULLIVANT’S AERIAL ROPEWAYS, Lid, 


72, MARK LANE, LONDON, EO. 3607 
Tele.: 2108 Avenue (3 lines) 














Works: Muiwa.t, E. 


Telegraphic Address: ‘‘ ABBOTT, NEWARK.” National Telephone: No. 3, 


FOR HIGH-CLASS 


BOILERS 


OF ALL TYPES AND FOR ALL PRESSURES 


ABBOTT & CO. aewarw L?: 


MEWARK-ON-TRENT, ENGLAND. 


CONTRACTORS TO THE i and a WORK of 
ADMIRALTY, MOTOR VAN BOILERS. 
War OFFICE, CASINGS. 
InDIa OFFICE. 
BoarpD oF Customs, 
Crown AGENTS, 
&c., &c. 





VULCANISING PANS, &c. 
ABC Code, Sth Edition. 























SHIPYARD ” MACHINERY. 


SMITH BROTHERS & Co. (Glasgow), L4. 
Machine Tool Makers, sas 
Kinning Park, GLASGOW. 


See Advertisement page 88, June 5. 


MACHINE TOOLS. 


ENGEL WORKS, GUILDFORD, SURREY. 


ROBERT STEPHENSON & CO., 


PP tee ern DARLINCTON. = 
House, Westminster. 


Office :—Sanctuary 
LOCOMOTIVES and servic. 



































Altiscope, London. 
Nat. Tel.—200 & 300 ; @0 Victoria. 
Sth Edition 





+ 
Jaat and nert wack. 


THe oer ensere, 


MELORUM 335. 


‘amen GmeeED. LIMITED, SUPERNEATERS 
Canal Works, Timperley, MANCHESTER. 


SHAFTING & MILL FITTINGS. 


See our Adv sinines mt last week. 
1762 


C. F. CARVER, Ltd., 


Alfred Street Mills, NOTTINGHAM. 


MERCHANT BARS, FLATS, ROUNDS, SQUARES, ANGLES, 
ER IRON OR STEEL, 


BES, OVALS, &c., 
—* MAR 
Tele. Add.: “ Hoops,” oF 
Motherwell. 
oF splayed ; s\s0 he Cotton 
Ties and all other purposes. 
_ e Motherwell Iron 
and great Co., Ld., Motherwell, x.s. ) 
SAWMILL & WOODWORKING 
MACHINERY. 2048 


FOR EVERY 
ING INDUSTRY. 
one eee 
































Latest Labour-Savi 
BRANCH OF THE W 
iNustrated jogue sent free se 


KIRCHNER ®SCO., .oirr ewe. 
Qi, 28 & 25, Tabernacle 8t., LONDON, B.0. 


WILSON HARTNELL & CO., Ltd. 


GOVERNOR exrerts 





4 FRIED. K RUPP, Essen & ANNEN. 


= Manufacturer of Crucible & Siemens-Martin 





= STEEL CASTINGS 


FOR ALI. PURPOSES. 


To pass Admiralty, Board of Trade, Lloyds, and Bureau Veritas Tests. 
APPLY TO 9687 


AUGUST RRICHWALD, Ltd. (comm TINGDOM ), Finsbury Pavement House, Finsbury Pavement, B.C. 





HYDRAULIC MACHINERY. 


CRANES. Electric, Steam, Hydraulic and 


Hand Power. 


TRANSPORTERS (Temperley Patents). 


BRIDGES and STEEL STRUCTURAL WORK. 


CRANE DEPT,., 
oe PARKHEAD, GLASGOW. 


DALMARNOCK IRONWORKS, 
BRIDGETON, GLASGOW. 





VOLT WORKS, LEEDS. 





BM HL CLAUMLILULLULLALULLLILUT MLL LALUUUTULAULLATULUTTTUIILUTTUIT TT TIITTUITTTTTTTTTTTTTTTTT TUTTI TTT TUTTI TTT TTTTTTTTTTTT TTT TT TTT TTTTT TT (lees 
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TAYLOR » ost ma 
Patent ROTARY GUTTING-OFF MAGHINE| NS) cams 27 





You have a properly equipped Cutting-off Shop and don’t need 
to add to it? 


Yes, but so had the 55 Buyers of the 
TAYLOR Rotary Cutting-off MACHINE, 


But still they found. it 


E. S$. HINDLEY & SONS; 
BOURTON, DORSET 
And 11, Quamn Victoria Srauer, Lowvon, EO. 
HIGH-SPEED VERTICAL MULTI-CYLINDER 
iAS ENGINES, STEAM ENGINES, STEAM BOILERS 
AND SAWING MACHINERY. 


See large Advertisement last week. 2796 2 





Pay them to buy it and PURE WATER 
IT WILL PAY YOU] rom om 


Che BUHRING’S Patent WATER PURIFYING Co., 
60, Wilson Street, B.O. 


MITCHELL-WILLIAMS PATENT 


LUFFING CRANES. 


HIGHEST SPEEDS & EFFICIENCY. 


GREATEST SAFETY. 
The MITOMELI-WILLIAMS CRANE Ce., 
98, Leadenhall St., LONDON, E.C. 2424 


HALL Pumps 


FOR ALL CLASSES OF BOILER een &c., &o. 


=|J.P. HALL« SONS, L?- 


PETERBOROUGH. 


wv — = rani all "eroort — 


BACSHAWE « Ci aCo. wis “ymeragte 
Felten & Guilleaume Carlswerk A. ry 


BRONZE WIRE. 


8741 


W.F.DENNIS&CO. spon” 
KEEN AN’S 


YON-CONDUCTING COVERINGS 


are the best for 
Sollers, Steam Pipes and all Heated Me. 
Special Cork Coverings for Refrigerating Plant, &o. 
Anmaon Works, Bow, Lonpon, E. (Phone, East 3485) 
Gr. We.uinerton St., Guaseow. (Phone, 2063 South) 





CHARLES TAYLOR (irm.), LTD. 


Machine Tool Makers, 
Bartholomew Square, BIRMINGHAM. 


_SEND FOR NEW CATALOCUE, 


=| CHURCHILL |— 





Pas! 














= 
We 


























Any Speed 


between the fastest and the slowest can 
be absolutely secured without stopping, by 


“The Reeves” Variable 
Speed Transmission. 


ELEITRIRS WIRES CABLES 


To 


GLOVER< C°.L™ 
TRAFFORD PARK’ MANCHESTER 


JOHN SPENCER, -E 


WEDNESBU Se 





= 





" rROwW é& STHHEL 


TUBES 


POLES, STEAM MAINS, TUBULAR PILES, &&. 
CONSOLIDATED BRAKE & ENGINEERING 





These countershafts are being used in all classes of factories 


COMPANY, LIMITED, 
where a perfectly variable speed is desired, and are giving 6 Sen 
complete satisfaction in running. We shall be glad to get into STANDARD AUTOMATIC VACUUM 


touch with any concern interested and furnish all particulars. Rapid A Acting Service & E vice & Emergency hoo Accelerators. 


Telagmiens|""Vaeus, Landon.” Landon.” Telephone Mo fie, London Wall. London Wal 


FERRANTI LTD. 


Central House, Kingsway, LONDON, W.C. 
ELECTRICAL SWITCHGEAR, 
Instruments, Heating & Cooking Apparatus. 


TRANSFORMERS and METERS. 


Write for H/@ Lists. 2864 





= 


ym A 


CHARLES CHURCHILL & CO., Ltd., 


9-15, Leonard Street, LONDON. E.C 3801 
Birmingham. Manchester. _Newcastle-on-Tyne. G lasgow. Bristol. 


re 


SIMIAN 
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THE BREITFELO-DANEK ENGINEERING. C9. P**SUE sone 


AUSSIG o/Elbe, BLANSKO (Moravia), SCHLAN (Bohemia). 


BUILD —— 


CRANES 


of all types and powers, both hand-driven and driven by 
Gearing, Steam, Water under Pressure, and Electricity. 
Over 360 Cranes having a total lifting capacity 
of 6,600,000 Ib. supplied to date. 


Complete loading and conveying installations 
for harbours, railways and depots. -_ 


SPECIALITY.—Hydraulic and Compressed-air 


12 Semi-Gantry Oranes, 3300 and 6600 Ib., 11 metres. Rivetting Plants for boilers and bridge-work. Riveting Macbine, 4 m. (13 ft.), gap. 













































me on 


SPEOIALITY s—Patent Double-Header Wrought Stee! 


Steam Superheaters (i 


For Lancashire, Cornish, and all types of Water-tube Boilers, 
Tubes evenly distributed. 


NO LARGE JOINTS. NO STUDDED JOINTS. EACH TUBE ACCESSIBLE 
WITHOUT DISTURBING INSTALLATION. LEAKAGE IMPOSSIBLE. 





ESTIMATES AND FULL PARTICULARS ON APPLICATION. 


_ ae mae", McPHAIL & SIMPSON, Ltd., Wakefield. 


LARGE ECONOMY IM FUEL. POWER PLANT EFFICIENCY — London Office: FINSBURY PAVEMENT HOUSE, E.C. 











CHAS. BURRELL & SONS, 


THETFORD, 
NORFOLK. 
ESTABLISHED (1770. 
ROAD 
LOCOMOTIVES , 


Traction Engines 


Single Cylinder or Compound 
mounted on springs. 











3583 | 


ROAD ROLLERS 


Single Bo ph + or <p 
convertible to 


TRACTION ENGINES. 


pasar Golem SEND FOR No. 16 ILLUSTRATED CATALOGUE. 


THE DELTA METAL GO., Lit 1s: sean: ‘oross, 5: 
DELTA METAL No. I and No. IV Alloys: 


STRONGEST MALLEABLE BRONZES. HIGHEST RESISTANCE TO CORROSION. 


ROobnps, SHE TsS, rTrvBsasSs, Wiksks, CASTINGS, FORGINGS STAMPiIinGs. 














DELTA WHITE ANTI-FRICTION METALS. 





A 


HIGH-SPEED TURNING AND SCREWING BRASS. 


Bars of any Section in Brass, Bronze, Delta Alloys, &c. 
Yellow Metal, Naval Brass and Copper Bolts. Heagard Metal, Red Metal, Hard and Soft Brass Wire: 
Bronze and Brass Forgings to Admiralty and other tests and speoifications. ” 





ON ADMIRALTY WAR OFFICE, AND INDIA OFFICE LISTS. 
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SIEMENS WATER METERS 


DISC METERS FOR BOILER FEED WATER. 
IMPROVED INFERENTIAL METERS. DISC METERS. 
FULL-BORE METERS FOR LARGE QUANTITIES. 
COMBINATIONS. COMPLETE TEST PLANTS. 
PARTIAL METERS FOR VERY LARGE MAINS. 708 


SIEMENS BROTHERS & CoO., Ltd., 
FULL PARTICULARS Electric Appliances Dept., 
ON APPLICATION. CAXTON HOUSE, WESTMINSTER, S.W. 


Telephone: Gurrarp 860, Telegrams: “‘ Sixmune Vie, Tornon. 














































for PUMP DRIVING, DYNAMO DRIVING, COMPRESSORS, Etc. 
Designed and Built on sound Engineering principles only. 





The Illustration shows Type 9 E. OM Portable Oil Engine & Centrifugal 
Pumping Set. Duty, 500 G.P.M. against 40 ft. head. 


New Illustrated Catalogue 
“STATIONARY and MARINE ENGINES,” 


post free on request. 


BOULTON & PAUL, Limited 


Engineers, NORWICH, England. 


LONDON OFFICE: 126 Queen Victoria Street, E.C. 


















































— 6 
cn % 


<* Ley 

* UNRELIABLE °9 

a le (> FITTINGS ARE DEAR 
sh AT ANY PRICE 


“ee 
y 4 | 
3 FITTINGS 5 g a +GF +: 


” f ~ a 
D row K&S O, EVERY FITTING a 
4 ole} Row. 7 RS 4's GUARANTEED SY 


Lascow Wo 


SEND US YOUR ORDERS. 


As small as you like or as large as we like. 


City Office:—Dock House, Billiter Street, LONDON, E.C. 


91 VICTORIA ST., WESTMINSTER, S.W. 


WORKS :—BEDDINGTON, near CROYDON. 


TRADE ’ BOREAS 4 MARK 


COMPRESSORS 


-——— AND -— 


VACUUM PUMPS 











SRB 
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DARLING ® SELLERS, KEIGHLEY 
PATENT HIGH-SPEED LATHES 


HAVE SPECIAL FEATURES POSSESSED BY 
NO OTHERS. 


FULL PARTICULARS SENT ON APPLICATION. 


THE ILLUSTRATION REPRESENTS OUR 7 in. 
LATHE, WITH CONE DRIVE, HOLLOW 
SPINDLE and FRICTION GEARED HEAD. 


BUILT IN FIVE STANDARD SIZES :—7 in., 9 in., 
104 in., 124 in., and 164in. CENTRES. 


WITH CONE, ALL GEARED SINGLE PULLEY 
OR MOTOR DRIVE. 
3022 NATIONAL TELEPHONE No. 38. 


oo = 
JAMES FAIRLEY & SONS “2r2cs0"~ 
other Governments. 
General Steel Manufacturers and SPECIALISTS in 
Invite attention to their Unrivalled Self-Hardening Steel. TOOL STEELS 


FAIRLEY’s SELF-HARDENING TOOL STEEL, for Heavy Cuts at High Speeds, 


is considered to be the HARDEST and TOUGHEST Steel yet made (altho Selling the Sn en Suen les free to approved 
NOTE. JAMES TAIRLEY & SONS’ WORES (Bramall Lane, , and Mill fA. an IAM) are merely Branch ts and 


Be All Communications should be addressed to the Head Offcese—OLD MINT, SH SHADWELL STREET, BIRMINGHAM. Od 1719 
































ARTES RE a RE Ss 


-HARDE eevee, SRA! Oe N\ AIR oR 2 WATER™ 





























A.B.C. COUPLER, LIMITED. 
Queen Anne’s Chambers, LONDON, S.W. -™ 
SPECIALISTS IN BUFFING AND DRAFT GEAR OF ALL KINDS. 











~ ALL MODERN APPLIANCES. 


including ELECTRIC, PNEUMATIC & OXY-ACETYLENE PLANT. 
FOR THE 


QUICK REPAIR 


SHIPS, ENGINES, BOILERS. 


Builders of all Classes or 


VESSELS up to 300 ft. 


INCLUDING $161 


HIGH-CLASS HOPPER CRAB DREDCERS. 


VIEW SHOWS OUR FAVOURABLE POSITION FOR QUICK DISPATCH. On Admiralty and War Office Lists. 


"Siz “= DUBLIN DOCKYARD CO® “susim. "=: 














" 





| presse 
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U 





TUBES LIMITED “f 


WELDLESS TUBES for BOILERS and STEAM PIPES 
LOCOMOTIVES & THE ENGINEERING & MOTOR TRADES. 
Works: ASTON MANOR, BIRMINGHAM. _ Tele { Stone: Nevoyr & 6 


phone: No. 871 & 872 E (4 lines). 


ith 














AVERY’S PATENT 
“TRIPLE COMBINED” 
WEIGHBRIDGE. 











Write FoR WEIGHBRIDGE CATALOGUE. 


W. & T. AVERY, LTD., FOUNDRY, BIRMINGHAM. 




















—— 
ee 
—_ 


MAVOR & COULSON, Ltd, 
oi a aio 


IN 966 (5 lines). 


HILLES « JONES COMPANY, 


WILMINGTON, DELAWARE, U.S.A. 





MOTORS 














Illustration is of a Combination Punching, Coping or Notching Machine 
with clearances for handling standard and Grey I beams, channels and 
other sectional shapes. 


Coping attachments are shown in position for coping or notching flanges 
of I beams without the necessity of turning the bar around. Punching 
tools are in the foreground and are adjustable from 24 in. to 38 in. 
centre to centre. 


We have a large line or: patterns for larger and smaller machines of this 
and other special designs for rapid manipulation. 3665 

















Ul 





eA El’ PATBNT 


SERRATED SEAMLESS STEEL OIL CAN 


FITTED WITH 


New Patent Thumb Button, Seamless 
Spout, and Slide Feed Hole. 
Also IN COPPER OR BRASS, FOR ELECTRICAL PURPOSES. 


Contractors to H.M. Navy, War Dept., Home Office, and Indian State Railways. 





SOLE MAKERS :— 


JOSEPH KAYE & SONS, Ld., Lock Works, LEEDS. 


Managing Director - - - W. K. KAYE, M. 1. Mech. E. 
AMD O83, BIGH HOLBoRNm, tonNwpoownm, w.c. 2972 
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LINCOLN. 








EOE W & OO., Is Tv. 


and at 79, QUEEN VICTORIA STREET, LONDON. 























B 
Go 
— H 
DOUBLE tee... OIL ENGINE. PATENT UNI-FLOW ENGINE. 3535 T 
TRADE ONLY SUPPLIED. 
THE 
A A PRECISION TOOL 
Witewir © Hoefer 
i OF WORLD-WIDE REPUTATION. 
| { 
Made by Largest Works in Europe, producing Shaping Machines 
as a Sole Speciality, 
SOLE AGENTS sss q 


F. M. FRYE & CO., 46, Upper Thames Street, LONDON, E.C. rainaieedl 


Telegrams: ‘‘DYNAMO” } 
Telephone No. 300 (2 lines) J OLDHAM. 
ae - 


BrEmMiTizsyYD. 




















TOTALLY ENCLOSED INDUCTION CRANE MOTORS. 


LOCKWOOD & CARLISLE,Ld. 


HAGLE FOUNDRY, 


Telegraphic Address : ‘‘ PISTON, SHEFFIELD.” National Telephone : 1376. 


Improved Double-action Metallic Piston Packing ee & Soe 


CARLISLE’S PATENTS. 


















SPECIAL FACILITIES FOR QUICK DESPATCH OF URGENT ORDERS. , - 
3206 
As Fitted in S.S. “BRITANNIC.” =— © P Been eens peel Geet 


Improved Double-action Piston Valve Rings. 
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‘'\BABCOCK « WILCOX, Lia 


PATENT WATER-TUBE STEAM BOILERS. 
11,100,000 HP. Land Type, for Stationary purposes, 3,100,000 HP. Marine Type Afloat. 


BABCOCK & WILCOX also Supply as Joint Manufacturers and General Licensees with J. SAMUEL WHITE & CO., Ltd., 
the WHITE-FORSTER Boilers for Destroyers, Torpedo Boats, Pinnaces, &c. 


MANUFACTURERS OF :— 8887 
. Goliath Cranes, Transporters, Portal Cranes, Jib Travelling Cranes, Winches and Capstans, Coal Handling Cranes, Foundry 
) Cranes, Ladle Cranes, Scrap Magnet Cranes, Pig Bed Cranes, Section Handling Cranes, Box Handling Cranes, 
Open Hearth Chargers, Vertical Ingot Chargers, Horizontal Ingot Chargers, &c. 


HEAD OFFICES: ORIEL HOUSE, FARRINGDON ST., LONDON, E.C. 


Te.sarams—BABCOCK, LONDON. Works: RENFREW, SCOTLAND. TELEPHONE No.—6470 CITY (8 Lines). 


PUMPS 


FOR ALL PURPOSES 


PUNCHING «14 SHEARING 
MACHINES ‘ 


JOHN CAMERON, Ltd. 


— “ SALFORD, MANCHESTER. 
STEAM PUMP} Telegrams: ORIGINAL, MANCHESTER. Code 5th Edition ABC. Telephone 2002 Central. VRE GAN PURA 


WOOD LINED PIPES. ) 


Seamless Steel Tubes or Wrought Iron Tubes with 
Wood-Lining pressed in, for Conveying Sea Water. 


NO CORROSION.—— NON - RUSTING. — NO INSULATIONS. — BETTER 
- —____——THAN COPPER PIPES,———__—. 


INSTALLED IN MANY OF THE LARGEST CONTINENTAL BOATS. 























— 













NO el tty ay 























—-— J 
— : 
GAT 7ZZZAZZ = = 
| 
S 
» 
, = — ——— 
———S ——S Z g 
;-—-—J 


FOR PARTICULARS AND PRICES APPLY TO: 8197 
THE BRISTOL ENGINEERING CO., LTD., 
C-Solegroms—~ Pancussiou,” Psuroxe, EIsaPro nwnypos, BRIsSTOk;:.. 






| "MANUPACTURERS OF 
ALL SIZES OF ROLLED STEEL SECTIONS 



















Slabs up to 14” x 60” and 20 ton: 
in weight. 


9”x 24" 3" to10” x39" x34” 


I From 3°x14" to 24"x 79" 
[ Prom 3” x14” to 15” x4” 
L. Eyual Sides 1” x1” to 8” x8” 
Unequal Sides 13” x1” to 
L " 10’ x4” 















1”x1" to 7” x34” T 










BLOOMS FOR FORGINGS UP TO 20 TONS pln’ 
OuTPpuT 15,000 TONS PER MONTH. 
CONTRACTORS TO THE ADMIRALTY, WAR OFFICE, ETC. 


Heap OFFICE:- LANARKSHIRE STEEL WORKS, MOTHERWELL, N.B. 
@ Squares from 4” to 6” LONDON OFFICE:—LONDON House, New “ONDON Street, E.C 
Other Branch Offices at GLASGOW, NEWCASTLE, BIRMINGHAM and MANCHESTER. 


(. Prom 4”x2¥" to 12”%4” 
T From 6” to 12” 
@ From?’ dia. to 12” dia. 


ALSO 
NUMEROUS RAIL and 
OTHER SPECIAL SECTIONS 
56 & 70 lbs. per yd. Bridge Rails 


$218 ALWAYS KEPT IN STOCK. 
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LARGEST MAKERS « CAST IRON TANKS 


BRANCH OFFICES :- =WT TSE EIN GS DOM. 
‘ Brook House,” 10-12, Walbrook, LONDON, E.C. 
Grosvenor Buildings, Deansgate, MANCHESTER. 
60a, Lord Street, LIVERPOOL. aa ere a 
Moorhead, SHEFFIELD. - 


ALL PLATES PLANED FULL 
WIDTH OF FLANGES. 


TANKS OF ANY SIZE SUPPLIED 
and ERECTED ANYWHERE. 


DRAWINGS, SPECIFICATIONS AnD ESTIMATES 
CIVEN UPON APPLICATION. 


















Contractors to the Admiralty, War Department, 
and Crown Agents ! for the Colonies. 


~~ Naniowan TeLePnone No. 2200. 
NEWTON, ! SHEFFIELD. ESTABLISHED 1793. 


NEWTON. CHAMBERS & CO., “it SHEFFIELD. 
JOHN SPENCER & SONS, Linmeo 


NEWBURN STEEL WORKS, NEWCASTLE- ON-TYNE. 


ESTABLISHED 1810. 
Offices :—NEWCASTLE-ON-TYNE : Collingwood Buildings. LONDON: 382, Victoria Street, Westminster, S.W. 


Contractors to ooumany. War Office, Indian States, and Foreign Governments. 











MANUFACTURERS OF STEEL BY THE SIEMENS- 
MARTIN ACID OPEN-HEARTH PROCESS. 


SHIP AND BOILER PLATES UP TO 13 FEET WIDE. 








INGOTS, SLABS, BLOOMS, BILLETS, and BARS of all Sizes. RIVET STEEL. SPECIAL MILD STEEL for BOILER FLUES. 


STEEL FORGINGS, STEEL CASTINGS, of all Descriptions, to any Weight, Rough or Machined. 
CRANK AXLES AND SHAFTING HYDRAULIC PRESSED 


SPRINGS .—Laminated, Volute, Patent baievet Volute, Conical, Spiral. _ 
BUF EES .—Of Wrought and Cast Iron, of all Descriptions. Tool Steel of the Finest Quality. Best Cast Steel Files. 


FOSTER’S PATENT CRANK SHAFTS. WASTENEYS SMITH’S PATENT STOCKLESS ANCHORS. 


-“BEAM” PUMP -- 


HIGH-PRESSURE BOILER FEEDING. 


The most ECONOMICAL FEED PUMP yet brought out. 
COMPOUND STEAM CYLINDERS. 
OUTSIDE PACKED RAM TYPE. 


JOSEPH EVANS & SONS 


(WOLVERHAMPTON), Lt. 


cues | CULWELL WORKS_« 


ON APPLICATION. WOLVERHAMPTON. 


Telegrams :—‘‘EVANS, WOLVERHAMPTON.” 























LONDON :—Salisbury House, 
London Wall, E.C. 














@ 


B « 
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mee MERRYWEATHERS’ 


FIRE & SALVAGE BOATS 


For SEA, RIVER or HARBOUR WORK. 


BOATS 


DESIGNED AND BUILT TO SUIT SPECIAL REQUIREMENTS. 


PUMPS 


Driven by STEAM, PETROL ENGINES, or ELECTRICITY. 


PORTABLE SALVAGE PLANT & LIGHT BOILERS 
SPECIAL HOSE for Salvage Work. 


WRITE FOR ILLUSTRATED CATALOGUE 588 !.2.a. 


MERRYWEATHER & SONS, 


Greenwich, S.E., LONDON. 3496 


-—_ ____ 


tH S TIRLING BOILER G* L* 


HEAD OFFICE: 54, VICTORIA STREET, WESTMINSTER, S.W. 


Telegrams: ‘‘ STIRLINICO, SOWEST, LONDON.” Telephone: No. 4821 and 4822 Victoria. 





















































What Users say of the STIRLING BOILER: 


‘It saves coal.” 

‘*Repairs to tubes nil, tubes easily accessible.’’ 

‘* We have not lost an hour with our plant through any defect 
in the boiler’’ (after 6} years’ work). 

‘** These boilers have given us every satisfaction and no repairs 
have been required up to the present time” (after three 
years’ work). 

‘*I prefer them to any other kind of boiler.’’ 





























BRANCH OFFICES AND AGENCIES ; 9202 
Glasgow, Manchester, Leeds, Newcastle. 











WATTLE EE ESE OS. (Wigan), Karp., 
AIR COMPRESSING and BLOWING ENGINES, | 


WITH 
LIGHT DISC VALVES 
TO 


NEW PATENTS. 





a 


Ee 


WN 





IS 





P ce, Fees ” 
TWIN TANDEM COMPOUND WINDING ENGINES. FOUR-CYLINDER TRIPLE-EXPANSION DRIVING ENGINES. 


tc 
INDESTRUCTIBLE” TYPE WETxELATENMG j<E* Ass (6: Steam or Llectriz Driving. 
Winding, Hauling and General Mining Machinery, 


ci : PAGEEIEIZI.D rrRonNnw okzs, WwiGAawnw. 7219 NEW BROAD STREET HOVUSA, H.C. 
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LIMA LOCOMOTIVES. 


The Shay Geared Locomotive designed for 
heavy grade work is simple, powerful, and easy 
—of access for repairs. 

WRITE FOR CATALOGUE “H.” 
New York Office ... ‘ : ... §0, Church Street. 
THE LIMA LOCOMOTIVE CORPORATION, 


Cable Address :—“ Shayloco.” 3705 LIMA, OHIO, U.S.A. 


NORTH BRITISH LOCOMOTIVE CO., Lr. 


HYDE PARK WORKS QUEEN’S PARK WORKS ATLAS WORKS 
(Late NEILSON, REID & Co.) (Late Duss & Co.) (Late SHARP, STEWART & Co., Ltd.) 


ADMINISTRATION BUILDING, 110, FLEMINGTON STREET, SPRINGBURN, GLASGOW. 


LONDON OFFICE :—17, VICTORIA STREET, WESTMINSTER, S.W. Telegrams—LOCO., GLASGOW. 












































BUILDERS OF ALI. KINDS OF 38524 


LOCOMOTIVE ENGINES AND TENDERS SUITABLE FOR ANY GAUGE OF RAILWAY. 


Annual Capacity, 700 MAIN LINE LOCOMOTIVES. Output now exceeds 20,000 LOCOMOTIVES. Workshops Equipment, 8000 MEN 
THE Bos mani ct eee IVE pate on IN EUROPE. 














ae = >| 


| HUNSLET ENGINE GO., Ltd, 


LEEDS. 
MAKERS OF 


LOCOMOTIVE ENGINES 


ADAPTED TO EVERY VARIETY OF WORK AND GAUGE 





Designs and Specifications supplied 
or worked to. 


Quotations and Specifications on 
application. 








2840 
Telegraphic Address : ‘‘ Exerxz, Lzxps.” 
Telephone : Nos. 3480 to 3434 inclusive. 











TURBO BLOWERS 
from 
5000 cubic ft. per minute up. 
Any Pressure, 


TURBO COMPRESSORS 
from 5000 cubic ft. up. 


} TURBO GENERATORS 
from 400 Kw. up. 
a 3707 





HIGH, LOW AND MIXED- -PRESSURE TURBINES. 





FRASER & CHALMERS, LTD., 3, London Walt Buildings, London, E.C. Works: ERITH, Keat. § 





-* 
—_— 
‘ 


06+ 








— 


Cie 
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KERR, STUART 2 C0. 


LIMITED. 

WORKS: 
STOKE-ON-TRENT. 
OFFICES: 

5, BROAD ST. PLACE, E.C. 











All Communications to 
London Office. 


HANNOVERSCHE MASCHINENBAU AGTIEN- GESELLSCHAFT, vormals GEORG EBESTORFE 


Hanover Locomotive Works, HANOVER-LINDEN, GERMANY. 


ESTABLISHED 18365. ‘ Over 7300 Locomotives Buitr. 


st LOCOMOTIVES 2::~ 


MAIN BRANCH LINES, TRAMWAYS, PLANTATIONS, CONTRACTORS’ USE. 























SUPERHEATED STEAM LOCOMOTIVES. FIRELESS LOCOMOTIVES. 
. STATIONARY ENCINES. PUMPS. BOILERS. 
Cable Address:—-HANOMAG HANNOVERLINDEN. 2688 


06+6-0 Mallet ot Lacameive (1m. guage fr Ashore Pas Rally for Arica—Ia Pas Railway. ENGLISH REPRESENTATIVE :—a3 a mares 3H REPRESENTATIVE: J anoms ELatomow, 18, Coleman St. 18, Coleman St., LONDON, B. , LONDON, B.O. 


THe STEEL “HELICOID” rea BAYLISS, 
OCK- LOCK-NUT S rare JONES AND BAYLISS, Ga? 
LONDON orroEs ‘AnD snowncom¥ OLVERHAMPT ON. 
ENKE’S HICH-LIFT CENTRIFUGAL PUMPS (Tursine Pumps) 


~ sn ENKE’'S ROTARY PISTON PUMP. | ENKI ROTARY PISTON PUMP. 
For every Quantity. Delivered for Lifte up to 1660 feet. 


Newest Oonstraction, with Patented Improvements. 
More than 10,000 Pumps of my system in use. Best Patented Construction. Efficiency over 80 per cent. 
Ma Hundreds of TESTIMONIALS uw 24 years’ worki without R r. 


Messrs. OLIVE & PARTINGTON, aa wrote :—“‘We have worked some of your Rotary Pumps at our bene 

























ers, 
for a long time, and we have also worked em at our Mills at Hallein, Austria, and we find them very 
The wear and tear is very little, and they are very efficient as as regards the quantity of water in 
to the We work some of them at a Fd about 60 ft. in height. We are reviacing our old system of 


Reciprocating Pumps as quickly as we can with the Ro Pumps you supply. 


eles Se dete eee Te cn ite tame ee 212 


CARL EWKE, Schkeuditz, near Leipzig, 68. 


, W. HAWTHORN, LESLIE & 60., LTD. 


Locomotives 


Of every description for Home ana Foreign Railways. 


TANK ENGINES & COMBINED CRANES & LOCOMOTIVES 


ALWAYS IN STOOK AND IN PROGRESS. 
For Collieries, Ironworks, Railway Depots, Branch Lines, Contractors, dc, 




























i 








Telegraphic Address: ‘ Locomorivs, Nuawcast.s-on-Trxs.” ESTABLISHED 1817. 


___' MARINE ENGINEERS & SHIPBUILDERS. NEWCASTLE-ON-TYNE. si 


‘] * 5 












TD. HEAD OFFICE & WORKS:— 
STAFFORD, ENGLAND. 





> . Sanctuary House, 33, Tothill Street, 


Westminster, S.W. 









Builders of Steam, Petrol and Electric 


LOCOMOTIVES 


Weighing from 3 to 650 Tons, for any Gauge. 


IRS 





25 ; Hianest-Ciass _ WORKMANSHIP AN AND MATERIAL 


TIPPING TRUCKS, SUGAR CANE 
and other SPECIAL WAGONS 


LIGHT RAILWAYS, 
SWITCHES, TURNTABLES, &c. 


— Speciality: MARROW -GAUGS tocomozitivTses. -—— 651 
:—“ Engineering,” “ABO,” “Bedford McNeill’s,” and “Western Union.” Telephone :—No. 15. Telegrams: Bagnall, Stafford, 








at. 
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TheClayCross Company, L'“- Clay Cross, Deeside 












Telegrams :—JACKSON, CLAYOROSS. — BHSTABLISHED 1837. Telephone :—147, CHESTERFIELD.* 
MAKERS OF MAKERS OF 
STANDARD - TYPE— SECTIONAL-TYPE— 


FUEL 
ECONOMISERS. 


SAVING IN COAL from 
I5 to 25 per cent. 


by Utilising the Waste Heat in Flue Gases. 


DROP FORGING PLANT 


For THE PRODUCTION OF ALL CLASSES OF Drop FORGINGS. 


BRETT’S PATENT DROP HAMMERS FOR BELT OR DIRECT MOTOR DRIVE 


CONTROL BY VERTICAL CorRD OR HAND Lever. ECONOMICAL IN. Power. 
Simpce in CONSTRUCTION. LIFTERS CAN BE APPLIED To Existina STEAM oR Kick STAMPS. 


STEAM DRIVEN DROP HAMMERS 


Patent Dousie AcTiINa VALVE FITTED WHICH UTiLises ExHAUsT STEAM. 
Lirrers Hia@Hty EFFiciEnrT. 609 


FORGING HAMMERS FOR GENERAL WORK 
‘ Anvit Brook PLacep DIRECT ON CONCRETE. Max. EFFicigency oF BLow OBTAINED. 
OIL OR COKE FURNACES, PRESSES, &c. 


BRETT'S PATENT LIFTER CO., Lro. 


CO VENTRY, Eng. illustration shows Battery of 


25, 8, 16-cwt. Motor-Driven Hammers. 


STEAM 
SU PERHEATERS 

















Crow’s 


rant. a A.2P. W. McONIE 


GOVAN, Glasgow. 








MAKERS OF 


PLATE EDGE PLANING MACHINES, 
HYDRAULIC PUMPING ENGINES, 
FLANGING AND FORGING PRESSES, 
ewig: ae _ . ACCUMULATORS, RIVETTERS, AND 
Bar Straightening, aaten and Polishing Machine. eee ee ae ALL CLASSES OF SHIPBUILDING TOOLS. 


SUSPENSION BULB FURNACE (PATENT. ams 
BOARD OF TRADE 


HIGHEST CONSTANT 
FOR OTHER 
CORRUGATED TYPES 


























BOARD OF TRADE 


CONSTANT FOR 
SUSPENSION BULB 
PURNACE 




















15,000. 14,000. 
The HIGHEST 
STRONGEST FACTOR of SAFETY.} 
FURNAGE ~ UNIFORM 
MANUFACTURED. THICKNESS. 


LONDON AGENT: Mr. JOSEPH 
HALLETT, 70, FencHuRCH 
Sr., E.C. 

Telegraphic Address :— 1034 

“ Examnous, Lowpox 


FORGE OO.7, IE.raxrrvsp, I.51pwDs. 


CREATEST DIAMETER OF FURNACE 
EVER OFFICIALLY TESTED TO 
COLLAPSE. 




















PUNCHING AND SHEARING MACHINES, | 


MAL 


wo 


IMs 


LA 


BF 
PF 


AND | 
Mact 


fhr 





4) 


i~- cA 





OLS, 


1 |i 


fei 


iz 
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BUCK & HICKMAN, LTD. 








HEAD OFFICE AND 
SHOWROOMS : 


LONDON, E. 


WHERE 


MACHINES *OPERATION 
UNDER 


WORKING CONDITIONS 
MAY BE SEEN. 


INSPECTION INVITED. 


LARGE STOCKS 
BY 
BROWN & SHARPE, 
PRATT & WHITNEY, 


and OTHER LEADING AMERICAN 
MACHINE TOOL BuiLpers Kept. 


BRANCH OFFICES: 
55, STATION STREET, 


BIRMINGHAM 


27, CADOGAN STREET, 


GLASGOW 


3, CROSS STREET, 


MANCHESTER 


87, PINSTONE STREET, 


SHEFFIELD 




















Sole*Agents for :— 7 THE AMERICAN TOOL WORKS CO. 
LATHES, PLANERS, SHAPERS, RADIAL DRILLS. 





























The IMMustration shows 16-inch and 20-inch) ‘‘*Amorican’’ Bask Geares Cran Shaper. , 3090 
| 15 in. a .. GEARED. 16 in. BACK GEARED. 20 in. BACK GEARED. 24 in. Base. SaARED. 
Length of stroke ; ” e- 53 i 164 in. 203 in. 243 i 
Vertical travel of tabie ae ia in. 13 in. 14} in. 14 in. 
Horizontal travel of table 18 in 22 in. 23} in. 264 in 
Top surface of table . 10 x 11} in. 11 in. x 153 in. | 13 in. x 204 in. 13 in. x 204 in. 
Side surface of table - - , 12% x 114 in. | 124 in. x 144 in. | 16 > x oot 4 in. 16 in. x 16}}in. 
Vise opening... - “4 - 8 in. 8 in. 14 in. 114 in. 
PATENT. 
A perfect 
i ST 
Horizontal LOW COS 
Luffin 
& To Buy, 
Crane 
; To Work, 
with Normal 
Balanced To Maintain. 
*1 
JID. 





Fig. No. 1220, Od 6997 


STOTHERT & PITT, L'™ BATH. 
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HANDRAIL STANCHIONS, 
REPETITION FORGINGS, 
TIE RODS. 





EDWIN RICHARDS & SONS, ™ 
Portway Works, - WEDNESBURY. 





Cae EE EEEEENEEEEENENEERIIRIIEEEENEE=n te 











Why we are able to Guarantee 
the Highest Overall Efficiency. 


* 


d you will look at the photo you will see 
why the Broom & Wade Se/f- oiling Air 
Compressor is so very efficient. 


“A” is the water-jacketed cylinder. Here we 
have the entire head available for cooling 
purposes. The ports, it will be seen, are of 
ample size, and permit the water to sweep 
in one thick stream round the cylinder walls 
and valves without stagnating in any pockets. 
This rapid circulation accounts largely for the 
low final temperature of air it delivers—namely, 
216° ina sooc.f. machine. In the 


Broom & Wade 
AIR COMPRESSOR 


the inlet valves are of large size and are 
mechanically operated. These are about 15°/ 
more efficient than the 
usual form of horizontal q 
suction valve, and, more- 
over, operate without shock 
ornoise. There isn’t space 
here for a full description 
of this machine, so we 
should like to send you 
our Booklet, and details 
of our free trial offer. 
Write us and we will. 















BROOM & WADE, 


ENGINEERING WORKS, 
HIGH WYCOMBE. 


Makers of “‘ Hyatt’ Roller 
Bearings, and “ Mitchell” 
Thrust Bearings 


Telephone : 
98 Hien Wrcompe. 






Delivery of sizes from 5-600¢.f. 
from Stock. Any drive. 









Telegrams : 3758 


BLM, Broom, Hien Wrcomar. - 























Ju 


—_— 
——— 


Te TERRY & TENCH CO. in. [® 





GENERAL 
CONTRACTORS 
AND 
BUILDERS 
OF 
DERRICKS 
AND 
CRANES, 


GRAND CENTRAL 
TERMINAL, 


NEW YORK 
CITY. 


3947 




















The “MENNO”" Automatic 


COMPRESSED AIR GREASE CUP 


(PATBN TED). 


Pressed out of MILD STEEL and 
Heavy Gauge BRASS. 


ENSURES :—Exact and constant 
feed over long periods 
of time. 

SECURES :—Enormous reduction 
in Lubrication Cost. 


A trial will prove to you that a change 
in your system of lubrication would 
be of immense advantage to you. 


LUBRICATORS LIMITED, 


LEEDS PLACE, TOLLINGTON PARK, LONDON, N. 


























Telephone: NORTH 1786. Telegrams: ‘“AGREASOUP, LONDON.” 


J.Pohlig At:tes.Coln 


Germany. 




















Aerial Ropeways, Hoisting and Conveying Machinery 
ELEVATORS, BRIDGE TRANSPORTERS, WAGON TIPS, CRANES, 
AUTOMATIC GRABS, CONVEYORS, &c. 


Representatives : for the Colonies: R. E. COMMANS, 9, Queen Street Place, London. 
For the United Kingdom : VEITHARDT & O©O., Lap., 26-27, Bush Lane, Cannon Street. 











8912 

















—$ Ii 
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OSTER 
SCREW PLATES. 


Convenient tools of 
wide capacity for 
every use and 
trade. 


















OSTER 
Patent, adjust- 

able Screw Plates 
combine the following 
features; Quick-opening ; 
easy -Starting dies ; self- 
centering guides; accurate 
duplicating gauge; dies 
ean be re-sharpened on 
ordinary grindstone . 
Furnished in any pitch required. 
Complete descriptive Catalogue on request. 


For Sale by the Leading British Dealers. 


Manufacturers’ Representative — 
J. RICKARD, 4, Perryn Road, East Acton, London, w. 


THE OSTER MFG. CO., ctevevano, ono, u.s.a. 
A. « W. DALGLISH, 


WEST OF 
SCOTLAND BOILER 
WORKS, 


Poliokshaws, 


CLASCOW. 


MARINE, 
DRYBACK, 
LOCOMOTIVE anda 
MULTITUBULAR 
BOILERS. 


ALL 8IZE8. 


400) 








GRAMS— 


Polotahair 


BU : 
dition. 





3101 
MADE BY THE 
MOST 
IMPROVED 
MACHINERY. 








Plunger 








How 
Many? 


For 35 years that 
question has been 
answered accurately and instantly by 


DURAN T-COUNTIERNS 
in a rapidly multiplying number of shops where production and 
its costs are actually determined—not guessed. 
Revolution Counters, wt 
Stroke Counters, 
ws at Linear Counters, 
for simple application to Pumping, Metal Stamping, Printing, Woodworking and other Machinery. 


THEO. BUTLER, Ltd., 149, Queen Victoria St., London, E.C. 


wt 8762 

















DUPLEX PUMPS 


EUREKA 
PUMP 
COMPANY, 


HEAD OFFICE: 
53, Bothwell 8t., 


GLASGOW. 


LONDON OFFICE, 
25, Victoria Street, 
Westminster, 8.W. 








DELIVERY FROM STOCK. 


















(pn 
Kh 


Ordsal Lane, 


MERRYWEATHERS’ PETROL PUMPS. 


ALL TYPES. 
Centrifugal - Turbine or Rotary 


CAPACITIES FROM 10 TO 8000 GALLONS PER MINUTE 
AGAINST HEADS UP TO 400 FEET. 


—- PORTABLE AND FIXED. 








MERRYWEATHERS’ PORTABLE MOTOR ROTARY PUMP. Capacity: 1000 gallons per hour 


Write for Illustrated Pamphlets— 


MERRYWEATHER @ SONS, in. 


GREENWICH ROAD, S.E., and LONG ACRE, W.C, 


—— TELEPHONE; 131 New X. —— 3830 








ns 





BEST QUALITY | 
| TAPS, | 
| STOCKS | 


“ Have stood the 
test of time.” 





JOHN H. WIDDOWSON, 
16 years Manager at Sin Josern Warrworrn's & Co. 
EsTABLISHED 


1876. Britannia Street, 


Salford, Manchester. 























In the year 1908 the Widnes and Runcorn 
Transporter Bridge was painted by us with 
ANTI-CORROSIVE COMPOSITION, which we 














8456 

FREE manufacture specially for this purpose, and 

oo que waaheeee now, after 6 YEARS 5 YEARS weathering and chemical 
a 8 0 fumes, it shows no sign of deterioration |! To 
pracwinteled te Can this be said of any other Paint? ‘ on <°4 
wa, I .d., 

EMPHATICALLY NO !! Saget Gh... Lavenserm 
r Sire, 

H. DAVISON & SONS, Ltd, You may send me a Free Sample 
Magull Ss LIVERPOOL. Tin of your Anti-Corrosive Composition. 
Please AU up NAME yetniebedibineed 
and same Finw’s Nae 


L 


in PELE SANE ALO ADEE 
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- CENTRIFUGAL ~ 





Pune 


rt LAST WEEKS /. 














onvetiseae a vou 
“Asquith” Drills Pay. 
Special pn ag page tn size. 


Radials 31 {. te es 
5 tt. . arious ig 3 ntals. 


wm. ASQUITH, Ltd. See. Displayed 
, ASQUITH, Halifax. | Advt. last week. 


MURRAY, WORKMAN &CO., Lo. 


AIR COMPRESSORS. 
STEAM ENGINES. 
FOUNDRY MOULDING MACHINES. 


CRAIGTON ENGINEERING WORKS, GLASGOW. 


See Illustrated Advertisement, June 19. 


THE “STONE-LLOYD” SYSTEM 


OF 
HYDRAULICALLY OPERATED 
WATERTIGHT DOORS. 

As fitted to latest Mail and Passenger Steamers. 


J. STONE & CO., LTD., 


Deptford, Lc ndon, S.R. 


ELEGTRO- MAGNETIC 
CHUCKS 


FOR ACOURATE GRINDING. 


RAPID MAGNETTING MACHINE CO., Ltd. 


Crescent, BIRMINGHAM. 9520 


MACKIES, Lrto., 


ENGINEERS, READING. 
OUGHT and CAST IRON 


Pulleys, Shafting, g, Bearings, 


Write for narting, we. 53. 





























Tele.: Machinery, Reading. "Phone: 86, Reading. 





the SKATOSKALO” (type 8) 


Patent Pneumatic Water-Tube_ Boller 
and Economiscr CLEANING TOOL, 





‘FRANK GILMAN, (i Macme) 
62, Lightwoods Hill, 


CRANES. 












ELECTRIC 
HOISTS, 
AIR 
HOISTS, 
Electric Cranes 

of all types 


and sizes. 


8858 


NORTHERN ENGINEERING WORKS, 
6, CHENE ST., DETROIT, MICH., U.S.A. 








German Patents. Further Patents Applied for. Foreign Patents. 


Wittig Compressing, Air & Vacuum Pumps 


HAVING A 
Sm oth Rotary Movement 


anil giving a perfectly constant air 
current, without a receiver, and 
without valves of any kind. 
Compound Machines working up to 
8 atm., or 98 per cent. vacuum. 
Described in the ‘Zeitschrift Verei es 
deutscher Ingenieure,” 1911, page 15° 8. 





Numerous References. 


Karl Wittig, Maschinenfabrik, Zell i. W. (Baden.) 








PATENTS TO BE SOLD OR LICENSES ARRANCED FOR 


in England and several other Countries. 3951 





TreE MASON 


REDUCING VALVES 


FOR STEAM OR AIR 


HOLD THE FIRST PLACE— 


THE POSITION OF MERIT. 


Simple, Self-contained. 
Best Material and Workmanship. 


They reduce and maintain an even steam or air pressure, 
regardless of the initial pressure. 











SEND FOR CATALOGUE. Od 2855 


The Mason Regulator Co., Boston, U.S.A. 


LONDO COPENHAGEN : ANTWERP: 
147, Queen V: Sotocta Street. Gothersg ue, 155. 33, Rue des Peignes. 


SYDNEY : 74, Clarence Street. MELBOURNE: 435, Bourke Street 














Evui.sunws Patrant 


FOUR-SIDED 


GAUGE GLASS 
PROTECTOR, 


THE CHEAPEST IN THE MARKET. 

ABSOLUTELY oe ag THE DRIVER. 

Gives longer ‘“‘life” to ge glasses through stability of 
temperature, while @ perio rated dial in back of the 
protector gives a clear indication of water level, and pre- 
vents any mistaking of an empty for a full glass. 


IT IS DESIGNED TO FIT ANY COCKS. 


Over 65000 ALREADY SUPPLIED. 38834 


Tue HULBURD ENGINEERING Co., Lio. 


Contractors to H.M. Government, Brassfounders & Coppersmiths. 


St. Benet Chambers, Fenchurch Street, E.C. 


THERMOMETERS 


RECORDING. 


= 


AUK 





























0° ‘to 1800° Fah. 
ALL TYPES. 


CAPILLARY TUBING, 
Up to 50 yards from Source of Heat. 





ENGINEERING SUPPLIES, Ln. 


28, Victoria Street, LONDON, s. W. 


FANS 


GAS WORKS PLA 
0.B. PATENT HOT CORE CONVEYORS 

COAL BREAKING & SCREENING 

PLANT 
ELEVATORS 
ETC. é 
WAGGON TIPPERS 
a GENERAL STEEL 
STRUCTURAL WORK 


RETFORD,NOTTS 


HIGH-SPEED 
THOS. 


RYDER 


yf pad BA/ {4 VE WL 


SQe LC ONGE BOLTON 











TAPER PINS, 
COTTERS, 


SMALL MACHINED 
PARTS, &c. 

bearing the name ** FREMO’? we 

GUARANTEED ACCURATE. 


Write for FREMO Lists. — 
FREDK. MOUNTFORD, LTD., 
GRANVILLE Street, BIRMINGHAM. 














SCHAFFER & BUDENBERG 


Whitworth Street, MANCHESTER. 
LONDON, E.C. GLASGOW. 
Tia, Queen Victoria Street. 5, Wellington Street. 
Makers of Pressure Gauges and High 
Class Engine and Boiler Fittings. 
Roiler Feed Pumps. 
Control Watches, 


Sluice Valves. 


Coun Steam Traps. 
Indicators. Stop Valves. 
Injectors, Tachometers. 
na Gauge Glasses. Test Pumps. 
ubricators. Thermometers, &c. 


Instruments for Pressure, 
Temperature and Speed. 











Harris 
Patent Feed 
WaterFilter(190) 


LIMITED. 

24, GRAINCER § ST. WEST, 

NEWCASTLE-ON-TYNE 

T.A.: Winptient, Newcasti+ 

on-Tyne. TEL. : 3220, CENTRAL 

82, VICTORIA STREET, 
LONDON, &W. 


T.A.: Woxprieut, Lonpox. 
TEL. : 876, WESTMINSTER. 


FEED 






















— 





ree STANDARD ENGINEERING 
co, LTD, 


LEICESTER and LONDON. 





for INDUCED DRAUGHT 
DRYING, VENTILATING 
DUST EXHAUSTING. & 
































Telegrams — PROELLS, LONDON.” Telephone No. : 1565, VICTORIA. 





















Jui 
MAF 


Cor 








@- 25° Cees = PSS || 
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FER ee COO: : ENGINEERS) MOTHERWELL. | First-class. well-known 
a GERMAN FIRM of Metallurgical 














150-TON_ FOUR-MOTOR 


LONDON OFFICE: Palace Chambers, Bridge St., Westminster,S. W. 
NEWCASTLE-ON-TYNE OFFICE: 1, St. Nicholas Buildings 














ELECTRIC CRANE. 


ELECTRIC GOLIATH CRANES. 





2973 


ELECTRIC WHARF CRANES. 


LOCO. STEAM ORANES. 














EDWARD HAYES, 


0d 2174 Watling Works, 
Stony Stratford. 






Marine Engines 
Now Ready. 








5 sf Boilers 
a = Makers to Admiralty, &o. 





Twin Gunther-Francis Turbine. 


3634 


WATER 


TURBINES 


AND 


PELTON IN WHEELS 
W. GUNTHER sox 


Central Works, OLDHAM. 


’ 


Plant Builders and Contractors 
specialising in up-to-date designs 


FOR 
Open Hearth Furnaces, Gas 
Producers, Mill: Furnaces, &c., 
of whichthehighest references fron 
Great Britain and the Contincnt 
are available, 


INTENDS to ESTABLISH 
separate AGENCIES, 


in the following districts of 
Great Britain:—Wales, Midlands, 
North of England, and Scotland. 


Gentlemen with good connec- 
tions in this particular line and 
able to give highest references, are 
invited to Address, W 169, Offices 
of ENGINEERING. 

















REDDISH, 

















OTHER SIZES, 


2ear 


20 in. x 24 in. SINGLE WHEEL TOOL GRINDER. 
14 in. x 14 in. 








loose pulleys and Belt-shifter included. 





B.R. ROWLAND <« CO,,L?.. 


MANCHESTER. 
GRINDING MACHINERY & ABRASIVE WHEELS. 














and 24in. x 3in. 


This Machine is the best Tool of its kind on the market. The Wheel is of our Crysis! 
Canadian Corundum, mounted on our dovetailed Safety Plates. The Bearings are fitted 
with adjustable steps and Ring Lubrication. Water Supply without Pump. 


DELIVERY FROM STOCK. 





Fast ard 


i Its by it 


ill 





a 


























A ( 
us - 





io 
= 


GRADUAL 
ENGAGEMENT, 


ABSOLUTE 
GRIP. 
EFFICIENT 
LUBRICATION. 





THE BRITISH 
HELE - SHAW 
PATENT CLUTCH 
COMPANY, LTD., 
OLDHAM. 




























































i 
| 
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. “g-cycle Vertical 
20 HP. Engine. 


oe 


7 to 120 HP. 


COMBUSTION 








WESTINGHOUSE-CROSS 


Oil Engines 


PERFECT SYSTEM OF 


ensures economical and efficient werking, 


Our Stand at the SHIPPING EXHIBITION, OLYMPIA, 
September 25th to October 17th, will be K-1. 





at their Works: 





On Admiralty List. 


P Write for Catalogue CR-2, to the Manufacturers: 


THE WESTINGHOUSE BRAKE CO., Ld. 


82 York Road, King’s Cross, LONDON, N. 
3662 




















WHY WASTE TIME AND MONEY ON 
FITTING PINS AND CASTLE NUTS? 


WHEN 
(Spring 


=) GROVER fexku 
. WASHERS 


SERVE THE SAME PURPOSE y 
at HALF THE COST. _# 
BUT BEWARE OF IMITATIONS. Z 
THE GENUINE ARTICLE IS MANUFACTURED ONLY BY 











TO MARINE ENGINE BUILDERS. 


_ 





GROVER & CO., Ltp., *“toncon's. “= 














Telegrams :— 
ENGINEERS, 
DARTMOUTH 


HIGH-SPEED VESSELS, 
TORPEDO BOATS, 
MOTOR BOATS, 
YACHTS. 


Engineers 


MARINE ENGINES, 
ELECTRIC-LIGHT ENGINES, 
FANS AND FAN ENGINES, 
bab iter seo nate aatetoheacas 


LAUNCHES, 
TUGS. 


MARINE BOILERS, 
WATER-TUBE BOILERS, 


ENGIN LOCOMOTIVE BOILERS, 
CIRCULATING PUMPS, eine BOILERS, 
FEED PUMPS, UID-FUEL BOILERS, 
CONDENSERS, PA AFFIN BURNERS, 
PROPELLERS. CRUDE OIL BURNERS. 


New and Second-hand ENGINES im Stock. 
New and Second-hand LAUNCHES in Stock. 


SHND FOR CATALOGUE. 








 Shinbuilders vr, 


Botlermakers. 


RETURN-TUBE BOILERS, 
DIRECT-TUBE BOILERS, 


2825 


SHALLOW DRAUGHT VESSELS 
STERN WHEEL VESSELS, 











HONE’S Patent SINGLE CHAIN GRAB 


FORMERLY MADE BY 


The THAMES IRONWORKS 


Co., LTD., 


NOW MANUFACTURED SOLELY BY 


JOSEPH WESTWOOD & CO., LTD. 


NAPIER YARD, MILLWALL, LONDON, E. 











“yrst A. larvae 






WRITE FOR 
DESCRIPTIVE 
CATALOGUE 


N° 90. x 
: “TELEGRAMS: [° «2 


THE DRUM ENGINEERING C2 \2 


. *) “DRUM BRADFORD” 




















PETROL OR PARAFFIN, 
6 TO 60 HP. TO PASS LLOYDS AND B.O.T. 


Also for all kinds of 


STATIONARY WORK, PUMPS, COMPRESSORS, DYNAMOS, 


ye ote & 8590 





The Bergius Launch & Engine Co., 





254, DOBBIES. LOAN, GLASGOW. 


NO VALVES | 
TO GET OUT | 
OF ORDER. | 
POSITIVE ACTION} 


© / 33 BROOK ST BRADFORD. | 


KELVIN MARINE MOTORS) 








—__—_——-_ 
en 


Open Vertical Engines « 





a 











Reversible and 


With patent 
Auto. Crankshait 
Governor. ° 


Ful: Particulars 
on A pplication. 
200s 











| ey 
ie a Beer 

| ) R 
W. SISSON & CO., LTD., %2U°#37 


Dredgers. 


Non-reversible.’ 


Jos 













cia 
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ZIMMERMANN WORKS, Chemnitz. 


Sole Agents for the United Kingdom :—JAMES R. KELLY & CO., Ltd., LEEDS. 


















“ DID IT EVER STRIKE YOU 
R oo Ko" \Y that you ought to replace your old-fashioned Gear- 


ws Cutting Tools with up-to-date ones, in order not 
\) 4 9 only to hold pace with some of your competitors, 











) but to out-distance all of them. If so, buy a 
© “ZIMMERMANN” BEVEL WHEEL 
¢ PLANER. Why? 


ev Because it has so many points of advantage, 
and is actually twice as quick as any other 
two-tool machine in the World. 


PROOF :— 3066 
A gear of 14” diameter, with 40 teeth, 3” wide, 


1" circular pitch, was finished in 32 minutes. 











THIS IS THE * ZIMMERMANN.” Catalogue ? 








S a 2 aoe 


a 
| L. SMIT & ZOON, 


SHIPBUILDERS AND ENGINEERS, 




















s KINDEHRDITE. K, ow ROTTERDAM, HOLLAND. 
~* 
j Dredgin 
: Plant. 
5 LATEST & MOST IMPROVED 
6. 
t ‘aiidititi ve othe 









PATENT SUCTION HOPPER DREDGERS 


With: Special arrangement to discharge Hopper by suction without 
using a water pump. 

With: Special system of hauling inboard the suction-tube. 

ER, With: Special connection with shore-piping. amr 
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BROUGHTON COPPER C* Le 


‘COPPER, BRASS"° BRONZE TWBES=CYLINGERS 


MANCHESTER. 


The Patent Lightning 


CRUSHER«PULVERIZE! 


The Simplest, the Most Powerful, the Most Rapid Pulverizing Machine on the Market. 
GREAT OUTPUT BOCONOoMWTZ OF WokR zinc. 
Unequalled for the treatment of MINERAL ORES, SHINGLE, LIMESTONE, &c., &c., &c. 


"qo0'Grry. THE PATENT LIGHTNING CRUSHER CO., Ltd., * "ey Noon: Wid" 


CRANES 


TO WORE BY 
Electric, Steam, Petrol & Handi Power. 
ALSO-— zh 


RAILWAY PLANT 


SUCH AS 
Tanks, Pumps, Capstans, Winches, Turntables, 
Traversers, &c. 


“BE 8-Ton Steam Travelling ELECTRIC CAPSTAN I= 
GANTRY CRANE. Working load 2 tons at 150 ft. 
per minute. 


RANSOMES & RAPIER, | Lto., (Dept. H.), 32, VICTORIA STREET,. LONDON, SW. rsd 


Telegrams & Cable:—Ransomes Rapier, London. ABO, 5th Edition. Telet hones—4391 & 4992, Victoria. ri) ag Ipswi . 


=> 





















































SIN NANT Tc 


Silvertown 
Silvertown Reliability Sh i p Li g hti n g ~ et s 


was.the determining factor 


in the placing of an order : 
recently for Nine Sets. : and Emergency Sets for Wireless Telegraphy 


similar to that illustrated . : 
by a Shipbuilding Yard ses a are sound in design and 
Ship Lighting arid workmanship, and, therefore, 


Refrigerating purpose:. 5 
. oer reliable and economical. 


ESTIMATES ON APPLICATION. 


Over 30 years’ manufacturing experience | 
is behind Silvertown Electrical Plant, 








The India Rubber, Gutta Percha and Telegrap® 
’ Works Company, Ltd., 


Head Offices : 106, Cannon St., ‘London, E.C. . Works :. Silvertown, London, E. 4 
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** Queen Marv,” 
“ce ” 
Benbow, 


SOLID 
DRAWN 





** Audacious,” 
** New Zealand,” * Iron Duke,” 


Princess Royal,” Lion,” ‘* Monarch,” 





** King George V.,” 
“ Marlborough, von $6 Tigers," Delhi, * Queen Elizabeth,”. ‘‘Warspite,” ‘‘ Valiant.” 


TUBES 


SOLE MAKERS OF “BEMMLAIL.” BRASS CONDENSER TUBES. «: 


iu YORKSHIRE COPPER WORKS « 


Have Supplied Tubes for the following Dreadnoughts, vit. = 


LAEDS, 


** Thanderer,” 


** Orion,” 


COPPER, 
BRASS, 
GUN-METAL. 


** Centurion,” ‘* Conqueror,” 














SITUATIONS. WANTED.—Continued. 
hanical Engineer, 


ec 
M°* LLO.E., A.M.I.Mech.E., formerly with 
nai " couateuctio’ firm in England, at present 
Deere « of manufacturing plant, &c., in the U.8.A., 
PEMRES POST on the manager's staff of a firm in 
England. Public school and University training. 
At present on short visit to England. —Address, W 309, 
‘Offices of ENGINEERING. 


Wanted, by an Established 


firm of ironfounders and engineers in South- 
West Lancashire, who have buildings, land, and power 
to spare, to meet with SOMEONE with available 
OAPITAL and experience. Willing to join in making 
electrical disconnecting service boxes, feeder pillars, 
and similar work.—Principals only apply, in strict 
confidence, to E. W. WHITE & SONS, Chartered 
Accountants, Liverpool. W 316 








Position of Trust, under 

works manager, DESIRED by young mech. 
ineer ; 12 years shops and D.-O., technical training. 

Shey no object.—W 285, Offices of ENGINEERING. 


Working Foreman’ Desires|% 


JOB ; experienced in steam and hot water 
heating, cooking apparatus, laundry fitting and water 
ly for large institutions ; excellent references.— 

i. P., 57, Railway Road, Old Trafford, Manchester. 


304 
( {raduate (25), One Year| Boo 
shops, two years drawing-office, OPEN for 


ENGAGEMENT asdraughtsman or agsistant engineer. 
—Address, W 170, Offices of ENGINEERING. 


PARTNERSHIPS. 
ENGINEERING 


Partners and Partnerships 
are obtainable through 
WHEATLEY KIRK, PRICE & OO. 
ENGINEERS AND VALUERS, 
46, Watling Street, London, £.0. 
", 16, Albert Square, Manchester. 
26, Collingwood Street, Newcastle-on-Tyne. 
ESTARLISHED SIXTY YEARS. 














3659 


Reguired, for Successful ‘En- 


gineering Works, s YOUTH of education to be 
trained as secretary, investing £1000 in the company’s 
shares; starting sdlary £100, when efficient £200 
upwards.— Write, WHEATLEY KIRK, PRICE & CO., 
46, Watling Street, E.C. Ww 3i1 


Practory( (about 1 acre) together 
with Engineering Business, FOR DISPOSAL, in 
good position near mdon. Rent, £250. Well- 
equipped with motive power and plant. Price for 
nt and stock, £5000.—Write, WHEATLEY KIRK, 
ICE & CO.. 46, Watling Street, E.C. W 310 


Partner, £1000, or Lim. Co. 


(London). Ps my Speciality, alread; ex- 





PATENT AGENTS. 


Sere — Cruikshank and 


FAIRWEATHER, Lep., 62, St. Vincent Street, 
y and 65-66, Chancery Lane, London. British, 


and Colonial Patents obtained. = 
tered, 





mone 





atents, Designs and Trade 


MARKS, i in all Coun 


Is & CuarTerep Parent Fey 
Established 1006." 1886. Tel. No. 2763, Hi 


___ 84 & 85, High Holborn. London, ¥ wo. ™ 3410 


R fermen Chartered Patent 


Perce PATENTS 1867), obtain British, Col 
ATENTS, and TRADE MARKS 
DESIGNS" I REGISTRA ONS.—Full information on 
application, 77, Chancery Lane, Tondon, W.C. 3546 


John E. Raworth, 


CHARTERED a AGENT, 
70/71, Queen Anne’s Chambe 3654 
Tothill Street,’ Westminster, S.W. 


atents, Manchester.—John 








G. WILSON & OO., 55, Market Street, 
Chartered Patent and Consulting Engineers. 
Bat. 1864. Hand post free 8594 


atents. — Messrs. Vaughan 


and SON, British, te ae and Colonial Patent 
Agents, 57, Chancery Lane, W.C., transact every 
desoription’ of business connected with Letters Patent 
tor a A Guide to Inventors,” free by A 


“How to Patent an Invention.” 
Valuable hints and inclusive fees given in 
our ages) TO whe: eg = yy Eprrion, 1914 
(40 pages). Just at is! Send for free copy to— 
. 8. WITHERS & SPOONER, 
Chartered Patent aaa 
3958 











rs Please note new address :— 
devestigation "Prine Pri ital gy only. ad Srap._e Hovssg, 51 & 52, CHANCERY LANE, 
7, Whitley Road, Tottenham. W 267 Lonpon. 

Ghipl yulder Seeks Appoint- PUBLICATIONS. 


MENT with established firm of naval architects 
and consulting engineers with view to partnershi 
experienced i: ship repairing and underwriters’ moe 
also competen design and supervise new construc: 
tion. Replies treated with strict confidence.— 
Address, W 305, Offices of EXGINEERING. 


A Director with £10,000 is 
REQUIRED Sin a well- established manufac- 
turing busi North of England ; turnover exceeds 
£50,000 px e— and audited accounts show 
excellent p: ; present output sold for five years, 
apital re red’ to increase plant ; would interest 
either a « engineer or business man desiring active 
“Occupat r a gentleman wishing to attend board 
Meeting ouly.— Particulars from Messrs. ARNOLD 
4nd CO Cannon Street, London, E.C W 320 
Kee veer Required,as Partner- 

“ UIRECTOR, with £1500, in old-established 
engine & works (freehold), near London, showing 
St *, Which can be easily increased with the 
ot ator apital. Incomer can expect a minimum 
gy «. Open to any investigation.—Particulars 


A’ NOLD & OO., 76, Cannon Street, London. E.C. 


W 321 


Ke ineer (University aul 


; large experience, is the inventor and 
Paten of an automatic manufacturing system 
to an enormous industry, WISHES to 
‘ith PARTNER having £6000 to £8000 at 
> and who would professionally assist. him in 
ng his system to manufacturers here and 





“Sama machines are unrivalled in simplicity of 
— 4 Uon and economy in production. 

a : irns from licenses and sale of foreign rights 

cn e and would recoup many times over original 
a). This undertaking is an exceptional and safe 
~ f a ws ¥ oung and ambitious nies cows 

nr up-to-date machine factory 
“sociated with a great success. 


romoters or 
Address, W 281, Offices af ENGINEERING. 














ooks.—‘“‘ Journ. Soc. Teleg. 

Engs. and Elecs.,” to 1912. 39 vols. £12128. ‘‘Proc. 
I.Mech.E. ,” 1881 to 1912,£12 128. 100,000 Booksin stock. 
State wants.—BAKER’S, Booksellers, Birmingham. 


7 
. 
ooks, Second-hand, on 
Engineering, Technical. and all other subjects. 
Books bought. Catalogue free.—W. & G. FOYLE, 
135, Charing Cross Road, London, W.C. 8715 


PATENT-RIGHTS ; 
wae ACQUISITION AND MAINTENANCE. 
A Concise Summary of the Princi Facte with 
which Inventors, Manufacturers and others, interested 
in the Protection of Inventions, should be acquainted. 
G. G. M. HARDINGHAM, 
Mux. Inet. M.E., Assoc. Mem. Iner. C.E., Pau. On. Leer. P.A. 
CROSBY LOCKWOOD & SON, 3989 
7, Srarionzas’ Haut Covert, Loxnor, E.O. 
Revised Edition, price 1s. 6d. ; by post, Is. 8d. 











IMPORTANT NEW ISSUE. 
BRITISH ENGINEERING STANDARDS CODED LISTS 
VoL. 6. 

coring all = Balines Material standardised by 
Standards Committee. 
OnIvis CODE, by a as 8. sae 6 To 
war ODEs. by Sipray 


Pull from the Publishers :— 3584 
rege 3 ATKINSON by among 2 LTD., 
19, Ludgate Hill, Londen. %.C. 


“6 Notes on the Patents and 


DESIGNS ACT, 1907,” by Messrs. pony 4 
vps & A wy Patent 


ewe. Price One 


WANTED, &c. 


Meer British Patents for 


“Film Lubricated Thrust and Journal 

,” are Nos. 875/06, 23496/11, and 8886/12. 
Pe Agent in Great Britain is :— 

H. T. NEWBIGIN, A.M. Inst.C0.E., 
3, St. Nicholas’ Buildings, 
nn Tyne. 
Fe whom correspondence re Licenses, &., 
addressed. 


he Proprietor of the Patent 


No. 15640, of 1910, relatin, o Improv ements 
in Turbines,” DESIRES to MAK ARRANGEMENTS 
for the exploitation of the Invention in this Country, 
under License or otherwise.—Fubi particulars may be 
had of WHEATLEY & MACKENZIE, Chartered 
Patent Agents, 40, Chancery Lane, London, W.O. W273 


[the Proprietors of the Patents 


Nos. 13729, of 1911, and 13730, of 1911, for 
“Improvements in Continuous W eaghing Mechanism,” 
are DESIROUS of ENTERING into ARRANGE- 
MENTS, by way of License and otherwise, on 
reasonable terms, for the purpose of exploiting the 
same and ensuring their full development and practical 
working in this Country.—All communications to 
HASELTINE, LAKE & O0., Chartered Patent Ag 4 
and Consulting Bagmene, ¢ 2%, Southampton <= 
Chancery Lane, London, W.O. 


[the Proprietors of the Patent 


No. 27478, of 1908, for “‘ Improvements in Sub- 
marine Sound ‘Signalling Devices for Ships,” are 
DESIROUS of ENTERING into ARRANG ENTS, 
by way of License and otherwise, on reasonable 
terms, for the purpose of exploiting the same and 
ensuring its full development and practical working in 
this Country.—All communications to HASELTINE, 
LAKE & CO., Chartered Patent Agents and Consulting 
Engineers, 3g, 7 ere Buildings, Chancery 
Lane, London, W.C W 296 





[the Proprietors of the Patent 


No. 28592, of 1909, for “* Improvemehts st 
to Submarine Signalling Apparatus,” are DESIROU! 
of ENTERING into ARRANGEMENTS by way of 
License and otherwise, on reasonable terms, for the 
rpose of exploiting the same and ensuring its 
Pail development and work in thie 
Country. — All communications to H 
LAKE & CO., a Boatham fe ae 
sulting eers, thampton ing. 
QGhancerv Tane. London. W.C W 297 
DYNAMO-ELECTRIC 


IMPROVEMENTS IN 
GENERATORS. No. 16729 of 1906. 
[the Patentee is Desirous of} | 
ARRANGING, by License or otherwise, on 
reasonable terms, for the MANUFAOTURE and 
Commercial Development of the Invention in this 


Country.—HERBERT HADDAN &CO., Patent Agents, 
31 & 32, Bedford Street, Strand, London, W.C._W 266 





Representative for Lancashire 
and Yorkshire. Engineer, good connection 
amongst steam users, represent firm manufacturing 
boiler eontuns ane’ valves. State terms and expe- 
rience.—Address, W 246, Offices of Excinerrinec. 


Agent Wanted for London, 


' to Rep , ve ned Scottish manufacturers < ships’ 
specialities. Applicants — have good cor 

with shipowners.—ENGINEER, care of Fmua, 
Union 8treet, Glasgow. Ww 


‘Wanted, Manufacturers . of 


Electric Riveting Hammers.—Prospectuses 
and Price Lists to be sent, under letter D50 to the 
Allg. Annoncen-E: ition, Ernvexn« B. .VAN. DER 
Kawp, Groningen ( | (Holland). et. ed W 274 


\7ell- Established Firm of 


ee a nes Ry Bm having 
cu D cro a 

i gig ° 

ALITIES or P. 

Addrens 6 650, Odioes of xecriunsne. 


jp bes portant Engineering Works 
in the vicinity of Cologne on Rhine (Germany) 
INTENDS CONSTRUCTING ‘new SPECIALITIES of 
heavy and medium-sized MACHINERY.—Engineers 
being capable of bre meg the same may send 
| seas and * Particulars, with salary ‘required, to 
K 5047, Agency Rupoty Mosse, Cologne.o. Rhine. 
Communications treated in strict confidence. W 298 


British Engineering Firms 
who are desirous of starting or ificreasing their 
business in France, should COMMUNICATE with 
ADVERTISER, who has an intimate knowledge of the 
French market, and who is prepared to submit propo- 
sitions free of charge.—W 259, Offices of ENGrnezrine. 


orking Drawings.— Patent 


Specification Drawi: Prepared at reason- 


87, 
2B 








able charges. - Ideas develo and aC found for 
roved inventions.—R. G. TOLLEY, 63, Norfolk 
Street, 5 Sheffield. T 763 


£ gree Translations— 


_ into French French into. English—by 
a leean —BR uGUI IE, & Newman’s Row, 
Lincoln’s Inn Fi 8 Inn Fields, London, W 0. Ww 260 


OE -Metal and Brass Scrap 


PURCHASED or RE-CAST, or ogy ~~~ 
for abl ge HUNT & MITTON, , Oozelle 
4002 


Street North, Birmingham. a Tih pO 
Portable 


anted, 5 ft. 

HYDRAULIC RIVETTER, with Accumulator 
and Belt-driven Pumps. Must be in thoroughly good 
condition.—Address, stating lowest price and where 
it can be inspected, W 30: of ENGINEERING. 


,-——- 








IT'o Makers of Lubricators. 
The Owners of British Patent No. 15086, of 
1909, relating to an “‘Improved Liibricator,” are 
DESIROUS of ENTERING INTO NEGOTIATIONS 
with one or more Firms in Great Britain for the 
purpose of exploiting the above invention, either by 
sale of the patent rights or by Granting Licenses to 
manufacture: under royalty.—Enquiries should be 
addressed in the first place to Messrs. ABEL anp 
IMRAY, Chartered Patent Agente, 29, Southampton 
Buildings, London, W.C. 324 


Eagineers and Manufacturers 


of ey, ream bem jalities, unrepresented in the 
Federated Malay Sta are invited to communicate 
with BOX W 270, “Offices of ¥ ENGINBERING. 


EK ngineer (35), with City 
4 Offices, DESIRES’ LONDON AGENOY of first- 
class firm of cable and anchor makers; 12 years’ 
excellent.connection. OW 238. Oficen of Telegraphic 
address and telephone, — Offices of Exomnerrine. 


Ageney Wanted—An Old- 


established firm of engineers REQUIRE a 
London REPRESENTATION for a first-class firm of 
industrial engineers where technical training is 
requ ‘red. No'Losdon expenses. Highest references 
oe B. WILSON, A.M.LMLE., 199, me 


_. Ae Regent. 
elgian Civil, Engineer, 10 
years in Colonies, 15 years’ tice, energetic, 
disposing of important and thoroughly well-established 
connections among the best firms of architects, 
engineers, contractors, Government offices, financial, 
Colonial and commercial companies, &., would like 











te TAKE CHARGE of REPRESENTATIONS, with 


Chartered ite, can 
trom their Offices, 10, New Ceart,’ Line tisco's | sole . Agencies for Belgium. — Replies to J.P.M 51, 
Shilling. 3008 | Office de Publicité, 36, W 200 


ue Neuve, Brussels. 


AUCTION SALES. 
Wheatley Kirk, Price & Co. 
(Established 1850.) 
Auctioneers 


ano VALUBRS OF 3658 
ENGINEERING WORKS, PLANT AND. STOOK, 





4, WATLING , LONDON, E.O. 
16, ALBERT 8Q.,  %, COLLINGWOOD 8T., 
MANQGHESTER, ~ NewcastTis-on-Tran, 


Telephones & Telegrams at each Address. 








: FOR SALE. 


w Proprietor of Letters 


Patent No. 16272, of < relating to 


1B 
DESIRES to DISPOSE ot “the PATENT or to Grant 
Licenses to interested parties on reasonable terms 
with a view to the adequate working of the Patent 
in this Country. 
Enquiries-to be addressed to— 

CRUIKSHANK & FAIRWEATHER, L+»., 
65 66, Chancery Lane, W 317 

London, WO, 


pine .Proprietors of Letters 


Patent No. 14403, of 1909, relating to 
“« Method of Deodorising Exhaust Gases, Ln 
those of Internal Combustion 
DESIRE to DISPOSE of the PATENT, or = te Grant 
Licenses to interested parties, on reasonable terms 
with a view to the adequate working of the Patent 
in — Country. 
eee to be addressed W 38 








UIKSHANK & PAIRWEATHER, qh 
65-06, Chancery Lane, London, W. 
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he Proprietor of British 


Patents Nos. 12637, of 1908, and 9860, of 1912, 
for ‘ kmprovements in Vehicle Wheels,” are DE- 
SIROUS of ENTERING into ARRANG ENTS for 
Sale of the a rights for the British Isles. —All 
communications to be addressed (for transmission to 
the Owners) to Seaton TAYLOR “ ©O., 5, Gray’s 
Ino Square, London. W 271 


Seam ~ (ANRes*) Boilers. — 


Air Receivers, Feed-water 
Tux GrantoaM Bor.ar AND 


ng Tools, Hock-boring 


inin 


oe beige and DRILL STEEL. 
ya .—THE HARDY = 
England. 








stocks,—Pr 





PIOK O0., len, 

Fer Immediate Delivery = 
Mill; 6ft, Radial 

Machines; four rect 3 Drills ; 4x 2x2 Planing 

Machine ; Brass Fin , Wheel Outting and 

Machines ; "”* in. Slotters. — J 

SPENCER & OO., ‘a Cham Ironworks, er 


wood, Manchester. 
TO DIESEL ENGINE USERS, &e. 


fer Immediate Sale, bux rite 


Quantity of Heavy White ee M SPIRIT, 
gravity, 830/240. — Address, SW 93, Offices of 
SNGINKERING, “i 


Gale or Hire. 


LOCOMOTIVES, four and six wheel, 
gauge. Ready for work. Immediate deliv ery. 

PORTABLE ENGINES, 6 to 16 HP., ready for 
work, 

PUMPS, Cameron type and centrifugal, 2 to 5 in. 
9 to 18 in. suction. 

ENGINEER, Airps Deport, Imperial Road, Fulham, 
S.W. (Walham Green Station.) 

Telephone: Kensington 258. Ww 23 


(ne Belliss & Morcom Com- 


pound, Two-crank, Self-lubricating ENGINE, 
equal to 110 B.HP., or ‘economically less, at lower 
steam pressures, in excellent condition.—Makers will 
corroborate all particulars as to age, condition, and 
dimensions, whieh can be obtained by addressing 
T! 822, Offices of ENGINEERING. T 822 


[Hish- class Machine Tools. 


Alt. Hert or s Automatic Screwing Machine, to take 
from 2 

No. 4 Antematio Machine, 14 in., by Acme Lathe Co. 

6/16 Automatic Serewing Mac shine, by Pratt and 
Whitney. 

High-speed Planing Machine, 6 ft. by 2 ft. by 2 ft. Gin. 

Ditto, 12 ft. by 8 ft. 6 in. by 3 £6. 6 in. 

Hor. Boring, Drilling, and Facing Machine, 14ft. bed. 

Milling Machine, by Hulse & Co., Ltd.; Machine 





4 ft. 84 in. 








Cut Gears. 
Photos. rae Ne gt oe on ites ation. 
i SON, Lr 
_Sowerby Bridge. W 249 





FOR SALE. 
10-ton Steam Derrick CRANE (Russell), with 54 ft. 
split timber jib, 27 ft. steel mast. 
10-ton ditto Grieve), with 50 ft. split timber jib, 
steel mast, (boiler for 80 Ib. 
5-ton ditto (Morgan), with 68 ft. split timber jib, 
4-ton ditto (Rushworths), with 60 ft. split jib, 24 ft. 
upright. 
t-ton ditto (Anderson), with 60 ft, split timber jib. 
3 ton ditto (Smith), with 40 ft. jib. 
3-ton ditto (Buttérs), with 52 ft. jib. , 26 ft. 6in. upright. 
3-ton ditto (Rushworths), with 50 ft. timber jib. 
2-ton ditto (Butters), with 41 ft. split timber jib, 25 ft. 
upright. and Derrick CRANES. 
10-ton, )-ton, 8 ton, 2ton, and 30-cwt. Second-hand 
’ ton Hand ORANE, tor loading lorries, on wheels, 
with swivel and shaft for moving about. 


ATALOGUE of Stock a ¥, 2—3000 LOTS 
free on application. nspection weer 


r ". W. WARD, LTD., ALBION WORKS 
Tel. “« Forward, Sheffield.” SHEFFIELD. 


NATIONAL STEEL FOUNDRY, LIMITED. 


he Business of this Company 

is FOR SALE as a Going Concern. The Works 

ave near the Port of Methil, Fifeshire, and well 

equipped with modern Ye and capable of great 
extension ; — includes valuable water rights ; 
railway siding.—Details from G ORDUN, FALCONER 
and FAIRW ATHER, ! 52, Castle Street, Edinburgh ; 
or JOHN MANN & SON, 67, Watling a 
London, E.C. W 2 54 


TANKS, 


GALVANISING & CONSTRUCTIONAL LRONWORKS 
JOSEPH ASH & SON, 











CRANES 
nriak F 


pions 
Sibsiin, Lean 
STEAM & ELECTRIC. 


KBD. 


gtt® 











—your kind. 


WOODMANSEY 4& CO., 
MADELEY STREET. H ULL. 





KERR “ ECONOMY” STEAM 


TURBINES. 


8ole British Agents :— 


DAVISON & PARTNER, 


11, Carteret Street, LONDON, 8.W. 


DANIELS CAS PLANTS 
DANIELS CAS ENGINES 
DANIELS HIGH-SPEED PUMPS 


Complete Pumping Installations. 
T. H. & J. DANIELS, Lid., Engrs., Stroud, Eng, | “gape 


See displayed Arivt. last and next week. 








TO ARCHITECTS, BUILDERS AND ENGINEERS. 
“TRUE TO SCALE.” 


Black Line Prints 


Permanent. Dene on an Pa or i. 
os lars on Apoiication. « 


Large Stock of all Requisites for the Drawing Office, 


W. F. STANLEY & CoO.., Ltd., 
13, Railway Appr h, LONDON BRIDGE, 8.E. 
Telephone : 871, Telegrams—Tribrach, London, 





THE VACUUM BRAKE (0., Ltd. 


82, Queen Victoria Street, 


LONDON, E.C. 
Telephone: 5534, Bank. Telegrams: Souvrion, Lowpon. 
ABC and A 1 Codes used. 3531 
For Large Advt. see page 32, June 12. 


Machine Gut Gear Wheels 
THE REID GEAR CO., 


LINWOOD, near PAISLEY. 





MOTOR ROAD ROLLERS 


14 to 15 Tons (14 sizes). Petrol or Paraiin, | 


See large Advert, once every four weeks. 


BARFORD & PERKINS, Ltd., Englncers, 
PETERBOROUGH, ENGLAND. *359 
The CLYDE STRUCTURAL IRON CO., itd, 


Clydeside Ironworks, Scotstoun, gain, 
MANUFACTURERS OF , 


Iron & Steel Roofs, Buildings, 
Workshops. &c., &c. 


LONDON OFFICE: 48, Cornhill, 20. 
















For Concrete and Mortar 
KAYE’S CEMENT. 3 
Exceptional Strength and Durability. ve 
KAYE & 00., Ld., Southam Works, RUGBY. 





See Bats SES 
: oe fe ee S23 See: 





‘\MOLLER PATENT DUST 
PROOF AIR FILTERS, 


Sole British Representatives, 


H. od Wil Tine & PARTNERS, 


| Belbors, 





verti page \- a 5. 








Vulcanite Works—Dr. HEINE. TRAUN & Sus 
(Formerly 


HARBURG INDIA-RUBBER ©. CO, 











MALLEABLE IRON 
CASTINGS. 


PROMPT DELIVERY. UNSURPASSED QUALITY. 
Speciality. 


Large Quantities of Castings in all 
sizes from 1 oz. to 20 Ibs. 


THEO. TILEMANN & 60., 


31, Ord Queen St., WESTMINSTER, 
LONDON, S.W. 4011 








NAISH & CROFT, 


Consulting Metallurgists 





— and Analysts. —— 





150, ALMA STREET, 
BIRMINGHAM. 


Censultations 
by Post. 





Fees on 3720 
Auplication. 











WATER POWER. 


?:}] Complete HYDR. Line tain be and other’ 
° SPECIALITIES 39 


ESCHER, WYSS 8 C0, Haginerra 


108, Victoria St., WESTMINSTER, S.W. 


See Illustrated Advertisement. pace 92. June 5. 












PULSATING PUMPS 


TURNSTILES, 
AND GENERAL ENGINEERING 





Irlams-o’-th’-Height, sos) 
ene ee 


Telegrams:—‘ ns Ltd., ae -Height,” 
Telepbowe. No. 80, Pe 











' ‘BARS 








Experts in Foundry Work. 





ee. 


nme 





CASTINCS 
FORCINCS 
| PLATES 


ty 

se 

4 

S 

SHEETS erc\ ty 
JT.SAUNDERS = 























RICE.GRICE &SO 


CONTRACTORS TO HIS MAJESTYS GOVERNMENT 


BRASS & COPPER, LOCO & CONDENSER 














ome B. Hy POTTIER AND CO., ==" 


* THE BEST 
STEEL 


HIGH- 
SPEED 


Your 





BrIRMiIWGeHAnM. 

WE UNDERTAKE MACHINING & ENGINEERING 
WORK OF ALL DESCRIPTIONS—ACCURATE 
WORK UNDER BEST ADVICE FOR PATEN TEES: 


ABC, 5th Edition. 


ee 


Enquiries Esteemed. 


























2566 









*)W. T. ELLISON & CO., Ltd, 


= 


é 


“A4avuna Pvt SNOEIs 
Pesiuvales spsaemioye puv 
‘one Apsen® 3seqg JO epeE-w 









The SCHMIDT SUPERHEATER for LOCOMOTIVES |" 


More than 23B,SO0O fitted on ever 4900 Railways. 
AS ADOPTED BY THE LONDON & NORTH-WESTERN RAILWAY. 


SCHMIDT'S SUPERHEATING GO. (1910), Ltd., 28, Victorian Street, WESTMINSTER, S$. w. | 


GA 


of ail 





wsitess\ \__o8 
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5, Fenchurch Street, E.C. 


LONDON Works: 
Orchard Place, Blackwall, E. 


BLACK STEEL SHEETS 
GALVD. CORRUGATED 
AND PLAIN ..SHEETS. 


STEEL FRAMED 
ROOFS & BUIL — 


TANKS ™ 
CISTERNS 


OF ALL DESCRIPTIONS. 


GALV®: WATER BUTTS 


New Registered Design (No. 630746). 
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Also Sole Makers of 


THE “ PHOENIX” GALYD. 


PETROL STORAGE 
_BIN 





Which keeps your PETROL under 


FIRE, and meets all the requirements 
of the PRIVATE OWNER. 


Made iy, \ *° sg: p 2-Galion vs 
—" )! ” 48 ” 
W; ie prices and particulars. 


GALVo. IRON 
CORN BINS. 


IRON KE KEGS, * 
DRUMS & CANS 


GALVANIZERS 


of all kinds of IRONWORK. 











LOCK and KEY, excludes risk of 


Sewage, Sludge, Pail Contents, &c. 


48 USED 4T 


Rangoon, Karachi, Bombay, Cape Town, Eastbourne, 
Southampton, Norwich, Ipswich, Hampton, 
Staines, Felixstowe, Houses of Parliament, Westminster 
and many other places. 


AIR COMPRESSING MACHINERY. 
COMPRESSED AIR LIFTS 
For Raising Water from Wells, Boreholes, &c. 


For Estimates and Full Particulars apply to— 


HUGHES & LANGASTER, 16, Victoria St., London, §.W. g. W. 


LIDGERWOOD CAMPBELL € CALDERWOOD, 

+ s Soho Engine Works, 
PileDrivers, Hoisting Engines : 

for BUILDERS and CONTRACTORS. 


LIDGERWOOD MANFG. CO,, 3314 
Caxton House, Westminster. LONDON, S.W. 














GREAVES’ PORTLAND 


CEMENT 


for Highest Class Engineering Work. 
70 years’ reputation. 


GREAVES, BULL‘LAKIN, L¢ 
HARBURY, LEAMINGTON. 
Depots—Loxpon aND Birwinenam. Od 636 


: ea GRIP” 
» COLLAR Gras 


AS USEFUL AS THE 
SPLIT PULLEY. 


in WA L LVES . 















Telephone : Eanam 29. 
Telegrams ; ‘‘ Menves,” ENGLEFIELD GREEN. 


and at VICTORIA WORKS, 
Englefield Green, SURREY. | 


W 101 | 
Thrusts in Case Mardened and 


Specially Treated Steel. 
Plain or Grooved Washers. | 


Fixed 





Sole Makers. 


TRIER Bros. 


LIMITED, 


|\CAXTON HOUSE, 


WESTMINSTER, LONDON, 38.W. 


| M’NEIL’S PATENT MANHOLE & SLUDGE DOORS 


Light and 

4. iv See ased fo retennme Boilers, « nal 
whens fitted with FlangetC« nn pew weation Rings 
will “wits pane = ve 


These Doors a » large 
Ballast ice! Fresh Water 





Kinning Park ‘Ironworks 
& Hydraulic Forge, 


CLASCOW. 


Telegrams—M scwait, Grascow. 
Code: Sth Edition, ABC. 









3352 














: EDWIN COTTAM & CO., L'- 


CARDIFF & ROTHABRAAM. 


LAMINATED RAILWAY CARRIACE AND WACON SPRINCS, 
VOLUTES, CONICALS, SPIRALS, &o. 


STEEL CASTINGS 


“*“STOCK PROCESS.”’ 


Bure STEEL AND Sprino Worxs. CARDIFF. 
Don Sprina Wor«s, ROTHERHAM. 
Don Sree. Founpry, a 




















= TD. SHON Rz.White as, idnes, 
BALDWINS E™ pHEUMATIC AUTOMATIC EJECTORS~ FAILS, =~ 


POINTS AND. CROSSINGS. 
AERIAL ROPEWAYS.. 


WATER TURBINES, PIPE LINES, 
TURBO PUMPS, TACHOMETERS, 
FLEXIBLE COUPLINGS, 440 
GOVERNORS, (Jahns’ Patent), 
BOVING & CO., LIMITED, 


9. Union Court. Old Broad Street. E.C. 


YVALYES! 


TURNBULL'S SAFETY, STOP, CHECK, SLUICE, 
AND REDUGING VALVES. 00 108 


SEND FOR VALVE SHEET. 


ALEX. TURNBULL& (0, Ld. , Bishopbriggs. 


Telegranb— Valve. Glasgow. Cotee_-W sm Vaion & ABC 


THE STEEL PIPE CO. 


LIMITED, 4014 
KIRKCALDY, N.B. 
See our large Advertisement on alternate weeks. 

- TOMEY & SONS Ltd. 
oa GAUGE GLASS © 


eet aeee 




















Lonpon Orrice 
anp WAREROUBE. 


5, Excuanen 
PaRaps, 1497 


Souruwarg Sr. 


Seber’ INGHAM.  Lonvor, 5.5 


SHIPBUILDERS, 
MARINE ENGINEERS. 
SEE DISPLAYED ADVERT. ALTERNATE WEEKS. 


CRABTREE & co., Lto.. 


GREAT YARMOUTH. 3386 


Entwisle & Gass, Ltd., 


Engineers, BOLTON, Lancs. 


RUBBER macninery. 


Special Patent Washing Machinery 
for Plantation Use. 1192 


R.G. ROSS& SON, Ld., 


Greenhead Werks, GLASGOW. 


woos HAMMERS 


RIGBY'S 
PATENT” 
STEAM, AIR, ELECTRIC, BELT... 
See our Mustrated Advt,, lesue of 19th June 
OIL SEPARATORS. 
FEED WATER REGULATORS. 
WATER COOLING TOWERS. 


Arrut 10 >— 3076 34, Fenchurch St., | - 


KATER & ANKERSMIT, convon, xc 


AILSA SHIPBUILDING C0. 


Shipbuilders, doen Rottnatnn, 


and Repsirers,. ,,; 


TROOMW and AYR. 
Bee Displayed Advertisement last week and next week. 


Patent and other Machines 
and Models Wanted 


to Design or Construct, or to make 
from Drawings. 


Repetition, Smiths’ 
and Machinery Work done 


at moderate prices to 
your own sketches. 


TURNER «& CO., L° 


Engineers, 3135 














2768 




































Contractors to Office of Works, Admiralty, &c. 


1.3, Stalbridge St., Lisson Grove, LONDON, N.W. 
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MARSHALL, SONS & CO., L™> cAINSBOROUCH, Encua: 


Also Offices, Showrooms and Stores at 79, FARRINGDON ROAD, LONDON, E.C. = Cables & Inland Telegrams : “ Marshalls, Gainsborough.” Telephone No. 40 (Two Lincs) 
Telegrams : ‘‘ Exorxe, Surru, Lowpox.” Telephone No. 648, Houporx. gy { 
Ani at Calcutta, Bombay, Lahore and Madras; Canadian Depot: Saskatoon, Sask. 


ENGINEERS AND INTERNATIONAL 


EXHIBITION 


, 
HIGH ae ntocsuosgpinnay sg Turin, Kale, 4901. 
- u °o 

2000 H.P. r THREE GRANDS PRIX. 
BOILERS, Cornish, Lancashire, Loco., Vertical, &c. 
“ UNDERTYPE” ENGINES, Simple and Compound. Hicnest Awarp IN Eacu 
VERTICAL ENGINES, Simple and Compound. Crass ENTERED. 
PORTABLE and SEMI-PORTABLE ENGINES. a > 
TRACTION ENGINES, ROAD ROLLERS, STEAM 

and Ol TRACTORS. 
THRASHING MACHINERY for all Countries. I 3 8, 0 00 
GRINDING MILLS. SAWING MACHINERY. ENGINES, BOILERS, Soe a ee 
OIL ENGINES. &c., i a tn a 
TEA PREPARING MACHINERY, &c. Od 2529 made and supplied. Coupled and Tandem Compound | Drop Valve Engines, up to 2000 H.P. 


ELECTRIC, B& GEORGE RUSSE 
STEAM, AND and GO., Lid, | 
HYDRAULIC = i im a ee 


ee 


























We keep a large stock of Pumps 


Pumping Plant ' complete with Boilers, Pipes, 


Tackle, &c., ready for immediate. 


On ar | ‘ despatch. 


IN EMERGENCIES WIRE :— Seem PF Putsometer Engineering C212 


LONDON : READING : 


; Offiees : 11, Tothill Street, Works, 
*‘ Pulsometer, London,” , Westminster, S.W. Nine Elms Iron Works. © 





‘“Pulsometer, Reading.”’ 3714 



































MANCHESTER 


Makers of 
STEAM STAMPS WITH PATENT EXPANSION 
VALVE GEAR. 
STEAM HAMMERS. | ditto. 
PATENT PNEUMATIC POWER HAMMERS. 
BAND SAWS FOR Rh ag 
. , &c. 








kPwPATINT 


FRICTION DROP P STAMP 


(3) ECONOMICAL AND EFFICIENT. 
REMARKABLY SENSITIVE CONTROL 
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